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PREFACE

This volume contains the proceedings of the NUPPAC'03 " The Fourth
Conference on Nuclear and Particle Physics " held in Fayoum, Egypt,
during the period 1 1 - 1 5 October 2003. The proceedings contain the
invited talks and the contributed papers presented in the 22 sessions of the
conference. The NUPPAC became the traditional Egyptian Nuclear Physics
Conference held every two years and organized by the Egyptian Nuclear
Physics Association (ENPA) to bring together nuclear physicists from
many countries to discuss recent developments in this field. The conference
was sponsored by the Egyptian Atomic Energy Authority and Cairo
University, Faculty of Science at Fayoum under the Auspices of HE
Professor Dr. Saad Nassar, Governer of Fayoum. Aboui one hundred
scientists from different countries shared in the conference discussions. A
list of participants is provided at the end of this volume. The main
characteristics of the conference were that it was with quite wide range of
topics in a dense program embedded in quite a very rich cultural
environment. This feature attributed a special attraction to it, in view that
participants had the chance to visit the outstanding and magnificent
archeological places of Egypt in a very pleasant autumn time weather. The
range of the topics of the conference was quite wide. The emphasis was on
basic research, although some applied and related topics were also
discussed. The editors have made a considerable effort to improve the
presentation of many papers. We would like to apologize for any
misunderstanding in this endeavor. All the papers in this volume, except
the invited talks where the full scientific responsibility rests with their
own authors; were refereed according to usual scientific rules.
In the occasion of the centenary of the establishment of the Egyptian
Museum in Cairo, we attach at the beginnings of the sessions a relevant
photographs and texts, which will impress the readers and give them an idea
about the atmosphere of the conference and may be will help participants to
recall their memories about this event.

Cairo, August 2004 M.N.H. Comsan , K.M. Hanna
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Address by Prof. K.M. Hanna, Conference Coordinator

HE Prof. Nassar, Governer of Fayoum
Prof. Gaafar, Representative of Cairo University
Prof. Helal, Vice Director and Representative of Atomic
Energy Authority of Egypt
Prof. Comsan, Chairman of the Conference
Prof. Dib, Dean of Faculty of Science in Fayoum
Prof. Yaseen, Representative of Organizing Committee
Prof. Gomaa, Representative of Egyptian Nuclear physics
Association

Ladies and Gentlemen,

It is my pleasure to congratulate you with the fourth round of your conference "On
Nuclear and Particle Physics " abbreviated NUPPAC 03.

The conference comes in this year in coincidence of important events: the thirty
anniversaries of the heroic victories of Egypt in October 1973 and the centenary of the
establishment of the Egyptian museum in Cairo.

The conference accepted about 106 invited and contributed papers to be presented by
speakers from 20 different countries.

I hope to you success in your conference and stay in Egypt.
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Address by Prof. M.N.H. Comsan, Conference Chairman
'\

Distinguished Egyptian and Foreign Scientists and Guests
Ladies and Gentlemen

It gives me pleasure in the name of the Egyptian Physics Association
(ENPA) to welcome your presence at this 4th Conference on Nuclear and
Particle Physics NUPPAC 03 at El-Fayoum, at this pleasant time of October.
It gives me pleasure also to thank HE Prof. Dr. Saad Nassar the Governor of
El-Fayoum for his generous support and kind acceptance to open this
international event. I also thank the Authorities of Cairo University in the name
of Profs. N.E. Gohar, M.A. Gaafar, and K. Dib whose initiative and support
made the organization of the conference here possible. Support and help of
the Authorities of the Atomic Energy Authority of Egypt in the name of Profs.
A.I.M. Aly, A.I. Helal, A. Rady, and N.F. Zahran were indispensable for the
success of the conference, for which I would like to thank. Thanks also to you
our dear attendees, without your presence the conference would be of no
value. Your presence on the land of El-Fayoum, the ancient Egyptian Nome,
is highly valued and we look forward seeing you at our coming events too.

The NUPPAC conference started in 1997, and from that time on it has
gained momentum and reputation as an international conference on nuclear
and particle physics organized on the land of Egypt, the cradle of civilization.
This conference, the 4th in its order, is organized with the presence of -120
participants from Egypt and twenty other countries from 4 continents: Africa,
America, Asia, and Europe. The number of submitted contributions is 109.
Actual presentations to be delivered are 65 distributed over 22 scientific
sessions that cover the 4 working days of the conference. Our plenary
session of the conference is devoted to the memory of Professor Fat'hy
Ahmed El Bedewy, the eminent Egyptian scientist founder of our national
school in experimental nuclear physics, and science father of a large group of
Egyptian scientists specialized in nuclear reactions and low-energy nuclear
physics and working in Egypt and abroad. Professor El-Bedewy deceased 9
years ago, however his spirit lives in us. The Egyptian science community
recognizes his achievements in science as corner stones for science
development in this country. The plenary session of the conference is devoted
to his memory, his efforts in science and science teaching in Egypt and other
Arab countries over than 40 years. In these turbulent days of human history
and the region, we stress our point of view that science could be a bridge of
cooperation and friendship between people, nations, and civilizations. The
conference you attend symbolizes such cooperation. We hope that
humanitarian ideals will take over, and that relations based on respect, peace
and justice will be established on the earth for the benefit of current and future
generations. I take the opportunity to wish you good stay in El-Fayoum and
happy return home.

Prof.Dr. M.N.H. Comsan
Conference Chairman
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Pharaohs Lan
Fayoiim Oasis

About the Area

The Fayoum is a wonderful area of Egypt with a
rich and interesting history. I t is an area where
Egyptians often vacation and which is constantly
growing more popular among Europeans. This 69
sq. mile depression was a lush paradise during
prehistoric times. I t ' s water level was eighty-five
meters higher than today (currently 45 meters
below sea level) and the Nile regularly flooded
through the low mountains separating it from the
Fayoum. A\ 215 square km, the current lake
Qaroun remains Egypt's largest salt water lake.
The prehistoric people who lived here were, at
first, nomadic hunters and gatherers, but later
began harvesting "plants near the lake. This
developed into what is said to be the earliest
agricultural area in the world, where fences
erected and guarded warehouses built. I t has

remained an agriculture center, well known for it's fruit's, vegetables and chickens.

But agriculture is not the Fayoums only claim
for being first. The Greek mummy portraits-
found in the Fayoum are said to be the
worlds first true life portraits, and
examples can be found in area museums. In
addition, a paved road, which has been noted
as a landmark of engineering by engineering
societies along side the Eiffel Tower and
Statue of Liberty, is said to be possibly the
first paved road in the world and dates to
over 4,500 years. And finally, the worlds
first dam was probably built here in order to
control the Nile floods into the area.

The peacefulness of the area is a relief from the hustle and bustle of Cair0
from which it is a brief trip. Bird life still abounds around Lake Qaroun,
bordered by semi-nomadic Bedouin settlements and fishing villages. Here, o{
the edge of the desert, you can sail, windsurf, swim and fish. Other places
outstanding natural beauty near Fayoum are the hot springs at A in al-Siliyi
where you can bath and the waterfalls at Wadi al-Rayan, 40km towards
Bahariyya, also suitable for swimming and picnics.

Fayoum is not a true oasis since it depends on



Nile water instead of underground springs or wells. The ancient Bahr Yussef canal runs through the center of the c _
and irrigates the land. Only two hours from Cairo by road, Fayoum is renouned for its year-round warm climate,
numerous water wheels (introduced by the Ptolemies in the 3rd century) and lush agricultural land. Cotton, clover,
tomatoes, medicinal plants and fru i t are all grown here. The local Souk (market) in Fayoum City sells copperware,
spices and gold jewelry and there is a special pottery market once a week.

Other small villages in the area too small to document independently include Qasr Qarun at the western end of Birkst
Qarun and Shakshuk also by the lake on a bay.

How to get to Fayoum

The City of Medinet El-Fayourn, Egypt

Obelisk of Senusert

Notation: Many of the monuments, sightseeing, accommodations and amenities listed may be some distance from
AAedinet El-Fayoum itself.

Due to the canals, in the area, Medinet El-Fayoum has been called the Venice of Egypt. The city of close to half a
million people was f i rst known as Crocodilopolis, and later Arsinoe, and has a substantial Coptic presence. I t is the
capital of the province and lies at the center of the depression, and also the transportation network of the area. A
of the canals, roads, and train rails in the Fayoum converge at Medinet El-Fayoum, including the famous Joseph's
Cana\, though to have been built by the biblical Joseph.

The city's dominate attractions are the water wheels built by th
Greek settlers, the canals, and the Obelisk which stands at the
city's northern entrance and was erected in honor of Senwosret
(12th Dynasty). This monument was originally found in two pieces
during the 18th century and was recently reconstructed and



erected in the City. I t is thought to be the only Obelisk in Egypt with a rounded top, and has a cleft where a golde
statue of fta was originally placed.

The canal is the main avenue for most commerce in the city. The covered market place and the adjacent street of
gold smiths found across the 4th bridge to the west of the central tourist office, are worth a visit.

Wonderful Landscape
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PHYSICS BACKGROUND OF NUCLEAR POWER: PROBLEMS AND
PROSPECTS

Bronislaw Slowinski
Physics Faculty, Warsaw University of Technology, Poland

Institute of Atomic Energy, Poland
E-mail: slowb&jf.pw. edit, pi

A b s t r a c t
The problem of energy production on a large scale for rapidly increasing world population is

at the present of vital importance. As a consequence various ways of energy gain are now subjected to
thorough and comprehensive analysis from the viewpoint of more and more rigorous and stringent
criteria, the main are safe operation, commercial competition, reserves of energy sources and not
devastating the earth. So, it becomes apparent that just in not distant future the energy production on
a global scale should not consume oxygen and, consequently, not create carbon dioxide which
accumulation in ocean waters could lead to catastrophic changes in the ecosystem of our planet which
regenerative capabilities are constantly diminish as a result of mankind activity. The unique way that
can completely satisfies the above-mentioned conditions can be only nuclear power (NP). But the
future NP should be safe, much more efficient and no producing radioactive waste. We give an outline
of conceptual basis of such a nuclear power of future generation, which satisfy the criterion of energy
sustainable development.
Keywords: nuclear power, safety, efficiency, radioactive waste, transmutation, ADS.

I. INTRODUCTION
The increasing population of the world needs more and more energy to satisfy various

and constantly rising requirements. Moreover, the prolongation of human life itself strongly
depends, in the average, on the energy consumption per head as follows from Fig.l. Besides,
the demand for energy grows faster than the increasing of population because one half is
destined to the higher living standards.
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Fig.l. Average life expectancy 1980-1985 vs. energy consumption per head in 150 countries
(after [1]).

The main energy sources currently used on a global scale are: fossil fuels (gas, oil,
coal), fast enough flowing rivers producing the so-called hydroelectricity and the binding
energy of heavy nuclei which is the base of nuclear power. However, the total potential of
hydroelectric power is estimated as not exciding of about 10% of total world's energy
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equirement whereas the current share of nuclear power approximated ~15-17%. Contribution
of other sources called as renewable (wind, tides, biomass, solar, wave and thermal water and
geothermal) amounts to several percents of the total demands. Moreover, although very
preferable and continually improving they are as a rule much more expensive and should be
spread over large surfaces to collect a profitable quantity of energy. So, until now the relevant
devices (like windmills, wave generators or solar batteries) are of local application being used
mainly in isolated places. The same holds true for the profit from the magnitude of energy
which now is simply squandered and can be saved, unless some new physics phenomena will
be involved in the global scale, such as reliable room temperature superconductors or quite
new fascinating and crazy approach to the use of electricity as, for example, by means of low-
voltage devices supplied by local, even home, electrochemical sources [2]. In the last case the
economy would be indeed significant - no dense high-voltage network, covering practically
all surface of the earth, expensive to maintenance, material consuming, causing appreciable
losses of electricity, spoiling landscapes and vulnerable to atmospheric, solar and sabotage
activities.

The fundamental significance for the world energy policy has the problem of reserves
of energy sources. At present it is found reliably enough that fossil fuels (gas and oil) suffice
for about 50 years and 200 to 400 years (coal and lignite). Nuclear fuel sources are much
more wealthy, both fissile (uranium and thorium) and fusion (deuterium).

Within the approach of energy sustainable development different ways of energy gain
in a large scale are now subjected to thorough and comprehensive analysis from the viewpoint
of more and more rigorous and stringent criteria, the main among them are ecological safety,
commercial competition and reserves of energy sources (see, for example, [1,3]). Although
presently, as far as it can be foreseen, a global energy crisis is, in principle, not to be expected
and traditional kinds of energy production seem to be sufficient, nevertheless it is anticipated
that between 2008 and 2010 a serious energy gap v/ill arise which hardly could be filled by
the renewable energy sources [3]. At the same time the specialists are more and more aware
that just in not so distant future the energy production in a large scale should be no oxygen
consuming and, consequently, no creating carbon dioxide which accumulation in ocean wa-
ters could lead to catastrophic changes in the ecosystem of our planet, as follows from recent
investigations. Moreover, the regenerative capabilities of this ecosystem are continuously
diminish as a result of mankind activity. The unique way that thoroughly satisfies the above-
mentioned criteria can be only nuclear power.

Nuclear power (NP) unlike other domain of human activity had been entangled from
its very beginning in various negative prejudices following both from simply ignorance and
erroneously understood competition, as well as from different political manipulations. Indeed,
originally being a by-product and direct consequence of military application of nuclear
physics and nuclear technology, NP gained among some part of population ill repute of
inhuman technology, and even a peculiar monster unintentionally released and completely
uncontrollable. This opinion has been aggravated by two fatal accidents in nuclear plants: at
Three Mile Island and Chernobyl (see, for example, [1]). Later on, in more serious analysis
the opponents tried to proof that NP have the use of artificially created privileges without
which its existence would be unjustified from any reasonable viewpoint. Nevertheless, the
comparative economical analysis clearly shows that although the present NP is far to use all
its potential possibilities, it is quite competitive despite the fact that the imposed requirements
of NP are much more rigorous then of other kinds of energy production [4]. Moreover, NP is
a unique source of energy for spacecrafts and big submarines. It is also assumed to have a
wide application in hydrogen production [5]. But the future NP must be safe, much more
efficient and no producing radioactive waste. In the present work we give an outline of
conceptual basis of such a nuclear power.

- 2 -



: \f
II. PRESENT STATUS OF NUCLEAR POWER AND OUTLOOK

In 2001 there were in operation 439 reactor blocks throughout the world, which
produced 16% of electric power [6]. It means that this percentage has been reduced by 4% as
compared to the year 1999 although the number of reactor blocks in service increased by 3
[7]. Nevertheless, in the last decade (1988-1998) NP left behind all its main competitors (gas,
rock-oil, coal and hydro energy) in respect of the pace of development and in Europe it held
the second place as shown in Fig.2.

Current development of NP is considered as stable and permanent. Its present state is
determined by two main factors: a global economic recession involving the apparent surplus
of electric energy production (EP) and the transformation of EP market (for example, [6]).

1988 1990 1992 1994 1996 1998 1 9 8 8 1 9 9 0 1992 1994 1996 1998

Fig.2. Increase of the use of primary energy with respect to the year 1988: left - World, right •
Europe. Designations: B - rock-oil, a - gas, o - suclear power, • - coal, • - hydro energy,
total use [8].

But in spite of present difficulties nuclear reactors, in contrast to the power stations burning
up rock oil, gas and coal, are regarded to be, in particular, the most suitable heat source for
hydrogen (Hb) production in a large scale [5].

Nowadays three scenarios of NP development are examined [9]: pessimistic, basic and
optimistic. The summary electric capacity of nuclear power stations (NPS) for the period from
2000 to 2020 is shown in Table 1.

Table 1. Total electric capacity of NPS for three scenarios of development of the world NP
(in Vo) with respect to the year 2000 (after [8]).

Years
Scenario:
Pessimistic
Basic
Optimistic

2000 '

100
100
100

2005

101,2
103,4
106,5

2010

100,8
108,0
118,1

2015

98,2
113,5
127,8

2020

88,0
115,5
138,9

It should also be stressed that the above estimations concern the currently functioning NP
based mainly on light water thermal reactors.
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III. MAIN PROBLEMS

Present NP is quite competitive as compared to other kinds of energy production on a
large scale and sufficiently safe as well. It is worthy mentioning that, for example, in USA the
electricity charges of "nuclear" 1 kWh decreased in 80th to the degree lower then for the
cheapest thermal electric power stations [6]. Nevertheless, in parallel with enormous and till
now practically not exhausted potentialities NP has serious shortcomings, in particular, the
release of hazardous long-lived and highly toxic radioactive wastes (RW) which could be as
well used improperly. Moreover, in light water reactors that constitute the essential part of
present-day NP no more then about 1% of excavated natural uranium is burned up only. The
problem of passivation of RW remains so far open because their transmutation by means of
reasonably available beams of particles (neutrons, relativistic protons and ions) is exclusively
inefficient and so very expensive, at least as conducted by the traditional way (see, for
example, [10]). Indeed, the experiments performed up to day in different laboratories show
that this problem represents on the practical level a considerable challenge. The point is that
even a precisely isotopically selected sample of a given radioactive nuclide is irradiated in the
neutron flux of ~10Hs"1cm'2 intensity as the most efficient and usual, progressively other
nuclides appear and during the first several years of irradiation the total radioactivity of the
sample increases. For example, in the case of plutonium incineration the maximum of the
sample radioactivity sets in at 8.2 years after the irradiation is started [11]. More complicated
is the situation relative to other candidates for incineration: Am and Cu [11]. Moreover,
owing to the intricate structure of neutron-heavy nuclei cross-sections, the efficiency of
transmutation/incineration strongly depends on energy spectra of neutrons and this
dependence, in turn, changes according to the conditions of irradiation. At the same time
known are the results about the dependence of the direction of transmutation on the intensity
of neutron fluxes [11,12] as illustrated in Fig.l.

( 238PU V

V J
N

Tl/2

( 237N P \

n f ^ \
- • { 239Pu ]

\. J
= 2.1 days

iV(238Np ]

—»{240Pu
o

i _ O°o

Fig.3. Neutron flux intensity dependence of higher actinides transmutation (after [12]).

Much more complex situation occurs if the irradiated sample is not initially strictly
determined isotopically but, for example, is simply taken as a piece of the spent reactor fuel.
So, if we take into account that other radioactive and radiotoxic as well nuclides have, in
general, very complex structure of their transmutation (see, for example, Fig.4) it becomes
evident that the transmutation/incineration of radionuclides in bulk is an exclusively serious
and challenging problem which requires of versatile and comprehensive analysis to bring it in
the future to the practical level on the large scale.

During several last years intense investigations of the RW transmutation (RWT)
process are conducted in many laboratories and first quantitative estimations have been
obtained of the yield of some concrete processes for the major long-lived nuclides: 99Tc, 129I,
237Np and 239Pu occurring in acceptable conditions via the following reactions [15,16]:
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Fig.4. Chains of transmutation of iodine 127I and 129I (left, after [13]) and 99Tc (right, after [14]).

+ 100

130.

238

'I(f,/2=15.8s)—]1

1/2=12.4h)-*
Np(/i/2=2.12 d)

JURu(stable),
13OXe(stable),

v 238Pu(r1/2=88 yr.),
" " o,103Ru,105Ru,132Te, 133T I35 Iand

"Tc(ri/2=2.11xlO5yr-)+n-
12-'l(ri/2=1.57xlO7yr.)+n-
237Np(f1/2=2.14xl06yr-)+n
23;'Pu(r,/2=2.41xl04 yr.)+n
14:'Ce) having the half-life time of several hours up to several days.
The following macroscopic transmutation rates of long-lived fission fragments have been
deduced under conditions that a Pb target setup was exposed to the lGeV and 10 mA proton
beam (using lg samples) [15]:

6,7 mg of2 9Pu is transmuted per day,
3,3 mg of 238U is transmuted in one month,
21 mg of 237Np is transmuted in one month,

3 mg of 129I is transmuted in one month.
So, a proposal has been put forward suggesting to use for transmutation a liquid target

of RW circulating in the field of high enough energy and intensity relativistic particles beams
when from the exposed target are gradually extracted stable nuclides [10]. The aim of the
proposed program is a detail study of the optimal conditions of such a dynamical process in
dependence on energy and a kind of irradiating particles (protons, ions, electrons, gamma
quanta), as well as the exposition time, circulation/extraction velocity and a degree of
separation. It should be stressed that the problem of management and disposal of RW is the
subject of international research programs on the large scale [17].

Other important problems facing the present-day NP are the low efficiency of uranium
fuel used for energy production in thermal reactors, not exceeding about 1%, and the problem
broadly called as nuclear safety.

IV. CONCEPTIONS OF FUTURE GENERATION NUCLEAR POWER

The existing knowledge in the field of nuclear physics enables to solve the above-
mentioned problems in the complex way. So, according to rather common opinion based on
concrete quantitative estimations the most prospective arrangements of future NP are sub-
critical nuclear reactors driven by accelerators producing high-currant beams of relativistic
protons called as the Accelerator Driven Systems (ADS) [18-21]. Such arrangements are quite
safe because the reactor or a system of reactors operates in deeply sub critical regime, i.e. at
the effective factor of neutron multiplication ~0.94-0.98, whereas the missing part of neutrons
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is provided by spallation reactions initiated in heavy and massive target by a beam of
relativistic protons from accelerator. Therefore, in order to switch off immediately all this
arrangement it is enough to stop the proton fuelling. At the same time the ADS give the
possibility to produce the high intense fluencies (~1016n/cm2s) of neutron with energy above
~1 MeV which are necessary for RWT. A schematic illustration of such an ADS (with one
reactor) for RWT is shown in Fig.5.

Fig.5. Schematic view of the ADS for incineration of RW [22],

In the simplest version the ADS is based on one fast reactor which makes possible to
burn up practically all natural uranium in the regime of closed fuel cycle when the nuclear
splitting products which absorb neutrons are permanently removed from the spent fuel and the
fuel is next enriching. Nevertheless, much more prospective seems to be now the ADS with
cascade composition of two reactors as outlined in Fig.6. In this case the fast reactor operating
in a hard neutron flux (~lMeV) is directly fuelling by spallation neutrons but the thermal
reactor produces the main part of energy. By means of computer modelling it has been found
that such a configuration gives the possibility to minimize the proton flux by one order of
magnitude [20]. Moreover, the efficiency of RWT increases noticeably.

Nevertheless, for practical realization of the above-mentioned conceptions it is neces-
sary to solve several important problems, in particular, the optimisation of: fuel isotopic com-
position and its phase state (solid or liquid), the magnitude of flux and energy of protons from
accelerator, isotopic composition of spallation target taking into account its radiation damage
and cooling, radiation resistance of material of entrance window between accelerator and
reactor core, isotopic composition of moderators and reflectors, and the investigation of
radiation processes in materials and in coolants.

Rys.4. Schematic view of a cascade ADS: 1 - target, 2 - protective blanket, 3 - cadmium shield, 4 -
reflector, 5 - active zone of thermal reactor, 6 - active zone of fast reactor, 7 - blanket of the system, 8

- isolation layer, 9 - layer of intermediate moderator (after [20]).
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IV. CONCLUSION

Taking into account our present-day knowledge of NP and the experience gained
during about fifty years of functioning of nuclear power stations, as well as the current and
future needs in energy from the viewpoint of energy sustainable development, one can
conclude that even the present state-of-the-art technology in this important branch of
economy is quite competitive as compared to other ways of energy production in the large
scale. Moreover, NP has an exclusively important advantage of no creating carbon dioxide
and, therefore, no consuming oxygen. So, it does not disturb the equilibrium of echo-system
of our planet. What's more NP possess considerable potential possibilities, far to be exhausted
till now, which will be set in motion as the necessary results of investigation in the field of
applied nuclear physics, radiation material physics and radiation chemistry are accumulated.
Nevertheless it is now almost certain that the future nuclear arrangements based on splitting
nuclear reactions will be in the form of systems of fast reactors operating in deeply subcritical
regime fuelling and driven by spallation neutrons produced in heavy extended targets by
relativistic proton beams from accelerator (ADS). Such arrangements are able to burn up
practically all natural uranium in the closed nuclear cycle and, in addition, to transmute and
incinerate the radioactive waste from other sources used in medicine, industry, scientific
investigation and military applications. Meantime works are in progress on the project of the
high-temperature gaseous reactors (Pebble Bed Modular Reactor) with globular fuel elements,
which are expected to be used, in particular, for the large-scale production of hydrogen (the
so-called hydrogen economy) [4,23]. Small nuclear heat sources for the purposes of cosmic
apparatus are also the subject of wide current discussion [24].

The work was supported in part by the Bogolubov-Infeld grant at the Joint Institute for
Nuclear Research (Dubna) owing to the decision of Prof. Nawrocka Wladyslawa.
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quark level, the experimental set-up and the present status are described,,
A section is devoted to a special electronic module, built at the IPN-
Orsay, using Digital Signal Processors (DSPs).

Keywords: Experiment, asymmetry, parity violation, strange form factors

Introduction

The amplitude of the strange quark component in the description of the proton
still has to be established. It cannot be evaluated from the electromagnetic
interaction alone, but it can be accessed through electro-weak processes. The
electro-weak interaction is smaller than the former one by orders of magnitude and
requires special techniques to be observed and isolated. Parity violation is specific to
the electro-weak interaction and forms the basics of the GO experiment.

The observables, the strange form factors of the proton, will be extracted from
asymmetry measurements for which many cancellations of experimental parameters

(see http://www.npl.uiuc.edu/exp/GOA)
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permit access to a signal at the 10"5 level. The first proposal was made in 1991 [1].
The French teams joined the collaboration in 1998.

Since the first proposal there have been other similar experiments running or
proposed, based on parity violation, to determine the strange component of the
nucleon, HAPPEX [2,3], He TARGET (EXP 00-117) [4], PVA4 [5] and SAMPLE
[6], but GO will be the largest investigation when both forward and backward angle
measurements have been achieved, providing values of three form factors at three
different Q2.

1 - Physics

Parity violation in elastic electron scattering arises at leading order from the
interference of the y or Z° exchange processes shown in Fig. 1.

Figure 1. Diagrams for electromagnetic and electro-weak interactions.

The asymmetry of the reaction for the two helicity states of the beam can be
expressed as:

GFQ2 , £Gr
EG>*Gr

MGl-( i
" 4 W * (&)*

V V 7 7

where: G £ and G M ^e the electromagnetic form-factors, G £ and G M a r e the

electroweak form-factors and G ^ is the effective axial form-factor of the proton

seen in parity-violating electron scattering. From the measurements of GZ£, G^ / and

G A a nd the knowledge of the electromagnetic form-factors of the proton and the
neutron, it is possible to extract the s quark contribution (Gs£ and G s ^ ) to the
nucleon structure. This decomposition only relies on charge symmetry of the
nucleon and on the assumption that only the light quark flavours contribute to these
form factors. Finally the measured asymmetry can be expressed in terms of strange
form factors:

where 77 is the asymmetry known from neutron and proton form factors (for the GO
experiment 7 varies between -1 and -35 xlO" ).

Three asymmetry measurements are necessary to extract GZ£, G*M and Ge
A

from which the strange form-factors can be deduced [7].
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Table 1 shows the kinematics used in different experiments. Two of them,
SAMPLE [6] and HAPPEX [2,3] measure asymmetries at a given angle and take
advantage of the kinematical suppression of one of the observables (respectively
Gs£ and GeA). On the contrary, the GO program [1] will give separate values of GZ£,

7 P

G M and G A by measuring asymmetries, at the forward electron angle (7°) for one
incident energy (3 GeV) on a hydrogen target [protons will be detected] and three
different energies on hydrogen and deuterium targets at backward electron angles
(110°) [electrons being detected].

Table 1. Comparison of experiments measuring the strange form factors.

Observables

SAMPLE [6]

{MIT - Bates)

HAPPEX [2]

HAPPEX II [3]

EXP 00-114 [4]

(JLab)

PV-A4 [5]

(MAMI)

GO [1]

(JLab)

Target

p

d

d

p

p

He

P

P

P

P

d

ee(deg.)
146

146

146

12.3

6

6

35

35

7

110

110

Q2((

0.235

0.110

0.1

0.3

0.3

Ge^

0.1

0.1

0.04

0.48

0.1

0.1

,0.5

,0.5

Ilcf)

1.0

,0.8

,0.8

Observables

GS
M = 0.14±0.35±0.40

Ge
A = 0.22 ±0.45 ±0.39

GS
M+ 0.38 Ge

A

GS
E + 0.392 GS

M =

0.025 ±0.020 ±0.014

CJE + 0.1 (JM

GS
E

GS
E +0.218 GS

M

*APV=5.58±0.57±0.17±0.06

G E + 0.1 Lr M

G E , G M , G A

*Apv is the asymmetry for parity violation. The quoted uncertainties come
successively from statistics, systematic errors and beam polarization uncertainty.

The GO experiment will therefore measure the evolution of these three form-
factors for different momentum transfers Q between 0.1 and 1.0 (GeV/c) . Figure 2
shows the expected total errors bars of the GO and Happex-II combined with He
target measurements compared to the predictions of different models: dipersive
approach [8], Heavy Baryon Chiral Perturbation Theory [9] and Lattice QCD [10]
for the strange form-factors and an estimate of G ^(Q ) from electroweak radiative
correction calculations [11] for which the calculation at Q2 = 0 has been extended
using the standard dipole form of G^ measured in neutrino scattering.
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Figure 2. Expected errors for GO and comparison with other experiments and theory.

The three full circles with error bars correspond to GO expectations [1], the open circle to a
proposed measurement HAPPEX-II combined with a study on a He target [3,4]. The full squares
represent the SAMPLE results [6]. The full triangles are for Lattice QCD calculations [10]. The full
lines are calculations within the heavy baryon chiral perturbation theory for GS

E and GS
M [9]. The

intermittent lines for GS
E and GS

M are calculations made with a dispersive approach [8]. The curves
for Ge

A are estimations made within the heavy baryon chiral perturbation theory and electro-weak
radiative corrections [11].

For the strange form-factors both models agree with the zero-compatible
published results of the SAMPLE and HAPPEX experiments2 but they predict non-

O O o

zero values for GS£ (Q ) and GSM (Q ) and their evolution with Q which will be
investigated with the given accuracy of the experiment. The projected errors include
here the statistical uncertainty (AA/A = 5%) of the measurements for 700 hours of
data taking, the systematic accuracy and the possible errors from the knowledge of
the electromagnetic form-factors of the proton and the neutron. Despite the specific
design of the experimental apparatus, the GO measurements overall errors will be
dominated by statistics.

Additional physics information will be obtained from backward angle
measurements. Concurrently with e + p elastic scattering, events corresponding to
scattering in the N-»A region can be isolated and will give access to the

N-»A axial transition form-factor G ^(Q ), a first measurement in this neutral
current process [12].

2 In fact, the Heavy Baryon Chiral model actually uses the SAMPLE and HAPPEX results to fix two of its
perturbative constants.
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2. - Set-up

To undertake the experiment, special apparatus have been set up in Hall C of
Jefferson Laboratory, Newport News, Virginia, USA. The full measurement asks for
at least four periods of 700 hours of data taking to complete the experiment and will
therefore last several years. The detection system has to be removable to allow other
experiments in the same hall and that has fixed the location as shown in Figure3.

HallC

FSgureS. Position and general view ofthe GO set-up in HallC.

Requirements ' * '

The experiment is only possible if the following characteristics of beam and
instrumentation are tinder control: - * • . :

'•••••stable intensity of-40 jiA of longitudinally polarized electrons, with beam
pulses delivered every 32 nsec, with 33 msec, between helicity changes.

• helicity sequence by quartets like ( + - - + ) or (- + + -) to minimize slow time
dependent and periodic effects, the first helicity state of each quartet being
chosen'pseudo randomly.

m helicity correlated beam fluctuations, within a quartet, limited in current to
AI/I < 2000 ppm and in position to Ax and Ay < 20 urn .

• liquid hydrogen target, 20 cm long and supporting 250 W heat load from the
40 (iAbeam,

m superconducting toroidal magnet working at 5000 A to fit the detector
geometry and the Q separation.

• background minimizing and shielding to keep total counting rates within the
limit compatible with the characteristics of the detectors and of the DAQ
system (described later).

• dead time determinations and corrections to compensate for possible beam
charge asymmetry.

Here are the choices made for the final realization of the experiment. .
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> Polarized source
The experiment requires an unusual time structure of 31.2 MHz, instead of the

standard 499 MHz of the regular CEBAF operating mode. The pulse separation
of 32 nsec makes the time-of-flight separation of protons possible, a mandatory
condition for the forward angle measurements. To achieve this goal it has been
necessary to buy and install a specific Ti/Sapphire laser for the polarized electron
gun and to solve complicated beam transport problems due to much higher space
charge effects as the intensity needs to be kept at the 40 uA level.

The beam is focused on the target at a specific point. New optics, new
controls systems and a special raster have been developed and set up for the GO
experiment. For the forward angle part an energy of 3 GeV and an intensity of 40
uA are used. The helicity correlated variations in 30 days of data taking must be
kept less than 2.5xlO"8 for the energy, 1 ppm for the intensity, 20 nm for the
position and 2 nrad for the angle3.

> Target
Figure 4 presents a drawing and a picture of the cryogenic target built for the

experiment. The cell is 20cm long. A high cooling power is provided by the

Heat
Exchange

Target cell
Cryogenic
pump
High power
heater

Figure 4, Schematic drawing and photo of the GO LH2 cryo-target.

high flow from the cryogenic pump to remove up to 320 watts deposited by the
electron beam. A special heater is used to compensate intensity variations and insure
a stable status of the cooling system. However the use of a raster is mandatory to
spread the heating by the beam and avoid local boiling.

3 This was achieved in 1999 for HAPPEX with the strained GaAs source.
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> Magnet
A special superconducting magnet system (SMS) has been built. It is a

toroidal magnet with 8 sectors and an azimuthally symmetrical angular
acceptance. The higher current for data taking is 5000 A. The zero-magnification
optics of the magnet makes all the protons emitted in elastic scattering with the
same Q to focus on the same detector. Line-of-sight shielding is possible
because the bending angle is larger than 35°. The angle of detection is 70°, for
recoiling protons for the forward angle measurements and 110° for electrons at
backward angles. The angular aperture is 20° in both directions. Figure 5
illustrates the magnet system.

Figure 5. Schematic drawing and photo of the SMS.

> Detectors .. ..... ....... . ..,• ... . , ...:,, , ... . . ...• . . . . . .
Figures 6 and 7 show respectively sketches of the setups for the forward and

backward angles. The shapes of the scmtillators for the FPDs (focal plane
detectors) have been adapted to the results of simulations, made with the magnet
model, optimizing counting rates and backgrounds. There are 16 detectors of
different sizes and locations. Each detector is made of 2 scintillators, placed one
behind the other, spaced by aluminium (French option) or plastic (North
American option) and put in coincidence to reduce the background.

Q=1.0

target beam
Collihiutors

electron "Target

Figure 6. Schematic drawings of the forward angle set-up.

Each scintillator is read at both ends. The bases for the PMTs include an
amplifier (French option) or are followed by an amplifier (NA option) to work at



lower voltage and with-stand for higher counting rates and have a longer
lifetime.
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Figure 7. Sketch of the backward angle set-up and zones of expected counts.

For the backward angle measurements, electrons are detected. There is a
contamination by pions that must be resolved using Cerenkov detectors. The
time- of-flight identification of protons cannot be used. Additional detectors will
be put at the cryostat exit (CEDs) to work with the FPDs to give a coincidence
pattern as shown on Figure 7. The separation of elastic and inelastic events is
good and will make the study of the N-» A region possible.

> Electronics
The electronics for NA and French detectors are similar [13]. The direct time-

of-flight histogramming principle is represented in Figure 8. The NA electronics
are using latching time digitizers (LTD) and sealers, covering 24 nsec with 1
nsec of resolution, whereas the French system is based on flash time to digital
converters (TDC) of 250 psec resolution leading to a 128 channels histogram
covering the full 32 nsec period between pulses.

Front
CFD Lett

[cmmght

CFD Left [""jp*

\ CFD Bight'

Mean

Mean
Timer

-

Coinc,

roc
Time histogramming

Time resolution
250 psec (Fr) 11 nsec (NM)

Figure 8. TOF measurement principle in the forward angle'mode.
CFD is used for Constant Fraction Discriminator, TDC for Time to

Digital Converter and LTD for Latching Time Digitizer.

In Figure 9 one can see samples of these modules. On the right side is one of
the 8 DMCH necessary for the full encoding of the French part of the detector,
and, on the left side, four crates containing the NA time encoding part. In parallel
to this high speed histogramming part of the acquisition, after splitting the
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incoming signals from the detectors a slow - event by event - acquisition will be
processed to allow a survey of the correctness and the stability of the detector
response. This slow electronics is using fastbus ADCs and TDCs giving
individual amplitude and .timing of all different signals (see Figure 10).

Figure 9. LTD (latching time digitizer) modules for time encoding ofNA
electronics and DMCH module of the French system.

> Data acquisition (DAQ)
The North American and French systems are considered as independent

subsystems, read subsequently as directed by a trigger supervisor module.
The NA system delivers numbers from individual sealers and the French
system provides histograms and sealers for individual counting at CFD
(Constant Fraction Discriminator) and MT (Mean Timer) levels before
histogramming. As mentioned above, some events from the fastbus system
are also recorded in parallel.

512 EMTs Sugnals

FR:(4 octants)
ctivelil Stall tteirPassiveHiSDlitter

Tiorate Encoding

256 CFDs

128 MTs
CSX1Z: Chanjiels)

Front Emd DSP's

I>SF "•concentrator"DAQ. computer

Figure 10. General view of signal processing.
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3. - DMCH-16X module

Special electronics modules have been built in the Institute of Nuclear Physics of
Orsay (IPNO) to satisfy specifically the requirements of the GO experiment [14].
Active splitters are used first, to provide identical signals for time encoding lines and
slow control lines, with the full amplitude from the PMT's bases.
Then, for time encoding and histogramming, 8 integrated and sophisticated DMCH-
16X modules (DMCH-16X standing for Discriminator, Meantimer, time to digital
Converter and Histogramming, processing 16 MT channels in each module, and
plugged in a C size VXI crate). Figure 11 summarizes, on the left, the functions of
one channel and presents, on the right, a photo of the module.

Front-End DSP

Figure 11. Architecture ofone DMCH channel and view of one open module.

Each DMCH mother board receives 32 PMT analog signals and builds 16
TOF(Time-of-flight) histograms, 8 for the front detectors if a signal from the back
detector is in coincidence, and, 8 for the 'Buddies', if working in the buddy mode
(described below). Each board, connected through the VXI back plane to a CPU
(MVME 2401), supports: 3 types of daughter boards, 4 programmable logical
devices (EPLD-trig) to enable different operating modes, 2 ASICs (9 channel flash
TDCs) 4 FiFo buffers (for high rate performance) and 5 DSP (digital signal
processors) for histogramming and data transfer.

There are 16 CFD-MT daughter boards for discrimination, in a constant fraction
mode, of the signals from both ends of one scintillator. The meantimer system (MT)
is used to have a time reference independent of the location of the hit (with a
compensation time of about 17 nsec to fit the experimental conditions). These
boards connect to the logical device (EPLD-Trig) which generates signals for the
different operating modes as Front or Back, Front if Back, Front if Back Buddy,
etc...
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The TDC is an integrated circuit, processing 8 channels in the implicit start mode,
plus one that can be used as explicit start in case of need, as for laser calibration of
PMT gains. The time resolution is 250 psec. The differential non linearity can be
optimized, and corrected, off line if necessary, for the remaining non linearity. Gates
and readable flags on the ASIC allow to work with Front/Back coincidence and to
use the Buddy option, which is explained later. The outputs of the 2 TDCs are read
through a buffer by 4 DSPs, at a maximum rate of 8 MHz per DSP. Histograms are
built directly by these 4 frontend DSPs and then transferred to the DSP concentrator
that sends the final information to the recording unit through the CPU, running the
VxWorks real-time operating system.

A second kind of daughter board is called Sdmch ( S for sealers). It carries 104
independent counters used to monitor rates at different levels: CFD, MT, etc...and
transfers the data from its own DSP to the DSP concentrator.

The last daughter board is called Gdmch (G for generator). It carries an internal
generator, remotely control by computer, and very useful for tuning and checking
the full module.

The electronics must receive signals from the accelerator. The most important
ones are the one called YO, which serves as a start signal indicating the arrival time
of the electron beam on target, and the one called MPS (Macro Pulse Signal)
corresponding to the helicity change every 33 msec. There are other signals which
need to be seen by the DMCH, as, for example, a laser pickoff signal when doing
laser calibration. An Interface Box (IB) has been built that transmits the external
signals from the accelerator or provides its own internal signals for calibrations and
tuning purposes.

This electronics is very convenient as changes and checks are made through a
computer. One can set and check the CFD thresholds, adjust delay between Front
and Back signals to insure safe coincidence, adjust parameters for good DNL
(differential non linearity) and for the Buddy option, which will now be explained.

Buddy: principle and operating mode

The experiment is possible if beam qualities and properties can be kept stable
enough to make the asymmetry signal measurable at the ppm (part per million)
level with reversal of the helicity of the electron beam. The cancellation, in the
expression of measured asymmetry, of some experimental characteristics such as
beam intensity, beam energy, detector efficiencies, etc... that can be neither
controlled nor kept at this level of accuracy, makes this observable very attractive.
Feedback and regression procedures are used to improve the quality of
measurements and the interpretation of the data. Particular attention should also be
given to the acquisition dead time that has to be monitored for both helicity states.
To have a better control of this dead time, it has been decided, for both NA and
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French electronics, to work in a mode with next pulse neutralization (NPN), using
specific signals that inhibit the time encoding during the duration of the next pulse
when a Front/Back coincidence is detected. Doing so, the dead time, different for
events with different TOFs, is precisely known.

The idea underlying the buddy mode is an attempt to experimentally measure the
loss of events resulting from this dead time. The direct counting of these events is
impossible because they occur when the electronics is busy from a preceding event,
however a perfect image can be obtained by checking, for each event if an
associated detector, supposed to count similar events, is busy or not. This is now
possible because it involves two different channels. As one needs time to process the
signals the comparison is made after a delay in time corresponding to exactly one
pulse duration. In summary, they are two basic assumptions: that counting is
identical, not only in an appropriate spatial shift (rotation of 180° for GO), but also in
an appropriate time shift (32 nsec for GO).

The GLOBAL BUDDY

The time encoding is continuous and the histogram is made for every 32 nsec in
128 channels of 250 psec each between YO signals, the clock for coding. When an
event (Front if Back) is encoded for one detector, it creates a flag on the
corresponding buddy channel and if a count appears in this channel during the 32
nsec period of the clock, the scale is incremented by one, meaning a probability of
loss in the detector. This indication is interesting for beam stability control but does
not reflect the next pulse neutralization dead time and does not give a quantitative
measurement. The first controls with beam have shown that the counting follows the
I2 law (I being the beam intensity).

YO YO YO YO

i ADirect

Buddy

+i in Global Buddy

Figure 12, Schematic principle of Global buddy counting.

The DIFFERENTIAL BUDDY

For a more precise and detailed study of the dead time it is possible to make time
distribution histograms of estimated losses in counting resulting from busy
electronics. The idea is the same as for the global buddy . A signal associated with
the dead time, or busy time, of one detector (of about 45 to 65 nsec - depending on
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the channel - when including the next pulse neutralization) is shifted by 32 nsec and
used as a flag to build a specific histogram of events that would have encountered a
busy buddy detector if they had occurred 32 nsec earlier.

Direct channel

Dead time with NPN \,
• Caval

Buddy channel

— Buddyfication zone —r
RMK tuned limit - > | ^ _ H F 1 t u n e d l im i t

Differential buddy: timing

Figure 13. Schematic principle of Differential buddy histogramming.
RMK and HF1 are two adjustable delays that one must use to shift by 32 nsec the dead
time zone after one event and keep a flag on the buddy channel for the same duration.
The "Buddyfication zone" is the period of time during which any event of the buddy
channel is put in the buddy histogram to reflect a loss that would have happened in the
direct channel, with the effect of reading the flag only every 4 nsec being taken into
account.

The concept is good and the technology makes implementation possible, but a
characteristic of the ASIC used for the coding make the interpretation uncertain
because the flag status is only read every 4 nsec whereas the time resolution is 250
psec. The tuning and the measurements are more delicate, and this will probably
restrict the usefulness of the method to a stability check. Independently of the buddy
option, the final dead time corrections can be obtained, off line, from an algorithm
reflecting the DMCH properties [15].

4. - Commissioning

The GO experimental setup is new. The installation, controls and tuning were
very demanding. First beam was delivered from September 2002 to the end of
January 2003. All parts: source, beam line, target, magnet, detectors, electronics,
data acquisition and analysis codes had to be tested, the background had to be
measured and reduced and finally everything was tuned into an operational state.
The status of the GO experiment has been presented at some conferences [16]. Let us
summarize here the crucial milestones that were passed.
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SMS

A major concern was the magnet. Manufacturing defects had been repaired in
early 2002. For safety reasons it ran at 4500 A initially from August to December
2002 and was successfully operated at 5000 A on December 18th and during the
January 2003 running.

Polarized source and beam properties

The new laser installed for this specific experiment worked successfully and
from January 2003 it was possible to have the 40 (iA GO beam on target with most
of the required properties of size, alignment, stability. However, some of the
feedback systems needed adjustments.

Liquid Hydrogen target

The target system worked ideally during the commissioning. With the raster on
and a fan speed of 40 Hz, it has not shown any signs of significant boiling (see
Figure 14). The target cell can be filled with liquid hydrogen or cold gas (hydrogen
or helium) and in addition a 12C target and 2 "halo" targets (circular holes of
different diameter in an aluminium plate) can be placed in the beam and proved very
useful for commissioning.
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Figure 14. Results from boiling tests of the liquid hydrogen target.
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However, it was observed that events from the aluminium windows introduce a
dilution factor into the signal and consequently their thickness will be reduced to
minimize this effect in the next run.

Detectors

Detailed studies have been made of detector gains, symmetry and centering, with
beam manipulations to measure the detector response sensitivity.

Figure 15. Samples of TOF histograms.

Figure 16. Detector response.

The photon background, initially high, was
reduced by a factor of 2 with extra shielding.
Some further efforts are still necessary.
Figures 15 and 16 show typical responses of
the detectors, from a DMCH module. The
separation of protons and pions is excellent
but some inelastic protons contaminate the
elastic peak. A new investigation is
necessary to reduce this effect, which has
been partially attributed to the aluminium
windows of the target.

Alignment effects are also under study.

Analysis

Electronics and DAQ have been working well. With the magnet operating at
5000 A and beam qualities sufficiently good, measurements were done at different
intensities to check that dead time corrections were properly applied. Finally a few
days were devoted to data taking, with alternate insertions of a half wave plate in the
beam to reverse the sign of the expected asymmetry. The very encouraging results
are presented in Figure 17.
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Asymmetries for detector 1 to 14
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Figure 17. Preliminary asymmetry results from the January 2003 running.

The measurements, corrected only for dead time and false asymmetry (and the
sign due to the half wave plate setting), are shown in the top left plot. The top right
includes additional corrections for background and the final bottom graph has both
background and beam polarization corrections included. North American and French
apparatus results overlap correctly within the error bars based on 51 hours of data
taken with 40 uA.

Summary and future

The GO experimental setup is now installed in the Hall-C at JLab. The first
commissioning run has successfully established that operational conditions can be
obtained for all the subsystems and that, in a limited period of time, when working
as a whole they give results in qualitative agreement with simulations and with the
expected error bars. The second commissioning run is planned for the fall of 2003,
from mid October to the beginning of December. If all systems continue to operate
properly the forward angle data taking will begin in early 2004.

The second part of the experiment will start right after, with modifications
and commissioning for the backward angle measurements. The positions of the
magnet, the detectors and the target will be changed. CED and Cerenkov detectors
must be installed, tested and calibrated, and electronics and DAQ modified. The
beam has to be tuned at much lower energy to measure at the correct Q2 values.
Only the first back angle measurement is presently given beam time by the PAC of
Jlab, the other ones depend on the results of the first one and will probably be
obtained by the end of 2005.
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The microscopic nucleus-nucleus optical potential is constructed basing on two patterns for
real and imaginary parts, each calculated in the framework of microscopic models and multiplied
by two normalizing factors, the free parameters, fitted to experimental data. The first supple-
mentary model yields the real and imaginary templates for our potential, and itself reproduces
the scattering amplitude of the microscopic Glauber-Sitenko theory. The other pattern, for real
part only, is the standard double-folding model with the exchange term included. As a result,
we obtain an acceptable agreement with elastic differential cross-sections.

1 Introduction

In the preceding paper [1] we have developed the method for restoration of nucleus-
nucleus potentials basing on the Glauber-Sitenko microscopic theory of scattering at higl:
energies [2, 3], generalized in [4, 5] to the nucleus-nucleus scattering. As a result this
theory derives the microscopic eikonal phase of scattering without introducing an optical
potential. In the so-called optical limit, this phase is determined by the point nucleon
density distributions of the projectile- and target-nucleus, p°,(r) an<-l P°(r), a n d of the
nucleon-nucleon scattering amplitude, and is as follows

aNN
) J d%d2st P;(sp) p°(st) fN(\£ = b + sp - s t | ) , (1)

where p°(s) = J?°O0p
0{Vsr-l- z2)dz is the profile function of p°(r) and

M O = (2TT)-2 fd'q expHqO/ivte). (2)

Here fiv(q) is the form factor of the NN scattering amplitude, that is usually taken in the
Gaussian shape /N(C]) = exp(—q2r% rms/6) with r^mis, the NN interaction rrns radius.
Here &NK is the total cross section of the NN scattering while a^N is the ratio of the
real-to-imaginary part of the forward NN scattering amplitude, both depended on energy,
and the "'bar" means averaging on isotopic spins of colliding nuclei.
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The idea of [l] consists in comparison of the microscopic phase (1) with phenomenological
one denned through the optical potential U(r) — V{r) + iW(r) as follows

(3)

where v is the relative motion velocity. In doing so the analytic expression has been used
of the phase (3), obtained in [6] for the symmetrized Woods-Saxon potential, being the
mostly realistic phenomenological potential applied in man)' calculations. In [1] parame-
ters of the latter were adjusted so that to fit the shape of the phenomenological phase to
the microscopic one in outer region of space b ~ Rp + Rt. As a result of this procedure
we obtained a set of the SWS-potentials having the same tails but different interiors, and
nevertheless all of them led to an acceptable agreement with the same elastic differential
cross-section. Thus, utilizing this method, one turns out in the face of the certain problem
of an ambiguity of restored potentials.

2 The microscopic potentials

In these circumstances, at present paper we introduce the other approach to restore
potential. We believe that the microscopic models of potentials give us a more reliable
basis to search realistic potentials of scattering, then fitting phenomenological forms of
potentials.

As the first candidate on the role of the pattern for searching the realistic optical
potential we take the potential which unambiguously corresponds to the microscopic phase
(1) of the ; high-energy approximation (HEA). Indeed, it has been shown that this
potential can be obtained when applying the inverse Fourier transform to the HEA phase
(1) [7] or, independently, in [8], by substituting the standard expression for the direct
double folding potential [9] in the definition of phase (3). As a result one gets the so-
called HEA optical potential:

O ' ) = V"(r) + W7(r), (4)
2E f

Vl/(r) = - }.J0S2GNNOINN I dq q2jo(qr)p°p(q)p°(q)fN(q), (5)

W"(T) = -TT^To^NN I dq q%(qr)p°Jq)p°(q)fN(q). (6)
/C(2TT)2

Here p°j(()(q) are form factors of the corresponding point densities p°^t){r) of nuclei, and the
latter can be obtained by unfolding the nuclear densities pp(i)(r) (see, e.g.,[10]), which are
usually reported in tables. Thus, the model does not use free parameters when calculating
Vli and W" potentials. The important point is that it provides calculating the imaginary
potential (6). Indeed, in the standard semi-microscopic model one estimates only the real
potential with a help of the double folding (DF) procedure, while the imaginary part
is usually taken in the phenomenological Woods-Saxon (WS) form with three or more
fitted parameters. In our method, we also apply this model for the real part of an optical
potential. The matter of fact is that DF-model includes both the direct and exchange
terms of a potential (see, e.g., [11], [12])

VDF = yD yEX (?)
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VD[r) = I d3rpd\ pP{rp) pt{vt) v%N(rpi), vpt = r + rt - rp, (7a)

A (r) = y (Pryfirt pp(rp, rp + rpl) pt (r,, r< - rpf) x

EX(T )
uNN\rpt)

T7

Here the main dependence on energy of the potential occurs due to the local momentum of
nuclear collision K(r) = {2Mm/h2[E-VN(r)-Ve{r)]}^2 where Mm = ApAtm/(Ap + At)
is the reducedmass. The effective V^N potential includes M3Y force, and also the factor
F(p) = C{\ + aexp(—0p) - 7p] depended on densities p = pp + pt, and the factor
(1 - 0.003 E/Ap) that corrects the dependence upon energy. All the parameters are well
established from many applications to the heavy-ion scattering data. (Details one can
see, e.g., in [12]). However, one should remind that in such a semi-microscopic model the
imaginary potential is introduced in a phenomenological way, while the HE A approach
uses the microscopic model for both terms of a potential, and each of them depends of
energy as well.

Comparison of (5) with (7) ensures that the HEA potential VH is only direct part
of the full potential while the real DF potential VDF consists of two terms, direct and
exchange one. Moreover the latter term takes into account not only the Pauli-blocking
effect but also effects of the knock-on reactions on the elastic scattering potential.

These two kinds of potentials VDF and VH, WH having slightly different slopes in
asymptotics are employed to construct the total microscopic potentials. In addition, one
should bear in mind that at high energies only the outer region of colliding nuclei play a
role, while exchange effects reveal themselves mainly in the central region. At the same
time, we pay attention to the result of [13] that at high energies the nucleons removal
reactions contribute mostly to the absorption potential. This means that one-particle
nuclear density distributions take part in formation of respective matrix elements of an
imaginary potential in the same way as they participate in constructions of the real part of
optical potentials. Thus one can assume that tails of real and imaginary parts are almost
of the same form, and thus we can utilize the pattern VDF to build imaginary potential,
too, at least in its outer region. As a result we test the following forms of two-parameter
potentials:

U*t = Nr
AVH + iNfmWH (8)

C = N?VDF + iN?nW" (9)

U& = N?VDF + iNgVDF (10)

It is known that for heavy-ion scattering at comparably high energy only potential tails
determine the shape of differential cross-sections of elastic scattering because of the strong
absorption at small distances. Therefore, in phenomenological consideration, one can limit
fonself by only the 4-para,meter potentials like Uopt = Voexp(-r/ar) + iWoexp(—r/aimj
In our case we use the microscopic models for real and imaginary patterns of optical
potentials (8)-(10), and by fitting two factors Nr and Nim we can, in fact, change the
strength and move the potential tails in the surface region. In practice the fit of phe-
nomenological potentials at E ~ 100 Mev/nucleon leads to conclusion that the range of
Rin 4- oo with Rin, the radius of the inner region at V(Rin) = —50 Mev, is really can be
called the outer domain of the main contribution. So, one can characterize the adjusted
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potentials (8)-(10) by volume integrals in the range from Rin to oo. (Note, that in [14]
integration runs from the rms radius of a potential to oo). So, we define them as follows

rout 4 7 r

-r - A A~ I r2drV(r), j£ =-L. f r°-drW(r), (11)

and in futher will use them for comparisons of tested potentials.

3 Results of calculations and conclusions

We calculate the ratio of differential cross-sections da/dQ = \f(q)\2 to the Rutherford one

dag = (ZpZ^V _1 l

tin V hv J 4A:2 sin4 (0/2)' [ !

using the scattering amplitude in the framework of the high-energy approximation:

f(q) = ik r dbbJQ{qb)\l - e1®"^) + **c(&)l (Lo)
Jo L J

This expression is valid at E 3> \U\ and at small scattering angles d < J2/kR with
R, the nucleus-nucleus interaction radius, say, R ~ Rp + Rt. Here q = 2A;sin(i9/2) is
the transfer momentum. The Coulomb phase <3?c(̂ ) is taken in analytic form for the
potential caused by the uniform charge density distribution. The nuclear phase ^^(b) is
calculated for the microscopic HEA- and DF-models as discussed in the preceding section.
The trajectory distortion is made, in nuclear phase, by exchanging impact parameter
b by bc = a + Va2 + 62, the distance of closest approach in a Coulomb field, where
a = ZpZte

2/2E. Details of calculations of (12) one can find in [15]. In addition, we take
into account effects of relativization by introducing the respective relativistic velocity v
in the phase (3) and in the cm. momentum k in the amplitude (13), and also in (11):

hv = 197.327-^-^ — — (in MeV fm), (14)

2ATJm)

Here Et (in MeV) - kinetic energy of the projectile nucleus in lab. system, and m=931.494
(in MeV) is the unified atomic mass unit.

Below we present our calculations of da/da a for scattering of heavy ions i7O on nuclei
eoNi, Q0Zr, 90Sn, 2Q8Pb at energy £,=1435 MeV and compare them with the correspond-
ing experimental data from [16]. The pattern potentials V", WH, VDF were computed
with a help of eqs.(4)-(7), and for this aim we use the point density distributions of nuclei
p°(r) from [17] and [18] for 17O and target nuclei, correspondingly. Also, parametriza-
tion of <7/VTV and ayvw are taken from [19] and [20]. The effective 'Ujv/v-forces of the kind
CDM3Y6 are taken from [21].
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As an example of the 170 + 20SPb scattering, in Fig.la,b, the microscopic potentials
VH and WH are shown by dashed curves, while VDF is done by dash-dotted curve. The
phenomenological Woods-Saxon (WS) potentials, the real and imaginary part, fitted with
experimental data in [16] , are shown by solid lines. One sees that in the outer region the
slopes of calculated and fitted potentials bear a great resemblance to each other. In Fig.lc,
cross sections, computed in the framework of HEA with a help of the VH + iWH (dashes)
and VDF + iWH (dash-dots) potentials are shown and compared with experimental data
(circles). All curves have an exponential fall beyond the Coulomb rainbow angle, and the
cross-section for VH 4- iWH potential is in qualitative agreement with the experimental
cata. As to an applicability of the HEA calculations, one should compare the HEA
curve (solid) for the WS-potential and the points of experimental cross-sections which
occur in precisely coincidence with numerical solutions of the Shroedinger equation for
this potential. In fact, the agreement between them takes place at small angles d <
5.5° where HEA is valid by a definition. Therefore, in the further HEA-calculations for
a,nother target nuclei we will adjust the constructed microscopic potentials (8)-(10) with
the so-called "pseudo-experimental data", namely, with the respective solid HEA-curve
for the fitted phenomenological WS-potentials. Doing so we believe that the obtained
microscopic potentials will explain the data in the whole range of scattering angles if one
then calculates cross-sections by numerical solution of the Shroedinger equation.

Table 1. Optical potentials, constructed from the
microscopic HEA- and DF-potentials

TJA
u opt
TrB
Uopt
TjC

17 0 + mNi

0.6VDF + i0.6VDF

1 70 + lMZr

0.6VDF + iO.9WH

0.6VDF + i0.5VDF

UQ + 12U5n

0.5VDF + iO.9WH

0.5VDF + i0.5VDF

\1Q + '2U8 pb

0.5VDF + t l.ZW"
Q.bVDF + iO.8VDF

In Figs.2-5, the microscopic potentials, shown in windows a and b by dashed curves
for the HEA potentials VH and WH, and by dash-dotted lines for VDF, were obtained by
adjusting the respective cross-sections to those for the fitted phenomenological potentials
(solid lines). They are presented in the more sensitive domain of distances where potentials
fall down from the value -50 MeV. In general, the obtained potentials have almost, the
same slopes as those for the fitted WS-potentials. The respective HEA cross-sections are
demonstrated in the c windows of Figs.2-5, and they are in acceptable agreement with
cross-sections (solid lines) calculated in HEA for the fitted WS-potentials. In Table 1 one
can find the fitted normalizing factors iVr and Nim of the real and absorptive parts of the
microscopic potentials.

Table 2 demonstrates the values of outer volumes of the tested optical potentials.
They have magnitudes to be closed together which slightly decrease with increasing atomic
number of target nuclei. At the same time they are approximately twice less than integrals
of the fitted WS potentials. This is due to the longer tails of the WS potentials in
asymptotics.
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Table 2. The outer volumes of optical potentials

Potential

^opt

17O+
TOUt

73.1

32.4

60Ni
TOUt

Jim
57.7

32.4

17O+4

TOUt
JT

67.7
27.2
27.2

°Zr
TOUt

Jim

49.5
19.4
27.3

170+
TOUt

Jr
59.7
24.0
24.0

^uSn

.53.7
17.5
24.0

1 7 Q + 2

JOUt

50.3
18.2
18.2

08pu

Tout
Jim

47.3
12.9
18.3

We did not intend to achieve a perfect fit as experimentalists usually demonstrate.
However we can conclude that our idea proves itself to utilize microscopic models as
patterns for the further fit with experimental data. In fact, doing so we introduced no
more than the two free parameters while the number of parameters in a phenomenological
Woods-Saxon optical potential is required at least in twice as many. Moreover, at high
energies, one can be sure that calculations of microscopic potentials in the outer region give
a true predictions of their behavior in the very sensitive domain of heavy-ion scattering.
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Fig.l. Optical potentials VH(VDF) + iWH, calculated in the microscopic approaches
HEA(DF) for 17O + 208Pb at Et = 1435 MeV; a - real part of potentials, b - imaginary
part, c - the ratior of the respective elastic to the Rutherford differential cross-sections. In
windows a and b dashed curves show potentials VH WH, dash-dotted lines - VDF, solid
curves - Woods-Saxon fitted potentials. In window c showed cross-sections calculated in
the high-energy approximation (HEA): dashed curve - for VH + iWH, dash-dotted - for
VDF + iW", solid line - for the fitted WS-potential. Open circles - experimental data
from [16].
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Fig.2. The case of scattering u0 + 6QNi at 1435 MeV. In windows a and b) are shown
the microscopic optical potentiate/^ constructed from the real VDF and imaginary VDF

patterns multiplied by the fitted factors Nr and Nim (dash-dotted curves); solid curves
are the fitted WS-potentials. The respective differential cross-sections (window c), calcu-
lated in the HEA method. Solid curves are cross-sections for the Woods-Saxon potential
fitted with experimental data [16] ("pseudo-experimental data"), dash-dotted curve is the
cross-section for The values of A^ and Nim see in Table 1.
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Fig.3. The same as in Fig.2 but for scattering l7O + Q0Zr. In addition, dotted curves
correspond to the U^pt optical potential, composed from VDF and WH parts.
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A Synchrotron-light for Experimental Science and Applications in the Middle
East (SESAME), was decided to be built in Jordan as a gift by Germany, based on
BESSY 800 MeV synchrotron in Berlin after upgrading to serve as a seed for a new
research center in 1998.

The initial proposal for SESAME issued in 1999 to move BESSY to the Middle
East in a modified form to high performance machine that would cover a broad
spectral range, including hard X-rays. For diat BESSY-1 is changed to six - fold
symmetry by changing the circumference from 64 to 100 meters and modification
of bending magnets, thus the energy was increased to 1 GeV.
To reach hard X-ray the intention was to introduce two 13 - pole super-
conducting wigglers with magnetic field 7.5 tesla, these wigglers provide a critical
energy of 5 KcV and useful flux up to 20 KeV. However these wigglers have
some disadvantages :1) they are costly. 2) need a special knowledge for running
and 3) have an influence on beam behavior.
In 2000 - 2001 appeared a scientific need of more beam lines in this spectral
range (most users require hard X-ray). The simplest way of doing this is by
getting hard X-ray from bending magnets. This is possible by increasing the
energy to 2 GeV.
Since Jordan will provide the building as a copy of the ANKA (60m x 60m)
Synchrotron Light Source with 2.5 GeV storage ring. The design of SESAME
project has been worked with maximum circumference 124m. It is a 8 - fold
symmetry machine with energy 2 GeV. By using gradient bending magnets it is
possible to have 12 for the installation of insertion devices and furthermore a
reduction of natural emittance down to 18 nmrad. This is realy the art of
synchrotron light source. This was done in July 2002.
To enhance the hard X-ray capability to be more in line, it was suggested to
increase the energy up to 2.5 GeV.
The option of 2.5 GeV machine is to explore its use with 2 in vacuum undulators,
and of running the 2.5 machine at 2 GeV if that is needed for ultra-high
resolution VUV - and SXR experiments.
These conditions will serve to operate beam lines to study:

Protein Crystallography
Small angle X - Raj' Scattering
Spectroscopy of Gases and Solids
EXAFS
Powder Diffraction
Infra Red Spectroscopy
Pharmaceutical R and D
Medical Imaging

and others.
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1 .Characteristics of Synchrotron Radiation (SR)

Introduction:

The SR- radiation in general is characterized by the following terms: a) Spectral range, b)
photon flux, c) Photon flux density, d) Brilliance ar'l, e) Polarization.
a)The photon flux: is the overall flux collected by an experiment and reaching the sample.
b)The photon flux density: is the flux per area at the sample.
c)Thc brilliance: is the flux per area and opening angle.
Many authors have established the theory of synchrotron radiation (emitted from a stored
beam in the bending magnet wiggler and undulator).According to Schwinger theory the
shape and intensity within radiation emitted by a radial accelerated relativistic electron
beam is given by equation (1) and show in figure(l)

H

Figure 1: Characteristics of (lie synchrotron radiation emitted by a relativistic electron
moving on a circle.

d2®

dOW~
where :

Air

Acol

co e
(1)

<I> = photon flux (number of photons per second)
0 = observation angle in the horizontal plane
li' = observation angle in the vertical plane
a = fine structure constant - (1/137)
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y = election energy / mec
2(me = electron mass, c = velocity of light)

co = angular frequency of photons (h to= photon energy =: e)
I = beam current
e = electron charge = 1.601*10"'9 coulomb
y = co / coc = d ec (coc = critical frequency = 3y3c/2 p)
Ec= critical photon energy (=3hc y 12 p)
p = radius of instantaneous curvature of electron trajectory -- E/ecB in practical units,
p(m) 3.3356* (E/GeV)/(B/T)
c = speed of light (=2.9979* lOWs)
E = electron beam energy
B = magnetic field strength
£c= h coc[ec(KeV) = 0.665*(E/GeV)2* (B/T)]
X = yH' (normalized angle in the vertical plane)
Z = y( 1 + X2)3/2/2

The subscripted K's are modified Bessel functions of the second kind. Equation
(1) is the basic formula for the calculation of the characteristics of the synchrotron
radiation. The polarization is given by the two terms within the square brackets.

LI Radiation from bending magnet.
The photon of synchrotron radiation from the bending magnet is given by
integration of eq.(l) over the whole vertical angle. In the horizontal plane the
emitted cone is constant and therefore the photon flux is proportional to the
accepted angle 9 in the horizontal plane:

do s*0.\%BW.mard

Here the photon flux is proportional to the beam current (I), the energy (E),and
the normalized function which depends only on the critical photon energy ec,
which is given by :

ee = 0 .655 KeV * (E I GeV ) 3 * (,B IT) (3)

The intensity of the synchrotron radiation in the middle of the radiation cone (0 =
o and ¥ = o). is given by the central intensity:

(4)
dQi¥

It is seen that the radiation cone is getting narrower with higher energy. The
central intensity is proportional to the square of the energy . The opening angle at

critical photon energy is a^(y=l) = 0.331 mard . (5)
{t[GeV})
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1.2 Radiation from a Wiggler
The wiggler is a special magnet with alternating directions of the magnetic field
and the trajectory of the electron through a wiggler is like a snake, it is a
sinusoidal oscillation. The arrangement of the magnets is a so called " Hybrid
Design(HYB)". The trajectory of electron beam in such a wiggler is a wavy line.
The arrows symbolize the emitted radiation and it follows that an overlapping of
the radiation cone will occur.
The characteristics of the synchrotron radiation from the wiggler are the same as
for bending magnet, and so the critical energy (ec) determines every thing.
To reach the same spectral range as from the bending magnets (given by (ec)
eq.(3)), the magnetic flux density within the wigglers must be the same as within
the bending magnets, or for shifting the radiation spectrum to higher photon
energies, even higher. These fields can reach up to 2.5 tesla, and if using super-
conducting devices up to 3 tesla the photon flux as well as the central intensity of
radiation emitted by the wiggler is the same as from the bending magnet but more
intensive by a factor (Np); where (Np) - is the number of poles within the wiggler.
The number (Np) can reach 5O.The photon flux as well as the flux density emitted
from these wigglers at SESAME are compared with that from the bending magnet
and shows that wiggler is roughly by of a factor 50 more intensive, for the flux
density it is a factor 20 - 25.The optimum length of wiggler has only be around 2-
3 meters because the outer regions of wiggler don't have any significant
contribution to the brilliance.

1.3 Radiation from an Undulator
The opening angle (a,,, )of the synchrotron radiation from the bending magnet at
the critical photon energy (ec )is according to eq.(5) roughly:

E
0.655/yorl/y , y = (6)

The maximum slope of the electron trajectory in a wiggler is:
X'=K/y ' (7)

For values of (K)are in the range between 1 and 2 the deflection angle in a
wiggler is within the angle of the synchrotron radiation.

K = 0.934.(B/T)*( V cm) (8)
K - is the deflection parameter.
For this special case the radiation from different periods interfere coherently, thus
producing sharp peaks with the result of completely different characteristics. This
radiation is called undulator radiation and the corresponding insertion devices are
called undulators.
Undulators are devices like wigglers but with a smaller K-values(between 1 and

The undulator emits radiation only at characteristic photon energies given by:

s = 0.949KeV*(E/GeV)2*-— —-—— (9)
(AUiul/cm)*(l + K 12)

with the bandwidth

- 4 1 -



^ - = - 1 - (10)

where:
n = Harmonic number (n = 1 , 3 , 5 , 7 )
Nund =N umber of periods.
?wUnd =Period length of the undulator.
K =Deflection parameter (see Equation) (8).
The opening angle of the undulator radiation cone as indicated in figure (l)is:

For the illustration of the characteristics of the undulator radiation, the following
example shall be used:
E = 2 GeV, XUnd = 40 mm, K = 2 and N = 50.
ei= 0.316 KeV and e9=2.85KeV.
?ei=6.32eV and ? e9 = 6.32 eV.
o-,(l) = 0.0443 mard and aT(9) = 0.0148mard
The flux of the undulator radiation within the cone of the harmonics is given (in practical
units) by:

ct>,,,Jn.K) = 1.432* 10u *NUlld *(// A)*Qn(k)[phokm</(s*0.\%BW)] (12)

- According to eq.(12) the flux of the undulator radiation is proportional to the number
of periods(Nunij), the current(I), and the function Q,i(k).

- It is independent of the energy of electrons. To reach high photon flux (also for higher
harmonics), the deflection parameter (K) should be in the range of 2 to 3.

- The photon spectrum is (according to eq.(9)) proportional to the square of the energy
and inversely proportional to the period length (A,). In order to reach X-ray radiation
the electron energy has to be in the range of 4 to 6 GeV with a period length (k =
40. mm).

-The gap would be 11 mm and the magnets of the undulator are outside the vacuum.
Smaller period length can be reached only by reducing the gap, this is possible by
putting the undulator inside the vacuum and is called " Vacuum Undulators" . The
smallest period length can be reached with superconducting magnets. These types are
called ;' Mini - Undulator".

2.Injector and Synchrotron Layout.
Within a storage ring currents of some hundred mA are stored. This current

produces the synchrotron radiation delivered via the optical elements to the
investigated samples. Each storage ring of a synchrotron light soucre needs an
injector because it is not possible to produce in one accelerator high currents and
bring them up to energies of several GeV.So the acceleration has to be made in steps.

- First, the electrons will be produced in a gun , with a current of some hundreds of
mA and injected into the pre-accelerator ( microtron in our case), which delivers a
beam of 10 to 100 mA.
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- Second , the pre-accelerator delivers the beam to the booster synchrotron which
accelerates the beam up to hundreds of MeV (800 MeV) or some GeV in 100 or
1000 ms. The curent within the synchrotron is some tens of inA.

- Third , the booster delivers the beam to the storage ring. According to the ratios
of the circumferences from the booster synchrotron and storage ring. The beam
within the storage ring will be accumulated until the desired beam current is
reached. In order to get a current in the storage ring of 400 mA at least 400 to 600
shots from the synchrotron are needed. This procedure takes some minutes. The
beam energy is then ramped to the desired final beam energy.

- The electrons must be successively delivered from one accelerator to the next one.
The specifications of the various accelerators are very different, i.e. each machine
has its own equilibrium emittances and machine functions. Therefore it is
necessary to match them appropriately so that an optimal beam transfer can occur.
For SESAME the transfer line between the pie-injector and booster synchrotron
will be the same as at BESSY lbut anew transfer line from the booster to the
storage ring is needed. For injection to the storage ring a design based on a fast
injection system is needed for high accumulation efficiency. On the other hand
because SESAME will be a compact storage ring , a 2.5GeV machine with 125
meters circumference, there is not long enough straight section to put all the
injection elements, and the successive injections are designed inside the storage
ring to save space.

2.1 Microtron.
The preinjector of BESSY 1 was a 22 MeV classical microtron figure (2).
The characteristics of this microtron are listed in table (I).

2.2 Booster Synchrotron
The booster synchrotron fig (3) has a six fixed symmetry straight segments.
The characteristics of the booster are listed in table (2), with new systems of
magnets' power supplies. The booster used is the booster of BESSY 1.

2.3 Layout of the Storage Ring.
SESAME , a 2.5 GeV syncluotron radiation source with a circumference of about
125 meters and the einiltance of 24 nrn. rad and a nominal current of 400 mA is
dedicated to deliver photons to different expermintal need of the Middle East
Region.
The design of the vacuum of SESAME follows the chamber concept of recently
built SR-sources in the world. The machine consists of three main parts : Storage
ring , Booster and Beam Lines.

As had been mentioned the booster is an 800 MeV synchrotron which is
filled by a 20 MeV microtron. The injection in the storage ring is done at 800
MeV and then the energy of the electrons is ramped up to 2.5 GeV. Three kickers
are foreseen for the injection process. The Radio-Frequency RF-system of the
machine consists of two pairs of cavities with 250 kW klystron.

Fig (4) shows the overview of the Storage Ring, Booster , and RF-
cavities.
There exist three different types of beam lines on the SESAME machine: zero, six
and twelve degrees beam lines.
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The zero degree beam line is specified for the photons which are produced by the
insertion devices like wigglers and undulators, while both six and twelve degrees
beam lines are dedicated to the synchrotron radiation from the bending magnet as
shown in figure (5). Each bending magnet has a curvature of 22.5°, to 12° beam
line has been chosen as the closest possible one to the middle of dipole where the
size of the beam is minimal.
Figure ( 6 ) shows the layout of the injection straight.

3.The Radio Frequency System (RF).
In an electron storage ring the electrons lose some energy by emitting synchrotron

radiation when they are deflected in magnetic field (bending, wigglers and undulators). It
is the task of the RF-system to restore this energy loss. In the storage ring SESAME and
in the booster, where the electrons are accelerated up to the nominal energy of the storage
ring, the RF- system must also provide the power to accelerate the beam. Given that the
revolution frequency of the electrons in a storage ring is in the radio frequency (RF)
range, it is self evident that the energy restoration must also take place in this (OF) range.
Thus a (RF) system with enough power to achieve this purpose must be provided. In
addition , the (RF) system has the function to provide stability to the beam and large
energy acceptance to get a long lifetime. As the length of the electron bunch depends on
the characteristics of the (RF) voltage , one finds that the pulse length and the repetition
rate of the emitted (SL) also depend on the (RF) frequency.

Cavities:
A cavity is a resonant structure, a metallic empty volume. Inside it an electromagnetic

field resonant at certain given frequencies that are determined by the geometry of the
structure. The cavities have a cylindrical geometry, are made of high conductivity copper
and they have some holes to allow the electrons to enter and exit the cavities in its way
around the accelerator ,to feed the (RF) power into the cavity, to install pick tip coils for
diagnostics and to install vacuum pump. One of the cavities is shown in figure (7).

The cavity is connected to the wave guide system with RF-amplifier, which feeds the
high frequency power P gen from the amplifier into the cavity.

This RF- power builds up an electric field, which accelerates the beam. The electron
bunch within the cavity has a fixed relationship to the electric field , given by the
synchronous phase Phi(o) the electron is in average getting back the energy losses
according to the emission of synchrotron light.

\
Phl(o)

Plii(0)=Synclirorious pluso
q-Ucav / Uo-Ovcr voltage faclor

Figure 7 Schematic drawings for the explanations ot used expressions [or Ilic UF syUcni
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The phase Phi(o) has to be at the falling slope of the electromagnetic field as
shown in figure(7). For SESAME it is intended to use a 500 MHz system with a wave
length of exactly 0.6 meter. The inter number is called harmonic number. According
to the conservation of power, the power of the generator is equal to the beam, cavity ,
and reflected power:

"gen ~ " c a v + r beam ' 1 red-

Pcav = U cav/(2Rs)

"beam " 1 U o

where, Rs - is the shunt impedance of the cavity,
I - is the current of the stored electrons in the accelerator,
U o - are the energy losses according to synchrotron radiation by

traveling through the bending magnets, wigglers and undulators or
other insertion devices.

These losses are given as :
e = 88.5 KeV*E4/p
^O. 633 KeVVE2*Bm

where: E -is the energy of electrons in [GeV],
p -is the deflection radius in the dipole in [m|,
I -is the electron current in [raA],
Bm-is the peak field in [tesla],
L -is the length of insertion device in [mj.

The reflected power (P ren = o) is zero, if the coupling factor of the input coupler has a
value of:

Popt = 1 + (Pbeanv Pcav)

More than one cavity will be installed in the SESAME and due to this fact it is
necessary to adjust the phase of the microwave inside each cavity in order that all of
them act coherently accelerating the beam.

The phase between the cavities is determined by the path length of the electron
orbit between them , taking into account that the velocity of the electron is the
velocity of light.

The parameters of the RF- system of the stored beam lil'e : bunch length the ,
synchrotron frequency and energy acceptance are function of the main parameters of the
storage ring, are summarized in (able (5).

The results of calculations of the voltage and power for the RF-System of SESAME for
energies 2 and 2.5 GeV are summarized in tables (3,4)

At the beginning SESAME will start with energy ol"2GeV.
The limits of the cavities are given :-
Ucav = 630 kV, Pcav = 60 kW and Pinput = 120 kW.
These limits are reached according to table (4) with 2 wigglers and a stored beam of 400
mA.
The energy loss per turn (Uo) reaches a value of 390 KeV with 4 wigglers. With an over
voltage factor of 4 and two cavities the required cavity voltage is 780 KeV, what is out of
specifications of the cavity. Hence the installation of 4 wigglers at energy of 2 GeV
requires 4 cavities. According to table (4) it is possible to run SESAME up to 2.2 GeV
with a current of 300 mA and the installation of 6 wigglers.
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The corresponding calculations for an energy 2.5 are compiled in table (5). With 4
cavities it is only possible to run the machine without any wigglers. Already the
installation of 2 wigglers at 2.5 GeV exceeds the maximum available voltage in the 4
cavities. With 6 cavities it is possible to operate 6 wigglen; with a current of up to 350
mA.
Figure ( 8) shows the RF - power assembly layout at the first stage 2 cavities .

The RF - system will be built up in the following steps:
1. Installation of 2 cavities with power of up to 250 kW m order to operate SESAME at 2.
GeV with 2 wigglers. A schematic layout of this "RF- unit" is shown in figure (8).
2. Installation of an other RF - unit with power up to 250 kW. Overall a RF- power of up
to 500 k\V is now available. It is possible to run SESAME at 2.2 GeV with up to 6
wigglers and current of 300 mA.
3. Installation of another RF- unit with power of up to 250kW. Overall RF- power of up
to 750 k\V is now available .It is possible to run SESAME at 2.5 GeV with up to 6
wigglers and current of 350 mA

Election bunches Cavities Vacuum cliainbei

Input coupler

Wave-guide system

^Water-load

Amplifier

Figure Q : UF-powcr assembly layout i t (lie firil stage willi 2 cat ilits >nd an power of 1 lie
amplifier of up (o 250 k\V in order (o operate SESAME al an energy or I GeV
with I wigglen or 2.5 CeV without any wigglers. This is the "UF-unil" of SESAME

Table -> IIF main parameters of SESAME.

Nominal energy, Eo

Circumference, C
Revolution frequency, f0
1117 frequency, fRF

Harmonic number, h
Momentum compaction factor, a
Natural Emiltancc, c
Energy spread, oE

[GeV)

.ml
[MHz]
[MHz]

[nm rad]

2.0
124.8
2.402

499.654
208

0.00932
15.5

0.92 IOJ

2.5
124.8
2.402

499.G54
208

0.00932
24.3

1.14 IOJ
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4.Radiation Shielding.
SESAME accelerator system is a user-oriented facility with different types of

ionizing radiations of different energies and intensities. The emission of this ionizing
radiation will constitute a health risk, an optimized radiation shield surrounding the
accelerators is needed to provide an appropriate protection against these sources. The
most important rule in ionizing radiation protection is the ALARA principle, which says
that any exposure to personnel should be kept As Low As Reasonably Achievable. This
requires that the radiation shielding design has to be optimized to that the measured
annual eqivalent dose at any point in the facility even immediately outside the shield is
below 5 mSv.

The radiation sources considered in the shielding calculations are:
- Electromagnetic radiation (Brcmsstrahlung): high energy x-rays are generated

in the electromagnetic cascade initiated by the electrons interacting with matter.
The Bremsstrahlung process in an electron accelerator is one of the basic
interaction of electrons with matter which can convert a larger fraction of the
electron beam power into x-ray power, the gamma rays also help to propagate the
cascade. The cascade at high energy propagates mainly in the foreward direction,
however a lateral spread up to 90° has to be considered. The Bremsstrahlung in the
foreward direction is a strong function of the original electron energy E .At
energies below about 20 MeV the output varies as E1, while above 20 MeV it
varies as E.

- Medium energy neutrons (up to 10 MeV): these are generated by giant resonance
reactions of gamma rays with matter. These neutrons are omitted isotropically from
the interaction region.

- High energy neutrons (up to few hundred McV): these are produced by gamma
ray interactions with nuclear components (quasi deuteron interactions , pholopion
production). These neutrons are sligthly foreward peaked.

- Muons : when primary energy beam is higher than about 1 GeV, high energy
unions produced by direct interaction (union pair production) or by decay of pions
and kaons (produced in pholonuclear reactions) have been taken into account.
However their production here is neglected because the cross section is negligible
at the energies that the SESAME will run.
The results of the detailed shielding calculations are presented in table ( 7 ) and
figure( 9 ).
It is seen that the designed sheilding will give a sufficient radiation protection. In
particular, the annual close at any point in the facility, even immediately outside the
shield, will be kept below 5 m Sv.

T;iblc 6 : Details ofSESAME shielding thickness

Accelerator
Microlron &.
Booster
Storage ring

Wall
Outer wall at injection outer
wall elsewhere
Inner wall
Outer wall

• Side wall
• End wall

Roof

Shielding Material
1 in Ordinary concrete
80 cm Ordinary concrete
20 cm Ordinary concrete

80 cm Ordinary concrete
I m Ordinary concrete + 20 cm lead
40 cm Ordinary concrete
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0.2 m

• J

Outer wall shield

Figure 9 : Part of (he storage riiig wilU (he shielding walls.

S.Cost Estimate for upgrading the SESAME to 2.5 GeV
- The cost estimate for upgrading to 2 GeV is 10.100.000 USD.
- Additional cost for upgrading to 2.5 GeV is 2.600.000 USD.

Total estimate is 12.700.000 USD.
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Abstract

A finite rank separable approximation for the nuclear structure calculations with
Skyrme interactions is proposed. It is shown that characteristics of the low-lying
states and giant multipole resonances calculated within the suggested approach are
in a good agreement with available experimental data.

Keywords: nuclear structure, Skyrme interaction

INTRODUCTION

The random phase approximation (RPA) enables one to describe many properties of the
collective nuclear excitations [1, 2, 3, 4]. The most consistent models employ the Gogny's
[51 or Skyrme-type [6] effective interactions whicii can describe the ground states in the
framework of the Hartree-Fock (HF) approximation and the excited states within the
RPA. Such models are quite successful for predicting nuclear states properties [7, 8, 9, 10,
llj.

Due to the anharmonicity of vibrations there is a coupling between one-phonon and
more complex states [2, 4] and the complexity of calculations beyond standard RPA
increases .apidly with the size of the configuration space, so one has to work within
limited spaces. Using simple separable forces one can perform calculations of nuclear
characteristics in very large configuration spaces since there is no need to diagonalize
matrices whose dimensions grow with the size of configuration space. For example, the
well-known quasiparticle-phonon model (QPM) [4] can do very detailed predictions for
nuclei away from closed shells[l2].

The possibility for such a simplification was the motivation for proposing in our previ-
ous work [13] a finite rank approximation for the particle-hole (p-h) interaction resulting
from Skyrme-type forces. Thus, the self-consistent mean field can be calculated in the
standard way with the original Skyrme interaction whereas the RPA solutions would be
obtained with the finite rank approximation to the p-h matrix elements. It was found
that the finite rank approximation reproduces reasonably well the dipole and quadrupole
strength distributions in Ar isotopes [13].

Recently, we extended the finite rank approximation for p-h interactions of Skyrme
type to take into account pairing [14] and a coupling between the one- and two-phonon
components of wave functions [15]. In this paper we present some examples to demonstrate
posibilities of our method.
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Q S i oocl O ^ •*
M E T H O D OF CALCULATIONS

We start from the effective Skyrme interaction[6] and use the notation of Ref.[16]
containing explicit density dependence and all spin-exchange terms. The single-particle
spectrum is calculated within the HF method. The continuous part of the single-particle
spectrum is discretized by diagonalizing the HF hamiltonian on the harmonic oscillator
basis[17]. The p-h residual interaction Vre3 corresponding to the Skyrme force and includ-
ing both direct and exchange terms can be obtained as the second derivative of the energy
density functional with respect to the density[18]. Following our previous paper[13] we
simplify Vrea by approximating it by its Landau-Migdal form. For Skyrme interactions all
Landau parameters Fi,Gi, F/, G\ with I > 1 are zero. Here, we keep only the I = 0 terms
in VTe3 and in the coordinate representation one can write it in the following form:

Vrea{ru r2) = NQ1 [F0(n) + G0(ri)<7i<72 + (*J(ri) + G^a^n^] Sfo - r2) (1)

where CTJ and n are the spin and isospin operators, and No = 2/cFm*/7r2^2 with kp and
m* standing for the Fermi momentum and nucleon effective mass. The expressions for
FQ, GO, FQ, G'O in terms of the Skyrme force parameters can be found in Ref.[16]. Because
of the density dependence of the interaction the Landau parameters of Eq.(l) are functions
of the coordinate r.

The p-h residual interaction can be presented as a sum of N separable terms. Let us
explain this procedure for making the finite rank approximation by examining only the
contribution of the term Fo. In what follows we use the second quantized representation
and Vres can be written as:

Vres = « E yi234 : afa£a4a3 : (2)
Z 1234

where af (ai) is the particle creation (annihilation) operator and 1 denotes the quan-
tum numbers (n

(3)

(4)

In the above equation, (ji||Fj||J3) is the reduced matrix element of the spherical
harmonics YJtl, J = \ /2J + 1, and Iijihhk) is the radial integral:

JM

mA I JM).

Fo (r)uh (r)uj2 (r)uh (r)uJ4 (r) -^, (5)

where u(r) is the radial part of the HF single-particle wavefunction. As it is shown
in [13, 14] the radial integrals can be calculated accurately by choosing a large enough
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cutoff radius R and using a iV-point integration Gauss formula with abscissas and weights

2 k=i rk

So we employ the hamiltonian including an average nuclear HF field, pairing interac-
tions, the isoscalar and isovector particle-hole residual forces in the finite rank separable
form [14]. This hamiltonian has the same form as the QPM hamiltonian with N separable
terms [4, 19], but in contrast to the QPM all parameters of this hamiltonian are expressed
through parameters of the Skyrme forces.

In what follows we work in the quasiparticle representation defined by the canonical
Bogoliubov transformation:

—i- - 4 - I / -i \7~"T7T f *~f\

CL • "^^ 1L ' Of • ~T"" t ~~" -L I LJ ' Cx ' 1 / 1

The single-particle states are specified by the quantum numbers (jm) The quasiparticle
energies, the chemical potentials, the energy gap and the coefficients u,v of the Bogoliubov
transformations (7) are determined from the BCS equations.

We introduce the phonon creation operators

Q~f* \ / V" A~*~ (*t J * \ 11\ ( 1 \ MX/" A (n n • \ n\\ 19l\

\ ..,• — / I ./V • •/ ri. \ I I . s\LL I I I I - * • « • ' - ^ i l / / i A — W / i I O ;
33

where
/ m a+ m l . (9)

mm

The index A denotes total angular momentum and \x is its z-projection in the laboratory
system. One assumes that the quasiparticle RPA (QRPA) ground state is the phonon
vacuum | 0), i.e. Q\^i | 0) = 0. We define the excited states for this approximation by

QU i o>-
Making use of the linearized equation-of-motion approach [1] one can derive the QRPA

equations [3, 4]:

Y

In QRPA problems there appear two types of interaction matrix elements, the -A\jL> U,-2,-/ )

matrix related to forward-going graphs and the "u\ji){j2j>) matrix related to backward-
going graphs [14]. Solutions of this set of linear equations yield the eigen-energies and the
amplitudes X, Y of the excited states. A dimension of the matrixes A, B is a space size
of the two-quasiparticle configurations.

Using the finite rank approximation we need to invert a matrix having a dimension
4// x AN independently of the configuration space size. One can find a prescription how
to solve the system (10) within our approach in [13, 14]. The QRPA equations in the
QPM [4, 19] have the same form as the equations derived within our approach[13, 14], but
the single-particle spectrum and parameters of the p-h residual interaction are calculated
making use of the Skyrme forces.
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In this work we use the standard parametrization SIII [20] of the Skyrme force. Spher-
ical symmetry is assumed for the HF ground states. It is well known [10, 11] that the
constant gap approximation leads to an overestimating of occupation probabilities for
subshells that are far from the Fermi level and it is necessary to introduce a cut-off in the
single-particle space. Above this cut-off subshells don't participate in the pairing effect. In
our calculations we choose the BCS subspace to include all subshells lying below 5 MeV.
The pairing constants are fixed to reproduce the odd-even mass difference of neighboring
nuclei. In order to perform RPA calculations, the single-particle continuum is discretized
[17] by diagonalizing the HF hamiltonian on a basis of twelve harmonic oscillator shells
and cutting off the single-particle spectra at the energy of 190 MeV. This is sufficient to
exhaust practically all the energy-weighted sum rule.

Our investigations [14] enable us to conclude that JV=45 is enough for multipolarities
A < 3 in nuclei with A < 208. Increasing N, for example, up to N=60 in 208Pb does not
change results for energies and transition probabilities practically. Our calculations show
that, for the normal parity states one can neglect the spin-multipole interactions as a rule
and this reduces by a factor 2 the total matrix dimension. For heavy nuclei our approach
gives a large gain in comparison with an exact diagonalization [14].

To take into account the mixing of the configurations in the simplest case one can
write the wave functions of excited states as:

with the normalization condition:

(VV(JM) I ̂ U(JM)) = ^Ri(Jv) + 2 £ (P\lil(Jv))2 — 1 (12)

The matrix element coupling one- and two-phonon configurations is:

(Qji\H\ [QUQU],) = UJ$(Ji) (13)

^ ) *s s o m e combination of the geometrical factors and the QRPA phonon ampli-
tudes [4, 21].

The energies of the states \&,,(A/i) are solutions of the following equation [4]:

F{EU) = det — Ev)5u' — - = 0 (14)

The rank of the determinant equals the number of the one-phonon configurations
included in the first term of the wave function ^u(Xfj).

It is worth to point out that after solving the RPA problem with a separable inter-
action, to take into account the coupling with two-phonon configurations demands to
diagonalize a matrix having a size that does not exceed 40 even for the giant resonance
calculations in heavy nuclei whereas one would need to diagonalize a matrix with a di-
mension of the order of a few thousands at least for a non-separable case.
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RESULTS OF CALCULATIONS

As a first example we examine the 2* and 3j" state energies and transition prdbabilities
in some S isotopes. The results of our QRPA calculations for the energies and B(E2)-
vakes and the experimental data [22] are shown in Table 1.

One can see that there is a rather good agreement with experimental data. Results
of our calculations for S isotopes are close to those of QRPA with Skyrme forces [23].
The evolution of the B(E2)-values in the S isotopes demonstrates clearly the pairing
effects. The experimental and calculated B(E2)-values in 36S are two times less than
those in 34>38S. The neutron shell closure leads to the vanishing of the neutron pairing
and a reduction of the proton gap. As a result there is a remarkable reduction of the
E2 transition probability in 36S. Some overestimate of the energies in 34>38S indicates that
there is room for two-phonon effects.

Results of our calculations for the 3^ energies and the transition probabilities B(E3)
are compared with experimental data [24] in Table 2. Generally there is a good agreement
between theory and experiment.

An additional information about the structure of the first 2+ , 3" states can be extracted
by looking at the ratio of the multipole transition matrix elements Mn/Mp that depend on
the relative contributions of the proton and neutron configurations. In the framework of
the collective model for isoscalar excitations this ratio is equal to Mn/Mp = N/Z and any
deviation from this value can indicate an isovector character of the state. The Mn/Mv ratio
can be determined experimentally by using different external probes [25, 26, 27]. Recently
[23], QRPA calculations of the Mn/Mp ratios for the 2f states in some S isotopes have
been done. The predicted results are in good agreement with experimental data [23]. Our
calculated values of the Mn/Mp ratios for the 2+ and 3f states are shown in Tables 1
and 2, respectively. Our results support the conclusions of Refs. [23] about the isovector
character of the 2^ states in 36S. As one can see from Table 2 our calculations predict
that the Mn/Mp ratios for the 3j" states are rather close to N/Z, thus indicating their
isoscalar character.

To test our approach for high lying states we examine the dipole strength distributions
in 36Ar, 112Sn and 208Pb. For the energy centroids {rni/mQ) we get 19.9 MeV, 15.8 MeV
and 12.7 MeV in 36Ar, U2Sn and 208Pb respectively. The calculated energy centroid for
208Pb is in a satisfactory agreement with the experimental value [28] (13.4 MeV). The
values of energy centroids for 36Ar and 112Sn are rather close to the empirical systematics
[29; Ec = 31.2A-1/3 + 20.6A"1/6 MeV. For 36Ar the QRPA gives results that are very
similar to our previous calculations with the particle-hole RPA [13] because the influence of
pairing on the giant resonance properties is weak. It is worth to mention that experimental
data for the giant resonances in light nuclei are very scarce.

The octupole strength distribution in 208Pb is rather well studied in many experiments
[30, 31, 32]. We calculated octupole strength distribution up to the excitation energy 35
MeV. According to experimental data [30] for the 3J~ state in 208Pb the excitation energy
equals to Ex = 2.62 MeV and the energy-weighted sum rule (EWSR) is exhausted by
20.4% that can be compared with the calculated values Ex = 2.66 MeV and EWSR=21%.
For the low-energy octupole resonance below 7.5 MeV our calculation gives the centroid
energy Ec = 5.96MeV and EWSR=12% and experimental values are 5.4 MeV and 12%
accordingly. For the high-energy octupole resonance we get values Ec = 20.9 M.eV (as
120,4~1/3 MeV) and EWSR=61% that are in a good agreement with experimental ones
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Table 1: Energies, B(E2)-values and (Mn/Mp)/(N/Z) ratios for up-transitions to the first
2+ states

Nucleus Energy
(MeV)

Exp. Theory

B(E2t)
(e2fm4)

Exp. Theory

(Mn/Mp)/(N/Z)

Exp. Theory
32g

34g

36g

38S

2.23
2.13
3.29
1.29

3.34
2.48
2.33
1.55

300±13
212±12
104±28
235±30

340
290
130
300

0.94±0.16
0.85±0.23
0.65±0.18
1.09±0.29

0.92
0.87
0.40
0.73

Table 2: Energies, B(E3)-values and (Mn/Mp)/(N/Z) ratios for up-transitions to the first
3~ states

Nucleus

32S

34g
36g
38g

Energy

(MeV)
Exp. Theory
5.01 7.37
4.62 5.66
4.19 3.86

5.68

B(E3t)
(e2fm6)

Exp.
12700±2000
8000±2000
8000±3000

-

Theory
8900
8500
7200
6200

(Mn/Mp)/(N/Z)

Theory
0.89
1.06
1.15
1.01

Ec = 17.5 ± 0.8 MeV in[31], 20.5 ± 1 MeV in[32] and EWSR=60 ± 20% in[31], 75 ± 15%
in[32]. One can conclude that present calculations reproduce correctly not only the 3j~
characteristics, but the whole octupole strength distribution in 208Pb.

As an example to demonstrate effects of the two-phonon terms we consider the 2f, 3j~
state energies and transition probabilities B(EX) in 112Sn. The experimental data [22, 24]
and the results of our calculations within the QRPA (the second line) and with taking into
account the two-phonon terms (the third line) are shown in Table 3. In our calculations
the two-phonon terms of the wave function (11) include phonons with multipolarities
A = 2, 3,4,5. One can see that there is some overestimate of the energies and transition
probabilities for the QRPA calculations. The inclusion of the two-phonon configurations
results in a reduction of the enrgies and transition probabilities for the 2^,3j~ states in
u2Sn. Generally there is a reasonable agreement between theory and experiment.

CONCLUSION

A finite rank separable approximation for the QRPA calculations with Skyrme in-
teractions that was proposed in our previous work is extended to take into account the
coupling between one- and two-phonon terms in the wave functions of excited states.

It is shown that the suggested approach enables one to reduce remarkably the dimen-
sions of the matrices that must be inverted to perform structure calculations in very large
configuration spaces.
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Table 3: Energies and B(EA)-values for up-transitions to the first 2+ , 3~ states in 1L2Sn.

State

EXP.

QRPA

2PH

Energy
(MeV)

1.26

1.49

0.90

B(E2)
(e2fm4)

2400±140

2600

2200

Energy
(MeV)

2.36

2.73

1.90

B(E3)
(e2fm6)

87000 ±12000

97000

72000

As an illustration of the method we have calculated the energies and transition prob-
abilities of the 2+ and 3j~ states and the giant resonances in some spherical nuclei. They
are in a reasonable agreement with experimental data.
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Abstract

We; investigate a new variant of flux-tube model based on joint action of two dif-
ferent processes responsible for the vacuum particle creation: the standard Schwinger
mechanism and the geometrical mechanism, caused by the dynamical Casimir effect.
It is assumed that pre-equlibrium quark-gluon plasma (QGP), created in ultrarela-
tivistic heavy-ion collisions and, therefore, confined within the expanding cylinder,
is under action of strong chromoelectric fields. According to considered model,
these two mechanisms act at different time scales and lead to qualitatively different
momentum distributions that might be observed experimentally.

Keywords: flux-tube model, Schwinger mechanism, dynamical Casimir effect, kinetic
equation

1 Introduction

The present work is an attempt to combine kinetics of vacuum particle creation in strong
fields, which is similar to the flux tube model (FTM) widely employed for the description
of ultra-relativistic heavy-ion collisions, with the non-stationary Casimir effect, applied
to the pattern of longitudinally expanding quark-gluon plasma inside the flux tube. The
main assumptions of the model are as follows. The system of two identical colliding ions
is considered in their center-of-mass frame. Before the collision both ions are represented
by two Lorentz-contracted disks with the thickness

d0 =

where r0 = 1.2 fm is the nucleon radius and A/SAW is the energy per nucleon. During
the collision the nuclear matter is heated up, e.g., by the shock waves, the significant
amount of energy is released within the overlapped volume, and the total deconfinement
takes place. This leads to formation of the quark-gluon plasma. The last stage of the
collision is characterized by the QGP expansion. The strong quasi-classical gluon fields,
emerged between the flying away primordial quarks, generate the secondary quarks and
gluons from the sea by means of Schwinger mechanism of vacuum particle creation [1].
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The expanding hot and dense partonic matter reaches the (quasi)equilibrium state, and,
finally, experiences the dynamical phase transition' to hadronic matter. This picture
corresponds to a standard scenario of the FTM [2].

The understanding and mathematical realization of the kinetic model of the QGP pre-
equilibrium evolution, which takes into account parton vacuum creation, has long history
[3]. The problem is not fully solved yet. One of the most developed kinetic models is based
on the quantum electrodynamics (QED) approximation [4]. Here the kinetic equation
(KE), describing the vacuum creation of electron-positron pairs under action of the time
dependent quasi-classical electromagnetic fields, was derived and investigated. This KE
is a direct consequence of the QED equation of motion in non-dissipative approximation.
Therefore, it is applicable for the description of a QED system, e.g., electron-positron
plasma in a strong field of free electron laser [5]. Some foundation for applicability of the
QED equation to study formation and pre-equilibrium evolution of the QGP is provided
by the Abel projection approximation [7]. The obtained KE was employed also in the
FTM [6], and results expected from the qualitative considerations were regained.

On the other hand, certain progress was achieved also in the quantum chromodynam-
ics (QCD) kinetic theory [8], where the KE for quark subsystem in a strong quasi-classical
gluon field was obtained. However, the corresponding system of partial differential equa-
tions is very complicated and is not accessible for the computer analysis at present. There-
fore, further investigation of the kinetics of vacuum particle production in the framework
of QED approach is an important task for the development of the FTM. It brings to our
attention a whole sequence of problems important for the kinetic theory, such as scatter-
ing process of particles at the presence of strong fields, its influence on non-equilibrium
dynamics of the system, the role of finite volume of the system, etc.

The last problem is directly related to the FTM, where the size of expanding QGP
does not exceed few nucleon radii. That leads to necessity of taking into account the
vacuum polarization stipulated by finite size of the system or, in other words, the Casimir
effect [9]. Since the flux tube is expanding, the dynamical Casimir effect considered first
by Schwinger [10] (see also [11, 12]) is relevant. The necessary conditions for this effect
in the ideal case are infinite conductivity of the plasma and the impenetrable walls of the
flux tube [9]. These conditions are certainly fulfilled for the QGP [13]. It is worth noting
that the same conditions are used independently for justification of the bag model [14].
In a similar way, the Casimir forces were suggested as one of the possible mechanisms
responsible for the confinement of quarks [12]. Thus, the flux tube can be interpreted as
a dynamical Casimir bag.

The aim of the present work is to develop a kinetic theory of vacuum particle creation,
which should include both action of a quasi-classical time-dependent (chromo)electric field
and a non-stationary Casimir effect for two flying away parallel plates. Thus, the picture
of expanding cylinder is quite appropriate. The corresponding KE is obtained in Sec.2 as
a consequence of non-perturbative dynamics. Because the amplitude of vacuum creation
includes both electrodynamic and geometric contributions, the corresponding source term
in the KE contains two quadratic and two interference terms, respectively. Results of the
numerical analysis of vacuum particle creation within the combined process are presented
in Sec.3. Finally, conclusions are drawn in Sec.4.
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2 Basic kinetic equation

Kinetic equation for the description of vacuum particle creation under action of a strong
quasi-classical electric field was obtained in the framework of the QED in Refs. [4].
Let us derive now modified KE, which takes into account finiteness of the space region
confined between two parallel plates flying away with arbitrary velocities. Denote the
initial distance between plates as do • It is identical to the disk width (1) at the time
of overlap of two ions. The plasma conductivity (particularly, the surface conductivity)
is assumed to be very large: In the QGP case, it is provided by the smallness of effec-
tive coupling constant [13]. That guarantees the applicability of the standard theory of
Casimir effect [9, 12]. Besides, there is a strong longitudinal quasi-classical time-dependent
(chromo)electric field inside the tube. The whole system is assumed to be homogeneous.
The new element of the presented model is the time dependence of the system boundary
conditions, x3 G \—L(t), L(t)} , with L(0) = 2d0 . (Chromo)electric field is directed along
the same axis,

= A3(t) (2)

(in the Hamilton gauge AQ = 0).
This is our starting point. At the very beginning, the derivation of the kinetic equation

follows that of Refs. [4]. The KE has the general form

/(p,t) = S±(p,t), (3)

where f{p..t) is the distribution function and S±(p,t) is the non-Markovian source term
for bosons (+) or fermions ( —) , respectively,

t

5±(p, t) = 2 w±(p, t) I dt'w±(p, t')[l ± 2/(p, t')\ cos tf (p, t, t1). (4)
to

The coefficients w± determining the momentum spectrum of the quasi-particles are

w+(P.*) = ! j ^ j (bosons) (5)

and
£ P

w ( p f ) s (fermions). (6)

Here
£ » = m 2 + p l , u2(p,t) = e2

± + P2, (7)
Pi is the transverse momentum, and P — ps — eA3(t). Finally,

). (8)

The basic feature of the model is the discrete and non-stationary spectrum of the canonical
longitudinal momentum P3

n> n = 0 ,± l ,±2 . . . , (9)
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with 2L(t) being instantaneous "length" of the tube. We assume here that the form of
KE (3)-(7) does not vary by introduction of time-dependent discrete spectrum (9). This
time dependence leads to new characteristic contribution in the coefficients given by Eqs.
(5)-(6) *

{eE - &) l} "
where

q±(p,t) = q±(p±,n,t) = I ^ (11)

Here the presence of the second term is caused by the non-field mechanism of vacuum
particle creation, which is characteristic for the dynamical Casimir effect [10, 11]. Ac-
cording to additive nature of new geometrical contribution, the source term (4) can be
written in the form

S{p,t) = SEE(p,t) + SEL{p,t) + SLE(p,t) + SLL(p,t), (12)

where according to Eq.(4)

t

Sf(p,t) = 2wl(p,t) J dt'wi(p,t')[l±2f(p,t')}costi(p,t,t'). (13)
to

The source terms SEE{P, t) and Six(p,f) are determined solely by the electric field and
geometry of the system, respectively. Two interference terms 5^1,(p,t) and SLE(P^)

describe the mutual influence of drawing electric field and variation,of space scale for
the tunneling process. They differ from each other because of the retardation (non-
Markovian) effects emerging either in the geometrical factor (for SEL ) or in the electric
field (for SLE).

3 Creation of particles in an expanding Casimir bag
Now the formalism formulated above can be applied to study the vacuum creation of
bosons and fermions in an expanding color flux tube. To distinguish between the two
processes of particle production we refer to the standard Schwinger-like mechanism as
flux-tube model, or FTM, while the geometrical mechanism caused by the dynamical
Casimir effect is denoted as GM. For the sake of simplicity, only light u and d quarks are
considered. Their masses and the maximum value of the (chromo)electric field within the
tube are chosen as follows: mU)d = 230 MeV and eE = 0.9 GeV/fm [15], respectively.
The time dependence of the field is modeled as a half-period of harmonic oscillation.
Longitudinal expansion of the tube is assumed to proceed linearly, L(t) = LQ + vt, with
the velocity v = 0.5c and initial width LQ = 0.1 fm.

It is worth mentioning that the two key parameters which govern the particle produc-
tion in the two processes, namely, E(t) and L(t), are varying at different time scales.
This circumstance leads to qualitatively (and quantitatively) different momentum dis-
tribution of secondary particles. Note, that according to previous studies [7] the FTM
predicts a characteristic two-peaked spectrum for bosons and a single-peaked distribution
for fermions. In contrast, the momentum distribution of fermions produced due to the
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Figure 1: The momentum distribution of
fermions at early time t — 0.01 fm/c when
the geometrical mechanism dominates.

0.0 0.2 0,4

Time (fm/c)

Figure 2: The time dependence of particle
density p(t) upon the two creation mecha-
nisms.

Casimir effect, presented in Fig. 1, has also a two-humped structure. In this sense, the
geometrical mechanism does not distinguish between the particle statistics (bosons or
fermions). As can be seen in Fig. 2, the GM dominates over the FTM at the very early
stage of the expansion, when the mean gluon field is yet small and the rate of the FTM
is small, while already at times t > 0.3 fm/ c the production of new particles is governed
by the Schwinger-like mechanism.

Spectra of particles produced via these two different processes are also different. Fig-
ure 3 displays the particle transverse momentum distribution at the very beginning of the
flux-tube expansion. It is easy to see that the GM favors the production of ultrarelativis-
tic particles with high transverse momentum- Ptjm ^> 1. Further expansion of the QGP
and creation of new particles via the flux-tube mechanism leads to the quasi-equilibrium
momentum distribution and significant softening of the particle momentum distribution,
shown in Fig. 4. Here the mean momentum of created particles is of order of the par-
ticle mass. To check these theoretical estimates experimentally one has to perform, for
instance, a combined analysis of longitudinal momentum distributions of fermions and
bosons in the pt -intervals,

4 Conclusions

In summary, the particle production in a flux tube created between two heavy ions, passing:
each other at ultrarelativistic energies, is considered. In addition to standard Schwinger-
like mechanism of particle creation in strong chromoelectric fields the model incorporates'
the so-called geometrical mechanism based on the dynamical Casimir effect. At the very
beginning of the reaction, when the gluonic fields are weak, the production of particles is
determined merely by the GM, while later on the Schwinger-like mechanism dominates.
Longitudinal and transverse momentum distribution of fermions and bosons, produced
either via the GM or the FTM, are found to be different: The pt -spectra of GM-particles
are much harder, and longitudinal momentum distributions of both fermions and bosons
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Figure 3: The momentum distribution of
created particles at very early time t =
0.003 fm/c.
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Figure 4: The same as Fig.3 but at t = 1
fm/c.

have similar two-peaked structure. In contrast, the pt -spectra of FTM-particles are softer,
and longitudinal momentum spectra demonstrate two peaks for bosons and only one peak
for fermions. Although the numerical results are very sensitive to the choice of initial con-
ditions and the expansion rate of the flux tube, the aforementioned qualitative differences
represent the main trend of particle production via the two competing mechanisms, and
can be studied experimentally. The proposed model allows for the thermodynamical de-
scription of the QGP expansion and cooling up to the deconfinement temperature. We
plan to consider this aspect in the forthcoming publications.

This work was supported partly by the Ministry of Education of the Russian Federation
under grant N E02-3.3-210 and Russian Fund of Basic Research (RFBR) under grant 03-
02-16877.
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Egyptian Museum

EGYPTIAN MUSEUM:
The greatest collection of
Egyptian antiquities is. without
doubt, that of the Egyptian
Museum in Cairo. It is a place
of true discovery and, even
after many visits. 1 continue to
make new and delightful
discoveries every time I
venture into its many galleries.

To be sure, the museum can be
daunting in the sheer numbers
of its antiquities on show, but
there is an order within its
layout and it is a dream come
true for anyone wanting to
study Egyptian antiquities.

However, the negative side is that the environmental and display conditions leave a great deal to be
desired. Labels on some exhibits date from early in the century and many items have no labels at all.
Guidebooks are available at the museum, although they are limited to some of the major items.

The museum's ground floor follows the history of ancient Egypt. Upon entering through the security
check in the building, one looks toward the atrium and the rear of the building with many items on
view - from sarcophagi and boats to enormous statues.

Just in front of these you will find an Object of the Month on display. Behind it are some of the most
important items from the time of the unification, of Upper and Lower Egypt some 5,000 years ago,
including the famous slate palette of king Narmer - one of the first documents of Egyptian history.
Also on show are small masterpieces of sculpture - keep in mind that these are some 50 centuries
old. This is an area that should not be missed!

The photographs shown here feature the atrium area and the area to the right of the entrance. From
the entrance area itself, turn left and you will find an amazing diversity of small statues from the Old
Kingdom - they depict individuals, families, and people at work.



Egyptian Museum

Continuing around the building in. a clockwise direction takes you forward in time as you duck into
the different rooms. At the far end of the building you will, be confronted by material from the time
of the heretic pharaoh. Akhenaten. ;.

Keep moving and eventually yoti: wilj'have reached the Graeco-Roman period and walked through
more than 3.000 years of history!
Upstairs on the first floor (i.e.second level) are thousands of
smaller items from the span of Egyptian history. Of course,
everybody wants to see the treasures from Tutankhamun's tomb
- these occupy a large area along almost two side of the upper
floor. Chariots, gloves, jewellery, the famous mask - many of
the antiquities from his tomb are displayed here.

Tutankhamun's tomb contained four gilded shrines nested one
inside the other. All four of these shrines are on display in. the
museum. They are lined up in order of decreasing size. The
innermost of these covered a stone sarcophagus which remains
in the tomb.

Inside the stone sarcophagus were three coffins - the innermost
being made of 110 kilograms of solid gold. Inside that lay the
pharaoh himself wearing the famous gold mask (alright).
1 utankhamun remains in his tomb to this day.

Two ofhis three coffins are on display -in the same room as the mask, along with stunning jewellery.
This room alone can occupy one for.a considerable time. The room has been remodelled recently
with better presentation. '

Obviously, there are usually crowds, although.often these lessen toward the end of the day. It is
therefore a «ood idea to leave the Tutankhamun. exhibits until later, unless one is short of time.

Tutankhamun's Innermost Coffin

Apart from the Tutankhamun exhibits upstairs, there are countless coffins, amulets, ushabtis.
household items, etc. Some of the Middle Kingdom tomb models of armies, boats and landowners
surveying their livestock shouldn't be missed. The human figures almost seem alive! Also upstairs is
the Mummy Room where you can come face to face with some of the great rulers of ancient Egypt.

However, a word of advice - don't try to see everything. If you do, you will not remember
anything! If you have a chance to go at least twice, perhaps do an overall survey and then
concentrate on what pleases you most on the next visit.

Some of the museum's exhibits can be seen by using the links below. They are given in no particular
order so that one may stumble across some of the wonders of the museum.
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ABSTRACT

The elaboration of a good approximation in the nucleus-nucleus scattering at high
energy is a current problem, in the Glauber model. Here, we propose an approximation
which is based on the consideration of virtual excitation's of the two nuclei. This
aDDroximation considers excitations for which one of the two nuclei is in its
ground state while the other is excited to different intermediate states. The
simultaneous virtual excitations of two nuclei are approximated by an adequate
average. Excellent agreement with experimental data is obtained.

Keywords: Scattering, Nucleus , Virtual, Excitation, Cross-section.

INTRODUCTION

The construction of accelerators has enabled the realization of various elastic and
inelastic scattering experiments of nuclei at energies of about some GeVs per nucleon.
Availability of these numerous experimental results led to a growing interest in the
various high energy scattering theories.
The Glauber multiple collisions diffraction theory [1] is, without doubt, one of these
theories which gave rise to much interest. It is based on the diffraction approximation
which arose from the strong analogy between high energy particle collisions find light
diffraction. This approximation has been drawn from optics and introduced in the
quantum theory of collisions by Moliere in 1947 [2].
Glauber theory is called a multiple collision theory since it considers nuclei as
composed objects, and takes account of the multiple collisions undergone by each of
their constituents.
The different approximations [3-11] stemming from Glauber theory led to a multitude
of theoretical previsions in good agreement with experimental data. These numerous
results have permitted an extension of the Glauber model application range and an
emphasis on its underlying ideas.
Here, we propose a method to calculate the total and differential cross sections of the
nucleus - nucleus scattering, namely the symmetrization of the rigid projectile
approximation [6] relative to the colliding nucleus.
The symmetrization of this amplitude approximation was considered in [11]. It takes
into account virtual excitations in one of the colliding nucleus when the other is not in
an intermediate state. The simultaneous virtual excitations of the two colliding nuclei
will also be studied in the present work.
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The elastic scattering amplitude of the nucleus Ai on the nucleus A2 in the diffraction
theory of Glauber [3,4], is written in the form of a double integral over the impact
parameter b:

F(i) = £/,/•» «*!•(») (1)

where p represents the wave vector of the incident nucleus, q the transferred

momentum and T^b\ the profile function :

* 0 X

The profile function of the amplitude of the nucleon-nucleon collision is equal to [12]:

Tf 11 . '( n

Here and in what follows, the index ] \ denotes the incident nucleus and 2 the target
nucleus. yk and yi' are, respectively, the projection of the internal coordinates xk

and xf of the nucleons k and j onto the plane of the impact parameter

(4)

k=\
(5)

where rk and r'j are the radius vectors of the nucleons in the laboratory frame. P

denotes the characteristic parameter, the slope of the diffraction cone of the nucleon-
nucleon elastic scattering, crt its total elastic cross-section and

a = ̂ 4 4 (6)

.f™ (°) is m e n"n elastic scattering amplitude at zero angle.
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THE SYMMETRIZATION OF THE RIGID NUCLEUS APPROXIMATION

Let us consider the possible mechanisms of the elastic scattering of two nuclei.
Firstly, during the successive interactions of the nucleons, the colliding nuclei can
remain in their ground state. Secondly, one of the nuclei (incident target) can be
excited to the intermediate states and then return to its ground state. Finally, the two
nuclei can be virtually excited simultaneously during their collisions. Let us study in
detail these processes. We shall write the profile function (2) in the form :

and if we put a complete system of wave functions of the two nuclei between the
operators (1- ykj), this profile function becomes identically equal to :

with

where [m]= {mkj} and [n]= {nkj} ; k=l,2,... ,Ai , j = 1,2,...,A2 .

Consider the expression (8), if all indices mkj and nkj are zero, then the two nuclei are
not excited during their interaction, i.e. if one neglects all the virtual excitations of the
nuclei, the profile function take the form :

(1)(x) and p(2)where p(1)(x) and p(2)(x') are densities of the two nuclei

The terms for which the indices mkj are zero take into account the virtual excitations
only in the target nucleus and correspond to the rigid projectile approximation [6] :

(ID

on the other hand, if all the indices nkj are zero, one obtains the rigid target
approximation:

(12)
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Thus if all indices mkj are zero and at least some of the indices n^ are non zero, or
vice versa, then one of the nuclei is excited and the other remains in its ground state.
The terms in (8) for which some of the indices mkj and nkj are non zero

simultaneously count the simultaneous virtual excitations of the two nuclei. Let p(b\

be their contribution, one obtains :

(13)

or

where

Neglecting P(b), we obtain the desired approximation [9]:

(14)

(15)

(16)

which is called "the symmetric amplitude approximation of rigid nuclei".

CONSIDERATION OF THE SIMULTANEOUS VIRTUAL EXCITATIONS IN
THE TWO NUCLEI

The scattering amplitude can be written in the form of expansion series relative to
the multiplicity of collisions, in which the simultaneous virtual excitations can occur.
Consider the phase of the scattering amplitude :

(17)

In approximations (10-12), this phase takes, respectively, the following forms :

(18)

1—
1-]

(19)
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where /?, (b) , i = 1, 2 , are the contributions of the virtual excitations of each nuclei,

which are calculated by the rigid nucleus approximation :

; 1 = 1,2

we can express the exact phase-shift (17) as a function of the phases (18,19) :

(20)

1 +
p(b)-ft(b)-/}2(b)

i-r.(5)
(21)

Suppose now, that, within tlie limits of application of the Glauber theory, the
following condition is satisfied

p(S)-A(S)-fi2(b)
<1 (22)

then (21) can be written in the form :

n+\

(23)

or

iX2 (b)-iXQ (24)

wliere iXp (b) contains all the terms contributing to the simultaneous virtual

excitations of the two nuclei and iQ{b) is expressed as a function of Pi. Consequently

the exact profile function T[b\ takes this form :

(25)

If one neglects the contribution of the virtual excitations in (19), one obtains (18).
Suppose that these contributions to the phase are approximately given by

(26)
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and are added to iX0 {b\ , such that the phase of the nucleus-nucleus scattering

becomes ,

= iX0 (b) + iXv
x
e (b) + iXv

2
e (b) (27)

From this expression one obtains.,

iX{b) - iX, (S)+iX2 (b)-iX0 (b) (28)

and

iQ(b) + iXP(b) = 0 (29)

So, r(£) is approximated by

h ( ) ( ) ^ L ^ l (30)

Comparison between this approximation and (14) shows that the contribution of the
simultaneous virtual excitations is such that

Thus, the hypothesis of additively of phases enables one to take account of a part of
the simultaneous virtual excitations and to express them as a function of the
approximations (10-12) :

( 3 2 )
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NUMERICAL APPLICATIONS

The approximations considered above (10-12, 32) were deduced using the exact
wave functions of the two nuclei. The simplifying assumptions for the profile function
affect only the process which appear during the interaction of nuclei.
Factoring out the centre-of-mass motion of the colliding nuclei and using the
approximation of the factorizable density, one obtains the following expression for the
nucleus-nucleus scattering amplitude [6] :

(33)

with

4 U,
(34)

the: factor accounting for the centre-of-mass correlations. R\ and R2 are the oscillation
parameters of the nuclei At and A2 .
Approximations (10-12), (18) and (32) take respectively the forms :

( 3 5 )

(36)

(37)

(38)

(39)
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The profile functions(35-39) have been applied to the calculations of the differential
cross-sections for elastic and quasi-elastic scattering at energies E = 2.1 GeV/n,
S1/2 = 126 GeV , Ea - 1.37 GeV and Pa = 17.9 GeV/c.

=5
P.

10"'

10-

• • Ap.35
— Ap.37

Ap.39
Exa.cal

0,0 0,1 0,2 0,3 0,4 0,5
-t(GeV/c)2

Fig.l: Differential cross-section for a - a elastic-scattering at energy
E=2. lGeV/n and the corresponding exact calculations [8].

On this figure (Fig. 1), the differential cross-section curve of the symmetric phase
approximation is very close to the exact theoretical curve up to the momentum
q2 s 0.4 (GeV/c)2. The slight difference appearing between the two curves when
0.2< q2 < 0.4 (GeV/c)2 is rather mtisk smaller than the other "hard" nucleus
approximations. This is an indication to the importance of the virtual excitation
contribution in the calculation of elastic scattering cross-sections.
The figure (Fig.2) shows that the account of virtual excitations of the two nuclei
clearly improves the quality of the results. For small transfer-momentum,
approximations (38) and (39) give practically the same results. We can also note that
more the momentum transfer increases more the virtual excitation contribution
becomes important, this makes that the calculation with approximation (39) is in
excellent agreement with experimental data.
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103

10'

a-a, S =126 GcV
Ap.35
Ap.37
Ap.38

Ap.39
• Exp.pts

0,05 0,10 0,15 0,20

-t (GeV/c)2

Fig.2: Differential cross-section for a - a elastic-scattering at energy -Js = \26GeV and
the corresponding experimental points [13].

The variation of the elastic scattering differential cross-section for a-12C at energy
E = 1.37 GeV as a function of the scattering angle 0c.m in the centre of mass frame is shown
on figure (Fig.3). In the momentum intervalindicatedon this figure, the approximations (38)
and (39)) also give the same results, which agree well with experimental data.

15 20

Fig.3: Differential cross-section for a -12 C scattering at energy E=1.37GeV and the
corresponding experimental points [14].
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The results of our calculations for the effective differential cross-sections (elastic and
quasi-elastic) for the a-particule on 27A1 are shown in figure(Fig.4). The two
approximations (38) and (39) give the same results which are in a good agreement
with the experiment.

10'

10'

• Exp.pts
Quas.elas.cal

0,00 0,05 0,10 0,15 0,20

-t (GeV/c)2

Fig.4: Differential elastic and quasi-elastic cross-section [15], for a ~-21 Al scattering at
Pa = n.9GeV/C and the corresponding experimental points [15].

CONCLUSION

The result of our calculations indicate that the account of the virtual excitations of
the two nuclei is indispensable. Besides, for large momentum transfer the contribution
of the simultaneous virtual excitations of the nuclei is important and cannot be
neglected. Also, the approximation (39) is the one which agrees best with the existing
experimental data. The other approximations are particular cases and permit an
understanding of the importance of each of the phenomenon for which they account.
The comparison of our results with those of other authors shows that the choice of
density also improves the cross section values.
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Abstract

A general analysis of polarization observables for the d{i,ir)NN reaction with po-
larized photons and/or oriented deuterons is presented. The unpolarized differential
cross section, linear photon asymmetry, vector and tensor target asymmetries are
predicted for forthcoming experiments.

Keywords: Polarization phenomena in reactions; Meson production; Photoproduc-
tion reactions.

1 INTRODUCTION

Meson photo- and electroproduction on light nuclei is primarily motivated by
the following possil j-ities: (i) study of the elementary neutron amplitude in the
absence of a neutron target, (ii) investigation of medium effects, i.e., possible
changes of the production operator in the presence of other nucleons, (iii) it
provides an interesting means to study nuclear structure, and (iv) it gives
information on pion production on off-shell nucleon, as well as on the very
important AN-interaction in a nuclear medium. Polarization observables will
give additional valuable information for checking the spin degrees of freedom of
the elementary pion production amplitude of the neutron, provided, and this
is very important, that one has under control all interfering interaction effects
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which prevent a simple extraction of this amplitude. As an illustration of these
various aspects, incoherent single pion photoproduction on the deuteron in the
A(1232)-resonance region is investigated with special emphasis on polarization
observables [1,2]. The importance of this process derives from the fact that
the deuteron, being the simplest nuclear system, plays a similar fundamental
role in nuclear physics as the hydrogen atom plays in atomic physics.

2 POLARIZATION OBSERVABLES

The most general expression for all possible polarization observables in terms
of the transition matrix elements is given by [1,2,3]

<7max

= E / dij ^ssPMZ]^fnf^mM^ndplhml)ftdM.4 , (1)

where we have introduced as a shorthand for the; quantum numbers a =
(s, m, £, m7, ma) and a' = (s',m',t',m'y,m'd). Furthermore, m7 denotes the
photon polarization, m-d the spin projection of the deuteron, s and m total
spin and projection of the two outgoing nucleons, respectively, t their total
isospin, and fj, the isospin projection of the pion. f?m m, and pfndm> denote
the density matrices of initial photon polarization and deuteron orientation,
respectively, f2s'm'sm is an operator associated with the observable, which acts
in the two-nucleon spin space. For details with respect to the density matrices
we refer to [3]. The transition .M-matrix elements of the d(7,7r)7V./V reaction
as well as the phase space factor ps are given in [4].

As in our previous work [2], the unpolarized differential cross section is given
by

" a —_ ST f fin n I M ^ ) I2 (o\
dfi. d ~ 6 2-1 J PNN P" l'/W«mm7mdl • \*)

The photon asymmetry for linearly polarized photons is given by [1]

<7m_ax

(3)

with
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A -- E / rfV / dnVNN Ps \M^n.imd |2. (4)
" 0

The vector target asymmetry T\\ is given by [1]

(/max

A
7,, •----. - (. a m > y y

railm,

The tensoi liu'get asymmetries are given by [1]

7 . , , : . 1 y

-Z \JVlammy0\ I (b)

We y f d

(7)

7V, - -J ' - 5R«
xrntm-y A

Qmax

/ d9/dnp w w P. MglL,. , M™^ . (8)

3 RESULTS A N D DISCUSSIONS

For tlic evaluation of the above mentioned observables we have chosen the
laboratory frame of the deuteron. As coordinate system a right-handed one is
taken with ;-axis along the momentum k of the incoming photon and //-axis
along A: x <y*, where if is the pion momentum. As seen above, all observables are
calculated by iiit<:grating over the pion momentum q, the polar angle 0PNN and
the H/iimiUiiil angle <f)PNI[/ of the relative momentum pNN of the two outgoing
nucleons. TIUJSO integrations are carried out numerically. The number of inte-
gration points was being increased until the accuracy of calculated observable
becomes good l,o 1%.
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The contribution to the pion production amplitude is evaluated by taking a
realistic NN potential model for the deuteron wave function. For our calcu-
lations we have used the wave function of the Paris potential [5], which is
in excellent agreement with NN scattering data [6]. For the elementary pion
phul.oprndiK'.i.ion operator, we have taken the effective Lagrangian model of
Schmidt el. al. |7|. This model had been constructed to give a realistic de-
scription of the A(1232)-resonance region. It is given in an arbitrary frame
of reference! and allows a well defined off-shell continuation aw required for
studying pion production on nuclei. Therefore, this model for the elementary
photoproduction amplitude is quite satisfactory for our purpose, namely to
incorporate it into the reaction on the deuteron.

I DO 200

[MeV]

200 300

[MeV]

200 300

q [McV|

Figure I. Tins 7r-meson spectra in the d(7,K)NN reaction as a function of pion
momentum q at a photon energy of 330 MeV for different values of pion angles 0^.
The solid curves show the results of the full calculations while the dashed curves
represent tho results when only the A(1232)-resonance is taken into account. The
left, middle and right panels represent the results for 7<i -+ n~pp, ir+nn and ir°np,
respectively.

Fig. 1 shows our results for the TT-meson spectra (2) as a function of pion
momentum tj. One sees that when q reaches its maximum, the absolute value
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Figure 'I. Linear photon asymmetry of d(;y,ir)NN. Notation as in Fig. 1.

of l.hi! relative momentum p^N of the two outgoing nucleoiiH vanishes, and
thus a narrow peak appears in the forward pion angles. In tho. lower part of
Fig. I we tuv thai; the unpolarizcd differential cross section is small and the
narrow peak which appears at forward angles • disappears. The same effect
appears in the; coherent process of charged pion photo- and olectroprodaction
on the doitl.oron [8,9], in deuteron electrodisintegration [10] as well as in ?/-
phoLopmduction [11]. It is also clear that the maximum value of q (when
PNN -> 0) decreases with increasing the pion angle. It changes from ~ 300
MeV at forward angles to ~ 200 MeV at backward ones. In principle, the
experimental observation of this peak in the high 7r-mornontuin spectrum may
serve as luioiln.-r evidence for the understanding of the 71-meson spectra.

Our results for the photon asymmetry E for linearly polarized photons (3) for
all diHenml. i-.ha.rge states of the pion of d{y,ir)NN are plotted in Fig. 2 at
different photon lab-energies as a function of pion angle 0v in the laboratory
frame. I'M rut of all, we see that the photon asymmetry has always negative
values at forward and backward pion angles. One notes qualitatively a similar
behaviour for charged pion channels whereas a totally different behaviour is
seen for tho neutral pion channel.
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Flgnru li. Vector target asymmetry of d(j, n)NN. Notation m> in Fig. 1.

For (!xl.ronic forward and backward pion angles one sous, thai, the effect of
Born cotn.riliul.ions is relatively small in comparison 1.0 the results when 0ff

chanjf(.'s From (i()° l.o 120°. One notices also, that the contribution from Dora
terms are much important in this region. In the energy range of the A(1232)-
resonance, ones sees that the contribution from Born terras are important in
the case of charged pion channels. For the neutral pion channel we sec, that
this contribution is very small at 330 McV. For lower avd higher energies,
one Kens again the sizeable effect from Born terms which arise mainly from
the Kroll-Rudermann term. One sees also, that E is sensitive to the energy
of the incoming photon. Finally, we observe that the interference of the Born
terms with the A(1232)-rcsonance contribution causes considerable changes in
the linear photon asymmetry. Experimental measurements will give us more
valuable information on this asymmetry.

Our results for the vector target asymmetry 2\t (5) are depicted in Fig. 3
for 7<7 —> ir'"pp (left panels), n+nn (middle panels), and 7r°up (right pan-
els), respectively. The asymmetry T\i clearly differs in size between charged
and neutral pion photoproduction channels, being.even opposite in phase. For
charged piou photoproduction reactions we see, that the vector target asym-
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meliiy has always negative values which mainly come from the Born terms.
A small posil.ivo contribution from the A-resonance is found only at pion for-
ward angles. At backward angles, the negative values for T'ncome from an
intelligence' of Uie Born terms with the A(1232)-rcsonance contribution. For
all energies one observes at forward angle the strongest effect of the Born
terms.

With respoet to the neutral pion photoproduction channel, we see that the vec-
tor target asymmetry is always positive. For energies below the A-resonance,
a very small negative value is found at extreme backward plon angles while
a relatively.large positive value at forward angles is found. We see also, that
Tn ia sensitive to the Born terms. Tho same effect was found by Blaazer et
al. [12] and Wilhelm and Arenhovel [13] for the coherent pion photoproduction
reaction on the deuteron. The reason is that Tn depends on the relative phase
of the. matrix elements as can be seen from (5). It would vanish for a constant
overall phase of the (-matrix, a case which is approximately realized if only
the A(.12,'J2)-amplitude is considered. Finally, we notice that Tn ' vanishes
at ()n - 0 and 0n = ir which is not the case for the linear photon asymmetry.

0 60 120 180 0 60 l?.l> 180

0 60 120 180 0 60 120 180 0 60 120 180

<V [cleg]

Figure 4. Tensor target asymmetries oi d(-y,n~)pp. Notation a« in Fig. 1.
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9n [degl

0 60 120 180

F;'i(j;iin.' 13. Tonsor target asymmetries of d(7,7r+ )nn. Notation as in Fig. 1.

Let us discuss now the results of tho tensor target asymmetries T20 (6), T-n
(7), uncl T-i2 (8) as shown in Figs. 4, 5, and 6 for 70! —v ir'pp, -K+nn, and
n°np, respectively. We start from the tensor asymmetry T20 which is plotted
in the left panels. For yd -> nNN at forward and backward pion angles,
the twynimel.ry T20 allows one to draw specific conclusions about details of
the reaction mechanism. In comparison to the results for photon and vector
targe!, asymmetries we found here, that the contribution from the Born terms
is very small both for charged and neutral pion production channels. It is also
noticeable!, that for charged channels the asymmetry T20 has • relatively large
positive values at pion forward angles while ; small negative ones at backward
angles are found. For the neutral pion production channel we see, that Tan has
. negative values at forward angles and positive ones at backward angles.
Only for energies above the A-resonance we note, that it has - small negative
values a I. extreme backward angles.

The tensor Uirget asymmetry T21 of 'yd —>• ir~pp, n+nn, and it°np is plotted in
the middle panels of Figs. 4, 5, and 6, respectively. It is clear thai; T2t differs
in size between charged and neutral pion production channels. One notices,
thai, for charged pion channels T2i asymmetry is sensitive to the Born terms,
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Figure (I. Tensor target asymmetries of d{f, -K°)np. Notation as in Fig. 1.

in particular at, forward pion angles. In the case of ir° channel one sees, that
the contribution of the Born terms is much less important at all energies. In
comparison to the results for photon and vector target asymmetries we found
also here, that the contribution from the Born terms is small both for charged
and neutral pion production channels. It is also noticeable, that in the case of
charged pion channels the asymmetry T-i\ has a relatively large positive values
at pinn forward angles. For the neutral pion channel we see, that l\y lias •
negative values at forward angles. Furthermore, as in the case of vector target
asymmetry, we found that T^\ vanishes at 0V = 0 and Qv — TT.

In the right panels of Figs. 4, 5, and 6 we depict our results for the tensor target
asymmetry 722 for the reactions yd -* ir~pp, ir+nn, and 7T°np, respectively.
One readily nol.es the importance of Born terms at extreme forward pion
angles. Like the results of the T2Q and T2i asymmetries, the T?2 asymmetry
is sensitive to the values of pion angle 0v. At Qv — 60° we see, that the Born
terms are important for TT° production channel while these terms are very
important for charged pion channels at extreme forward angles. Moreover, we
found that l\-x also vanishes at 0v = 0 and 0n = IT.
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4 CONCLUSION

I would like to conclude that the results presented here for polarization ob-
servables in the d(7, n)NN reaction in the A(1232)-resonanco region can be
used its a basis for the simulation of the behaviour of polarization obsorvables
and for an optimal planning of new polarization experiments of this reaction.
It would \iv. very interesting to examine our predictions experimentally.
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Due to the discrepancy between the experimental results and the theoretical
interpretation for the elastic scattering of protons with 4He nucleus at en-
ergy range 0.695 — 393 GeV, it is suggested a collective 12-quark bag to be
added to the ground state wave function of 4He to account for the missing
piece of physics. The analysis was performed in the frame of Glauber theory
where the amplitudes were evaluated using isospin averaged nucleon-nucleon
amplitude. The 4He wave function was treated as a superposition of Gaussian
functions. The differential cross sections were calculated and compared with
their experimental counterparts where an agreement was found

INTRODUCTION

The study of the structure of light nuclei such as 4He,eHe, nLi, ...etc and so on is very
popular now. Moreover, there is a big progress in understanding the structure of the light
exotic nuclei 6f/e, nLi,... . The deuteron structure is a subject of continuous discussions.
Only few hypotheses about the structure of 4He exist now. In the paper by Dakhno and
Nikolaev [1] it was assumed and shown that 12% admixture of twelve quark bag config-
uration in the ground state wave function of the AHe nucleus allows one to understand
the irregularities of proton -4He elastic scattering at high energies. We believe that this
hypothesis will permit to describe other reactions as d + 4He,4He + 4He,4He + C,...
etc. In addition, due to the carbon and oxygen nuclei are considered as strong cluster-
ing nuclei, consisting of a particles, so, the peculiarities of the 4He nucleus can manifest
themselves in the structure of these nuclei. To show this, one needs to calculate elastic
and inelastic scattering of 4He on different nuclei. The Glauber diffraction theory [2]
of multiple scattering processes has been generally accepted as a suitable framework for
such calculations. However, it was recognized many years ago that the model predictions
have been far from being perfect even for the hadron-nucleus scattering process. Many
authors [3, 4, 5, 6, 7, 8] believe that this is due to the neglect of the inelastic screening
effects, and many attempts have been made to take them into account. According to
different calculations, the inelastic screening corrections to the total hadron-nucleus cross
sections are at the level of 2-5 % which is not enough to describe the p4He scattering.
The inclusion of the corrections into calculations of the p4He elastic scattering leads to
a shift of the first diffraction minimum in the direction of the low values of t, where a
good description of the cross sections demands the shift towards the large values of t. In
our study we shall use an alternative approach to deal with this problem. The content of
the paper is as follows: Sec. 1 describes calculation of the 4He form factor with different
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parameterizations of the ground state wave function. Sec. 2 gives calculations of the p4He
elastic scattering amplitude and differential cross section with these parameterizations.
In Sec. 3 we include the twelve quark bag admixture and fit the parameters of the twelve
quark bag using experimental data. In the last Sec. we summarize our results.

1 FORM-FACTOR OF 4He

One of the main characteristics of a nucleus is its nuclear form-factor,

F(q)= fei^
J (1)

where ip is the wave function of a nucleus in the ground state, A - the mass number of
the nucleus, f\, f2, ... ,TA~ are the radius vectors of the nucleons inside nucleus and q-
is momentum transfer. It is very often assumed in Glauber calculations that the square
module of ip can be represented as

,..., f - 0 1 2 = (2)
\i=i

In view of that, we are working in the center of mass system and consider all the nuclons
are of the same mass, so, the J-function is introduced in order to satisfy the obvious
condition,

(g*)=0. (3)

For the 4He nucleus, it was proposed in ref. [1] the following parameterizations of ip(r):

= exp[-f*/Rl],
= exp[-f*/R2} -
= (exp[-rB./2B?] - D1exp[-ffi/2R2

2})2,
= exp[-r*/R\] + D1exp\-¥k/F^] - (1 + Dx -

(A)
(B)
(C)
(D)

The parameters are given in Table 1.

Table 1. VALUES OF USED PARAMETERS (FROM flj)

A
B
C
D

D2

(Gev)cY2

51.01
48.07
47.29
62.06

R2

(GeV/c)'2

3.67
1.6
19.0

R'i
(GeV/c)'2

10.13

Dx

1.0
1.6

3.79

D2

0.31
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We will use a general form for the function ip as

JV

(4)

In Eq. (2) pc is the normalization constant and using the parameterizations (A - D),
it; will take the form:

cnci2ci3cu
K ) 3 / 2

3/2

(5)

The one-particle density function p(r) is

P(f) = (6)

The functions p(r) corresponding to the parameterizations (A - D) of the wave function
are shown in Fig. 1. All densities are close to each other at large values of r, and they are
different in the nucleus center. So, the parameterizations take various short range NN
correlations into account.

He

r (fin)

Figure 1. THE ONE-PARTICLE DENSITY OF 4He

The form factor Eq. (1) for 4He nucleus can be calculated using the previous param-
eterizations (A - D) and may be rewritten in the form

chci2ci3ch ij=l
04 ) 3 / 2

•exp — -

3/2

(7)
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The charge form factor, Fch(q), of the 4He is connected with F(q),

Fch(q) = F(q)GN{q), (8)

where G^iq) is a nucleon charge form factor, GN(Q) = Gp(q) + Gn(q). Here Gv is the
proton form factor chosen in the dipole form [9], Gp(t) = (1 — i/0.71)~2 and Gn is a
neutron form factor, Gn{q) = (l + r2q2)~2- (l + r^q2)'2, where r\ = 1.24 (GeV/c)~2,r% ={) ( ) ( ^) \
1.50 (GeV/c)~2 [1], t = —q2 is the four momentum transfer in (GeV/c)2.

In Fig. 2 the charge form factor calculations at the different parameterizations (B — D)
are compared with the experimental data of Frosch, et. al. [10]. The charge form factor
predicted by parameterization A is not presented because it does not reproduce the data
at q2 > 0.35 (GeV/c)2. As seen, at small values of t all parameterizations give the same
good description of the data. They are different only at large values of t due to the
difference of the corresponding one-particle densities in the center of the nucleus (see Fig.
1). We consider parameterization D as the best one though it gives a dip position at a
somewhat smaller value of t than it is needed for a perfect description of the data. We
think that the inclusion of the twelve-quark bag component of the ground state wave
function will not change the results drastically (see the consideration of Ref. [1]).

1O - i

cr

£•"?
1O

1O

1O

He
P a r . B
P a r . C

— P a r . D
Exp. Da ta

O.O O.I 0.2 O.3 O.4 O.6
q2 (GeV/c)2

O.6 O.V 0 . 8

Figure 2. THE CHARGE FORM-FACTOR OF THEAHe NUCLEUS. THE POINTS
ARE THE EXPERIMENTAL DATA [10], LINES ARE OUR CALCULATIONS.

2 THE DIFFERENTIAL ELASTIC CROSS SECTION

The Glauber amplitude for hadron-nucleus scattering has a form [2],

(9)jg
where b is the impact parameter, p is the momentum of the projectile hadron, ipi and 1///
are initial and final states wave functions, respectively, and 7 is the NN elastic scattering
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amplitude in the impact parameter representation. The • orresponding differential cross
section is given by:

^ = ' F M ' 2 " ^

In the case of :he elastic p4He scattering the amplitude F\A given by Eq. (9) can be
re-written as

" rii\Q) = -̂ 14 ~ -̂ 14 ~l~-M4 ~~ -̂ 14 • (ll)
IPPC

Every term can be calculated separately if 7 is chosen as

, (12)

where (5 = ( 0 ^ ( 1 — ICX^N) I i^BNN), o1^ is the NN total cross section, B^M ~ the
slope parameter of the NN differential elastic cross section at zero momentum transfer,and
cvjv/v - the ratio of the real to imaginary parts of the NN elastic scattering amplitude at
zero momentum transfer. Then, these terms take the forms,

\;=1

where
JUT — fcl _ Q _ •"•<=!

B BR2
ki+2B R2

kl+2B' x R2
kl+2B'

and
-"1 - Kko + Kk* + Kk* + ^-D'Jl + TT"-

4 / x3/A 2

where

M _ 1 1 f ^ _ f 1 9=f_J§
2 " 5 2B^Rlj+2B ^ ^ + 2 5 ' 2 ^ ^ +

and

( y ) n
2 / ~ ^ \ / . \ -1/2

I __ I I .!_ 1 p-?7™3PTr) \^Si/iM3H3\ , (15)
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M3 = - - ^
Rl

"2 _
Rl

w = p, ^ 4TT
1/2

j y z U R%

2 1 I 4 1kj = v 1 * Rl

(16)

s2

In order to extract the nuclear total p'lHe cross section, many authors [11, 12, 13]
include the Coulomb scattering amplitude in a simple way.

where

da__
dt '

Fc(t) =

(17)

(18)

a = 1/137 is the fine structure constant, j3 = v/c is the proton velocity in the laboratory
system, Gp(t),G//e(*) are the electromagnetic form factor of the proton and He nucleus,
respectively,

GHe(t) = exp (19)

r2 _ r2 _ r2 re = 1.67 fm, rp = 0.812 fm.

4> = 2ap~1 [In {B\t\) +0.577...}. (20)

B = 29(GeV/c)~2 and t = — q2. Fn is the nuclear amplitude written at small t in the

rtot
{i + a)e?Bt. (21)a

form

As we said above all types of the parameterizations (A — D) give the same results at small
values of t (t < 0.35(GeV/c)2). In the range of Coulomb scattering and for simplicity we
used in our present study one parameter Gaussian function. We follow the same steps
replacing FN by the Glauber scattering amplitude. The available experimental data on
the p4He elastic scattering have been presented by Velichko, et. al. [11] at the energies
of 0.695, 0.793, 0.89, 0.991 GeV; by Bujak, et. al. [12] at the energies of 45, 97, 146, 200,
259, 301, 393 GeV, and by Burq et. al. [13] at the energies of 100, 150, 250, 300 GeV.
To calculate the Glauber amplitudes at these energies, it is needed to have the values
of the nucleon-nucleon amplitude parameters affijy, B/VJV and aNN. The cross section
a ^ w a s estimated as an average of the neutron-proton total cross section, a^t, and the
proton-proton total cross section, a^t, which can be taken from the compilation of the
experimental data [14]. More complicated situation is with B^N. There are only few
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experimental data, and it is not enough for all energies. Thus we have used another way
to evaluate B^N from the total and elastic NN cross sections. For a chosen form of 7(6)
(see Eq. 12) the elastic NN cross section, aNN, is given by:

aNN — IQnBNN
(22)

Since a^N is very small, we may neglect it in our calculations. In this case B^N c a n be
calculated as

?
BNN = (23)

NN

The cross section aNN was taken from the compilation of the experimental data [14] as
an average of pn and pp cross sections.

For all mentioned above energies the values of a^N were extracted from the compila-
tion of the experimental data [15].

Table 2. THE PARAMETERS USED AT THE CALCULATIONS OF THE
GLAUBER AMPLITUDES

Ekin
GeV
0.695
0.795
0.890
0.991
0.992

45
97
100
146
150
200
250
259
300
301
393

aNN
mb
24.2
22.5
24.4
24.27
24.27
7.402
6.985
6.985
7.03
7.03

6.895
6.89
6.89

6.888
6.888
7.016

atot
pp

mb
42.4
46.8
47.3
47.6
47.6

38.48
37.94
37.94
38.29
38.69
38.98
39.34
39.34
39.46
39.46
40.19

totupn
mb

38.38
38.56
38.73
39.24
39.24
38.32
38.89
38.89
39.12
39.12
39.56
39.83
39.83
39.83
39.83
40.01

tot
aNN
mb

40.39
42.68
43.01
43.42
43.42
38.4
38.4
38.4
38.71
38.91
39.27
39.58
39.58
39.65
39.65
40.1

BNN
(GeV/c)-2

4.069
4.134
3.872
3.967
3.967
10.173
10.783
10.783
10.884
10.996
11.422
11.614
11.614
11.653
11.653
11.703

&NN

-0.205
-0.1975
-0.19
-0.185
-0.185
-0.087
-0.090

0.1
-0.049
0.105
-0.022
0.11
0.024
0.115
0.031
0.067

All the parameter values used for our calculation are presented in Table 2. Typical
results of the calculations in comparison with experimental data [11, 12] are shown in Figs.
3, 4. As seen, the model calculations exceed the experimental data. The first diffraction
minimums are shifted towards small values oft. This enables us to confirm that the model
calculations can not reproduce the data with required accuracy. This make it necessary
:o search for modification of the model.

9 1 -



3 THE TWELVE QUARK BAG ADMIXTURE

Any nucleus consists of 3.,4-quarks. In the ground state the quarks are forming both bags
and nucleons. Following ref. [1] we assume that the 4He wave function is given by

\qi...qi2 >= a\NNNN > +0\12q a (24)

where \q\...q\2 > is the 12- quark bound state wave function of the 4He. \12q > stands for a
component left after projecting \qi--.q\2 > onto the four nucleons state. Since \NNNN >
vanish in the central part of 4He, \l2q > must strongly peak in the central part of the
4 He. So, according to the assumption of Ref. [1] < NNNN\12q >= 0. Thus we may
neglect the I2q — NNNN interference terms that vanish at q = 0 in the elastic p4He
scattering amplitude and write,

Fu = (1 - w12q) FGi + u>i2qFi2q, (25)

where FQI is the Glauber amplitude of the p — 4N scattering, and w\2q is the weight of
the \2q bag quark state, w\2q = \P\2. We take the nucleon - twelve quark bag scattering
amplitude in a simple form, namely

Fl2q = (26)

where ai2q is the N — 12q bag total cross section, and bi2q is the slope parameter. We

Table

Ekin
GeV
0.695
0.795
0.890

45
97
146
200
259
301
393

3. THE FITTING VALUES

Wl2q

4.1 ±66.5
9.8 ±1.8

10.6 ±174.4
8.34 ±0.92
9.23 ±1.31
13.51±0.42
10.51dbl.83
9.72 ±2.91
11.08±1.28
10.80±1.59

mb
126.0 ±169.7
117.0 ±10.7
169.4 ±464.4
32.62 ±10.23
30.83 ±13.37
65.57 ±2.54
28.86 ±17.24
29.10 ±30.04
25.94 ±11.78
25.73 ±14.95

OF w12q, a12q

bl2q
(GeV/c)-2

32.6±100.5
40 ±228.9
37.4±164.2
20.38±3.90
20.46±5.54
32.46±0.52
21.62 ±7.33
22.11±12.69
21.68±5.46
21.14±6.96

AND b12q

X2/NOF

72/65
45/81
56/95

557/127
146/84
222/84
285/84
264/86
173/86
118/85

may get the parameters cr12g, bi2q and Wi2q by fitting the experimental data [11, 12, 13].
The values are presented in Table 3. As one can see, the parameter uncertainty is very
large at low energies {Ekin < 1 GeV). This means that at these energies one does not
need to add anything to the Glauber amplitude. At higher energies the values become
more stable with the exception of the results at 146 GeV.

We have excluded from this data fitting those of at the energies of 100, 150, 250, and
300 GeV [13],where the data are above the Glauber calculations. Thus at the fitting an
unreasonable large weight of 12q-bag (> 50 %) and ai2q were obtained. We believe that
the data are not quite well normalized. To show this, we plot the data at close to each
other energies [12] on the same figures 3, 4. As seen, there is a clear difference between
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the two groups of experimental data. Maybe, it is due to a normalization error. We do
not know the reason of thought the error. However, one can see that the data of Ref. [13]
are falling out from the whole set of the experimental data, and it is not possible to fit
them correctly. The figures show influence of the 12q bag admixture on the differential
cross section. The inclusion of the admixture leads to decreasing the Glauber amplitude if
O\-2q is smaller than oPHe- In the region of the dip where the Glauber amplitude vanishes,
Fi2q is positive and shifts the dip to a larger values of t. So, the hypothesis really allows
one to solve the main part of the problem.

v lo

10 •'

l o ••

E=97 GeV

••t«Exp. Data
01.+12Q Bog

• • - • 0 1 . Calc.

0.0 0.1 0.4

"„ 10"

D

10 •'

10-

0.0

\

( c )

E=146

\

GeV

—
Exp. Data
G1.+12Q Bag
01. Calc.

r *

al
-t

o^
- t (deV/c)'

03 04

10'
• tip. Dili it 100 OeV
• tip. Dili it 97 dcV

10ioo

10'

0.01 io'

Exp. Dlti i t 160 CeV
Exp. Data at 149 OeV

0.04 0.060.« 0.03 0.04 0.06 '"0,00 0.01 0.02 0.03

- t (OeV/c)1 - t (OeV/c)'

Figure 3. THE P4He DIFFERENTIAL ELASTIC CROSS SECTIONS. THE POINTS
ARE THE EXPERIMENTAL DATA [12, 13]. THE SOLID AND DASHED LINES

ARE OUR CALCULATIONS WITH AND WITHOUT 12Q ADMIXTURE,
RESPECTIVELY.

Clearly, inclusion of the inelastic screening into calculations will lead to a decrease in
the cross section in the region of small t, and to an increase in the region of the large t
values. To compensate for these changes, one has to increase w^q, cr12(?, and bi2q. From
this point of view we can understand the results of Ref. [1]. According to Fig. 10 of Ref.
[1]; 0i2q ~ 140 mb which is near to the piHe total cross section, the slope parameter of
that F12g is larger than ours. As a result, w\2q ~ 12 %. We have the average value of
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10.5%. So, the two values quite reasonable agree with each other. At the same
time, our <712g is too small. Let us note that our amplitude F\2q is simpler than that of
the Ref. [1]. It can be easily used for subsequent and future calculations.

10

io -1

E=259 GeV

•*•*• Exp. Data
• — 0 1 . Calc.

01.+12Q Bag

0.0 0.1 0£' OJ M

- t I

E=301 GeV

Exp. Data
• • • • 0 1 . Clalc.

01+12Q Bag

0.0 0.1 0.2 OJ 0.4

- t (deV/c)'

0.9

Exp. Data at 260 <feV
Exp. DaU at 269 fleV

( b )

10

o

Exp. Data at 300 OeV
Exp. Data at 301 OtV

V

0.01
loo'.oo 0.04 0.060.08 0.03 0.04 0.06 '"0.00 0.01 O.CB 0.03

- t (OeV/c)1 - t (deV/c)1

Figure 4.Ti/£^ P4ife DIFFERENTIAL ELASTIC CROSS SECTIONS. THE POINTS
ARE THE EXPERIMENTAL DATA [12, 13]. THE SOLID AND DASHED LINES

ARE OUR CALCULATIONS WITH AND WITHOUT 12Q ADMIXTURE,
RESPECTIVELY.

CONCLUSION

As it is established [16] that every multiquark state reveals itself in a separate range of t,
in our study where t is in the range 0.2 — 0.4 (GeV/c)~2 we account for the multiquark
states by a collective 12q-cluster. In view that the probabilities of the multiquark states
are additive in the different range of t, we evaluated the contribution of the 12q-cluster
and found its value ~ 10.5% which accounts collectively to the other smaller 6q- and 9q-
multiquark states. The 12q bag admixture to the ground state wave function of the 4He
nucleus allows one to describe quite well the elastic pAHe scattering. According to our
estimations the weight of the 12q bag is ~ 10.5%, the proton - 12q bag total cross section
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is ~ 34 mb, and the slope parameter of the p—l2q bag elastic scattering is ~ 23 (GeV/c) 2.
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Abstract. The Photoproduction of lightest neutral Higgs particle has been estimated
through all possible threc-out states processes in the MSSM model. The total cross section has
been calculated as a function of center of mass energy for each process. The most probable
process occurs when the lightest neutral Higgs particle (h°) comes out combined with electron
and Z-Boson at center of mass energy (C.M.E) about 450 GeV at a value of the
order- 3.1 x 10"4 pbarn . It is believed that, such a process could be achieved in the future
generation of accelerators

INTRODUCTION

In the search of the theory beyond the standard model, supersymmetric
(SUSY) extension of the minimal standard model (SM) is considered to be an
attractive and promising candidate1 li:!).The search for neutral Higgs bosons is a crucial
test of SUSY which can be performed with the present and next generation of
accelerators. The prediction of Higgs bosons is a common to all SUSY models
whose couplings remain in the perturbative regime up to a very high energy scale0'.
Finding the Higgs bosons is thus one of the main goals of high-energy physics(4>. The
existence of Higgs bosons is related to the generation of elementary particles masses.
The photon colliders provide a useful instrument for the search of Higgs bosons
which is not accessible elsewhere(5). In this paper, the processes of production of the
lightest Minimal Supersyrnmetric Standard Model (MSSM) neutral Higgs bosons has
been examined at ye colliders through all the allowed modes of the reactions:

Where, Y represents any allowed particle in the MSSM model and P; are the
particle momentum The squared matrix element has been calculated using
CompHep/ CalcHep packages(<"7lS) at MSSM (Feynman gauge) model. The total cross
section has been calculated using Mathematica package'9' and the relations presented
inRefs.(io,il).
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MSSM HIGGS SECTOR

The MSSMll2) is the SUSY extension of SM with minimal new particle
content. The MSSM Higgs sector contains two Higgs doublets, leading to eight real
degrees of freedom. Three of these are taken up by the W* and Z particles as in the
Standard Model, which leaves five physical Higgs bosons(u): a pair of charged Higgs
(H*), two CP-even neutral Higgs (h° and H°), and one CP-odd neutral Higgs (A0).
Two important MSSM parameters relate to the Higgs sector, /u the supersymmetric

Higgs mass parameter, and tan /? = v, / v2 the ratio of the vacuum expectation values

for the two Higgs doublets. Note that their sum, v2 + v2 = 246 GeV is fixed, but their

ratio is a free parameter. This in turn fixes the values of the neutral Higgs mixing
angle a and the remaining Higgs masses, which obey the relation mh,, <mz< m/r,,

mL.,<m ,,<m,,,,. However, these relations are substantially modified when the
n A II

effect of radiative corrections is included0"1. In particular, it makes possible
that/wz ^mh,.. It is a distinctive feature of the MSSM that the mass of the lightest
Higgs particle, h°, is predicted to be rather low. In many recent calculations,
including higher order contributions, it is shown that mh<130(l'l4'l5!'6). The MSSM
parameters used throughout the calculations in this paper are those presented in
Refs.(6,7). The parameters are summarized in TABLE l

TABLE 1. The values of MSSM paramters used in calculations.
Parameter

H

tan#

m
r

mmr
mn\"

W7

mz

Value
28.23

1000

10

175

300

110

300.71

310.62

91.19

Description
Weak angle

SUSY Higgs
mass parameter
vacuum expectation
values ratio
Mass of top Quark

Mass of CP-odd
neutral Higgs
Mass of lightest
Higgs boson
Mass of heaves
Higgs boson
Mass of charged
Higgs Boson

Mass of Z-Boson

Parameter

w

m-

m~

m
* i

tn
/ ,

m
x"

m
x".

m „
Zt

Value

80.343

1001.13

1000.91

197.35

1007

109.408

197.367

1002.83

1006.05

Description
Mass of
W-Boson

Mass of
Left selectron
Mass of
Right selectron
Mass of
first chargino
Mass of
second chargino
Mass of
first neutralino

Mass of
second neutralino
Mass of
third neutralino
Mass of
fourth neutralino

" All masses given in GcV unit.
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THE INTERACTION PROCESSES

The Interaction processes are classified into four groups according to the
number of Feynman diagrams/process. In each group the Feynman diagrams was
drawn and its helicity (Feynman) amplitude was written down. The processes of
interaction are summarized in TABLE 2

TABLE 2. The Different Interaction Modes.
Group

A

B

C

D

No. of
Process

2

2

2

8

Process Description

Xe->h°Ye,Y=ZJA
0

yQJ>h°Y've ,Y-=W,H"

^e-> h"x~ ve, i=l,2

ye->h"x"ea, j=l-4, a=L,Rtf

No. of Feynman
Diagrams/Process

2

4

8

11

HELICITY AMPLITUDE

The helicity amplitude presented her calculated using the values of Vertices
(Vr) and Propagators (Pr) function techniques presented in Ref.(l7).

Process: xe->h°Ye

In this process the Symbol Y refer to the boson particles Z°, A0

and represented by interactions group A in TABLE 2

Feynman Diagrams

Figure 1. shows all the allowed Feynman diagram modes of this process.

Amplitude:

The helicity amplitude of these process modes can be written as:

M,=y/(p4)Vv(h\Y,Z)?T(Z)s\P])Yv(e,e,Z)u(Ps)?r(e)Vr(r,e,eMP2)

e'{P,)Vx{y,e,e)u{P7)

Where *,.){ f
I for A

" The author of CompHEP/CalcHEP program has been mentioned that, the subscripts L and R of selectron were suggested to
the CompHEP/CalcHEP program nomenclatures by Mr. Hatim Hegab (EGYPT).
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Figure 1. Feynman diagrams'" for the Interaction Figure 2. Feynman diagrams for the
Process y e-»h°Ye Interaction Process y e-» h°Tvt

Process: y

In this process the Symbol Y" refer to the particles W", H' and
represented by interactions groups B in TABLE 2.

Feynman Diagrams

Figure 2. shows all the allowed Feynman diagram modes of this process.

Amplitude

The helicity amplitude of these process modes can be written as:

M, = y/{p>) Wt[h", r , W+) Pr(JT) u(P5 )V*e, ve,W+) Pr(e) *'(/>) Vv{y, e, e) u(P2

M2 =F<(PS) Vr(e, v,, W* )U(P2) PTQT )VI(AO , Y\ W+) Pr(T+ '

Where

,UT )e *

1 /br H~

' diagr. = diagram

- 9 9 -



Process:

In this process the Symbol x~ refer to the chargino particles

X~x and xl with i=j= 1,2 and represented by interactions group C in

TABLE 2.

Feynmcm Diagrams

Figure 3. shows all the allowed Feynman diagram modes of this process.

1 1

xT
— •

dtagr. 1

dtogr.4

-xT

-k

***

T-

xr

dlagr.J

dlagr.5

diagr.3

Figure 3. Feynman Diagrams for the Interaction Process y e-$ h"

Amplitude

The helicity amplitude of these process modes can be written as:

° ,xl ,Z~)PrCr; )Vr(e , X * -v e )?r{e)s (Pt)Vr(e>e,y)u(P2)

°,ve,vr)Pr(e)e'(/»)Vr(e,e,/)w(P2)

=U(PA

Process:

In this process the Symbol £" refer to the neutralino particles

Z\ . Xi > Z3" • and xl w ' lh i-j-l-4 and e(, refer to the selectrons 1R and ~eL, where
a=L,R and represented by interactions group D in TABLE 2.

Feynman Diagrams

Figure 4 shows all the allowed Feynman diagram modes of this process.
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Amplitude

The helicity amplitude of these process modes can be written as:

M, =u(PA)V*h°,z°j,Z°)Pr(tf)VifeX°,ea)?r(e)e

° ,?„,?„) Pr( ea) Vi(/, e0, ?a )s

dlagr.4

*** 7%,,

Co.

«o. k

[—^

N

Figure 4. Feynman Diagrams for the Interaction Process y e-$ h" %~ur

TOTAL CROSS-SECTION

The total cross-section for every interaction mode was calculated using the relation:

•|2

= \dt \dx \dy
I K4\

(II) (2)

\2 „ -Where s=(Pi+P2) , y=P2-Ps, x= P|.P5) t=(P2+P4) and P represents the particle four

momentum. The function A(a,b,c) = -Ja* +b4 + c4 - 2a2b2 - 2a2c2 - 2b''c1 and the

masses of incident particles are zero.

The limits of integration are given by:

x± =j;[(s-t-

Results

In the following figures the total cross section versus C.M.E relation was plotted for
the above interaction processes (TABLE 2) using Microcal Origin Package ver. 6.0.
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Figure 5 The Relation between total Cross Section
a (pb) and Center of Mass Energy C.M.E. (GeV)
for the interaction modes y e-^h°eZ
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Figure 6 The Relation between total Cross Section
<T (pb) and Center of Mass Energy C.M.E. (GeV) for
the interaction modes y e-^h°eA

6.0x10""-

Figure 7 The Relation between total Cross Section
a (pb) and Center of Mass Energy C.M.E. (GeV)
for the interaction modes y e-^ h" vtH"

Figure 8 The Relation between total Cross Section
a (pb) and Center of Mass Energy C.M.E. (GeV) for
the interaction modes ye->h"vrW~

5.0«IU '-
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1.0x10'*-

600
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Figure 9 The Relation between total Cross Section
G (pb) and Center of Mass Energy C.M.E. (GeV)
for the interaction modes y e-> h"x~'~,

Figure 10 The Relation between total Cross Section
a (pb) and Center of Mass Energy C.M.E. (GeV) for
the interaction modes y e-> h"x~ vt
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Figure 11 The Relation between total Cross Section Figure 12 The Relation between total Cross Section
cr(pb) and Center of Mass Energy C.M.E. (GeV) C (pb) and Center of Mass Energy C.M.E. (GeV) for
for the interaction modes y e-> h°x"eL

 t n e interaction modes y e--> h"x"eR
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Figure 13 The Relation between total Cross Section Figure 14 The Relation between total Cross Section
a (pb) and Center of Mass Energy C.M.E. (GeV) a (pb) and Center of Mass Energy C.M.E. (GeV) for
for the interaction modes y e-> h"x\'e, t n e interaction modes y e-> h"z'{e,
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Figure 15 The Relation between total Cross Section Figure 16 The Relation between total Cross Section
cr (pb) and Center of Mass Energy C.M.E. (GeV) a (pb) and Center of Mass Energy C.M.E. (GeV) for
for the interaction modes y e-> h" fie, t'ne interaction modes y e-> h"x'ieH
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Figure 17 The Relation between total Cross Section Figure 18 The Relation between total Cross Section
CT(pb) and Center of Mass Energy C.M.E. (GeV) cr (pb) and Center of Mass Energy C.M.E. (GeV) for
for the interaction modes y e-> h"x'ft. t h e '"'traction modes y e-> h"x'leH

CONCLUSIONS

The total cross-section (<y) and corresponding value of C.M.E. (Vs ) for the
most probable interaction processes are summarized in .TABLE 3 From this table, it
could be concluded that the interaction group (A) has the most probable total cross-
section over all the interaction processes at center of mass energy 450 GeV at a value
of the order ~ 3.1 x ] 0~4 pbarn • •

TABLE 3. The total cross-section ( tr) and C.M.E. (Vs ) values for most probable
processes.
Group Process (GCV)

A

B

C

D

r

y

y

450

550

800

3350

(pb)

310x10""

1.28x10

49.0x10"'

2.63x10

-6

-6
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Abstract. The production of heavy neutral Higgs boson has been studied through all the
possible three out states processes by using the minimal supersymmetric standard model
(MSSM) in the photon - electron colliders. The Feynman diagrams have been drawing for each
possible mode of the interaction. The total cross section as a function of center of mass energy
has been calculated for each process. It has been found that, the most dominant process occurs
when the heavy neutral Higgs boson (H°) produces with e-neutrino (v ) and the negative

charged Higgs boson ( / /" ) at centre of mass energy -J7 s 1430 GeV at a value of the

o r d e r - i . O x 10 " pbarn •

INTRODUCTION

One of the key insights in physics in the past century is the importance of
symmetry principles in determining the fundamental laws of physics. In the early
1970's, a new type of symmetry- supersymmetry'''2'-1'4', was discovered. In a
supersymmetric theory, each fermion has a bosonic counterpart, and vice versa.
However, if a spin-zero electron existed, it would certainly have been seen in
experiments. Hence, supersymmetry, if it exists, must be a broken symmetry. The
supersymmetric extension of the minimal standard model(5t6) (MSSSM) is considered
to be an attractive and promising candidate'7'8'. The studies of the Higgs bosons'9' is
the key to open the future generation of the particle physics. Our understanding of
nature based on the local gauge principle demands a scheme to make gauge boson
and quark/leptons massive. The origin of the mass is either fundamental scalar
particle, Higgs boson, or new interaction such as technicolor. Hence the existence of
the Higgs boson is of course the first question to be answered by experiments. If it is
found to exist, the next essential questions are how many Higgs bosons, and how the
relations are between couplings and masses of quark/lepton/gauge-bosons. The
Higgs study is a strong tool to look into physics up to GUT scale'1.

The prediction of Higgs bosons is a common to all SUSY models whose
couplings remain in the perturbative regime up to a very high energy scale'"1.
Finding the Higgs bosons is thus one of the main goals of high-energy physics'12'.
The existence of Higgs bosons is related to the generation of elementary particles
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masses. The photon colliders provide a useful instrument for the search of Higgs
bosons which is not accessible elsewhere(l3).

The MSSM Higgs sector contains five physical Higgs bosons(l4): a charged
Higgs boson pair (H*), two CP-even neutral Higgs bosons (denoted by h° and H°),
and one CP-odd neutral Higgs boson (A°)(l5). Two important MSSM parameters
relate to the Higgs sector, /J the supersymmetric Higgs mass parameter, and
tan p = v, / v2 the ratio of the vacuum expectation values for the two Higgs doublets.
This in turn fixes the values of the neutral Higgs mixing angle a and the remaining
Higgs masses, which obey the relation m,,, < mz < mu,,, m,,, < m dU < m,,,,. However,

these relations are substantially modified when the effect of radiative corrections is
included116'.

In this paper, the processes of production of the heavy Minimal
Supersymmetric Standard Model (MSSM) neutral Higgs bosons has been examined
at y€ colliders through all the allowed modes of the reactions:

Where, Y represents any allowed particle in the MSSM model of momentum
Pi. The squared matrix element has been calculated using CompHep/ CalcHep
packages'17''8'19' at MSSM (Feynman gauge) model. The total cross section has been
calculated using Mathematica package'20' and the relations presented in Refs.(2l,22).

The MSSM parameters used throughout the calculations in this paper are
those presented in Refs.(17,18). The parameters are summarized in TABLE 1

TABLE 1. The values of MSSM paramters used in calculations.
Parameter

W

M

tan/7

m.
X

YYl

mr

h-

ir

ir

mz

Value
28.23

1000

10

175

300

110

300.71

310.62

91.19

Description
Weak angle

SUSY Higgs
mass parameter
vacuum expectation
values ratio
Mass of top Quark

Mass of CP-odd
neutral Higgs
Mass of lightest
Higgs boson
Mass of heaves
Higgs boson
Mass of charged
Higgs Boson

Mass of Z-Boson

Parameter

mw

m~

m~

m

171
X'l

m
X\

TYl

171
X'i

m „
Xt

Value
80.343

1001.13

1000.91

197.35

1007

109.408

197.367

1002.83

1006.05

Description
Mass of
W-Boson

Mass of
Left selectron
Mass of
Right selectron

Mass of
first chargino
Mass of
second chargino
Mass of
first neutralino
Mass of
second neutralino
Mass of
third neutralino
Mass of
fourth neutralino

' All masses given in GeV unit.
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•TJHE INTERACTION PROCESSES

The Interaction processes are classified into four groups according to the
number of Feynman diagrams/process. In each group the Feynman diagrams was
drawn and its helicity (Feynman) amplitude was written down. The processes of
interaction are summarized in TABLE 2

TABLE 2. The Different Interaction Modes.
Group

A

B

C

D

No. of
Process

2

2

2

8

Process Description

/e-»H0Ye,Y=Z,A0

yt-^HYv, , Y-=W,H"

ye->H»X-v,,i=\,2

,e-»tfW,H-4.a-L.R

No. of Feynman
Diagrams/Process

2

4

8

11

HELICITY AMPLITUDE

The helicity amplitude presented her calculated using the values of
Vertices(Vr) and Propagators (Pr) function techniques presented in Ref.(23).

Process: ye-^H°Ye

In this process the Symbol Y refer to the boson particles Z°, A0

and represented by interactions group A in TABLE 2

Feynman Diagrams

Figure 1. shows all the allowed Feynman diagram modes of this process.

Amplitude:

The helicity amplitude of these process modes can be written as:

° ,Y,Z)MZ)e'(Pl)Wr(e,e,Z)u(Ps)?xie)Vr(y,e,e)u(Pi)

M2 = y/{p<) Vr(//",y,Z)Pr(Z)J7(P5)Vr(e,e,Z)Pr(e) e'(P|

Where ^ 4 ) j ^ f
I for A
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dtogr.2 ^ " - r
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8 >

<9agrJ dlf«r4

Figure 1. Feynman diagrams85 for the Interaction Figure 2. Feynman diagrams for the
Process y e-^H°Ye Interaction Process y e-^ H'Tvr

Process: y e-> H°Y've

In this process the Symbol Y" refer to the particles W\ H' and
represented by interactions groups B in TABLE 2.

Feynman Diagrams

Figure 2. shows all the allowed Feynman diagram modes of this process.

Amplitude

The helicity amplitude of these process modes can be written as:

,Y+,V)eM2 =u(P5)Vi(e,vt,W*)u ,Y\W*)Pr(T

Where

,H", r , VT) e u(P5)V<e, v,, lT)u(P2)

ff(p4) forW
\ for H~

' diagr. = diagram
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Process: ye-> H"x'v,

In this process the Symbol x~i refer to the chargino particles

X\ and xl with i=j= 1,2 and represented by interactions group C in
TABLE 2.

Fevnman Diagrams

Figure 3. shows all the allowed Feynman diagram modes of this process.

1-

diagr. 1

dtagr.4

tr
Y--

dlagr.2
^ e ^.

dlogr.5

diagr.3

Figure 3. Feynman Diagrams for the Interaction Process yt-$ H"

Amplitude

The helicity amplitude of these process modes can be written as;

=u ., x), X-

(P<) Vr(//U, / ; , x

) Vr(e, j " , ve

Xj. ^

, x?, ve)Pr(e)e'(P> )Vr(e, e, y)u{P2

, ve, vt) Pr(e) f' (/>) Vr(e, e,

Process:

In this process the Symbol j " refer to the neutralino particles

X",Xi>Xi >andX* w'*h i-j-l-4 and eH refer to the selectrons~eR and'eL, where
a=L,R and represented by interactions group D in TABLE 2.

Feynman Diagrams

Figure 4 shows all the allowed Feynman diagram modes of this process.
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Amplitude

The helicity amplitude of these process modes can be written as:

M2 =

A/3.5 =

) Pr(?0 ,ea,ea) ?r(e)s'

", ?„, ea) Pr( ?fl

, e,

, ea, ea )s

Figure 4. Feynman Diagrams for the Interaction Process y e-> H"x'o,

TOTAL CROSS-SECTION

The total cross-section for every interaction mode was calculated using the relation:

' \ \
J J J (2)

)2 y=Where s=(P|+P2)
2, y=P2.Ps, x= P1.P5, t=(P2+P4)

2 and P represents the particle four

momentum. The function A(a,b,c) = Va4 + b4 + c4 - 2a2b2 - 2a2c2 - 2b2c2 and the

masses of incident particles are zero.

The limits of integration are given by:

- 1 1 1 -



Results

In the following figures the total cross section versus C.M.E relation was plotted for
the above interaction processes (TABLE 2) using Microcal Origin Package vcr. 6.0.

Figure 5 The Relation between total Cross Section <J (pb) Figure 6 The Relation between total Cross Section a (pb)
and Center of Mass Energy C.M.E. (GeV) for the and Center of Mass Energy C.M.E. (GcV) for the
interaction modes /c-^l-TcZ interaction modes ye-*H°eA

MHJ H(KI

Figure 7 The Relation between total Cross Section a (pb) Figure 8 The Relation between total Cross Section a (pb)
and Center of Mass Energy C.M.E. (GcV) for the and Center of Mass Energy C.M.E. (GcV) for the
interaction modes y e-> //" y_//- interaction modes y e-> //" vjy-
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Figure 9 The Relation between total Cross Section a (pb) Figure 10 The Relation between total Cross Section
and Center of Mass Energy CM.E. (GeV) for the cr(pb) and Center of Mass Energy C.M.E. (GeV) for the
interaction modes y e-> H"x\ '7, interaction modes y e-» H"x; vt,

.11 SO .IIUU .U5U .Ullll JJ5U 34UU 34SO 3S1W

C.M.E. (CtV)

Figure 11 The Relation between total Cross Section Figure 12 The Relation between total Cross Section
a (pb) and Center of Mass Energy C.M.E. (GeV) for the cr (pb) and Center of Mass Energy C.M.E. (GeV) for the
interaction modes y ^ H"z"e, interaction modes

NIKJ

C.M.F.. (CcV)

Figure 13 The Relation between total Cross Section Figure 14 The Relation between total Cross Section
a (pb) and Center of Mass Energy C.M.E. (GeV) for the cr(pb) and Center of Mass Energy C.M.E. (GeV) for the
interaction modes y e-> H"z°e, interaction modes y e-> H"x"eK
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Figure 15 The Relation between total Cross Section Figure 16 The Relation between total Cross Section
a (pb) and Center of Mass Energy C.M.E. (GeV) for the a (pb) and Center of Mass Energy C.M.E. (GeV) for the
interaction modes ye^H"z"e, interaction modes y e~> H-x~?k

31(111 40(M 4KIMI 56011

C.M.K. (GcV|

Figure 17 The Relation between total Cross Section figure 18 The Relation between total Cross Section
(J (pb) and Center of Mass Energy C.M.E. (GeV) for the a (pb) and Center of Mass Energy C.M.E. (GeV) for the
interaction modes y e-> w ^ ; e t interaction modes y e-> //"/;?„
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CONCLUSIONS

The total cross-section (<r) and corresponding value of C.M.E. (Vs) for the
most probable interaction processes are summarized in .TABLE 3

TABLE 3. The total cross-section (a) and C.M.E. (%/s ) values for most probable
processes.
Group Process ^ J (Gev) <T (pb)

77^A° 1063.12 1.16xlO"5

"vjr 1430.33 1.02xl0'4

("Xi". 3343.68 6.06xl0"6

J"x'e» 1638.17 5.29xlO'7

From this table, it could be concluded that the interaction group (B) has the
most probable total cross-section over all the interaction processes at center of mass
energy 1430 GeV at a value of the order- lx 10"4 pbarn..
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The Discovery of the Valley of the Mummies

Three years ago. an antiquities guard was riding his donkey. The
leg of the donkey fell down and a hole was discovered because of
this event. The Inspectors of Antiquities of Bahria started an
excavation in this area and found the beginning of a cemetery of
mummies.

In March 1999. I look a team of archaeologists, architects,
restorators. conservators and engineers and started the largest
expedition ever done in Egypt.

We established a large camp in the area which is located about 6
km from the town of El Bawiti. the capital of Bahria Oasis. We
conducted a survey and found out that the cemetery extended about
6 km square.

We started the excavation in four tombs only and found 105
mummies inside of them. The mummies are in good condition
which shows the richness of the people in that time.

They are of four kinds:

1 - Mummies which are guilded, covered with a very thin layer of
gold;

2 - Mummies covered with cartonage and scenes depicted, such as
gods and goddesses. For example, Anubis of the embalment. Osiris.
Isis, and the four children of Horus as well as the god Toth. All
these gods are connected with the judgement:

3 - The third type are mummies inside anthropoid coffins {these are coffins made of pottery with human faces):

4 -The last style are mummies wrapped with linen.

Lois ofiiriifiicis were found near the mummies, such as statues of mourning ladies made of pottery. Other artifacts, such as different
types of pottery in the shapes of God Bes. the dwarf god of pleasure and fun.

Also, other artifacts including bracelets, earrings and coins were found. The study of these coins reveal that this find is dated from the
Greek Period to the Roman Period.

The Tombs consist of an entrance, delivery room and two burial chambers.

One of the mummies is a guilded lady with her head turned toward the face of her husband with love and affection. Others are buried
as a family group, with their children. The mummies of the children were covered with gold. Another woman has a crown with four
decorative rows of red-colored curls. The third and fourth rows are missing significant pieces. Beneath the crown the hairstyle is
similar to that of Terracotta statues. Behind the ears appears the goddess Isis on one side and Nephthys on the other- these protect the
deceased with their wings.

The decorative scenes show an abbreviated form of the judgement of the dead. In these scenes we see the god Osiris on his throne
while Anubis weighs the heart of the dead against the feather of Maat. Meanwhile. Toth records the result of the weighing process and
reports it to Osiris.



A mummy of a noble

Anubis. who is portrayed on the mummies, played an important role in several ways. First is his well attested role in the judgement
scenes - it is he who operates the scale on which the heart is weighed against the feather. Second is his performance of the embalming
a basic condition for rebirth. Anubis protects the body of the deceased and assists in its revival. Therefore, we find Anubis in the
representations on coffins and mummy masks performing mummification rites.

The Uraeus appears on the head of some of the mummies belonging to non-royal persons, this probably indicates desire of the
deceased to have a transfiguration similar to that of a king.

A guilded mummy of a woman

In the Roman Period, different elements appear - such as crowns and the use of a kings or gods beard of Uraeus. were taken from the
royal cull and used by the public.

We expect to find at least 10,000 mummies in this cemetery. We preserved mostly all the mummies in situ, but we did move only a
few to a room in the Bahria inspectorate to show them to the public.

Dr. Zahi Hawass, Director of the Giza Pyramids and Saqqara,
Undersecretary of the State for the Giza Monuments
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Abstract

The exact study of many-body microscopic systems being impossible when
the number of particles is large (N>3), then, the approximate methods
prove to be necessary. The time-independent mean-field approximation has
been proposed for the description of collisions in many-body systems. The
evaluation of the collision amplitudes is derived by the use of a variational
principle and the choose of trial functions as products of single-particle
orbitals. The resulting mean-field equations with a nonvanish right-hand
sides turn out to be generalization of the traditional Hartree or Hatree-Fock
type equations. These TIMF equations are solved numerically with success
for the case of short range forces. In this paper, we test the validity of this
theory for the coulomb interaction (long range forces) between two
particles, where we provide a numerical comparison between the exact and
the mean-field results. We are also applied numerically this theory for the
exploration of the He energy spectrum. A symmetry breaking is shown in
He Rydberg states, it may lead to an known process said the self-ionization
(autoionization).

Keywords : Scattering, amplitude, N-body, collision, mean field, symmetry.

INTRODUCTION

To determine cross sections, we need to calculate amplitude of collision. This
calculation is often governed by the Green propagator G = (E-H)~\ thus by the
inversion of the operator (E-H) [1,2]. When the number of particles composing the
system exceeds 2, the dimension of the space in which calculations must be made
becomes large. It is almost impossible to solve this problem exactly, approximations
are thus necessary.

In theory of collisions, the inversion problem of N-body Hamiltonian
H = 7 + v = 'Y_ltl +^jVtJ,_becomes possible by the time independent mean field theory

(TIMF) [3]. This approach is mainly based on these four elements:
1. A complex total energy, z - E + iF, to have a limited propagator G.
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2. A representation of th( channel ttates by time independent wave packet
3. A variational principle for Jhe calculation of the collision amplitude.
4. A restriction of the channel and trial wave packets % and <t> respectively; to

products of individual functions.
In this theory, when we use the Schwinger variational principle, it is trivial to

show that D is the stationary value of the functional

F_

under variations of <)>, §'. Then, the corresponding Euleur-Lagrange equations read,

\x), {•K*-ffHx'|. (2)

The variational equations which occur in the TIMF are

-u-u i) (<P'i 1(7/ - t i -u^ iz ' t | 0)

Where 77, represents the self-energy and Ut the mean field potential.
These self-consistent TIMF equations obtained in single particle space are only one
generalization of the Hartree(-Fock) equations directed by terms of source. So, for the
resolution of these variational equations TIMF we will use an iterative method.

The TIMF was tested with much of success during its use for problems of
collisions with short range forces [4-6]. In this work we wanted to continue a study
already started during preceding works [7] which relates to the extension of the field
application of the TIMF for collisions with long range forces.

APPLICATION OF TIMF TO A TWO BODY SYSTEM
INTERACTING BY THE COULOMB FORCE

This soluble model analytically, permitted us to calculate the exact amplitude
_ (y1 O\(O' y)

D = (y' G z) and the amplitude approached by TIMF D = /N \

This system with two particles of the same mass is described by the following
Hamiltonian:

f ( ) (4)

with v (r, - r2) = ——— which represents the Coulombian interaction between the

two particles and A=ZjZ2e
2 its intensity.

To calculate the propagation amplitude, we chose to treat a diagonal case (% = %' )

and consider also the terms of source as a product of two normalized and accelerated
Gaussian with opposite accelerations:
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(5)
2/3'

P represents the width of the individual wave packet and k its acceleration.

Exact propagation amplitude D

For the exact calculation of the amplitude D we use the center of mass
representation. This leads us to work in the space of the relative particle with complex
energy z.

(6)

X p represents the channel function of the relative particle.

As our Hamiltonian has a spherical symmetry, we develop the wave functions
and Xpifi) m partial waves in order to work in a space with one dimension. This leads

us to this new form of our differential equation

/(/ + 1) X

dp* VpL P

and to this integral expression of the exact amplitude D.

vi(p)=Xpi{p) (7)

D =

00

(8)

, , mA
w h e r e K - —— •

tr

Approached propagation amplitude D

For calculation of this amplitude and contrarily to the exact case, the treatment
of this system by TIMF theory is done in the representation of the individual particles.

Then, the self-consistent TIMF equations given in the reduced system (ft jm = 1)

read:

it +--Ui\<Pi(r)= Xi (9a),

(9b).
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Notice that we have four self-consistent, equations nonlinear and coupled with four
unknown wave functions <pt and <p), i=l,2.

In addition to the factorization of the channel functions and trial functions
which is a basic condition of the TIMF, we take account of the parity, the reversibility
of time and other symmetries which gives us the condition:

<P'ti(?)=<p'*2(-?h<P2(?h<Pi(~?) do)

which allows us to reduce the number of unknown functions in these variational
equations which passes from four to one and we have to resolve only one variational
equation. The development of the wave functions in partial waves and of the mean
field potential in multipoles give us the following form of the variational equation:

OD

where Uir(r) - (ATT)^2
A/(2/ + l)(2/'+l) £-J2L

'i v

0 0 0
v J

UL(r) (12)

is the potential of coupling between the multipoles. and the expression of D becomes:

(13)

where

1 J ; ( ) | () (14)

and
00

( v> = »-> £ (-I)' \dr cpXr) Uir(r) <pr(r) (16)
//' o

is the average value of the two-body potential interaction.
We will now present and discuss the numerical results which we have obtained

in this study.

Numerical results

This table below (Table.l) presents one of the fundamental results of this study.
It contains the values of the two amplitudes to compare, exact D (1st line) and
approximate D (2nd line) for a large range of energy E (MeV) and various coulomb
intensities A (MeV fin) with an individual wave packet width /?=1.5 fin.
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Table 1: Comparison between propagation amplitudes in GeV1:

exact D (1st line) and TIMF D(2nii line)

A
(Mev fin)

20

40

60

80

90

150

40

-19.2 -41.7.i
-15.9-39.3.i

-27.0 -32.0.i
-24.0 -31.1.i

-29.6-2I.4.i
-27.4-21.3.i

-27.7 -12.7.i
-26.6-12.8.i

-25.8 -9.70.i
-25.1 -9.46. i

-14.2-l.08i
-15.4-0.88.i

90

-8.34-30.1.i
-7.42 -28.7.i

-13.3 -26.7.i
-12.3 -25.9.i

-16.6-22.4-i
-16.0-22.0-i

-18.2-17.9.1
-18.1 -17.4.i

-18.6-15.8.i
-18.6 -15.2.1

-16.3 -6.34.i
-16.2-4.92.i

E (MeV)

160

-4.25 -23.2-i
-4.18-22.2.1

-7.63 -21.6.i
-7.20-21-O.i

-10.3 -19.4.i
-9.80-19.2.i

-12.2-16.7.i
-11.8 -16.9.i

-12.8-15.4.i
-12.6-15.6.i

-13.5-8.17.i
-14.0-8.23.i

250

-2.20-18.6.1
-2.61 -18.0.i

-4.57-17.8.i
-4.62 -17.4.i

-6.63 -16.6.i
-6.46-16.4.i

-8.28-15.0.i
-8.05-15.2.1

-8.94-14.2. i
-8.73 -14.4.i

-10.7-8.95.i
-11.1 -9.63.i

360

-1.22-14.6.i
-1.66-14.9.i

-2.88 -14.2.i
-3.07 -14.6.i

-4.39-13.5.1
-4.41 -14.0.5

-5.69-12.6.i
-5.62-13.3.1

-6.25-lZO.i
-6.17-12.9.1

-8.26 -8.45.i
-8.54 -9.77.i

The analysis of these numerical results shows that the TIMF reproduced with a good
approximation the exact results. Indeed, it appears a good agreement between the amplitudes
D and D as well for their real parts as for their imaginary parts.

20

5 15

' 10

i

1 ' 1 ' 1 ' 1

; \

- r-, ^
A=90 MeV fm

i . i . i . i

1 r—• 1—• 1 • —

-Re(D)

-Re(D)

i t , i . i ^ _

SO 100 150 200 250 J00 J50 400

E(MeV)

a

50 100 150 200 250 MO 350 -100

E(MeV)

Fig.-la, b: Comparison between the real parts as well as the imaginary parts of the
amplitudes exact (in foil lines) and TIMF (in dotted lines) according to energy E
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For better illustrating this agreement between the two amplitudes D and D ,
we traced on-shell the real (Fig.la) and imaginary (Fig.lb) parts of the two
amplitudes D and D according to the various values of energy E and for the intensity
value, A =90 Mev fm.

Wave functions behavior

Figures (Fig.2a, 2b) show that there is not a particular dominance of a wave
compared to the others and that their: contributions to the calculation of the modules
of two functions y/ and <p are of the same order of importance, therefore, it is not
possible to support a wave compared to the other.

Moreover, we notice on figure (Fig.2b), an exponential decay appears in TIMF
calculations for great values of r whereas this decrease is non-existent in the exact
case, (Fig.2a). That is due to the self-consistent energy rj which remains complex
even if the total energy of the system becomes real. This on the one hand, on the other
hand, as the imaginary part of this individual energy TJ is positive the retardation
condition is checked and the limit on shell of the TIMF is thus regular.

E=l60MeV
r=o
A = 90MeVfm

4

r(fin)
6

a
Fig.2a, b: Partial waves: exact \y/l (p)j and TIMF \<pt (/-)j

for different values of / (/ = 0-5).
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The mean field behavior

We were also interested in the behavior of the mean field, we traced on the
figure (Fig.3) the multipoles of the mean potential for various values of/. It is striking
to note that even if the variational wave function has several considerable partial
waves, the potential of the mean field is completely dominated by its monopole. This
result was confirmed in all the cases that we considered numerically. This dominance
of the monopole can be useful in atomic physics where initially one retains only this
monopole. On the other hand, in nuclear physics, this would not be very correct, for
one must take account of the core deformation therefore of the quadrupole.

1

10

0.1

0,01

1E-3

Jt\ (MeV)
: i

•

— ^ • _ _

- - ^

• • .

k=2 ftn - '

r=o
A=90 MeV fin

i ' • • • . ^

4

r(fm)

Fig.3: Multipoles of the mean field \Ut | for different values of/

DETECTION OF THE SYMMETRY BREAKING
IN THREE-BODY COULOMB SYSTEM

In this study, we choose a three-body model represented by the Helium atom.
This choice is governed by the fact that this atom with two excited electrons,
constitutes a quantum system with three-body (the ion doubly charged and two
electrons) rather simple, but basically very rich in observable and potentially
calculable properties [8].
We use the TIMF to study the phenomena of instability, showed in highly excited
states of Helium, by exploring in details the spectrum of the Helium atom.

The nonrelativistic Hamiltonian which governs this coulomb system with three-
body writes in atomic units (ft = e = me = l)

H = (17)

where ui =-2/r,, i=l, 2 is the central potential and V = l/| r, -F 2 | is the electronic

interaction.
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Let us note that in our study instead of considering the exact physical repulsion
V = i/j r, - F21 (in atomic units), we used the potential F = l/| ̂ +
This choice of potential; numerically advantageous, is justified as an effective
interaction where the two electrons of Helium are placed on the same orbit at opposed
positions compared to the core and statistically, it is the most found position.
Moreover, this choice makes it possible to avoid the complications of the calculations
generated by the development of the term l/| tj - 72| in multipoles which induces
divergences from the numerical point of view and which costs in machine time and
memory.

The total wave function of the system is taken in the form of a product of two
radial wave packets x = X\Xi s u c n a s :

)exp
2 ^

(18)

where i=l,2, P is the width of the wave packet, j t is the Bessel spherical function, kx

and Â  the moments of acceleration and r0 parameterizes the maximum of each wave
packet.

In addition to the factorization conditions of the channel and trial functions, the
terms of source are taken real and we are located in a diagonal case {% = xj- By
taking account of all these considerations and the hermitic nature of our Hamiltonian,
we can work in an Euclidean space and this enables us to reduce our study to two
variational TIMF equations corresponding to (p\ and (p2 '•

/ = 1,2 (19)

where h, = /, + ul• ,is one-body operator.

Our interest is to study the instability of the symmetry of the trial functions. For that,
we consider at the start the symmetrical terms of source that's to sav X\ = Xi» w e

expect to find at the end of our numerical calculations the same symmetry for the trial
functions, g>{ =g>2, thus we will say that symmetry is preserved. In the contrary case,
we will say that there is break of symmetry.

Numerical results and discussions

For our numerical calculations, we have considered 5 waves (1=0) with (5=2 and
r0 = 5 in u.a. The various values of energies used are calculated by the method of
Hartree.

During the exploration of the Helium atom spectrum, we found several types of
TIMF solutions. We obtained with % taken initially symmetrical as well symmetrical
solutions as Sometimes antisymmetric on-shell and sometimes slightly off-shell. We
particularly selected energies of states located before the thresholds of one-body or
two-body continuous because it is where the physics is most interesting. Indeed, we
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have an accumulation of one-electron or two-electron Rydberg states which appears
just in the threshold neighborhood.

While approaching near the first threshold of one-body continuous (Is), we note
on the figures (Fig.4) where E=-1.5 u.a a symmetry breaking of orbitals.

Fig.4 : Real and imaginary parts of the two nonsymmetrical TIMF
orbitals for the Hartree state enersiv E=-1.5 u.a.

For the states located before the threshold of double ionization, the symmetry
was preserved perfectly off-shell. On-shell we observe like on figures (Fig.5) a total
symmetry breaking, <px is different from <p2.

-0.5

Re(<P,)

Re(((.2)

0,8

10 15 20 25

-0.

Fig.5 : Real and imaginary parts of the two nonsymmetrical TIMF
orbital? for the Hartree state energy P=-0.01 u a
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The analysis of these last figures shows the exponential decay of orbital corresponding
to the bound state (curves in full lines) and of the damping oscillations of that which
corresponds to the state in the one-body continuous (curves in dotted lines). This
seems to correspond completely to the well-known phenomenon of the autoionisation:
one of the two electrons is ejected towards the continuous, while the other is
descended toward a lower_bound state.

CONCLUSION

These results have finally shown, that the Coulomb forces preserve the
character of good approximation which the TIMF had already shown for soluble
models with short range forces. This is why, we have acquired confidence as the use of
this TIMF theory for 'long range' forces, while aspiring that opens us various
perspectives.
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Abstract
The nucleon-nucleus reaction cross-section, OR , has been calculated

using Glauber's multiple scattering theory in its optical limit. A medium

modified nuclear phase shift function has been obtained for nucleon-nucleus

scattering using a medium two body scattering amplitude. In the present

calculations, the Coulomb modified Glauber model is used. Also different

forms of Gaussian density distribution, for the target nucleus, are used. A

comparison of medium modified calculations with the corresponding

experimental data has shown that application of the medium effect in the total

reaction cross- section plays an important role for low values of energy.

I. Introduction

The total reaction cross-section is one of the most important physical

quantities in nuclear reactions[l-10]. It plays an important role for extracting

fundamental information about the nuclear density distribution of neutrons and

protons in the nucleus.

Ernst [11] derived a simple model for the calculation of the total reaction

cross-section, This model is based on the impulse approximation and also on

eikonal propagator. Some semi-quantitative approximations were used to determine

which aspects of the nuclear density should be considered to determine the total

reaction cross-section for some nucleus-nucleus reaction systems. The calculation of

GR-values has shown to be determined by the nuclear density and its radial

derivative at the half density point. Thus, the total reaction cross-section was found

to be sensitive to the nuclear density in the region which is near to the effective

radius (the distance at which nuclear phase shift function is equal to one mean-free

path for the incident particle). The model was tested for the existing data for proton-
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nucleus total reaction cross-sections for 12C, 16O, 40i44-48Cu and 208Pb as targets at

energies from 100 MeV tolGeV. The agreement between the calculated values and

the corresponding experimental data was less satisfactory at energies less than 200

MeV and, generally, it was found to be in agreement with the experimental data for

high energies. Ernst [11] concluded that the second order term should increase as

the energy decreases. Therefore corrections to the use of free nucleon-nucleus T-

matrix should be considered. He expected that the principal correction, which

should be taken into account, is the Pauli-blocking effect [11].

Ray [12-a] has computed the proton-nucleus total reaction cioss-sections for

a number of target nuclei at energies from 100 up to 2200 MeV using the Kerman

McManus and Thaler (KMT) optical potential formalism and the impulse

approximation [12-b]. Corrections due to Pauli blocking as a short-range dynamical

and center of mass correlations were included in the calculations. The total and

reaction cross-sections computed, in this way, have shown to be in very good

agreement with the data above 400 MeV but it overestimates the data by 15-25 % at

lower energies. He concluded that the application of KMT theory to proton

scattering at energies below 400 MeV will require additional corrections which

could become important as the incident energy is reduced. Anti-symmetrization of

projectile-target, virtual-charge exchange, Fermi-motion averaging, binding energy

corrections and non-local off shell effects were suggested as possible additional

corrections at these lower energies[12-a].

Microscopic calculations, based on the optical limit of the Glauber theory,

have been done by Peng et al [13] to calculate both the total and the reaction cross-

section for P, d, 3He, a and 12C on 12C. They suggested that effects such as the

internal Fermi motion of the nucleons, Pauli-blocking and nuclear potential should

be taken into account at lower energies. Also, they found that the values of

<JE laT (CTE and (JT are the elastic and the total cross-section), for P + 12C, at low

energies were anomaly high and could not be described by this style of calculations.

A simple expression, based on Glauber multiple scattering theory in its

optical limit, has been presented by Abul-Magd et al [14] to calculate the total

reaction cross-section for both nucleon-nucleus and nucleus-nucleus scattering.

Their formula satisfied a satisfactory description for the experimental data of both

proton-nucleus and nucleus-nucleus scattering at energies above 100 MeV. They
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referred to the discrepancy, through the low energy range, as due to the physical

effects which were not included in their calculations such as the internal Fermi-

motion of the nucleons.-in tile nuclei and the Pauli-blocking' effects.

In the case of nucleon-nucleus scattering, modification of the effective

interaction by the presence of nuclear medium has been taken into account

explicitly by solving the Bethe-Goldstone equation in nuclear matter by several

authors [15-18]. It is well known that nucleon-nucleon (N-N) scattering differs from

the corresponding one in the free space, mainly due to correlation effects such as

Pauli-blocking of intermediate and final interaction state and binding effects [19-

20]. The bare N-N cross section and in-medium N-N cross section have been

calculated using relativistic [21-22] as well as non-relativistic [23]. Brueckner

theory.

Li and Machleidt [21] have obtained the in-medium elastic N-N cross

section using microscopic nuclear matter model. They found that the in-medium N-

N scattering angular distributions are very different from those of free space. They

suggest that the in-medium N-N scattering cross-section must be calculated in the

optical model N-N scattering limit, especially, for energy below 300 MeV. Another

way to study the in-medium effect is a phenomenological formula which was

presented by Cai Xiangrhau et al [24]. This phenomenological formula was based

on several recent theoretical studies, especially, of Li and Machleidt [21]. In such

formula the nuclear matter density and the incident energy dependence have been

considered. This formula was used to calculate the total nuclear reaction cross-

section in the framework of the Coulomb modified Glauber model (CMGM). The

calculations show that the nucleon-nucleon reaction cross-section decreases as the

value of the nuclear matter density parameter increases. Also, it is found that the

energy dependence is sensitive at low energies and it becomes less sensitive at

higher energies.

Taking into account the lowest order density correction, Bertulani [25] has

derived a microscopic formula for the in-medium nucleon-nucleon reaction cross-

section. His calculation showed that the Pauli-blocking is able to explain, almost

entirely, the magnitude of the correction term, although the power of the density

dependence term is slightly different from that commonly mentioned in the

literature [26-28]. He also predicts an energy dependence for the in-medium
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reaction cross-section. At the same time, he found that the Pauli-blocking yields a

HE dependence.

Considering-a semi-classical approach, the calculation [29] of the total

reaction cross-section for low energy deuterons showed that the correction due to

the Pauli-blocking reduces the reaction cross-section. The same estimation has been

obtained from the calculations of Rego and Carlson [30] where they concluded that

there is a large effect for the Pauli-blocking in the case of the reaction system of

lighter nuclei at low energies. An averaged density dependent CTNN has been

introduced by Vismes et al. [31]. They found that density dependence of the free

NN total cross section leads to a sizable reduction with respect to free values for all

the energy range considered in their article.

In order to examine the effects of the in-medium two body scattering

amplitude on some physical observables, the reaction cross-section is investigated

as an example. The study of the in-medium effects is carried out by introducing the

density dependence term in the nucleon-nucleon scattering amplitude.

In the present calculations, the CMGM has been used, since its importance

increases for the reaction systems, which are carried out at low energy. Using

Gaussian densities, for the target nuclei, analytical forms, for the nuclear phase shift

function, have been derived. These analytical formulae are used to calculate the

nucleon-nucleus reaction cross-sections over a wide energy range.

II-Formalism

According to the optical limit of the Glauber theory [24], the reaction cross-

section can be written in the following form:-

aR (mb) = In J&#>[1 - T(b)] (1)

where T is the nuclear transparency function [25], and is given by :-

T(b) = exp[-cr NN %(b)] (2)

where,

(ZpZT+NpNT)app + (ZpNT+ZTNp)anp
(3)

is the average energy dependent nucleon-nucleon cross-section , while:-

X(b)= \d2bT)dZTpT(bT,ZT)(l-PpT(bT,ZT))f(bT-b) (4)

is the nuclear phase shift function for nuclear densities of the interacting nuclei, in
eq.(4), pT is the nuclear density of the target nuclei, /-function accounts for finite
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range of nucleon-nucleon interaction, and f5 is the density dependent parameter.
Introducing this parameter in this way can be understood if one takes into account
the calculation of the folding model optical potential for which the density -
dependent effective NN-interaction is considered. Again /-function, normally, is
taken in Gaussian form as follows {32J :-

b2/r0
2) (5)

where r0 is a parameter related to the slope of N-N differential scattering cross-
section.

In the present study, two different versions, have been considered for the

Gaussian nuclear density distribution of the target nucleus, to determine which

aspects of the nuclear density gives reasonable values for <JR. In the 1- version

two parameterizations have been considered. The 1- one of them has a normal

Gaussian shape denoted by NG and is given by [33]:-

Pr (rT) = pT (0) exp(-(62 + z\) I a2)) (6)

where /?r(0)and a rare the central nuclear density and the diffuseness parameter,

respectively. Both of them are related to the root-mean-square radius of the target,

RT
rms, through the following expressions [34] :-

*r = MRL (7)

(8)

The 2— one denoted by CG, also, has the same shape which is given by

eq.(6) but the parameters pr(0) and aT are adjusted to reproduce the experimentally

determined nuclear surface texture, as most of the contribution to the reaction cross-

section comes from the surface region [32,35]. The values of these parameters: pT(0)

and aT beside the values of RT
rms , for the considered target nuclei, are given in

table (1).

Table (1):-The values of RT
ms, pT(0) and aT for our considered nuclei.

Element

"C

*uCa

*U0Pb

2.442

3.481

5.502

pT(0) (fm-1)

0.354

0.710

6.889

aT (fm)

1.863

2.463

3.134
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At the same time, another version for the Gaussian density distribution

denoted by SG, has been considered. This version is known as the sum of Gaussian

density distribution [36]. It is given by the following equation:-

CiT exp(-(6* +zT)/afT) (9)

where the values of the coefficients CiT and ranges aiT, for the respective target

nuclei, are given in table (2). The values of CiT and aiT have been determined

through fitting some physical observable quantities using this version of the nuclear

density distribution [36].

Table (2):-The values of the coefficients C/T and

ranges aiT for the considered nuclei.
Element

"C

iu8Pb

C,T

-1.23342874

1.38536085

-7.13720976

56.47241081

-207.48042862

459.35426885

-664.04660653

632.54606934

-379.25124767

127.30443822

-19.09362071

1.48537922

a iT (fm)

1.47000000

1.63600000

1.27000000

1.43861247

1.62961089

1.84596735

2.09104854

2.36866811

2.68314604

3.03937586

3.44290079

3.90000000

Taking into account the in-medium effect and by substituting eq.(6) in eq.(4)

one gets, in case of the zero range interaction (TQ = 0) , the following corresponding

analytical form for the thickness function:-

2/4)-^r^exV(-2b2/a2
T)] (10)

V2

where %(b), given by eq.(10), may be referred as %NG(b)and xcc(b) depending on

choices of the values of the parameters aT and pT (0). If the values of these
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parameters have been calculated according to equations (7) and (8), respectively,

then x(b), will denoted by XNGW)- While if the values of the parameters pT(§)

and aT are taken from table (1) then j(&), is denoted by Xca (b) •

Considering the case of the sum-Gaussian density distribution, the thickness

function, j (6) , will be rewritten as follows:-

(11)

Introducing the effect of the Coulomb field between the projectile and the

target, a deviation in the projectile trajectory is obtained [32]. In this case, the

impact parameter b is replaced by b ' which is given as follows:-

kb' =T] + (rj2+k2b2y12 (12)
where k is the wave number and rj is the Sommerfeld parameter:-

r] = ZpZTe2 /hu (13)

Then OR is given by:-

\ ' ] (14).

Ill-Results and Discussion

In the present analysis, the reaction cross-section for the elastic scattering of

proton on 12C, 40Ca and 208Pb has been calculated using CMGM. The calculations

have been carried out using different forms of densities, as shown in the previous

section. Analytical expressions for the nuclear phase shift function have been

obtained. In the present calculations, two situations namely with and without in-

medium effect situation have been considered.

Figure (1) displays the comparison between the present calculations without

in-medium effect and the corresponding experimental data of <TR for the reaction

systems:- P+12C, P+40Ca and P+208Pb. These calculations have been done

considering two parameterizations forms for the normal Gaussian-density

distribution beside the sum-Gaussian density distribution. For all these Gaussian-

forms, we get (TRI, 0R2 and <TR3 respectively.
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12,
In the case of the reaction system P+ C, it is clear that the calculated

values of °R, in general, are higher than those of the corresponding experimental

data, especially, in the energy range 0 ~* ̂ MQV. This conclusion is obtained for
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all the considered situations of the nuclear density distributions. But, for the energy-

range greater than 20 Me.V, one can observe that the values of <7RI are better than

those of <TR2 and CTR3. It is favorable to mention that the present calculation gives

comparable results with those obtained by Peng et al [13], Ernst [11] and Ray [12].

Considering the reaction system P+40Ca, one can observe that the calculated

values of OR3, which are associated with the sum-Gaussian density distribution, have

been excluded. The reason of this situation is due to the fact that the values of the

coefficients CiT and ranges ajr, for the 40Ca-nucleus, are not available. As shown

from fig.(l), it is clear that the values of CTRI are in reasonable agreement, with the

corresponding experimental data, and it is better than those which are related v/ith

CTR2. This conclusion can be realized obviously, in general, for all considered energy

ranges. On the other hand, it is clear that the calculated values of CTR2, below 50

MeV, are lower than the corresponding fitting data.

The calculated values of GRI, in case of P+208Pb, are still in better agreement

with the fitting data. At the same time, the calculated values of <TR2 and OR3 , for all

the considered energy ranges, are under the estimated values with respect to the

measured experimental data. Also the present calculation of CTR, for this reaction

system, are more favorable than those which have been obtained by Ernst [11] and

Ray [12], especially, for energy range less than lOOMeV.

According to the above discussion, one can say that the calculation of ORI,

considering the 1- parameterization of the Gaussian density distribution, gives the

best agreement with respect to the corresponding measured data.

As shown from fig.(l) one, can observe that there are many theoretical

values of CR which are higher than the corresponding experimental data. These

values have been recalculated considering the suggested version of the in-medium

effect. The recalculation of these values, introducing the in-medium effect, are

tabulated in the following tables for all the considered reaction systems at different

energies. For all these calculations, the values of the density dependent

parameter, f3, are restricted to the values for which the quantity (1- /? pT) has only

positive values.

-135-



Table (3-a): Comparison of the nuclear reaction cross-section of the reaction

system P + n C , considering different parameterizations and versions of the
Gaussian density distribution, with the corresponding experimental data. The

calculations have been done without taking into account the in-medium effect.

E,ab(MeV)

9.05

9.91

10.29

12.44

13.67

14.47

14.61

19.23

19.60

33.63

58.82

71.10

104.85

126.73

153.17

203.54

326.89

398.87

aexp(mb)

202.50 ±60.56

191.55 ±60.56

315.00 ±53.75

231.75 ±40.00

376.25 ±43.75

240.00 ±41.25

327.50 ±31.25

346.25 ±25.00

396.25 ±25.00

368.75 ±18.75

315.00 ±18.75

231.25 ±18.75

230.00

241.00

226.25

227.50

241.25

243.00

oR1 (mb)

463.78

464.97

465.07

462.40

459.32

456.94

456.51

440.16

438.78

389.18

300.81

255.28

aR2 (mb)

414.81

416.89

417.37

416.84

413.28

412.97

400.42

282.55

243.10

aR3 (mb)

378.87

382.25

383.30

385.73

384.63

384.47

376.58

278.23

241.19

a R 1 :- The nuclear reaction cross-section considering the MG parameterization of
the Gaussian density distribution,

a R 2 :- The nuclear reaction cross-section considering the CG parameterization of the
Gaussian density distribution,
a R3 : ' T n e n u c l e a r reaction cross-section considering the SG version of the
Gaussian density distribution,

Considering the reaction system P+12C, it can be noticed from table (3-a)

that the values of <TR for all different considered densities are higher than the

experimental ones. Table(3-b) shows the calculated values of CR taking into account

the in-medium effect. Comparing the values of <TRI in both tables, one can notice

that the effect of (3 is small up to 11 MeV. The same observation has been obtained

for values of 0R3 in both tables but up to 19.5 MeV. From both tables (3a and 3b),

one can observe that the role of the in-medium effect parameter increases as the
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Table (3-b): Comparison of the nuclear reaction cross-section of the reaction

system P + C , considering different parameterizations and versions of the
Gaussian density distribution, with the corresponding experimental data. The

calculations have been done taking into account the in-medium effect.

Eiab(MeV)

9.05

9.91

10.29

12.44

13.67

14.47

14.61

19.23

19.60

33.63

| 58.82

; 71.10

104.85

126.73

153.17

203.54

326.89

398.87

a e x p . ( m b )

202.50 ±60.56

191.55 ±60.56

315.00 ±53.75

231.75 ±40.00

376.25 ±43.75

240.00 ±41.25

327.50 ±31.25

346.25 ±25.00

396.25 ±25.00

368.75 ±18.75

315.00± 18.75

231.25 ± 18.75

230.00

241.00

226.25

227.50

241.25

243.00

uRX (mb)

461.41

459.26

454.97

323.25

374.43

242.48

326.73

348.95

396.66

368.65

237.02

230.82

P
6.65

6.65

6.65

6.65

6.45

6.54

6.45

6.23

6.05

5.45

5.80

3.40

aR2 (mb)

199.79

186.38

317.76

215.85

233.38

330.28

346.38

231.16

230.07

P
5.93

5.66

5.49

5.20

5.02

4.93

4.71

4.46

2.09

aRi(mb)

378.16

381.47

382.48

384.68

383.36

383.19

374.76

267.46

230.02

P
6.65

6.65

6.65

6.65

6.65

6.65

6.65

6.65

5.03

incident energy increases. The lower limits of this incident energy are 12MeV,

9MeV and 71 MeV in case of CRI, OR2 and GR3 respectively. From the

comparison between the values of different <rR (oRi, oR2, 0R3) in these tables, it is

clear that the in-medium effect parameter becomes more effective not only as the

incident energy increases but also as one consider the 2— parameterization of the

Gaussian density distribution. This means that this type of nuclear density

distribution with its special method of determining its parameters, mentioned

before, is more favorable than the other two types. This result is coincident with the

previous one which has been obtained in the case of the calculation of the nucleus-

nucleus reaction cross-section [37]. Table(3-b) shows that the density dependence

parameter decreases as the incident energy increases. For the sake of completeness,

one can say that the degree of sensitivity of /? -parameter, for further refinement
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relative to the calculated values of the different OR, depends on the form of the

considered nuclear density distribution as well as it depends on the incident energy

of the projectile.

Table (4): Comparison of the nuclear reaction cross-section of the reaction
system P+A0Ca, considering different parameterizations and versions of the

Gaussian density distribution, with the corresponding experimental data. The
calculations have been done without and with taking into account the in-medium

effect, respectively.

E|ab(MeV)

9.90

12.09

15.61

16.52

20.16

41.43

92.70

376.82

514.47 ±65.79

719.74 ±46.05

781.58 ±32.90

755.26 ±32.90

800.00 ±39.47

764.47 ± 26.32

572.37 ±32.90

527.63

without in-medium
effect

aR1 (mb)
722.86

786.74

834.42

840.68

852.22

795.76

641.01

531.02

with in-medium
effect

aR1 (mb)
720.15

783.15

829.03

833.58

800.83

764.21

572.14

527.69

P
6.65

6.65

6.65

6.65

6.38

4.99

4.52

0.30

In the case of P+40Ca reaction system, table (4) shows a comparison

between the calculated values of CTRI, with and without the in-medium effect, and

the corresponding experimental data. According to this comparison, it is clear that

introducing the in-medium effect helps us to improve the agreement with the

experimental data for an incident energy higher than 16 MeV. Also from table (4)

one can notice, as obtained before, that the values of the in-medium effect

parameter , /?, decreases as the incident energy of the projectile increases .

Table (5): Comparison of the nuclear reaction cross-section of the reaction
system P+20SPb, considering different parameterizations and versions of the

Gaussian density distribution, with the corresponding experimental data.. The
calculations have been done without and with taking into account the in-medium

effect, respectively.

Elab(MeV)

49.13

78.91

94.47

112.04

550.48

CTexp.(mb)

1826.09 ±78.25

1667.80 ±50.85

1744.93 ±56.51

1723.19 ±5796

1743.49 ±46.38

without in-medium
effect

aR1 (mb)
1961.43

1911.87

1866.12

1817.73

1819.95

with in-medium
effect

aR1 (mb)
1825.75

1666.67

1745.69

1723.91

1743.62

P
5.16

4.44

4.05

3.75

2.93
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Considering the reaction system: P+208Pb, the calculated values of «R),

which are greater than the corresponding experimental data , are tabulated in table

(5), for the two considered situations ( with and without in-medium effect ). It is

obvious, from this table, that the density dependent parameter,/?, becomes more

effective as the incident energy is equal to or greater than 49MeV. Again, as in the

case of P+I2C and P+40Ca, the same behavior has been obtained for the values of,

P -parameter, where its value decreases as the values of the incident energy

increase.

Now, taking into account the values of /? -parameter, which are associated

with ORI in all considered reaction systems, one can observe that the lower limit: of

the incident energy, at which the J3 -parameter becomes more effective, are 1 lMeV,

20MeV and 49MeV, respectively. This means that the degree of the sensitivity for

further refinement, for the calculated values of <TR, depends on the mass number as

well as on the shape of the considered nuclear density distribution. In other words

.this means that the in-medium effect is important in the case of the reaction

systems for light nuclei when the incident energy of the projectile is restricted in the

range 10—»• 105 MeV. In addition, the in-medium effect becomes more effective for

the reaction systems in which the target nuclei may be medium or heavy nuclei

when the energy range of the incident projectile is 20 ->400 MeV or 49 -» 550MeV,

respectively. This result agrees with that obtained by Ray [12].

In order to reach an accurate role, for the in- medium effect, it is required to

use more realistic nuclear density distribution such as the symmetrized Fermi

function as introduced by V Lukyanov and E Zemlyanaya[38]. In addition, the

calculation should be done in the framework of the finite-range nucleon-nucleus

interaction. Also, a study of more reaction systems than that considered in the

present calculation is needed.
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ABSTRACT
The cross-section ratios for the 59Co(n,a)56Mn and

59Co(n,2n)58Co reactions as well as for the 90Zr(n,2n)89m+gZr and
93Nb(n,2n)92mNb reactions are usually used by the activation
method for the purpose of neutron spectrometry around 14 MeV
in a neutron generator having TiT target at fixed acceleration
voltage 150 keV. The results are compared with the theoretically
calculated values. Comparing the superiority of both the "Zr/Nb-
ratio" method, and the " Cor6Mn-ratio" method is discussed.

Keywords: Neutrons, Cross Sections, Nuclear Reactions, HPGe-
Detector, and Natural Targets.

INTRODUCTION

A large number of -14 MeV neutron cross sections with an accuracy of 1-3% have been
identified as priority fusion data requirements in addition to their importance to applied
nuclear energy program (WRENDA 93/94) [1] and their role in estimating the nuclear heating
of superconductor materials [2, 3]. Discrepancies existing in ~14 MeV cross section values
ma.y be attributed partly to the fact that the effective neutron energy has not been determined
experimentally in most of the earlier works. Which is essential because the excitation
functions for many reactions vary significantly around 14 MeV, and because deuterons slow
down in passing through the thick tritium targets in most of the 14 MeV neutron generators
and the mean interaction energy within the titanium (Ed) is somewhat less than the incident
energy. It is therefore not possible to determine E& without an accurate knowledge of the
tritium distribution in the target, which can vary from one target to another or change during
deuteron bombardment. Hence it is not appropriate to employ the kinematics equations
directly. So in-situ measurement of the neutron energy is required.

Several simple spectroscopic methods around 14 MeV neutron energy have been
developed in the last 10-15 years. Some of these methods are based on the fact that if one
chooses two reactions having different shapes of excitation functions around 14 MieV, the
measurement of their ratios depends strongly on neutron energy and one may determine the
average neutron energy with considerable precision. So far the reactions employed in pairs are
[92Nb(n,2n), T1/2 10.16 d; 89Zr(n,2n), l m 78.4h] [4,5] and [63Cu(n,2n), T,/2 9.8 min., 2fAl(n,p),
T1/2 9.5 min] [6]. The latter pair was not found to be consistent and reproducible [7]. By
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using the first pair, the average neutron energy could be determined (around 14 MeV) with an
accuracy of about ±50 keV. Another method employs a silicon semiconductor detector, and
the position and broadening of the a-lines resulting from the 28Si(n,a)25Mg reaction give
information on the energy and energy profile, respectively. This technique [8-10] allows one
to determine the neutron energy within 20 keV. In a later paper Bahal et al. [11] claim that a
Ni foil activation can be used successfully with high precision to determine the neutron
energy of D-T neutrons. They emphasize that the use of Ni instead of the (Zr, Nb) pair has a
higher sensitivity. But later on Agrawal, and Pepelnik, [4] declared that the Zr/Nb-ratio
method is superior to the Ni-ratio method. Due to unsuitable increase of the cross section of
the reactions concerned in both techniques, while 93Nb(n, 2n) is insensitive to energy change
"8Ni(n, p) sharply decreases with increase in neutron energy, in contrast while Zr(n,2n)
increases with energy increase, the 5 Ni(n, 2n) increases by energy increase. The correction
due to low energy neutron contribution also causes unavoidable error complicate the process.
The main reason return to the low threshold energy of the reaction 58Ni(n, p). The third reason
return to the half lives of their products residual from both techniques and their effects on
correcting the flux variation during the irradiation, while we find the ratio of 92mNb
(10.2d)/89Zr' (78.4h) differs by three, 58Co (70.8d)/57Ni (36h) differs by 47. So the Zr/Nb-ratio
method is less prone to flux variation.

In the present work investigation for another method suggesting 59Co(n, 2n) / 59Co(n, a)
pair reactions in comparison with Zr/Nb foil activation have been used to determine the
average neutron energy of the Inshas Neutron Generator of MF-Physics, (A-1254). It has been
shown earlier [4] that the Zr/Nb-ratio method can be used for (14 MeV neutron generator)
which is not a source of monoenergetic neutrons in the strict sense more superior than
?8Ni(n,p)/58Ni(n,2n). The neutron energy scale for the thick and extended stack of samples has
been determined by measuring the ratio of the5 Zrto mNb activities, and the ratio of the
58Co to 56Mn activities induced in Co foil. Both foils are placed in successive manner at
different positions and sandwiched between two aluminum foils. Paying much attention on
which pair has a high sensitivity will be discussed.

EXPERIMENT

At the Nuclear Research Center, Inshas. A high intensity 14 MeV neutron generator with
an integrated rabbit system has been used for NAA since 1994. The facility is described in
[13]. The interior of the neutron tube is accessible only from one end. For the energy
measurement, the Nb and Zr foils were placed together at prearranged positions on the annual
ring of aluminum centered at tritium target assembly. The foils had to be manually inserted
and irradiated at 7 cm distance for a period of 360 s with a flux of about 3x10E+7n/cm2-s.
after irradiation, the aluminum foils were removed and taken to the spectroscopic system for
counting. The second set of Co foils sandwiched between two aluminum foils and
encapsulated in a polyethylene cartridge was irradiated at the same condition for 600 s. After
irradiation, the polyethylene cartridges were manually transferred to a 10 mm distant detector
in shielded system.
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Table (1). Nuclear Data Used in Energy Measurements

aterial

Nb
ZrO2

ZrO2

Co

Al

Chemical
purity
(%)
99.8
99.9
99.9
99.9

99.999

Abun.
(%)

100
51.45
51.45
100

100

Reactions .

93Nb(n,2n) 90mY
90Zr(n.2n)89mZr
90Zr(n.2n)89gZr
i9Co(n,2n)58Co
59Co(n,a)56Mn
59Co(n,a)56Mn
27Al(n,a)24Na

Q-Value
[keV]

-7882
-12560
-11970

-10453.5
+328.4
+328.4

+3132.82

Half
Life

10.15 d
78.41 h
78.41 h
70.82 d
2.58 h
2.58 h

14.96 h

Ey
[keV]

934.44
909.14
909.14
810.775
846.75
1810.72

1368.63

IY

(%)

100
100
100

99.45
98.87
27.5

100

Supplier

Aldrich (Germany)
Aldrich (Germany)
Aldrich (Germany)
Aldrich (Germany)

Aldrich (Germany)

• Table Data were taken from [15].
• Reaction Q-values were calculated from the difference of mass excess.

Table (1) provides the details about irradiation on three stacks of foils. The y-ray activities
of Co, and Al foils, produced due to irradiation, were measured using a HPGe detector. The
half-lives of all reactions listed in Table (1) are long enough to enable in the course of this
work, 3H(d,n)4He neutrons were produced by the MF-Physics (A-1254) neutron generator at
NRC. The terminal voltage of the accelerator was kept at 150 kV, and the average beam
intensity was ~ 400 LIA. freon-cooled for neutron producing target. Measurements of several
(simultaneously) irradiated samples in a sequence. The HPGe detector of 70% efficiency was
calibrated to an absolute accuracy of 2.5 % using standard radioactive point sources [14].
Summing corrections, which are important for y-rays emitted in cascades and detected at a
small distance, were also taken into account. Counting losses due to dead time and pulse pile-
up are determined and corrected in real time by means of suitably adapted correcting factors
which are transferred to the multichannel analyzer as variable increments.

Fig. (1). Excitation Functions for the 90Zr(n,2n)89Zr and 93Nb(n,2n)92mNb Reactions,
and their Ratios Around 14 MeV.
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Fig. (2). Excitation Functions for the 59Co(n,2n )58Co and 59Co(n,ct)56Mn Reactions
and their Ratios Around 14 MeV.
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Table (2). Data Related to Irradiation, Experimental Ratios,
and Corresponding Neutron Energy

Foil

Zr
Nb
Zr
Nb
Zr
Nb
Zr
Nb
Zr
Nb
Zr
Nb

Thickness
[mm]

0.133
0.025
0.135
0.025
0.140
0.025
0.210
0.025
0.152
0.025
0.152
0.025

Mass
feml
1.446
0.959
1.472
0.957
1.531
1.075
2.278
1,140
1.652
1.109
1.650
1.095

Angle with D

0°

30°

60°

90°

120°

155°

Experimental
ratio

1.84

1.63

1.46

1.39

1.31

0.98

Neutron
energy

14.82

14.49

14.24

14.12

14.01

13.49

Irradiation
time (sec)

360

360

360

360

360

360

Table (3). Data Related to Irradiation, Experimental Ratios,
and Corresponding Neutron Energy

Foil

Co
Co
Co
Co
Co

Thickness
[cm]

0.281546
0.207228
0.225244
0.226736
0.147521

Mass [gm]

4.3976
3.2368
3.5182
3.5415
2.3042

Angle with D+

155°
120°
90°
60°
30°

Average
Experimental

Ratio
20.83
22.26
23.39
23.54
24.88

Neutron
Energy
(MeV)
13.49
14.01
14.12
14.24
14.50

Irradiation
Time (sec)

600
600
600
600
600
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Table (4). Comparison between the Neutron Energy Obtained from 89Zr/92mNb, and
,56Co/ Mn Activity Ratios at Gamma Energies 846, and 1810 keV from

En from Zr/Nb Ratios
(MeV)
13.49
14.01
14.12
14.24
14.50

Exp. Ratios
at 846 keV

20.78
22.17
23.46
23.53
24.73

Exp. Ratios
atl810keV

20.88
22.35
23.32
23.55
25.03

En at 846
(MeV)
13.53
13.87
14.18
14.20
14.49

En at 1810
(MeV)
13.55
13.91
14.15
14.20
14.57

RESULTS AND DISCUSSION

The excitation functions of the three reactions used in this work and their ratio values are
shown in Figs. 1, and 2. The data are taken from Refs. [16-21], [22-24] and [16, 25] for Co
and Zr, and Nb respectively. Tables (2), (3), and (4) give the experimental ratio of

, .,,,,11 «r, «-P'9/--v /• o_\58/~. j 59/-!,,/ \56»#_90Zr(n,2n)89Zr and 93Nb(n,2n)92Nb reactions as well as of DVCo(n,2n)36Co and 5yCo(n,a)>oMn
reactions, and a comparison between the obtained results respectively. The sixth column of
the tables (2), and (3) give the values of the average neutron energy corresponding to the
values of experimental ratio. The average neutron energy at the axial and perpendicular 90°-
degree irradiation positions of MF-Physics (A-1254) neutron generator at NRC were
determined with the aid of these two different experimental methods.

Different techniques commonly used to accurately determine the mean neutron energy of
the monoenergetic one produced depending on (a) activity ratio method involving (n,2n)
reactions on Zr and Nb foils [5,12]. (b) The reaction threshold technique with 22 different
element samples [26]. The average neutron energy rang from all experimental methods was
found to be very close to each other in range and values. Also, the average neutron energy
14.01±0.3 MeV is in agreement with the elaborate theoretical calculation of the neutron
spectrum by Weiskopf formula [27]. However, a closer look clearly indicates a difference ~
50 keV in mean neutron energy determined by the two methods in most of points, i.e. the
Zr.'Nb-ratio, and the Co-ratio methods. This difference is an achievable than other methods
mentioned above, might us to study this method by discussing few parameters concerning low
neuron energy contribution, excitation functions trends change, accuracy, half lives of their
products, and their effect on flux variation canceling. In spite of the presence of low energy
neutrons (scattered flux) which would enhance the 59Co(n,a)56Mn (-30 mb at 14.82 MeV, Tl/2

2.58 h, 846.75, 1810.72 keV, 100%, 27.5%, respectively) in the "Co-ratio method", resulting
in a smaller value of the ratio. The present authors ascertain that the Co-ratio method for
determining the average neutron energy is more or less than the Zr/Nb-ratio method because
of the following facts. The cross section for the 93Nb(n,2n), and 59Co(n,a) reaction around 14
MeV for the first it remains more or less constant at about 450 mb with threshold ~ 8 MeV,
while for the second with zero threshold with constant cross section remain through the same
energy range. For the 90Zr(n,2n), and 59Co(n,2n) reactions the threshold are near 12.2 and 11.2
MeV, respectively, and the energy dependence for the first is very strong dependent and
increase linearly 500-1000mb with energy 13.5-14.8 MeV. For the second reaction the cross
section change linearly 500-800mb in the neutron energy range 13.5-14.8 MeV. Thus the
resulting ratio varies linearly over the entire energy range. Both cross sections have been
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measured quite accurately as a result of an international effort. To establish the Nb(n, 2n)
reaction as a primary 14 MeV flux standard, and the 90Zr(n.2n)/93Nb(n, 2n)-ratio method as a
probe to determine the mean energy of D-T neutrons [16, 22-25]. On the other hand the
modern measurements Filatenkov et al [16-21] have achieved an accuracy of 3.6 % and 3.1 %
for the 59Co(n, 2n) and 59Co(n,a) reactions, respectively. So, both cross sections, 59Co(n, 2n),
and 59Co(n,a) are known to some, extend very precisely in comparison with that for Zr, and
Nb, since their excitation functions are of same trends and the ratio varies linearly with
respect to the neutron energy. 59Co(n,a) reaction of stable sense for neutron energy, remains
with constant cross section as a flux probe, 59Co(n, 2n) reaction with steady linear increase
with energy as energy probe. The Co probe for the neutron energy measurement is stand-in
certainly as the same to the Zr/Nb probe because the Zr(n, 2n), and Co(n, 2n) reactions are
insensitive to the low energy neutrons (scattered flux) while, even with (n,a) reaction cross
section which is sensitive for low energy neutron, but its running up effects is prevented, e.g.
59Co(n,a) constant ~ 30mb in the neutron energy range cover 13.5-15 MeV. The correction
due to the avoidable low energy neutron flux on the (n,a) reaction cross section is always easy
and accurate and thus facilitates the process of precise neutron energy measurement. This
method argued that the Co-ratio method would give more reliable values because the
uncertainty due to flux variation is cancelled out. This is true in principle because the half-
lives of residual products from the flux sensitive reaction probes (2.58h/56Mn) for Co-ratio
method with constant cross section ~ 30 mb, and (10.2d/92mNb) for Zr/Nb-ratio methods
with constant cross section ~ 450 mb, respectively. So for short and relatively short irradiation
times with fixed or rotating solid targets Co-ratio is more suitable, thus this declare that
Zr/Nb-ratio method is less prone to flux variations. In view of the foregoing discussion, it is
concluded that the Co-ratio method is superior to the Zr/Nb-ratio method.
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Discovery
of The Valley
of the Golden
Mummies at

Bah any a Oasis
(Pictures taken directly by
Dr. Hawass can be seen

HERE)

Zahi Hawass

A Festival of
Mummies was
discovered
recently by an
Egyptian team at

Bahariya Oasis, located about 380 Ion west of the pyramids. Four tombs were
excavated, and found inside them were 105 mummies, many of them beautifully
gilded. These mummies, many sumptuously decorated with religious scenes,
represent the very best of Roman-Period mummies ever found in Egypt. These
ancient remains are around 2000. years old, but they have withstood the test of time
remarkably well.

The story of the discovery began about three years ago, as I was excavating in
the site of the tombs of the pyramid builders. I was cleaning the skeleton of a
workman who once was working in constructing the great pyramid.

My assistant Mansour Bouriak told me that there was a very important
discovery at Bahariya. I stopped cleaning the skeleton.

I said Mansour: is this one of your latest jokes?

Mansour said: Ashry Shaker Chief Inspector of Bahariya is here and wants to
tell you about the discovery.

Ashry said, "We have found beautiful
mummies. You have to leave these skeletons because
lots of mummies have been found." He added,
"Yesterday the Antiquities guard Aiad was riding his

"° donkey along the side of the road that leads to Farafra
Oasis, some six Kilometers south of the town of El
Bawitty, the Capital of Bahariya. The donkey tripped,
hitting its leg on the edge of tomb."

1 told Ashry to start excavate this tomb, and I
.-.,;i would visit the site the following week.



When I went in May 1996 to see them, I could
not believe that such beautiful mummies could exist. Their eyes were looking at me
as if they were real people. Another mummy discovered reminded me of the mummy
used by Hollywood in the movie Curse of the Mummy. The tombs with the mummies
w e r e a s t u n n i n g c a c h e . • ' ••• • •

In 1996, the Bahariya Inspectorate of Antiquities did not have sufficient funding
nor enough qualified excavators and conservators to properly preserve the mummies.
Therefore, we kept this discovery secret; we did not announce it because we were
afraid that thieves could smell the taste of resin that was put inside the mummies.

I felt that this site should be excavated to preserve the mummies and also to know
the size of the cemetery.

I led a team of archaeologist, architects, restorers, conservators, draftsmen, an
electrician, and an artist. We camped in the desert and stayed in a very nice motel near
the site. It was a nice change to leave the pyramids and excavate mummies.

Mummies
conjure up so
many images in
people's mind.
Most people know
about mummies
through scary
movies. They
inevitably evoke
horror movies. But
the significance of
this find is that it is
the first exciting
thing that has
brought
Egyptomania to
the modern world.
To me this is .,
personally very
exciting, but I am not overawed by the scary reputation of mummies. To me it is a
science and this remarkable find gives me the chance to find more out about people
from another place and time.

The story of our discovery begins back in 1996 when an Antiquities guard of
the Temple of Alexander the Great was crossing the desert on his donkey. Suddenly
the leg of the donkey buckled and it fell. There was a small hole in the desert floor
where the donkey had fallen. The guard left his donkey in the area and ran to Mr.
Ashry Shaker to report the incident.
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Abstract
In this paper we present the binding energy of 16O together with single-particle
energies in the oxygen region by folding together a Hamiltonian in the rest-frame
of the nucleus with two-body correlation functions based on the Nijmegen potential.
We have found that the binding energies are very sensitive to the core radius rc and
that the effects of tensor correlations are non-negligible.Our calculated binding
energy, EB = - 127.8 MeV with rc = 0.241 fm compares well with the experimental
binding energy, EB = - 127.6 MeV.

Keywords: Effective interactions, correlation functions, single-particle energies,
binding energy.

1. Introduction

The study of nuclear properties from the fundamental nucleon - nucleon interaction
has offered a formidable challenge to researchers over the years.
One example of such a challenge has been the calculation of effective interactions as
input to the shell model or to the optical model. The calculation of effective
interactions for the shell model starts from a suitable one- and two-body effective
interactions and the approach usually is to consider all (or some) of the two-body
matrix elements of the effective two-body interaction as free parameters to be
adjusted empirically to fit experimental results [1]. The one-body effective interaction
denoting the single-particle energies are usually chosen from the experimental
spectrum e.g. of 17O with respect to the core of 16O.
For the calculation of these quantities no shell model calculation has so far done a
satisfactory job of using quantities defined from just one procedure. In most cases,
either one chooses the single- particle energies from experiment while the two-body
effective interaction is chosen from theory or a combination of a semi-empirical
approach where all the above theoretical quantities are adjusted to fit experimental
data. Over the years, most researchers have paid more attention to the derivation of
the two-body quantities while the one-body part (the single-particle energies) have
usually been extracted form experiment as discussed above thereby lacking in good
theoretical understanding.
It is the belief of the present authors that if one wishes to gain a complete
understanding of a quantum many-body system such as the nucleus, then one should
seek to understand all the above quantities from a microscopic theory before going
over to other correction such as the inclusion of three- or four-body forces.
Recently, we have shown [2] that the single-particle energies could indeed be
calculated quite accurately from the fundamental nucleon-nucleon force based on the
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method of lowest order constrained variational (LOCV) approach. However, the two-
body nucleon-nucleon interaction used in that work was the Reid [3] potential which
is rather old as its derivation was based on old and erroneous phase shifts data [4].
Thus, calculations based on the Reid [3] potential should be updated to take into
account more accurate phase shifts data in the various partial wave components,
hence the need to update our earlier calculation reported in Ref. [2]. The present paper
is divided as follows: In Section 2 we give a summary of the method of how we
defined our two-body effective interaction for the shell model and then give
expressions for evaluating the single-particle energies and binding energies. In
Section 3 the results of the binding energy and the single-particle energies have been
given. Section 4 deals with summary and conclusion of the paper.

2. Definition of the Nuclear Effective Interaction

In the formulation of the nuclear effective interactions, there are usually two steps to
undertake: the first step is to write the Hamiltonian in the rest-frame of the nucleus as
[5]:

where the relative momentum of the two-particle system is defined by

Py = (1/V2)( pi-pj) and M = Am is the total mass of the nucleus while Vtj is the

Nijgement potential [4]. The next step is to define an effective two-body Hamiltonian

in the form [6,7]

where the fk (ij) are the two-body correlation operators and k is a summation over all
the reaction channels.
Previous studies regarding nuclear matter [6,7] and finite nuclei [5,8] have indicated
three main features for two-body correlation functions: They can be summarised as:
(a) the tensor correlations, (b) the 'wound' induced in the two-body wave function by
the repulsive core of the N-N interaction, and (c) the meson-exchange corrections. It
was however found that the most important of these features was the tensor
correlations. Therefore our two-body correlation functions have been parameterised as
[8,2]:

/2*((/) = 0, . r<rc

= (\-e-mr*-r<)2)(l + akSij), r>rc

where rc - 0.25fm and f3 = 25fm'2. The parameter, ak defines the strength of the

tensor correlations and is non-zero only in the 3Si - 3Di channel. The So appearing in

equation (3) stands for the usual tensor operator.
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Following an earlier procedure, the binding energy of a nucleus may be expressed as
[9]:

c = 1 •l)(W)JT\h\(ij)JT)
AS

(4)
JT

where /, / are the core state orbitals whereas the angular momentum J and isospin J

are formed by the vector coupling of states i and j . The quantity, ((//') JT\h\(ij)JT) AS

is obtained from the general expression for evaluating two-body matrix elements, as

[2,10]:

({ab)JT\h\(cd)JT)AS = JaJbJcJd ^

1(1 + 8 ¥ 1 + S , ) i y .
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In equation (5) two particles in the orbits a and b with single - particle quantum

numbers, na (/„ —)ja and nb (lb —)jb, respectively couple their spins to the total

angular momentum J and isospin T. The quantity X stands for the vector coupling of

lB and lb while g is formed by the vector coupling of the relative angular momentum

/ and the spin s . We here define a = /̂(2a +1).

0

r

u

P
s

V

q

t

w

denotes the usual 9j symbol while

J 1
is a 6; symbol. The term, (nl,NL;X nja,nblb.X^ stand for the usual Brody -

Moshinky transformation brackets [11] which separate the relative («/) coordinates

from the centre of mass (NL) coordinates.

On the other hand, the single - particle energies were derived as [2 ]:

-z- (6)
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The matrix elements of equations (4) and (6) were evaluated in a harmonic oscillator
basis. Only two free parameters are present, (a) the oscillator size parameter, b =
V((mco)/ =) contained in the harmonic oscillator wave function and (b) the strength of
the tensor correlation ctk.

3. Results of binding energy and single - particle energies

Tnhle 1 shows our calculated binding enerev for a function of the core radius r.

for ak = 0.06 and =co = 14.0 MeV suitable for the A = 16 system. By choosing the

Table 1. Calculated binding energy BE (in MeV) of 16O as a function of the core
radius rc. Calculation parameters are: ak = 0.06, =co = 14.0 MeV.

rc (fnrt

BE
(MeV)

0.35
-169.96

0.05
5.79

0.10
-31

0.40
-176 79

.1
0.15
-68.72

0.20
-103.29

0.45
-175.81

0.50
-167.59

0.24
-127.25

0.241
-127.80

0.25
-132.61

0.30
-155.13

various values of the core radius rc , we found that we could only reproduce the
binding of16O if rc was equal to 0.241fm, giving us the calculated binding energy of
-127.8 MeV . Higher values of rc gave us too much binding and lower values of rc

gave us under binding. From this analysis it is clear that a suitable core radius rc ,
must be found while using potentials of the Reid - type such as the Nijgemen
potential [4 ] in LOCV calculations. In our earlier calculations with the Reid [3]
potential, we had used rc = 0.25 fm which as can be seen is very close to the value
used in the present calculation.
Indeed, similar results on the binding energy ofl O could be found for other values of
ak lying in the range 0.05 < ak < 0.08 corresponding to our earlier range in previous
investigations [6]. We have however chosen the above representative sample because
the rc that reproduced the binding energy of ' O is similar to that used in our earlier
calculations which makes it easier to compare results. We expect the choice of the
optimised values of rc and ak to depend on the details of the nucleon - nucleon
potential used and the constraints imposed on the convergence parameter, k, used in
judging the convergence of the cluster expansion. For these reasons we shall await a
further investigation of the above points raised which involve the inclusion of other
nucleon - nucleon potentials and a study on the convergence criteria of the cluster
expansion, hence we can consider the parameters used in the present study as
preliminary.
Having optimised our preliminary parameters by reproducing the binding energy of
16O with the above procedure, we now present the results of the single - particle
energies in the oxygen region by using equation (6) following our earlier procedure
found in Ref. [2 ]. We used the same parameters as those described above for the
binding energy of 16O .
It should be noted that the sum, i in equation (6) is over all the diagonal matrix
elements and as observed earlier by Irvine and co-workers [12], there is an ambiguity
in fitting the two-body diagonal matrix elements. This means that the calculated
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single - particle energies and two-body energies could differ from their experimental
counterparts only by a constant shift.
In Table 2 we apply a constant shift of-A (MeV) to all the single-particle energies in
the form

Here also we find like in our earlier paper [ 2] that a constant shift of A = -17.3
MeV applied to all the single - particle energies, s -t can bring all the calculated single

- particle energies close to their experimental counterparts also listed in Table 2. This
analysis confirms our earlier calculations. The determination of A from a theoretical
approach is still an open challenge. Note that in Table 2, the d-shell spin-orbit

Table 2. Calculated single-particle energies, d-shell spin-orbit splitting, and the
sd-shell splitting for 16O for ak = 0.06, sco = 14.0 MeV.

Present
Expt.[13]
Ref. [13]

A
(MeV)
-17.3
-
-

£0<l,l2

0.84
0.95
2.555

-3.17
-3.27
-3.017

£0dil2

-4.14
-4.82
-3.238

£0dV2
 £0dsn

5.66
5.09
5.793

£\sy2
 £0dil2

1.64
0.87
0.221

splitting and the sd-shell splitting were calculated directly from the calculated single -
particle energies, Sj.

It should however be noted that a shift to all the single - particle energies such as is
made here will not affect the spectroscopy of nuclei under question but will only
affect the relative binding energies of the different isobaric states.

4. Summary and conclusion

16/In this paper we have calculated the binding energy of O by folding together a
Hamiltonian in the rest — frame of the nucleus based on two-body correlation
functions which take into account the short - range repulsion and the tensor
component in the Nijgemen potential. By choosing cck = 0.06, =co = 14.0 MeV and
rc = 0.241 fm we obtained the calculated binding energy of 16O as, En = - 127.8 MeV
which is in excellent agreement with the experimental binding energy of EB - -127.6
MeV.
Having optimised our parameters with the above calculations, we next calculated the
single-particle energies in the oxygen region which are shown in Table 2. The results
show that our single - particle energies are in a reasonably good agreement with their
experimental counterparts if we make a constant shift of- 17.3 MeV to all the single -
particle energies. These results should also be compared with the theoretical attempt
on single - particle energies made by Maglione and Ferreira using the G-matrix
approach [13].
As remarked earlier, the choice of the parameters a and rc may depend on the details
of the nucleon - nucleon potential used and the constraints imposed on the
convergence parameter, k,. used in judgine the convergence of the cluster expansion.
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Thus, while still awaiting further analyses on constraints on these parameters, our
present results seem very promising.
It will therefore be interesting to see the results of shell-model calculations obtained
with the single-particle energies derived in this procedure together with the
corresponding two-body matrix elements. In this way, structure of nuclei could be
understood in a fully microscopic procedure. We hope to carry out further research in
that direction.
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Abstract

Contrarily to the isotopic distributions of fission fragments that are fixed right
at the exit point (the physical scission point), the isotonic distributions are
deduced from the mass distributions which are altered by prompt neutron
evaporation. They are very staggered; the yields of the even neutron number N are
systematically enhanced in comparison with the neighbouring ones. This effect
is the so called neutron odd-even effect. Taking into account the fact that the
binding energy of the last neutron of fragment with even N is greater than the one
of the fragment with N±l, one can claim that an initial neutron odd-even effect is
completely washed out by the neutron evaporation process and that the observed
odd-even effect is simply due to the neutron evaporation cascade: the cascades
stop preferentially at fragment with even N.
The recoil mass spectrometer Lohengrin of the Laue Langevin institute at
Grenoble-France was used for a multiparametric study of the 249Cf(nth, f) reaction.
A detailed investigation of the isotonic distributions at different fragment kinetic
energies has been made. In this paper we discuss the obtained results and compare
them with those from the literature. It seems that the neutron evaporation process
cannot explain coherently all the observations.

Key words: fission, neutron, odd-even effect, neutron evaporation.

INTRODUCTION

In thermal neutron induced fission, in order to reach the second saddle point, the fissioning
system transforms almost the whole available excitation energy into deformation energy.
Some even ZF and even NF fissioning nuclei could reach the second barrier in a complete
superfluide state (all nucleons being paired). Furthermore, the detection of odd-Z or odd-N
fragmentations indicates that nucleon pair-breaking is produced during the last stage of the
fission process. It is well established that the isotopic and isotonic distributions of the
fragments of the fission induced by thermal neutrons are very structured [1 -13]. In a
systematic way, the yields of the fragments of even atomic number Z (neutron number N) are
higher than those of the neighbouring fragments with Z±l (N±l), i.e. odd atomic ( isotonic )
number. It is the so called odd-even effect in proton (neutron). This result concerns, of
course, only nuclei of even atomic numbers ZF (NF). This effect is one of the most
outstanding features of low energy fission. These odd-even effects strongly depend on the
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\ ucleus ZF. It can be shown that the proton odd-even effects
cannot be explained Ih the frame, for example, of the thermodynamical model of Wilkins et
al.[14]. These are linked to the dynamics of the fission process and not to the Q-reaction
energy if we take into account the fact that an even-even division in charge is higher by 2A
than that of an odd-odd one, wjtiere,. 2 A represents the energy necessary to break a pair of
protons. If the later hypothesis is verified, the different nuclei should be characterised by the
same value of the proton even-odd effects and this should remain constant as the fragment
kinetic energy varies. This is in total disagreement with the experiment.
Right at the beginning of the 80' s, the existence of the proton odd-even effect was interpreted
as the conservation of the superfluidity of the nuclear matter during the movement of the
nucleus from the last saddle point to the scission [1-3,6,11]. The dynamics of the fission
process at low energy is essentially of collective nature [10, 12,15].

In what follows, we are interested by the neutron parity effects. Contrarily to the
measured isotopic distributions which are those fixed at the scission point, the isotonic
distributions are deduced from the measured mass distributions at infinity and they suffer
from the prompt neutron evaporation. Thus, the neutron odd-even effect can be related to two
different origins:
a) It is due to the cascade of neutron evaporation. In this case, a possible initial parity effect
in neutron is completely washed out by the neutron evaporation process. The binding energy
of the last neutron of a fragment of even N being higher than that of the neighbouring
fragments of odd neutron numbers (N±l), one is tempted to conclude that the cascade of
evaporation ends preferentially on a fragment of even N and this leads to the appearance of a
parity effect.
b) The measured odd-even effect is not completely destroyed by the evaporation process;
there would be a survival initial parity effect which is related to the nature of the dynamics of
the fission process. .

The main purpose of this paper is to present a detailed study of neutron odd-even effect
for the 249Cf (nth ,f) reaction [8] and to make a comparison with the results from the literature.

RESULTS AND DISCUSSION.

The experiment 249Cf (nth ,f) was carried out at the Lohengrin mass spectrometer [16-
18] installed at the high-flux reactor of the Laue Langevin Institut of Grenoble France. The
spectrometer use a magnetic sector field with a cylindrical condenser. It separates the fission
products as a function of their mass over ionic charge and kinetic energy over ionic charge.
The time of flight of the fragments befor reaching the ionisation chamber is about 2)j.s; a time
too much shorter than any P half-life. The nuclear charge distribution, for a given mass
number and ionic charge, was determined by measuring the residual energy with a ionisatuion
chamber placed behind a gazeous or solid absorber[8-10].

In figure-1 we represent the isotonic yields Y(N) at various kinetic energies EL of
the light fragments for the 249Cf(nth ,f) reaction [10]. One observes that the yields of even
N fragments are systematically enhanced. This is the neutron odd-even effect. For each
kinetic energy EL of the light fragment, it is evaluated by the quantity 6n (EL) :

where the sums carry on the even yields Ye (E L) and the odd one YQ (E
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Figure-1 Isotonic distributions at various kinetic energies of
249

the light fragment for the Cf(nui ,f)
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Figure-2 Variation of the neutron odd-even effect with the kinetic
energv of the light fragment.
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We see clearly from the figure-1 that parity effect 8n (EL) increases as the kinetic energy of the
fragments EL goes up.

Figure-2 shows the evolution of 5n(EL) with the kinetic energy of the light fragment
for various fissioning systems: 249 Cf(nth ,f) I 8,10], 229Th(nth ,f) [ 9,10], 235U(nth,f) [ 2 ] , 233

U(nth ,f) [ 5 ], Np(nth ,f) [ 13,19], and Pu(nth ,f) [ 6 ]. In order to avoid any trouble in
the comparison due to the differences of the experimental set-up, only measurements carried
out near the high-flux reactor of the Institute Laue Langevin of Grenoble are considered.

One can notice that 8 „ (EL) grows in a monotonous way with the kinetic energy for the
whole systems studied including the case of Neptunium for which the proton number is odd
i.e. The nucleus is characterised by a zero proton odd-even effect. Despite some spread of the
experimental points at low energy, the variation of the parity effect as a function of kinetic
energy seems to be characterised by a unique curve for the whole fissioning systems. Hence,
one is led to believe that the neutron odd-even effect has a common origin for all the systems
and it is linked merely to neutron evaporation process. However, why does the parity effect
grow with the kinetic energy? One can argue that as the kinetic energy goes up there is a
lowering of the released energy that leads to the diminution of the number of evaporated
neutrons. In other words lower is the evaporated neutron number; higher is the odd-even
effect. However, this conclusion does not hold when we make a comparison of the mean
neutron odd-even effect (integration over the kinetic energy ) for different fissioning systems.
As the released energy increases linearly with the Coulomb parameter (ZF /AF ) of the
fissioning nuclei [10], the mean neutron odd-even effect should decrease as we go from Th to
Cf. This is contrary to the experimental observation. Indeed, we present in figure-3 the
evolution of the neutron parity effect 8n averaged over the kinetic energy as a function of the
average total number VT of evaporated neutrons for several fissioning systems. One observes
an increase in the effect with the increase of VT contrary to our preceding assumption.
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Figure-3 The integrated odd-even effect over the kinetic
energy vs. the mean total number of evaporated neutrons VT.

It has been shown experimentally that the proton odd-even effect 8p, like the neutron
one, increases with the light fragment kinetic energy [1-6, 8 -13]. However, the 8p curves of
the different fissioning systems are very separate and shift up as one goes from Cf to Th
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[8,10, 12]. The result is explained in the following way: on the one hand, as the kinetic
energy of the fragments goes up, the released energy decrease leading to a lowering of pair
breaking probability and as a result to the increase of the odd-even effect. On the other hand,
as the released energy increases linearly with the Coulomb parameter (ZF2/AF1/3) of the
fissioning nuclei [10], the odcl-jjven effect decrease monotonously as one go from Th to Cf.
The same reasoning can be of course advanced in the case of the neutrons on the assumption
that the measured parity effect has a dynamics origin. However, the mean neutron odd-even
effect increase as one goes from Th to Cf and this is contrary to what is expected.

In conclusion, the increase of the neutron parity effect with increasing the kinetic energy
cannot be explained as due to neutron evaporation process.

A step forward, we carried out a detailed study of the neutron odd-even effect. The
evolution of this effect with the neutron number N is obtained with the method of Tracy et al.
[20 ] using the third difference d 3:

d3(N + 3/2) = (-0 N+l

• [ (L 3 -L 0 ) -3(L 2 -L,) ] ( 2 )

Where Lo, Li , L2 and L3 represent the natural logarithms of the neutron yields for N, N+l,
N+2andN+3.

If the four yields are distributed on a gaussian, then the corresponding logarithms lie on a
parabola. One can easily check that in this case d3 is zero. Then let us suppose that the
logarithms of the yields of even N lie on a certain parabola witch is above a reference
parabola by a quantity A and those of the odd N below the same reference by an equal amount
A; the third difference is now equal to A. The quantity d3 is calculated as a function of N for
successive overlapping N-intervals. It should be noted that Tracy difference is not good for
calculating the local parity effect if the yields vary faster than a gaussian.

fc 20
0)

—ffl—234U(n,,f)
- e - 2490^,1)

- • -235U(n , ,Q
—ffl— 239Pu(n<i,f)
—O— 237Np(n,,f)

r A-229Th(n ,f

Neutron number

Figure-4 Local neutron odd-even effect for different fissioning systems
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Figure-4 shows the local odd-even effect for various fissionning systems. One observes
that 6n varies strongly with neutron number N. One notices the existence of two well defined
peaks located at N ~ 60 and N ~ 67. They are particularly well drawn in the case of the Cf
(nth ,f) and the second peak characterises only this last nucleus. A third peak not well shaped
and of lower amplitude takes place around N -50.

It is remarkable that for the three peaks shell effects can be associated [8, 10,14]:
N ~ 50: the spherical shell N=50 of the light fragment.
N ~ 60: The neutron deformed shell N ~ 88 of the complementary fragment.
N - 67: spherical shells N = 82 and Z = 50 of the complementary fragment.

Moreover, it is interesting to note that large shell corrections are present for nuclei with N
just, above N=60 [14].
One should notice the spectacular increase in the parity effect in the vicinity of N = 40
observed in the case of the very asymmetrical fission of 236 U*[21 ]. Its amplitude reaches
the value of 40%. This behaviour should be related to the influence of the spherical shell
Z = 28 of the light fragment.

Moreover, these parity effects, are in contradiction with the predictions of the model of
Wilkins et al[14 ]. Indeed, as the authors point out, the parity corrections being in phase
opposition with the shell corrections, minima in parity effect should be observed whenever
strong shell corrections are present. Let us note that this same discordance was observed in
the case of the proton local odd-even effect in the case of U*[2].

54 60
M

Fieure-5 Variation of the local neutron parity effect at
250 ,

diffetent kineticenergiesfor CF
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Going in further details, we were interested in the evolution of these peaks with the kinetic
energy in the case of the reaction 249 Cf(nth ,f). We present in figure-5 the evolution of local
neutron odd-even effect for this nucleus for kinetic energies ranging from E L = 98.4 Mev to E
L == 119.8 MeV. Hence the fission energy EK over a range of AEK ~36MeV. One observes that
the two peaks are present on the whole range and that their positions remain the same on this
energy range that corresponds to a variation about 4.5 in the number of evaporated neutron.

One should notice that the evolutions of the two peaks with the kinetic energy are very
different: whereas the first peak keeps a quasi constant maximum value of 15%, the
maximum of the second peak increases quickly with kinetic energy. It passes from 10% for
E L = 98.4 Mev to 30% for E L = 119.8 MeV.
If the two peaks are generated by the evaporation process why do they present two different
behaviours? On the other hand, why do the positions of the peaks remain at fixed neutron
number despite the wide kinetic energy range? However, these evolutions can be linked to the
strength of the shell corrections. One has to take into account the fact that the neutron
deformed shell N ~ 88 is present over a large range of the deformation [14] and that the
spherical configurations are favoured when the kinetic energy increases.
From what precedes, one can conclude that the structures observed in the isotonic
distributions are very sensitive to the interplay of shell effects. Moreover, it has been shown
experimentally by Alkhazove et al [22] that the amplitude of the fine structures in the mass
distribution due to pairing effect increases when the released energy is shared in an
asymmetrical way between the two fragments.

Hence, the presence of strong shells in the nascent fragments should lead probably to an
asymmetric partition of the released energy.

108

LLJ

50 54 56 58 60 62 64 66 68 70 72

Neutron number

Figure-6 Mean kinetic energy as 3 function neutron number N

We present in the figure-6 the mean kinetic energy as a function of to the neutron number
N. A strong energy parity effect is present. This experimental results is surprising. Obviously,
it is difficult to explain how can the process of neutron evaporation generate an energy parity
effect. On other hand, why does this effect survive to the evaporation? However, whereas the
energy odd-even effects are important around the neutron numbers that correspond to the
second peak ( N = 67 ) and to the peak around N=50, they disappear completely around the
position of the first peak ( N = 59 ). It should be noted that an energy parity effect with a
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similar comportment is reported in the case of 234 U*[5 ]; it appears around N = 50 and
disappears, as for the250 Cf * around N=60.

In the frame of the models of Lang et al. [ 2 ] and Nifenecker et al [23], one can establish a
correlation between the neutron energy odd-even effect 8E and the neutron odd-even effect
8n similar to that derived for protons through the assumption that the energy required to break
a pair of protons comes from the kinetic energy of fragments. However, in the present case, it

trouble around N = 59 where a negative energy odd-even effect is observed.

CONCLUSION

In this paper we discussed the neutron experimental results of the 249 Cf(nth, f) reaction
and compare them with those of the other fissioning systems from the literature. In order to
avoid any problem in the comparison due to the differences of the experimental set-up, we
limited our discussion to measurements all carried out near the high-flux reactor of the
Institute Laue Langevin of Grenoble. It is shown that the neutron odd-even effects observed
in fission at low energy cannot be linked merely to the neutron evaporation process as it is
commonly admitted. The local odd-even effeat is characterized by two well defined peaks
located at N ~ 60 and N ~ 67. They are particularly well drawn in the case of the 249Cf(nth ,f)
and the second peak characterises only this nucleus. A third peak not well shaped and of
lower amplitude takes place around N -50. The behaviours of two peaks with the kinetic
energy are very different: whereas the first peak keeps a quasi constant maximum value of
15%, the maximum of the second peak increases quickly with kinetic energy. It passes from
10% for E L = 98.4 Mev to 30% for E L = 119.8 MeV. Moreover, an energy odd-even effect
is observed also for the neutrons. This experimental result is surprising. Obviously, it is
difficult to explain how can the process of neutron evaporation generate an energy parity
effect. Both effects are strongly influenced by shell effects that appear in the two fragments.
The peak located at N ~ 50 is linked to the spherical shell N=50 of the light fragment; the
peak at N ~ 60 to the neutron deformed shell N ~ 88 of the complementary fragment and the
peak at N ~ 67 to spherical shells N = 82 and Z = 50 of the complementary fragment.

Finally, one can conclude that the neutron odd-even effect is not completely destroyed by
the evaporation process; there would be a survival initial odd-even effect which is related to
me iiuiurc oi iiic dynamics oi me iission process.
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Abstract
The particle-number fluctuation effect on high-K isomers is investigated in the

l77Ta nucleus. For this purpose an exact particle-number projection including
blocking is performed by means of the Fixed Sharp-BCS method. The deduced
multi-quasiparticle energies are compared on one hand to those obtained by means
of the blocked-BCS method and on the other hand, to the observed excitation
energies of the band heads.

The obtained results show that an exact particle-number projection would be
necessary for the description of the multi-quasiparticle states, the simple blocked-
BCS method being insufficient.

Keywords: Midti-quasiparticles, Particle number projection, High-K isomers, ' Ta.

1. INTRODUCTION

Axially symmetric nuclei can accommodate their angular momentum perpendicularly to
the symmetry axis or in the direction of this axis. In the first case the angular momentum is
generated by a collective rotation whereas in the second one it is generated by a rotation so
called non-collective or intrinsic: the angular momentum is thus the sum of the individual
angular momenta of the unpaired nucleons.

When the rotation is of intrinsic nature, the projection of the total nuclear angular momentum

onto the symmetry axis is IZ~K, where K = ^T, Qv is a constant of motion, Cly being the

projection of the single-particle spin on the symmetry axis.
The decay of such high-K slates to low-K rotational states is hindered due to the large
difference AK. Indeed, such states can decay only through a large alternation of the total
a.ngular momentum orientation which is forbidden by the weak multipolarity transitions since
the projection K is a good quantum number. Thus, these states can be long-lived and they are
so called K-isomers [1].

This type of isomerism appears essentially in the A=170~190 mass region of the nuclear
chart. A classical example is the K" =\6+ isomer in 178Hf, which decays to a K" =S~
rotational band with a half-life of 31 years [2]. Nuclei in this region of the periodic table are
characterized by the presence of high- Q single-particle states in the vicinity of the Fermi
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level. This fact allows the formation of high-K multi-quasiparticle states at relatively low
excitation energy.
In this contribution, we propose an interpretation of the angular momenta and energies of
some rotational band-heads identified as K-isomer states in the 177Ta. For this purpose we use
a simple number-projected BCS approach so called Fixed-Sharp-BCS (FSBCS) [3,4].

2. FORMALISM

Let us start with the monopole pairing Hamiltonian:

v>0

where al and a~ are the particle creation operators in the state v) and in its time reverse

| v), ev is the energy of these single-particle states and G is the state-independent pairing

strength.
The system is assumed to be constituted by N=2P+s identical particles, of which .s particles
are on singly occupied levels (s is the seniority number). These levels are said to be blocked.
The blocking changes the energy of the system and the new energy levels are called
quasiparticle states. The remaining 2P particles form P pairs are distributed among the L
unblocked levels. In order to simplify the notation, in all that follows the levels available for
pairing will be labeled by Greek indices and the blocked levels by Latin ones.
The BCS method is based on states of the form:

= n <
v>0

These wave functions are not eigen-states of the particle-number operator. The restoration of
the good particle-number is performed by applying to the BCS state the projection operator
[5]:

I n

— \d(p
MN-2P)

e K ) (9)

An approximate form of this projector may be obtained by a discretization of the integral
based on 2(n+l) equally spaced points from 0 to n. This leads to the expression

2n+l
i(iV-2P)

2(n
(10)
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that may be reduced, by symmetrization, to the following form [3]:

cc\, (11)
[k=0

when

[ | // £ = 0 o r k = n
[\ if \ < k < n

n +

(12)

(13)

and cc means the complex conjugate with respect to z*. It is easy to verify that as soon as the
integer n verifies the inequality

(14)

the expression (11) is rigorously equivalent to (9).
The normalized ground-state that corresponds to the good particle-number may then be
explicitly written

^ E K n K + ™ x ) \o)+cc\,

where the normalizing factor C is easily evaluated using the property [6]:

' ' • • • ' '

which is valid for any operator 6 that conserves the particle-number. One then obtains

C 2 -
=0 v>0

-1

(15)

(16)

(17)

The interest of Eq. (15) is in its discrete form as well as in the fact that the first non-physical
components to be eliminated are those with a particle-number close to that of the considered
nucleus. As these components play the most important role in the pair fluctuations, the
method leads in practice, to a very fast convergence. The stability of the results is usually
reached as soon as n > 3 . In the present work, we adopt this value of n.

Since H is an operator that conserves the particle-number, its expectation value over the state

p"'1') is given by:

(18)

- 1 6 6 -



where the functions D are given, in their general form by:

l * = o fi*vlv1---v,

After extracting the real part, the latter equation may be written

k=0

where

C =
n+\

U=o

and with the following notations:

-v'={L-2P)Zk+ Jj^h,

) = (vl - ul)tan[Xk) with

(19)

(20)

(21)

e

The uv and vv parameters are found by minimizing the energy of the projected state, that is

5
(22)

Since the uv and û  are still related by the condition of BCS state normalization u2
v + v2

v = 1,

one obtains:

where

G
= Z ^ " y

G
).

(23)

(24)

(25)
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A =G

with

(26)

(27)

Formally, Eq. (27) admits solutions of the same type as in the BCS theory, i.e.:

u: (28)

To obtain the multi-quasiparticle energies, it is necessary to solve the FSBCS equations (28)
for each configuration of like particles, the appropriate states being blocked. Afterward, the
neutron and proton configurations are combined yielding to a straightforward sum of the two
configuration energies.

3. RESULTS AND DISCUSSION

Multi-quasiparticle calculations, including the previously described pairing treatment, have
been carried out for the 177Ta nucleus. The pairing strength was chosen such as the proton and
neutron ground state pairing gaps fit the odd-even mass differences. The single-particle states
were taken from a Woods-Saxon axially symmetric mean field. However, the states close to
the Fermi level have been adjusted such as the blocked-BCS method gives the correct one-
quasiparticle energies in the neighboring odd-mass nuclei, enabling realistic multi-
quasiparticle energies to be calculated following the prescription of Kondev et al. [7].

The results of our calculations regarding some isomeric states of the Ta nucleus are
presented in table 1. The structure of the wave functions as well as the excitation energies Eqp

(with respect to the ground state) obtained by the BCS and FSBCS methods are compared to
the available experimental values. The quantity A = G^\ uvvv that enables one to gauge the

importance of the pairing correlations in various configurations is also given in the same
table.

From table 1, one notices that the excited states of low energy (i.e. < lMeV) are all
identified as quasi-proton states. In this case, the excited states are obtained by individual
excitement of the unpaired proton. In this way, the latter moves away from the Fermi level
and the level that was previously occupied can thus contribute to the pairing. Consequently,
the pairing effects in these excited states are more important than in the ground state. This fact
explains the variation of Ap.

Moreover, one notices that the break of the pairs leads to a fast decrease of the A values
which reflects the fall of the pairing correlations, hi the BCS approach, the blocking of the
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177-1Table 1. Multi-quasiparticle si..ies in Ta.

(O

KTT

7/2+

5/2+

9/2-

1/2-

1/2+

3/2-

7/2-

1/2-

19/2+

19/2-

21/2-

21/2-

17/2+

23/2+

25/2+

23/2+

23/2-

Contiguration

[7/2+]p®[0+]n

[5/2+]p®[0+]n

[9/2-]p®[0+]n

[1/2—l]p®[0+]n

[l/2+]p®[0+]n

[3/2-]p®[0+]n

[7/2-]p®[0+]n

[l/2-2]p®[0+]n

[7/2+]p®[7/2-,5/2-]n

[5/2+]p®[7/2+,7/2-]n

[7/2+]p®[7/2+,7/2-]n

[9/2-]p®[7/2-,5/2-]n

[5/2+]p®[7/2-,5/2-]n

[9/2-]p®[7/2+,7/2-]n

[9/2-]p®[7/2-,9/2+]n

[9/2-]p<8>[5/2-,9/2+]n

[7/2+]p®[7/2-,9/2+]n

AP (MeV)
BCS

1.001

1.012

1.046

1.029

1.111

1.066

1.146

1.093

1.001

1.012

1.001

1.046

1.012

1.046

1.046

1.046

1.001

FSBCS

1.088

1.116

1.198

1.144

1.250

1.184

1.278

1.212

1.088

1.116

1.088

1.198

1.116

1.198

1.198

1.198

1.088

An

BCS

0.643

0.643

0.643

0.643

0.643

0.643

0.643

0.643

0

0

0

0

0

0

0.503

0

0.503

(MeV)
FSBCS

0.661

0.661

0.661

0.661

0.661

0.661

0.661

0.661

0.470

0.477

0.477

0.470

0.470

0.477

0.582

0.482

0.582

BCS

0

0.071

0.003

0.201

0.302

0.601

0.640

1.117

1.231

1.527

1.456

1.234

1.302

1.459

1.999

1.426

1.996

Eqp (MeV)
FSBCS

0

0.092

0.066

0.236

0.370

0.644

0.700

1.154

1.355

1.660

1.568

1.421

1.447

1.634

2.004

1.791

2.535

Expt

0

0.070

0.073

0.217

0.487

0.690

-

1.045

-

1.603

<1.875

-

1.523

1.699

2.098

-

-

Protons: l/2+[411],7/2+[404],5/2+[402],9/2-[514], l/2-[541], [3/2-[532], 7/2-[523], l/2-[530].

Neutrons: 7/2-[514],5/2-[512],7/2+[633],9/2+[624].

Experimental data are taken from refs. [2,7].



pair of states (7/2 [514]n, 5/2 [512 ]n) for example, by two single neutrons destroys the pairing
correlations leading to a spurious superconductor to normal phase transition. The phase
transition is due to the fact that among all the individual levels of the proton system, only four
or five ones (the closer ones to the Fermi surface) effectively contribute to the pairing effects.
It follows that the blocking of one or two of these levels reduces the state density in this
region leading to the collapse of the usual BCS method. However, the disappearance of the
pairing gap in the BCS method does not mean that the pairing effects are actually unirrrportant
in this state. Indeed, the calculation of the neutron pairing energy in the state Kn = 19+ {7/2
[404]p ®(7/2 [514]n, 5/2 [512 ]n)}, (5.22 MeV using the FSBCS method) shows that it is more
important than that of the ground state calculated by the BCS method (which is equal to
4.97 MeV).

With regards to the excitation energies, one also notices that the slight difference between
the FSBCS excitation energies or the experimentally obtained ones on one hand, and the BCS
ones on the other hand, becomes more important when the BCS method is unable to predict a
non-zero pairing gap.

3. CONCLUSION

The FSBCS method has been applied to study the multi-quasiparticle states in the 17 Ta
nucleus, including the blocking effects.
The obtained results are in fairly good agreement with the experimental date contrary to those
of the BCS method which shows for large number of configurations a spurious superfluid-
normal phase transition.

The present work suggests that the number projected method would be essential for the
study of high-K isomers.
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The Secrets of the Valley of the Golden Mummies
Zahi Hawass

The excavation at Bahariya Oasis in March of 1999 was amazing. The discovery of 105 mummies in "The Valley of the Golden
Mummies" became the most famous discovery in Egypt occurring before ihe beginning of the new millennium. Never before has such
a large Number of perfectly preserved mummies been found in Egypt. This unique group, which dates to the Greco- Roman, exhibits
a variety of styles and a range of social status. The mummies are lavishly gilded from head to chest, reminiscent of Tutankhamun . 1
estimate that the entire cemetery . which may cover nearly four square miles, contains up to 10,000 mummies and will take fifty years
to excavate.

In " The Valley of the Golden Mummies" I used
to stay most of the time where the main camp of
the expedition is located. There are two main
tents with another area for the guards and the x-
ray lab. Our team stayed almost two months, and
we did not see a report at all during this time. I
believe this is why the discovery did not make
any publicity outside of Egypt. The exception
was the fox Network program that was televised
live on the 23rd of May which showed only
three tombs.

The site continued to be divided into 10 meter
x 10 meter squares for excavation. The
excavation this year started to the west of the
tombs that we dug last year. We excavated only
seven tombs this year while last year we
uncovered four tombs with 105 mummies inside.
This year, we excavated rock-cut tombs with
many different architectural styles, including the
shape of the ankh sign, the tombs of a cross, a
single horizontal axis with various burial
chambers on the sides, and tombs cut into the

rock for the burial of one person. Different types of mummies were excavated, most of them encased with gold or gilded.

The first tomb, designated I/A.B. is the largest tomb ever discovered in the valley . it is a group burial consisting of one family of
different generations. We found 42 mummies in this tomb. The tomb consists of the following architectural elements:

1. Entrance on the north leading to stairs.

2. Small room for delivery of the mummy (before being put in chosen place for burial).

3. Burial hall in a rectangular shape.

4. 7 niches for burials.

There are seven niches cut into the sides of the hall, three each on the east and west sides with one on the south. Nine mummies were
found in one of the niches on the west side. The mummy of a lady was discovered in this niche in beautiful condition wearing a golden
mask. A cobra is depicted on the forehead of the lady. The royal symbols of the pharaohs, such as the cobra, nemes . and the false
beard, were taken over by the rich in the Greco-Roman Period. The chest of the lady is covered with cartonnage, which is painted
yellow and has scenes of the four sons of Hours. Another mummy, no.7, is a lady covered with linen in a geometric design and found
inside a wooden coffin. A stela was discovered on the feet of the mummy. It is made of wood and represents the eternal gate of the
deceased. The lady is depicted in the middle of the gate with her right leg in front as if she is leaving or going to her resurrection. She
wears a Roman dress typical of this period.



The second niche has only three mummies. On the second mummy were found eyes made of blue glass with the eyelid represented.
Three big wine jars and a bowl full of ashes were discovered in the eastern niches. Most of the mummies represent young people,
including the mummy of a child who could be around two years old.

In one niche, the mummy of a lady was covered with beautiful geometric linen bandaging. A mask was found on hear head, which
has a unique hairstyle. At the back, her hair is in a found shape similar to a cake. We call this style today- the cake style.

One style of tomb contains a large anthropoid coffin made of pouery in one niche. The coffin is decorated in yellow with mummy
found inside. We also found another mummy placed behind a wall. Obviously, they tried to hide it.

Excavation continued in Kilometer no.7. I believe that the tombs in this area should be dated to the Greek Period because they are
near the Temple of Alexander the Great. The tomb that we excavated has a unique architectural style. Most of the mummies have
deteriorated, and it seems that the tomb was entered in antiquity. We will continue excavation in this area next season.

Much information concerning the burial practices in "' The Valley ofihe Golden Mummies" can be obtained from the eleven tombs
excavated thus far. This includes burial in pottery coffins, an anthropoid coffin, and in a muclbrick mastaba. For the first time, we can
determine from this excavation that we have many different styles of mummies. There are mummies completely covered with linen
and cartonnage colored from head to fool: mummies covered with linen with a mask of gypsum placed on the face: mummies with
masks of gold with scenes of the gods: and mummies covered only with linen without cartonnage or masks.

This season, we brought the x-ray machine to the site. We were able to find evidence of many diseases, such as cancer.



Offerings were also discovered in the tombs which were given lo the deceased on religious occasions, including wine, dates, figs,
beans, olives, and others.

We also excavated funerary equipment Uiat assured the perpetuation of the deceased in the afterlife. We found pottery vessels used
in the daily life as well afterlife, jewelry, statues, and coins. The coins are made of bronze and were placed in the hand of the deceased
to give as payment to the ferryman who will transfer the deceased into the afterlife.

The excavation revealed much information about life and death of the Egyptians who lived in Bahariya during the GrecO'Roman
Period since 332B.C. the people became rich through the exportation of wine to the Nile Valley since pharaonic times. Egyptian texts
mention that the wine from Bahariya was excellent. Bahariya was also important because it served as a border of Egypt.

The third season at •'The Valley of the Golden Mummies" started two weeks ago and we will continue until the end of April.

I believe that this excavation will open a new are in the archaeology of Egypt, and this site enrich our knowledge of the importance
of Bahariva.
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Abstract: If Newtonian gravitation is modified to use surface-to-surface separation between particles,

it can have the strength of nuclear force between nucleons. This may be justified by possible existence

of quantum wormholes in particles. All gravitational interactions would be between coupled wormholes,

emitting graviton flux in proportional to particle size, allowing for the point-like treatment above. When

the wormholes are 1 Planck length apart, the resultant force is 1040 times the normal gravitational

strength for nucleons. Additionally, the invisible quantum wormholes may form binary effects imparting

wave properties to all particles.

INTRODUCTION

Newtonian gravity encounters issues for microscopic dimensions and cannot explain the nu-

clear binding force. Physicists have attempted to explain the nuclear force in terms of pertur-

bations to classical gravity [1], However, in the end they concluded that a different force, the

strong nuclear force, is responsible for nuclear binding. Quantum Chromodynamics was devel-

oped, following the form of Quantum Electrodynamics, to quantify the strong nuclear force.

Experimentalists and string theorists faced a yet incomplete task of detecting and incorporating

the spin 2 graviton into a fully quantized and renormalized theory.

We can follow the lead of those who try to explain the strong nuclear force in terms of

gravity by attempting to modify the classical Newtonian theory of gravity in the case of small

particles. If we use the surface-to-surface separation between these particles to quantify the

gravitational attraction instead of the center-to-center separation, we find that the force between

these microscopic particles is the same as before in the limit of large separations relative to the

particle radii. At small separations relative to the particle radii the force between these particles

grows much larger than classical gravity.
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MODIFICATION OF THE INVERSE SQUARE LAW

As an example, for two coupled nucleons (Fig. la), I chose the Planck length L = (GTi/c3)05

as the surface separation, as it is the minimum possible spatial distance that makes any sense

in physics. Assuming zero separation distance would imply that the two particles are joined

to form one particle, losing their distinctions as separate particles. The diameter of nucleon is

about 1 fm (10~15 meters). The Newtonian gravitational force is then FN = Gm2/D2, where D

is the center-to-center distance, ~ 1 fm. If we select the surface-to-surface separation instead,

the force would become Fp = Gm2/d2, with d = L = 10~20 fm. The ratio of these two force

is D2/d2 — 1040, which is also the strength of the nuclear force relative to gravitation, derived

in a natural way by using the value of Planck curvature. As the nucleons are separated, D/d

shrinks, and Fp rapidly approaches FN (Fig. 2).

1 fm

.001 fm

Lepton

FIGURE 1. Pictorial view of gravitational interaction, showing surface and center separations (not to

scale). L is the Planck length, 10~20 fm. a, Two nucleons at minimum separation; b, A quark and a

lepton, also at minimum separation. The standard inverse-square law would use the center-to-center

distances to calculate the force between the particles; using the surface-to-surface distance yields a

much stronger force for these separations, equal to the relative strengths of the strong and weak nuclear

forces, respectively.

I recover Newtonian gravity at 1000 fm (about the radius of an atom). This modification

yields a force with high intensity at short range, rapidly falling off to a very low intensity at long

range. It naturally presents a smooth, curvilinear connection between the strong nuclear force

and gravity in terms of the Planck curvature. The values of a field and its rate of change with

time are like the position and velocity of a particle. This modification meets the uncertainty

principle requirement that the field can never be measured to be precisely zero. It also meets

the boundary values of both gravitation and the nuclear force, and suggests that they could be

the same interaction. A similar analysis can be made of the quark-lepton interaction (Fig. lb),

yielding the weak nuclear coupling constant 1034.
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FIG:URE 2. Ratio of modified force to Newtonian gravitation as a function of surface.separation for

nucleon-nucleon and quark-lepton interactions. The ratio approaches unity at large surface separations

in both cases. Also, for both interactions the ratio becomes quite large for short separations, reaching

1040 for the nucleon-nucleon interaction and 1034 for the quark-lepton interaction in the Planck length

separation limit of 10~20 fm,

It has been proposed that the gravitational constant inside a hadron is very large, ~ 1038

times the Newtonian G [2]. This "strong gravity" inside the hadron is similar to my proposed

modification, but in my modification, instead of needing to change G itself, I change the distance

measurement and get the same result. Strong gravity is consistent with string theory. Einstein's

explanation of nuclear force in terms of gravity [2], while worth mentioning, is not meant to be

the foundation of my theory. Einstein could be wrong, but it seems he may not be. The nuclear

forces are weakened at long range by a high order of magnitude. This makes other attributes of

the color force, infinitesimal at long range.

One may question the mathematically simple application of the Planck scale to a problem

where the relevant distances seem to be fm. Prank Wilczek has written a series of articles

[3], explaining how these scales can be reconciled and provided responses. While this may seem

simplistic, it seems to be mathematically valid, and frequently significant problems can be solved

simply in the end, as also illustrated by Morris and Thorne [4]. Complexity in physics lies in the

abstraction of simplicity. Classical centers of shapes and therefore surfaces, though used here

only for intuitive reasoning are invoked in nuclear coupling constants by implicit comparison to

Newtonian gravity and in other descriptions in modern physics. My model is very consistent

and therefore suggestive, however it does not reconcile the fact that nucleons overlap. Thanks

are due to Dr. G.'t Hooft for this comment. Quantum wormholes as currently theorized may

resolve this issue and give a mathematical foundation to my model.
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QUANTUM WORMHOLE CONNECTION

A possibility is that each particle is associated with a Planck length size wormhole. The

wormhole's exit mouth then represents the entire mass of the particle and propagates its 1/r

potential to the rest of the universe. All gravitational interactions become interactions between

these wormholes. Radiation by particles would consist of energy being absorbed by one mouth

of the associated wormhole and emitted by the other mouth. This would justify the use of point

like gravity. The mouth emitting the gravitational radiations does not have to be at the surface,

allowing the nucleons to overlap. This may sound like a radical approach, but it is not. The

direction of my proposal coincides with that in the particle related article by Einstein and Rosen

[5], introducing what is now known as Einstein-Rosen bridges. The abundance of Planck-length

size wormholes required could have evolved from perturbations in the initial big-bang density.

Think of two identical balloons pressurized with air. The more they are subjected to pressure,

the bigger they will grow. Upon releasing the mouths, they will experience reaction force such

that the bigger balloon will experience higher force if the mouths are the same size. (The mouth

size in my theory is Planck length where Compton wavelength equals gravitational radius.) If

the balloons contained supercritical water, their mouths would transform water into steam, more

noticeable as a mixture at close range and as steam at high range. Likewise nucleons will eject a

graviton flux creating a force as a function of the size of nucleons. My geometrical model implies

that the gravitational potential of a particle is proportional to its diameter, while my quantum

wormhole injection implies it is proportional to the graviton flux. A potential proportionality

of the diameter and the graviton flux to the surface tension would reconcile the issue.

Stable wormholes require "exotic", negative energy matter. ".. it is not possible to rule

out the existence of such material; and quantum field theory gives tantalizing hints that such

material might, if fact, be possible" [4]. "...the theoretical analysis of Lorentzian wormholes

is "merely" an extension of known physics-no new physical principle or fundamentally new

physical theories are involved" [6]. This exotic matter may mask the necessary Planck mass

of the wormhole, leaving a resultant effect at a point-like mass, equal to that of the associated

particle. Controversies surrounding the large-scale negative energy for cosmic wormholes may

not apply to tiny and harmless earthly quantum wormholes. Casimir effect is an example

of negative energy observed on earth. The time travel may simply imply that an imaginary

traveller on his/her journey to the quarks would see imaginary local clocks going backwards in

time. My hypothesis characterizes gravity as long-range nuclear force. Literature search reveals

no detection of any central force. The prevailing view is that the nuclear force is a secondary

effect of the color force, raising a question about the existence of gravitons within nucleons. Fig.

3 shows the mental picture of the graviton flux, as if it is a product of "evaporation" . Richard

Feynman seems to have investigated transfusion of two particles into gravitons [7], but not in

this context. The potential conversion of two gluons into one graviton and vice versa would be

debatable. The figure is drawn to show just the graviton flux at this stage with some background
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Escaping Gravitons (Spin 2)

Quantum \yormhole
Escaping Gravitons

FIGURE 3. Mental image of nuclear interactions via quantum wormholes. The graviton flux would be

proportional to the mass of the interacting particle, yielding couplings of 1040 for nucleons, 1034 for

lighter quark-lepton pairs and ~ 1 for point-like leptons.

picture.

The proposed wormholes might form a binary system with their particles, potentially ex-

plaining the wave properties of particles. The structure of the quantum space-time is foamy [8].

Introduction of this two way foamy structure connecting the islands of particles with the normal

space-time may impact some unsettled issues. My modification does not impact the second law

of thermodynamics.

My potential link between nuclear force and gravity may be a typical simpler example of

other such links in nature. All long-range forces are potentially simple, cumulative long-range

manifestations of their short-range counter parts and visa versa with their intermediate range

immeasurable by microscopic or macroscopic means.

PREDICTION

My model provides a consistent, intuitive and simplistic, but mathematical explanation

of the observed relative values of coupling constants, something no other theory has done.

Experimentally, my theory can be explored by a careful examination of the nuclear force at

distances of 1-10 fm. Recently published test results verified the gravitational inverse square

law down to 218^xm [9]. The test results do not verify the higher dimensional theories that

motivated the test, but they are not in conflict with my theory, as at these separations my

modified force should be indistinguishable from Newtonian gravity.

CONCLUSION

In summary, in the early part of last century, when the nuclear force was declared to be a

separate force, the Planck length and its implications were not well understood. Planck's system
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of fundamental units was considered heretical until came the proposal by Peres and Rosen [10].

The weakness of gravity was unquestioned. Therefore, it was impossible to explain nuclear

force in terms of gravity and Einstein's view was undermined. In light of my article this issue

needs to be revisited. My consistent results show nuclear force and gravitation are synonymous.

Quantum curvature, 10~40 fm, is a common denominator for coupling strengths, linking high-

intensity, short-range forces with low intensity long-range forces. There is no compelling evidence

to distinguish nuclear force from gravitation. My potential link between nuclear force and gravity

may be a typical simpler example of other such links in nature.
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ABSTRACT

Split octonion electrodynamics has been developed in terms of Zorn's vector matrix

realization by reformulating electromagnetic potential, current, field tensor and other

dynamical quantities. Corresponding field equation (Unified Maxwell's equations) and

equation of motion have been reformulated by means of split octonion and its Zorn vector

realization in unique, simpler and consistent manner. It has been shown that this theory

reproduces the dyon field equations in the absence of gravito-dyons and vice versa.
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Introduction
The question of existence of monopole [1-3] has become a challenging new

frontier and the object of more interest in connection with quark confinement problem of

quantum chromodynamics. The eight decades of this century witnessed a rapid

development of the group theory and gauge field theory to establish the theoretical

existence of monopoles and to explain their group properties and symmetries. Keeping in

mind t'Hooft's solutions [4-5] and the fact that despite the potential importance of

monopoles, the formalism necessary to describe them has been clumsy and not

manifestly covariant, Rajput et. al. [6-7] developed the self consistent quantum field

theory of generalised electromagnetic fields associated with dyons ( particles carying

electric and magnetic charges). The analogy between linear gravitational and

electromagnetic fields leads the asymmetry in Einstein's linear equation of gravity and

suggests the existence of gravitational analogue of magnetic monopole [8-9]. Like

magnetic field, Cantani [10] introduced a new field (i.e. Heavisidian field) depending

upon the velocities of gravitational charges (masses) and derived the covariant equations

(Maxwell's equations) of linear gravity. Avoiding the use of arbitrary string variables [1],

we have formulated manifestly covariant theory of gravito-dyons [11-12] in terms of two

four-potentials and maintained the structural symmetry between generalised

electromagnetic fields of dyons [13-14] and generalised gravito-Heavisidian fields of

gravito-dyons.

Octonions, or Cay ley numbers, have been little used in physics up to date [15-16].

Since octonions share with complex numbers and quaternions have many attractive

mathematical properties, one might except that they would be equally usefil. However,

they may occur as alternate mathematical structures, which is useful and more

transparent. Gunaydin et. al. [17-19] has formulated the quark models and colour gauge

theory in terms of split octonion algebra and the related groups SO(8), SO(7), G2 and

SU(3). Representation of the poincare group in split octonion Hilbert space, they have

constructed octonion Hilbert space as the finite space of internal symmetries, the SU(3)

group appears as the automorphism group of octonion representation leaving the complex

subspace and the scalar product invariant. The approach of Gunaydin et. al. [17-19] has

been followed by Domokos et. al. [20-21] and Morita [22[ to the algebraic colour gauge
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theory and quark confinement problem. Use of Ckyley octonions was made by

Buoncristiani [23] in writing Yang-Mill's (and the Maxwell) field equation in a simple

form and showed that octonion algebra accommodates both space-time symmetry

(Lorentz invariance) and internal symmetry. Morques and Oliveria[24] have described

the extension of quaternionic matrices to octonions as interpreting non-Riemannian

geometry.

In this paper I have undertaken the study of reformulation of classical

electrodynamics in terms of split octonions. Split octonion electrodynamics has been

developed in terms of Zorn's vector matrix realization by reformulating electrodynamics

potential, current, field tensor and other dynamical quantities. Corresponding field

equation (Maxwell's equations) and equation of motion have been reformulated by

means of split octonion and its Zorn vectors realization in unique, simples and consistent

manner. Finally in this paper the technique of split octonion formalism and its isomorphic

Zorn's vector matrix realization is applied to develop the unified theory of generalised

electromagnetic fields associated with dyons and generalised gravito-Heavisidian fields

associated with gravito-dyons. It has been shown that this theory reproduces the dyon

field equations in the absence of gravito-dyons and vice-versa. Moreover, it leads to the

usual dynamics of electric (or gravitational) charge (mass) in the absence of magnetic (or

Heavisidian) charge (or mass) on dyons (or gravitodyons) and vice-versa.

(2) Octonions: -

A composition algebra is defined as an algebra A with identity and with non

degenerate quadratic form N defined over it such that N permits composition i.e..for x, y

s A,

N(xy) = N(x)N(y) (1)

According to celebrated Hurwitz theorem [293], there exits only four different

composition algebra over the real (or complex number) field. These are the real numbers

R of dimension 1, complex number C of dimension 2, Hamilton's quaternions H of

dimensions 4 and octonions (Cayley - Grave's numbers) of dimension 8. As such we

have only four type of hyper complex number system, which yield the properties of

division algebra [25]. Among these algebras, real and complex numbers follow

commutativity and associativity. Quaternions defined in previous section obey
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associativity but not commutativity while octonions are neither commutative nor

associative but alternative [25]. Composition algebra is said to be division algebra if

quadratic form N is anistropic i.e.

If N(x) = 0 implies that x = 0. (2)

Otherwise the algebra is called split [26-27].

An octonion is defined as,

X = Xoeo+Xie,, X0,Xi£R (3)

where i =1,2,....7, e,are octonion unit elements satisfying following multiplication rules

[28],

=e o e, = (4)

where 5jk is the usual Kronecker delta symbol and fJkl Levi-Civita tensor for

quaternions, ts fully anti symmetric tensor with

fm = +1 for jkl =123, 516,6i24,435,471, 673, 672. (5)

for octonion. The cyclic symmetry is obtained by ordering seven points clockwise on

circle with the numbering (1243657) (fig.l). Then a triangle is obtained from (123) by six

successive rotations of angle 2n/7

fig.m .
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Another convenient way of representing the multiplication table by singling out one of

the elements is provided by the triangular diagram (fig. 2.), where arrows show the

directions along which the multiplication has a positive sign, e.g. i.e. e6e1 = ei.

e,e2 = e6e, = e2 ; e4e7 =e2 ;

= e 6 ; e4e3 =e5 ; e7e2 =e5 ;

<?6e7 = e 3

so on and eaeb +ebea = -28ah (a,b = 1,2 7).

For convenience let us write the multiplication table explicity.

Table 1:

(6)

*o

*2

c4

*0

*0

e>

*4

7

• « o

^2

"«7

e6

e2

"Co

-« .

" « 7

e>

-e2

e,

-e0

es

-en

e6

e<

e7

e*

"Co

e,

-c2

-«,

e*

-c6

^7

^4

" £ 3

"Co

-c2

^7

^2

- « ,

"Co

-c3

c7

^7

• « ,

- « «

_T
O

- * .
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The above multiplication table directly follows that the algebra O is not associative i.e.

e,(e te,)*(eye t)e,. (7)

The commutation rules for octonion basis elements are given by,

and the associator,

{ej,ek,e,} = {e}ek)e, -e,(eke,)

= Sjkei + 5kiej + ( W * b . - GupSjpn K •

Though the quaternion units e,,e2,e3given in previous section are anti commutative and

associative, the octonion units e,,e2, en are anti commutative and anti associative. The

later property gives,

{ej ,ek,e,} = (eyet )e; + e} (eke,) = 0. (10b)

Thus the algebra of octonions is alternative i.e. the associator of three elements X, Y, Z

e O is alternating function of arguments [29]

[X,Y,Z] = (XY)Z-X(YZ)
= [Z,X,Y] = [Y,Z,X] = -[Y,X,Z]. }

Real, complex and quaternion algebras are sub algebras of octonions algebra O.

Octonion conjugate is defined as,

X = Xoeo-X,et, (i = l,2 7) (12)

and

X=X;XY=YX (13)

The norm N of the octonion is defined as,

N(X) =X^ =XX= {Xl +Xf)e0 (14)

while the inverse is defined as,

(15)

=\.e0
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The norm given by equation (14) is non-degenerate and positively defind (over R) and

therefore every element X e O has the unique inverse element X~ls O. Left and right

quotient B/A of A divided by B "from the left" is the solution of the equation

BX = A (16)

and the right quotient A/B of A divided by B "from the right" is the solution of the

equation

75 = A (17)

and hence [30],

X = B/A = BA/N(B) (18)

Y = A/B = AB/N(B). (19)

Real octonion algebra can also be obtained by the extension of the quaternions. For this

we decompose an element X e O as (taking e0 = 1)

X = (X0 + X]e)+X2e2+Xie3) + e7(X1+X,e[+X5e2+X6ei)

= Qi+e7Q2

where QX,Q2 belong to quaternion sub algebra H generated by e;(y = 1,2,3). In this form

we can write the octonion multiplication as [29],

l)

where (~) denotes the quaternion conjugate e ; —> -e} {j = 1,2,3). Thus we can v/rite

quaternion conjugate (~) on an octonion as,

X = a+e7Q2 (22)

Equation (4) can also be written as a "quaternion extension" of complex numbers i.e.

l +e7X4)ex +(X2 +e7X5)e2 +(X, +e1X6)e3 (23)

+X2+X3

where Xo = X0+e7X7 and Xj =Xj +e7Xj+i (j = 1,2,3). Then the octonion

multiplication (21) reduces to,
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j j JJ
(24)

= (X0Y0 - £XJYJ *) + Z(XJ, +YQ*X, + J: £jklXj * Yj * ek)

where * operation denotes complex conjugate with respect to e1 (i.e. e7 -> -e7).

It is known that the group of automorphism of octonion algebra is the exceptional Lie

group G2 [29,31] and that when any one of the seven imaginary units e,,e2, £7 is held

fixed the group of automorphism is reduced to SU (3) which is the subgroup ofG2. Since

G2 has only real representation [32]. The group G2 also has an SU (2) x SU (2) subgroup

arises from the fact that octonions are constructed from two quaternions given by

equation (20-23). The SU (3) subgroup can be imbedded in G2 in seven different ways

and for each imbedding of SU (3) there are three different imbeddings of SU (2)< SU (2)

involving I, U, V spin subgroup of SU (3).

There are four possible "bilinear forms" [29] that can be described over the real octonion

algebra that induces the usual octonionic norm and satisfy the composition law. These

bilinear forms are

(i) The real bilinear form {X, Y)R i.e.

(X,Y)R =\{XY + YX)=ixaYa (25)
0=1

Over bar (-) denotes the octonion conjugation with respect to seven octonion units

( ei,e1, £-,). This bilinear product has the invariance group SO (8) which is also

invariance group for octonionic norm given by equation (14).

(ii) The complex bilinear product^, Y)c i.e.

(26)

where (~) denotes the quaternion conjugation i.e. change of sign in quaternion basis

elements. Equation (26) reduces to the following form in terms if real and imaginary

components;

(XJ) = ixja +e7(X0Y7 -X^+XJ, -XJ<
(27)

X5Y2-X2Y5+XJ3-X3Y6).
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Real part of this equation is same as (25) and invariant under SO (8) transformations

while the imaginary part has the invariance group SP (8). Thus the invariance group of

equation (27) is SO (8) n SP (8)«U (4). From equation (24) we draw the conclusion that

the invariance group of complex bilinear product of real octonion is U (4). In view of

"quaternion extension" of complex numbers to octonions.

(i) Quaternion bilinear product (X,Y)H i.e.

l/o)

where (*) denotes the complex conjugation (i.e. e7 ->-e7). This product has the

invariance group SO(3)x SO(3).

(iv) Octonion bilinear product

(X,Y)0=XY. (29)

The invariance group of this form is the trivial multiplication by ± 1 [27].

Due to non-associativity of octonions it is not possible to write them in matrix form like

quaternions. Even it is not possible to write them in 2 x 2 quaternion valued matrices

while they are derived direct extension of quaternions. The octonion unit e7, which links

two quaternions to octonion, does not commute with quaternion units e,,e2,e3 and hence

can not be taken as invariant quantity. On the other hand due to alternativity and other

properties, one can split octonions, where e7 is replaced by imaginary quantity, in terms

of 2x2Zorn's vector matrices. This type of algebra of octonion is known as aplit

octonion algebra [27].

Thus in the light of celebrated Hurwitz theorem we have only four division algebra

following the properties of division ring. That is, if a and b are given elements in the

field, the equation [33];

ax + b = 0 (30)

has a unique solution for x when the field is a division ring. To go beyond octonion, we

loose alternativity as well as the property of being a division ring.

(3) Split octonions:-

It is almost clear that due to non-associativity of octonions a matrix realization for

octonion units is not possible in their usual form. However, one can relate split octonion
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units with Zorn's vector matrix [34]. For split octonions one deal with the algebra of

Cayley-Dickson's process with O (1,1-1) for //, =l,//2 = la«djuz = - 1 .

The division and split octonion algebra's have some differences which may

characteristically be expressed in terms of idempotents (by definition, an element u=0 is

idempotent if w2 =u). Any finite-dimensional power associative algebra which is not a

nil algebra contains an idempotent u = 0.

Definitions:- The idempotents w,,w2, uneA{for arbitary algebra) are called pair wise

orthogonal in case w,wy. -Ofori * ji,j = 1,2,....n. An idempotent usA is called primitive

if there do not exit orthogonal idempotents u,w (uw = wv = 0) so that u = v + w. In a

finite dimensional algebra A, any idempotent may be written as a sum of pair wise

orthogonal primitive idempotents.

For the split octonion algebra the following new basis is considered [35-39] on the

complex field (instead of real field) i.e.

2i.e2+ie5), u2=-(e2-ie5),

1 . 1 ( 3 1 )

"o = r 0 + iei )> "o = j ^ ~ / e7)'

where i =V-1 and is assumed to commute with ê  (A = 1,2,.. .7) octonion units,

u*u] = -sijkuk{ij,k = 1,2,3)

u ,w* = - ^ . M 0 ; w,w0 = 0; u*u0 = u*

u'uj=-Siju0; u,u*0=u0; u*u*0=0

uou, =u,\ «o«, =0; wo«*=O

UW = M

«o"o = "o"o = °-
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Gunaydin and Gursey [35-39] pointed out that the automorphism group of octonion isG2

and its subgroup which leaves imaginary octonion unit e7 invariant (or equivalently the

idempotents z/oand u*0) is SU (3) where the units utand «*,. (i = 1,2,3) transform

respectively like a triplet and anti triplet and are associated with colour and anti colour

triplet of SU (3) group. Let us introduce a convenient realization for the basis elements

(wo,w,,«o,«*)through the use of Pauli matrices. Identifying can do this

) . (I 0)(0 0) . ( )

C33 >
fO 0^ . fO -e.}

u =\ \, u =\ ' 0' = 1,2,3)

where I,e,,e2,e3 are quaternion units satisfying the multiplication rule

eiej = -Sy + £i}kek. As such for an arbitrary split octonion A we have [40],

A = au0 + bu0 + xiui + yiui

a -x\ (34)

which is a realization via the 2x2 Zorn's vector matrices,

where a and b are scalars and x and y are three vectors with product,

(a xYc fA ( ac + x.v au + dx-yxv^
\^y bjyy d) {cy + bv + xxu y.u+bd J

and x denotes the usual vector product, ej (i = 1,2,3) with ei x e; = elJkek and <?,.ey.
 := 5tj

then we can relate the split octonions to the vector matrices given by Eq. (33). Octonion

conjugation of equation (34) is defined as,
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•7 L • • ( 6 ^

^ =buo+auo-xiui -ylU,. = _ ' (36)

The norm of A is then defined as,

~AA = A A =(ab+ x.y ).l (37)

where 1 is the identity element of the algebra given by 1 =lul + \u0 .

(4) Split octonion Electrodynamics:-

Split octonions (i=l,2,3) are the bivalued (or bidimensional) representations of

quaternion units e0, e,, e2, e3 constituting an Euclididean four-space of relativistic space-

time world. As such a split octonion may be expressed as

< . . (38)

= u0x4+nlxl+u0y0+uiyi

where xM = {x,x4} and yM = {.y,>>4}. Any four-vector A (complex or real) can

equivalently be written in the following Zorn's matrix realization
fx. —x^i1\ (39a)
\y yJ

and

Z{A)J\ 9) (39b)
{.-* yJ

where (-) sign is taken fron the definition of u* in equation (33). For x=y we ha\ z

fx, - x^\1

which is the equivalent matrix realization for the bivalued 4-dimensional Euclidean

space-time. The norm of a space-time four-time is then expressed as
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Z(A)Z(A)=
X X

= {x4 + x{ + xl
2 +x;}.\ (x4 = ici)

which is the norm of a Euclidean space-time four-vector and 1 is the unit elements (i.e.

2x2 unit matrix). The space-time four-differential operators are written as,

or equivalent Z(D) = \ J (42)

where d = <y (^ - 1,2,3,4).

For brevity we'omit Z and simply write a Zorn's vector matrix notation. Thus for Z(D),

we write

and so on. The norm of four-differential operator is defined by

DD = DD=(d2
A+V2).\ = [].\ = dMdM

__d*_ d^_ d^_ d^_ . (44)

dt2 dx2 dy2 dz2

which is the form of D'Alembertian operator. Here our aim is to reformulate usual

electrodynamics by means of split octonions. Maintaining the usual form of Euclidean 4

space here we have made an attempt to reformulate the classical electrodynamics in terms

of split octonions and their Zorn's matrix realization.

Let us define the electromagnetic four-potential in terms of split octonion vector

realization as
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with A4 = i<j)e (e stands for electric charge) and we take the following usual definition of

electric and magnetic fields from the compounds of electromagnetic four-potential

All={A,i</tt)Le.

(46)

H = -V x A.

Now operating equation (43) to equation (45) and using relation (35), we get

-DA=[\ "Y -*)
J )

{ - W x A d4A4+V.A J

Now using the definition of electric and magnetic fields given by equation (46) and

imposing Lorentz gauge condition

= -iy/

d4A-VA4 -VxA = iE-H = iy/'

(48)

Where y/ = E-iH (i = V^T).

Thus equation (47) reduces to

DA = F (49)

where

(0 - ,
(50)
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Equation (49) is the split octonion form of field tensor F/IV = AM v - Av M , components of

which describe the electric and magnetic fields. Off diagonal vector components of split

octonions (40-49) are. the quaternion conjugate to each other, while the scalar

components along principal diagonal are associated with quaternion scalar (i.e. the real

quaternion units 1 (e0). P.ank of a tensor (in special relativity) can be increased or

decreased by associating two similar or conjugate operators with each other.

Consequently, we get

DA = FT (51)

where FT = , ~ \andF'=-iy/. (52)

From equation (49) and (51), we get

(°H
 H)=H (53a)

- ro -E)
\i{DA-DA) = \ Q \=E (53b)

where E and h are the electric and magnetic fields given by equation (46). Here the

situation is different from quaternion electrodynamics, where \{DA + DA) represents

Lorentz condition (i.e. the scalar part of quaternion) and \i(DA-DA)represents vector

part (pure quaternion) of a quaternion. This is not surprising, because for the case of

quaternion we have single valued representation, while for split octonion it is bivalued

quaternion representation. Former case deals with quaternion conjugation only, while the

later has two-fold degeneracy of quaternions and as such quaternionic and octonionic

conjugation play different manifestation of space-time world.

Now we are led to write the Maxwell's equation from split octonionic representation

described above. We may write the following form of field equation from split octonion

analysis, i.e.
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DF=J (54a)

To see that this equation is the octonionic form of Maxwell's equation F VV—J , we

asociated D with equation (42) and F with equation (49) and use the multiplication rule

(35) allowed for Zorn's matrices. As such we have

DF-J-{Jj 1} <54b)

where we have used the following forms of Maxwell's equations

Thus equation (53) represents the split octonion forms of four-current associated with

Maxwell's equation. This equation can also be written as

DF = D{DA) = (DD)A = [\A = J (56)

which is the equivalent split octonion form of covariant field equation, []AM = JM of

classical electrodynamics. Lorentz force equation of motion can be written as

/ = eFu, (57)

where

/ = l/ /J
with / 4 = -ieE.il, f = e[E + uxH],u4 =i(c = h = Y)

•.=("• ' " I (58a)
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(58b)
-F 0

(5) Unified split octonion fields of dyons and gravito-dyons:-

We write the complex generalised four-potential (V^) associated with dyons (or gravito-

dyons)[41] in the following form

= iK f] (59)
[y yj

Where V4 and V are the temporal and spatial components of generalised four-potentials

of dyons(gravito-dyons).These are complex quantities and their real and irmginary

components are electric (or gravitational) and magnetic (or Heavisidian) constituents.

Operating split octonion conjugate of four-differential operator given by equation (42) on

equation (59) and using the commutation relations of split octonion urits,[42] we get

J d4V4+V.V -5 4F V F V F |

where

and (61)

- d4V + VV4 +V xV = -iE + H = -iaxj/'

where a as a constant parameter [43]. Its values are given by

a =+1 (for generalised electromagnetic fields of dyons) (62a)

a=-\ (for generalised gravito-Heavisidian fields of gravito-dyons). (62b)

Thus, when a=+\, V is generalised split octonion potential of dyons while fora=-l, V

is generalised split octonion potential of gravito-dyons. Thus

y/ = E-iH when a=+l, electromagnetic case (63a)

= G-iH when a=-l, gravito-Heavisidian case (63b)
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where if/ is the complex vector field, E and H are electromagnetic fields of dyons and G

and h are respectively, the gravitational and Heavisidian fields of gravito-dyons. Equation

(60) leads the following split octonion expression for unified fields of dyons and gravito

dyons, i.e.

G (64a)

where

G= - ~ \andG = iy/\ (64b)

Consequently, one obtains

D(aG) = aJ (65)

where

Jd -J) (66)4

is the split octonion form of generalised four-current associated with dyons (orgravito-

dyons). Using equation (63)-(65), we get

D(DV) = (DD)V = D(aG) = a(DG) = aJ (67a)

or equivalently

[}V = aJ (67b)

To derive the Lorentz force equation of motion for unified electromagnetic and gravito-

Heavisidian fields of dyons and gravito-dyons, one has to take the account the effective

mass equation of Rajput [43], i.e.

M = M e # = , * - ( « - % (68)

which yields

M=m+h for gravito-Heavisidian fields (69a)

M=m for electromagnetic case (69b)

Where m and h are gravitational and Heavisidian charges (masses). The unified Lorentz

force equation of motion in split octonion representation may be written as
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Re[QG]u =

where

' /

We have

/4 = -i[eE.u + gH.it] (for electromagnetic case) (71a)

and

f4 = i[mG.u + hH.u] (for gravito-Heavisidian case) (/1 D)

while the spatial components of unified Lorentz force are given by

/ = Mx-Ke[qy/' -iuxy/*] f/_>)

Equation (72) yields

/ = mx = e{E + uxH] + g[H -uxE] (for electromagnetic case) (73a)

and

/ = (m + h)x = m[G + iixH] + h[H -uxG] (for gravito-Heavisidian case)(73b.j

In equation (70), Q is the generalised charge on dyons is defined as

Q=e-ig (for electromagnetic case) (74a)

Q-m-ih (for gravito-Heavisidian case) (74b)

Where e, g, m and h are respectively electric, magnetic, gravitational and Heavisidian

charges.

Conclusion

The lack of associativity in octonion formulation of dyons forbids their grup theoretical

study in terms of abelian and non-Abelian gauge structures. However, split octonion basis

of octonions presented in Section 3, gives rise to their isomorphic matrix representation

associated with 2x 2 Zorn's vector matrices [18]. As such, any four-dimensional

relativistic four vector may be reproduced in terms of split octonions as its bivalued

representation of Zorn's vector matrices by taking scalar component along principal

diagonal and vector component as off diagonal elements. Split basis of octonions is

related to Pauli-spin matrices (or quaternions) by equation (33). Split octonion conjugate

is defined by equation (36), while the norm of split octonion is given by equation (37).
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Equation (38) shows some other properties like anti-automorphism, and associativity of

trace acting on Zorn's vector matrices.

Eqaution (39) is the representation of Euclidean four-dimensional space-time vector in

terms of split octonion or Zorn's vector realization. Equation (41) shows the norm of

space-time four-vector, equation (42) and (43) are the split octonion equivalents of four

differential operator and its octonion conjugate, respectively, giving rise to invariant

D'Alembertain operator. Starting from split octonion form of electromagnetic four

potential and keeping in view the definition of electric and magnetic field, I have derived

equation (45), which is the split octonion equivalent form of electromagnetic field tensor,

FMV = A/IV - Av M. Its another counterpart is given by equation (51). It has been shown

that electric and magnetic fields in terms of Zorn's matrix realization of split octonions

can separately be obtained by combining equation (49) and (51) and are derived in

equation (53). Equation (54a) is the split octonion field equations, whose four-current

reproduced by equation (54b). Equation (54b) reduces to equation (56), whidi is the

equivalent split octonion form of covariant field equation \]Ap - JM (in terms of Lorentz

gauge). Lorentz force equation of motion has been reformulated by split octonions in

equation (57).

Equation (65) and (67) are the split octonion equivalents of unified field (Maxwell-Dirac)

equations of dyons and gravito-dyons. These equations thus reproduce the generalised

field equation (Macwell-Dirac equation) of dyons for a - +1. On the other hand, for

a = -1 its give the dynamics of gravito-Heavisidian fields of gravitodyons. Moreover,

equations (65) and (67) reproduces the dynamics of electric (or gravitational) charge (or

mass) on dyons (or gravito-dyons) for a -+l (or a--I). Equation (67) is the split

octonion equivalent of unified covariant field equation []VM = aJM of generalised fields

of dyons and gravito-dyons derived earlier by Rajput [43]. Split octonion

electrodynamics leads to bivalued representation of the two basis elements uo,u],u2,ui

and u'0,u*,u'2,u'3 of split octonions, which can be interpreted as the dual basis or

conjugate basis to each other.
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ABSTRACT

In the present paper, an alternative treatment for resonance scattering is
developed, where the requirement of correct asymptotic behaviour is
incorporated, in the frame of relativistic quantal mechanics.

In this respect, analogous Siegert incoming- and outgoing- boundary
conditions are employed, in which resonant internal energy eigen-values that
are embedded into super-lattice structures, are extended into the external
region, and as a consequence the corresponding internal eigen-functions
become non orthogonal. Thereby, Green's equation is employed.

This, and together with utilizing Dirac 8-function for the potential,
enabled us to express explicitly the relativistic scattering coefficients, in
terms of the Green's function, after being spectrally represented as a Mittage
Leffler- expansion.

Key Words: Superlattice, Self-Adjointness, Relativistic Quantal Frame, Kronig-Pennny
Chain, and Natural Boundary Conditions.

1-Introduction

Evidently, both of the energy dependent Kapur-Peierls [1], and the energy
independent Wigner-Eisenbud [2] natural boundary conditions give rise to orthogonal
resonant eigen-functions, in super lattice structure [3-5], that are associated with eigen-
energies that may not equal to the scattering energy. This implies, presumably, that the
corresponding eigen-functions do not have the correct asymptotic behaviour[6].

In the present paper, the correct asymptotic requirement is incorporated, in the frame
of generalized relativistic [7-9] quantal mechanics,(which naturally secure self-adjointness),
after representing the super lattice,(man made periodic quantal system), potential energy by
Dirac delta-function. By employing natural incoming- and outgoing- boundary conditions,
that are analogous to Siegert [10], the energy eigen-values before and the boundary interface
are secured to be equal. Hov/ever, these boundaries condition, which depend on the
enumerating index, prevent the corresponding eigen-functions from being orthogonal.
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In this respect, the method of Greens function [11] is employed to express the
scattering wave function in terms of analogous Siegert resonant eigen-functions, with the
purpose of establishing a new version of dispersion relation. Therefrom, the scattering
coefficients [12] are extracted and expressed linearly in terms of relativistic Green's function,
after being spectrally represented as a Mittage Leffler- expansion [13-14].

2-Correct Asymptotic Requirements

Let us express the resonant eigen-value equation in the frame of generalized
relativistic quantal mechanics [6] as:

j c ' + V W - . . - c ^ D -aS(x-a)]VSn(x)A
vc/j[Dx-a5(x-a)J -mc 2 + V(x)-en J lS (x ) J

where en , and (Sn(x) Sn(x)j refer to analogous Siegert eigen-solutions, that satisfy the
outgoing boundary condition:

Sn(x)/Sn(x)[=a=iKn (2)

together with the incoming boundary condition:

Sn(x)/Sn(x)[=o=-iKn (3)

in which a is the length of the super lattice, Kn stands for:

(4)
me2

and Kn denotes the relativistic eigen-wave number:

K —
ej-mV

c2h2
(5)

The potential function V(x) is simply represented by a single Dirac 5 -function:

V(x)=A.6(x-a) (6)

in which X is the potential strength.

In view of the fact that the analogous Siegert boundary conditions depend on the
enumerating index of internal eigen-solutions, as given by eq.(2) and eq.(3), the resonant
eigen-functions loose their orthogonality, namely[6]:

II \
mn
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with the normalization:

; (8)

in which:

(n\\m) = Jdx[sn(x)Sm(x) + Sn(x)Sm(x)] (9)

It is to be noted that a is incorporated as a switch for restoring hermiticity.

2-Resonance Scattering

Presumably, upon employing the natural boundary conditions that are analogous to
Siegert as given by eq.(2) and eq.(3), the asymptotic requirement is correctly incorporated, but
with the price that the corresponding eigen-functions become not orthogonal. In this respect,
and in order to circumvent such difficulty one has to employ the method of Green's functions.
It seems logical, that before being involved in establishing Green's equation, let us first extract
the scattering coefficients.

a-Scattering Coefficients

In this respect, let us introduce the single particle scattering problem, that corresponds
to the relativistic resonant eigen-value equation, as given by eq.(l), with the same potential as
given by eq.(6); namely:

mc2+XS(x-a)-E -c/j[Dx -a8(x-a)]

c/?[Dx-a8(x-a)] -me2 + k8(x - a) - E
=0 XG [0,oo[ (10)

The asymptotic solution of the above equation where the incident wave is
approaching from the left of x==a, can be expressed as:

e iKX+re- iKX

iK[e1KX-re-1KX]

while on the right of x=a, reads:

J te1Kx

V 0< x <a (11)

V x > a (12)
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in which r and t refer to reflection- and transmission- scattering amplitudes, where K and K
stand for:

, E2-m2c4

K —" (13)

and

K=-
C/IK

mc2+E
(14)

Noting that K refers ,presumably, to the relativistic scattering wave number.

b-Green's Function

Now, we are in a position to establish the relativistic Green's equation. In this respect,
and in view of the appendix [A], the relativistic Green's equation that corresponds to the
scattering equation as given by eq.(10), can be expressed explicitly as:

mc : +V(x) -E -c/ j [D x-a5(x-a)]

c/?[D s-a8(x-a)] -mc 2 +V(x) -E

with the boundary conditions:

G
G

x=0

= B0

=-iK

&

.G(x-x')
5(x_x.)_IiiL_

E + mc

5(x-x')(x-xI)

(15)

xe[0,a]

G
G

x=a

=iK (16)

By multiplying the scattering equation as given by eq.(10) together with the

corresponding Green's equation as given by eq.(15), from the left by (G(x-x ' ) G(x - x')j

,and (HP(x) ^(x)) , respectively, then after subtraction, and integration from 0 to a, we

obtain:

Y(x') I— -— G(x-x')
1 T G

x =a
-ch

me" + E
xe[0,a] (17)
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which upon being evaluated at x=a , one gets the dispersion relation:

me1 + E

eft
-[B.-L]G(a,a)=l (18)

Upon utilizing the asymptotic solutions for the scattering solution, as given by eq.(l 1)
and eq.(12), into eq.(17), we obtain:

(19)
+ r

which after inserting the boundary conditions for G(x ,x) as given by eq.(16),becomes:

G(x,0) (20)
ch

To extract the scattering coefficients r and t, let us employ the asymptotic solutions for
^(x) as given by eq.(ll) and eq.(12) at the two boundaries x=0 and x=a, into the above
equation, and as a consequence one gets

_,
ch

and

t = 2 i K ( m c + E ) G M ) e _ 1 K a ( 2 2 )

ch

which indicate the fact that the scattering coefficients r , and t are linearly related to the
Green's function at x=0, and x=a respectively .

c- Spectral Representation of Green's Function

The spectral representations of the Green's functions G (x,x'), that are present in the
right hand sides of both eq.(21), and eq.(22),can be evaluated by employing the method of
Mittag-Leffler's [see Appendix B], for expanding the Green's function G (x,x'), as:

G(X,X)=T
n=0

Pn(X'X<) + X(x,x') (23)

which in terms of Siegcrt resonant states, can be expressed as [see Appendix B]:
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0(M> i^Ma tX(M) (24,
n=0 2^(K-Kn)

and as a consequence, the explicit expression for the scattering coefficients r , and t, can be
evaluated by introducing the above expression for G(x,x), into the right hand side of eq.(21)
and eq.(22) to give:

n=C

and

- ^n(a)S (0)-S

n = 0

which depend on the eigen-number <n , together with the associated analogous Sigert eigen-

function Sn (x) and Sn(x) at x=a ,and x=0.

4-Summary and Concluding Remarks

The correct asymptotic requirement has been incorporated, through superlattice crystal
in the frame of generalized relativistic quantal mechanics, by employing the natural incoming-
and outgoing- boundary conditions, that are analogous to of Siegert, which insures the
extension of the internal energy eigen-values into the external region. However, the
corresponding internal eigen-functions became non-orthogonal. This difficulty has been
circumvented by employing Green s function technique, and a new version of dispersion
relation was established. Therefrom, the scattering coefficients have been extracted and
expressed linearly in terms of relativistic Green's function, after being spectrally represented
as a Mittage Leffler- expansion.

APPENDICES

A-Relativistic Green' Equation

In order to extract the relativistic Green' equation, which corresponds to the scattering
equation as given by eq.(10), let us consider the relativistic Green' equation:
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mcl+V(x)-E -ch[Dx-aS(x-a)]

ch[Dx-aS(x-a)] -mc2+V(x)-E /3(x-x')y
(1A)

where a and (3 are functions in terms of Dirac-5 function and can be evaluated by expanding
the above equation into:

and

(me -E)G(x-x )-c h G (x-x )= a(x-x)

c h G'(x-x') - (me2 +)G(x - x') =P(x-x')

which can be decoupled:

eft c2h2

By virtue of the conventional non- relativistic Green' equation:

G " ( X - X ' ) - K 2 G ( X - X ' ) = 8(X-X')

and the property of the Dirac- 6 functionfl 1], namely:

5 (x - x ) =(x-x ) 5(x - x )

one can choose a and P as:

-c2ft28(x-x')

E + mc

and

P = (x-x')8(x-x')

Therefrom, the expressed expression for relativistic Green' equation reads:

f mc2+V(x)-E - a5(x - a |

-mc2+V(x)-E J[G(X-X')

2h2

S(x-x') .
E + mc2

8(x-x')(x-x')

(2A)

(3A)

(4A)

(5A)

(6A)

(7A)

(8A)

(9A)
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B-Spectral Representation of Green's Function

Let us employ the Mittag-Lefflers theorem [11-12], for expanding the Greens
function G(x,x), that belongs to the Green s equation as given by eq.(5A), in terms of

p n (x-x ' ) and x(x ,x) ; namely:

This equation together with the boundary condition, namely:

G(x,x')/G(x,x') =i*

after being inserted and solved into eq.(5A), yield:

r. .
= 0

and

2knpB + x(x, x 'Kx tx , x ')-S(x-x')] = 0

together with:

n(x,x') = i£npn(x,x')

and

X(x, x') = ipn (x, x') + i^nx(x> * ' )

(IB)

(2B)

(3B)

(4B)

(5B)

(6B)

It is to be noted that, the analogous Siegert eigen-value problem as given by eqs. (1-3),
can be decoupled into two equations of second order, which in matrix form, read:

(7B)
s.(x)

with the boundary condition:

S»(x)

vO n<

(8B)
x=a

Now, it is clear that, eq. (3B) for pn(x,x) with its boundary- conditions as given by

eq.(6B) are respectively similar to the matrix equation as given by eq.(7B) for the function

(Sn(x) Sn(x)j with its boundary- condition as given by eq.(8B). Therefrom, the two

functions pn(x,x) and (Sn(x) Sn(x)j must be proportional, namely:
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(x) ° Y s»] m)
0 C ( X O J U ( X ) J KJ )

which amounts:

pn(x,x')=(l/2)[c(x')Sn(x)+c(x') Sn(x)] (10B)

The task now, is to evaluate the proportionality functions c(x') and c(x'). This can be

accomplished by multiplying eq.(5B) and eq.(7B) from the left by (S,,(x) S,i(x))t and

X(x, x') respectively, which upon being integrated and subtracted; namely.

I0
adx[sn(x)x(x,x')-x(x,x')Sn(x)J+2^Jo

adxSn(x)pn(x,x')-Sn(xl) (1 IB)

and

Sn(x)x(x,x1)-X(x,xI)§n(x)l+2^ni:dxSn(x)pn(x,x1)=Sn(x') (12B)

which, after employing the pn(x,x) expansion as given by eq.(9B),in terms of x(a>x ') a s

given by eq.(6B), and carrying out the two integration's that belong to the first and second
members of the left hand side of the above two equations , we get:

L V^A J LJ ycIJ • **i*ft v l A I Jo UlAO I AJ O I A I M i n )

and

ic(x')S:(a)+2^c(x')JoadxS:(x) =Sn(x') (14B)

Multiplying eq.(13B) and eq.(14B) from the left by S(x)and S (x) respectively, adding and

using pn (x, x') expansion as given by eqs. (9B), one gets:

(15B)

which, after employing the analogous Siegert boundary condition as given by eqs.(2) and (3)

for the term S] (a), can be solved for p n (x ,x) , to yield:

S,WS,(x')-S,(x)S,(x') ( 16B)

i ( K : ) s : ( 2 * d [ s : ( ) s : ( ) ]

which, in view of the normalization condition that is given by eq.(7), finally reads:

p. (x,x,.s.MW-*MS.0O (17B)

This enables us to represent the the Green s function G(x,x), that is given by eq.(5A), as:
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( x ' x ) - 2 k ( x K ) (18B)
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ABSTRACT

On the basis of a semi-relativistic decoupled Dirac equation and self consistent
Hartree-Fock formulation, it is used the One-Boson-Exchange Potential (OBEP)
model where each nucleon, as a Dirac particle, is considered to be a source of a scalar
(a) and vector (co) fields, and is also acted upon by these fields, to get the ground state
of some spherical nuclei. An important mathematical advantage gained by the
assumption that each nucleon in the nucleus is moving under the influence of a
common harmonic oscillator is that (as shown by Talmi) the wave function of the two
nucleons is separable in their relative and center of mass (CM) coordinates and the
known Talmi-Moshinsky brackets. Three different static nucleon-nucleon interaction
forms are used to predict the ground state energy for4He nucleus.

1. INTRODUCTION

In the field of strong interaction dynamics, the nucleon-nucleon (NN)
interaction has occupied a central role in all formulations of nuclear reactions and
structure theories; see e.g., [1,2], In addition, the information's we can get from NN
interaction is very useful and closely related to nuclear forces. Moreover, v/hen
studying the scattering of the two nucleons in free space, we can obtain knowledge
about the phase shifts, which are related, to the potential between the two nucleons.
Various authors [3-10 ] has attempted to determine the parameters of
phenomenological NN forces from the analysis of experimental observations.

In the deep-inelastic scattering at high momentum transfer we face many
problems because of the lack of a sharp picture for the quark-gluon interaction.
Moreover, there are the difficulties of the extrapolation of all the information's
coming from different energy domains to be incorporated in a natural way in one
theory [11]. Because of these difficulties we use baryons and mesons as the proper
and suitable variables, and in the same time they are the collective degrees of freedom
of the quantum chromodynamics theory at low and intermediate energy regions.
Another important factor in this study is the basic role of the relativistic effects in
nuclei. The relativistic treatment of finite nuclei can be accomplished using (Miller -
Green - Walecka) model [12, 13], which describe the nuclear interaction in the OBEP
picture as the lowest order contribution to the nucleon-nucleon interaction.

The meson theory of the strong nuclear force has been vigorously developed to
describe these interactions in terms of few numbers of parameters where the Bonn-
potential is very useful to describe nucleon-nucleon interaction [14]. The OBEP Ê onn
potential, as benchmark for any alternative attempt (based, e.g., on quark models,
chiral perturbation theory, or other ideas) to explain the nuclear force, has been
promoted to include the charge dependence of nuclear forces [15].
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The aim of our study is to obtain a general nucleon - nucleon potential based
on OBEP method, where by using this potential we can obtain different properties of
nuclei in their ground state [16].

In Sec.2 we present the mathematical formulation of the problem using a
semi-relativistic approach of the decoupled Dirac equation and the use of Lagrange-
multiplier method to get the relativistic Hartree-Fock equation in order to obtain the
ground state of 4He nucleus. Section 3 is devoted to results and their discussion and
some important conclusions-.

2. FORMULATION

The expectation value of the total energy " E " of a system composed of an A-
nucleons can be expressed in the form,

E=<iy0\H\y/0> (1)

The Hamiltonian H represents a number of Dirac particles interacting through two-
body interaction Vy and can be expressed as follows,

H = ftcal.pl+$imc2 -f + J J X (2)

where a, and f3j are the 4x4 Dirac matrices, "c" is the velocity of light, m" is the

nucleon mass, p{ is the momentum of a nucleon '/' and T is the total kinetic energy

of the system as a whole. Expanding the total energy "£ " as a power series in the
momentum p to the fourth order only, then it is easy to show that the kinetic energy

f gets the form,

where pr = —(/?, - p •), is the relative momentum of the two-nucleon system. By

substituting Eq. (3) into Eq. (2) and subtract the quantity me2, then the Hamiltonian
gets the form,

P, '

(4)
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2.1 Wave Functions and Renormalization

we assume that the relativistic wave function of the nucleus has the form,

-imc~! I h

(5)

where i//0 (r) is a Slater determinant wave function,

l
\1 A\

(6)

Wi(r) is a single particle wave function, can be expanded as a series of oscillator

wave functions, y/(r) = ^ciafa(r) where fa(r) is the Lagurre function. The
a

normalization condition of the wave functions can be written in the form,

\f (F)) = (X{f) | (7)

where <j> and % a r e m e ' a r g e and the small components of the wave function. The

small component of the wave function can be approximated as, % =— —
2mc

. It is to be

noticed that the wave function <p in this relation is not normalized, and the normalized

one (j)n can be expressed in the form,

(8)

To perform the transformation of the wave functions(f>a{rx)and ^,(F2)to the relative

and center of mass function 0(r,R)we use the relation,

(9)

where ^ n (FPF2) is the collective total wave function of the two nucleons and

{ljrm, mj | XjS) is the relevant Clebsh-Gordon coefficient. In view that we shall use

harmonic oscillator wave functions in our calculations then the following relation
holds,

Y [ ) ^ M (10)
nlNL

which can be splitted into the form,

ILnlxAr,R) ={LlMm\Xju)
NLM

hi,,, (p)
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where the bracket\nalanylyX! \NLnlX)is the Talmi-Moshinsky coefficient [17]. By

substituting Eqs. (10) and (11) into Eq.(9) then we get,

y y y (/ lm m {J m }.
i~-i Z_J i—J a O 'a sa ' J a a '

m, m, m. „, XunlNL Sm,TM, ^

nJanrlyX

rli
2̂ 2

22
\sms).

(12)

where %]„ ( 1.2 ) and -Pr(-1,2 ) are the total spin and isotopic spin wave functions.

Similarly the kets ^ (r[) ^ „, ^ and then ^ (f-) ^ ^ W/? (r2)

bra ( d>, {r[)(b, (ri) can be expressed in the same manner. The function

<pnlm(r) = Rnl(r) Y 'sm (&,<p) contains Rn,{r) the radial renormalized oscillator wave

functions and Y js
m (9,g>) the tensor spherical harmonic wave functions.

2.2 Variation and Modified Hartree-Fock Equations

The Hartree-Fock equations can be obtained by using the conditioned minimum point

Lagrange multiplier method for the expression< y/{r) \ H \ y/{r) > . By differentiating

it with respect to c*ia and equating to zero we get the relativistic Hartree-Fock

equation

ia/3

(13)

where the twiddle sign refers to the Fock exchange terms, and ht are the Lagrange

multipliers. The 1st term " / " of Eq. (13),

iafi %m,c'
(14)
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after insertion of the unit matrix and the Dirac matrices,

1 =
,0

(o aN

-V ^ 0
(15)

and by using the normalized wave function <fin (Eq.(8)) and substituting into Eq.(14)

we get the kinetic term in the form,
6

> (16)
32m c

in view that we consider, as we mentioned above, only terms till the fourth order in
momentum, which means that the higher order terms given in Eq. (16) will not be
considered. Then the Hartree-Fock equation to be solved becomes,

ip yS

where the value

m,

= 0

m.A 4m, c
p]

(17)

(18)

represents the center of mass motion.

2.3 Relativistic OBEP for Spherical Nuclei

Here we preserve the essential feature in the OBEP models concerns the inherent
cancellation between the contribution of the scalar and vector mesons. We assume the
interaction between the two nucleons Vr consists of an attractive scalar potential

Vs (r) and a repulsive vector one Vv(r),

where,

and

V0=V,(r)+Vv(r)

,(r) = -y?y%J,(r), Vv(
r) = ,

r° = 0 -1 r=<
0 a

-a 0

(19)

(20)

(21)
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are the ordinary Dirac matrices, a is the usual Pauli spin matrices. The metric of four
space is chosen so that the four vector product yfy2 obeys the relation

y?y\={y\y\-y<ri) (22)

in view that the nucleon wave functions depend on the coordinates (F,, f2) of the two
nucleons, it is convenient to transform this dependence to be the relative coordinate
(F) and the center of mass coordinate (R ) , and since we intend to use a harmonic
oscillator wave functions, then we can use the definitions given by Brody-Moshinsky
[ 17] for the relation between (F,, F2) and (F, R) as follows,

r = , R = —f=Q\ + F2), also the relative and center of mass momenta are

defined as, pr =pl2 =-(pl -p2), PR = (p{ + P2)> respectively, which gives,

P\ Pr 2 R ' 2 r 2 R

by substituting Eqs.(20), (21), (22) and (23) into Eq.(17) we get,

2"' +L2P'+2pl" +\"'-
1

Am 2c

^2-( Pr

1

Am 2c2

°2-(-Pr

rA-Pr

T (v\rrr\
'v V )CH°

>+2P-'

1 _
+ 'IPR

1
-?p

• 2 o - ,

)<?,-

4-a,.

,,){-/,

r) + J

• ^ i

irPr-

(Pr +

1 ^
2

f 2 P '
1 - ,

Jv(r) +

2 2

«) + *,-(

2
m/<

V 2 .
_
r'

1
+ :7

Pr
2}^.(.

<-n . +
1 _

2 *'

1 _

2 R'

PR)

_ 1 -
Pr +

 2PH

1

(24)

using Eq .(19) and the notations, pr =pfl , pR=pRl, Va=-Js{r)

Vc=Js(r) + Jv(r),and Vb=-Jv{r)dvd2 we get

(25)
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where

°2-P) Vc(d2.p) + (drp) Vc(drp)-Vh(drp)(d2.p)-

(d2.p) Vb{avp)-{a,.p) Vb(d2.p)-{drp)(d2.p) Vb

(26)

after lengthy mathematical manipulations involving tensor algebra, Pauli spin matrices
and gradient operator we find that the total interaction of the two nucleons can be
written in the form,

VT

4m ~c

•£-( ^S2 - 3 )( Jv(S.p )2 - ( S.p )2JV)]

,dVf

dr dr dr'

2 dVf

r dr
4i_

h

V-

-(2-S2 -3 ) Jv)
h

1_

. 2 T _ 2

dJ
]lr~

- 3 ) - - ^ ( S . F ) ( S.p ) ) - [ J , p \ - J v p 2
R ] } R H l l , ( r )

2 -
where Vf - 3J. +Js , d = — S , ,.<7, = ^S2 - 3 , 5 = 5 , + 5 ,

(27)

and

2 6

with 6 = h
Vmco

andL"(x)is the associated Lagurre function. In our calculation we

used three different forms for the static nucleon-nucleon interaction. J^ r ) , / = a ,u

and the calculations were carried out using each of these forms for both the Hartree
and the Hartree-Fock problems. First, we used the generalized Yukawa function (GY)

2X
(28)

with / —o,u whereg] is the meson-nucleon coupling constant, A is a parameter

related to the structure function of the form factor and \i is associated with the meson

mass fi = mc — . We note that this function has been used by Miller-Green [12].
h

However, we used in our calculations the parameters given by Brockmann [18].
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Second, we used the Yukawa function (Y),

^T-t—] (29)

this function has been used by Boussy etal [19] and we preserve their
parameterization. Finally, we apply the single particle energy dependant (SPED)
function,

1 1 2 - m , r -X: r
\ A.. p. ' p. '

] (30)HT: A" —mi r r

which was used by Jaminon etal [20] and also we apply here the same
parameterization.

3. RESULTS, DISCUSSION AND CONCLUSIONS

During the 1960's period it was needed about 50 adjustable constants to describe
the complicated NN interaction. The idea of meson exchange helps us to obtain a
potential with a little number of parameters (2-3 constants per meson), which, in
addition do not suffer from the ambiguities appear in the other potentials as in e.g.,
Hamada - Johnston [22] potential case. The OBEP model we studied represents an
approximate form based on the relativistic quantum field theory of mesons, which is
the suitable theory for the presentation of the nucleon-nucleon interaction in its full
range at low and intermediate energies, and at the same time it uses the suitable
degrees of freedom of the Quantum Chromodynamics theory in this range of energy.
Moreover, an important mathematical advantage is that, as shown by Talmi [23], the
wave function of the two nucleons is separable in their relative (r) and center-of-
mass(R) coordinates with help of the known Talmi-Moshinsky brackets. In addition,
using Lagrange-multiplier method enables us to get the properties of nuclei in their
ground state.

We have applied our formulation to calculate, as an example, the ground state of the
spherical 4He nucleus usingtwo sets of parameters given in tables ( I-A, II-A, III-A )
using the scalar o and the vector co mesons. We preserved the property of the
successful OBEP models in concern to the strong cancellation between the scalar and
vector potentials. For the NN interaction we have used three static functions ( Y, GY,
SPED ) for both Hartree and Hartree-Fock problems. Results are given in tables (I-B,
II-B, III-B ) and schematically are given in figures I.B, II.B and III.B. It is to be noted
that we have used in some of our results the new mass of the nucleon as given by
Machleidt in his new paper [15]. In addition, a small variation of the value frco was
made to test our results against this parameter. In our theoretical results we can see
that in table (I-B ) for Y function case (I.H ) the result is close to the experimental
value, however in the case (I.H-F ) the theoretical result overshoots the experimental
one . For the second set of parameters this function Y in the case ( II.H ) we regard
that the result is far from the experimental value, but in case of ( II.H-F ) it is a little
higher than the experimental one.
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Table I-A. Meson parameters for the OBEP as given in Ref's [18] and [19]

hw=20 MN939.6 MeV (GY, SPED) M=938.9 MeV (Y)

Meson

o

CO

Parameter
Set

I [18]

II [19]

I [18]

II [19]

m Mev

Y,GY,SPED

550

-

782.8

-

Y

-

440

-

783

G2

Y,GY,SPED

H,H-F
6.57

-

9.25

/4JT

Y

H
-

6.25

-

15.16

H-F
-

5.54

-

12.24

I MeV

GY, SPED

1530

-

1530

-

Table I-B. Ground state energy for 4He using parameters of Table I-A

Parameter
Set

I

II

Problem
Type

H

H-F

H

H-F

NN Potential Type

Y
MeV
-19.11

-17.26

-12.66

-16.37

GY
MeV
-25.02

-22.10

-

-

SPED
MeV
-18.73

-17.01

-

-

Experimental
Result [21]

-19.81

MeV
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Table II-A. Meson parameters as in Table I-A with little variated hco and M

h(o=21 M=938.91875 MeV (GY,SPED,Y)

Meson

o

CO

Parameter
Set

I [18]

II [19]

I [18]

II [19]

m MeV

Y,GY,SPED

550

-

782.8

-

Y

-

440

-

783

G2/4;r

Y,GY,SPED

H,H-F
6.57

-

9.25

-

Y

H
-

6.25

-

15.16

H-F
-

5.54

-

12.24

X MeV
[19]

GY, SPED

1530

-

1530

-

Table II-B. Ground state energy for 4He using parameters of Table II-A

Parameter
Set

I

II

Problem
Type

H
H-F

H

H-F

NN

Y
MeV

-20.36

-18.29

-13.15

-17.13

Potential Type

GY
MeV

-26.68

-23.48

-

-

SPED
MeV

-19.94

-18.01

-

-

Experimental
Result [21]

-19.81

MeV
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Table III-A. Meson parameters for the OBEP as given in Ref's [18] and [19] with

little variated co-meson mass [15]

hco=21 M=938.91875 MeV (GY, SPED, Y)

Meson

a

CO

Parameter
Set

I [18]

II [19]

I [18]

II

in MeV

Y,GY,SPED

550

-

782.8

Y

-

440

-

781.94
[15]

G2/4TC

Y,GY,SPED

H,H-F
6.57

-

9.25

H
-

6.57

-

9.25
[18]

Y

H-F
-

5.54

-

12.24
[19]

X MeV

GY, SPED

1530

-

1530

Table III-B. Ground state energy for 4He using parameters of Table III-A

Parameter
Set

I

II

Problem
Type

H

H-F

H

H-F

NN

Y
MeV

-20.36

-18.20

-12.91

-16.98

Potential Type

GY
MeV
-26.57

-23.40

-

-

SPED
MeV
-19.83

-17.92

-

-

Experimental
Result [211

-19.81

MeV
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-18-
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-24-

95
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-27-

-2b-

Fig. I.B Schematic representation for He ground state

hco=20 M=939.6 MeV (GY, SPED) M=938.9 MeV (Y)

NN function
type

Parameter
set

Problem
type

-

Y

I

H

9,11

H-F

-12

II

H

66

H-F

-16.37

-25.

GY

I

H

)2

H-F

-18.

-22.10

SPED

I

H

•

73

H-F

17.01

Experimental
result
MeV

-19.81

Energy
MeV
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• 1 -

-2-
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-4-
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78-

Fig. II.B Schematic representation for 4He ground state

hco=21 M=938.91875 MeV (Y, GY, SPED)

NN function
type

Parameter
set

Problem
type

Y

I

H

?n if,

H-F

-13

II

H

15

H-F

-17.13

-26.

GY

I

H

58

H-F

-19

-23.48

SPED

I

H

.94

H-F

•18.01

Experimental
result
MeV

-19.81

Energy
MeV
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Fig. HI.]5 Schematic representation i

hco=21 M=938.91875 MeV

NN function
type

Parameter
set

Problem
type

-

Y

I

H H-F

-12

-18 20

II

H

91

H-F

-16.98

-26.

br 4He ground state.

(Y, GY, SPED)

GY

I

H

57

H-F

—-12

-23.40

SPED

I

H

. 81 .

H-F

-17.92

Experimental
result
MeV

-19.81

Energy
MeV
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In the case of function GY there are only two results, the first ( I.H ) its value
undershoots the experimental value, while the second (I-H.F ) gives lower value than
the experimental value. The third N-N function (SPED) generally predicts better the
theoretical value for the ground state of 4He nucleus than the other two N-N functions.
In the second and the third tables we make little variation for the values of hco and the
mass of nucleon and we regard that all the theoretical results reduced about 1 MeV
than the previous results. We summarize our conclusions as follows,

(1) A semi-relativistic study based on OBEP model for N-N interaction has been
presented and the relativistic Hartree-Fock equations have been derived to predict
the ground state of 4He nucleus.

(2) The success of this simple effective interaction is associated with the relative
small magnitude of the two-body correlation effects due to the replacement of the
unphysical hard core by the relativistic interaction in the use of Dirac equation.

(3) In the framework of the presented formulation which incorporates very
naturally the meson degrees of freedom we have applied a relativistic H-F
approximation and studied the contribution coming from the exchange ( Fock )
part of the interaction.
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From funerary masks to portraits
The so-called Fayoum portraits, more than 1.000 of them, are the largest body of ancient portable paintings to have survived.
They are portraits, painted mostly on wood, of men. women and children, young and old, believed to have been painted in
their lifetime, sometimes framed and displayed in the homes, and later sawn to fit just inside the sarcophagus where they
were placed on top of the face within the mummy wrappings to preserve the memory of the deceased. They have been
recovered from cemeteries all over Egypt, but were not necessarily manufactured at the sites where they were found.

Ilie painted panels started coming to light in amateurish excavations during the early to mid-19th century. The collectors
extracted them from then- wrapped and decorated mummies and. thus, they unfortunately removed and separated them from
the context in which the\ were found. At first the portraits did not attract much attention: most were already damaged while
others suffered from careless handling.

Two dynamic and separate cultures existed in Egypt in the early centuries of the Christian era: the Hellenic and the Egyptian,
both pagan and Christian. To what ethnic and social group did the portraits belong? Some scholars called them "Roman
portraits" on the basis that they could not be Egyptian because Egyptians were always depicted in profile and not three-
quarter face, or because they were found on sarcophagi enclosing mummies of the Roman period.

The use of the word "Roman portrait" was rejected by British archaeologist Flinders Petrie after his discovery of 300
portraits in excellent condition from a massive cache of mummies in Fayoum in 1888. At once the term "Fayoum portrait"
was coined. This was an acceptable but not accurate term, as they were not to be found in Fayoum alone. The extraordinarily
beautiful 2,000-year-old portraits have been found on mummies in Egyptian burial grounds not only in Fayoum but also in
"middle" and Upper Egypt and even on the Mediterranean coast, all dating to between the first and fourth centuries.

Still they did not escape controversy. Specialists in Graeco-Roman art regarded them as Egyptian, but Egyptologists
considered them to be works of the early years of the Christian era when Egypt was under Roman occupation, and therefore
out of their sphere. For too long art historians neglected these masterpieces. Today they are receiving their due, with one
startling fact to emerge being the possibility that the portraits inserted into the wrappings of mummies may not be
representative of Roman provincial art, as earlier described, but created by Egyptians for Egyptians. In other words, they
may not be portraits of the Mediterranean aristocracy who controlled Egypt in Roman times, but of Egyptians themselves.

Some of the panels were painted in encaustic: natural powdered pigments mixed with melted beeswax and applied hot with a
scalpel and brush for detail. Others, painted in tempera or a watercolour base, were badly affected by humidity in the soil.
Some were on wooden panels, some on linen. Some depicted heads only, others were full- length portraits placed on top of
the linen cloth that covered the corpses.

There is every indication that the painted portraits served the same purpose and function as the painted cartonnage masks
made of layers of linen or papyrus stiffened with plaster and decorated with paint or gilding that were introduced into Egypt
in the First Intermediate Period, between 2181 and 2055 BC. These became increasingly popular in the Middle Kingdom, the
XVIlIth and the XXVIth dynasties, as well as in the Graeco-Roman period, to assist in the identification of the deceased. In
fact, in the Graeco-Roman period hollow, painted plaster heads and painted portraits began to be used alongside cartonnage
masks. Continuity can be traced provided one looks at the portraits painted in Roman times from an Egyptian perspective.
Looked at from a local angle, foreign influence in these great masterpieces may extend no further than a stylish Roman
hairdo or the fashionable drape adopted by aristocratic Egyptian families.
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Abstract

A simple additive formula is given that permits the calculation of the nuclear capture,

thermal diffuse and Bragg scattering cross-sections as a function of sapphire temperature

and crystal parameters. We have developed a computer program that allows calculations of

the thermal neutron transmission for the sapphire rhombohedral structure and its equivalent

trigonal structure. The calculated total cross-section values and effective attenuation

coefficient for mono-crystalline sapphire at different temperatures are compared with

measured values. Overall agreement is indicated between the formula fits and experimental

data. We discuss the use of sapphire single-crystal as a thermal neutron filter in terms of

the optimum crystal thickness, mosaic spread, temperature, cutting plane and tuning for

efficient transmission of thermal-reactor neutrons.

PACS: 28.20.-v, 61.12.-q

Key words: Neutron transmission, Sapphire, Neutron filters.
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1. Introduction

The use of large, perfect single-crystals of various materials as filters for thermal

neutron beams has long been known [1]. Several materials such as quartz (SiO2) [2],

bismuth [3], silicon [4], lead [5] and sapphire (AI2O3) [6-9] have been suggested as most

successful filter materials. At high neutron energies, greater than about 1eV, the total neutron

cross section at of each of the above mentioned materials is in the range of a few barns, but

at lower thermal energies, less than 0.1 eV, where much of the coherent Bragg scattering is

disallowed the effective cross-section for single-crystal specimens is much reduced. That is

also due to the decrease of the thermal diffuse (TDS) or inelastic scattering cross-section

with the decrease of neutron energy. "Freund [10] has reviewed a variety of single-crystal

filter materials and calculated the total neutron cross-sections from transmission

measurements. He uses a simple model to determine the single-phonon, multiple-phonon

and absorption cross-sections as functions of the neutron wavelength and fits the data to a

general formula with two adjustable parameters. There is good agreement between the

calculated neutron cross-sections and the experimentally determined cross-sections for

several materials, e.g. single-crystal silicon at both 300 and 77 K. There are, however,

substantial differences between his results for sapphire and the experimental results of

Nieman et al. [6], especially at neutron energies >100 meV. Freund [10] suggests that

improvements in the quality of sapphire single-crystals will reduce these differences and

thereby decrease the problems associated with elastic scattering of the higher-energy

thermal neutrons. Born et al. [11] have examined the intensity transmitted by a single-crystal

of AI2O3 over a range of orientation angles within ±2° and have observed no significant

changes. They have found that a 90 mm-long sapphire-crystal filter has a transmission of

about 0.8 for wavelengths in the range 0.12-0.24 nm and 0.07 for epithermal neutrons.

These transmission results are in good agreement with those obtained by Nieman et al. [6],

who suggest that the effective attenuation coefficient can be minimized by fine-tuning the

crystal orientation. Born et al. [11] have found that there is no need to tune the crystals for
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every wavelength. They find that the beam intensity transmitted by their crystals does not

depend on the crystal orientation." reported by Mildner et al.[7].

The wavelength dependence of the transmission probability of a beam of neutrons

through super optical quality single-crystal sapphire at room temperature, has been

measured by Mildner et al. [7]. using the time-of-flight (TOF) spectrometer installed on C3

beam line at the Intense Pulsed Neutron Source (IPNS) at Argonne National' Laboratory. The

measurements extend over the neutron wavelength range 0.05-1.2 nm. Sharp dips in the

transmission caused by Bragg reflection are not found. The data below the broad dip around

0.2 nm in the cross-section have been fitted to a function that accounts for multi-phonon

scattering. Measurements performed on single-crystals with increased lattice distortion (or

mosaic spread) showed an increase in the cross-section at long wavelengths. Mildner et al.

[7] snowed that cross-section data measured for sapphire single-crystal along the c-axis can

be fitted to a function given by Freund [10] that accounts for multi-phonon scattering, and

showed that this can be further generalized for an anharmonic effects. Their data have been

fitted to a function with four parameters. However later measurements Mildner and Lamaze

[8] show lower grade crystals perform equally well as optimum grade crystals- contrary- to

previous results. Mildner and Lamaze [8] using TOF spectrometer installed on C1 beam line

at IPNS have shown that the thermal and cold neutron transmission through high-grade

single-crystal sapphire does not degrade after irradiation within a beam port in a fluence of

2x1017 cm'2 fast neutrons and 2x109 R gammas from a reactor. They have found that these

irraciated crystals have neutron transmission properties similar to those of virgin crystals.

Recently, Mook and Hamilton [9] have measured the neutron transmission

through high quality sapphire single-crystal at different temperatures. Their total cross-

sections were measured at the Oak Ridge Linear Electron Accelerator (ORELA). They report

that the neutron transmission through crystals along the a-axis is considerably better than

alorg the c-axis, when it used as a thermal neutron filter.
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The present work concerns a detailed study of the attenuation of thermal neutron

beams through a large sapphire single-crystal. The optimum orientation, transmission

direction, mosaic spread and the effect of tuning for the efficient transmission of thermal

reactor neutrons are also given.

2. Theoretical Treatments

The total cross-section determining the attenuation of neutrons by a crystalline

solid is given by

gg 0)

where <rabs the absorption cross-section due to nuclear capture processes, atds is the thermal

diffuse scattering (TDS) or inelastic scattering cross-section and crBraggcorresponds to elastic

or Bragg scattering. The first contribution <jabs for sapphire is simply proportional to the

neutron wavelength X and energy in the range 10~4<is<10 eV. Thus, oabs can be written as

<jabs = ClE ' with C,a constant which can be calculated from values provided by Sears

[12].

As shown by Freund [10], the second contribution crlds can be split in two parts,

amph (multiple phonon) and asph (single phonon), depending on neutron energy

J ^ ^ fr{ ^ ] (2)
where e~w is the Debye-Waller factor [10], C2is a constant which is dependent on the

scattering material and given by equation C2 =4.27exp[A/61] Freund [10] , X = 6DIT (T is

the sample temperature),obat is the sum of coherent and incoherent scattering cross-sections
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of the bound atom), A in case of compounds is the average atomic mass number, and the

22

series R is given by R = ^BnX"~i/[n\(n + 5/2)], with B^ being the Bernoulli numbers [13].
n=0

The single phonon scattering cross-section, concerns the energy range E«kB6D,

where kB is Boltzmann's constant and 6D is the Debye temperature characteristic of the

material. It is determined by phonon annihilation processes. The second part of TDS is

predominant in the range E>kBT where also down scattering and multi-phonon processes

occur.

However, using the static incoherent approximation, Cassels [14] has estimated the

short-wavelength elastic cross-section, which is extinct for perfect single crystals. Hence the

multi-phonon scattering cross-section in the range E»kB0, given by the first term of Eq.(2),

can be replaced by:

mph = °free {^ ~ ft/2W\l - GXp(- 2W/A* )] (3)

The contribution of Bragg scattering crBmgg to the total attenuation arises from coherent

elastic scattering due to reflections from different (hkl) planes. In the case of mono-crystalline

material, the Bragg scattering cross-section is given by:

V hkl

(4)
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where N is the atom number density , t0 is the thickness of the crystal in the beam direction

, and P%kl is the reflecting power of the (hkl) plane inclined by an angle 0hkl to the incident

beam direction.

As shown by Naguib and Adib [15], the reflecting power P°kl for an imperfect single

crystal depends upon its mosaic spread, the direction cosine of the incident beam y0 relative

to the inward normal to the crystal surface cutting along the (hc kc lc) plane, the direction

cosine of the diffracted beam yhkl and the inclination of the (hkl) plane to the crystal surface

am. For simplicity, P^kl for sapphire - rhombohedral structure was deduced from its

equivalent trigonal structure with unit cell parameter ao=0.4759 nm and c0 = 1.299 nm.

Usually sapphire single-crystals are cut along either the c-axis i.e. along (001) plane or the a-

axis (100).

Therefore, following Naguib and Adib [16], if the angle between the neutron beam

direction and the direction of the cutting plane is i//, then the direction cosine of the diffracted

beam yhklfor cutting along (001) plane can be expressed as:

(5)

and the inclination am angle can be described by:

cosaM, = dhkl/c0

While in case of the cutting plane (100)

lIM h + - cosvF 2 (k + k-
3aQc0 { 2

(6)

and
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where

(7)

c\

A computer code SAP (Sapphire) has been developed in order to calculate the total cross-

section and transmission of neutrons of energy range from 10'4 to 10 eV incident on sapphire

mono-crystals. The SAP code is an adapted version of the ISCANF [15] and ISCANF-1 [16]

codes. The adapted version can additionally provide the following calculations:

1. The OTDS term using both Freund's [10] and Cassels's [14] formula each in its given energy

range .

2. The reflecting power P°kl due to reflections from (hkl) planes and their higher orders

having non-zero crystallographic Q-value of a trigonal structure which is equivalent to the

sapphire rhombohederal structure with unit cell having 4 Al atoms and 10 Oxygen atoms .

3. For comparison of experimental neutron transmission data with the calculated values, the

program takes into consideration the effects of both neutron wavelength resolution and

incident neutron beam divergence.

3. Results and Discussions

The formula given by Eq.(1) was calculated and compared with the experimental results

for mono-crystalline sapphire. The main physical parameters required in the calculation are

listed in Table (1), where the crystallographic specifications of a-AI2O3 (sapphire) are taken

from Ref.[17, 18].
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Table (1): Physical parameters of sapphire

Average at. Wt. 20.4

Density 3.965 gm/cm3

Crystal structure Rhombohedral (n=2), or Trigonal (n=6)

Lattice parameters Rhombohedral: ao=0.5128nm=b=c; and oc=55.28°=p=y

Trigonal: ao=0.4759nm and c0 = 1.299nm

Atomic positions Al: w,w,w; W,W,W'; 1/2+w,1/2+w,1/2+w;

(2 atoms/unit cell) 1/2-w, 1/2-w, 1/2-w; and w =0.352

O: u, 1/2-M.1/4; 1/2-u,1/4, u; 1 / 4 , « ,1 /2 -K ; u ,1/2+w ,-1/4;

1/2+w,-1/4,J7;-1/4, w ,1/2+w; and u = 0.556

Coherent scattering length bAiuminum= 3.449 fm, bOxygen= 5.805 fm

Absorption cross-section (aa) 0.231 barn at A=0.1798 nm

Bound atom scattering cross- 15.7 barn

section (Obat)

Debye temperature eD 1040 K

Melting point 2040°C

The total cross-section data reported by Nieman et al. [6] at both room and liquid N2

temperatures, are displayed in Fig.(1) as closed and opened squares, respectively. The filter

transmission measurements were made with the aid of two triple-axis crystal spectrometers,

at facilities E-13 and L-3 located at the NRX and NRU reactors respectively, at Chalk River

[6].

The calculated values, using the SAP code are displayed as solid lines, assuming that a

perfect mono-crystalline sapphire and the values of C2 =4.6 A"2eV"' and 0D =1040 K given by

Freund [10], are used. The calculated values are in reasonable agreement with the measured

ones, for neutron energies less than 0.05 eV and with greater disagreement observed for

higher energies. As shown in Fig.(l), the inclusion of only the multi-phonon term given by
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Cassels [14] at £ »kB9D improves significantly the agreement at E > 0.05 eV. Therefore, the

calculations presented below were carried out using the formula given by Freund [10] for

E <0.1 eV, and the multiphonon Cassels formula for E > 0.1 eV. Moreover, the calculation

of neutron cross-section take into account the Bragg scattering term given in Eq.(4).

We have also calculated the neutron transmission as a function of wavelength, for different

thicknesses of 27, 54 and 81 mm of super optical quality sapphire single-crystals with [001]

axis parallel to the incoming neutron beam at room temperature. The calculation was carried

out within steps of X=0.001 nm in the wavelength band from 0.001 nm up to l .Onm. The

wavelength spread AX was selected to be 0.004 nm, which is equal to that reported by

Mildner et al [7] .The result of these calculations are displayed in Fig.(2) along with the

experimental data reported by Mildner et al. [7]. The agreement obtained between the

calculations and the experimental data supports the application of additive cross-section

formulae and the SAP code.

Fig.(3) shows the neutron transmission reported by Mook and Hamilton [9] for a

sapphire crystal for the a-axis direction over a large energy range. Also displayed as solid

lines, are the calculated values assuming an 8 cm thick sapphire single crystal cut along

(100) plane (i.e. along the a-axis) and with a FWHM mosaic spread of 1min of arc ( FWHM =

2.354 standard deviation of mosaic spread ). The agreement is reasonable within the range

of fluctuations of the experimental values. However, a slight disagreement is obtained for, the

c-axis neutron transmission of sapphire at different temperatures as a function of neutron

energy.

From these data Mook and Hamilton have provided plots of the temperature

dependence of the transmission for the two directions. These are displayed in Fig.(4), where

the points are the mean values deduced from the measured neutron transmission between
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10 and 50 meV shown in Fig.(3), at each temperature. Also displayed as solid lines, are the

calculated mean values for crystal mosaic spreads of 1' and 5' respectively . As may be

observed, the agreement is reasonable for the a-axis data when the FWHM of the mosaic

spread of the sapphire single crystal is between V and 5' of arc. For the c-axis data the

experimental transmission values decrease more rapidly with increasing temperature than

both of the calculated values and a-axis data. Such discrepancy is difficult to explain, it may

be due to some impurities or defects in the used crystals. Moreover the multiphonon

scattering cross-section calculated using the static incoherent approximation, Cassels [14]

and even inclusion of an anharmonic term, Mildner et al [7] can not explain such temperature

dependence of the cross-section as a function of crystal orientation at the same crystal

thickness.

The (hkl) planes, their corresponding wavelength A and structure factors FhW for the

Bragg reflections expected for sapphire single crystal when a collimated white neutron beam

is incident in the [001] direction with angle of inclination 6hki were calculated and listed in

Table 2. Also for comparison the corresponding values calculated by Mildner et al [7] are

listed . The agreement between them is evidence.

Table2: Calculated positions of hkl reflections along c-axis

Hkl

006
104
012
018
116
1,0,10
0,0,12
119
113
208
024
0,2,10
1,1,12

Pi,1,14
128

M

2
6
6
6
12
6
2
12
12
6
6
6
12
6
12

Ahkrnm
Present
0.4330
0.4007
0.3729
0.2811
0.2369
0.2363
0.2165
0.2110
0.2009
0.2004
0.1864
0.1859
0.1794
0.1766
0.1556

Mildner[7]
0.4331
0.4006
0.3727
0.2811
0.2368
0.2363
0.2165
0.2110
0.2009
0.2003
0.1863
0.1859
0.1794
0.1766

0hkrRad
Present
0.498::
0.2875TI

0180K

0.3807t
0.265TI

0.403TC

0.498TX

0.327TC

0.160TC

0.287TC

0.180TC

0.32171
0.364TI

0.4297t
0.243TC

Mildner[7]
0.5TC

0.288TC

0.180TC

0.38171
0.265TC

0.403TC

0.5n
0.32671
0.1607C
0.288TC

0.180TC

0.320TC

0.3647t
0.43071

F2
1 hkl

\103%r

570.8
64.31
51.13
81.30
706.4
284.8
1263.0
785.6
730.4
0.185
284.0
54.18
187.6
71.0
7.1
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Similar calculations where carried out and listed in Table 3, when the neutron beam is

incident in the [100]. Where the multiplicity factor M is the number of [hkl] planes having the

same Ahk| and p°hkl. Therefore the resulting neutron transmission from them

TBragg
F r o m Tables 2 & 3,it is apparent that the number of reflecting planes in

[001] direction in the wavelength band from 0.15 nm up to 0.45 nm is less than that of [100]

direction , however their multiplicity factors are almost greater than the later.

Table3: Calculated positions of hkl reflections along a-axis

hkl

102
110
202
104

113

012

2 04
211

212
: 214

I 1 2 l
122

31 1

i 315
] 312

220

i 314
306

223

3 24
116
404

2 22
410
217
125
321
502

M

2

4
2
2

8

4

2
4

4
4
4

4

4

4

4
4

4
4

8

4
8
2

4
4
4
4
4
2

Ahkrnm

0.5875
0.4120
0.3745
0.3158
0.3167
0.2935

0.2935
0.2905
0.2785
0.2395

0.2320

0.2230
0.2200

0.21625
0.216
0.20575
0.1975
0.1960

0.1916

0.1915
0.1867
0.1879
0.1870
0.1765
0.1727
0.1732
0.1726
0.1622

OhkiRad

1.005
1.047
1.264
0.667

0.8618
0.4359

1.005
1.217

1.165
1.020
0.8489

0.8558

1.313

0.9449
1.273
1.047

1.157
1.005

0.9885

0.7499
0.6222
1.264
0.4968
1.381
0.809
0.7054
1.156
1.445

r>2 1 r\30 2

Fhkl.\0 m
57.05
7.94
4.30
63.3
825.2
55.15

303.1
79.05
1.46
195.3
76.97

1.42

36.25

79.07
131.6
2.99
12.6
402.3

628.10

187.9
675.3
11.92
3.94
0.206
72.45
72.45
106.8
44.57

hkl

324

Tl4
208
226

T14
132

32 5
416

23 T
318

024

408

511

23 4
42 4
030

330
425

515

4,0,10
523
229

336
143
119
3,0,12
7,0,10
6,0,12

M

4

4
2
8

4
4

4
8
4
4

4

2
4

4

4
4

4
4

4

2
8
8

8
8
8
4
2
4

Ahkrnm

0.1600
0.1579
0.1579
0.1583
0.1579
0.1532

0.1532
0.1506
0.1510
0.1487

0.1469

0.1469

0.1458

0.1400
0.1392
0.1374
0.1375
0.1352

0.1353

0.1262
0.1240
0.1225
0.1211
0.1129
0.1112
0.1058
0.0977
1.0097

0hk,Rad

1.078
0.3146
0.6674
0.8618
0.3146
0.7517

1.040
1.136
0.9287
0.917

0.4359

1.005

1.405

0.8803
0.7129
0.5236
1.047
1.132

1.253

0.9003
1.253
0.7319
0.9456
0.6958
0.4658
0.6674
1.145
1.005

409.0
56.44
0.174
597.8
56.16
120.9

103.0
490.5

102.5
154.9

263.7
367.2

288.6

390.9
131.6
1696
1305
155

279.9

665
269.8
536.1

182.5
438.3
620,4
812.6
1054
437,9

Consequently, TBragg depends not only on the mosaic spread value of the sapphire single

crystal but also on its orientation with respect to the incident neutron beam direction.
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To decrease the fluctuations in the transmission, which are due to Bragg reflections, an

optimum choice of the crystal mosaic spread is essential. Neutron transmission in the a-axis

direction through 8 cm thick sapphire crystal, cooled to the liquid N2 temperature for different

values of mosaic spread were calculated and displayed in Fig.(5). For comparison, Fig.(6)

shows similar calculations for the transmission in the c-axis direction for a 8 cm thick

sapphire crystal under the same conditions .One can observe, that the Bragg dips in the

neutron transmission through high-quality sapphire single crystal (FWHM) = 1' ) are

drastically reduced.. Such crystals are expensive to produce. " The ^-ray diffraction

measurements carried out by Born et al [11] indicate the crystalline perfection and

homogeneity of the high-quality sapphire crystals that are now available. The mosaic

spreads (5-15") are very much lower than typical angular divergences for thermal-neutron

beam tubes". Mildner et al [7j. It is obvious that the neutron transmission through 8 cm

sapphire single crystal with mosaic spread of 5' along the a-axis is less disturbed by parasitic

Bragg reflections than along the c-axis. Since the strong reflections from (119) and (113)

planes disturb the neutron transmission along the c-axis E = 0.02 eV . As can be also

observed parasitic Bragg reflections can limit the use of sapphire as a thermal neutron filter

for mosaic spreads > 5'.

Therefore high quality sapphire single crystals along the a-axis is a better choice than that

along the c-axis. Such conclusion is in agreement with the experimental results reported by

Mook et al [9].

To find the optimum sapphire thickness, the neutron transmission through different

crystal thickness, were calculated. Fig. 7a shows the result of calculation through a sapphire

(100) crystal having rnosaic spread of 5' while Fig.7b shows the situation through sapphire

(001). It would appear that a 7.5 cm thick sapphire (100) is sufficient for removing neutrons

with energies > 1 eV (Tn < 8%) while providing high transmission (Tn > 85%) for neutron

energies < 0.02 eV . The fluctuations in the transmission curve which are due to Bragg

reflections are less than 5%. These fluctuations can be smoothed by increasing the incident

neutron beam divergence.
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Fig. 8 shows that 7 cm thick sapphire (100) crystal can be successfully used to transmit a

thermal reactor flux having a Maxwellian distribution with neutron gas temperature close to

300 K , while significantly rejecting the accompanying slowing down flux (dE/E) ;with neutron

energy E > 1 eV. Fig.8 also shows that there is a small increase = 5% at neutron energies <

0.02 eV in the neutron transmission through the cooled sapphire crystal at LN2 temperature.

Such small improvement as reported by Mildner et al [7] & [8] for many applications, this may

be insufficient to warrant the expense and inconvenience of cryogenics.

Nieman et ai [6] reported that low quality sapphire can be considerably more efficient

thermal neutron filter than either silicon or quartz. For full realization of sapphire's potential.,

the user must prepared to fine tune the crystal orientation to minimize the attenuation

coefficient for each energy of interest.

To demonstrate the effect of tuning on the neutron transmission through sapphire

crystal , the calculation were carried out for sapphire single crystal at room temperature

(having a mosaic spread of 1°) as a function of neutron energy for different angles \\i (for \\i =

0 , ±5° and ±10°) between the neutron beam direction and that of the major axis. The result

of the calculations are displayed in Figs.(9) and (10) for the a-axis and c-axis directions,

respectively. Such calculation shows that one may use a low quality sapphire single-crystal

as a sufficient thermal neutron filter. Moreover, it is obvious that the tuning is sufficient within

±10° and that the transmission along the c-axis is preferable to the a-axis direction, since it is

less disturbed by huge number of parasitic Bragg reflections.

4. Conclusion

We have calculated the total neutron cross-section and effective attenuation

coefficient for sapphire single crystals with rhombohedral structure with an accuracy

sufficient for determining the neutron transmission characteristics. Calculation shows that 7.5

cm thick sapphire single crystal, cut along a-axis and with a FWHM on a mosaic spread of 5

min of arc, is a good thermal neutron filter. A crystal cut along c-axis with a mosaic spread of
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about 1° is also an efficient thermal neutron filter, when it is fine-tuned to minimize the

attenuation for each neutron energy of interest.
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Criticality safety analysis of ETRR-1 new spent fuel storage pool is presented.
The analysis of the criticality was performed by calculating the effective
multiplication factor of the new spent fuel storage pool (NSFSP). Calculations
have been performed in normal conditions and some postulated accidents. The
calculations showed that, the arrangement and physical layout of the pool met the
safety requirement (Keff < 0.95) in all operational states and accident conditions
resulting the decrease of water density and water level of the pool. Also, the
calculations showed that Keff < 0.95 may be expected for completely filled pool
with fresh fuel baskets at center to center distance (lattice pitch) >11 cm.

Key Words. ETRR-1, NSFSP, Criticality Safety, MCNP-4B

1. INTRODUCTION

During the fuel burn-up in a reactor, changes in reactivity arise from: reduction of fissile
content, production of various actinides and production of fission product poisons. The
standard approach for criticality safety analysis of spent fuel storage assumes that all fuel
under consideration is fresh unirradiated fuel. This assumption is conservative from a
criticality point of view; except for some situations of low- irradiated fuel with burnable
poisons [1]. By taking account of this assumption, criticality safety analysis can optimize the
design of certain nuclear facilities in order to operate them more economically, while
guaranteeing the necessary safety margins.
Nuclear criticality safety is directly dependent on the accuracy of the numerical tools used to
analyze operations with fissionable materials. Therefore, the MCNP4B code [2] has been used
in the calculations along with the cross section libraries from ENDF/B-VI data. The 3-D
model of the pool has been simulated using the code as close to reality as possible.

2. SPENT FUEL POOL

ETRR-1 is a 2 MW thermal reactor, tank type, with demineralised light water as a
moderator, coolant and reflector.. The reactor core consists of an aluminum cylinder for the
fuel surrounded by a shield water tank. It was designed to accept a maximum of 51 type fuel
assemblies The capacity of the old spent fuel storage tank is only sixty units while the total
number of fuel assemblies (spent fuel, burned fuel in the core and fresh fuel assemblies)
exceeding this number. Therefore, new spent fuel storage has been constructed taking into
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consideration the amount of spent fuel assemblies accumulated during the operation of
ETRR-1 reactor in addition to spent fuel production after a possible reactor upgrade.

The new spent fuel storage pool (NSFSP) is a so-called wet type storage system. The
storage area is a stainless steel tank filled with demineralized water, positioned in a concrete
pit under the ground level. The water acts as coolants and provides the required radiation
shielding. The tank is covered by slabs made of steel and concrete. Aluminum storage racks
are fixed within the tank to provide the vertical storage of the fuel assemblies in a rectangular
matrix arrangement. The racks provide the safe positioning of the irradiated fuel assemblies to
avoid the probability of criticality. The storage capacity is enough to accommodate EK-10
fuel assemblies. Provision was made in the design to extend the storage capacity of the
facility taking into consideration a possible new fuel type, most probably MTR. Fig. 1 shows
the arrangement of the new spent fuel storage tank of ETRR-1. Fig. 2 shows the geometrical
model of the NSFSP with fuel baskets used in the 3-D MCNP calculations. Table (1) gives
the main dimensions of the pool.
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Fig. 1. ETRR-1 New Spent Fuel Storage Pool
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Fig. 2. Vertical Plot of NSFSP used In MCNP Calculations

Table 1. Main Dimensions of the New Spent Fuel Storage Pool

Dimensions (storage section)
Storage Racks

Total Storage Positions
Pitch

L:3180 mm;W:2208 mm; H:4300 mm
4 pcs. With 5x3 storage positions
2 pcs. With 5x5 storage positions
2 pcs. With 6x3 storage positions
1 pcs. With 6x5 storage positions

• 176 pcs. (16x11)
180x180 mm

3. FUEL ASSEMBLIES

The nuclear fuel basket of the first Egyptian Thermal Research Reactor (ETRR-1) consists
of an aluminum shroud, which contains sixteen EK-10 type fuel rods. The fuel rod, 10 mm
diameter, is made up of uranium dioxide, enriched to 10 % of U-235, dispersed in magnesium
matrix. The fuel material, 7mm in diameter, is claded with aluminum jacket of 1.5 mm
thickness. The effective length of the fuel rod is 50 cm and the rod pitch is 1.7 mm. The fuel
material density is 5.77 g/cm3, while the density of aluminum clad is 2,7 g/cm3. Table (2)
below contains the material composition of one fuel rod in the core.
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Table 2. ETRR-1 Fuel Rod Composition

Material
Mass (g)

Fuel material
U-235
8.045

U-238
73.332

0-16
12.213

Mg-24
13.029

Clad
Al

54.05

4. METHOD OF CALCULATIONS

Nuclear criticality safety is directly dependent on the accuracy of the numerical tools used
to analyze operations with fissionable materials. Therefore, the Monte Carlo MCNP-4B code
has been used in the criticality calculations along with the cross section libraries derived from
ENDF/B-VI data.

In the safety analysis of criticality of nuclear fuel installations, calculations by the Monte
Carlo method have two advantages over other methods. The first one is its superior ability to
handle fuel with different shapes and the other is its ability to handle nuclear cross section
data. The behavior of neutrons in the system in Monte. Carlo calculations is traced one by one.
Thus, the value of nuclear cross-section data used is the probability of a reaction when the
neutrons collide with atomic nuclei. The calculation result lies within the range of a statistical
error. To minimize this statistical error, it is necessary to increase the number of neutron
histories and thus the calculation time.

With a Monte Carlo Code, the reaction process of each neutron is traced according to
given probability data. The neutron number F that represents the number of neutrons that
result from fission, the neutron number A that represents the number of neutrons that are
absorbed and vanish, and the neutron number L that represents the number of neutrons lost as
they leak from the system are used to calculate the effective multiplication factor, Kejf, using
the following equation [3]:

K - F

5. RESULTS OF THE CRITICALITY ANALYSIS

The analysis of criticality safety has been applied for the NSFSP of ETRR-1 in both
normal and accident conditions.

5.1 Normal Conditions

The effect of the number of fuel baskets on the Keff is shown in Fig. (3). The calculations
are presented for normal water density and designed lattice pitch (18 cm). The results of
calculations show that even for the full load of the pool with fresh fuel, the Keff is far from
critical (-0.45).
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Fig. 3. The dependence of effective multiplication factor on the number of fuel baskets

5.2 Accident Conditions

The effect of water density, water level in the pool, and fuel lattice pitch on the criticality
of the pool will be presented in this section.

5.2.1 Water Density

The hypothetical study of the effect of decreasing water density on Keff has been carried
out. The effective multiplication factor of the NSFSP as a function of water density is
presented in Fig. (4). As shown in the figure, Keff increases with decreasing water density in
the interval between normal water density and 0.25 g/cm3 and starts to decrease below this
value (0.25 g/cm3). This trend may be explained by two competing effects; the first effect is
the increasing of reactivity due to better coupling between the fuel baskets at reduced water
density. The second effect is the increasing of axial leakage with decreasing water density.
This effect has a negative influence on reactivity and prevails at low water density, [4] The
combination of both effects in Keff leads to a maximum at water density of 0.25 g/cm3. This
case was previously studied by the designers [5] and they found the maximum effective
multiplication factor at a water density of 0.2 g/cm3
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The results of the parametric study on water density have little practical implications
because it is difficult to imagine practical conditions at which water density in the pool would
become 0.25 g/cm3 on the other hand; they indicate a positive void coefficient at the system
under normal conditions

5.2.2 Water Level

Fig. (5) shows, the dependence of Keff on the pool water level. The Keff decreases with
decreasing water level till the bottom of the tank (hi level). It can be noted that the effective
multiplication factor values corresponding to completely covered fuel and the zero water level
(bottom of the tank) are analogous to the effective multiplication factor values presented in
Fig. (4) for water density of 1 and zero g/cm3.

5.2.3 Fuel Lattice Pitch

The dependence of Kefr on the lattice pitch is shown in Fig. (6) for full load of the storage
pool with normal density. As we can see from the figure, a strong dependence of Keff on the
lattice pitch can be observed. The system becomes subcritical for the fuel pitch > 11 cm.

243-



0 5

0.4

•2 0.3
c
o

0.2

0.1

h 4

h, - bottom of the tank
h2 — lower fuel region
h, — upper fuel region
h4 -- upper water levol

v

h 2

I
100

I
200

I
300 400

Water level (h), cm

Fig. 5. The dependence of effective multiplication factor on the water level

-244-



1.4

0.1 1 1 1 • 1 1 1 1 r

20 18 16 14 12
Lattice pitch

Fig. 6. The dependence of effective multiplication factor on the fuel lattice pitch.

10

6. CONCLUSIONS

The criticality analysis of the new spent fuel storage pool of ETRR-1 has been performed
in normal conditions and some postulated accidents. It has been shown that the pool in normal
conditions is strongly subcritical even with a fresh fuel. In case of accidents, three cases have
been studied: decreased water density, leakage of water from the pool and decreasing the fuel
lattice pitch. The calculations showed that the subcriticality is achieved in the case of water
density decreasing and water leakage from the pool even for completely uncovered fuel
baskets. Regarding the effect of fuel lattice pitch on the criticality, the required value of Keff <
0.95 could be violated with fuel pitch < 11 cm. In this case, precautions are needed to avoid
criticality in emergency conditions.
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ABSTRACT

The neutron transmission through crystalline Fe has been calculated for neutron
energies in the range 10'4< E<10 eV using an additive formula. The formula permits
calculation of the nuclear capture, thermal diffuse and Bragg scattering cross-section as a
function of temperature and crystalline form. The obtained agreement between the calculated
values and available experimental ones justifies the applicability of the used formula. A
feasibility study on using poly-crystalline Fe as a cold neutron filter and a large Fe single
crystal as a thermal one is given.

Keywords: Thermal Neutron Filters, Crystalline Fe,

INTRODUCTION

Gamma radiation, fast and thermal neutrons are all associated with fission reactors. The

thermal neutrons are a powerful tool for investigation of the structure and dynamic of solid

state and liquids. To improve the effect to noise ratio, the development of thermal neutron

filters is required.

As shown by several authors [l-4],poly- and mono- crystals nowadays are commonly

used as thermal neutron filter. The coherent elastic scattering by a crystalline material can not
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Fig(1) The cross sections in the vicinity of
Bragg cut-off wavelengths for a number of poly-crystalline materials
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occur for neutrons with wavelength ^max which exceed twice the largest d-spacing of the

possible reflections. In case of a powdered sample (poly-crystalline material) there is a steep

increase of the coherent elastic scattering cross-section [7]. Fig(l) shows the variation of

scattering cross-section of which Fe, Be, BeO and graphite are perhaps the most suitable

materials when used as a cold neutron filter.

However the best filter materials will be those for which the remaining contribution to

the cross-section are also small for X > Xmax. Therefore it is worthwhile to carry out a

feasibility study of using poly-crystalline Fe as a cold neutron filter. In case of a single crystal

the coherent scattering is characterized by discrete spectrum of peaks whose heights may

exceed the value of coherent scattering cross-section of a powder. The peak heights and width

of the spectra are found to depend on the crystal structure type, its mosaic spread value, the

plane along which the crystal surface is cut and its orientation with respect to neutron beam

direction [6,8]. Therefore, the present work deals also with the evaluation of using large Fe

single crystal, as a thermal neutron filter since it has only two atoms per unit cell (body-

centered cubic structure) with lattice constant a-=0.286 nm consequently the positions of the

reflected Bragg peaks are shifted toward short wavelengths and will not disturb the filtered

thermal neutron beam of long wavelengths. Moreover Fe can be obtained as a large single

crystal with small mosaic spread value.

THEORETICAL TREATMENTS

The total cross-section determining the attenuation of neutrons by crystalline iron can
be given as:

where the neutron capture cross-section oabs which obeys the E"1/2 law can be written as aabS

= C| E"1/2 with E the neutron energy and Ci is a constant which can be calculated from values
provided by Sears [5]. The TDS cross-section atdS as a function of materials constants,
temperature, total coherent scattering cross-section and neutron energy is given by Freund [6].
A constant C2 which depend on atomic weight and the value of Debye temperature 9D are
suggested by Freund[6] as parameters , to fit the calculated cross-section to experimental
ones.

The contribution of Bragg scattering aeragg to the total cross-section takes into
account the reflections from different (hkl) planes.

In case of poly-crystalline materials as shown by Bacon[7] aeraggcan be given as:
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Bragg
2

(2)

where Nc is the number of unit cell per cc , Fhki is the structure amplitude factor per unit
cell,0D the Debye Waller factor, Mhki its multiplicity and p' and p are the densities of the
powdered form used and its metallic one respectively.

In case of single crystal materials , the Bragg scattering cross-section is given by [8] :

N7 ln
hkl

(3)

where N is the number of atoms /cm , t- is the effective thickness of the crystal in cm. P%u is
the reflection power of the (hkl) plane inclined by an angle 9hki to the incident neutron beam
direction.

As shown by Adib [9] the reflecting power PfM for an imperfect crystal depends upon both the
direction cosine of the incident beam relative to the inward normal to the crystal surface y0,
the direction cosine of the diffracted beam yhki and the inclination of the (hkl) plane to the
crystal surface Grid-

iron crystallizes in a body-centered cubic (bcc) structure with lattice constant a0 -
0.286 nm .There are two atoms per unit cell. These two atoms have the following coordinates
(0,0,0,), and (1/2,1/2,1/2).Therefore, the Bragg reflections appear only for h+k+1 = even.

Following Adib[9], let a large Fe single crystal cut along the plane with Miller indices
(hckclc) is fixed on a goniometer's table such that its surface is parallel to X-Y plane, let also,
the angle between the neutron between beam direction and the direction [hckclc] is ¥ , then

y. - cosi//

And the direction cosine of the diffracted beam ytiki can be expressed as:

(hhc + kkc

If' hkl ~

hh.

(4)

while the inclination angle othki can be given by:

(hhe+kke+lle)
cosahkl =• (5)

If the cutting plane is (0 0 lc), thus equation (4) becomes:

/ cosy + k siny/
y hkl = ; , „——— (6)
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and equation (5) becomes:

Cosahlr, = y (7)

A computer code CFE (Crystalline Fe)has been developed in order to calculated the
total cross-section and transmission of neutrons of energy range from 1 meV to 10 eV,
incident on either poly-crystalline iron or large mosaic single crystal.

For comparison of the experimental neutron cross-section data with the calculated
values, the program takes into consideration the effects of both neutron wavelength resolution
and incident neutron beam direction of the experimental arrangement used. The resolution
function was considered to have a Gaussian_distribution where the FWHM of the wavelength
spread AX of the distribution was deduced from the conditions of the experimental
arrangement.

COMPARISION WITH EXPERIMENT

In order to check the applicability of the deduced formula and developed computer code
CFE , the total cross-sections of crystalline Fe as a function of neutron energy, were the
calculated and compared with the experimental ones. The main physical parameters required
in these calculations are listed in Table 1.

Table 1. Physical Parameters of Iron

Atomic weight
Crystal structure
Lattice constant
Metallic density
Number of atoms per unit cell
Coherent scattering length b
Absorption cross-section for thermal
neutrons G(E=0.025 eV)barn.
Total scattering cross-section

55.85
BCC
ao= 0.286 nm
7.8 gm/cc
2
9.45 fm
2.56 barns

8.606 barns

Poly- crystalline iron

Using the CFE code, the total neutron cross-sections of Fe at 300 K were calculated for
neutrons in the energy range from 1 meV up to 0.1 eV. The results of calculation for poly-
crystalline iron in metal form with p = 7.8 gm/cc and in powdered one with p1 = 5.4 gm/cc are
displayed in Fig (2) as solid lines. For comparison, the experimental data for metallic iron
reported by M. Adib [11] and those for powdered iron reported by Harvey [2] are also
displayed in Fig (2).
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Fig(2) total Neutron Cross-Sections of Fe

The
calculated results
for both values of
densities are in
reasonable
agreement with
experimental
ones, for the
fitted parameters
C2 = 0.4 nm"2.
eV"' and'9D =
K.

From
Fig.(2), one can observe that Fe total cross-section beyond the cut-off wavelength Xc •.= 2dno =

0.404 nm (at E < 5.0 meV) reduced down to 7.0 barns from 12 barns at E > 1 eV. Thus it is
worthwhile to carry out a feasibility study for the use of poly-crystalline iron as a cold neutron
filter.

To show the effect of thickness of poly-crystalline iron on its filtering features, the
calculation was performed at LN2 (liquid nitrogen) temperature, for neutron wavelengths in
the range from 0.01 nm up to 1.0 nm. The results of these calculations are displayed in
Fig.(3). The indication is that. 4.0 cm thick poly-crystalline iron cooled at LN2 temperature
transmits about 25% of incident neutrons with X > 0.4 nm , temperature transmits about 25%
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~J\/ \^^ I 8cm ^ — — ~ —
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Neutron Wave length-nm
Fig(3) Neutron Transmission through different thickness of poly-crystaline Fe

of incident neutrons with X > 0.4 nm, transmission being 11% for neutrons close to 0.29 nm
and 9% for X close to 0.23 nm due to reflections from (200) and (211) planes respectively.
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The calculated cold neutron flux, for which there is a Maxwallian distribution, for a neutron
gas temperature close to liquid hydrogen, is displayed in Fig.(4) before and after its
transmission through 4.0 cm thick of poly-crystalline iron cooled to 77 K. It is observed that
the transmitted neutron intensity within the neutron wavelength band from 0.23 to 0.4 nm is
less than one tenth of its value beyond the cut-off wavelength. Thus polycrystalline iron can
be sufficiently used as a cold neutron filter rather than poly-crystalline Be [12], when the
intensity of the y-rays accompanying the neutron beam is relatively high.
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Fe Single Crystal

In case of perfect single crystal the Bragg scattering term in Eq.(l) can be neglected. At
neutron energies >leV-binding effects of the atoms in solid can be neglected. Therefore, the
total scattering is given by the free-atom cross-section and elastic scattering vanishes. As
shown by Freund [6] with decreasing the neutron energy the multi-phonon scattering cross-
section decreases while the single-phonon scattering and capture cross-section varies like E"
1/2. Therefore the total cross-section of Fe perfect single reaches a minimum cross-section
value of 4.4 barn at E=0.02eV.This means that a 3-cm thick perfect iron single crystal
attenuates neutron with energies > 1 eV by a factor of 7.5 while the attenuation factor of
neutrons around 0.02 eV is only 2.2. Such attenuation properties makes the use of perfect
iron single crystal as a thermal neutron filter is feasible. However the utilization of
manufacturing a large perfect Fe single crystal is a very tedious and expensive job.
Consequently, the contribution of the Bragg scattering to the total cross-section of imperfect
Fe single crystal is not negligibly small. To show the contribution of the Bragg reflections on
the transmitted through a 3-cm thick Fe single crystal, cutting along different (he kc lc) planes,
calculations were performed using CFE code, assuming room temperature and crystals have
the same FWHM of the mosaic spread of 1 °.
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Fig(5) Neutron transmission through Fe crystals cut along different planes.

Fig.(5) displays the result of calculation for Fe crystals cut along (110), (200), (211) and
(310) planes for neutrons incident perpendicular to the cutting plane i.e. at W=0. It is apparent
that, Fe crystal cut along its (110) plane, when it used as a thermal filter, is preferable to other
cuts, since no pronounced Bragg reflections occur for neutron energies < 20 meV. To
decrease Bragg reflections at neutron energies > 20 meV, an optimum choice of the crystal
mosaic speared is essential. Neutron transmission through a 3-cm thick Fe (110) crystal
cooled to LN2 temperature, for a different values of mosaic spread were calculated and
displayed in Fig.(6). As may be observed for FWHM of mosaic spread > 3 min of arc,
parasitic Bragg reflections could limit the use of Fe as a thermal neutron filter. Fig. (7) shows
that a 3-cm thick Fe (110) crystal cooled to LN2 temperature can be successfully used to
transmits more
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than 50 % of thermal neutron flux having a Maxwellian distribution with neutron gas
temperature close to 300 K, while significant rejecting the a accompanying y-rays and
epithermal and fast neutron.
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However, fine tuning of Fe crystal with mosaic spread (i.e., less expensive one) can
reduce the effect of Bragg reflections. To show how to select the orientation, at each neutron
energy, the neutron transmission through 3 cm Fe crystal (having mosaic spread of 1 ) have
been calculated as a function of neutron energy at different ¥ from -10 to 10 .The results of
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Fig.(8) Fine tuning of Fe single crystals cut along (110) plane.

calculation are displayed in Fig.(8) and Fig.(9) for cutting plane (110) and (200)
respectively. Such calculation shows that the tuning effect is asymmetric for (110) cutting
plane, while it is symmetric for the (200) one. Therefore one may use such low quality Fe
single crystals, as a sufficient thermal neutron filter. Moreover, it is obvious that tuning is
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sufficient within ±10° and the cutting along (200) plane is preferable that (110) since the
tuning can be done regardless the direction of orientation.

Neutron Energy-eV
3 cm 200 lN-iron.mosaic 1 % - - IU

Neutron Energy-eV
3cm20QLN-iron,mosaic 1C y * - i i i

0.*-

N
eu

tr
o
n

 T
ra

n
sm

 s
s

0.0-

(01

to i i^

. (112J (013_)

(013)\

roi'n^yiS"'

\

1
| single 200 Fa 1

i

Neutron Enengy-eV
3 cm 200 LN-iron,moulc 13 y - +}

0.01 at i

Neutron Energy-cV
3 cm 200 LN-iron,mosaic 1 ° * - -5

0.4.

0 3 -

02 -

0.Q-

A

/___

/

- - , — • , . , • • ,

("21 A*

1) ^\ | single

\

V

MOFe

Neutron Energy-eV
3cm 200 LN-ircHi,irosaic1°

Fig.(9) Fine tuning of Fe single crystals cut along (200) plane.

CONCLUSION

1) Poly-crystalline iron can be sufficiently used as a cold neutron filter rathe; than
poly-crystalline Be , when the intensity of the y-rays accompanying tho neutron
beam is relatively high.

The calculation shows that 3-cm thick iron single crystal cut a long its (110) plane, with
a standard deviation on a mosaic spread of 3 min of arc, is a good thermal-neutron filter, with
reasonable effect-to-noise ratio. While fine tuning of low quality iron single crystal cut a long
its (200) plane can be used as a sufficient thermal neutron filter.
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To improve the filtering characteristics of iron, one make use of iron oxides. Iron oxide
is considered to be a better choice than iron, its Debye temperature and free atom scattering
cross-section being higher than the later at the same value of their capture cross-sec'ion. The
study of the filtering characteristics of Fe2O3 crystal is given elsewhere. _
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Abstract

Calculation of the nuclear capture, thermal diffuse and Bragg scattering cross-

sections as a function of graphite temperature and crystalline from for neutron

energies from lmeV<E<10 eV were carried out. Computer programs have been

developed which allow calculation for the graphite hexagonal closed-pack structure

in its polycrystalline form and pyrolytic one.

The calculated total cross-section for polycrystalline graphite were compared

with the experimental values. An overall agreement is indicated between the

calculated values and experimental ones. Agreement was also obtained for neutron

cross-section measured for oriented pyrolytic graphite at room and liquid nitrogen

temperatures.

A feasibility study for use of graphite in powdered form as a cold neutron filter is

details. The calculated attenuation of thermal neutrons through large mosaic pyrotytic

graphite show that such crystals can be used effectively as second order filter of

thermal neutron beams and that cooling improve their effectiveness.

Introduction

A beam of monochromatic neutrons, selected from the spectrum of a nuclear reactor

by means of diffraction by a monochromator crystal, will in general be contaminated

with higher-order components. When a primary wavelength larger than 2A is

selected, the second-order component is so important that a suitable filter becomes

indispensable. In this respect, the use of highly oriented pyrolytic graphite has led to a

considerable improvement in neutron-diffraction techniques.

Pyrolytic graphite (PG) has been in use for about 30 years as a filter. The

principle of operation is that for neutrons travelling along the c-axis of this material,

with certain neutron wavelength (A,) cannot be Bragg scattered, while second-order
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neutrons QJ2) are strongly scattered. This differs considerably from polycrystalline

graphite in which all neutron energies above the lowest Bragg cut-off at
*

approximately 0.0018eV are strongly scattered.

It was shown by Bergsma arid Van Dijk[l] that for first-order neutrons in the

energy range between 10 and 15meV (X between 2.33 and 2.86 A) pyrolytic graphite

is more effective as second-order filter than a quartz single crystal. By applying

pyrolytic graphite as second-order filter in neutron powder diffractometry,

Loopstra[2] and Pinto[3] demonstrated its high efficiency for first-order neutrons with

A.=2.60 A. Recently the efficiency of pyrolytic graphite filters could be improved even

more by a reduction of the mosaic spread of the oriented graphite filter from 5° to

values as low as 0.4°[4,5].

In these contexts, the dependence of the total cross-section on graphite

parameters must be known, it being acknowledged that the thermal diffuse scattering

(TDS) and neutron capture cross-section represents dominant contributions to the total

cross-section at thermal-neutron energies.

Freund[6] has reported a semi-empirical formula, which permits the calculation

of TDS as a function of material constants, temperature and neutron energy,

neglecting the contribution of Bragg scattering to neutron transmission through a

large imperfect single crystal. Recently, Naguib and Adib[7,8] have reported a general

formula which allows calculation of the total thermal-neutron cross-section for an

imperfect single crystal, as a function of crystal mosaic spread and orientation of the

plane at which the crystal was cut.

Adib et al[9], adapted this formula, carrying out a feasibility study for use of

poly-and mono-crystalline lead as cold and thermal-neutron filters, respectively. The

low-Debye temperature, 0D of lead and the difficulty in producing a single crystal

with well-defined mosaic spread were found to limit its use as thermal neutron filter.

The present work concerns a feasibility study for use of polycrystalline graphite

as a cold neutron filter, graphite is considered to be a better choice than lead. Its Dybe

temperature being higher and its capture cross-section lower than lather. We also
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present below a detailed study ofthe characteristics of pyrolytic graphite as second

order filter in neutron scattering experiments.

THE THEORETICAL TREATMENT

The total cross section determining the attenuation of neutrons by crystalline

solid is given by

CT = CTabs + a t ds + CTBragg ( 1 )

where the neutron capture cross-section (i.e. absorption) aabS for most elements

obeys the 1/v£ law, and can be written as

aabs=C,E;1 /2 (2)

with E the neutron energy and Ci a constant which can be calculated from values

provided by Dunford and Rose [8],

The second contribution atdS , as shown by Freund[6] can be split into two

parts, asph and amph depending on neutron energy. The single-phonon-scattering cross

section asph concerns the energy range E « KB OD , where KB is Boltzmann' s

constant and 0D is the characteristic Debye temperature.

The second part of TDS is predominate in the range E > KB T where also down

scattering and multiple phonon process occur. Freund[6] reported a semi-empirical

formula which permits to calculate the TDS as a function of materials constants,

temperature and neutron energy.

The contribution of Bragg scattering asragg to the total cross section takes into

account the reflections from different (hkl) planes. In case of poly- crystalline material

the reflections are from all planes having dhki ^ A./2. As shown by Bacon[l 1] , aBragg

per atom for a fine powder material (polycrystalline material) can be given as:

(3)
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where No is the number of unit cells per cubic centimeter, m number of atoms per unit

cell, Fhki is the structure factor of the unit cell and Q'2W it is Debye Waller factor.

In pyrolytic graphite the crystallites are aligned to a high degree with their hexagonal

c-axes parallel, whereas the a-axes are oriented at random. In the case of perfect

alignment of the c-axes, the lattice planes (hkl) are tangent to a cone with its axis

along the c-direction and an apex angle Qhki determined by :

sin 0*u =-<?«, (4)
c

The interplanar distance dhu is given by the relation:

(5)

when a pyrolytic graphite plate is oriented with the c-direction parallel to the incident

neutron beam, a strong attenuation due to coherent elastic scattering by the (hkl)

planes will occur if neutron wavelength satisfies the Bragg condition:

X =2 dhki sin Qhki (6)

However as shown by Frikkee[12] it is possible to tune pyrolytic graphite

plates for optimum scattering of second-order neutrons in a continuous wavelength

range by varying the angle between the c-direction and the incident neutron beam. If

this angle denoted by y/, and if the mosaic spread is negligible in comparison in with

y/, the lattice planes (hkl) will scatter neutrons in the following wavelength intervals:

2dhkl sin(0AW -yr)<X < 2dm s i n ( ^ + y/), for Bm > y/ ,

0<Z< 2dm sinCtfu, + y/), for 9m < y/ ,

The plaes (001), on the other hand, scatter neutrons with a discrete wavelength

X =2 dooi cos y/.
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The possibility to tune a pyrolytic graphite filter is a consequence of the fact that the

scattering cross-section due to the (hkl) planes reaches pronounced maxima at the

boundaries in the (A, y/) plane given b:

m = 2dhkl sin|0,w ± W\ (7)

It was shown by Frikkee[12] that the number of crystallites Nc(A; hkl) is given

by \imx^N{X-hkl) = c{4dmsmyscosehk\X -%up (8)

Where C is a constant. Apparently the function Nc(A ;hkl) diverges at the

_ i

boundary values according to the asymptotic form N(X;hkl) °cA-tflkl ~2. The Bragg

scattering cross-section of PG crystal due to reflection from (ooP) planes is given by

aBragg= - - J - l n n M L ) (9)
' V lo hkl

where N is the number of atoms/cm3, t0 is the effective thickness of the crystal in cm

and Ye
ool is the reflecting power of the (ool) plane inclined by an angle Qhki to the

incident beam direction where Ve
BBl is given by

p
001

(10)
2]

a = QoolW(A)/ju,

yool=cosi//,
Where ju is the linear absorption coefficient yooi is the direction cosines of the

diffracted beams relative to inward normal to the crystal surface. W(A) is the

Gaussian distribution of the crystal mosaic blocks and given by

Where 77 is the standard deviation of the mosaic blocks.
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While the Bragg scattering cross-section from a plane with Miller indices hkl where h

*0 or k * 0 close to boundaries can be given as:

(12)

Where Nc(A ; hkl) is the number of crystallites with the pro per orientation for {hkl)

Bragg reflection of neutrons in the interval between X and X+dX.

Two computer codes PolyCrystalline Graphite (PCG) and (HOPG) High Oriented

Pyrolytic Graphite have been developed in order to calculate the total cross-section

and the transmission of neutrons of energy range from 0.1 meV to lOeV incident an

polycrystalline graphite and an mosaic pyrolytic crystals respectively.

These codes are based on the calculation of the nuclear absorption cross-section and

TDS cross-section atds contribution in a similar way to that given by M.Adib[9]. In

the PCG code the Brag scattering term oeragg is calculated using Eq.(3) for all (hkl)

planes and their higher orders having a non-zero structure factor. While in, HOPG

code cJeragg is calculated using Eq.(9) for 001 planes having non-zero crystallographic

Q-value otherwise using Eq.(12).

For comparison of the experimental neutron cross-section data with the calculated

values, the programs take into consideration the effects of both neutron wavelength

resolution and incident neutron beam divergence.

Comparison with Experimental Results and Discussion

The formula given by Eq.(l) was fitted for poly and pyrolytic graphite crystals.

The main graphite physical parameters required in these calculations are listed in

Table 1.
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Table 1 : Physical Parameters of graphite

Average Atomic Weight
Crystal Structure
Space Group
Lattice Parameters
Number of Unit Cells/m3

Coherent Scattering Length (m)
Absorption Cross-Section for Thermal Neutrons
a(E=0.0225eV) (barn)
Total Scattering Cross-Section abat (bam)

12
HCP
P63/mmc(192)
a =b= 0.2464nm, c = 0.6736nm
2.89 E+28

0.661 E-14
0.0031

5.555

Poly crystalline graphite

Using PCG code, the total cross-section of graphite at temperatures of 300K

and 478K were calculated for neutron in the energy range from 0.1 meV up to leV the

results of calculation are displayed in Fig.(l) as sold line. For comparison, the

experimental data presented are almost in agreement with experimental values for the

fitted parameters C2=20 and 9D~1050K. From Fig.1(1) one can observe thatihe

graphite total cross-section beyond the cut-off wavelength ^c-2dOO2 (at E< 1.8meV) is

about ... barn. This value is less than the free atomic cross-section 4 at neutron

energies higher than leV.

10

1-

0.1-

0.01-

Calculated (300K)
• Experimental (300K)

Calculated (478K)
c Experimental (478K)

10

Neutron Energy meV

100

Fig .1 The Total Neutron Cross-Section For Polycrystalline Graphite .
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To show the effect of both thickness and temperature of poly-crystalline graphite on

its filtering features, the calculation were performed at room and Liquid Nitrogen

(LN2) temperatures, for neutron wavelength in the energy range 10"3 - lnm the results

of these calculations are displayed in Fig. 2a and b, for room and LN2 temperatures

respectively. The indication is that a 1 Ocm thick poly-crystalline graphite cooled at

LN2 temperature, has a better effect-to-noise ratio for neutrons with wavelengths >

0.671nrr

0.8-

0.6-

0.4-

0.2-

0.0-

10cm 300K/

A A
15cm 3 0 0 ^

20cm 300K !

1E-4 1E-3 0.01 0.1

0.8-

0.6-

0.4-

0.2-

l • i

j

i : •••

j . i

i ' i

i i
; • i

: i i

5cmf77k ! ;

10cm 77K !
 B : ' i I

i5<im77K : ; \
20dm77K ' i .!

i ! : i ; . • : i • •!

i I i i • i : ! i : ;i
: : : • • : : : i i

i i ' i • ; i

] '• . . ' - !

y, r P i n i i i ~—i—i i , imi ,—i i 11ill

1E-4 1E-3 0.01 0.1 1

Neutron Energy

Fig.2 Neutron Transmission of Polycrystalline Graphite.
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The calculation cold neutron flux, for which there is a Maxwellian distribution, for a

neutron gas temperature close to liquid hydrogen, is displayed in Fig.3 before and

after transmission through a 10cm thick poly crystalline graphite cooled to 77K. Its is

observed that 10cm of graphite transmits about.?. %, for neutrons with wavelength <

0.67nm. One can conclude that poly-crystalline graphite under these conditions is

sufficient to efficiently remove the epithermal and fast neutrons less than ... %, while

providing a high intensity of cold neutrons.

8000-

6000-

in
 F

lu
x

 A

1
2000-

Incident Neutron
Transmitte Through

/

j
I

i
i

/

10cm

/

at77K

\

• \

•

\

1 I »-•

0.1

Neutron Wavelength(nm)

Fig.3 Transmitted Neutron Flux through Polycrystalline graphite .

Pyrolytic Graphite

The total cross-section data [2] of pyrolytic graphite for neutrons incident

along the average direction of alignment of the C-axis is displayed in Fig.4 as close a

circles. The PG used in this investigation consisted of plates of 2"x 2"x3" in which the

C-axes were aligned to written 5° from the normal of the largest face. The calculation

values using HOPG code are displayed as sold lines, assuming that PG has standard

deviation of mosaic spread * 2° and values of C2 and 0D that are the same as that for

poly-crystalline case.
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Fig.4

1E-3 0.01 0.1

Neutron Energy (eV)

Neutron Transmission Through Graphite Single Crystal.

The calculation values are in reasonable agreement with measurement values

the observed disagreement is due to the divergence of Nc at boundaries ^hkl.

Table 2 list a4E and GE for E running from 10 to 15meV. For X-0.26nm the

intensity ratio between the first and second order can be improved by a factor of 100

at fist order transmission of 70%, with a filter thickness of 8cm. Thus the filtering

losses can be kept quite moderator when a wavelength close to 0.26 nm is selected. It

is found that for the stoll higher than second order neutrons the filter is always of

sufficient size when it is sufficient for the second order.

Table 2 Total cross-section and their ratio of PG

E(meV)
10.0
11.0
12.0
12.5
13.0
14.0
15.0

X(nm)
0.2845
0.2725
0.2605
0.2545
0.2505
0.2405
0.2325

aEbarn
0.46197
0.48284
0.50735
0.52117
0.53103
0.55879
0.59176

C4Ebarn
2.9413
1.6434
5.3675
2.7555
2.6875
4.9049
5.53

6.366864
3.403612
10.57948
5.287142
5.060919
8.777716
9.345005

CT4E M E [2]
7.3
11.5
14.9
14.3
12.7
8.1
4.3

However the 2° PG is quite expensive, particularly enlarge quantities necessary for

filter purposes. Yelon etal[5] studied some lower quality PG crystals. The measured

cross sections represented by Yelon etal[5] of 8° and 15° mosaic PG crystals at both
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room temperature(RT) and Liquid nitrogen(LN2) are displayed in Fig.5, while the

calculation values are displayed in the same figure as solid lines.

10

E
CO

0.1 r

O 0.01-

1E-3

1E-3

Experimental
- Calculated

1i? Mosaic Room Temperature'

0.01 0.1

Neutron Energy (eV)

10

0.1

O 0.01

1E-3<

10

E
ro

J3

o.u.

O 0.01

1E-3'

*7V. ::

•: ' ]' 15° Mosaic Liquid Nitrogen

Experimental
Calculated

1E-3 0.01 0.1

Neutron energy (eV)

Calculated
Experimental

: 8 Mosaic Room Ternperature

1E-3 0.01 0.1 1

Neutron Energy (eV)

Fig.5 Neutron Transmission Through Graphite Single Crystal at Different Mosaic.

The peak in the cross-section at about 7.5mev is broadened by the mosaic and

makes it feasible to use this as a filter passing 1.9mev first order while removing

7.5meV second order neutrons. This is not normally done with 2° PG. When the 15°

mosaic PG cooled to liquid nitrogen (LN2) and lOmeV is seen to decrease. Such

decrease is clearly helpful for use at the very largest wavelengths.

The use of PG as a selective neutron filter requires an optimum choice of the crystal

mosaic spread is essential neutron transmission through a 8cm PG crystal cooled to

the temperature of LN2 for different values of mosaic spread were calculated and are

displayed in Fig.6.
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As may be observed, for standard of deviation of mosaic spread >0.4° several

wavelength bands which are feasible to use PG as a high efficiency second order

0 8 -

0.6-

0.4-

0 2 -

0.0-

2° • . .

1
i l l

1(1
1E-4 1E-3 0.01

Neutron Energy

0.1
0.0

1E-4

Neutron Enerov

1.0-

0.8-

£ 0.4-

0.2-

0.0-

8°

/IA .
1E-4 1E-3 0.01 0.1

Neutron Energy

1E-4 1E-3 0.01 0.1

Neutron Energy

Fig.6. The Neutron transmission Graphite Single crystal for various mosaic spreads
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A previous method used for the determination of the average neutron flux within
bulky samples has been applied for the measurements of hydrogen contents of
different samples. An analytical function is given for the description of the
correlation between the activity of Dy foils and the hydrogen concentrations.
Results obtained by the activation and the thermal neutron reflection methods are
compared.

Keywords: neutron moderation and reflection; neutron activation analysis.

INTRODUCTION

Among the about 150 different instrumental nuclear analytical methods the neutron
activation analysis has kept its leading role especially in the non-destructive multi-elemental
analysis of complex samples. The principle of this technique was introduced by Hevesy and
Levi in 1936 [1] as a tool in analytical chemistry. He has pointed out also the drawback of this
method if a sample contains high absorbing elements which can disturb significantly the
neutron field. As a result of this effect a serious limitation appears in the use of activation
analysis in particular for complex bulky samples. Therefore, a method developed [2] for the
determination of the thermal neutron flux perturbation caused by a thin absorbing sample has

•Corresponding author

e-mail: dhta@falcon.phys.kite.hu
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been extended [3] for bulky substances. In an pur previous experiment a definite excess in the
thermal and epithermal neutron fluxes was observed for hydrogenous samples paced in a Cd
holder [4]. For the verification of the correlation between the neutron flux values and the
hydrogen contents of the samples a systematic measurement was carried out.

EXPERIMENTAL PROCEDURE

The irradiation facility based on a Pu-Be neutron source of 5.25x106 n/s yield and a
hydrogenous moderator has been described elsewhere [3,4]. The thermal neutron flux
distributions inside the samples of 3 cm diam. and 6.8 cm height were measured in five
positions by the foil activation method using the 164Dy(n,y)165Dy reaction. The activity of the
foils placed along the central line of the samples was determined by an end-window G-M
counter. For the separation of the thermal and epithermal neutrons sample holders prepared
out of Al and Cd metals, respectively, has been applied. The schematic view of the irradiation
arrangements is shown in Fig. 1. The use of the Dy foils as 1/v detectors rendered the
measurements of thermal neutron flux distributions possible. In our experiment samples made
of SiO2+H2O, various types of polyethylene (CH2), PVC (C2H3C1), plexi glass (C5H8O2), s-
caprolactam (CaHnON), paraffin (CH2).

Cd

Albox

I.

Albox

II.

Cd

Cdbox

III.

Dy

M

thx

epi

epi

th2

IV.

Figure 1. The schematic view of the irradiation arrangements.
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RESULTS AND CONCLUSION

From an analysis of the flux distributions of thermal neutrons the following conclusions
can be done:

a) The flux distributions measured along the axes of the samples using an Al holder can be
approximated by the same expression as given in Ref. [2] for thin absorbing samples, i.e.

f(x)=l/(ax2+bx+c). (1)

where x is the distance measured from the edge of the sample (see Fig. 1.), while a, b and c
are fitting parameters. Some typical measured and fitted flux distributions are demonstrated in
Fig. 2. for SiO2+H2O mixtures. In the case of PVC a definite minimum exist in the flux
distribution caused by the high absorption cross section of Chlorine for thermal neutrons.

1.10

1.08

1.06

1.04

§ 1.02
q=
0)
.> 1.00

0.98

0.96

0.94

0.92

0.90

9.1%

10.7%

14.9%

17% (weight % water)

20 40

Distance (mm)

60 80

Figure 2. Some typical measured and fitted flux distributions for SiO2+H2O mixtures.

b) It was found that the average neutron flux in the cylindrical-shaped sample of height d
deduced from Eq. (2) is slightly sensitive for the hydrogen concentration of the sample.

(2)
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Therefore, for the bulk hydrogen analysis the use of thermal neutron reflection method [5,6,7]
is recommended.

c) The contribution of the epithermal neutrons to the activity of the Dy foils placed in the
positions indicated in Fig. 1. does not exceed 1%. The Dy foils were covered with Cd sheets
of about 1 mm thickness.

d) The flux distributions measured with Cd sample holder as shown in Fig. 3. can be
described by the following polynomial:

f(x)= ax +bx+c. (3)

20 40

Distance (mm)

Figure 3. Flux distributions measured with Cd sample holder.

e) The average neutron flux was determined by using Eqs. (2,3). A definite correlation was
found between these flux values and the hydrogen concentration of the samples. As shown in
Fig. 4. the flux value of neutrons thermalized in the sample increasing exponentially with the
hydrogen concentration. The relation between the average flux values and the hydrogen
concentration [(atom/cm3)* 1023] can be given by the following equation:

lg«t>=1.723*c-1.166 (4)

f) Data in Fig. 4. clearly indicate the possible use of this method for the determination of
hydrogen contents for samples placed in a Cd holder. As it follows from Eq. (4) the slope of
the activity-H concentration function is 1.723. A comparison of the activation and the thermal
neutron reflection methods indicates that the sensitivity of the latter for the detection of
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hydrogen is higher with about a factor of 2. However, the matrix effect can change in a wide
range for the reflection method as compared to the activation technique for which almost the
same relative activity (-0.05) was obtained for different elements from the graphite to the
lead, even in the case if the cavity covered with Cd contains only air, i.e. the epithermal
neutrons thermalized in the samples containing hydrogen determine the activity of the Dy
foils.

10

5=

2
S
TO 0.1

0.01

paraffin

plexi glass

PE granul. ^J- 'e-caprolactam

sand+water
PEp

PVC

0.0 0.2 0.4

H atom concentration (atom/cmJ)*10

0.6

23

0.8

Figure 4. Correlation between the flux values and the hydrogen concentration.

g) The thermal neutron flux value in the cavity agrees well with that obtained for the
moderator material (s-caprolactam). The average flux value in an Al cylinder filled with
polystyrene was found to be the same as for the empty cavity (air) within the limits of errors.
The flux values were normalized to those obtained for the moderator material. The ratio of the
average activities measured in Al and Cd holders filled with the moderator material was found
to be <crJ0>A|/<O0>ccrl .257/0.155=8.11.

Further investigations are in progress for the determination of the flux perturbation factor,
F both for thermal and epithermal neutrons extending the measurements for various elements.
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ABSTRACT

A positron annihilation lifetime spectrometer employing a multi-parameter
acquisition system has been prepared for various purposes such as the
investigation and characterization of solid-state materials. The fast-fast
coincidence technique was used in the present spectrometer with a pair of
plastic scintillation detectors. The acquisition system is based on the Kmax
software and on CAMAC modules. The data are acquired in event-by-event
list mode. The time spectrum for the desired energy windows can be
obtained by off-line data sorting and analysis. The spectrometer for event-
by-event data acquisition is an important step to construct a positron age-
momentum correlation (AMOC) spectrometer. The AMOC technique is
especially suited for the observation of positron transitions between
different states during their lifetime. The system performance was tested
and the results were presented and discussed.

Keywords: Positron Lifetime Spectrometer, List Mode, CAMAC

INTRODUCTION

A positron that has been injected into a material under study and has slowed
down, in most cases annihilates with the emission of 2 or 3 yrays. In the case of free
positrons the cross-section for emission of 3 yis only 1/379 of that of 2 y cross-section.
The measurements of properties of these y rays; such as their energies, emission
directions and time of emission which can all be measured; provide useful information
about the material in which the positron annihilates. Hence, information of electron
density and electron momentum (characteristic of the annihilation site) can be
obtained.

Positron annihilation spectroscopy (PAS) was originally used to study the
electronic structure and defects in solids. In connection with this, the physics of
positron annihilation in condensed matter has been extensively developed. In general,
the PAS has been applied to a wide variety of materials during the last decades [1-8].
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The three experimental techniques used in PAS are the lifetime, angular correlation
and the Doppler broadening. They are all based on nuclear spectroscopy.

Positron annihilation lifetime (PAL) spectroscopy is wfdely used for the
investigation and characterization of different types of materials. Different positron
states can be extracted from the timing spectrum. These states correlated to, for
example, structural defects in material. Furthermore, the presence of phase transitions
can be conveniently observed by monitoring the positron parameters (lifetime and
intensity) as a function of the temperature. The PAL is measured as a time difference
between two photons. The birth of the positron is marked by the emission of a y ray
from the daughter nucleus of the positron emitter (usually 22Na),-and the annihilation is
revealed by the annihilation y rays. The conventional measuring system for PAL is a
fast coincidence spectrometer which consists of two scintillation detectors, two timing
discriminators, a time-to-amplitude converter (TAC) and a multichannel analyzer
(MCA). In some systems, a fast-fast coincidence technique is used by adding a fast
coincidence unit for improving the time resolution. One of the detector-discriminator
combinations (start) is set to detect the 1274.5 keV y ray of 22Na and the other (stop) is
set to detect one of the annihilation y rays.

Many efforts have been devoted to the improvement of the PAL spectrometer
[9, 10]. Spectrometers having a time resolution (FWHM) from ~ 300 ps down to = 200
ps are commonly used nowadays. Also, PAL spectrometers using a fast digital
oscilloscope and/or BaF2 scintillation detectors have been constructed (see e.g. [11]).
The time resolution of these spectrometers is < 200 ps FWHM. Recently, a multi-
parameter acquisition system is used in some spectrometers to acquire data in event-
by-event list mode. This acquiring system is convenient because it allows the
correlation of the acquired data.

A PAL spectrometer employing a fast-fast coincidence technique has been
constructed at Physics and Chemistry Department, Faculty of Education, Tanta
University [12]. In this spectrometer, the data were acquired in histogramming mode
using a MCA. The objective of this work is to prepare a multi-parameter acquisition
system for event-by-event data acquisition. The details of the PAL spectrometer
employing the multi-parameter acquisition system and the results of performance tests
were presented. Also, this acquiring system will be used for constructing an AMOC
spectrometer to measure the lifetime spectra of positrons as a function of an energy
distribution of the annihilation y rays.

EXPERIMENTAL TECHNIQUE

Positron Lifetime Spectrometer

A schematic diagram of the PAL spectrometer employing the multi-parameter
acquisition system is shown in Fig. 1. This spectrometer consists of two Bicron
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BC-418 plastic scintillation detectors and NIM modules. The output signals from the
photomultiplier (PM) anodes are processed by two Ortec 583 constant fraction
differential discriminators, Ortec DB463 delay box, Ortec 414A fast coincidence and
Ortec 566 TAC for time spectrum measurements. The signals of the PM dynodes are
fed two scintillation preamplifiers (Ortec 113) followed by two amplifiers (Ortec
575A) for energy spectrum measurements.

Our PC-based acquisition system is based on the Kmax software [13] and on
CAMAC modules with FERAbus capability, which allows fast downloading of the
data from the ADCs. The FAST-CAMAC multi-parameter acquisition system
considers a good choice due to its flexibility. This system includes Ortec AD413A
CAMAC Quad 8k ADC, LeCroy CAMAC 4301 fast encoding and readout ADC
(FERA) system driver and LeCroy 2367 FASTCAMAC universal logic module. The
Sparrow SCM-301 crate controller is used to interface a CAMAC minicrate (Sparrow
1000) to the Pentium III 600 MHz PC. The small computer system interface (SCSI)
cable is used to connect the SCM-301 crate controller to the SCSI connection that is
located on the back of the PC. The Ortec 416A gate and delay generator is used to
have the proper negative NIM gate signal that goes from the 414A fast coincidence to
the 4301 FERA driver (see Fig. 1). The Kmax version 7.0 software was used to
configure and operate data acquisition and process control acquisition system. The
Kmax provides high-level features for data display and analysis.

Performance Measurements

In order to check the performance of the PAL spectrometer employing the
multi-parameter acquisition system, the time resolution of the spectrometer was
measured using 60Co at MNa energy window settings. First, the energy spectra of both
scintillation detectors have been measured using the 22Na source to set the energy
windows. Then, the energy and time spectra were measured using the 60Co source. In
these measurements, the 583 CFDDs were operated as an integral discriminators. The
energy spectra of both start and stop detectors were acquired in event-by-event mode
through channels 1 and 2 of the ADC, respectively (see Fig. 1). The ADC channel
number 3 was used for acquiring the time spectrum in the same mode. The TAC was
calibrated using the Ortec 462 time calibrator. The acquired event-by-event data were
sorted and then data histogramming are performed with the National Instruments
Laboratory Virtual Instrument Engineering Workbench (LabVIEW) version 6i
software. The LabVIEW program (virtual instruments, VI) is prepared for this
purpose. The event data was saved to a file in text format to process the data by the
LabVIEW software.
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RESULTS AND DISCUSSION

Figure 2 shows a time spectrum that was obtained from the output of the Ortec 462
time calibrator. The conversion factor of 6.85 ps/channel is obtained by linear
regression of the peaks position of the previous time spectra.

2000 4000 6000

Channel Number

8000

slope = 6.85 ps/channel

2000 4000 6000

Centroid Channel

8000

Fig. 2. (a) A typical time spectrum of the time calibrator measured using 8K ADC. (b)
The calibration time/channel curve of the Ortec 566 TAC is also shown.

Table 1 shows a part of the event data file saved in text format (left-side
column). On the right-side column of the Table 1, some comments are given about the
structure of the data file. The file starts with the block header followed by information
about the event type, event size and the number of events in each block of data. This
would be then followed by the events. There are always four data words to be read
from the AD413A ADC for each event. The contents of the first, second, third and
forth channels of the ADC are separated by one space. The channel number 4 of the
ADC had no input signals in this case, therefore, it reported zero.

The time spectra with different energy window settings can be obtained from
only one measurement by employing the multi-parameter acquisition system. Asan
example, the time spectra at different energy window settings (15, 20, and 30 %) for
both start and stop channels are shown in Fig. 2. The time resolution (FWHM) of the
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Table 1. A part of the event data file saved in text format.
Event Data File Comments

Kmax Event File - Text Format
4 4 2048

904 11312150 0
3360 2463 2199 0
4415 1357 2253 0
2297 822 2248 0
2469 574 2218 0

Block header
Event type, size and number of events
in the block
Event number 1
Event number 2

spectrometer shows the improvements of = 10% in time resolution by decreasing the
energy windows from 30 to 15%. On the other hand, the coincidence count decreased
by a factor of about three. All these spectra were obtained by the off-line analysis of
the event data file. The PAL spectrometer with event-by-event data acquisition showed
somewhat better time resolution than that of the spectrometer with histogramming-
mode data acquisition. This is mainly due to the fact that setting the energy windows
in the software allows an exact selection of the events with certain energy range while
in the case of doing this in the hardware, using the CFDD, the window limits are not a
sharp cut.
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Fig. 3. A time spectra measured using 60Co source at 15, 20 and 30% 22Na energy

windows of start (1274.5 keV) and stop (511 keV) y rays.
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The construction of the AMOC multi-parameter spectrometer to measure the
lifetime spectra of positrons as a function of an energy distribution of the annihilation
y rays is now in progress. In this spectrometer, the lifetime of the positrons will be
measured using the prepared PAL multi-parameter spectrometer. The energy
distribution of the annihilation y rays will be measured by a HPGe detector.

CONCLUSION

The positron annihilation lifetime multi-parameter spectrometer has been
prepared for several purposes such as determination of the electron density in various
materials. The spectrometer was found to work satisfactorily with a possibility to
increase the acquired parameters such as Doppler broadening of the annihilation y
rays and temperature. This can be done through increasing the input channels of the
ADC by using the available LRS 2249A 12-channel ADC.
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ABSTRACT

Form the geological point of view, the origin and transport of black and
normal sands is particularly important. Black and normal sands came to
their places along the Mediterranean-sea coast after transport by some
natural process. Both types of sands have different radiological properties.
This study is, therefore, attempts to use mathematical methods to classify
Egyptian sand samples collected from 42 locations in an area of 40x19 km2

based on their radioactivity contents. The use of all information resulted
from the experimental measurements of radioactivity contents as well as
some other parameters can be a time and effort consuming task. So that the
process of eliminating unnecessary attributes is of prime importance. This
elimination process of the superfluous attributes that cannot affect the
decision was carried out. Some topological techniques to classify the
information systems resulting from the radioactivity measurements were
then carried out. These techniques were applied in Euclidean and quasi-
discrete topological cases. While there are some applications in
environmental radioactivity of the former case, the use of the quasi-discrete
in the so-called rough set information analysis is new in such a study. The
mathematical methods are summarized and the results and their radiological
implications are discussed. Generally, the results indicate no radiological
anomaly and it supports the hypothesis previously suggested about the
presence of two types of sand in the studied area.
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INTRODUCTION

As the means for collecting and storing larger amounts of data develop, it is
essential to have good methods for identifying patterns, selecting variables of interest
and building models in high-dimensional settings; i.e. in universes in which boundaries
between some of their subsets are not well defined. One of the aims of data analysis is
the geometrical representation of objects on the basis of a defined dissimilarity
between them. Clustering or cluster analysis is one of the major techniques in pattern
recognition. The analysis refers to methods for grouping objects in such away that each
object is more similar to objects in its own group than to objects in other groups.
Cluster analysis is, therefore, designed to detect hidden groups or clusters in a set of
objects which are described by numerical, linguistic or structural data such that the
members of each cluster behave similarly to each other and groups are hopefully well
separated. There are several ways of measuring similarity between objects. Frequency
distribution is a simple statistical method that can be used in collection of objects
depending on only one attribute. Geometric approaches use three types of distances [1]
between objects that related to multi-attributes and is illustrated by the following
example. Assume a collection of objects {x/.x ,̂ .., x<j} with four attributes {a, b, c, d)
for each object. Three type of distances between x/ and x2 can be calculated; Euclidean
distance defined as

A(*i>*2) = [(*i - * 2 ) 2 + (fh -h? +(q ~c2)2 +(</, -d2f]
m,

absolute distance defined as

and maximum distance

x -d2\].

The clustering methods can be separated into two main types; i.e. partitioning
and hierarchical algorithms [1, 2]. Partitioning methods identify a user specified
number of non-overlapping clusters and assign each element to a cluster, so that
objects of the same cluster are close to each other and objects of different clusters are
dissimilar. The hierarchical methods construct a dendogram. Dendogram is simply a
tree in which the root is a single cluster containing all the objects, the leaves each
contain only one objects, and the branches can be seen as clusters. A hierarchical tree
can be divisive (i.e. built from the top down by recursively partitioning the elements)
or agglomerative (i.e. built from the bottom up by recursively combining the
elements). One of the techniques used in the hierarchical methods is the average
linkage technique. In this technique, the distance between two clusters is the average
of the dissimilarities between the points in one cluster and the points in the other
cluster. The single linkage technique (nearest neighbor methods) is also used. In this
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case the dissimilarity between two clusters is the smallest dissimilarity between a point
in the first cluster and a point in the second cluster [1].

A recent method is the rough set theory approach, which is suitable for both
quantitative and qualitative data. It is based on clustering by partitioning method. In
the previous example, X; and x2 are similar with respect to a and b if aj-a2 and bi=b2

each attribute yields a partition and a general partition is obtained according to x, is
similar to x2 if ai=a2, b/=b2, C]=c2 and d]=d2. A comprehensive detail about rough set
theory and advantages over other methods can be found in [3].

The aim of the present work is to reduce and classify the information system
resulting from experimental data of the radioactivity contents as well as the total
organic matter (TOM) and pH values of sand samples collected from coastal area [4]
with the aim of identifying the character of the radioactive content based on local scale
characteristics or geology of the area. Any present structure can be due to a number of
causes, e.g., the nature of the locality and inhomogeneity of transport black sand. Such
information may make it possible to substantially reduce expenditures for diagnostics
of large territories.

MATERIALS AND METHODS

A study of the radionuclides concentrations in sand samples through the area
extended from Zaranik protected area to Al-Arish city in North Sinai [4] was carried
out with an objective of establishing reliable baseline data on natural activity
concentrations ( U and 232Th series and^K). Figure 1 shows the map of the studied
area. The pH and total organic matter (TOM) content of the sand samples were also
determined. Possible correlation between the radionuclide content and both pH and
TOM of the samples were suggested. The beach sand samples were found to have
higher activity content of 226Ra (3-260 Bq/kg with an average value of 50.5 Bq/kg)
and of 232Th (2-476 Bq/kg with an average value of 67.9 Bq/kg) than samples of sand
dunes. The results for sand dunes were 3-15 (average ~6.5 Bq/kg) and 2-14 Bq/kg
(average ~5.9 Bq/kg) for 2'!6Ra and 232Th, respectively. On the other hand, the beach
sand samples were °K poor (59-107 Bq/kg with an average value of 90.3 Bq/kg). The
concentrations of 40K in sand dunes ranged 77-240 Bq/kg with an average value of
178.4 Bq/kg. Black colored sand was observed in some coastal locations. This result
led to the suggestion that black sand is the major source of enhancement of U and
232Th in the area. The data consisted of measurements of 42 locations. Sites SI to S23
were on the coast while those from S24 to S42 were from off-shore (see Fig. 1). For
each location six attributes were used; activity concentration of 238U, Ra, Th and
40K in Bq/kg dry weight, ph and TOM.

Both hierarchical and partitioning (rough set approach) methods were applied
for knowledge reduction and clustering. A computer program designed based on the
mathematics of the rough set theory (partitioning method) [5] is applied. In the
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reduction of attributes, clustering and obtaining the matrices of dissimilarities between
cluster classes. In addition the Rosetta program [6] was also used for data reduction.
The program is another mode of rough set approach. The dendogram is obtained using
the XLMinerTM program [7] for reduced data. It is a comprehensive data analysis
program add-in for Excel.

37

Wetland 2 f " 2 ? 30 31
32 33

0 10 km 40 41

Fig. 1. Map of the studied area between Al-Arish city and Zaranik protected area with
the 42 sample locations. Symbols white squares, white triangles, black squares, black
circles and white circles refer to groupsl, 2, 3,4 and 5; respectively (see text).

. RESULTS AND DISCUSSION

Elimination of Superfluous Attributes

The use of all information resulting from an experimental measurement could
be a time consuming task. Therefores the process of eliminating superfluous attributes
is important for saving time and effort. The use of these attributes in the analysis
would not affect the final decision. The locations are W = {1, 23 3, , 41, 42} and
attributes are A= {U, Ra, Th, K, pH, TOM}; where U, Ra3 Th3 K refer to the

>238TT 226tradioactivity contents of Us
 //0Ras

 ZJZThs
 WK; respectively. The Euclidean distance

depends on the difference between each attribute as pointed out earlier. Therefore, the
results will be biased towards the attributes with larger range as the present case. The
range of 40K concentration is large and the range of pH values is small compared with
the ranges of other attributes. Hence, the values of each attribute were normalized to a
range of 0-1. Then, the range of each attribute was divided into 5 intervals. So, a
partition for the interval [0,1] was made as follows:

[0, 0.2) = 1, [0.2, 0.4) = 2, [0.4, 0.6) = 3S [0.6, 0.8) = 4, [0.8, 1] =5
The values of all attributes were then converted into only five values of intervals; 1, 2,
.. ,5. The resulted table was used for partitioning W according to the rough set analysis.
The results of the elimination process are shown in Table 1. The same approach was
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5 intervals
0.83

1
1

0.29
0.33
0.48

10 intervals
0.95

1
1

0.62
0.64
0.71

applied using 10 intervals instead of 5 for each attribute. The results of the analysis in
the case of 10 intervals are also given.

Tible 1. Degrees of dependency between different types of partitioning and the total
partition for 5 and 10 intervals.

Eliminated Dependency Degree of dependency pi)
attribute

S i U W/IND(A-U#W/IND(A)
M«Ra W/IND(A-Ra)=W/IND(A)
232Th W/IND(A-Th)=W/IND(A)
^ K W/IND(A-K#W/IND(A)
PH W/IND(A-pH#W/IND(A)

TOM W/IND(A-TOM#W/IND(A)

The notations W/IND(A) and W/IND(A-a) are the relation resulted from all attributes
and all attributes expect the a attribute, respectively and the degree of dependency \i is
defined as

H(A-{a},A) = |Low(A-{a},A)|/|W|

where LOW(A-{a}, A) is the number of objects that constitutes the union of all classes
in A that are contained in classes with respect to (A-{a}) [3].

The results for 5 and 10 intervals suggested that the superfluous attributes are
r*Ra and 232Th with degree of dependency 1 (100% similar) in each case. In the case
of 10 intervals, the results for single elimination have larger values of degrees of
dependency in the non-equality cases. This is because as the number of objects that
constitutes the union increases, the degree of dependency tend to increase till all
dependencies become unity for relatively large number of objects. When the number
of objects is exactly (or close to) the number of locations, each cluster will contain
only one location. So, the elimination of any attribute will have no effect on the
classification process. Therefore, it is advisable to constrain the number of intervals to
a number smaller than 42 (number of locations). This was the obtained results for even
15 intervals.

In addition, the elimination of the superfluous attributes (226Ra and 232Th
simultaneously) for 5 intervals has resulted of

W/IND(A-{Ra, Th})=W/IND(A)
v/ith degree of dependency 1. Therefore, the minimal set of attributes which preserve
the same significances of all attributes is

RED(A)={U, K, pH, TOM}
where RED(A) means the reduct of A. The set of essential attributes for 5 intervals is
given by the core
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CORE(A)= {U, K, pH, TOM}
which is the intersection of all possible reducts. On the other hand, the simultaneous
elimination of 226Ra and 232Th for 10 intervals did not produce the same cluster classes;
i.e. W/IND(A-{Ra, Th}) * W/IND(A), but the degree of dependency is considered
highly similar (= 0.95). The minimal reduct was in that case was

RED(A)={{U, Th, K, pH, TOM},{U, Ra, K, pH, TOM}}
and the core was the same; CORE(A)= {U, K, pH, TOM}.

The ROSETTA software [6] was also used for the elimination of superfluous
attributes. The program allows the use of 6 algorithms; SAVGenetic Reducer,
JohnsonReducer, RSESExhaustive Reducer, RSESJohnson Reducer, RSESGenetic
Reducer and RSESDynamic Reducer. In general, the results did not depend on the
used algorithm. The core of the data under all the first five algorithms is {U, K, pH,
TOM} in agreement previous method. The sixth algorithm introduced several cores
which are {U, K, pH, TOM}, {Ra, K, pH, TOM} and {Th, K, pH, TOM}.

The final decision concerning the superfluous attributes using the previous
methods is, therefore, the elimination of both the activity contents of2 6Ra and 232Th.
These results seem to have an obvious physical meaning. The concentration of 226Ra
and 232Th in these samples were found to be in strong correlation [4]. This means that
the activities of 226Ra and 232Th can replace each other. Since the activity content of
238U and 226Ra is in principle the same assuming a radioactive equilibrium. Hence the
radioactivity content of U can substitute 2 6Ra and consequently 232Th. These
particular results simplify the next step of analysis and make the dendogram of the
hierarchical method more understandable. According to our knowledge, the use of
both methods simultaneously has not been used before in environmental studies.
Thereafter, the four attributes ("MJ, '"'K, pH and TOM) will be used.

Nested Similarity Classes of Sand Samples

Through the previous section, the clustering based on the partitioning method
was applied for the reduction of the superfluous attributes. The hierarchical method
was also used to obtain a dendogram for the sand samples. The dendogram was
obtained using the raw data without reduction as well as the reduced data. The {Ra}
and {Ra, Th} attributes were eliminated in the case of the reduced data.

Figure 2 shows the dendogram of the reduced data W/IND(A-{Ra, Th}). In this
figure, the clustering process is shown as a function of Euclidean distance. The number
of clusters was 30. The results suggest the presence of 5 group of sand samples (see
Table 2). The 238U activity was referred to as low, moderate and high corresponding to
the ranges <17, >17-34 and >34 Bq/kg; respectively. Similarly, for 40K activity the
terms low, moderate and high were corresponding to the ranges <120, > 120-180 and
>180 Bq/kg. The inner-distance between each two of group 1, group 2 and group 3 are
nearly the same with the distance between group 1 and group 2 slightly smaller than
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that between group 1 and group 3. Group 4 has larger distance with the first three
groups. Group 5 (contains only sites 4 and 5) are at large distance from any other
groups.

The dendograms obtained with the raw W/IND(A) data and the reduced data
W/IND(A-{Ra}) and W/IND(A-{Ra, Th}) showed almost the same pattern with slight
deviation. In all cases, the five groups have the same number of sites and the inner-
distances between them were comparable. The only exceptions was that site number 6
and 7 were in group 1 in W/IND(A-{Ra}) and W/IND(A-{Ra, Th}) cases while they
were in group 4 in W/IND(A) case. Otherwise W/IND(A-{Ra}) and W/IND(A-{Ra,
Th}) provided exactly the same results.

Dendrogram(Complete linkage)

24 22 21 30 25 29 27 23 26 1£

Fig. 2. The dendogram of the reduced data by eliminating the 226Ra and Th attributes
from the raw data; W/IND(A-{Ra, Th}).

The first group contains 7 clusters (cluster ID 1, 14, 10, 8, 3, 6 and 1). The 7
clusters are corresponding to 10 sites (site number 1, 3, 6, 7, 8, 11, 14, 16, 21 and 24).
All these sites are on the coast (see Fig. 1) and they are characterized with low-to-high
238U activity and low 40K activity. The only exception is site 24, which lies close to the
coast and in the middle of the wetland. The second group is also all coastal sites
(except site 26 in the wetland) and characterized by low-to-moderate 238U activity and
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low K activity. The two groups (1 and 2) may be belonging to larger group with the
same sand type. Probably, group 2 is a sub-group of group 1. So, groups 1 and 2 will
be referred to as super-group 1. This seems to be also true for groups 3 and 4. They

238Tboth are off-shore samples (see Fig. 1) and both have low U activity. Taking into
account the 40K activity in these two groups, group 4 can be considered as a sub-group
of group 3. Hence, the large-group 2 contains groups 3 and 4. The results suggest that
the super-group 2 is pure dune sand and the super-group 1 is actually the result of the
contamination of dune sand (super-group 2) with little contamination of black sand.
Group 5 seems to be completely different than the other groups. Its sampling sites are
rich in black sand, for comparison, the information is also given in Table 1 for black
sand [4].

Table 2. The clusters given in Fig. 2 and their corresponding site numbers. The
proposed group of clusters (1-5) and their characteristics (activities 238U and 40K) are
also given. For the purpose of comparison the characteristics of Black sand [4] is also
given.

Group 1

Group 2

Group 3

Group 4

Group 5
Black
sand

Cluster
number
1,14,10,
8,3,6,7

2,13,9,1

1,12,15,
17

19,26,23
27,29,25
30,21,22
24

16,28,18
20
4,5
—

Site
number
1,3,6,7,8
11,14,16
21,24
2,9,10,

12,13,15
17,18,19
20,22,23
26
28,30,31
32,33,34
35,36,37
39,40,41
42
25,27,29
38
4,5
—

Location

cost

cost

off-shore

off-shore

coast
—

Activity concentration
2JSU
low-high

low-

moderate

low

low

very high
extremely
high

4UK
low

low

moderate-
high

moderate

UUgg
BBL1

I
wI

supers
igroup12;

B
S

lack
and

low
low

CONCLUSION

In this investigation, experimental data of natural radionuclide content were
analyzed using hierarchical and partitioning (rough set approach) methods. It is
assumed that there is no relation between the variation of the radioactivity contents and
the underlying geological formation since the samples were collected from a relatively
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small area. The activity contents of 226Ra and 232Th were found to be superfluous
attributes. The minimal set of attributes which preserve the same significances of all
attributes was {U, K, pH, TOM}.

Samples can be classified to ~ 40% dune sand samples (super-group 2) and ~
.55% dune sand samples with low contamination of black sand (super-group 1) and ~
5% dune sand samples with high contamination of black sand (group 5). Samples in
super-group 1 are all from the coast which made them subjected to contamination of
black sand. On the other hand, the dune sand samples (super-group 2) are all from off-
shore locations.
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Accidental Discoveries in Egypt

Many major discoveries in Egypt have occurred entirely accidentally, just as in
the case of our Valley of the Golden Mummies. For example, a stumbling horse
played a significant role in Carter's excavation of the Valley of the Kings in 1899,
before the discovery of Tutankhamun's tomb. When Carter was returning to his rest
house on the West Bank at the end of the day, his horse fell and exposed a shaft in the
ground. Upon investigating the shaft, Carter found a sealed chamber that contained an
empty coffin bearing no inscribed name; this chamber is known today as the Tomb of
Bab el Hosan, "The Tomb of the Door of the Horse."

Inside the tomb, Carter found a statue wrapped in a linen shroud, resting beside
the coffin. It is presumed to be a statue of Mentuhotep, the first king of Dynasty II.
The king is shown wearing the red crown of the Delta and a short skirt with an Osirid
shape. The function of this statue remains unexplained by Egyptologists, but it is now
on display at the Cairo Museum.

Around the same time, a second major discovery was made by a similar
accident in Alexandria. In 1900, the site of Kom El-Shokafa was used as a quarry.
One day as Ahmed Kasbara was riding his donkey, the leg of the animal fell into a
hole in the desert floor. The incident revealed a labyrinth of underground tunnels that
later came to be known as the Catacombs of Kom ElShokafa.

A horse has also led the way to one of my most significant discoveries. This
occurred in August 1990. An American woman was riding a horse southeast of the
Sphinx when her horse stumbled to the ground after hitting its leg against a small
mud-brick structure. That structure turned out to be the first of a huge series of tombs
of the pyramid builders. Although excavation of this site has only just begun, it is
estimated to be one of the largest ancient Egyptian cemeteries ever found.I had been
searching for this very same cemetery only months earlier but had closed our original
excavation due to a lack of decisive findings. Ironically, the horse discovered the first
tomb in this cemetery only 9 meters from my original excavation location.

Of course, the most recent discovery made
by a donkey was the amazing Valley of the
Golden Mummies at Bahariaya Oasis.
Bahariya is among the most beautiful oases
of Egypt. It falls under the Giza
governorate, and therefore it is within the
jurisdiction of the Giza Department of
Antiquities.

This excavation revived the adventurous
spirit of archaeology inside all of us who
worked at Bahariya, because we were not



merely uncovering the objects used by people or the tombs they were buried in, we
were uncovering the very people who made them.

The Roman Settlement at El Haiz

When in 1940 the archaeologist. Ahmed Fakhry began to conduct a cursory
excavation of the ancient settlement known as El Haiz, he found only a few artifacts,
but concluded that "Undoubtedly, the larger oasis fifty kilometers north of El Haiz was
also thriving during the new Kingdom and will reap much new information about this
time in our history."

As we have seen, Fakhry was correct in his estimation. The area around El
Bawiti to which he referred was for centuries a crucial caravan station for Bedouin
traders, merchants, and soldiers, as well as for foreign settlers who lived between
Bahariya and Farafra Oasis to the southwest. Bahariya served as a crossroads for
various cultures and, as a result, the site represents a cross section of the different
types of people who passed through or settled there. It is literally a gold mine of
information about religious and social customs from ancient times to the Christian era.

The most prominent monument in El Haiz is the large fortress. Dated to the
Roman Period, the fortress apparently served as a garrison. On a knoll opposite the
garrison, Fakhry found the remains of a large Coptic church. The ancient church is
currently being restored to its original beauty by local Moslems with the support of the
Supreme Council of Antiquities, which seems fitting in light of the fact that a few of
the famous mosques in Cairo had actually been built centuries ago by Coptic
architects.

Our preliminary survey in 1993 of the area around the fortress revealed a maze
of mud-brick walls covering four acres and the remains of a long wall surrounding the
entire structure. From architectural features, I concluded that this was a very large
Roman palace, the likes of which we have not yet seen in Egypt. Once the rooms are
fully excavated, the architecture and frescoes will greatly enrich our knowledge of this
Roman settlement.

In the future, we plan to excavate the palace and the surrounding cemetery at El
Haiz, an area that we believe was inhabited by Romans, Egyptians, and Egyptian
Christians. By excavating the palace and cemetery, we hope to obtain information
regarding the transition to Christianity and to explore the paleopathology of the people
who lived during that time. It is possible that we may find evidence of diseases, such
as leprosy, which have been alluded to in surviving Christian documents.

.Bahariya Temples and Tombs



well beyond its present
borders, is now host to several archaeological sites that are scattered throughout the
surrounding desert in various stages of restoration. Among these are a few new sites
only recently opened for public viewing and exploration; some are only part of an
extended complex of monuments where excavation has not yet begun or is just
beginning. The first monument is the oldest structure yet found in Bayariyya, dating
to about 1295 BC; the next group of three— two tombs and a.temple —date to the
Twenty-sixth Dynasty, and the fifth monument is a Greek temple to Alexander the
Great, the only one of its kind in Egypt.

At the site of Garet-Helwa, almost two miles south of Bahariya's ancient capital
of El Qasr (now in El Bawiti), lies the tomb of Amenhotep Huy, governor of
Bahariya. George Steindorff first discovered this New Kingdom site in 1900. It is the
oldest known tomb found in the Oasis thus far, dating from the end of the Eighteenth
Dynasty to the beginning of the Nineteenth, although since my team and I began to
survey its outlying area in 1999, other tombs from earlier and later periods have
started to surface. Because the Twelfth Dynasty kings of the Middle Kingdom paid
attention to this strategically located settlement, it is highly possible that the area
around the ancient capital will offer up some of the richest archaeology of the area.

Bayariyya enjoyed a resurgence of power and prosperity in the Twentysixth
Dynasty. To date, we have reopened three tombs that reflect the wealth of this era.
The pharaohs and local leaders for whom these monuments were so reverently
constructed represent some of the last of the native Egyptian rulers. My hope is that,
even as we continue to unearth the more spectacular golden mummies of the
prosperous Greco-Roman era, we can gain perspective about the redistribution of
Egypt's power by studying earlier Oasis structures.

Take, for example, the tomb of Zed-Amun-efankh. The surroundings in which
he was buried, the wall paintings, and the great lengths to which the tomb builders
went to give him privacy and security all attest to his having been a remarkably
powerful man in the community. During the reign of Ahmose II, residents of the
Oasis had an opportunity to make a sizeable fortune relatively quickly .These
businessmen became the most powerful individuals of the Oasis at this time, just as
powerful as the priests, if not more so. It was no longer a matter of who was noble or
pious enough to deserve such a "house of eternity," but who was wealthy enough to
afford the builders and the materials. The same scenes and words previously reserved
for god-kings were, by the Late Period, used for the rich.

The tomb of Bannantiu, son of Zed-Amun-efankh, had a tomb that was even
larger and more elaborately decorated than his father. The two most important scenes
in Bannantiu's burial chamber show him standing before the gods in the Hall of
Judgment, having been accepted for eternal life. His family status, in spite of the lack
of religious or political credentials, earned him special treatment and entry into the
afterlife. What is striking and interesting from a historical perspective is how a
merchant could purchase himself such preferential treatment by the gods.



After Ahmed Fakhry concluded his excavation, he wrote: "There is no doubt
that the tombs of the other members of the family are still buried, either under the
houses of El Bawiti or in one of the ridges surrounding it. It would be a good thing to
find one day the Tomb of Zed-Khonsu-efankh." If the three tombs of this man's
relatives are any reflection of the wealth of his family, and if his tomb has not yet been
plundered, then it will surely be a spectacular discovery. I believe we are close.

An important key to understanding the site was exploring its relationship to the
Temple of Alexander the Great. This temple was built in 332 BC, when Alexander the
Great came to Egypt. Initially, he traveled from Memphis northward to establish the
new city of Alexandria. Later he made a long journey to visit Siwa and to meet his
father, the god Amun, whose temple was built in this area. I believe that Alexander
the Great traveled two different routes on these two journeys and on his journey to
Memphis he passed through Bahariya Oasis. This is one major reason that a temple
dedicated to Alexander the Great was constructed at Bahariya Oasis.This temple is
unique because it is the only one in Egypt that was built for a living pharaoh.After
Alexander the Great left Bahariya, he stayed for one month in Memphis, ruling the
country as pharaoh.

I believe that, in Greco-Roman times, people chose the area as their burial place
because of its proximity to the Temple of Alexander the Great. It appears that the
cemetery was in use until the 4thcentury AD. The temple was excavated by the late
Egyptian Egyptologist Ahmed Fakhry, who dedicated part of his life to excavating and
exploring sites in various Egyptian oases such as Bahariya, Siwa, Farafra, Kharga, and
Dakhla.

Alexander's temple consists of two chambers built of sandstone, a common
construction material in Bahariya. An enclosure wall surrounds the temple, and
behind it the priests built their homes. To the east of the temple, the administrator of
the temple constructed his home, and in front of the temple were built fortyfive
storerooms of mud-brick. The temple's entrance and stone gateway opens to the south,
and a granite altar about 1.09m in height was erected to the south of the entrance.The
altar, inscribed with the name of Alexander the Great, has been removed and placed in
the Cairo Museum.

Fakhry found a small statue of the priest of Re, among many other artifacts in
the mud-brick storerooms, during his 1938-1942 excavation of the temple.
Examination of these objects led the excavator to believe that the temple was in use
from the time of Alexander the Great until the 12thcentury AD. Many pieces of
broken pottery decorated with human figures and geometrical designs were
uncovered. A number of pottery sherds inscribed with the Greek and Coptic
languages, known as ostraca, were also found. One of the ostraca was inscribed with
Syric and has been dated to the 5thcentury AD. Other artifacts, such as lamps and
pottery vases, were also found.

The inner sanctuary of the temple is beautifully decorated with scenes of
Alexander the Great presenting offerings to his father, Amun, and of Alexander the
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ABSTRACT

The EMU-15 experiment has been performed at CERN by the LPI group with the aim of

studying characteristics of high-density and high-temperature nuclear matter, in particular, for

searching for manifestation of quark-gluon plasma. The main problem inherent in these

investigations is a large amount of track measurements in nuclear emulsions. A very efficient

Completely Automated Measuring Complex (Russian abbreviation sounds as "PAVICOM") for

track-detector data processing in nuclear and high-energy particle physics is operating at the

Lebedev Physical Institute. The PAVICOM provides essential improving the efficiency of

experimental studies performed not only by the LPI group, but also by many Russian Institutes.

Keywords: high-energy physics, event-by-event analysis, nuclear emulsion, completely

automated treatment.

INTRODUCTION

The investigations of secondary particle distribution were carried out in the framework of

EMU-15 experiment by means of event-by-event analysis. The aim of the EMU-15 experiment,

in which emulsion chambers were exposed to a beam of lead nuclei with an energy of 32
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TeV/nucleus, is studying the properties of very dense and hot nuclear matter [1]. The energy

density as high as about 6 nucleon energy densities or about 20 ordinary nuclear energy densities

is attained in central lead-lead collisions in this experiment.

EXPERIMENT

The EMU-15 experiment has been performed at CERN by the LPI group [2] for studying

characteristics of high-density and high-temperature nuclear matter, in particular, for searching

for manifestation of quark-gluon plasma by means of event-by-event analysis. The EMU-15

emulsion chambers were exposed to the CERN lead-ion beam with energy of 32 TeV per

nucleus. The emulsion chamber of the EMU-15 experiment consists of thin lead target with

thickness of 300 microns, and 38 nuclear emulsion layers with thickness of emulsion equal to 50

microns, which was deposited on a 25 micron mylar base. One of the nuclear emulsion layers

was mounted directly in front of the lead target, the others were located at the certain distances

back of the target for registration of secondary charged particles. The overall sizes of the

chamber are the following: the length is 260 mm and the diameter is 95 mm. The total thickness

of nuclear emulsion is about 0.07 cascade units, i.e., it is rather thin. This point is very important

for registration of central Pb-Pb collisions, which results in generation of many hundreds of

secondary particles.

During the irradiation by accelerated lead ions the chamber was placed into transverse

magnetic field with a strength of B=2 T, lead target and nuclear emulsion being oriented

normally to the beam of lead nuclei. The total nucleus flux through each chamber was about

10000 particles. About 150 interesting central Pb-Pb interactions registered in 14 EMU-15

chambers were chosen for treatment.

The main problem inherent in these investigations is a large amount of track measurements in

nuclear emulsions. Evaluating the scale of this work shows that it is necessary to measure about

ten millions coordinates of secondary particles in nuclear emulsion for processing 100 central

Pb-Pb interactions recorded in the emulsion chambers.

A very efficient Completely Automatic Measuring Complex (PAVICOM) for track-detector

data processing in the field of nuclear and high-energy particle physics is in operation at the

Lebedev Physical Institute (LPI) [3-4]. The PAVICOM provides the essential improving the

efficiency of experimental studies performed not only by the LPI group, but also by many

Russian Institutes for nuclear physics and cosmic-ray physics using emulsion trackers or/and

solid-state film trackers [5-10].
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In contrast to semi-automatic installations widely used until now, the PAVICOM is capable

of performing completely automated measurements of charged-particle tracks in nuclear

emulsions and tracks of high-energy nuclei in X-ray films and in solid-state detectors without

employing hard visual work. In this case, track images are recorded by CCD-cameras and then

are digitized and converted into files. As a result, experimental-data processing rate is

accelerated by approximately thousand times.

Completely automatic devices similar to PAVICOM came into operation in scientific centers

of Japan, Italy, CERN, and some other countries [11-16]. In Russia, the PAVICOM is the only

facility of such a type. This facility make possible to cover not only needs of LPI investigations,

but also needs of other Russian laboratories and Institutes. Thus, PAVICOM actually plays the

role of multipurpose user center.

PAVICOM TECHNICAL DESCRIPTION

The PAVICOM consists of two automatic microscopes (Fig. 1, Fig. 2). The first of them,

(PAVICOM-1) includes the precision-mechanics stage manufactured (in 1999) by the German

MICOS company and a Pentium II PC. The software includes, in part, the CERN-CHORUS

program library and VS-CTT digital system for computer-based image processing (with the

relevant hardware and software).

The precision-mechanics stage parameters are the following:

- the displacement lengths along the X-, Y-, and Z-axes are 800, 400 and 200 mm, respectively;

- the displacements along all the axes are governed by a controller in accordance to computer

commands with an accuracy of 0.5 micron;

-- the stage sizes are 2.5m x 1.2m x 2.4m;

- the total mass of the stage is about 1000 kg.

The MICOS stage is placed into a special clean room with a proper stable temperature and

humidity.

The VS-CTT digital system parameters are:

- 1024 levels of the amplitude-digital conversion for optical images;

- the 1360 x 1024 pixel frame size;

- the 4.65 x 4.65-micron size of an individual cell.

The PAVICOM-2 includes a precision-mechanics stage manufactured (in 1998) by Carl Zeiss

company; a LOMO microscope with magnification up to lOOOx; a PC based on the Pentium II

-295-



one; a CCD-camera with the relevant hardware and software, which transmits a digitized image

to the computer.

The Carl Zeiss mechanical stage parameters are the following:

-- the displacement lengths along the X- and Y-axes are 100 and 100 mm, respectively;

--the displacements along all the 3 axes are governed by a controller according to computer

commands with an accuracy of 0.5 microns.

The CCD-camera parameters are:

--256 levels of the amplitude-digital conversion for optical imaging;

—767 x 580-pixel frame size;

—12.7 x 8.3-micron size of an individual cell.

INVESTIGATIONS PERFORMED USING PAVICOM

TREATMENT

Universality and high operation rate of the PAVICOM make it possible efficiently processing

data obtained in various experiments. Among them there are, for example, the following

experiments:

(a) investigation of multiparticle-generation features, in particular, search for manifestation of

quark-gluon plasma in central collisions of ultrarelativistic heavy nuclei (EMU-15 project

performed by the LPI at CERN [17-20]);

(b) studying the nuclear composition and the energy spectrum of primary high-energy cosmic

rays by direct methods (RUNJOB collaboration involving MSU, LPI, and 6 Japanese universities

[21-23]);

(c) studying neutron multiplication in extended blocks of heavy elements exposed to the proton

beam of the Dubna synchrophasotron ("Energy + Transmutation" experiment in JINR [7]);

(d) automated data scanning and processing in nuclear emulsions irradiated by ITEP group at

JINR beta-spectrometers [24-25];

(e) determining the nuclear composition of primary cosmic rays of solar and galactic origin by

means of solid-state track detectors exposed aboard the MIR and MKS Space Stations (the

PLATAN experiment of PTI, Saint Petersburg [26-27]).
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PROCESSING EXPERIMENTAL DATA OF EMU-15

EMU-15 experimental-data processing is performed at the PAVICOM-2. When treating the

experimental material at PAVICOM, duties of an operator are restricted only by the control,

technique check, by the substitution of nuclear-emulsion layers etc., track images of charged

particles are being registered by CCD camera in the course of measurement process and are

being converted into files.

The mathematical processing of digitized images placed into the computer memory is

produced using C"^ software package based on CHORUS experiment codes. It allows us to

search and recognize charged-particle tracks, to determine their spatial positions and interaction

point coordinates. Special software package forms control commands that navigate PAVICOM

stages in the course of measurements.

STEPS OF EXPERIMENTAL-DATA PROCESSING.

AUTOMATION PROBLEM AND SOFTWARE

Going through emulsion, a charged particle forms a track as a set of blobs with a size of about

1 mxron. Video filming with the magnification of 60x and step of 1 micron over depth is

executed in emulsion for the complete particle track reconstruction. 20 different depth layers are

scanned on the average for the processing of each interaction.

The size of each field of view is about 83*62 microns at the magnification of 60x. The

scanning of 25 fields of view is realized for the processing of each event beginning from its

center, by spiral clockwise, with the overlapping step of approximately 10 microns for

subsequent sewing fields of view. Fig. 3 represents the fixed depth image of the one central field

of view in the first emulsion layer after a target.

The further scheme of processing conditionally is the following:

1. Image sewing.

2. Clustering.

3. Searching for a vertex interaction projection.

4. Tracking.

On the first step of reconstructing the interaction image at a fixed depth in the emulsion is

executed by sewing of 25 frames. The precision of this sewing is provided by the accuracy of

stage positioning and is executed in accordance with the following algorithm. The first film
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frame is placed at the center. Then, the next frames are attached consecutively by spiral,

counterclockwise. Since scanning is performed with overlapping, it is possible to reconstruct the

initial layer image by coincidence of identical elements. Fig. 4 represents the reconstructed

interaction image obtained by sewing of 25 fields of view (size 1456 pixels x 1456 pixels) at the

fixed depth of emulsion.

Simultaneously to sewing, the frame is being processed by code that binarizes it, i.e., converts

the image from the grayscale format to the monochrome format for identification of all known-

shaped spots and of "candidates" for the cutting off background. Binarization is performed with

allowance of the fact, that the dynamic range of the pixel's brightness equals 256 bit, where 0

corresponds to the black color, and 255- to the white one. At the same time, threshold is to put

into operation (threshold value is variant; it can be changed in the configuration file). The

threshold value ranges from 0 to 255, and if brightness of any pixel exceeds the fixed threshold,

1 is appropriated, otherwise - 0. After such transformation, the typical image represents black

spots against the white-colored background (fig. 5). The result of this procedure is a sequence

consisting of 0 and 1.

Layer images obtained as a result of sewing and binarization are subjected to clusterization.

At this step all verging dark pixels are combained into clusters. Then, the selection of clusters by

the necessary amount of pixels is produced. Minimum and maximum amount of pixels, forming

a cluster, are assigned. Cluster's filtration is realized by square size.

Center-of-gravity coordinates (x, y) for each cluster are calculated as a simple average of

blob's coordinates. If blob had an extended shape, clustering algorithm puts two centers-of-

gravity. Situation is possible that center-of-gravity doesn't lie in the initial blob (e.g., if the blob

had the half moon shape).

The data-file including information about the center-of-gravity coordinates is the result of

processing clustering code.

The superposition of obtained images permits to visually find coordinates of projection of the

interaction vertex on the (XY) plane of a treated lead-lead interaction. Now the measuring of

these coordinates is realized in semiautomatic regime (Fig. 6). The obtained coordinates of the

interaction vertex projection (xo, yo) are used furthermore as a center for the tracking code (to

reconstruct tracks of secondary charged particles).

The goal of a tracking code is reconstructing particle tracks according to the center-of-gravity

of blobs, which is obtained as a result of clustering. This is executed in accordance with the

following scheme.

The first treated layer is the nearest to the target emulsion layer. Centers of gravity are

selected consecutively; hypothesis, if every center of gravity is on particle track, to be tested.

-298-



For this purpose., a conic-shaped region in which the sought track may be located is chosen.

At the same time, we take into account that the track may pass within the distance equal to radius

of blob from center-of-gravity, and the interaction vertex is inside the target, it's projection

C (xo, >o) to be known in the emulsion plane. The position of the cone is explained in Fig. 7.

Thea the selection of cluster's gravity centers in the cone area, which are located in the next

layers, was made. At the next step, the track reconstruction is realized. It means the line drawing

contented the following conditions:

• the line should involve no less than N=5-7 gravity centers;

• the line should involve only one gravity center from each image layer.

The line parameters are found by x2method. The lines, which satisfy the condition

are thrown away. Flere, n is the number of gravity centers.

As a result, the line with the least rf/n is chosen. Then, a candidate to the secondary charged

particle track was considered. The gravity centers that form the track are excluded from the

further reconstruction.

After processing the first layer, this procedure is repeated for the second one, the third one,

etc. (Fig. 8).

Now, at the step of test event processing, this procedure is realized for two disks nearest to

the target in each camera. Then, sewing obtained tracks is performed for refining line's

parameters and eliminating background lines.

The processing of a single event for one emulsion disk in computer automatic mode requires

8 hours. In this case, 0,5 hour are spent for scanning 25 fields of vision for each event at the 20

level of depths on each disk and for converting the obtained images into files; 3 hours - for

sewing fields of vision; 2 hours - for clustering and 2.5 hours - for tracking. The total time of

processing one event for two disks is, approximately, 2 days.

CONCLUSION

The EMU-15 experiment has been performed at CERN by the LPI group for studying

characteristics of high-density, high-temperature nuclear matter, in particular, for searching for

manifestation of the quark-gluon plasma. The main problem inherent in these investigations is a
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large number of track measurements in nuclear emulsions. Such a work cannot be performed

without an automized device, i.e., without the PAVICOM. In 2003, the test processing of 20

central Pb-Pb collisions was made. This revealed certain difficulties of the measurement

procedure, e.g., a necessity of tuning different fields of view, of tracing each track in adjacent

nuclear-emulsion layers, and other problems.

In addition to using in the EMU-15 experiment, the universality of the PAVICOM and a

possibility of completely automatic experimental-data processing allows us to use it in many

investigations in which different track methods for taking data are used.

This work was supported in part by the Russian Foundation for Basic Research project N 03-

02-16134.
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Figure 3. The central field of view;

size 384 pixels x 288 pixels.

Figure 4. The reconstructed layer; sewed 25 fields of

view; size 1456 pixels x 1456 pixels..
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Figure 5. The result of clustering code;

size 1456 pixels x 1456 pixels.

Figure 6. The vertex project;

size 1456 pixels x 1456 pixels.
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Figure 7. The cone.

C (xo, yo) - the vertex projection. AC - the normal to the target plane.

AB - the area, where the vertex may exist. AF, BE - rulings of the search cone.

cp - the cone angle. D - blobs, out of the search cone.

H - D - a blob center. g - blobs in the search cone.

DE = DF = r - radius of blob. 0... 19 - layers.

Figure 8. The result of tracking code;

size 1456 pixels x 1456 pixels
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1. Abstract

The continuous and precise spatial neutron flux measurement is one of the most requirement
for safe and reliable operation of nuclear power plants. Self-powered neutron detector(SPND)is
the most suitable device used as in-core flux monitors for the last three decades in nuclear
power reactor world wide. A developed technique was used for SPND emitter to provide the
prooer response time and radiation sensitivity. An emitter composed of two suitable materials
(Rli and Ir).The sensitivity of the detector and burn up of the alloy emitter were calculated and
compared with the experimental published one.

Keywords : SPND, Burn up, Alloys emitter

2. INTRODUCTION

Self-powered neutron detector (SPND)is rugged miniature device used to measure high
neutron flux in the core of a reactor. It is compact and small in size desired for iin-core
installation and capable to withstand high temperature and pressure in the reactor core As its
name implies, it operates without any applied voltage. They are classified as delayed or
prompt depending on the predominant mode of signal generation. Several studies of both
types have been carried out theoretically as well as experimentally [1-7]. The structure of
SPND is a coaxial cable consisting of an inner electrode (emitter), surrounded by insulation
and an outer electrode(collector). A schematic diagram for SPND is given in figure(l).

Preferably the lead cable and detector sections are integral, i.e. the signal wire of the lead
cable mates directly to the emitter; the insulation of both sections are identical and the
collector of the detector section is also the outer sheath of the lead cable section. Detectors
constructed in this manner are termed integral SPNDs. SPND assemblies may also be made
from separate detector and lead cable sections.

For power reactor applications, typical emitter materials used in SPNDs include Rh, V,
Cc, Hf, Pt, and Ag. Other emitter materials such as Cd, Gd and Er may be used in SPNDs
bir: are not practical for power reactor application. An overview of the important
characteristics of SPND emitter and the optimum choice of the emitter materials for different
uses were given in references [8,9]. Table (l)gives some specifications for typical SPNDs
material used in power reactors. These detectors can be divided into these which fast respond
instantaneously to change in the reactor flux of which Co is the best one and those of which
possess a delayed response, specially Rh and V.

2-mail:ahmedhassanl 17@hotmail.com
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This work is devoted to put a new mechanism to overcome the problems of slow Response
and complex burn up function. Therefore a ways of increasing the Rh detector response is
considered. The suggested mechanism is a new design for the emitter material which
constructed with two materials (alloy emitter materials).This construction of the emitter
dealing with solving the two problems mentioned previously :1 predicting the equilibrium
detector current rapidly and also stable detector sensitivity.2) Characterizing the non
exponential burn-up function.

3. THEORETICAL CONSIDERATION

3.1 Sensitivity due to beta emission

SPND functioning is based on the emitting of beta particle from the emitter after capture
the neutrons. Contribution of these p particles to the signal current I for a detector with
length L and volume V is given by Warren model [2]:

I = (eV/L) eC (1)

where e is electron charge, 8 is electron escape efficiency, i.e. the fraction of the electrons of
energy E appearing at the emitter 's surface per unit volume and time and C is neutron

E max

reaction rate and it is written in the form : C = I £ th ,S dE here Emax is the maximum
o

thermal neutron energy.

Table (1) : gives an overview of some specification for typical SPNDs used in power
reactors [9].

Emitter material

Emitt. diameter(d)mm
Emitt. length(L)mm
Insulator
Collector
Collector diam.,mm
Sensitivity (A/nv)
Burn-up rate % month
At 10" nv)

Rh

0.46
400

A12O3
Inconel
1.57
3.6xlO-20

0.39

V

2.0
100

AI2O3
Inconel

3.5
4.8xlO'21

0.01

Co

2.0
210

AI2O3
Inconel

3.5
5.4 xlO"21

0.09

Ag

0.65
7000
MgO

Stain, steel
3.0

4.2 xlO"20

0.30

Pt

0.51
3050
A12O3
Inconel

1.6
2.5 xlO"22

0.03

According to Warren 's model the electron escape efficiency can be calculated using
the expression:

3 d p

where EB is the maximum p energy in KeV, K=6.5 xlO"4 gm(cm )"2 KeV"1 is the emitter
density gm(cm )'3 and d is the emitter diameter. The expression for neutron sensitivity due to
P emission Snpis given as [10 ]:
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Where Ith =060225ath £- and S is the self-shielding factor for thermal neutrons given by the
A

following expression [1]:

^ ' ^ * ^ f (4)

where Sth is the thermal neutron capture cross-section in barn and A is the mass number of
the emitter material. But Emin is the minimum energy that an emitter surface electron must
contribute to current sensitivity of SPND.

3.2 Time-dependent detector sensitivity

The interaction of thermal neutrons with SPND detector as example Rh emitter can be
expressed as:

103Rh (n,Y ) 104Rh • 104Pd (5)
For Ir case the reaction can be written as:

101Ir (n)Y ) 102Ir • l o a Pt (6)

We denote that:
isotope symbol

.103 X j 5 3

T64

Rh™ W

Pd'£ N°

Ir^ N17

Ptwl N28

the rate of such change in the number density of Rh emitter with time equal burn-up and it
can be written in the form of differential equation as:

dt th

Where <j> is the neutron flux and X is the decay constant. Equation (7)can be rewritten eis:

W 6 4 = <f>cr^Ni% (8)
at

dN
Under the steady state condition the above equation gives = 0 , then

dt
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Multiply the above equation by integrating factor eXt and by integrating one can obtain:

This function was used for Rh sensitivity calculation. By similar way for Ir case N(t) was
expressed as:

For alloy emitter the function N(t)was given as:

The sensitivity formula as a function of time can be formed as:

eV
Snfi(t) = ~sN{t)cjthS fd (9

where the flux depression factor fd is evaluated using the expression [1 ]:

| + ° - 5 7 7 2 1 6 ) f f i ' 4 r '2 2

Where Xu. is transport mean free path =0.425 cm, and diffusion length 1=2.76 cm. The
effect of detector burn-up on sensitivity is to give the relative decrease rate in a given
flux. The burn-up can be expressed as [11]:

(10)
dt

4. RESULTS AND DISCUSSION

The area where we have attempted to achieve improvements in the SPND detectors have
involved devising ways of increasing the detector response. As in the case of Rh significant
improvements in response can be achieved by increasing the emitter diameter. Since the
signal from SPND(Rh and V) is predominantly due to the P decay as example; V52

following neutron capture in V \ the sensitivity per unit length is expected to vary as the
square of the emitter diameter, at least for small diameters [12]. Therefore, the sensitivity
of Rh detector as a function of the emitter diameter is calculated, using eq.(3), the results
are displayed in Fig.(2). From the figure, one can notice that the sensitivity does follow a
square low for the emitter diameter, dash line. But at large diameter, the sensitivity increase
more slowly. This is to be expected since as d increases decreases. A least square fit was
determined to the power law of the sensitivity for Rh SPND as:

S(Rh)=38134xl0-21d11569 A m ^ n m - 2 s"1) (11)
where d is the emitter diameter in mm. The above reduced formula has the same behavior as
the formula of the V and Pt SPND obtained by Allan [12].
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In isotope 103Rh on neutron absorption 104Rh emits P particles of 2.5 MeV and two
half-life of 42s and 4.4min.The absorption cross section a of 150b. Main characteristics
of the investigated Rh SPND are given in Table(2).The calculated values of different
parameters which illustrated in the table were used for the calculation of the sensitivity as a
function of the time using eq.(9).The obtained results are shown in Fig.(3). From the figure,
one can notice the current sensitivity was decreased with time. This is due to the problem of
complex burn-up. In order to achieve the burn up, a new idea on the design of the emitter is
applied. A new construction of the emitter using two materials as alloy is investigated to
improve the decrease of the sensitivity during increasing time. From the previous studies
[6,8,9], Ir material which is the suitable one for the Rh SPND is select. The characteristic
properties of Ir are tabulated in Table(2). The absorption cross section o is 426b and the
maximum energy of P emission is 0.7MeV. By the same way the sensitivity of Ir was
calculated as a function of time. The results are given in Fig.(3).The different calculated
parameters of Ir SPND emitter are tabulated in Table(2). A comparison between the behavior
of the sensitivity of Ir emitter and Rh emitter with increasing time was shown in Fig.(3). We
notice that at a short time the burn-up on sensitivity is to give the relative decrease rate on Rh
emitter very fast compared with that of Ir emitter. But the escape efficiency of Rh is higher
than that of Ir (see Table 2). Moreover the result of multiplication parameters (e.£ th .S fd)is
nearly equal for both Rh and Ir emitter. For the previous reasons Rh and Ir as alloy emitter
are selected.

Several percentage of alloy emitter were constructed and investigated from both Ir and Rh
materials to treat the burn up problem and to provide a stable current sensitivity with time.
The obtained results can be seen also in Fig.(3). In the figure the behavior of the sensitivity
during time was calculated for the curve(a)(90%Rh +10%Ir) emitter construction as shown
the figure. Also curve (b)and (c)were illustrated the behavior of the sensitivity for the
(80%Rh +20%Ir )and (50%Rh +50%Ir)SPND emitters. The calculation of burn up rate per
month at a constant neutron flux using Eq.(10)are obtained to be 0.35% & 0.29% &0.18%
for the three previous emitter construction respectively. The decrease of burn up rate leads to
improve the performance of the detector and enhance the stable of the sensitivity.

Table 2:The calculated values of different parameters for Rh-SPNDs and Ir-SPNDs.

a barn
EB(MeV)
Emitt density(gm cm - 3)
half-life
Macroscopic capture cross section £
Ernitt. diameter(d)mm
Self-shielding factor
Flux-depression
The constant factor(eVTL)
Escape efficiency (s)

Rh-SPND emitter

150
2.5
12.41

42s, 4.4m
10.886 cm"1

0.508
0.733
0.9143

1
0.735

Ir-SPND emitter

426
0.7
22.65

19.15h,74.4d
30.268 cm'1

0.508
0.483
0.852

1
0.436

5. CONCLUSION

The Rh-SPNDs are used for safety and control systems in the power reactors. The signals
from the detectors are dominated by (n,p )reaction. These detectors have slow response time
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of several minutes. With the help of special amplifiers the response time can be reduced to
several seconds.

The rapid advances in SPND as in-core systems usage has been paralleled with advances
in system design to enhance reliability. Therefore the suggested alloy emitter construction
(Rh& Ir)is dealing with treating the problems of decreasing the detector current and keeping
detector sensitivity stable. The increase of detector response can be achieved by increasing
emitter diameter and the optimization of the Rh emitter diameter can be obtained due to the
new formula of Eq.(11).On the other side the high burn up rate can be improved using the
new construction of the emitter. As example adding 10%of Ir gives relative burn up rate of
0.34%per month while 20% of Ir is available to reduce the burn up rate to 0.29% per month
and 50%of Ir decreases the burn up rate per month less than 0.18%.
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ABSTRACT
Very high energy y-ray astronomy in the energy range above 100 GeV has
made dramatic progress through the development of imaging atmospheric
Cherenkov telescopes (IACTs). The technique has been pivotal in the
establishing the existence of a number of discrete y-ray sources. Normally
due to the presence of stars in the field of view (FOV), a number of
photomultiplier tubes (pmts) in the camera has to be turned off. This may
have the effect of distorting some images that happens to be in that part of
the camera. This may in turn affect the y-ray sensitivity of the telescope.
The present study aims to shade some light on this possible effect.
Experimental data on the extragalactic y-ray source Mrk 421 measured
using the 10-m Whipple IACT were used for this purpose because of its
relative dark FOV compared with other sources; e.g. the Crab nebula. To
simulate the presence of star(s) in the FOV, the analysis program selects
randomly a number of clusters of pmts to be turned off in the software. The
pmts in each cluster have to be adjacent to each other (neighbors) and the
selected clusters have to be separated from each other. The significance of
the detected signal and the y-ray rate were then determined and compared
with the original results. Clusters of 2, 3 and 4 pmts were used. The number
of clusters was increased up to 12 clusters at various distances from the
center of the FOV.

Keywords: Gamma Ray, Cherenkov Telescope, Stars.

1. Introduction

Major discoveries were recently achieved in the field of y-ray astronomy. The
observations are carried out using ground-based imaging atmospheric Cherenkov
telescope (IACT) [1-4]. Cherenkov light is generated by extensive air shower (EAS)
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particles in the upper atmosphere. Typically, an IACT consists of a reflector to collect
and focus the Cherenkov light and a multi-pixel camera at the focal plane. The 10-m
Whipple telescope at Mt. Hopkins, Arizona, USA, (longitude 110° 53.1' W, latitude
31° 41.3' N, elevation 2,300 m above sea level) has been the key experiment in the
progress of the field.

Fig. 1. The Whipple 10-m IACT situated on Mt. Hopkins, Arizona, USA. The high
resolution camera is shown (top right). The mirrors are arranged on tubular framework
which gives a 7.3 m radius bowl with a 10 m aperture. A close view of one mirror is
also shown (down right).

2. THE 10-M WHIPPLE IACT

The 10-m Whipple telescope was originally built in 1968 and numerous
modifications have been made to improve its sensitivity and performance. The current
status of the telescope after the last upgrade (GRANITE III) can be found elsewhere
[5]. Fig. 1 shows a view of the multiple mirrors Whipple telescope. It has Davis-
Cotton formation where spherical mirrors are mounted on spherical structure [6]. It has
the advantage of avoiding spherical aberrations, even though the individual facets are
spherical. This optical design produces an excellent optical image over a wide field. A
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disadvantage of such design is that the transit times of light from different mirrors to
the focal surface are different. This introduces a time spread of ~ 6 ns to the detected
Cherenkov light pulse [7] and consequently increases the integration time of the light
pulse. This allows more night sky noise in the image.

The optical reflector support structure of the 10-m Whipple telescope is made
of tubular steel. The reflector composes of 248 front-aluminized mirrors. The Al
coating is anodized to give a hard wearing coating of high reflectivity in the blue and
near UV wavelengths [8]. Each of the mirror facets is a 1 cm thick polished glass and
has a hexagonal shape with diameter 61 cm and radius of curvature of 14.6 m (f= 7.3
m). The facet shape facilitates appropriate close-packing on the support structure
covering a 75 m2 area. The reflector is an_/70.7 system. The telescope is equipped with
a camera composed of 490 fast pmts; the inner part of the camera has 379 pmts
(Hamamatsu model #R960) with 13 mm diameter (0.12° in the focal plane) and the
outer part has 111 pmts (Hamamatsu model #R1398) with 28 mm diameter (0.25° in
the focal plane). They are arranged to cover a field of view (FOV) of about 4°. In
addition, aluminized light-collected cones are placed in front of the camera to reduce
the dead space between the pmts. It increases the amount of light collected by the
camera by ~ 38% [5].

The Cherenkov light from the EAS is focused onto the array of pmts, forming
an image. The output of the pmts is an analog pulse with a rise time of 2 ns and has a
width of approximately 6 ns due to the extended nature of the EAS. An additional time
spread of 6 ns is introduced by the spherical shape of the dish, as mentioned above.
These pulses are then taken to the electronics counting house via a 130 ft RG58
coaxial cable. Due to dispersion in the cable, the pulses are widened by an additional •-'
5 ns, so that by the time the pulses arrive at the counting house, the pulses have widths
over 15 ns.

3. DATA ACQUISITION SYSTEM

The electronics used in the data processing are standard CAMAC and NIM
modules. Signals enter the electronics through coaxial cables from the pmts and are
sent into a xlO amplifier. The amplifier produces two outputs, one of which is sent
through a 120 ns delay, and the other into the trigger logic where discriminator
modules determine if a true Cherenkov event occurred. The trigger logic pulse first
goes to a constant fraction discriminator (CFD), each channel of which gives a 50 mV
output if the signal coming into it is above a predetermined threshold. The outputs of
all of the discriminator channels are summed, creating a pulse proportional to the
number of tubes that were above the threshold. This pulse is sent to the logic module
where, if the summed output exceeds a predetermined pulse height corresponding to a
multiplicity of two or more tubes being triggered, then the system is triggered. For
events that fulfill the trigger requirements, a pulse is sent to analog-to-digital
converters (ADCs) opening a read gate, allowing the signal from the delayed output of
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the amplifiers to be integrated. The signals are converted to digital counts proportional
to the integrated charge of the signal. For every trigger, the event is time stamped
using a GPS clock and a 10 MHz oscillator to yield arrival times with an absolute
accuracy of a few JIS and a relative accuracy of 0.1 u.s. The ADC gate width (the
integration time of the ADC) was set to 25 ns to accommodate the broadening of the
signal due to the optics and dispersion through the cables.

4. IMAGE PREPARATION

Four calibration operations must be carried out to the raw data before the
analysis. The first two operation are the subtraction of the pedestal ADC values and
noise cleaning. The third process is the normalization of the pmt gains (gain matching
or flat-fielding of the camera). The final one is software noise padding.

4.1 Cleaning and Calibration

Events seen by the system are recorded as an array of digital counts obtained
from each channel of the ADCs. These events must then be "cleaned" in order to
determine which channels contain a genuine Cherenkov light signal and which contain
only night sky noise. Each ADC channel has a small offset (pedestal) that is present in
the absence of a signal. These pedestals allow the measurement of small negative
signals arising from night sky noise fluctuations. The pedestal and pedestal variance
are calculated from the pulse height spectrum of injected events. First, the pedestal
value of the ADC is subtracted from the signal in each channel.

Next, it is determined which pixels are to be considered part of the picture, part
of the boundary, or neither. A pixel is considered part of the picture if the signal
recorded from that pixel is at least 4.25 times the standard deviation of the pedestal
distribution for that channel. To be a boundary of the picture, the channel must have a
signal not less than 2.25 times the standard deviation of the pedestal distribution and
be adjacent to a channel that is part of the picture. The pixels passing the picture and
boundary cleaning together make up the image of the Cherenkov event. If neither of
these conditions are met, the channel is not considered to be part of the image and its
value is set to zero.

Surviving pixels must also undergo flat-fielding. This normalization
compensates for the differing gain of each pmt. The gain factors are calculated from
calibration data taken each night. This is achieved by uniform illumination of the
camera by 1 kHz nitrogen arc larnp located at the centre of the reflector. Thus the gain
factor of each pmt can be calculated. These factors are used to scale each ADC value.

In observing modes where background counts are estimated from control runs,
biases can be introduced if the sky region has a different brightness than the source
observation. This bias can greatly affect which tubes are selected to be on the
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boundary of an image and thus distorts the Cherenkov images. A software technique
has been developed to correct for these biases introduced by the differing fields. The
technique, known as noise padding [9], injects additional software generated noise into
the events of the darker sky region.

Fig. 2. Illustration of the image parameters. C is the centroid of the image.

4.2 Image Parameterization

Images produced by cosmic-ray protons tend to be broad due to the large
transverse momentum associated;\vith the strong interaction. Their shapes are rather
sporadic patches of light. On the other hand, y-ray produced images are compact and
tend to point towards the centre of the camera. For each registered event, parameters
(also known as Hillas parameters) are calculated using a moment fitting routine. In this
procedure, the distribution of light in the camera plane is fitted to an ellipse [10]. Table
1 lists some parameters and.tiiey are also illustrated in Fig.2. Based on these
parameters a selection of y-ray events can be achieved.

A major advance in TeV astrophysics began with the implementation of the
imaging technique, allowing a large fraction of hadronic events (over 99%) to be
discarded. The 10-rn telescope is most often triggered by one of four main types of
events: y-ray showers, hadronic showers, local muons, and night sky noise. An
example of each of these events after pedestal subtraction and picture/boundary
cleaning are shown in Fig. 3. As can be seen in Fig. 3, y-ray events tend to be very
localized, having most of their light concentrated in small number of tubes and
oriented such that their long axes point to the center of the camera. On the other hand,
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cosmic-ray events tend to be much broader in their light distribution and randomly
oriented.

Table 1. Definition of some major image parameters together with their relation to the
characteristics of the shower.

Parameter

Size
Width

Length

Distance

a

miss

Azwidth

Definition

total number of digital count
rms spread of light along the
minor axis of the image
rms spread of light along the
major axis of the image
distance from the centroid of the
image to the center of the FOV
the angle between the major axis
of the ellipse and a line joining the
centroid of the ellipse to the
center of the FOV
the perpendicular distance
between the major axis of the
image and the center of the field
of view
rms. spread of light perpendicular
to the line connecting the centroid
of the image to the center of the
FOV.

Meaning related to shower
development
size (energy) of the shower
measure of the lateral
development of the cascade
measure of the vertical
development of the cascade
a measure of the impact distance
of the shower axis
y-ray showers should produce
elliptical image with a major
axis pointing towards the centre
of the camera (small a).
a measure of the shower
orientation

5. Stars

The presence of stars in the FOV of the 10-m camera forces the observer to turn
some pmts off because of the relatively large amount of light coinciding on them
during the observing time. The position and number of pmts that have to be turned off
during any observing target varies for two reasons. First, some targets are located in
regions of the sky with one or more shining stars. Important here is those stars with
high luminosity in blue light. This is naturally dependent on the atmospheric condition
and the observing zenith angle. The second reason is that some pmts are either turned
off because they are noisy or they do not deliver signals due to some electronic failure.
In such a case, the pmts are not included in the observation till they are replaced by
other pmts or the electronic problem is fixed.

6. Data Set and Analysis Method

It is important to evaluate the effect of the number and position of pmts that
may be excluded from the camera for the above reasons on the y-ray signal from
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astrophysical sources. On/Off mode of observation uses a strategy in which data are
taken by tracking the putative source position (On) for some length of time, typically
28 minutes. This is followed by a control (Off) run in which data are collected for an
identical length of time from a position that is 30 minutes in right ascension later than
the On source (allowing for a two minute slew time). This allows the Off run data to
be collected at the same azimuth and elevation angles, removing any biases due to the
Cherenkov event rate's dependence on zenith angle.

6

I' i |
A) Gamma Ray B) Cosmic Ray

iX'jIUOE

C) Local Muon D) Sky Noise

Fiig. 3. Examples of events recorded by data acquisition electronics after pedestal
subtraction and picture/boundary cleaning; gamma-ray event, cosmic ray event, local
muon and sky noise.
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Fig. 4. The distribution of the pmts in the inner part of the camera. The dark pixels are
those turned Off in one or more run of the Mrk421 data used in this study.

Mrk421 data of 2001 flaring were used in this study because the FOV is
relatively dark. Hence, the number of off-pmts in these observations were not large.
The other reason is that these data are rich y-ray events which would allow to test the
change of significance and y-ray rate. For example the Crab data is not suitable for this
investigation because of the bright FOV. Originally, 24 On/Off runs from Mrk421 data
were selected with good atmospheric conditions and relatively high elevations. Any
pmt that turned Off during the observations in at least one of the selected runs has to
be turned Off in the software for all the other runs. Therefore, only 6 On/Off runs were
finally selected out to minimize the number of the Off-pmts. These 6 On/Off pairs had
only a sum of 18 pixels out of the 379 pmts that were not included in any events
registered in the studied data set as shown in Fig. 4. The elimination of only this
limited number of pixels is hard to be achieved if the FOV of the studied object is
relatively bright.
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The data was analyzed and the statistical significance between the On and Off
runs and the y-ray rate were then calculated. The data was re-analyzed after turning a
cluster of pixels (a number of adjacent pixels) Off in the software. These pixels were
chosen randomly before the data analysis. The only restriction was that the selected
group of pixels were not adjacent to any of the Off-pixels shown in Fig. 4. This was
repeated 30 times for another randomly selected clusters. The average value of the
statistical significance and y-ray rate were then determined. This procedure was carried
out for clusters of 2, 3 and 4 neighboring pixels. The number of clusters was increased
up to 12 clusters in each case.

7. Significance and Rate Variation

The variations of the detection significance with the number of Off-clusters for
2 and 3 neighbors are shown in Fig. 5 for events that passed the selection criteria. In
the case of clusters of 4 neighbors, the results were close to that for 3 neighbors. For
clusters of 2 pmts, the significance drops slightly with increasing the number of
clusters. The maximum loss in significance for 12 clusters (24 Off-pmts) was about
0.7a in the 6 On/Off runs. On the other hand, turning off 3 or 4 pmts in the camera has
a stronger effect on the detection significance. It can reach ~ 1.5a in the 6 On/Off runs.

The situation in the calculated y-ray rate was even worse. This is demonstrated
in Fig. 6. While turning off two clusters with 2 pmts each had almost no effect on y-ray
rate, it resulted of a drop of 0.3 photon/min for 3 pmts. Otherwise, both cases had
steady drop about 0.04 photon/min/cluster. This study shows that turning a number of
pmts in the camera can affect the calculated rate. The brightness of the FOV is,
therefore, can affect the detection of weak very high energy y-ray sources. This effect
can be ignored as long as the number of the Off-pmts is small. Otherwise, a correction
to the y-ray rate has to be applied to the results assuming a significant detection.
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Great, accompanied by the mayor of Bahariya Oasis, presenting offerings to the
god Amun. The cartouche of Alexander the Great was once inscribed in the sanctuary
walls, but no trace of it remains.

The Rediscovery of Three Tombs

The sandstone walls crumbled at my touch, a I crouched down to jcrawl_throuj;h
a passage into the first burial chamber
of Ta-Nefret-Bastet, one of a group of
Twenty-sixth Dynasty tombs that we
had uncovered in a residential area justf
outside El Bawiti. Roman mummies
were stashed in side rooms and were
now blackened from resin, the linen
flaking away from their bodies like ash|
to reveal their bones. That day in
October 1999 was no different than
any other day of digging. I had arrived
at the site earlier than usual, while the
air was still cool, in order to assess
what needed to be done that day, and I noticed a space under one of the walls that I
had not seen before. My heart started to"race. *: ~ "'•'•

When Fakhry found these tombs in 1947, he was eager to move on, hoping to
explore as much ground as he could in a short time. So he described the tombs only
briefly and left them unexcavated. At that time, a revolution was brewing (one that
would result in Egypt's becoming a democratic republic), and the rules pertaining to
antiquities changed as quickly as the government bureaucrats and archaeological
research foundered. The1 desert's shifting sand reburied several sites, as it had done
repeatedly during political transitions for thousands of years.New people filled -
positions without knowing what excavation work had been in progress, and important
sites were forgotten about.

Because of these conditions, I realized that there might very likely be more to
this particular set of tombs than we had originally suspected of the basis of the reports
filed by Fakhry fifty years earlier. It was apparent from the substantial space beneath
the wall I was looking at that it was not made of solid rock. We had already excavated
everything Fakhry had referred to in his work on Bahariya Oasis, so I concluded that
there must be another, undiscovered room on the other side of the wall.If so, it would
be one that had not been investigated since antiquity -perhaps, if I was lucky again,
an intact tomb.

It is amazing that unknown ancient tombs can still exist in such populated areas,
but it is not hard to understand why. No Antiquities Inspectorate had stayed on this
site in El Bawiti after Fakhry left in 1950, so the people of the village quickly built
homes right on top of the three tombs, perhaps hoping to unearth their own treasures



and sell them to support their families during a very difficult economic time.These
buildings went up over the ancient site without consequence, since no antiquities laws
existed to protect monuments until 1951, and even after that, no inspectors were onsite
to enforce them. The tombs had been hidden ever since.

In September 1999, everything was quiet as usual in El Bawiti, when a resident
told Ashry Shaker that five local young men were planning to get married.They each
needed a house but had no money, so someone in the village suggested that if they dug
under the homes near the cenotaph, they might be able to find artifacts they could sell
for "marriage money." Ashry Shaker rewarded the man who came to him with this .
information then promptly related it to me. I told him to have one of his inspectors
hide behind the houses to catch the boys when they dug into the earthnear the ;
cenotaph. Every night for two weeks Shaker and his assistant waited there, but the
boys, who must have been alerted, never showed up. So we began to excavate the
area ourselves. About twenty feet down we found the three tombs Fakhry had
mentioned: the tombs of Ped-Ashtar, Thaty, and Ta-Nefret-Bastet The tombs showed
evidence of having already been robbed and reused in Roman times, and any
remaining artifacts would have been of little value. It was lucky the boys didn't make
their way into the tombs, not because there was nothing of value in them, but because
if they had been caught, they would not be living in new marriage houses now.They
would have been put in jail for more than five years. In any case, we are fortunate that
this incident in 1999 led us to rediscover'.the site.

Discovering the Golden Mummies

We opened four squares and excavated four tombs. Every two archaeologists
were in charge of one square with 15 workmen. At the same time, an architect was
preparing a site map, the electrician was rigging the place with electricity, and the
restorers and conservators were ready with chemicals, waiting for the mummies to
appear.



I was giving directions in every square. The first square vyas very interesting
because we could see the brilliance of the gold in the sun and the yellow color was
shining in our eyes. The mummies with gold began to appear. The first was the
mummy of a female. The height of this lady is about 1.55 m. It was apparent that this
mummy's face and waistcoat were covered with gold; the decoration of the waistcoat
was divided into three section but with addition of two circular disks representing
breasts.

i The central section of the lady
[ mummy begins at the top with a
scene of a box or coffin from

| which appears a head with two
wings. This scene may

I represent the soul of the
; deceased during her rebirth.
Five decorative circles define

jthe base of this register. The
; second register shows the
I recumbent figure of the god
lAnubis, "god of Embalming,"
with a band of decorative

triangles below. The lower register was composed of two superimposed squares, one
gold and the other light red, with a black ox painted in the center.

I stopped describing the wonderful mummy of the lady, resting the pen against
my forehead. I looked on my left and right sides and saw that lots of mummies had
appeared. There were mummies of children, men, and women, many in good
condition. I told Noha Abdel Hafiaz, the only lady in our expedition, to count the
mummies of this tomb.

I continued the description of the first mummy and found that the left side of the
mummy has, in the top register, three cobras bearing the sundisk on their heads. A
band of five circles creates a decorative division between this scene and the next
scenes, which depict the four children of the god"Horus". The woman has a beautiful
crown with four decorative rows of red-colored curls. The hairstyle is similar to the
style of the hair in statues known as Terracotta. Behind her ears appears the goddess
Isis on one side and Nephthys on the other. They protect the deceased with their
wings. The face is covered with plaster and a thin layer of gold.

I moved to the third square and where we discovered a beautiful pottery coffin.
We archaeologists call this type of coffin "Anthropoid coffins" because the face of the
deceased is represented in shape of a man and the rest of the coffin is in the shape of a
body. It is divided into two parts: the head and the body. Inside the coffin we found
another mummy.

The excavation continued. Every day we started our work early at 6.30 a.m.
We moved, ate and slept, and we dreamed of mummies.



The first square began to be finished. The style of the tomb was clear and Noha
come to me and informed me that this tomb contained 43 mummies. No one can
describe such a scene ...it was a festival of mummies.

I walked in tomb No 54 which contained the 43 mummies. The tomb is cut into
the sandstone. Architecturally, the tomb consists of an entrance and the "room of
handing over," or the delivery room. In tteis room stood two people to hand the
mummies to another two men inside the tomb. Inside, two burial chambers were cut in
the sandstone.

I looked at a corner and found two very interesting mummies. A lady lay beside
her husband, her head turned towards her husband in an expression of love and
affection. It seems that her husband died before his wife. She must have asked the
family to bury her near him where she could look at him forever.

There were artifacts scattered everywhere near the mummies, such as statues of
women in mourning. They are posed raising their hands up in the air, in the same
manner as is done after the death of a person. We also found earrings, bracelets with
different amulets, and many different style of pottery, including food trays and wine
jars. We also found many Ptolemaic coins, the most interesting of which is a coin
depicting Cleopatra VII on it. I gave directions on the cleaning, photography, and
conservation of all the mummies.

I moved to square No 2 and met with Mahmoud Afifi, my assistant. We started
the cleaning of cartonage on the chest. I asked Afifi to continue the excavations and
clear the other mummies in this square. I took the brush and cleaned each space in the
mummy; then I began the written description of this mummy.

It is a mummy of a man, completely wrapped in linen with a waistcoat covered
with cartonnage. Both the mask and waistcoat are covered with a thin layer of gold.
The face is long and seems to depict a fifty-year-old man. The crown includes a fillet
worn across the forehead. It is decorated and inlaid with many different colors such as
blue, dark red and turquoise. On the right and left sides of the crown are scenes of
plants and also depictions of the goddesses Isis and Nephthys who protect the
deceased with their wings.

The waistcoat decoration is molded in bas relief. The decoration is organized in
three distinct sections. The central section, beginning from the chin, is separated from
the other sections, flanking it with two inlaid with colors such as turquoise, dark red
and blue in a design that recalls the crown.

The linear decoration of the central section begins at the top with a horizontal
line colored blue and red. The band is beautifully inlaid with small squares decorated
with a lotus flower and a fine geometrical scene of three rectangular pieces, possibly
representing precious stones.

Beneath this decorative band the first register presents a winged human figure



that could represented the Ba (soul) of the deceased. Others believed that it
represent the goddess Nut (the goddess of the Sky). Within the second register are two
children of Horus, Imesty and Dewa-Mautef. As we know in the pharaonic period,
Imesty is connected with Isis while DewaMautef is connected with the goddess Nit.

Eight small circles decorated a band separating the children of Horus from the
next register, which depicts a seated bird figure. This bird may represent the Ka as
leaving the body. Below the bird is a series of Triangles creating a decorative band.

Decoration bordering the mummy's left side is divided into four registers. The
first scene at the top shows one of the children of Horus, Hapy, with Nephthys.
Imesty follows in the second register. The third register shows Hapy and Imesty as
standing figures. The last register contains a recumbent Anubis holding the key to the
cemetery.

The mummy's right side bears decoration with Kebeh-snewef who is connected
with Serket. Beneath, the register depicts Imesty. Thereupon the decoration presents
mirror images of the opposite side, showing the two standing figures of the children of
Horus and the recumbent Anubis, the god of Embalmment.

I never did an excavation as exciting as this one, because when I moved to
another square, I saw for the first time a figure of the god Anubis depicted on the left
and right side of a tomb entrance. This is the only tomb to have a black figure drawn
like this; Anubis is guarding the tomb. The other part of the tomb is cut in the
sandstone and contains many mummies inside.

The most interesting experience was when I saw the other tomb. This tomb
consists of rooms similar to the catacombs, with one room stacked above the other
one. Inside this room we found a mummy of a child which was, interestingly enough,
also gilded. In other room, we found another mummy covered completely with linen.
This mummy is similar to the New Kingdom mummies and also recalls the mummies
that Hollywood uses in its movies.

When, in the evening, I went to El-Beshmo hotel, I sat in the courtyard of the
hotel, and, thinking of the mummy of the lady, I began to write some remarks on this
mummy.

The headdress of the first mummy displays rows of curls ending with spirals
framing the forehead and extending behind the ears to the both sides; a braid
surrounds these curls. These features were what led some to believe that the mummy
belongs to a woman. It has also been suggested that the decoration should be analyzed
from the bottom to the top, just as we read scenes displayed on temple walls.

The scenes on the lower register of the mask depict two figures. The one on the
left holds a standard crowned by an jackal signifying Wepwawat.The figure on the
right, however, is wearing a uraeus on the forehead and is holding a symbol.
Although unclear, the figure could represent the god Horus. Between the two figures



the afterlife and agriculture) and the goddess Isis. Then the deceased will enjoy
the life in the fields of paradise of the Egyptians.

I made two key decisions on the morning of my departure'from Bahariya.The
first was to move 5 mummies to a room within the Inspectorate of Antiquities: two
female mummies, one man, and two children.

The second decision was to transport the mummy with linen to the Xray lab in
Cairo. The team was surrounding me, and the workmen were moving the tents.The
conservators were wrapping the mummy and putting it inside a wooden box.The
workmen put the mummy in the truck to go to Cairo.

Ashry Shaker asked me, how we are going to identify the mummy?

I said: Mr. or Mrs. X.

The next day, I went to my office near the great pyramid and met with Dr. Azza
Sari El Din, the X-ray expert. We went to the lab and saw the mummy. Aza brought
the X- Ray, which revealed that this was Mr. X who died at the age of 35 without any
disease .

Future Excavations in the Valley of the Mummies

The excavation continues. We
anticipate that there are many more
mummies buried in the vast cemeteries
of Bahariya. As we discovered yet
another undisturbed burial chamber,
my mind was reeling. Who does the
tomb belong to? How many more
rooms lie waiting for us beyond these
two? Will they provide us with a good
look into history? Is it possible that
their mummies and funerary objects
are still undisturbed?

It is at these moments when it is crucially important to stay calm that I find it
most difficult to do so! I stayed there for an hour wondering what I should do,
because it appeared that the chamber's entrance was above, where some modern
dwellings were situated.

I took Ashry Shaker with me to figure out how we could enter the new tomb,
and we concluded that the only way to enter the second chamber was to demolish ten
of the twenty houses aboveground. We arranged a meeting with the owners of the
houses. The residents there are very poor and very kind. In the course of our
discussions, we realized that they actually had no legal right to the land, or any legal
document to prove that they owned the houses. Therefore, by law, the government
could not give them any compensation. I asked Ashry to record the names of all the



stands the god Toth in the from of an Ibis, wearing the double crown with two
horns.

I thought also of the other mummy and I can see in it how the god Toth is here
represented in the form of an Ibis. In this case, however, he is flanked by two figures
of the god Anubis who possibly holds the key to the underworld.

These mummies tell us a lot about the life of the people at Bahariya Oasis in the
Roman period. They also give us much information about mummification and the
afterlife.

The people in Bahariya were very rich because all the mummies show that the
people could afford to have gilding and even cartonnage depict beautiful scenes.I can
imagine the style of workshops in Bahariya. It would seem that workshops were
everywhere and artisans were one of the main profession in Bahariya. We know that
the population in E ĝypt during the Roman period was about 7 million.Therefore I
believe that the population in Bahariya during this period was about 30,000 people.
Today the people of Bahariya number some 450,000 individuals.

The main industry in Bahariya was the production of wine, which they made
from dates and grapes. They exported wine every where in the Nile valley, and I
believe that this was the reason for the wealth of the people in the Oasis. Today,
Bahariya is a very quiet place. The people take every thing easy and they are very
peaceful people. I believe that this was the same situation in the past.

The people started to build these tombs in 332 B.C., when the temple of
Alexander the Great was built in this area. This temple is located about 1 km from the
mummies. This is one of the many temples in Egypt built for Alexander the Great.
He is shown in the temple sanctuary giving an offering to the god AmonRe and his
cartouche is also shown. I think that Alexander went to Memphis through Bahariya;
therefore, they honored him by building this, temple for him and Amon.

Mummification in this period reached its peak, contrary to what is claimed
about the deterioration of mummification in the Roman period. The most important
point about mummification is that they started to put sticks made of reeds on the right
and left side of the mummy and cover the mummy with linen. This method made the
mummy very stable and can last even longer that those mummies of the Pharaonic
period.

The preparation of mummies was done inside a workshop, called by the
Egyptians "Wabt." The god Anubis witnessed the entire procedure and behind the bed
were the jars that have on top the four children of Horus.

According to Egyptian religious beliefs, the heart of the deceased will be placed
on a scale and on the other side of the scale is the feather of "Maat," the goddess of
truth. If the scale is not balanced, there is a huge animal is waiting to eat the deceased.
But if it balanced, the god Horus will take the deceased to meet the god Osiris (god of



residents and the sizes of each house. Then I wrote a report to the Antiquities
Department, explaining the situation and asking them to assign a decree to demolish
the homes under the protection of the police. I met with the mayor of Bahariya the
next day to see how we would recompense these people. We decided to give them
each a piece of land, although we could not pay them any money. When I explained
our decision to the home owners, I thought they would refuse, but they were actually
very happy. I was surprised at this and asked Ashry the reason. He smiled and said
that most of them had other houses in town.

I firmly believe that these tombs will prove very important to the history of
Bahariya. My team of archaeologists is eagerly awaiting the opportunity to move
ahead with the excavations there. Like a child sitting before a pile of wrapped gifts, I
can hardly wait until we enter this untouched tomb of the Twentysixth Dynasty and
continue our excavations in the Valley of the Golden Mummies.

What else lies beyond these walls? What kinds of mummies will lie in the
tombs that we have yet to discover? We will have to wait until the next digging
season to find out, but I expect nothing less than spectacular.lt is even possible that
we may find mummies of the upper class and of Roman officials that are even more
lavishly decorated than the golden mummies. This is why I love my job: There is
always so much more to uncover and each day is full of surprises.Now I feel that
there was a reason, after all, that I moved from the site at the Giza Pyramids to
Bahariya Oasis. I can only call it destiny.
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Introduction

A radiation detector with 4 -geometry provides higher efficiency, and therefore
shorter counting time than a detector without such geometry. However, its application
is limited by the fact that obtained spectrum contains summing peaks of all y-quanta
registered in coincidence. Multiparameter information on coincident photon emission
can be obtained only by a detection system where the 4 -geometry is made by many
detectors, such are both the PRIPJAT and the ARGUS - y-coincidence spectrometers
of the Crystal Ball type in the Institute of Physics, Minsk [ 1,2]. There are other
characteristics, as background conditions, energy and time resolution, makes it very
suitable for investigation of rare decays and interactions, cascade transitions, low
intensity radiations etc.

We are developing a method of Ra and Rn measurement by a multidetector
4 -spectrometer. The method is based on coincidence counting of y-rays from two-
step cascade transitions that follow '-decay of 214Bi. Its application to the PRIPJAT
spectrometer, which has 6 Nal(Tl) detectors, is presented here, as well as the method
of the determination of radionuclide activities based on the registration of the cascades
intensity of y-rays of different multiplicity using spectrometer ARGUS.

Experimental

Spectrometers: PRIPJAT and ARGUS

The outer view of the PRIPJAT spectrometer is shown in Fig. 1, and its structural
scheme in Fig. 2. The spectrometer has outer dimensions of 250x145x186 cm3 and
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mass of 4200 kg. It contains 6 Nal(Tl) detectors, modular pulse-processing electronics
in the CAMAC standard, and iron and lead passive shielding thickness up to 15 cm.
Each of the Nal(Tl) crystals has a diameter of 15 cm and height of 10 cm. The front of
each detector is positioned on a side of a cube with an edge of 17.5 cm, closing a solid
angle of 0.7x4 sr, and forming a relatively large detection chamber within the
spectrometer. 6 ADCs perform pulse height analysis, each with 256 channels. The
system has an energy resolution of 10.5 % for the 662 keV line, and a 40 ns resolving
time of coincidences.

Figure 1. Outer view of the PRIPJAT spectrometer. D r D 6 are the
measuring sections with Nal(Tl) detectors

The spectrometer registers y-radiation event in the following way. A signal from
the detector is branched and goes to the time and amplitude analysis. Signals from the
photomultiplier tubes arrive at the inputs of the correspondent amplifiers. Logic pulses
from the amplifier outputs are formed with lengths of 50 and 600 ns. A pulse of 50 ns
goes to the input of both the counter and the hodoscope, while a pulse of 600 ns goes
to the input of an ADC. Logic outputs with a pulse length of 50 ns are connected
individually with corresponding hodoscope inputs. Each of these inputs has an
adjustable delay line.

Software of the spectrometer enables two different modes of pulse counting: (1)
integral {1-6}, when all pulses coming from the detectors are counted, and (2)
coincidence mode, when separate y-spectra of non-coincident {1-1} and of coincident
pulses (with multiplicity from 2 to 6) {2-6} are produced simultaneously. Each of the
counting modes gives six spectra from single detectors, as well as their sum spectrum.
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Figure 2. Structural scheme of the spectrometer PRIPJAT. BNV, BRD -
high voltage supply; MUP, BUP - moving of the detector unit D t; KL397 -6-
channel amplifier; KR011 - 6-channel hodoscope; KA010 - 6-channel ADC,

KS002 -dual counter; 730A-clock generator; KK009 - controller of the CAMAC
system.

The spectrometer ARGUS (Fig. 3) consists of 32 pento- and hexahedral
truncated steel pyramids, forming a closed cellular surface with internal diameter 0.44
m. Each of the pyramids embeds a Nal(Tl) detector with a 15x10 cm crystal and a
low-background photomultiplier FEU-49B. In this view, in case of point source
positioned in the center of spectrometer, a counting under solid angle of 0.9x4 sr is
enabled.

The electronics (CAMAC standard) and a PC are also parts of the system.
The spectrometer ARGUS registers y-radiation in the following way. The signals

from the detectors pass through the time and amplitude analyses. The signals 50 ns
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long, formed from the detector output signals, are entering the inputs of the majority
coincidence circuit (MCC) which has capability of selecting event with k-fold
coincidences (1 k 5). When a coincidence event of the given k takes place, the
identification numbers of the detectors that have registered the coincidence are
recording, and the amplitude analyses of the signals from the detectors are performing.
The firs operation is carried out by a 32-channel hodoscope, and the second one by the
32 ADCs (256-channels each). The ADCs and hodoscope are controlled by the 600 ns
signals from the MCC. Thus, for each coincidence event, the system records the
number (multiplicity) and positions (angular correlation) of the detectors which
register the event, as well as the signal amplitudes (photon energies).

Figure 3. Spectrometer ARGUS

Gamma-background

Background spectra of the spectrometer PRIPJAT (Fig. 4) give the following
total count rates in the energy region from 200 keV to 2000 keV: 22.1 counts/s in the
integral spectrum {1-6}, 20.1 counts/s in the noncoincidence spectrum {1-1}, and 1.9
counts/s in the coincidence spectrum {2-6}. A theoretical calculation of the minimum
detectable activity, as well as experiments, show that detection sensitivity of the
PRIPJAT spectrometer when counting double coincidences is one order of magnitude
higher than when counting triple coincidences. This means that contribution of the
double coincidences to a total coincidence spectrum {2-6} is the highest.

The background spectra of the ARGUS spectrometer in the coincidence modes
with multiplicities k = 1, 2, 3, 4 for counting time 2000 s and energy range (200 -
1500) keV, are given at Fig. 5. Background count rates in different working modes
are: 378.4 cps for k= 1, 38.6 cps for k = 2, 18.4 cps for k = 3, and 12.6 cps for k = 4.
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Figure 4. Background spectra of the PRIPJAT spectrometer
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Figure 5. Background spectra of the ARGUS spectrometer

Coincidence method of radium and radon measurements

A careful examination of the decay schemes of Ra and its descendants shows
that there are only a few gamma cascades with transitions which have energies and
intensities appropriate for easy detection by a coincidence arrangement with Na(Tl)
detectors. All of them follow "-decay of Bi, and all of them are two-step gamma
transitions with the same second transition - from the excited level 609 keV to the
ground state of 214Po with relative intensity I = 46. 1 %. Therefore, if radon in a probe
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is in radioactive equilibrium with its descendants, the radon activity could be
determined by the 609 keV photopeak in a spectrum of double coincidences, i.e.,
detecting simultaneously the 609 keV y-ray and any one of the y-rays in cascade with
it. The same is valid for determination of Ra in a probe (assuming no losses via
radon emanation).

Although the coincidence mode of counting on the spectrometer PRIPJAT
generally gives a spectrum of coincidences with multiplicity m from 2 to 6, in cases of
radon measurement the spectrum is practically produced only by double coincidences.
This is because the efficiency of y-y coincidence registration strongly decreases with
increasing multiplicity of coincidences, and because the intensive cascades of three
gamma rays do not exist in the decay of 226Ra and its progeny.

The photopeak efficiency for 609 keV y-ray detection by the PRIPJAT
spectrometer in a different mode of counting has not been determined by theoretical
calculations, because the detectors, although of the same type, have somewhat
different efficiencies. Therefore, a semiempirical method was preferred, and a
photopeak efficiency for 609 keV photon detection is calculated as: (m l) = 0.101,
(m=l) = 0.0675, and (m=2) = 0.0337 [3].

Accuracy of radon determination by coincidence y-ray spectrometry is tested by
measuring a radium probe of known activity (height 1.3 cm, diameter 0.1 cm, mass
0.09 g, activity 63000 Bq). This probe, with 226Ra and 222Rn in radioactive
equilibrium, is positioned in the center of detection chamber of the PRIPJAT
spectrometer and measured about 50 s in both the integral and coincidence counting
modes. In the obtained spectra, the photopeak of 22 Ra at 609 keV is the most
pronounced in the coincidence spectrum {2-6} (Fig. 6). Ratios of count rates under the
609 keV photopeak in a probe spectrum and under the corresponding energy region in
a background spectrum (Fig. 4) are 59 for the integral spectra {1-6}, 38 for the non-
coincidence spectra {1-1}, and 257 for the coincidence spectra {2-6}.

The following values of efficiency are obtained after correcting counts in the 609
keV photopeak for losses due to the pulse summing effect: (m 1) = 0.094, (m=\) =
0.062, and (m-2) = 0.035. In all cases the discrepancy between these experimental
values and corresponding ones predicted by the coincidence method itself is lower
than 9 %, and in the coincidence mode of counting is less than 4 %.

Also, radon determination in water is one of the possible applications of the
coincidence method. In our experiment, 1 L of well water was hermetically closed in a
glass vessel with height of 12 cm, diameter of 11 cm, and wall thickness of 0.2 cm.
Counting started 4 hours later, after radioactive equilibrium between 222Rn and its
progeny in the sample was established. The sample was counted 30 minutes in both
counting modes on the PRIPJAT spectrometer. The photopeak at 609 keV was the
most pronounced in the coincidence spectrum {2-6}, and from the count rate under
this photopeak, a radon concentration of (7.7 1.1) Bq/L in the analyzed well water is
obtained. We did not apply any correction for gamma-attenuation in this experiment
but, on base of an approximate formula taken from Ref. [4], we can estimate that the
609 keV photon attenuation in our 1 1 water sample is not higher than 10 %.
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Figure 6. Spectra of the 226Ra probe: {1-6} - integral spectrum, {1-1} - non-
coincidence spectrum, {2-6} - coincidence spectrum

Radionuclides activities determination

It is necessary that a spectrometer can register y-rays of different multiplicities,
for using this method. If a sample contains M radionuclides whose activities are Ai?

and if they emission cascades of y-rays of different multiplicities and intensities,
number of coincidences (Sk) registered in a measurement time t, is:

M

(1)

where Fk is background count rate in k coincidence counting mode, ik -registration
efficiency, and K - the highest coincidence multiplicity. ik and K are characteristics of
the spectrometer, enough precisely determined in a experiment with standard sources.

The error can be estimated:

,dA...
(2)

1=1

where x, are absolute errors of the magnitudes (coefficients of the system (1)).
The method is checked at the spectrometer ARGUS. The activities of

radionuclides 137Cs (Ey = 662 keV - intensity 85 %), 134Cs (Ey, = 569 keV - intensity
15.4 % and Ey2 = 795 keV - intensity 85.4 %, Ey3 = 604 keV - intensity 97.5 %) and
106Ru (Ey, = 512 keV - intensity 20 % and Ey2 = 621 keV- intensity 9.8 %) in the
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standard mixture, are measured. The experimental results are given in Table 1, and
compared to true values show a good agreement.

Table 1.
Standard

I
II
III

I
II
III

t

[si

100
100
500

137Cs

7700 400
250 15

50 5

7400 430
250 35

67 10

Activity (Ai A;), [Bq]
134Cs

Standard
3100 160

160 10
25 5

Experiment
3000 175

160 13
24 7

106-r,

Ru

1700 200
140 15

-

2000 220
90 3

-

The registration efficiencies ik are experimentally determined using Standard I.
The time measurement was 1000 s, and the results are given in Table 2.

Isotope

U /Cs
134Cs
I06Ru

k = l
0.495
0.436
0.136

Table 2.

ik

k = 2
0.009
0.256
0.036

k = 3
0.0005
0.0315
0.0012

The background count rates in coincidence counting modes k = 1, 2, 3 were: Fk

= 480, 35 and 11 s'1, respectively. It confirms the advantages of spectrometer work in
coincidence counting mode, compared to integral counting mode.

The measured activities of Cs and Cs in different samples of meat and
vegetation are given in Table 3 and Table 4. These results are compared to the results
by Ge(Li) detector and show a good agreement.

Notice: Between brackets errors for the experimental results given by
coincidence method (equation (2)), as well as a statistical error (P = 6- 8 %) for the
Ge(Li) detector results. Also, it is important, the spectra of these samples are taken
two years after Chernobyl's accident.
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Sample

1
2
3
4
5
6
7
8
9
10
11
12

Table 3. The measured activities
Activity, [Bq|

137Cs
580(30)
440(30)
400(30)
330(20)
300(20)
180(25)
120(25)
110(25)
70(20)
40(10)
30(10)
10(9)

(t=100 s)
134Cs

220(15)
160(10)
150(10)
130(10)
120(10)
70(20)
50(5)
40(10)
30(10)
16(4)
10(5)
8(7)

in different samples of i
Activity,
137Cs
620(40)
370(25)
370(25)
330(25)
260(20)
170(10)
130(10)
120(5)
70(5)
40(4)
30(5)
11(4)

[Bq],Ge(Li)
134Cs

240(20)
130(15)
120(10)
100(10)
80(10)
60(5)
40(5)
40(4)
30(3)
12(4)
9(3)
8(8)

neat
1:

M
300
300
600
600
600
1200
1800
2000
3600
7200
7200
10800

Sample

1
2
->
4
5
6
7
8
9

Table 4. The measured activities
Activity, [Bq] (t=100 s)

137Cs

3500(190)
3300(190)
2700(150)
2000(100)
1360(80)
720(40)
640(40)
420 (20)
350(20)

134Cs

1140(60)
1200(60)
1000(50)
760(40)
470(30)
260(15)
250(15)
130(10)
110(6)

in different samples of vegetation
Activity, [Bq] Ge(Li)
137Cs

2800(190)
3000(170)
2700(180)
2000(130)
1030(80)

590(30)
590(35)
320(20)
360(25)

134Cs

900(190)
940(60)
760(70)
600(60)
310(40)
190(20)
180(30)
100(10)
110(10)

1:

[s]
100
300
100
100
100
300

3600
600
600

Conclusions

The coincidence method of radon (and radium) measurement has a good
accuracy and a sensitivity better than some standard methods that are currently in use.
Moreover, practical insensitivity of the spectrometer PRIPJAT to the shape of
analysed sample offers an additional advantage, because the need for sample of a
standardised geometry is avoided.

Also, the method of the determination of radionuclides activities using
spectrometer ARGUS, based on the registration of the cascades intensity of y-rays of
different multiplicity, applied when the isotope structure of the sample is known,
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enables and provides express measurement and sensibility high enough for this
purpose, as well as the accuracy, meanwhile not asking for the amplitude analysis of
the registered radiation.

References

[1] S.K.Andrukhovich et al., Instr. andExp. Techniques 42, 743-746 (1999).
[2] S.K.Andrukhovich et al. Investigation of rare positronium decays using
multidetector coincidence spectrometeres, This conference.
[3] N.Antovich et al., Journ. of Radioanal. and Nucl. Chemistry 249/1,159-162
(2001).
[4] S.K.Andrukhovich et al. High-sensitive multidetector gamma spectrometers
PRIPJAT, Preprint of the Institute of Physics, Belarus Academy of Sciences, Minsk,
1995 (in Russian).

-333-



EG0600156

41'1 Conference on Nuclear and Particle Physics,
11 - IS Oct. 20003, Fayoum , Egypt

USING WAVELET FEATURES FOR ANALYZING
GAMMA LINES

M.E. Medhat, A. AJbdel-hafiez, M. Fayez- Hassan, M.A. Ali
andV.V. Uzhinskii*

Experimental Nuclear Physics Dept., Nuclear Research Center, Cairo, Egypt
* Laboratory of Information Technology, JINR, Dubna, Russia

ABSTRACT

Data processing methods for analyzing gamma ray spectra with symmetric
bell-shaped peaks form are considered. In many cases the peak form is
symmetrical bell shaped in particular a Gaussian case is the most often used due to
many physical reasons. The problem is how to evaluate parameters of such peaks,
i.e. their positions, amplitudes and also their half-widths, that is for a single peak
and overlapped peaks. Through wavelet features by using Marr wavelet (Mexican
Hat) as a correlation method, it could be to estimate the optimal wavelet
parameters and to locate peaks in the spectrum. The performance of the proposed
method and others shows a better quality of wavelet transform method.

Keywords: Gamma lines, Wavelet transform and Gamma Wavelet Transform Features.

INTRODUCTION

Gamma-ray spectroscopy around the middle of the last century focused largely on y-rays
emitted by radionuclides produced in neutron, proton and a-induced reactions, using nuclear
reactors and particle accelerators.

In parallel with the fast development of High Pure Germanium (HPGe) detectors of high
resolution and usage of increased efficiency, the quality of gamma spectral analysis have
increased. Of course, the analysis can be done graphically with good results but the need for
numerical analysis is still in need especially when there are a large number of peaks to be
located in a spectrum, or when many spectra are to be analyzed. This technique would not
only provide saving in time but could also lead to even every small peaks could be easily
detected [1].

Several methods have been reported for the computer analysis of gamma spectrum such as
GAMANAL developed by Gunnink and Niday [2], HYPERMET developed by Philips and
Marlow [3], and SAMPO developed by Rouiti and Prussin [4, 5].

The gamma spectrum of a source usually consists of discrete lines of very small width.
Ideally a full-energy peak can be represented quite accurately by a one dimension Gaussian
function:
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/ ( .x ) y 4 . C X p ( 4 ) -
2<X

wlici-c A is the maximum amplitude, x0 is the centroid, and a is the half-width.
In such a doublet of two overlapping peaks the following approximation can be used:

2cr,
(2)

where xi , x2 are the center coordinates and a\ ,02 are the half-widths.
In the process of registration, a peak is to be discretized as a histogram {hk} on the interval

(X| icg , Xcnd ) ,

hk=- \f(x;A,x,;B,x7) dx , (3)
r «; . ,

where xk = xbeg + kx, and x is the bin width.
Before peaks are fitted, one must determine the peak-location and define the ranges of the

channel to be used in the fitting of each group of peaks. Several methods have been developed
for peak search. The sensitivity of any method can be varied to find more or fewer peaks that
are statistical fluctuations, or structure in the spectral background, rather than real peaks.
There are many methods of locating peaks in the spectrum, the most important one is the
wavelet transformation which we are used it as a correlation method for peak searches.

In the present work, we present a new and accurate method for peak location allows
detecting all single and multiple peaks. The searching method depends on wavelet transform
technique to locate all peaks. A wavelet function is scanned across the spectrum and over the
width of the search function, each spectrum count is multiplied by the corresponding value of
the search function then any channels in the correlation spectrum which are greater than zero
represent channels within a peak.

GAUSSIAN WAVELET ALGORITHM

A wavelet transform involves the decomposition of a signal f(x) at different scales and
positions. In a WT treatment, all basis functions are x¥ah(x) derived from a mother wavelet

¥(.x) through the following dilation and translation processes [6]:

^ O c ^ a - 1 7 2 ^ — ) a , b e R , a * 0 , (4)

where a and b are, respectively, the scale and position parameters, with a>0 and b having
arbitrary values. The continuous wavelet transform of f (x) is given by:

(5)
4' -
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where Cy is the normalization constant [7]. In practical computation, since the spectrum to
be analyzed is often discrete sampling data, the discrete form of Eq. (4) is necessarily used,
which can be expressed as:

Wv{a,b)f = \- -)/(*) (6)

The formula (6) does not contain integral and this fact allows one to apply WT method for
analyzing spectrum.

According to the Gaussian-like shape of our signals, it is natural to choose the family of
vanishing momentum wavelets, since they are generated by a Gaussian distribution function.
WT method has been incorporated into a computer code which called Gamma Wavelet
Transform Model (GWTM). The program performs peak search for single and multiple peaks,
fitting peaks, and line shape calibrations. The code has been used with a variety of spectra
delected by HPGe detectors. The peak search method is based on using wavelet function to
scan whole spectrum. This is demonstrated in Figure 1.

xioa> » « ? man mats *e«c

Figure 1. Wavelet function scans the whole gamma spectrum.
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RESULTS AND DISCUSSION

The program starts by reading gamma spectra. The original data from the multichannel
analyzer or analyzer build in a computer system are saved in ASCII input data file with 4096
or more rows. After reading input file, GWTM goes to the calibration step. WT function reads
the input data file to locate all peaks along the whole spectrum with subtraction from the
background. Every point in the wavelet spectrum represents a peak with known centriod.
GWTM program produces one output file. It contains the whole analysis of the spectrum. A
simple run of the program is shown in Figure 2. The performance of the method and the
computer program were tested by analysis of gamma spectra of some radioactive isotopes,
which are detected by a vertical HPGe detector surrounded by a lead shield with resolution
2.3 keV at 1332.5 keV. These Spectra are 152'154'155Eu, 133Ba, and 60Co as shown in Figures.
3, 4, 5. Comparison between GWTM and a graphical method by PCAIII program is
summarized in Tables 1, 2, 3.

Figure 2. A Run of GWTM code
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Figure 3. 152,154,155Eu spectrum detected by HPGe detector.
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Table 1. Comparison of GWTM and PCAIII for analysis of 60Co spectrum
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Table 2. Comparison of GWTM and PCAIII for analysis of Ba spectrum
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Table 3. Comparison of GWTM and PCAIII for analysis of
152154155 E U spectrum.

Energy

MIO
121.8

123.1
344,3
723.3
WH

IMM.l
1004.7
1274.4
140$

i t roki P«sa3t
(dmimds)

GWTM

21220
2 M M
:2I>5.48
#1137
2O1TI82

2717.1
2637.20
362232

PCAIII
J,50.77
2i2.2?>
25SS!
26l>.4i

mnzi
MM MI
mum
2837,71
362:2.34

I'M
211
25P
263
P10
201$
&Ni
271i>

2$as

4006

Net At&a

GWTM
11.826

2.730
lp.2!ie
6 #12
1.10$
0.O&33
1.167
1..484
1.4'12
1751

PC-Mi. I
11.742

2 M 7
10317

2.137

1,116
1J5^M
13T5
IMI

11.800

2.743
iO.2Sli-
7.120
2.1.10

OU§11
1,17$
LB 10
1421
1.770

CONCLUSION

To summarize, wavelet transform is used to extract the spectral information efficiently
from gamma spectra. In this method, estimation of peak number, peak position and half-
widths can be determined with high efficiency.

The method has been incorporated into a general - purpose C++ computer program. The
code has been used with different spectra detected by HPGe detector. The performance is
evaluated with test cases. The comparison of the results of 152'154155Eu, 133Ba, and 60Co spectra
shows a good agreement.
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ABSTRACT

Starting from 1989, a new technique known as wavelet transforms (WT) has
been applied successfully for analysis of different types of spectra. WT offers
certain advantages over Fourier transforms for analysis of signals. A review of
using this technique through different fields of elemental analysis is presented.

Keywords: Wavelet transform and application of wavelet transform.

INTRODUCTION

The wavelet transform WT has attracted recent interest in applied mathematics for signal
and image processing [1], This new mathematical technique has been demonstrated to be fast
in computation with localization and quick decay properties in contrast to existing popular
methods, especially, the fast Fourier transform FFT. Theory of the WT was developed
extensively in 1980s [2]. It may be viewed as a synthesis of ideas originating from
engineering sub-band coding), physics (coherent states and renormalization group).

WT became a tool widely used for signal analysis. From 1989 onwards, the WT has been
applied for signal processing in spectral studies owing to its efficiency, large number of basis
functions available, and high speed in data treatment. One of the main features of WT is that
it may decompose a signal directly according to the frequency and represent it in the
frequency domain distribution state in the time domain. In the transformation, both time and
frequency information of the signal are retained. Another important thing, the time domain
can be replaced by other domains such as energies or channel numbers. With proper
identification of the scales with frequency, higher frequency signals can be separated from the
lower one, in the sense that it has zoom-in and zoom-out capability at any frequency. Since
WT can focus on any small part of a signal, it has been called a mathematical microscope [3].
Another feature of WT is that the development of signals in the frequency domain can be
constituted with a flexible choice of waveforms rather than with only trigonometric ones as a
basis. For instance, in FFT, only the sine and cosine functions can be chosen as the basis.

hi contrast, a lot of such functions can be selected in WT. Therefore, WT is a more
powerful method to depict relationships among different variables.

Applications of WT can be found in the following areas: flow injection analysis FIA, high
performance liquid chromatography HPLC, infrared spectrometry IR, mass spectrometry MS,
nuclear magnetic resonance NMR spectrometry, ultraviolet-visible UV-VIS spectrometry
and voltammetry. Besides, WT has also been employed in studying quantum chemistry and
chemical physics.
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V
Many wavelet functions have been proposed by various workers. The simplest one, the

Haar wavelet, which is also the first member of the family of Daubechies wavelets [2], has
been known for more than 80 years in various mathematical fields. In addition, there are
many other wavelet families such as the Meyer wavelet, Coiflet wavelet, spline wavelet,
orthogonal wavelet and local cosine basis and others [2, 12].

Readers who are interested in learning more general theory of wavelets might consult
Refs. [12-16]. A number of public domain wavelet transforms software, which can be
downloaded from the Internet, are available for non-commercial, research and educational
users. Readers can find more information on this software via the Internet or Refs. [17-22].

Beside the Daubechies wavelet, the spline wavelet is another type of wavelet function that
has been used chemical studies [23-29].

Coifman and Wickerhauser [5] introduced the concept of the wavelet packet transform
WPT for signal processing to generalize the time-frequency analysis of WT [30].

hi the discrete wavelet transform DWT treatment, only outputs from the low-pass filter are
processed by WT. However, in the WPT treatment, both outputs from the low-pass and high-
pass filters are manipulated by WT [16], The wavelet packet is a family of basis functions
which allow one to select different orthogonal bases for a given signal vector with finite
energies. The standard wavelet basis is an orthogonal basis among the family and each basis
is called a wavelet packet basis. Different effectiveness of concentrating energy of a given
signal may be attained with different distinct wavelet packet bases chosen.

Coifman et al. [31] proposed a selection scheme for the best wavelet packet basis with
certain selection criteria such as the Shannon-Weaver entropy measure function.

In a recent, paper Walczak and Massart [32] developed a new method, which is based on
the variance spectrum, for best-basis selection with WPT of a set of signals. They explained
that the existing best-basis selection methods such as the Shannon-Weaver entropy method
are only good for compression and de-noising of individual signals but not for a set of signals.
By adopting their method, a single best basis will be chosen for the whole set of data rather
than different best-base for an individual signal in a data set.

Recently, Walczak and Massart [33] published a tutorial on the introduction of WPT for
noise suppression and signal compression. They also published another paper on the
introduction of WT in analytical chemistry [34]. The basic principles of WPT calculation and
best-basis selection were introduced in their paper.

In addition, Alsberg et al. [35] presented another tutorial on the introduction of WT to
chemometricians. The basic principles and the properties of continuous and discrete wavelet
transforms and WPT were mentioned in their tutorial. These workers pointed out five major
applications of WT in chemistry including signal de-noising, baseline removal, zero crossing,
signal compression and wavelet regression.

Wang et al. [36] also published a paper on the introduction of WT and its applications in
chemistry in China. They pointed out another five major applications of WT that include
spectral data compression, modification of the quality of chemical signals de-noising,
quantum chemistry calculation, chemical dynamic analysis, and chemical fractals.
Depczynski et al. [37] published a paper that introduced the mathematical background of the
fast wavelet transform FWT on compact intervals. They emphasized on the problem of
periodization of a general signal that leads to instabilities near the boundary of the interval.
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BRIEF DESCRIPTION OF WAVELET TRANSFORM

A wavelet transform involves the decomposition of a signal f(x) at different scales and

positions. In a WT treatment, all basis functions are ¥„,,(*) derived from a mother wavelet

4-'(.v) through the following dilation and translation processes [2]:

(1)

Where a and b are, respectively, the scale and position parameters, with a>0 and b having
arbitrary values. The continuous wavelet transform of a signal/(x) is given by:

1
(2)

where C ^ is the normalization constant.
In practical computation, since the spectrum to be analyzed is often discrete sampling data,

the discrete form of Eq. (2) is necessarily used, which can be expressed as:

N a k=\
(3)

The formula (3) does not contain integrals and this fact allows one to apply WT method for
analyzing spectrum.

The mother wavelet ^(x) is chosen to serve as a prototype for all basis function in the
process. All basis function that used are the dilated (or compressed) and shifted versions of
the mother wavelet. There are a number of functions that are used for this purpose. Typical
examples of mother wavelets are[2]:
(a) Haar Wavelet,

1,

~ 1)

o < t < - ,
2

0 Elsewhere;

(4)

(b) Mexican hat Wavelet,

(5)
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(c) Stetson hat wavelet,

6/-I,

-6t + S,

2t-3

— < t
2

2'J

(6)

(d) Morlet Wavelet,

(7)

In the analysis to the gamma ray spectra, it is recommended to use Mexican hat wavelet
transform for the following reasons: (i) it's commonly used, (ii) it's simple and (iii) it looks
like a wave. This wavelet is constructed from the second derivative of a Gaussian function as
a search function. These wavelets are illustrated in Figure 1.

. . • . . . . . • . • . • : •

. . . . . . . •

: • * ; : • : • i t • •••:

: • ; • : '

'':•'• j - ' :

> • • • • • 4 4 • • • • ; . U : • • : M

Figure 1. Examples of wavelets: (a) the Haar wavelet; (b) the Stetson wavelet;
(c) the Mexican hat wavelet; (d) the Morlet wavelet.

-343-



The wavelet function ^(x), must satisfy certain mathematical criteria. These are:

(1) A wavelet must have finite energy,

CO

(2) If T (co) is the Fourier transform of ^ (x), i.e.,

nx)e-ia"dx (9)

and the following condition must hold:

— </©<<» (10)
o (0

Equation (10) is known as the admissibility condition and Cg is called the admissibility
constant. The value of Cg depends on the chosen wavelet.

(3) Finally, similar to the Fourier transform, the original signal may be reconstructed using
an inverse transform:

-3D0

WAVELET TRANSFORM IN GAMMA SPECTROMETRY

A few publications have been related to the application of WT in the analysis of gamma
spectra. WT methods for smoothing the spectrum by removing the high frequency
components in the transform and thereby aiding in finding peaks were discussed by A.N.
Thakur [38].

The gamma spectrum can be described in the usual energy representation ("Energy
domain") by directly samples values of the quantity h (counts) as a function of energy E, e.g.
h(E) in energy units (or equivalent channel number). The same data can also be represented
as a function of frequency F, i.e. H (F). The "energy domain" and "frequency domain"
representations are related by FT.

Press et al. [39] used to analyze spectral data to obtain information of particular y-rays to
the continuum in the energy spectrum. Because the continuum is characterized by a broad
spread of energies even through the original y-ray energy was well defined, the transform to
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frequency space concentrates this contribution from the continuum that spread over many
channels and hard to differentiate from noise in the energy spectrum.

The gamma spectrum of a source usually consists of discrete lines of very small width.
Ideally, a full-energy peak can be represented quite accurately by a Gaussian function [40-
41]:

(12)
2a2 '

Where A is the amplitude, x0 is the centroid, and a is the half-width.
A doublet of two overlapping peaks, as shown in Figure 2, can be approximated as:

f(x;A,x1;B,x2) = A -) + 5.exp(--
2a

(13)

c
o
O

Energy\Channel Axis

Figure 2. Schematic diagram of two overlapped peaks.

According to the Gaussian-like shape of peaks, it is natural to choose, as basic wavelets,
the family of Vanishing Momentum Wavelets (VMW), since they are generated by Gaussian
distribution function,

n > 0 . (14)

Two of VMW families are known:

(15)

(the first one is Gauss and the second one is also known as "the Mexican hat").
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Nevertheless, we found that the power of the wavelet analysis could be really extended, if
we would use the higher order, in particular,

The first four of VMWs are shown in Figure 3.

W = (6x2-x4-3)e-x- x - I 2 (16)

i2
.2
s
£

-3
-2 0 2

Shift parameter b

Figure3. First four of VMWs.

It is a remarkable fact that the wavelet transformation of Gauss representation for peaks
looks as the corresponding wavelets. Wavelet transform, under certain dilation, can
straightforwardly carry out qualitative analysis because the position of the maximum of
Wf(a)(b) (peak position) is the same as the peak position of original signal (f (x)).

Wavelet transform can also be employed to perform quantitative analysis for peak
parameters by using the feature of wavelet coefficients. The general expression for the nth
wavelet coefficients has the following form [40]:

A era n + l / 2 ,b-xn (17)

Where we denote.v =
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Thus all -mentioned VMW features are valid also for the Gaussian wavelet-transform.
In particular, at the central point x=xO coefficients of odd VMWs, Wgi (a, xo)g and Wg3 (a,
xo)g equal to zero, while coefficients of even, symmetrical wavelets Wg2 (a, Xo)g and Wg4 (a,
xo)g obtain at this point their maximum (absolute) values,

• 5 9 /i

i3

For two overlapped peaks, the wavelet coefficients are obtained by:

^—±) + Bg.fi^-) (19)

For the single peak, we can calculate the wavelet transform in a few points and solve the
system of corresponding equations. However, applying the ratio of different wavelets we can

eliminate the exponent e'(b*x° )l2{a'+a') and obtain the peak position explicitly. For instance,
the ratio Wg3(a,b)g/Wg,(a,b)g gives:

The true sign in Equation (20) is easy to choose when one would calculate the
coefficients Wg3 (a, b)gAVg, (a, b)g in a point, which is far enough from the supposed signal

position. The amplitude value can be evaluated via the value of the half-width of the peak a
(if known) and one of expressions of Equation (18) But in the case when the value of a is
unknown it can be also evaluated using Wg,(a, x ^ / W g ^ a , xo)g,

(21)
2Wg4(a,xo)g

Again, the point in which the ratio Wg,(a, b)g/Wg4(a, b)g is calculated must be chosen as
close to the signal centre as possible

For overlapped of two peaks we can use either:
Four first wavelets calculated in one point (method WTS-Wavelet Transform
System);
Or one of those wavelets (we choose g2) calculated in four different points (method g2-
WTS).

The corresponding systems of equations are:
For WTS: Fn=Wn(a, b)G-Wn(a, b)h = 0, n=l, 2, 3, 4;
ForWTS:Fn=W2(a,b)G-W2(a,b)h=0, n=l ,2 ,3 ,4;
Where the nth wavelet coefficient of a histogram h,
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CONCLUSION

Applications of wavelet transform and wavelet packet transform in various fields were
reviewed. In most cases, the performance of the WT treatment is much better than the Fourier
transform. Up to now, one patent, two tutorial papers and more than 70 papers on the
application of WT to spectral analysis have been published. Signal processing of spectral data
via wavelet transform is still under development and the mathematical technique is expected
to be one of the most popular methods in the future.
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Radiation shield plugs are provided in the reactor cavity of the KSNP
(Korean Standard Nuclear Power Plant) to assure an acceptable low level of
radiation streaming up through the reactor cavity. An analysis of radiation
streaming in the reactor cavity was performed to evaluate the effectiveness
of the reactor cavity shield plugs in meeting their design goals. The MCNP
code was used for this analysis with DORT leakage flux at the reactor
vessel outer surface. Based on the results of this analysis, the upper and.
lower shield plugs are important design features to reduce dose rates at the
reactor vessel flange level and at the operating floor.

Keywords : Reactor Cavity, Radiation Streaming, Shield Plug, MCNP

INTRODUCTION

The KSNP has a rather wide cavity gap between the reactor vessel and
primary shield wall as in a typical System 80 cavity design which is the reference
design for the KSNP. Without any shield plug, dose rate at the operating floor during
normal operation might be very high due to radiation streaming through the reactor
cavity. The reactor cavity, however, can not be plugged completely due to the HVAC
requirements on providing an adequate air flow path and due to reactor vessel thermal
insulation and expansion requirements.

In the reactor cavity of the KSNP, two concrete shield plugs are provided to assure an
acceptable low level of radiation streaming through primary shield wall penetration
and up through the reactor cavity in order to reduce radiation levels at the reactor
vessel flange area, at the operating floor, and various other regions inside the
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containment building.

A Monte Carlo radiation streaming analysis was performed for the reactor cavity of
the KSNP to evaluate the effectiveness of the shield plugs. This analysis used DORT
leakage flux at the reactor vessel outer surface, MCNP code with ENDF/B-VI cross
section library, and a detailed three dimensional geometry model. •

The geometry model was a detailed representation of the reactor cavity
and primary shield wall, including the upper and lower shield plugs, operating floor,
primary shield wall, penetrations for the reactor coolant pipes, and the ICI(InCore
Instrumentation) chase and refueling pool. Section views of the reactor cavity are
shown on Figure 1.

X-Z Section Y-Z Section

Figure 1. Section view-of reactor cavity

The shield design includes two shield plugs between the reactor vessel outer surface
and inner surface of the primary shield wall. The lower shield plug consists of 111.76
cm thick concrete and there is a 19.05 cm gap between its inner surface and the reactor
vessel outer surface. Interference with two hot leg pipes is accommodated by
identifications in the top of this shield. However, the four cold leg pipes run through
channels that cleave the lower shield plug from top to bottom in four places. These
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channels are required to accommodate the reactor vessel supports. The upper shield
plug consists of 109.22 cm thick concrete and there is a 12.7 cm gap between its inner
surface and the reactor vessel outer surface. These two shield, plugs are shown on

Figure 2.

X-Z Section
Lower Shield Hug

Figure 2. Section view of lower ai

Y-Z Section

em pi

19.05cm

In the upper shield plug, there are 24 air vent openings, 8 excore detector guide
thimbles and 1 reactor coolant gas vent pipe. Excore detector guide thimbles and a
reactor coolant gas vent pipe are straight pipes vertical to the upper shield plug of 7.62
cm radius. Air vent openings are S-shaped pipe of 7.62 cm radius to reduce radiation
streaming through these opening. The upper shield plug is continuous annular type as
shown on Figure 3.

reactor coolant gas vent pipe

excore detector
guide thimble pipe

X-Y Section ( z = 3400cm) X-Y Section (z = 3350cm)

Figure 3. Plan view of upper shield ping



ICI enters through the bottom hemisphere of the reactor vessel. The ICI chase includes
a vertical section below the reactor vessel, followed by a horizontal tunnel and a
vertical section, before terminating at the ICI seal table. Figure 4 is a section view in
the X-Z plane at a distance of 250 cm from the reactor centerline to the negative Y-
axis. In this figure, under the hot leg pipe, lower shield plug is cut with the shape of

hot leg pipe.
upper

shield plug

ICI chase horizontal tunnel

X-Z section

Figure 4. Section view of ICI chase

MCNP computer code was used to verify the geometry model. Figure 5 is a vertical
section through the reactor Z-axis at an angle of 30 degrees from the X-axis. The lower
shield plug does not appear because of the cutouts for the cold leg pipes. Part of the
ICI chase, air vent openings in the upper shield plug, cold leg supports, and the gap
between the upper shield plug and the reactor vessel are visible.

Figure 1 is a vertical section that shows the portion of the lower shield plug beneath
the hot leg pipes. The large size of the primary shield wall penetrations for the hot and
cold reactor coolant pipes is also apparent. Figure 6 is a plan view in the X-Y plane
through the hot and cold leg pipes. This figure shows the segmentation of the lower
shield plug around the pipes.
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Figure 5. Vertical section at am angle of3(ffrom X-axis

X-Y Section

Figure 6. Plan view of reactor cavity with hot and cold leg pipes
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ANGULAR LEAKAGE SOURCE

The neutron angular leakage fluxes at the reactor vessel outer surface was
analyzed by the NSSS design group using the DORT code and was based on a fixed
source calculation for the upper half of the active core. The DORT model included an
additional 60 cm above the core. However, the DORT calculation did not include
reactor vessel leakage flux more than 280 cm above the active core midplane. This is
not conservative but it has a very small effect on this analysis.

The angular leakage source at the reactor vessel outer surface used in this analysis was
regenerated by DORTFLUX computer code using DORT angular flux. This source
includes total flux, 88 Z-meshes, S8 angular quadrature set, 47 neutron and 20 gamma
ray energy group structure specified in BUGLE-93 and revised angular leakage flux.

SOURCE SAMPLING

In the Monte Carlo method, the individual probabilistic events that
comprise a physical process are simulated sequentially. The probability distribution
governing these events is sampled to adequately describe the physical phenomenon.
The source sampling is to select the source parameters statistically from the
corresponding probability distributions. The source parameters include the energy,
spatial point of origin and direction of motion of the source particle, as well as biasing
parameters.

In this analysis, the complete set of DORT angular fluxes was used for the MCNP
source instead of the probability distribution function over the source region generated
from the DORT angular flux in order to consider the relative importance of the source
particle associated with the geometry model. This sampling methodology is expected
to enhance the accuracy which is a measure of how close the Monte Carlo simulation
is to the true physical quantity being estimated because it prevents an insufficient
sampling of important events with low probability.

Importance sampling was minimized to avoid over-biasing. Source biasing used in this
analysis assumed each energy group, angle bin and axial interval equiprobable. Source
particles coordinates were sampled uniformly within the bins. The weight of source
particles sampled was adjusted for this biased sampling. To take the strong angular
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dependency of the DORT angular flux into consideration, a polar cosine, which is

measured outward from the radius vector, was sampled uniformly in an angle bin with

the particle weight corrected by a cosine distribution.

The sampling methodology discussed above was verified by detailed mapping of flux
spectra by point detectors located outside the reactor vessel in the absence of all air
and shielding and then compared with DORT outputs. This feature was incorporated
ini:o the user-supplied subroutine called SOURCE in MCNP code.

TALLIES AND DOSE CONVERSION FACTORS

Monte Carlo tallies were specified as average over cell volume, or as
average over surfaces with sub-surfaces segmented in sub-zones to estimate spatial
variation information. In this analysis, surface crossing detectors (F2 tally) and volume
detectors (F4 tally) were used to obtain dose rates at the various locations. F2 tally was
used at the bottom/top of upper shield plug and reactor vessel flange level, and F4 tally
was used at the hot/cold leg opening outer region, ICI chase doorway, ICI seal table
and operating floor.

Dose conversion factors specified in ICRP-74 were used to modify a regular tally to
dose rates. The energy group structures of BUGLE-93 and ICRP-74 are different. But
differences were corrected by use of 4-point lagrangian interpolation formula on a log-
log scale.

RESULT AND CONCLUSION

The calculated dose rates with and without the shield plugs in the reactor
caivity are given in Table 1. These results indicate very high dose rates at the reactor
vessel flange level and the operating floor without the shield plugs. As shown in Table
1, dose rates at the reactor vessel flange level and operating floor with the shield plugs
are 0.47 Sv/hr and 0.02 Sv/hr, respectively. With the shield plugs, the dose rates can be
reduced by a factor of about 1000 at the above locations.

Based on this analysis, it was concluded that the shield plug design can provide
sufficient attenuation to assure an acceptable low level of radiation streaming up
through the reactor cavity. Therefore, this shield plug design has been incorporated
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into the reactor cavity design of the KSNP.

Table 1. Dose Rates at Several Locations

Tally
Type

F4

F2

Location

Hot leg openings outside primary
shield wall
Cold leg openings outside primary
shield wall
ICI chimney doorway
ICI seal table upper part
Operating floor

Bottom of upper shield plug
Top of upper shield plug
Reactor vessel flange level

Dose Rate [Sv/hr]

SP*

2.40E+00

2.96E+00

4.27E-01
1.90E-02
2.02E-02

8.45E+01
8.35E+00
4.67E-01

NSP*

4.80E+01

1.04E+01

3.56E-01
4.77E+00
1.93E+01

7.94E+02
4.37E+02
3.00E+02

Ratio
[SP/NSP]

0.050

0.284

1.200
0.004
0.001

0.107
0.019
0.002

* Dose rates with shield plugs(SP) and without shield plugs(NSP)
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In order to develop a numerical simulation of the non-steady heat transfer in specific
exchangers, the paper presents a computing method which determine the temperature
field for a simple geometry, cylindrical. The characteristic equations were solved with
Finite Element Method. The interpolation functions are linear and we applied Galerkin
method. The process is occurred with no changing phase. For the solving of the
algebraic equations associated with the differential equations, we used gradient
method. As results we present the temperature profile for the tube and shell gas at
different moments of time and the variation in time for outlet temperatures.

Keywords
heat transfer, temperature, finite element

1. INTRODUCTION

The realization of experimental plants operated below liquid nitrogen temperature,
in order to assure the right level of temperature, impose theoretical studies regarding
the determination of performances and characteristics for the heat transfer in heat
exchangers.

The simulation of the heat transfer processes in specially for non-steady state
represents an area of large interest in special in the field of cryogenic temperatures.
This domain represents one of the characteristic fields of our research team. Using the
simulation techniques it can be obtain an accurate analysis, can be studied different for
types of exchangers, different sets of inlet values. Besides heat transfer calculations,
studies can be made to determine another characteristics like pressure drops, stress
analysis.

The heat exchangers that presents interest for us are those used in modules included
in a detritiation plant, in special in a cryogenic distillation module. The purposes of
these models are to choose trie heat exchanger which ca assure the necessary cooling
for a specific step of the circuit. The cryogenic module propose by our detritiation
technology contain besides feed circuit, a nitrogen circuit which assure a primary
cooling and a high pressure hydrogen circuit which assure the necessary temperature
for cryogenic distillation column. The work temperature of the column is around the
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temperature of liquid hydrogen. The paper represent a primary step in numerical
simulation for thermal behavior, using basic equations for heat transfer in moving
fluids and conduction in walls.

2. HEAT TRANSFER IN THE SHELL-TUBE HEAT EXCHANGER

We are interested in studying the non-steady heat transfer in a shell and tube heat
exchanger-counterflow (figure 1). Having in view the special requirements imposed
for heat transfer equipment used in cryogenic plants, is important to have a precisely
image about the time for entry in steady-state and temperature profile in long of the
heat exchanger. Also, is important to calculate the temperature profile in long of the
studied system [1].

wa!13

Figure 1: The geometry of the system

We intend to solve the differential equation of heat transfer in fluid and wall with
great precision in the concrete experimental conditions. This for, we choose to solve
the equations with Finite Element Method.

For the wall the heat transfer is characterized by the Fourier equation:

dT Jd2T d2T
p-cn = A — - H H T

" dx {dx2 dy2 8z2
+ qv (la)

We considered that the fluid circulated in the shell and tube is hydrogen in gaseous
state. We supposed the process is occurred with no changing phase. The equation we
applied for fluid is [2]:

dT dT dT dT d2T d2T d2T) qv

— + vr + vv + v7 = a\ — - + — - + — - +
dx x dx y dy dz \dx2 dy2 dz2 I p-cp

The modeling will be presented simultaneously for the convective transfer and,
also, for the conductive one, in cylindrical coordinates: (r,8,z).

For the finite element discretization we choose quadrilateral elements with four
nodes with a system of natural coordinates [3]. In each element the unknown function
is temperature which can be approximated as:
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T = 7, (2)

For solving the two equations for heat transfer (la) and (lb) we applied the Galerkin
method [4]. This method supposed that if an numerical solution of an differential
equation approximate it until an residue e, then the scalar product between this residue
and a set of orthogonal functions is 0. That set of functions is just the set of
interpolation functions. Having in view that the spatial variation is independent from
time, for our equations we can write:

] \\{Eq{T)}Odrdz O'dt = 0 (3)

We can solve the problem through separate integration after time and (r,z)
coordinates:

K n V Ol J n

1 dT d2T d2T
, i I

r dr dr2 dz2
drdz (4a)

O—drdz-- O \a
i dt idt dr2

a s)dT dT &T

— v , v r — + a—-
r ' Or 2 dz dz2

drdz (4b)

We noted with I for (4a) equation and II for (4b) equation the left part. The next
step is to rewrite the right part in the following manner, similarly for r and z [5]:

dz2 dz\ dz J dz dz
(5)

Applying the Green theorem in both cases, we obtain:

1 + a r f a o aA dT a o l , , f .dT
— + ]drdz= -<t> —
dridr r) dz dz \ dz

dT ,
— dz
dr

(6a)

T fa Var
a —v r p —

dr dr \ r I dr

dT d$> dT
— + a
dz dz dz

dT , ^ dTdrdz = a f-O — dr + G> — dz(6b)
dz dr

Finally we can write for the right part of the both equations above the following
relation:

dTr _ O l , . O l . e , 0 1 . . . ^^ . .
- O — d r + 0—dz = - O — c o s ( n,z) + <$>—cos(n,z)

I dz dr I dz dr
(7)
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The equation written in form below allowed us to introduce the boundary
conditions. Analyzing the conditions inside of the discretization network proposed in
Figure 1, it can be seen that for the elements which have all the sides inside the
network, the left hand of the equation is zero, due to the opposite sign of the path when
is solving the integral [6].

In this way, we introduced the boundary values of the problem that are:
> the outside boundary of the heat exchanger is an adiabatic surface
> heat flux on the axis of symmetry is 0 (from symmetry reasons), that way

we study the system such is presented in Figure 1
> the inlet temperatures and the flows values of the agents are maintain

constant during the experiment.
In order to realize a accuracy as good as possible and a adequate speed of

calculation, the equations write above and the big number of unknowns determine us
to consider in this model some simplifying aspects:

> the velocity of the gas is predominant on the fluid moving direction, in our
case, in z direction

> the radiation is neglected, we considered for heat transfer the convection for
fluid and conduction for wall.

For the elements which are bordering the boundary, we have the four cases
presented in the following table:

Side
r=ct
r=ct
z=ct
z=ct

n=-dz
n=dz
n^dr
n=-dr

Tabel
Cosines values
cos(n,z)=-l, cos(n,r)= 0
cos(n,z)= 1, cos(n,r)= 0
cos(n,z)= 0, cos(n,r)= 1
cos(n,z)= 0, cos(n,r)=-l

1

dT/dz=0
dT/dz=0
dT7dr=0
q=dT/dr+dT7dz=0

Contribution
0
0
0
0

With these conditions, equations becomes:

Pc,
,dt qv)dr{dr r dz dz

drdz = 0 (8a)

ar aoar (a \_ar
— + a — v r O —
dt dr dr yr J dr

dz a
aosr

dz dz

drdz = 0 (8b)

Regarding the time variation, we supposed that the temperature in a point from the
network could be written, as a function of the temperature in that point at a previous
moment and the time interval, like a linear variation:

(9)

The partial derivative oflheequation:
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+

dt At At
(10)

With this approximation and rearranging the terms, we obtain:

—-— + — — + — — —
2k 3{dr rjdr 3\dz)dz

• + • 1--
2k 6\dr r Jdr 6 ^ dz J dz 2 k

(lla)

drdz = 0

T,

T

O At dO d At
+2 3{ dr [r ' J Jdr 3\

<D Atf dO fa V~] d At
• —+ — a - - v r <D — + —
2 6 ^ 5r U J Jar 6

5z Jdz

d<&\ d
> + a!k)~dz

(lib)

drdz = 0

These are the equations we have solved, which furnished us the values of the
temperature in the nodes of the network. With these values we can compute the
thermal field in whole heat exchanger within the temperature profile in long of the
studied system. This for, we introduced in equations (11) the relations of partial
derivatives from annex.

The integration was performed using Newton algorithm. The equations establish a
system of k non-linear algebraically equations with k unknowns. For solving this
system we used the step descendent method.

The thermodynamic proprieties of gas and material of the walls are introduced for
this step in polynomial form, depending only of temperature, at the pressure level
considered [7], [8].

3. COMPUTATIONAL RESULTS

In order to compute the temperature field, it were solved the equations (1) for the
geometry presented in Figure 1 with the boundary conditions and the simplifying
hypothesis presented above. The fluid considered in tube and shell was hydrogen in
gaseous state. The initializing conditions are: the inlet temperature of primary gas in
tube is 280 K at a pressure of 1 bar and the inlet temperature of the secondary gas in
shell is 80 K at a pressure of 3 bar. The step for time was 0,1s and for each element we
considered 5 steps of integration on £ direction and 20 steps of integration on r|
direction. The program provides the temperature values in the nodes of network. The
mesh used for the network permit to be analyzed a lot of aspects: we can start with the
temperature field also in long of the system, but also radial or we can determine the
temperature evolution in a point of the network in space, but also in time. In the
following figure with these values we plot temperature profile in long of the exchanger
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at different moments of time until there are attained the stationary values. Such sets of
values are represented in Figure 2 for temperature profile 1 minute from the start (a), 5
minutes(b) and at 12 minutes (c).
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1(50-

140-

120 -

100-

80-

'••• •

* * fc > • >

Tube • • * * i
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•1 4 * 4

1 ' 1 " 1 " 1 '

0.0 0.1 0.2 0.3 0.4 0.5

0.0

Figure2: Tempeialuf eprbfile ihlong of heat exchanger at
a - 1 mijti;fe;-5 minutes; c -12 minutes

In order to continue the investigation of the results of running program, it can be
analyzed the temperature in any point of the network at any time between 0-16 minutes.
For now, we choose the outlet temperature in the middle of the stream for the two gases,
plot presented in Figure 3 in which it could be determine easily the time when the system
entry in stationary state.
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Figure 3: Temperature evolution in time till is reach steady state

As it can be seen from the results, the simulation realized with this program
correspond to another results presented in literature of specialty. The program make
possible the simulation of heat transfer process for a simple geometry. That's way,
further on, we intend to develop the method for a complex geometry, nearly of heat
exchangers geometry used in cryogenic field, beside of reducing the number of
simplifications as much as is possible. Further on, the theoretical results obtained with
the model will be compared with experimental results.

APPENDIX A.

We present further on the main equations of isoparametric quadrilateral finite
element.
The O interpolation functions is orthonormat system and it has the form presented in
Fiaure A.I:

' d(4) M
1I — •

b(2)

-> r
Figure A.I: Orthonormat system

2 = I

1

l

<I>3 =

(A.I)
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The link between the natural coordinates (£,,r|) and the global coordinates (r,z) is:

(A.2)

For global coordinates it can be written an development similar with (2):

1=1

4

1=1

(A.3)

If in the equation (2) we make the partial derivatives after r and z, then:

3r dr dr dr dr

&
5 l + r i ^ + r i
& 3z &

(A.4)

From equation (A.I) we obtain that:

3r
(A.5)

The derivatives of ^ and r| are:

dJ dr J
dt, = a3

dz
dr) = a2+a

J dr J

(A.6)

Writing (A.3) the detailed expression of O, and by identification with (A.2), for a;
we have:

4 V 1 4,"5 4

-\-rl+r2+r3-rA)a6 =-{-z, + z2 + z3 -z 4 )
{A.I)

-ri)at =-{zl-z2+z3~z4)
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In (A.6) J is the Jacobian of the transformation and it has the following form:

with:

J =
dr dz

dr\ dr\

_d(r,z)_

a . =(r2-

After calculus we obtain that:

a0 a

-z2)

a20 2
—- + —£, + —-r\
8 8 8

(A.8)

(A.9)

ur Jk a0

oz i.=, a n

(A. 10)
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One Hundred Years of the Cairo Museum
Zahi Hawass

The Cairo Museum is a portal through which the
visitor is transported back to the mysterious realm
of Ancient Egypt. It holds the treasures of the
greatest civilization in the world. This year is the
centennial of the creation of the first permanent
Egyptian Museum. On December 9th, 2002 at a
centennial celebration over two hundred and fifty
hidden treasures of Ancient Egypt will be
unveiled. I would like to recount how this new
exhibit came about.

As the centennial of the Cairo museum
approached I began to dream of an international
celebration. 1 spoke with Farouk Hosni, the
Minister of Culture, and he encouraged the idea
and added that the museum should have a face lift
for the occasion. The late Hamdi Shehata, head
of Museum Sectors, and Mamduuh El Damati, the

Director of the Cairo Museum, and 1 began to plan renovations for the one hundred year old museum. First: a new paint job. Second:
air-conditioning.Third: exterior lighting. We put this plan into action, and then we had another idea.

In the basement of the museum, unseen by anyone, was a treasure trove of ancient artifacts. We thought that we should dig into them,
and chose the best 100 artifacts for a new display at the celebration. We thought that the mysterious basement rooms would also be a
good place for the new exhibit.

When I looked at the artifacts from the basement I was a bit disappointed; they were not as magnificent as we had anticipated. 1
thought about the artifacts already on display at the museum; the statue of Khafre, the builder of the second pyramid, and the fabulous
collection from the intact tomb of khufu's mother Queen Hetep-Heres. From the middle kingdom pyramid area were golden
treasures. From the Valley of the Kings the treasures of the golden King Tutankhamen, there was the gold of Tanis. In fact, it seems
the previous curators had already selected the best artifacts, and they were already on display in the halls of the museum. So we
searched for another source for a new exhibit.

Suddenly 1 remembered that there were many artifacts, all over Egypt, that hadn't been seen by anyone but the excavators who found
them. The committee got together and thought about the beautiful statues that were discovered in a rock-cut tomb near the second
pyramid, by Abou-Bakr in 1962 at Giza, and were neither published nor exhibited. In fact, they were still stored in the tomb! Between
the best objects in the museum basement, and the artifacts stored all over Egypt, the number of objects soon grew to two hundred and
fifty. If we could somehow bring these treasures to the museum, we would be able to create an unparalleled exhibit to celebrate the
museum's one hundredth anniversary.

1 asked Dr. Mohammed Abdou El Maksoud, the head of the Pharonic section at the Delta, and the director of the Cairo Museum for
full authority to open all the store rooms in Saqqara, the Delta, and Upper Egypt, and to bring the artifacts that were languishing inside
the magazines. I obtained the cooperation of the foreign excavators to exhibit their stored artifacts for all the people to enjoy. I felt that
this would help to bridge the gap between the first great scholars who contributed to the museum; tvlarriette, Maspero, and Ahmed
Basha Kamal, to current excavators both foreign and domestic.

Another committee was appointed to decide on the location of the exhibit. Among them were Egyptologists and my friend the artist,
Mahmoud Mabrouk. The Egyptologists felt that the exhibit should be inside the hall at the Museum, but Mabrouk thought it should be
in the basement. There was a lot of objection to this idea, but I was intrigued by the idea of a unique and unknown location, and the
possibility of unveiling'The Hidden Treasures of Egypt" in an exotic setting. I called on Dr. Hussien El-Shabory, the architect who
designed the Museum at the Library of Alexandria, to see if he could design an exhibit that would be appropriate and overcome the
objections. Dr. El-Shabory saw that an area running east and west, and located at the far north of the basement, could be quickly
renovated and would be large enough to house the exhibit. So, after much deliberation by the committee, this location was selected.
The only problem now was time, and the task ahead seemed overwhelming.

The location of the artifacts reached far and wide including areas in the Delta; Taba, Quesna, Tanta, Tell-Basta, Gizireh Mutaua.
Hassan Dawaod. Minshel Ezat, Tell-EI Daba, Mersi-Matrouh, and from the underwater excavations in Alexandria. In Upper Egypt the
sites included Giza, Saqqara, Luxor, and Sohag. We put together a committee for the collection of the sought after artifacts. They
traveled to the sites to transport the objects from the magazines. It was like Mission ImpossibieiThe objects soon began to arrive in
Cairo by car. truck and airplane, and all within fifteen days. 1 was constantly on my cell phone helping with logistical problems, and
reassuring worried committee members, not to mention; the movers, the inspectors, and the foreign archaeologists. However, arriving
both day and night, the artifacts came to the museum safely.The cooperation between all those involved was unprecedented.

Adventures in Transporting the Artifacts

One of the most exciting adventures was to bring the sarcophagus of



Horwdja, dated to Dynasty 26, from Quesna, about 57 km. north of
Cairo. It had been discovered in October 1992. Horwdja, with his father and brothers held the title of priests of the Djed-pillar at the ;
house of the God. One of the most important scenes found on the sarcophagus was the scene of the family of the priest Hor-Djed.
They are standing in front of the sacred tree with Isis and her sister Nepthys. Another beautiful scene is that of Anubis sitting on a
mummification tent. On the sarcophagus are twenty seven lines of hieroglyphics from the book of the dead, representing about eighty
nine chapters. Made of black granite, and weighing approximately 20 tons, it is 241 cm. long, 100 cm. wide, and 145.5 cm high:
moving it was going to be an enormous task.

The committee svent to Quesna to see the sarcophagus. Tarek El Awady, my assistant, took Ken Garrett, the national geographic :

photographer, to make a photographic record of the adventure. Abdou El Hamied Kotb, Chief Engineer at the Giza pyramids, brought
his team: Talal and Ahmed El Kiriti, who are trained to move heavy objects. The El-Kiriti brothers have worked with me in moving
heavy stones and sarcophagi on the Giza plateau. On first Sight the committee thought the sarcophagus would be impossible to move it
because it was located on a seventeen meter high mound, and sitting between mud-brick archaeological features. Located in the far end
of the archaeological site, it was impossible to use any heavy equipment because the weight of that equipment would destroy the site.
Everyone soon realized that the only way to move the sarcophagus was over a section of agricultural land adjacent to the site.
Fortunately the owner of the land agreed to let the workmen cross over his land with the equipment.Using the same method of the
ancient Egyptian workmen, Abdou El Hamied's team tied the sarcophagus with ropes and pulled it onto wooden sledges. Using iron
bars ihey dragged it while the workmen chanted,"Saii Elieh Sali Elieh" (pray on him), to help with the rhythmic movement.First the
lid. and then the sarcophagus were loaded onto a truck for the ride to Cairo. The sarcophagus arrived at the museum, and the same
method was employed to move it to its exhibit location. On its arrival we discovered that it was too large to move into the exhibit
space. It will be exhibited outside on the west side of the basement.

Another heavy statue came from the Delta, and it will be exhibited next to the sarcophagus. It is the black granite statue of the Horus in
the Hawk form, dated to the late period. The statue represents Horus standing on a rectangular base designed for hieroglyphic
inscription, although the artist chose to leave it blank. Superb detail, especially on the body of Horus, makes it one of the best
sculptures of this period. The height of the statue is about 122 cm. and the width is 52 cm. The statues were inside the Tanta Museum,
but were never on exhibit for the public. The same method described above was used to move it to the Cairo Museum.

The incoming artifacts were stored in another area of the vast basement, and it became an interesting place for people to visit. Nadia
Lokma and her team, took on the restoration and conservation of the artifacts, and Ken Garrett spent many days photographing them. :
We decided to publish a catalogue of the one hundred most interesting artifacts representing one hundred years of the Cairo Museum/
Another book about the exhibit will be published in co-operation with the AUC press and the National Geographic.

Stories of the excavation t
Archaic period: The excavations of early Dynastic tombs in the Delta.

The most important artifact in the exhibit, from the Archaic Period, is the Palette of the Solar Animals. It was discovered on private
land owned by a famous Egyptian Composer, Kamal El Tawiel, who is a good friend of mine. According to Egyptian law, artifacts or
monuments on any land located near archaeological sites, or any land with evidence of antiquities, or the possibility of discovery of
antiquities is controlled the government. If an individual purchases land, and is aware of artifacts, or possible artifacts then they
become responsible for the cost of excavation. The law states that the Director of the Supreme Council of Antiquities should appoint a
committee to decide who will pay for the excavation. So even though this land was owned by my friend, the decision was that this land
owner must pay for the excavation.

In September. 1998. in a village called Minthet Abuu Ezat, located near the town of Sinbalwien in the Delta, the excavation, under
archaeologist Salem Gabra El Bagdady, began. A large cemetery was unearthed, with certain tombs dating to Dynasty 1. and a great
surprise was that the tombs were rich with funerary objects. It is most likely the richest archaic cemetery recently discovered in Egypt.
A beautiful palette, broken into 5 pieces, was discovered and when restored found to be missing its top. The scenes on this palette are
unique. It depicts animals, such as a hunting dog followed by an animal with long legs resembling a Gazelle, and behind the dogs is
another Gazelle. In the middle of the palette are two animals facing each other with long raised tails, and long necks curved around
each other which represents the unification of the two lands. The circle formed by the intertwined necks was used to mix Kohl, eye
makeup used in ancient Egypt, so this palette probably sat on the dressing table of a wealthy Egyptian.

Old Kingdom: Excavation of the Pyramid Builders in Giza.

In 1990 excavations began at what was to become the
cemetery of the pyramid builders. The accidental fall of a
horses hoof through a hole, uncovered the first tomb. The
cemetery is located on a hill south of the pyramids of Giza.
The first tomb was a family tomb prepared with three false
doors, the first for a man'named Ptah-Shepsesu, and the
others for his wife and son. The tomb also contains a small
open courtyard. The walls incorporate what appear to be left
over stones that were used in the construction of the
pyramid, temples, and official tombs. Nearly six hundred
small tombs of a variety of styles, and seventy more
elaborate tombs were found at this site. Up to 6 ft. high
many tombs have pyramidal shapes, some like beehives,
and some like gabled roofs. Others have miniature ramps



and causeways, and some are miniature mastabas. In shafts
under the tombs, simple rectangular burials contain skeletons of the owners, whose budgets did not include mummification.

Many women are named in inscriptions. It appears that the wives and daughters of the workers held positions as priestesses of Hathor
or other goddesses. The statues and hieroglyphs indicate a family centered lifestyle, wherein the construction of ceremonial centers and
pyramids were looked upon as a labor of love and a national project. One statue of a beautiful seated woman named Hepeny-Kawes
depicts her with large eyes and a well modeled body, under a long white robe. This is typical of old kingdom artistic representation.
Found with Hepeny-Kawes was the figure of a woman grinding grain. She bends over her grinding stone, supporting her full weight on
well muscled arms, while she rolls a heavy pestle over the grain. Women were generally buried with their husbands. Those women in
higher positions,.such as a high priestess and two female dwarves, have their own tombs. Other statues depict butchers, brewers,
potters, and bakers. The statue of the baker is particularly interesting. It shows a man kneeling in front of his oven, his head is turned
to the left, and he holds his hands in front of his face to shield it from the fire.

During this excavation we discovered a ramp leading up hill to another cemetery. The upper level of burials is much more elaborate
and contained artifacts, inscriptions, and were constructed of stones of higher quality. Many of the skeletal remains were found in
wooden coffins, although still not mummified. The tomb architecture is mastaba-like, and much larger than in the lower cemetery.
Some were made of limestone with mud-brick cores, or were rock cut. The inscriptions are of overseers of the draftsmen, masonery
workers, craftsmen, and one title was "the Director for the King's Work.

From this upper cemetery, and part of this exhibition, are the statues of Inty-Sdu
found in the Serdab of his tomb. Cut into bedrock, and intact, Inty-Sdu's tomb
had a simple niche in the wall covered with mudbrick. We noticed this because
there was a small hole in the wall. I peered inside the niche with a flash light and
staring at me were the eyes of a statue. A far greater surprise awaited me after I
removed the mudbrick covering the niche.Four statues stared back at me. The
middle statue is the largest and is flanked on the right with two smaller statues,
and on the left is another small statue. We discovered the remains of a fifth
wooden statue which had stood at the far left.Disastrously, when we opened the
tomb, the flow of oxygen had instantly disintegrated it. This wooden statue must
have been added after the others were finished in order to fulfill the ancient
Egyptian appreciation of symmetry.

The four statues are inscribed,

"The overseer of the boat of the goddess Neith, the King's acquaintance, Inty-
shedu "

The faces of the statues were particularly interesting. After some debate we
decided that the artist had depicted the boat builder at four stages of his life. The
large statue in the middle is a portrait of Inty-Shedu just before his death. The
two flanking statues characterize his youth, and the last on the right show him at:
an older age. The muscular features on each statue are representative of the age
it depicts. These five statues relate to the five statues of the pharaohs, which

were pan of the pyramid temples from Khafre to the end of the Old Kingdom. It was a thrilling discovery, and it was decided that
Farouk Hosni. Minister of Culture, should announce the discovery but the 1993 earthquake interrupted the event, and the discovery
remained unannounced until now.

Other interesting tombs include that of Nefer-Theith and his primary wife Nefer-Hetepes, his secondary wife, who has an inscription
saying "midwife", and eighteen children. The stela and three false doors are inscribed with beautiful hieroglyphics, and unique scenes
of grain grinding, and bread and beer making. Other scenes include fourteen types of bread, cakes, onions, beef, grain, figs, and a man
making beer, and also another pouring the beer into jars.

The tomb of the man named Petety is unique in its form. It has three open courts. The husband and his wife Nesy-Sokar are depicted
separately, probably because she was a priestess of the goddess Hathor and Neith. Her tight dress leaves bare breasts, and she wears a
collar and a broad necklace. Her hair is divided in front and behind her shoulders. Her head is tilted slightly up and forward, perhaps
because oi'ihc wide, tight collar. The bold, confident expression is enhanced by the following curse,

"Listen all of you! The priest of Hathor will beat twice any of you who enters this tomb or does harm to it. The gods will confront him
because I am honored by his Lord. The gods will not allow anything to happen to me. Anyone who does anything bad to my tomb will
be eaten by the crocodile, the hippopotamus and the lion. "

This cemetery has been dated from 2551 to 2323 B.C. from Dynasty 4 to the end of Dynasty 5. Eighty percent of the cemetery may
still be under the sand along the hill. We believe today that many of the workers of the tombs were conscripted farmers, who would
come to work during the time of the Nile inundation when working the farm was impossible. These workers are depicted in many
paintings and reliefs. They are never depicted as slaves, but their style of dress and manner is that of peasants. The full time workers
are represented in the cemeteries, but part time laborers were most likely buried in their various villages throughout Egypt, as they
would have returned to be buried with their families upon illness or accidental death.



Below the cemeteries. Mark Lehner is currently excavating a large section below the cemeteries, which from all appearances is the
workman's village. In Deir el-Medineh, 1500-1163 B.C., a new Kingdom cemetery quite similar to this one has been excavated. Dr.
Lehner found areas for baking bread, salting fish, metal working, and craft shops. The area has paved roads, and bunk-like room for
sleep.In i his village were the builders and artisans of the tombs in the Valley of the Kings. It is thought that this type of organized
labor of national projects lasted until the end of the pharaoh's monumental building efforts. There is no evidence that slaves were ever
used in the building of these monuments.

There is: however, evidence that the workers worked hard and suffered injuries. When comparing skeletons from the upper cemeteries
and the workers graves, the upper class were healthier and lived longer. Degenerative arthritis of the back and knees wt.s more severe
in the lower tombs. Simple and multiple fractures were present in both cemeteries, and most show signs of splinting since they healed
completely and with good alignment in both cemeteries. Two cases of amputations healed correctly. Some fractures of the skull were
noted, but all were evidently caused by one on one confrontation. There is also evidence of emergency treatment of injuries by trained
physicians, and one skull shows evidence of brain surgery. There is no evidence of mistreatment in the case of the workers.

Excavating the Tomb of the Dwarf, Per-ni-Ankhu

In the tombs of the Western Cemetery at Giza there is a tomb that had been discovered by the American, George Reisner. It had
belonged to a man named Kswt-Nefret. Near this tomb is the tomb of the now famous dwarf, Seneb which had been discovered by the
German. Herman Junker in the last century. I "hought that I would clean the piled up sand from around these tombs because I needed
to publish the titles-of the owners, and during this cleaning we discovered the tomb of the dwarf Per-fii-Ankhu. I was ecstatic over this
because it was my first tomb of a dwarf. The newly discovered tomb is of a rectangular shape with an attached serdab. which we
discovered from an opening in its ceiling. When I took the ceiling out, and looked inside, I saw the face a statue.

The statue of the dwarf is an example of superb craftsmanship. Of basalt, the sculpture is simple and clean, The dwarf is; handsome
with a look of serenity, yet he exudes strength and power. He has a young face, yet he appears wise. On the right leg is an inscription.

"He who pleases his majesty everyday"

It is an unusual statue because most statues carved of basalt, with this advanced technique, are for royal people. This indicates that the
royal sculptor carved it for Per-ni-ankhu. The statue depicts several deformities of the shoulders and legs typical in dwarfism. When
compared to the skeleton, found in the burial shaft, the style is representative of the type of sculptural realism common 10 this period.
The study of the location and tomb inscriptions of Seneb and Per-ni-Ankhn tombs, indicate that the father of Per-ni-Ankhn was not a
dwarf. With the study of the skeletons, we can suggest that Per-ni-Ankhn is probably the father of Seneb. Therefore, it is regarded as a
masterpiece of Old Kingdom sculpture. With :he dwarf were two statues of his two wives. The statues are dated to Dynasty 4 based on
the style of the tomb, and the artistic style of the statues.

The serdab containing the statue of the dwarf was inscribed with an illustration of the dwarf standing in the palace, and Jie phrase,

"One known by the King", the dwarf in the great palace, Per-ni-ankhn

I went down and I took it with my hand and it was a memory that I will never forget, although this discovery was followed by the
excavation of sixty five fabulous old Kingdom tombs.

The Tomb of Kai

One of my favorite statues in the exhibit is that of the priest Kai, and was found inside his small, beautiful, and unique tomb. The tomb
is so richly decorated that 1 call it the Nefertari of Giza. At the entrance of this tomb is a unique inscription that reads,

"It is the tomb makers, the draftsmen and the craftsmen and the sculptors who built my tomb. I paid them beer and bread and made
them to make an oath that they are satisfied. "

Also at the entrance is a unique scene of Kai with his daughter. Her two arms are placed affectionately around the neck of her father.
This scene is the first of its kind from the Old Kingdom. One of the scenes shows Kai with his wife standing over several exotic
looking boats. The artist painted the background gray to cover his mistakes when drawing the boats and the people in them. Other
scenes snow daily life and an offering list with names of wine and beers. The false door depicts Kafs titles as the priest of Snefru,
Khufu. Khafre, and Menkaure. Behind the false door is the burial shaft that contained a beautiful seated statue of Kai with his daughter
and son flanking his sides. Inside the chamber the remains of two wooden sarcophagi, and the skeletal remains of Kai. Also was a
skeleton of a pig. We left Kai in situ to show respect for him and his beautiful tomb.

Beside this tomb we found yet another tomb built by Kai. He built it for his daughter. The four walls depict beautiful scenes painted
on plaster over mud brick. One of the scenes shows his two daughters wearing banded dresses, and in another a playful greyhound. On
the floor is a circular limestone receptacle, which must have contained a decorated pillar. On it is a unique title:

"One known by the king, the scribe, the waab priest and he who stands before the king's children: Kai. "
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ABSTRACT

The radioactivities of the naturally radionuclides (226Ra, 232Th and 40K) and a man-
made isotope (137Cs) in four local daily newspapers issued in Egypt during the
period 1999-2002 were measured by y-ray spectrometry using a 50% HPGe
detector. The measured activities were generally low. The respective average
concentrations of 226Ra, 232Th, 40K and l37Cs were 0.1, 0.7, 6.3 and 0.8 Bq/kg. The
measured activity concentrations for these radionuclides were compared with
similar available measurements in other countries. The presence of Cs in the
investigated samples was explained in terms of the contamination due to the
Chernobyl accident and/or by the fallout of radionuclides from the atmospheric
testing of nuclear weapons. Radium-equivalent indices were also calculated for
the measured samples to assess the radiation hazard.

Key words: Newspapers, natural radioactivity, Caesium-137, Radium equivalent

INTRODUCTION

Studies on radiation levels and radionuclide distribution in the environment are very
important for estimating the radiation dose to inhabitants produced by environmental
radiation. The newspaper may be a source of radiation which comes mainly from the plants
used as the raw material for pulp. The plants may be contaminated with artificial
radioisotopes through the fallout of radionuclides from the atmospheric testing of nuclear
weapons and/or which resulted from a contamination after the Chernobyl accident. This pulp
is the main component of the newspapers, which is prepared mainly from wood. The
pulpwood is classified as mechanical or chemical pulp depending on the preparation method
[1]. Egypt imports mostly all its wood pulp from the USA, Indonesia, Canada and Korea [2].
Figure 1. shows the quantities of wood pulp and newsprint papers imported to Egypt during
the period 1998-2002 (data are taken from FAO, 2003) [3].

In the present work, the activity concentrations of 226Ra, 232Th, 40K and l37Cs in four
local daily newspapers issued in Egypt during the period 1999-2002 were measured. The
measurements were preformed using the y-ray spectrometer employing the HPGe detector.
The radium equivalent activities (Ra)eq have been calculated to estimate the level of y-
radiation hazard associated with the natural radionuclides in the studied samples. The results
of the present work are compared with the available results of other studies on the
radioactivity in newspapers, normal papers contained in books, business papers and fine
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papers [1,4-9].
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Fig. 1. The quantity (in Million Ton) of the newsprint and wood pulp imported to
Egypt in the period 1998 - 2002.

EXPERIMENTAL METHODS

Sampling and sample preparation

Samples of four daily Egyptian newspapers were collected for the measurements of
activity concentrations. These samples were obtained from newspaper shops during the period
1999-2002. The samples were prepared by cutting the individual papers into circular sheets
with a 7.5 cm diameter, compressed and stacked together to form a cylinder of 8.5 cm height.
The samples were weighted, placed in a cylindrical plastic container, sealed and stored for
four weeks to reach secular equilibrium between 226Ra and its progenies. At least 5 samples
for each type were collected with a minimum time gap of 2 months between any two
successive samples.

Activity measurements

The measurements were carried out at the Radioanalysis Research Lab, Tanta
University, using a p-type HPGe detector with relative efficiency of 50%. The output signals
of the detector were connected to a MCA (Oxford PCA3) through a spectroscopy amplifier
(Ortec 571). A 10 cm thick low-background lead shield (Camberra 747E) surrounded the
detector to reduce the background from the surrounding materials and cosmic rays. The
detector has energy resolution (FWHM) of 1.92 keV for the 1332.5 keV gamma-ray line of
60, I52TCo and peak-to-Compton ratio of 67:1. The energy calibration was preformed using Eu
and 226Ra point sources.

The efficiency calibration measurement of the detector was preformed using the
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following method: the relative efficiency curve was determined using point radioactive
sources (133Ba, 152Eu and 226Ra) at source-to-detector distance of 25cm. A known amount of
KC1 was dissolved in double distilled water. The solution of KC1 was then homogeneously
distributed on all the sheets of newspapers contained in three of measured samples and dried
in a dry oven at 80°C for 24 hours. Then the absolute efficiency value at 1460 KeV was
determined under the same experimental condition of the activity measurements. The absolute
efficiency as a function of energy was then determined by normalizing the points in the
relative efficiency curve [10].

The activity concentration of 226Ra was determined with the y-ray energies of 351.9
keV (214Pb), 1120.3 and 1764.5 keV (214Bi). The activity content of 232Th was determined
using the y-ray energies of 911.2, 964.6 and 969.0 keV of Ac. These y-ray lines are selected
because their true-coincidence correction factors canceled each other and, therefore, this
effect can be neglected. The 661.7 and 1460.8 keV y-rays are directly used to assess the 137Cs
and 40K activity concentrations. The accumulation time for y-ray spectra ranged between
33,500 and 50,000 sec. The background spectra were measured frequently under the same
condition of sample measurements and were used to correct the calculated sample activities.

RESULTS AND DISCUSSION

The activity concentrations of the natural radionuclides (226Ra, 232Th and 40K) and a
man-made isotope (137Cs) have been determined in all the collected samples in Bq/kg dry
weight. The measured minimum, maximum and average activity concentrations for each type
in the studied newspapers are given in Table 1. The results show that the average activity
concentrations of 22(5Ra, 232Th and 40K are 0.10±0.11, 0.72±0.25 and 6.3±1.33, respectively.
The average activity concentrations of 226Ra show some variations while the average activity
concentrations of 32Th and 40K are consistent within the statistical error. The natural
radioactivity concentrations in the measured samples of four local newspapers are in general
agreement with other measurement [4].

Table 1. Activity concentrations of 226Ra, 232Th and 40K and radium equivalent activities in
four local daily newspapers.

Newspaper
Type

NP1

NP2

NP3

NP4

Average

22bRa
(Min-Max)
0.15±0.14
(ND-0.28)
0.22±0.05
(0.18-0.25)
0.02±0.04
(ND-0.06)
O.OliO.Ol
(ND-0.02)
0.10±0.11
(ND-0.28)

ND: Not detected
SD: Standard deviation

Concentrations of radionuclides (Bq/kg)

(Min-Max)
0.76±0.68
(ND-1.32)
1.02±0.08

(0.96-1.08)
0.69±0.60
(ND-1.04)
0.42±0.59
(ND-0.83)
0.72±0.25
(ND-1.32)

Mean±SD
4o K

(Min-Max)
7.1±2.45
(4.7-9.6)
4.3±6.10
(ND-8.6)
6.7±6.68

(ND-13.4)
6.6±8.18

(0.85-12.4)
6.3±1.33

(ND-13.4)

1JVCs
(Min-Max)
0.52±0.26
(0.24-0.74)

1.0±0.09
(0.93-1.06)
0.71±0.40
(0.28-1.08)
1.15±0.74

(0.63-1.67)
0.80±0.31
(0.24-1.67)

(Ra)eq
(Min-Max)
1.79±0.99
(0.74-2.7)
2.0±0.64
(1.55-2.5)
1.52±0.99
(0.51-2.5)
1.11±0.20

(0.97-1.26)
1.62±0.39

(0.51-2.72)
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Nowadays, a variety of raw material, pulping process, and operating process are used
in paper manufacturing. Of all the raw materials used for papermaking, wood pulp is the most
important source of fiber, representing 95% of the fibers used in paper manufacture [11]. The
wood pulp is classified as mechanical or chemical pulp depending on the preparation method.
The mechanical method yields twice as much pulp from the same quantity of wood raw
material as the chemical process [12]. Mechanical pulp is the main constituent of the
newspapers [4]. This may be the reason that the activity concentrations of the naturally
occurring radionuclides in the present work are consistent with those measured in wood [13].
The use of ink in the developing process of newspapers has no contribution to the
radioactivity content [9].

The 137Cs isotope was also detected in all newspaper samples. The results showed that
the average activity concentrations of 7Cs in the four local daily newspapers are in the same
order of magnitude. The source of 137Cs may be due to the presence of the fallout 137Cs in the
plants used as the raw material for pulp which have been contaminated by radionuclides [1].

The radium equivalent activity represents an index to compare the activity
concentrations of materials containing different amounts of 226Ra, 23 Th and 40K, and is used
to assess the gamma radiation hazard. It is defined on the assumption that 10 Bq/kg of 226Ra,
7 Bq/kg of 232Th and 130 Bq/kg of 40K produce the same y-ray dose rate, which can be written
as follows [14,15]

W , , = C J t a + 1 . 4 3 x C n + 0 . 0 7 7 x C J f

where CR3, Cm, and CK are the activity concentrations of 226Ra, 232Th and 40K (in Bq/kg),
respectively. The criterion of this model suggested to evaluate the annual radiation dose
considers the external hazard due to y-rays corresponds to a maximum radium-equivalent of
370 Bq/kg [14]. The value of Racq should, therefore, be smaller than 370 Bq/kg in order to
limit the external exposure dose due to gamma rays to 170 nGy/h (annual dose -1.5 mGy).
The calculated minimum, maximum and mean radium equivalent (Ra)eq are given in Table 1.
The data in Table 1 shows small values of Raeq activities and consequently low radiological
hazard. The (Ra)eq activities are low because the activity concentrations of the naturally
occurring radionuclides (226Ra, 232Th and 40K) in the collected samples were low.

A comparative study of the average activity concentrations of 226Ra, 232Th , 40K and
137Cs (in Bq/kg) in the investigated samples of newspapers with similar measurements from
different countries are presented in Table 2. The results showed that, the average activity
concentrations of 226Ra, 232Th, 40K and 137Cs in the investigated newspaper samples are
consistent with those reported in reference 4 within the statistical errors. The only exception
was found for the value of the fallout nuclide (137Cs), which is 5 times greater than measured
in reference 4. Since both measurements were carried out after the Chernobyl accident, the
difference in l37Cs content can be attributed to the various wood origins with different
contaminations.

The activity concentrations of radionuclides (226Ra, 232Th and 40K) contained in the
investigated samples of newspapers are much lower than that contained in the other kinds of
papers reported in references 1 and 4-6 (see Table 2). The mean reasons for this are probably
not only due to the changes in the raw materials of papers but also due to the preparation
methods. The average activity concentrations of the fallout 137Cs contained in the investigated
samples of the present work is consistent with that reported in the Glossy/glazed paper
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reference 6, and greater than those reported in references 1, 4 and 8.

Table 2. A comparison between the radioisotopes average contents in papers samples of
different types.

Sample —

Newspapers.

Eiusiness papers.

Normal papers in
books.
Printed pages of
books.

Covers of books.

Normal papers in
books.
Glossy/glazed paper
in books
Eiooks

Newspapers.

ND: not detected.
n.m.: not mentioned.

* Calculated from the

Concentrations of radionuclides (Bq/kg)

226Ra
(Range)

0.32±0.33*
(ND-0.7)
3.1±4.1*
(0.2-6.0)
3 ±0.2

(0.2- 6.4)

n.m.

n.m.
14.4±7.0*
(3.5-24.6)
31.5±16.0*
(11.3-76.6)
18.5±12.3*
(ND-49)
0.10±0.11
(ND-0.28)

Mean±SD
2:i2Th

(Range)
0.82±0.36*
(0.3-1.2)

15.7±21.8*
(0.3-31)
5 ±0.3

0.3-11.3

n.m.

n.m.

14.2±4.8*
(3.5-22)

30.9±11.2*
(10.7-65)
19.7±8.1*
(5.1-35.1)
0.72±0.25
(ND-1.32)

indicated reference.

4UK
(Range)
3.0±2.2*
(0.1-6.0)

11.8±15.1*
(1.1-22.5)

40±1.5
1.0-112

n.m.

n.m.

64.0±47.9*
(7.3-162.7)
76.8±68.5*
(6.4-238)

79.1±51.8*
(6.3-160)
6.3±1.33

(ND-13.4)

l j /Cs
(Range)

0.17±0.06*
(0.12-0.24)
0.03±0.04*
(ND-0.06)
0.2 ± 0.07

0.0-3.6

(0.0-0.2)

(0.0-13.2)

2.2±2.6*
(ND-8.7)

0.92±0.68*
(ND-2.4)
7.8±8.0*

(1.7-38.7)
0.80±0.31
(0.24-1.67)

Reference

[4]

[4]

[1]

[8]

[8]

[6]

[6]

[5]

Present
work

CONCLUSION

The average activity concentrations of (226Ra, 232Th and 40K) and the fallout l37Cs in
four local daily newspapers issued in Egypt during the period 1999-2002 were determined.
The obtained results indicate that the average activity concentrations of the naturally
occurring radionuclides and the radium equivalent activity concentrations in the investigated
samples were generally low and consistent with those measured in wood. The 137Cs isotope
was also detected in all newspaper samples due to the presence of the fallout 137Cs in the
wood used as the raw material for pulp.
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ABSTRACT

Dysprosium doped Calcium Sulfate (CaSC^iDy) had been first prepared by
Yamashita in 1968 with method based on acid evaporation in an open system,
which pose human health risks, corrosion and pollution to the environment due to
sulfuric acid vapor. It has found increasing use in various applications in the field
of radiation dosimetry due to their ease of preparation as compared lo many other
sensitive TL materials. Many researchers emphasized that the grain size and
impurities influence the relative intensities of the broad glow peaks as well as
overall sensitivities. In this paper, we introduce a new method of preparation for
avoiding all of these disadvantages and improving the main TL materials
properties, which required for dosimetric use. The main TL characteristics of
home-made CaSO4:Dy crystals with different concentrations are investigated
after the preparation and heat treatment conditions. The results indicated a
linear response from 5 u.Gy up to 10 Gy with the highest sensitivity obtained at
0.25 mol % and optimum sensitivity at less than 75 urn grain sizes. Three peaks at
137 °C, 222 DC and 311 °C were obtained. We conclude to use our home-made
prepared CaSO4:Dy with 0.25 mol % concentration for gamma-ray dosimetry as
more sensitive and cheaper than commercial phosphor (TLD-900). This will
increase the routine and research work in the area of TL dosimetry.

INTRODUCTION

From literature review, popularity of a thermoluminescent materials ( natural
or artificial ) as a dosimetry system based on the ease of dosimeter handling, the high
sensitivity, the linear dose response and greater accuracy llJ. But, there is no " ideal "
material with characteristics suited to general dosimetric application. Tissue
equivalent materials were generally of low sensitivity, whilst other materials of higher
sensitivity over-responded (without suitable filtering) at low photon energies (2].
Therefore, thermoluminescent materials with high sensitivity, low background, low
rate of fading, simple glow curve and flat energy response over a wide range of
photon energies are considered important for radiation dosimetry '3 .̂ These properties
depended on a number of factors including material preparation and readout
procedures. The influence of the preparation method on the intensity of TL emission
and response to type of radiation were discussed by several authors '4~9';
Dysprosium doped calcium sulphate (CaSO4:Dy) phosphor is one of the most
efficient phosphors prepared for use in wide-spread in various applications of
radiation dosimetry as its sensitivity dependent upon the concentration of l)y |l01

However, the problem that still face is the availability of cheap and accurate materials
for dose measurements, and tried to solve by many authors '' M2 '.
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Several years ago, Salah M. Kamal prepared CaSO4:Dy in Saudi Arabia | | ! |

The project indicated that CaSO4:Dy probably the least expensive TLD material to
prepare for dosimetry purposes. The results of this project, the wide variety of
applications, the needs of the radiation detection and slightly sensitive to light
encouraged us to plan for develop an optimum preparation and further investigations
of this material.

Developing a preparation method for home-made CaSO4:Dy and investigate
its TL characteristics with optimum conditions are the main objectives of this paper.
As well as, the protection of the adjacent environment and human body from acid
evaporation.

MATERIALS AND METHODS
Materials:

Powdered calcium sulphate dehydrate (CaSO4: 2 H2O at 99 % purity), highly
concentrated (98%) sulpheric acid (H2SO4) and rare earth material, dysprosium oxide
(Dy^Cb, 99 % pure) commercially available materials were used in home-made
preparation.
Instruments:

A set up for preparation: During preparation procedure, a set up for
preparation was constructed with many instruments such as; Local reflux condenser,
heater with magnetic stirrer, three scrubbers, Buchner funell, suction system, flask
system for distilled water, filter paper and porcelain crucible. Fig.l illustrates the
preparation set up constructed by the authors.

An electrical furnace: Also, during the course of heating, the TL material was
placed in an electrical furnace (A NABER muffle furnace D-2804, Lilienthal /
Germany. W-Germany), as shown in Fig.2. This system has a temperature control
range from the room temperature to 1100 °C with accuracy of ± 5 °C. It's heating rate
ranges from 0 to 30 °C /min, in 0.1 °C increments. The temperature inside the furnace
could be maintained constant for several hours within ± 2%.

Electric balance (type 2842 Sartorius GMBH, made in Germany), which
showed in Fig.3, with weighing range: 1-159 gm and precision up to 0.00 Img in
optical scale.

Mechanically sieving system: To study the effect of the grain size on the
sensitivity of TL material, mechanically sieving system were used to cover grain sizes
the range from less than 75 mm to greater than 180 mm. In order to choose the
optimum particle size, which give the maximum sensitivity.

Harshaw-4000 TLD reader: Fig.4 illustrates the reader with a linearly
maximum heating up to 400 °C by a platinum-heating element and a welded
thermocouple in the bulk drawer. The essential features of TLD reader are: 1] A
phosphor heating system, 2] A light collection and detection system 3] A signal-
measuring system and 4] A display and recording system. The reader has a precisian
temperature controller with a high degree of accuracy and reproducibility. All
operator selections and a graphical display of the TL profile are presented on a flat
panel liquid crystal display. Instrument setup, operation, and maintenance functions
are menu-driven for ease of use. A stable reference light source, consisting of Carbon-
14 activated CaFi (Eu), is located in the sample drawer, which may be used for
troubleshooting and verifying instrument gain and stability. The TL signal is
measured as the integrated area under the glow peak. It is represented by the total
charge delivered by the photo-multiplier (PM) tube during the readout cycle. The
pico-ammeter has output connections to drive recorders for glow curve plotting.
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New Method of Preparation:
To suggest our new preparation method, we incorporated two preparation

methods with focusing on the protection of the adjacent environment and human body
from acid evaporation. 1] Yamashita et al '4o ' dissolved 75 mg of powdered
dysprosium oxide (Dy2O3) in 250 cm3 concentrated sulfuric acid (H2SO4). Then the
solution heated up to 250°C and 34.4 gm of calcium sulfate (CaSO4: 2H2O) added.
The solution is evaporated in an open system at 300 °C until crystals of CaSO4: Dy is
obtained. Finally, the microcrystalline powder is heated at 750 °C for 2 hr. The
corrosion and environmental pollution is done due to the H2SO4 vapor. 2] Azorin et al
1841 dissolved 20 gm of Ca (NO3)2.4H2O in 255 cm3 of concentrated H2SO4. Then the
dopants, in the required concentration are added on the reagents thoroughly stir-mixed
in a flask that is connected to a sealed condenser system with a constant airflow as
carrier for the acid vapor. A breaker containing NaOH solution captures and
neutralizes the condenser acid. The single crystal is obtained after an evaporation
period of about 12 hr.

We made some developments for previous two methods to prepare CaSO4:Dy
at Military Technical College ( MTC ) laboratories :

1. Weight 10.8 gm from powdered Calcium Sulphate dehydrate (CaSO4: 2 H2O
at 99 % purity) by using an electric balance (type 2842 Sartorius GMBH.
made in Germany) as a base material and dissolving it in 200 milliliter of
highly concentrated (98%) sulpheric acid (H2SO4) at 200 °C / 2 hours under
reflux condenser.

2. Different percentages of rare earth material dysprosium oxide (Dy2O:,, 99 %
pure) :n the required concentration from 0.05% to 0.5-mol % are dissolved in
20 milliliter of highly concentrated (98 %) sulphuric acid at 200 oC / 2 hours
under reflux condenser.

3. CaSO4 solution and dysprosium solution are added after cooling, and then the
mixture was heated to 300°C/2 hours through magnetic stirrer to insure a
perfect homogeneous mixture.

4. The vapor evolved from H2SO4 during heating the mixture is absorbed in the
three scrubbers (which prevent the environmental contamination of H2SO4)

5. After cooling the mixture, we add about 200 milliliters from distilled water
drop by drop. Since the crystals will appear due to the poor solubility of
CaSO.,: Dy in water than in H2SO4.

6. The system is cooled and we make sure that no vapor of H2SCU is evolved,
then we remove about 200 milliliter from the solution carefully to insure that
no crystals is removed with the removed solution.

7. Repeat the last two steps five times at least to insure that the concentration of
H2SO4 is becomes as minimum as possible and to remove the traces of
sulphuric acid.

8. Set up a Buchner funell with two different paper above each other, and the
Buchner funell is connected with a Suction system to accelerate the filtration
and we filtrate the last solution and make sure that no crystals remained in the
flask.

9. The crystals are washed repeatedly with distilled water to remove all the
remaining acid. Check the acidity by Litmus paper, and when the crystals
become neutral, stop washing and then the crystals are dried in the electric
oven at 80 °C / 8 hours.
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Time
Preheat
Acquire
Anneal

5
40
5

Sec.
Sec
Sec.

10. After that the dried crystals are removed from the filter paper to porcelain
crucible in air and dried them again in a furnace at 200 °C / 4 hours, then
quenching (rapid cooling) these samples by switching off the furnace and
immediately taking them out on a metal block in condition - cold air. Then
sintering stage is helpful for the dopant ions to diffuse into the crystal
homogeneously.

11. The resulting powder was then ground manually in agate mortar.
12. The resulting powder was sieved for different grain sizes using a set of sieves

to cover the range from less than 75 u m up to greater than 180 u m . these
sieving were done to study the effect of the grain size on the sensitivity of TL
material.

Tests for best TL readout conditions: -
(1) For test the resulting powder, the samples were irradiated to a test y- dose of

0.1 Gy using a Cs-137 irradiator in the irradiation unit at Radiation Protection
Dept. NRC, AEA, Inshas

(2) After irradiation, the TL intensity of these samples were measured (using
Harshaw - 4000 TLD reader, USA) after 24 hours, in order to stabilize the
fading rate of the TL center in all the samples.

(3) For select the best read out parameters, the time temperature profile ( TTP )
were chosen as follows:

Temperature
Preheat : 100 °C
Rate : 10 °C/Sec
Maximum : 350 °C
Anneal : 400 °C

Irradiation Facilities:
The sources used for irradiation of the samples during this study were:

1] Cesium -137 (lj7 Cs) y- rays (/-energy: 0.66 MeV, T1/2 =30 years) and activity
equal 0.9487 Cl at irradiation room of Radiation Protection Dept., Nuclear Research
Center. Atomic Energy Authority, y - rays dose rate changes with the distance of the
sample from the surface of the source. At 2m y - rays dose rate was ~ 250 u.Gy / hr.
2] Cobalt - 60 (60 Co) y - rays (y -energy: 1.17. 1.33 MeV, T1/2 =5.3 years) irradiators
and activity equal 12000 Ci and irradiation chamber of 5000cc, at irradiation room of
the Military Technical College in Cairo. The dose rate of this unit is 6.02 KGy/hr at
the center of the chamber.

The lead shields provided around both sources are adequate to keep the
external radiation field below the limit per hour for radiation workers.

Sample Handling
Prior to irradiation, the crystals were thermally annealed to empty trap centers

produced by any irradiation. The annealed samples were then enclosed in cylindrical
gelatin capsules (with dimensions of 20 mm length, 7 mm diameter, and wall
thickness of 0.2 mm). In each capsule a sufficient number of the TL crystals were
contained. These capsules were in turn contained in plastic bottles (with dimensions
of 6 cm length. 3.5 cm diameter, and wall thickness of 1 mm) during the irradiation
process. These TL phosphors were always handled with a suitable forceps and never
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touched with the hand (for accuracy reasons). The phosphors were measured 24 hours
after irradiation for fading stability.

RESULTS AND DICUSSION

In this experimental part, the main TL characteristics of home-made
CaSO_i:Dy crystals with different concentrations through glow curve structure,
parameters affecting sensitivity and dose response relationship are studied after the
preparation and heat treatment conditions. In addition to selection of annealing
procedures and determination of minimum detectable dose for optimum prepared
material.

Curve Structure
In this study, a sample of the home-made CaSO^: Dy TL phosphor was

irradiated with 1 Gy gamma dose from Cs-137 irradiator . Fig. 5 shows the glow
curve structure of the phosphor. From this figure, it is clear that the home-made
CaSO^: Dy TL phosphor has three glow peaks one at 137 °C, 222 °C and the last one
ai 31 1 °C. where the heating rate in this study was 10 °C/sec. It is very important to
claril\ that shift in glow peak position can cause due to the variation of thermal
contact between sample and heater. The peak temperature depends on heating rate and
certain types known to decrease as the percentage of traps initially filled is increased.

Parameters Affecting Sensitivity
In this part, we studied the parameters may affect the final sensitivity, such as :

11 The effect of addition of dopant material /Dy2Oj/ to base material /CaSO4/
on sensitivity: Samples with Dy^O^ from 0.05 mol % up to 0.5 mol % were
irradiated with 0.1 Gy and measured 24 hours after irradiation in order to stabilize
the fading rate of the TL centers. The optimum concentration of Dy on sensitivity
was chosen at 0.25 mol%. Fig. 6 shows the effect of Dy concentration versus the
sensitivity. Fig. 7 shows the effect of Dy concentration versus temperature
positions of glow peaks.

2] The effect of grain size on sensitivity: Response due to the grain size was
investigated by irradiating samples of CaSO4:Dy (optimum concentration 0.25
mol % Dy2O3 by weight) at 0.1 Gy y-ray dose from 7Cs irradiator. It was found
that the optimum grain size, which has higher sensitivity, is in the range of 54 - 75
urn. Table (1) shows the effect of grain size in the range from 54 \im. up to 250
urn. on sensitivity of investigated samples.

Table ( 1 ) Effect of grain size in urn on TL- response of the home-made
CaSC>4:Dy (optimum concentration 0.25 mol % Dy2O3 by weight)

Grain size in (urn )

<75
75-90

90-120
120-180

> 180

TL response

7925 ±
6714 ±
6703 ±
6463 ±
5985 ±

(nC)

375
467
512
610
509
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We attributed the response differences to increase of the initial trap density with
decrease of the grain size.

3] The effect of heating temperatures on sensitivity, where the TL material.
Dy (0.25 mol % Dy?O3 by weight and 54 - 75 urn grain size) was measured at
various heating temperatures ranging from 200 °C up to 800 °C at fixed time, one
hour duration. These samples were subjected to a test y-dose of 5 mGy from Cs-
137 irradiator. The samples were measured after 24 hours from the irradiation in
order to satisfy electronic equilibrium Fig. 8 represents the TL sensitivity versus
heating temperature. It was found that the sensitivity increases with increasing the
temperature and has a maximum value of sensitivity at (400 °C) and then
decreasing with increasing the temperature until it reaches the minimum
sensitivity at 600 °C and then the sensitivity increases with increasing the
temperature. Therefore, the optimum thermal treatment of the home - made
CaSCUiDy phosphor is at 400 °C. Also, Fig. 9 shows the effect of pre-irradiation
heating temperature on the relative TL sensitivity and the changing in peak
positions. It was found that the main dosimetric peak is nearly constant.

41 The effect of heating time on the TL sensitivity: Samples of CaSO^iDy (0.25 mol
% Dy2Oj by weight, 54 - 75 urn grain size) were heated at 400 °C for different
periods of times (0.5. 1.0, 1.5, 2.0, 3.5, 4.5, 5.0 ) hours, then exposed to test y-dose
of 0.1 Gy and measured 24 hours after irradiation. Fig.10 represents the TL
sensitivity as a function of heating time. The thermal treatment at 400 °C/ 1 hour
is the optimum treatment for the phosphor under investigation.

5J the effect of cooling duration on the TL sensitivity: of the home-made CaSO4:
Dy phosphor, three groups of the samples was thermally treated at 400 °C for one
hour. One group is allowed to cool quickly in ice, another is allowed to cool in air
to room temperature and the final is allowed to cool slowly in the heating furnace.
All these samples were cooled in its porcelain crucible. These samples were
irradiated simultaneously to a test y dose of the order 0.1 Gy, and measured one
day after irradiation. It can be seen from Table ( 2 ) that the TL sensitivity in case
of quenching in air to room temperature is the highest one. We attributed this
result to cooling in this way may redistribute the impurities and vacancies in the
crystal lattice and allows the formation of aggregates in this material.

Table ( 2 ) TL-response of the home-made CaSO4: Dy (0.25 mol %
Dy2C>3 by weight, 54 - 75 um grain size) phosphor as a function of the

cooling method after irradiating with a test y - dose of 1 Gy.

Cooling

In furnace
At room temperature

In ice

TL-response (nC )

1248.8 ± 116.7
2343.6 ± 74.7
1909.5 ±257

In general, pre-irradiation heating at 400 °C for 1 hour and cooling in air to room
temperature is the best condition for improving the TL sensitivity of the materials
under investigation. This improvement may find its application for y-ray dosimetry,
by decreasing the lower limit of detectable dose measurements.
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Dose - Response Relationship
This experiment was carried out to study the TL-response for the optimum

home-made CaSO^Dy, after heating at 400 °C for one hour at different doses. Some
samples were exposed to -y-rays in the dose range from 5u. Gy up to 10 Gy by using
the l j ;Cs y - source. Other samples were exposed to gamma rays in the dose range
from 10 Gy up to 50,000Gy by using Co-60 y - source. Fig.ll shows the TL response
as a function of the radiation doses in the above ranges. It is clear from this figure that
the optimum home-made CaSO^Dy has a linear response over the range of a
minimum detectable dose 5 |J.Gy to 9 Gy. Above 10 Gy, the response shows
supralinearity up to 5 x 102 which is followed by saturation, and then falling off
rapidly. Measurements were repeated 5 times for each dose and average percentage
error was found to be nearly 5.5% of the mean values.

We attribute supralinearity due to creation of new traps as an effect of the
irradiation. In supralinearity region, the TL detectors maintain the new sensitivity
even after the readout process. In order to restore its previous sensitivity, it will be
necessary to perform a complete annealing cycle. While, the saturation region
attributed to the decrease in the number of available traps. It determines the upper
dose limit for each detector, which is usually taken as 20% below the saturation value.

Annealing Procedure
The annealing procedure usually applied to eliminate the effects of previous

exposure after the irradiation and readout cycle, without causing any damage to the
phosphor and to stabilize the electron traps in order to obtain the same glow curves
even after repeated irradiations and thermal treatment. The samples were irradiated
using 0.1 Gy dose from 137Cs - y - source, and subsequently heated between 100°C -
500 °C for 10 minutes to find the best annealing temperature condition. From Fig. 12
it is clear that the best annealing temperature is 400 °C .

Minimum Detectable Dose: -
Minimum detectable dose (LLD) taken as three standard deviations from the

mean zero dose reading of non-irradiated samples of CaSO4:Dy (optimum
concentration 0.25 mol % Dy2O3 by weight). It was found very near from 5 u.Gy.

CONCLUSION

We conclude to use our home-made prepared CaSO^Dy with 0.25 mol %
concentration % DyiOj by weight, 54 - 75 urn grain size for gamma-ray dosimetry as
more sensitive and cheaper than commercial phosphor (TLD-900). This will increase
the routine and research work in the area of TL dosimetry.
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Figure 1 : Sealed system designed at Military Technical College to
prepare CaSO^ Dy phosphor.
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Figure 2 : A NABER muffle electrical furnace D-2804

Figure 3 : Sartorius GMBH 2842 Sensitive Electric Balance

Figure 4 : Harshaw-4000 TLD reader
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ABSTRACT

The advantageous of liquid scintillation counting technique for 226Ra
determination compared with other methods are the high counting efficiency and
the easier sample preparation, with no need for sample pre-concentration. In this
work, liquid scintillation counting system was used to measure 222Rn and "6Ra levels
in environmental samples. The liquid scintillation cocktail was prepared in the
laboratory and was found efficient for measuring 222Rn. Soil, sediment and
TENORM samples were dried, grind, sieved and added to hydrochloric acid, in a
standard scintillation vial, preloaded with the liquid scintillation cocktail. By
measuring :::Rn levels in the prepared vials, at different intervals of time after
preparation, :"Rn and 226Ra levels were determined.

Acr Words: Liquid scintillation/ Radon/ Radiunj/ TENORM.

INTRODUCTION

Radium-226 (T : = 1600 years), and radon-222 (T| ; = 3.82 days), are members of the naturall)
occiirnim uranium-238 decay series. When ::6Ra enters the human body, it deposits in bones, while its
immediate daughter """Rn causes lung cancer for uranium minors' '. The ingestion of water containing

Rn results in radiation doses in body tissues'"1. The extraction and processing of petroleum oil and
natural gas result in non-negligible amounts of wastes containing technologically enhanced naturall)
occurring radioactive materials (TENORM)''1. Preliminary assessments of storage sites of drums
containing sludge indicate existence of high concentrations of ""6Ra'M. Since, boiling point of """Rn gas
is bracketed b\ ^those of ethane and propane, the processing of natural gas and oil result in
concentration of ""Rn in ethane and propane fractions. The short lived radon decay products deposit
on the internal surfaces of the processing equipment and decay to the long lived radon decay product.
"'"Pb. The recycling of TENORM contaminated equipment such as metal pipes can pose a significant
contamination problem for operator of such a plant. The radioactive nuclide distribution in the slag
and dust filter showed that ""Rn and ""6Ra concentrate mainly in the slag". In cases of TENORM
releases, fraction of primary dose levels for ::6Ra may be of particular importance to establish adopted
lex els. above which interaction and remedial actions could be adopted'"1'. In petroleum oil industries,
presence of trace concentrations of ::6Ra causes radiation protection problems. ""6Ra traces are carried
together with different extraction products so causing sludge along the plant valves, pipes and
separators. This sludge reduces the plant efficiency in addition to external radiation exposure and
internal contamination of the workers'""". The common methods for measuring ""6Ra are (a) the a
counting of a barium radium sulfate precipitate that has been isolated from the sample and (b) the
measurements of ::Rn produced from the ::6Ra in the sample'6'. "6Ra concentrations have been
determined in environmental samples using different techniques such as a-spectrometry.
y-spectrometry and liquid scintillation detection'7' Ol. In this work, liquid scintillation counting system
was used to measure ::('Ra in water, environmental TENORM samples. Liquid scintillation cocktail
was prepared by dissolving cheap chemical materials in toluene. When mixing the sample with
immiscible liquid scintillation cocktail. 2:!6Ra remains in the aqueous phase, whereas "2Rn is extracted
into the liquid scintillation cocktail because of the relatively high solubility of radon in toluene' '. The
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samples were counted for " :Rn at different intervals of elapsed time after preparation. The measured
"""Rn activity is sum of 222Rn originally present in the sample and that generated from radium"2'.

Measured ["22Rn] = [Rnjo e"Xl + [Ra](l - e'̂ 1) = JRn]0 + {[Rn]0- [Ra]} e"1 ^ (1)
where [Rn]0 the initial 2'2Rn activity in the sample. [Ra] the activity of 226Ra. t the time between
preparation and counting a sample and A. the decay constant of 222Rn = 0.18! 3day"'.

EXPERIMENTAL

Liquid scintillation cocktail was prepared by dissolving 4g.PP0 (2.5-diphenyloxazole) and 50mg.
POPOPI 1.4-di[2-(5phenyloxazole)]-toluenej in a liter of toluene. The solution was placed in brown
bottle and kept away from light. Liquid scintillation counting vials were loaded with 10ml liquid
scintillation cocktail. One gram of free from radioactivity sand and 10ml of 0. IN HCI were added to
control samples whereas 10ml of 37Bq acidified "RaCN solution were added to the standard sample.
Vials were capped tightly and shaken well to ensure complete transfer of 222Rn to the cocktail. The
standard sample was left for about four weeks so that :22Rn reach secular equilibrium with :26Ra.
Environmental samples were dried at 110 "C. grind and sieved. 10ml 0. IN HCI were added to one
gram sample in liquid scintillation counting vial preloaded with 10ml liquid scintillation cocktail and
the vial was capped tightly, shaken well and counted after different elapsed times after preparation.
Standard, control, water, environmental and TENORM samples were counted using a Packard liquid
scintillation counter model 1000. Counting time was twenty minutes per vial. The efficiency of the
liquid scintillation counting system was determined from the equation:

E = (S-B)/A " ' (2)
where E efficiency. S total counting rate. B background count rate and A activity of the standard
source. f:"Rn] activity in a sample was determined from the equation:

[:::Rn] = (C-B)/E" (3)
uhere C total count rate of a sample.

RESULTS AND DISCUSSION

At least two background samples were run with each batch often samples. The background sample
was placed as the first and next to the last sample of the batch. The average background was found to
be 10 counts per minute. The effect of pH of the aqueous phase revealed that 0.1N HCI releases most
of """Rn and """Ra activities. The effect of environmental or TENORM sample mass indicated that
maximum specific activity of "6Ra was obtained from one gram sample. Increasing sample mass, the
specific activity of "6Ra decreases. This may be attributed to the shielding properties of the sample
and the increasing a-absorption. It was found in a previous work that the leached 226Ra activity from
the same mass of the artificially contaminated gravel increases with increasing the surface area of the
gravel' '•"'.

Fig. I shows the buildup of """Rn from 37Bq :26Ra standard source. The net count rate of the
standard source reached maximum after about one month. After such period of time. The decay
factor, e '' reaches approximately zero and. according to equation (1). the measured [:"Rn] equals
["""Raj. The efficiency of the LS counter was found to be 3.3CPS/Bq. :22Rn gas is highly soluble in
toluene, a solvent commonly used in LS counting. When mixing the sample with toluene based LS
cocktail. ""°Ra remains in the aqueous phase, whereas 222Rn transfers into the LS cocktail phase. The
decay chain from """Rn to "l4Po involves release of five energetic particles: three a particles (5.5. 6.0.
"." VleV) and two (3 panicles with end points ranging from 0.69 to 3.26 MeV. Thus 222Rn. in
equilibrium with its daughters, produces five particles per becquerel and each ofthese particles could
be detected with nearly 100% in a LS solution"1'. The energy window was set at 200-700 keV. At this
window setting the largest figure of merit (= E2/B) was obtained.
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Fig. 2 illustrates the measured [2"Rn] arising from water, environmental, and TENORM samples at
different elapsed times after preparation. The measured [~"Rn] arising from water decreases with
increasing elapsed time, whereas measured [""Rn] arising from environmental decreases slightly. On
the other hand, the measured [2"Rn] arising from TENORM sample increases significantly with
elapsed time.

Fig. 3 shows the changes of the measured [::::Rn] arising from water, environmental, and
TENORM samples with the decay factor, e~'\ For water sample, equation of the straight line obtained
is: Y = 107.7 X - 10.1. and according to equation (1). [ : : :Rn] = 1 18.8Bq and [ : :6Ra] = 10.1 Bq. For
environmental sample, equation of the straight line obtained is: Y = 84.8 X - 82.3. indicating that
["""RnJ = 167.1 Bq and ["6Ra] = 84.8Bq. For TENORM sample, equation of the straight line obtained
is: Y = -120.7 X -r 200.4 indicating that [2~Rn] = 79.7Bq and p R a j = 200.4Bq.

CONCLUSION

Liquid scintillation counting technique was used to measure """Rn and ""''Ra concentrations in
TENORM samples. LS cocktail was prepared from cheap chemicals and found to be efficient for ""''Ra
measurements. From """Rn measurements at different intervals of time after preparing a sample. ~:''Ra
acti\ it\ could be calculated. The efficiency of LS counting system was estimated to be 3.284 CPS/Bq
at the selected energy window. It was found that maximum ""6Ra was released from one gram of a
sample using 0. IN HC1. The method is simple and can be applied to large number of samples. The
time needed to measure ""&Ra activity is about one week
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The Excavations of the Pyramid of Queen Khuit, and the Tomb of Teti-ankh.

At Saqqara, we discovered the pyramid of Queen Khuit near the pyramid of Queen Iput I. It is about seven meters high. Discovered
inside tie pyramid was the sarcophagus and another room for four canopic jars. This pyramid contains much new information on the
Chronology of Dynasty 6. Near the pyramid we found a funerary temple that consisted of a ritual room with three niches, a ritual
chapel, two rooms used as storage, and a room with an entrance.

There are wall reliefs on the temple wall that can give us an idea about the purpose of the wall reliefs in the funerary temples of the
Queens of this period. The scenes found show the king in his relationship with his mother, titles of the queen, and other scenes of the
queens activities in the after life. There, she accompanies Hathor in a boat sailing in the marshes with Lotus flowers. Offering bearers
carry bread, beer, fruit, geese, vegetables and meat that will be presented to her and Hathor. Also depicted are scenes of the Senet
game in its first shape, and the song of hfr which when sung enables the queen to defeat devils in the afterlife.

The discovery of the tomb of Prince Tetiankh-Km near the pyramids of Iput I, and Khuit lets us make an important conclusion about
the beginning of Dynasty Six. Tetiankh-Km was the eldest son of KingTeti. He died during the reign of his father at the age of 25.
Userkara became the king after the death of Teti according to the list of Abydos and Turin (he is not mentioned in the tombs of the
high officials in the cemetery of Teti or in the Saqqara list). Userkare had no relationship with Teti but he was one of the princes who
gained power and tried to get rid of Teti. Therefore, we can now agree with what Manethos wrote: Teti was killed as part of a
conspiracy. After the death of Titian-Km, the legal heir to the throne, Queen Iput I was able to see her son succeed Pepi succeed. Pepi I
changed the mastaba of his mother to a pyramid to announce her status as Hathor Isis, which would help establish his legal right to the
throne. This verifies the reason for the disappearance of all the monuments of UserKara at Saqqara, and also the reason why he ruled
for a short period, an estimated 7 years.

In the exhibit are two items discovered in the burial chamber. One is the fabulous alabaster head rest, and the other is a palette of the
seven sacred oils which are in the anniversary exhibit. On the palette is a line of hieroglyphics:

"The eldest son of the King, of his body, the sole friend, the honored one before the great God, Tetiankh."

The seven sacred oils were used ritually both during mummification and afterward in funerary offerings. The oils used to help congeal
the linen wrappings and in the opening of the mouth ceremony unfortunately helped quicken deterioration of the bodies. The seven oils
are mentioned as early as Dynasty 1, and as late as the first intermediate period. They are listed in several tombs at Saqqara and have
been fcund outside of Egypt. Not only ceremonial, the oils were used regularly in Egyptian life. Both the stela and the headrest are part
of this :\hibit.

The plan of the tomb is simple. It has an entrance on the southern side. The offering chapel has an inscription which translates as:

"The elck'si son of the King, of his body, the hereditary prince, the count
The King s son, the seal bearer of the god, the chief lector priest.
The scribe of the divine words, overseer of Upper Egypt, the sole friend,
The overseer of I he rwo granaries, keeper ofNekheb. "

The chapel walls have inscriptions of scenes of offering bearers, butcher, and animals being slaughtered. There is a hall with the false
door leading to a room which entrance depicts servants in the act of dragging large vessels on wooden sledges. Other walls in this
room contain more offering bearers and a badly deteriorated depiction of the tomb owner with the scepter sign.

The shaft in the burial chamber has a simple entrance on the north wall of the horizontal hall. It was filled with sand. On the north side
of the shaft is the burial chamber, which has 3 holes possible used by tomb robbers. An unpolished limestone sarcophagus lies directly
under the false door in a hall above. The lid was found raised up on stone, and a hole had been made it its edge and part of the base
permitting perhaps a child to enter. Black soot remains where the thieves used light, and the mummy is in poor condition. Fortunately
he alabaster headrest and stela were escaped the attention of the thieves.

The Discovery of the Tomb of the Physician Qar.

A happy accident brought about the discovery of the tomb of Qar, "the Physician of the palace and keeper of the secrets of the king".
Modern tomb robbers uncovered an adjoining tomb during the night, which necessitated that I excavate of the area. Found next to the
robbed tomb of Ny-Ankh-Nswt, was the tomb of Qar. It consist of a small complex with a chapel and open court, a mastaba and burial
shaft and chamber, and a wall surrounding the tomb. Although the sarcophagus was opened, some skeletal remains tell us that the
tomb owner was about 50 at death and was free of disease.

Several interesting artifacts were discovered inside. Next to the .head of Qar was a collection of copper surgical instruments. Each has a
hole used to hang in a box. and are possibly the oldest surgical tools yet discovered. Other objects of bronze and wood, including a
statue of third dynasty architect, Imhotep were found in a cache outside the tomb.

From Abou Raw ash. is a large alabaster bowl chosen for the exhibition. While cleaning around the pyramid located at the site, a Swiss
and Egyptian team discovered the substructure of a satellite pyramid. This small substructure held only two rooms but surprisingly
there was a wonderfully made bowl. Inside the alabaster is inscribed with the Horus name of Khufu in a cartouche. The inscription can



be seen only with use of a light against the transparent material. This bowl had been in the museum basement for a while, and when 1
brought my friend Dr. AH Radwan to examine some of the artifacts we discovered this cartouche. Ken Garrett was able to photograph
our looks of surprise and pleasure at the discovery.

In 1945 Dr. Abdel Nomen Abu-Bakr, professor of Egyptology undertook an excavation of the western field of the pyramid of Khufu.
He was forced to store many Old Kingdom statues in magazines and rock cut tombs around the causeway of the causeway of Khafre. I
had been wailing for an opportunity to bring these statues out of storage since I had seen them a few years ago. I think Abu Bakr
would be very proud to know that these statues have become a major part of the centennial exhibit.

Also part of the exhibit and from About Bakr's excavation is the statue of a scribe. When the Minister of Culture, Farouk Hosni. saw
this statue his interpretation was that the scribe is dreaming. Other statues representing workers in the Old Kingdom are, the Baker. In
front of the Baker is an oven and his head is turned to the left while he holds his hands in front of his face to shield it from the fire.
From Dynasty 5 is a potter, a double statue of a man and his wife, and other wonderful statues.

Artifacts from the Middle Kingdom

Representing the Middle Kingdom are statues and scenes with their own unique style. The high official's tombs are located in Beni
Hassan and El-Bersla. One scene depicts thirty seven Asiatics in their native dress with beards and coming from the east.

In middle Egypt, at El-Lisht at new capital was established, during Dynasty 12, in order to extend the agricultural land. The Kings,
having learnt from the past that pyramids did not protect their predecessors mummies, decided to build mazes of corridors out of
masonry that would confuse would be tomb robbers. These corridors also represented the dark kingdom of Osiris. Traps were set along
the corridors and the success of these was proven when early archaeologists unexpectedly happened upon the corpses of ancient tomb
robbers hanging upside down from their legs. The cores of the pyramids above the mazes are built of mud-brick. Some are covered
with limestone from Tura. King Neb-Hepet-Re Mentuhotep, Dynasty 11, built his tomb at Dier el Bahri as a mastaba topped with a
pyramid. From around the mazes made for the Princesses Khnunet, Ita-Set-Hathor, Meret, are caches of jewels like lapis lazuli,
amethyst, and camelian.

Dynasty 12th is represented by a wooden cosmetic box from Qurnah. Dynasty 13 has two rectangular limestone stelae. One is named
after a lady Senel-It and was discovered in Abydos. Carved into the face of the second is a big ole honkin' ankh. It is the ankh sign of
Sobek-Hotep. Abydos was the center for the worship of the God Osiris during the middle Kingdom. The ankh is a symbol of life;
water, light, and air, all needed for the after life.

New Kingdom Excavations

The New Kingdom, Dynasties 18 to 20 is
considered the golden age of Egypt. From the
Valley of the Kings is the tomb of King Tut.
Many of the 6000 artifacts have never been seen
by the public, and so they will be included in the
hidden treasure exhibit. Recently restored gilded
and inscribed leaves that cased furniture, two
painted wooden boxes, beautiful and
extravagantly painted wooden boats, a golden
pectoral, and a winged scarab holding the sun
disk are among the newly restored artifacts.
When the conservation team was working on a
jewelry box, from the collection, they were
surprised to find a piece of jewelry that had never
been catalogued.

Also in the Valley of the Kings was the amazing
discovery of the cachet of Royal mummies.
When Brugsch discovered the 40 royal
mummies, he removed them all to the museum
you can see some of them, like the famous

mummy ol'Raineses 11. in the mummy room of the museum. What was never made public was the fact that there was a second cachet
with 13 mummies, and 3 of them were left in situ before this exhibit. We decided to bring the mummies to the exhibit. It is believed
that they are the son of Amenhotep II. who was 20 years old at death. A lady of 40 years named Mery-Re-Hatshepsut, who was the
main wife of King Thutmosis 111. and Queen Ti. the wife of Amenhotep III and the mother of Akhenaten.

The temple of Luxor, built by Amenholep III, one of the great Kings of the New Kingdom. From his reign we will exhibit aquartzite
statue of Sebii. the priest of the God Montu. Sebti is in a position of adoration, and holding a small chapel that contains a miniature
statue of Montu in the shape of a Hawk.

From the tomb of Apria at Saqqara, discovered under the antiquities department rest house by Alain Zivie, is a beautiful and unique
sculpture of a fish made of ivory. The fish is a religious symbol representing the rebirth of the Sun. Also discovered in this tomb is a
wonderful head carved of wood representing the wife of Apria who was the prime minister of Egypt. During the discovery Alan and



entered the tomb, and I was amazed by the conservation and restoration efforts of the engineers working under Dr. Zivie. He had
chosen to hire the men who were building the subway tunnels in modern Cairo for this excavation, and had gotten good results.

In the exhibit is a limestone sphinx of Rameses II in full Pharonic regalia. Uniquely this sphinx has hands, instead of paws, and it is
holding ajar. The sphinx was found among the many statues in the Karnak cachet discovered in 1902. The history of this discovery is
interesting. In 1899. eleven pillars collapsed in the hypostyle hall of Karnak temple. Gaston Maspero appointed G. Legrain to restore
the pillars in the temple. During construction a hole was discovered in the northwest corner of a court that had been built by Thutrriosis
III. Covering the hole were stone blocks with inscriptions that dated to the middle and new kingdoms. By 1902 Legrain had uncovered
over 1000 statues, and astoundingly he continued to discover statues, some 17,000 bronzes, and wood and stone artifacts until 1905.
The dangerous condition of the excavation posed by the water table caused the remaining artifacts to be left in situ, where they remain
today. This find is still the largest find of statues ever made.

A prosthetic big toe discovered still on its mummified foot, is in the
exhibit. It was among artifacts recovered from Tomb 95 that was built
during the reign of Amenhotep II. The artifact was discovered in
debris inside the shaft. It had with it the linen wrapped foot and leg.
which show evidence that the amputation was cleaned, and prepared
for the device. The amputation is completely healed which indicates
that the owner lived long after the accident using the prosthesis.

Many old kingdom tombs hold treasure from the new kingdom. The
evidence suggests that they were reused as chapels, tombs, and living
quarters. While cleaning the tomb of Nyntr that dated to Dynasty II, a
group of statues was discovered. One of these will be in the exhibit
and was discovered by P. Monroe in Saqqara. It is the double statue of
the Memphite Priest Amun-Emibt and his wife. Discovered in 1986,
and dated to the 19th dynasty, the statue is of fine limestone and
artfully recreates the fabulous clothing and headdresses of the couple.
In Abydos, in the burials of the Kings of Dynasties 1 and 2, is the
upper part of a statue of King Seti I who was the second King of
Dynasty 19. It was discovered by Petrie at the Osirin behind the
temple of Seti I.

In Omel Rakhem, 28 km west of Marsi Matrouh, a statue of a military
general Nb-re was discovered in 1994 by a Liverpool expedition in
cooperation with the Egyptian archaeologists at Marsi Matrouh. This
statue comes from the time when Rameses II was building military
forts on the edge of the delta in an effort to protect the borders from
attack by the Libyans. Nb-re was a military leader of the site. Also
found was a chapel that contained statues of the god Ptah, the god of
the artisans, and the goddess of war Sekhmet.

Underwater archaeology began in 1933 in Alexandria. In the exhibit is the statue of Isis found by Frank Gudio in cooperation with
Ibrahim Durwish. The statue was found in four pieces and restored by Nadia and her team along with several other gold artifacts. The
statue may be the most beautiful yet recovered.

Excavations in the Bahariya Oasis

Bahariya is one of the five oases in Egypt. One day my colleague called to tell me that I had better come out to the excavation that he
had started in Bahariya. When I looked into the first tomb and saw so many mummies, with gold covering their upper bodies, I was
thrilled. This site became known as the Valley of the Golden Mummies, and Bahariya has become famous because of it. The media
coverage at this site was greater than any other excavation.

There began to be a lot of tourist pressure to see the site, and I began to worry about keeping the tombs safe from harm. I compromised
my usual position of not moving mummies from their resting place, and decided to move five of the mummies to a museum near by.
Of these five two are children. One is a girl inside her exquisite sarcophagus, the gold mask is presented smiling. The boy is covered in
a face mask with garlands, the style of the time. The children stayed in the Bahariya museum until this exhibition. The people at
Bahariya had become rich because of their trade in wine. They traded from upper to lower Egypt and because of this were able to
cover their mummies with gold.

The other exciting find at Bahariya was a temple built for Bes, and recovered was a statue. The domestic deity Bes was a popular
figure who had an ugly face with the ears and mane of a lion and a headdress of tall plumes. He is baring his teeth in an ugly grimace,
and can be frightening, but he is also rather comical. He was the god of joy. sexuality, dancing and music. Since Bahariya was a center



for wine production, the people's adoration of Bes is understood.

In the capital of Bahariya, a town called El-Bawiti, a surprise waited under one of the modern houses. Two Egyptian young people
came to see me at the excavation of the mummies. They told me that they knew where there was a tomb under a house in the El-
Bawiti. They said that if they told me where the tomb was, would I give them jobs in the antiquities service? I followed them to a
section of the capital and they led me into a house, and through to the bathroom. In the bathroom floor was a hole. I climbed down into
the hole, which was 10 meters deep, and couldn't believe my eyes. I had discovered the tomb of a governor of Bahariya in the 26th
Dynasty. Djed-Khonsu-Euf-Omkh.

A large sarcophagus, weighing 16 tons was in the tomb, and from this tomb a maze of corridors and other rooms were discovered. The
strangest thing that I had ever seen surrounded the sarcophagus. A yellow powder, with a very bad smell, was poured all around the
site and was a half meter deep. It took my team two weeks to remove the powder, which turned out to be ground hematite. This
powder was used as a pigment for paint and such, but why the people chose to pour it around the tombs is still not understood. After
that we decided to lift the lid of the sarcophagus. It was so heavy it took five hours to move. I worked there with my old team, all the
old musketeers, and it was the best five hours in my life. We found inside the sarcophagus, another sarcophagus of alabaster. And
inside that one was a third made of limestone. When we moved the limestone sarcophagus to the north, we found under it the remains
of a wooden sarcophagus. Here were the remains of a deteriorated mummy with nine gold amulets. These will be in the exhibit.

North of the governors tomb was the torn of his wife, Nasesa II. Her sarcophagus contained 103 pieces of gold. On one of the pieces
the artist tried to write the name Wah-ib-re representing one of the four sons of Horus. The third tomb in the maze was for the
governors father Badi. Before this excavation was over we demolished twenty houses and it took us three months to clear the site. All
of the tombs are located 10 meters under the surface and the water table under the town made it a very dangerous excavation.

Conclusion

:We. the Supreme Council of Antiquities, would like to express our appreciation for the contribution made by foreign scholars like
August Marriette, Gaston Maspero, Heinrich Brugsch, Amelia Edwards, Flinders Petrie, and a host of others; they filled the museum
with magical, awe inspiring artifacts that have captured the hearts of people all over the world. We also recognize scholars like Rifaa
El Tahtawi, Ali Mubarak, and especially Ahmed Basha Kamal whose passionate love of their country broke down political barriers
that had prevented Egyptians from fully appreciating their own history. We want to recognize political leaders like Mohammed Ali,
Khedive Said. Khedive Ismail, and Khedive Tawfiq whose efforts to modernize Egyptian archaeology, helped to stem the loss of
artifacts, and create conservation and educational programs.

We acknowledge the efforts of archaeologists, scholars, and politicians from around the world, who believed that Egypt should control
its own destiny. We are grateful to all those involved in the wonderful new renovations, and the new collection, and together we
proudly celebrate the One Hundredth birthday of the Cairo Egyptian Museum.

History of the Museum Timeline

1797 There is no Egyptian Museum. Most archaeology in Egypt is under French control. Egyptians have little or no
influence as to what becomes of ancient artifacts, which are freely exported all over the world. Decorated sarcophagi are a favorite gift
in England and France. Egyptians are contributing to the country's loss of its historical by digging for hidden treasures, and selling
them to foreign collectors.

1835 Mohamed Ali. in an effort to stop the plundering of antiquities, establishes the first Antiquities Service of Egypt. He
creates a program to exhibit and conserve the ancient artifacts. An Ottoman appointee, he was in favor of opening Egypt to the
western world. To increase tourism, and establish the ownership of the ancient artifacts, he asks Yusuf Diya Effendi to propose a
sight for an Egyptian museum in Azbakia. Ali asked the Minister of Education to make a full report, documenting the archaeological
sites, and to assure that the artifacts are sent to the store rooms in Azbakia. The death of Ali stalls the progress.

1848 In order to protect the artifacts Khedive Abass 1 moves them to a hall in the Citadel. Austrian Duke Maximillian visits
the collection and is so impressed that Khedive Said gives him the collection as a gesture of good will.

1855 Khedive Said orders the police to be more vigilant in watching for Egyptian Antiquities being sold or
exported. Auguste Marriette hurriedly excavates at Saqqara and discovers the Serapeum of the Apis Bull. Most of the artifacts
discovered are secreted away to France.

1858 Khedive Said establishes the Egyptian Antiquities service and appoints the first head, Auguste Marriette. Marriette
begins a program to document excavations, and attempts to take up the failed project of Ali to establish a formal museum. Due to lack
of French and Egyptian response, he renovates an old mosque in Boulak to be used as a temporary museum, collecting from various
magazines around Egypt and Azbakia.

1859 Draag Abou-El Naga: The intact tomb and treasures of Queen Iah-Hotep is discovered by Marriette her sarcophagus
captures the heart of Khedive Said.

1863 Khedive Said finally orders that an Egyptian museum be built in Boulak. It opens during the reign of Khedive Ismail.



1869 Ali Mubarak and Heinrich Brugsch establish the first school of Egyptology in a rat and bat infested villa near the
Boulal; museum, it closes in 1874 due to Brugsch's absence and Marriette's hostility (he is afraid for his position), which derails
Egypt s first attempt at training its own Egyptologists.

1878 The Boulak museum, built on the Nile, is flooded and severely damaged. Marriette begins to ask authorities for a
better and more permanent location for a museum.

1879 Rifaa Al-Tahtawi returns from being educated in Paris with a new philosophy. Improve the national conscious of
Egyptians, and awaken their appreciation of their ancient monuments. He succeeds in awakening several young scholars who believe
in Egyptians being included in their countries archaeology.

1881 The month that Marriette passes away, he extracts a cabinet resolution that "hereafter no Egyptian monument shall be
given IO any power. . . not forming a part of the Egyptian territory. Gaston Maspero succeeds Marriette as head of the Egyptian
Anuqi iues Service. Ahmad Kamal graduates in France, and carries on the work of increasing awareness about Egyptian heritage.
Maspero shows his respect for Kamal by including him in the group which publishes Catalogue de General. Kamal opens a tiny
school of Egyptology at the Boulak museum. The government funds for 5 students, but when they graduate uses the money to pay
their salary as antiquities inspectors. Due to lack of funds the school closes in 1885.

1887 The Boulak Museum is so crowded; many artifacts are stacked against walls or being stored in boats in Upper Egypt
after they are excavated. Sarcophagi are stacked one upon the other. The situation is desperate, and finally the Khedive donates one
of his palaces at Giza for a new museum.

1890 The new museum at Giza is opened, but it is still not large enough. Eventually Khedive Tawfiq decides to build a new
museum in Cairo. He announces an international competition for the best architectural plans. Seventy three projects are submitted.
The winner is French Architect Marcel Dowrgnon. The Italians are awarded the museums construction, perhaps as consolation for
loosing the competition.

1897 Construction on the museum begins. This is the first museum in the world to be built as a museum instead of a
transformed palace or other building. Among those present at a festival for the new museum are the reigning Prince Abass Hilmi, and
Gaston Maspero. who has returned as Director of the Antiquities Department.

1901 The museum key is given to Italian Architect, Alessandro Barasanti and he begins, in March 1902. to move the objects
from the palace in Giza. the old museum in Boulak, and the Azbakia storage houses. Five thousand wooden carts arc used to haul the
treasures. The first load contains about forty eight stone sarcophagi weighing about 1000 tons. It is difficult and dangerous work. The
officials notice that the statue of Kin Hor is missing and a vigorous search begins. When discovered in a corner of the new museum,
behind other objects, lightened workmen admit that they had accidentally damaged the statue and then hidden it in an effort to avoid
punishment.

1902 The new building is completed and the artifacts arc in place. Even though the design is Neo-classical, and the exterior
reflects; not one Egyptian contribution, inside the Pharonic influence persists. The halls are similar to Pylons at the ancient temples,
and the rooms inside the new museum are amazingly like resemble the rooms in the temple at Edfu. In the basement rooms, Ahmad
Basha Kamal. the first Egyptian Egyptologist, works with quiet dignity, to break down the barriers that keep Egyptians out of
archaeology. He and Ahmad Lufti Al-Sayyid strive to prepare Egyptians to manage their own archaeology, On July 13th the tomb of
Marrie:te is moved to the new museum garden. His will had indicated that he wanted is body to lie near the ancient artifacts, that he
had struggled all his life to collect, protect, and properly exhibit. Maspero becomes the initial curator.

1910 Ahmad Kamal persuades the Ministry of Education to form an Egyptology section in the Higher Teachers College of
Cairo. At the Egyptian University he teaches his third class on ancient Egypt. In recent years he published articles and books in Arabic
and French about Egyptian archaeology, Arabic grammar, and history.

1922 England declares Egypt an independent country which permits the Egyptian government to keep all newly discovered
artifacts. The contents of the tomb of a young king named Tutankhamen are uncovered in the Valley of the Kings for the first time
Egypt retains the artifacts of a site. Egypt takes.control of all exportation, museums, antiquities, schools, and the training of new
Egyptian Egyptologists. Archaeology and politics become forever linked in Egypt.

1951 Ahmad Kamal is recognized as the first Egyptian archaeologist. His great achievements in Egyptology, are honored
by the placement of a bust, made in his likeness, in the garden of the Egyptian museum.

2002 Centennial celebration of the Egyptian Museum. Museum renovations complete with a new exhibition area in the
basement, new exterior lighting, and a huge new parking structure are unveiled. Zahi Hawass, and the Supreme Council of Antiquities
bring artifacts from all over Egypt to be viewed by the public for the first time. A catalogue featuring 100 of the finest newly
exhibited artifacts, photographed by Ken Garrett, are published as a memoir of the centennial celebration. At last the hopes and
dreams of generations of Egyptian and foreign scholars is being recognized, the museum school of Egyptology, which struggled and
failed so man) limes in the past is scheduled to open in January, 2003. The children of Cairo are not left out. A school that will teach
young !:'g\ piians about their heritage, and the value of their antiquities, is opened at the museum.
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Abstract: The effects of magnetic field and temperature heat source on the free and forced
convection flow past an infinite vertical plate is studied analytically. Solutions of the reduced
equation appropriate in the forced convection and free convection regime are obtained using
perturbation technique. The expression for the velocity field, skin friction and Nusselt number
have been obtained.

Introduction

Free convection flow of viscous incompressible fluid past a vertical surface has been
studied extensively because of its wide application in industry. Using momentum-integral
methods, first Pohlhausen[1J studied this problem. Similarity methods were used to formulate
this problem by Ostrach P1 who applied numerical method to obtain solutions for various
values of Prandtl number. In a mixed convective flow the effects of both forced and free
convection are found in comparable order. In many practical fields, we found significant
temperature between the surface of the hot body and the free stream. These temperature
difference cause density gradients in the fluid medium and in presence of gravitational force
free convection affects become important. The simplest physical model of such a flow is the
two dimensional laminar mixed convective flow along a vertical flat plate extensive studies of
which had been conducted by Sparrow131, Merkin[4], Lioyd and Sparrow151, Wilks[6], Tingwei
l7]and Raju et al.[8] It has generally, been recognized that £ is the governing parameter for the
laminar boundary layer forced free convective flow, which represents the ratio of buoyancy
forces to the inertial forces to the inertial forces inside the boundary layer forced free
convective flow, which represents the ratio of buoyancy forces to the inertial forces inside the
boundary layer. However, forced convection exists when the limit of t, goes to zero, which
occurs at the leading edge, and the free convection limit can be reached if £, become large.
Gebhart et al[91 replaced the exponent of the Reynolds number by other values close to two in
order to correlate there experimental results. All above studies were confined to the fluid with
uniform viscosity. However, it is known that this physical property may change significantly
with temperature. For instance, the viscosity of water decreases by about 240 percent when
the temperature increases from 10° c. To accurately predict the flow behavior, it is necessary
to take into account this variation of viscosity. Recently, Gray et alt101 and Mehta and Sood[ J

have shown that when this effect is included, the flow characteristics may substantially be
changed compared to constant viscosity. Kafoussius and Williams1121 and Kafoussius and
Rees'131 have investigated the effect of temperature dependent viscosity on the mixed
convection flow from a vertical flat plate in the region near the leading edge using the local no
similarity method. Ibrahim and Hady1141 extended the works of Schneider[15] and Dey[16] to the
MHD mixed convection flows over a horizontal plate.
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In the present study it is proposed to extend the work of Jahagirdar and Lahurikar to the
MHD mixed convection flows in presence of temperature dependent heat source.

Mathematical Analysis

Consider the two dimensional free and forced convection flow of an incompressible and
electrically conducting viscous fluid along an infinite non-conducting vertical flat plate in the
presence of temperature dependent heat source. The X' - axis is taken along the plate and
parallel to the free stream velocity in the vertically upward direction and Y' - axis normal *o
it. A magnetic field is applied in the direction of flow and the induced magnetic field is
neglected. We consider also u' is the velocity of the fluid in the X'- direction and 7" the
temperature of the fluid near the plate and 7̂  the temperature of the fluid in the free stream.
At timef' >- 0 , the plate temperature 7"̂  is raised toTj. The equations which govern the free

and forced convection flow of an electrically conducting fluid in presence of temperature
dependent heat source in dimensionless form are:

—- = 9+ --Mu (1)
dt dy2

The initial and boundary conditions in dimensionless form are:

/ < 0 u(Y,t) = 0,
t>-0 u(0,t) = 0, 0(0,0 = 1

w(oo,r) = l, 0(oo,O = O (3)

The non dimensional quantities introduced in the above equations are defined as:

B,-""";-'•>, M = ?^±, S = ^ ^ (4)

where, M is a magnetic parameter, S heat source parameter.
In the present analysis we have considered the heat generation (absorption) of the type,

0'where, — - — is the volumetric rate of heat generation,
P Cp

In order to solve the differential equations, we assume that:

uo+eeia'ul (5)
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Substituting equations (5,6) in equations (1,2), we get the following system of differential
equations:

^ - - S 0 O = O (7)
dy

^-Sdi-icoPA^O (8)
dy

^°7-Mu0=-00 (9)
dy

ia))u}=-0x (10)

and the boundary conditions become:

u0 ••= 0, «, = 0, 00 = 1, 6X = 0 at y = 0,

u0 --̂  1, M, -> 1, <90 ̂ - 0, 0, - • 0 a/ ^ -> oo (11)

By solving the differential equations (7-10), under the boundary conditions (11), we
have: Therefore, the temperature 6 distribution:

and the velocity distribution, can be obtained by:

u -
u0

u =- +z4e +
S — M

also, the skin friction at the plate is given by

- z4)VM - [ Z' + Zl \ l s
K.S-M )

r == (z3 - z4)VM - [ Z' + Zl \ls + £ eitt"(z5 -
SM )

Either, the Nusselt is given by:
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Discussion

In order to study the effect of magnetic parameter (M) and heat source (S) on the velocity
distribution and skin friction, numerical calculations are carried out and are given in graphs
(1-4) In order to asses the accuracy of our method , we have compared our results with
accepted data sets for the velocity and temperature profiles for a stationary vertical porous
plate, corresponding to the case computed by Kin/17l The results of this comparison are
found to be in very good agreement.

Fig. 1. illustrates the velocity distribution with spanwise Y for different values of
magnetic parameter (M). The numerical results show that the effect of increasing
values of M leads to a decrease in the velocity distribution. Application of a transverse
magnetic field normal to the flow direction gives rise to a resistive drag-like force
acting in a direction opposite to that of flow. This has a tendency to reduce the fluid
tangential velocity and increase its temperature. This is indicative from the decrease in
U as M increases as shown in Fig. 1.

Fig. 2. depicts the variation of temperature distribution (#)with spanwise Y &r
different values of S. It is observed that an increase in S leads to a decrease in
temperature distribution 6.

- Fig. 3. shows the velocity profiles for different values of heat source parameter (S). It
was found that an increase in the value of S leads to an increase in the velocity
distribution.

- Fig. 4 presents the skin friction distribution (T) with spanwise M for different values of
heat source S. From this figure, we conclude that skin friction (t) increases with
increasing the values of heat source parameter S, while the skin friction decreases as
the magnetic parameter M increases.

Conclusion

- Velocity distribution (U) decreases with increase of M and S.
- Temperature distribution (8) decreases with increase of S.

Skin friction (T) increases with increasing values of S while it decreases with
increasing values of the magnetic parameter M.

Where,

(S-M)

-a2 - a ^ +a2 - 1
± 2 = s Z =

- 3 9 3 -
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1. ABSTRACT

The present work is devoted to study the phase structure of CPN1 model with 9 -term in two
dimensions and to calculate the topological charge distribution P(Q) by using the characteristic
function. P(Q) shows a Gaussian behavior. Information concerning the phase structure is obtained
through the analysis of the behavior of the characteristic function for various coupling constants p.
For N = 2, 4 it is shown that the model has a decofining phase transition in 8. The critical value of 9
approaches zero as (3 tends to infinity. This suggests that 9 goes to zero in the continuum limit.
These results may resolve the strong CP problem.

Keywords: Gauge theory in lattice, Phase structure of CPN'' model, Strong CP
problem.

2. INTRODUCTION

Recently, the subject of topology on the lattice has been of considerable interest. The
existence of the topological term (8-term)leads to new physical situations which are absent
in the system without it'l-51. Indeed, 9-term leads to the strong CP problem in QCD[6]. and
deconfinement phase transition at 0 = re in 2-dimensional massive Schwinger model[7]. It is
therefore of great interest to study the consequences of 0-term in the non-perturbative
context of gauge theories, spin models and lattice field theory. It is important to understand
how 0-term affects the phase structures. This was motivated by the hope that the strong CP
problem can be solved. CP1 model with 8-term, or equivalently 0(3) o model, in 1 + 1
dimensions is seen as a prototype for (3 + 1) Yang-Mills theory[3]. Important common
properties are, exhibiting asymptotic freedom, confinement of non gauge-invariant states,
have instanton for all N > 2 and topological excitations. Despite these common features, two
dimensional CPN ' ' are much easier than QCD to handle both analytically and numerically.
There are various methods to study the CPN"' system with 0-term: strong coupling
expansions[8-10], Monte Carlo simulations[l 1-18] and the analysis in the 1/N expansion[19-
20].

Analytically the situation goes as follows: In weak coupling expansion, i. e. large p, the
dependence of many physical quantities on 0 cannot be seen. For this reason most of
calculations turn to a strong-coupling expansion. Since most of qualitative effects that the
model are expected to exhibit in the continuum can be obtained. This method is applicable to
any two-dimensional nonlinear field theory, where the topological term can be written in
terms of a dummy U(l) gauge field. The results for the free energy obtained from stiong-
coupling expansion, in zeros order in p, is given by[9]

F(0,/? = O)=-ln[fsinf] (1)

i.e. for -7i < 0 < n the free energy is independent on 0 , otherwise F(0,p = 0) is a periodic
function due to the periodic boundary conditions, i. e. F(0, P = 0) = F(0+27tK, p = 0). When p
is nonzero but small, standard strong-coupling techniques can be used. Following Seiberg,
since he treats the dynamics exactly and he expands only in p. The free energy in this case is
given by
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(2)

the result in equation (1) is identical to those obtained for the Grassmanian a model on the
lattice[21]. For small p, higher order terms do not significantly change the result in equation
(3). Odd terms are cancel each others. However, strong-coupling series (very small R) are
best organized in character expansions[ll]. The free energy to tenth order, which is four
terms more than in equation(3), is obtained. Result in equation (3) agrees with those
obtained from character expansion analysis.

Monte Carlo approach to the system with G-term suffers from the difficulty that the action
is not real And cannot be adopted as the probability weight directly. In order to perform
numerical simulation, special technical improvement is necessary [22]. The other problem
arising in Monte Carlo simulations is related to the fact that the 0-term is of topological
nature [23]. However, results for the free energy were interesting and unexpected. For any p
a dramatic change in the free energy behavior occurred at a critical value 0C of 0. The free
energy per unit volume was represented by

2 e<ecec
= c(P) 9>6C (3)

i.e. for 9y$c, the free energy is independent on 9. The string tension can be calculated
from[24], a(e,0)=F(0+27te)-F(0). Hence, for 9 >- 0C the string tension vanishes for particles
of sufficient small charge, i. e. confinements lost. Monte- Carlo simulation in reference^]
choose that 0C goes to zero
in the continuum limit in which the coupling constant p—> co.

In the large 1/N expansions the situation is different. As N—» co , the CPN'' model
becomes a system of N free particles and N free antiparticles and there no 9 dependence. The
first 1/N correction leads to a linear potential between particles and antiparticles. This
situation mean that the system is in confinement. The free energy F(0) per unit volume is
given by

F(e,p) = ~e2 (4)

where C is constant, Schierholz pointed out that C = Vi i^V 0 .When higher-order 1/N

corrections are considered the CPN'' system exhibit super-confinement (particles and
antiparticles never separated) [10]. Dramatic change in behavior in going from leading order to
next-to-leading order are indicative of the singular nature of the 1/N expansion in the CPN''
models. The main purposes of this paper are the following: (i) comparing the analytical results,
strong coupling and 1/N expansions for this model, (ii) analyzing the phase structure of the
CP model, (i) By using the analytical formula for the free energy(partition function) the
Probability Distribution Function (PDF) of the topological charge distribution can be
calculated and an analytical formula for it can be obtained. Many times PDF cannot calculated
directly. In this case, PDF may be expressed in terms of the Characteristic Function (CF),
which itself is calculated from the connected moments or cumulants. Thus one would calculate
the cumulants for the distribution first. From these cumulants the CF is calculated. The desired
PDF can be calculated from CF.

3. CPNia MODEL IN TWO DIMENSION

Let us start with a general analysis of a system with 0 -term. The local topological charge
density is defined as: vp= (\/2n) In Up, where Up is the oriented product of U(l) link phases
around the plaquette. The total topological charge Q is given by Q = £p vp. Naively, Q = £p

vp =0, because the link angles cancel in pairs, but from the branch ambiguity in product of
U(l) link phases around the plaquette and its mod 2TC definition the sum of [vp] does no;, Q =
£P vp = integer. The action of the CPN"' model is defined as follows; the dynamical variables
are N-component complex unit vectors z,, obtained on the vertices and compact gauge field
U(l) on the links. The complete lattice action with 0 is

- 3 9 8 -



so = - / W X [ z X ^ + c . c . ] - i 0 5 > , (5)

PN"!where z,, is the CPN"! variable at site n and Un,n is an element of U( l ) on a link n, u and p is
the coupling constant. By convention G will be chosen to lie in the interval [0,2n].

The partition function as a function of the real coupling constant |3 and imaginary coupling
constant 9 is calculated according to the used method. Analytically the used formula is

Z(0,fi) = e^ ' -» =-L [j\dUn,Me-s° (6)

If a free-boundary conditions (Q not need to be integer in this case) are adopted in the
strong-coupling limit ( P = 0), by picking an axial gauge and integrate link after link from the
boundary, the partition function can be evaluated exactly. For small p and not equal zero, the
standard strong coupling techniques can be used. Schierholz treated the 0 dynamics exactly
and he expand only in P[9] . The results for the free energy are given in equations (1) and
(2).

Numerically, for a fixed volume V , if P(Q) be the probability of having a configuration
with topological charge Q in the system the partition function is calculated from the equation

Z{9)^e-vno'li)=Yje
iOQP(Q) (7)
Q

from equation (7) the moments, an, of the topological charge distribution per unit volume
can be calculated[9], it is given by

^ (8)

Equation (8) gives the connected moments of the topological charge distribution in
terms of the obtained free energy F(0). Many parameters from it may be calculated. In
particular, the topological charge density per unit volume is given by vi = a, and the
variance, which gives the square of the width of PDF, is given by v2 = 012 - a 1 2 . Also any
odd moment about the mean is a measure of the skew-ness of the topological charge
distribution function. In general the central moments which gives the moments of the
distribution about the mean are given by

^ W withao =
Now the knowledge of all the central moments or connected moments of the topological

charge distribution, P(Q), is sufficient to specify P(Q) itself. If all the moments are known, it
is easy to calculate the central moments or cumulants and then the CF for the distribution
can be obtained . The CF can be inverted to obtain the corresponding probability distribution
function.

4. CHARACTERISTIC FUNCTION AND PROBABILITY DISTRIBUTION
FUNCTION

The CF for any distribution is given by

(10)
often it is useful, and several of its properties follow reference[25]. The probability
distribution function P(Q) is given by

\dte
2?£

""> (11)
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where Cn = K,,/n!, Kn are the cumulants of the distribution, it is related to the connected
moments by the relation

K = V K = V K = V / C = V 3 / C

:2, K6 = v6 -\5KAK2 -IO/C3 -\5K2

The general formula for K,, can be determined as follows: any formula for Kn contains vn

minus all terms of the form (KJ, ) A * (Kb )B * (Kc ) C where a* A + b*B+ c*C = n with A, B,
C, ....> 1 and 1 < a, b, c, < n-2. The coefficients for a general term is

In the case of — expansion, since F(0) a 0 , Cn =0, the integration in equation (11) gives

1 ~r-(.Q-K\)1

(12)
\2ux1

lCn 2C Arl

i. e. P(Q) has a Gaussian distribution with *-,— 1—e,K2=—-^j-e2 and Kn = 0 for n > 3.

In the case of strong coupling expansion the situation is different, from equations (2)
and (11), one have

0

and

A
-1604 2091 GSCK

Ad } ^[e p \An2-e2)2 (47r2-e2y 2
and K,, ^ 0 for any n. Rewriting equation (11) in the form

the first term in the bracket gives Gaussian distribution, i. e. the same result is like the 1/N
expansion with different K) and K2. Keeping the 2nd term with n = 3 leads to the first order
correction. The corrected Gaussian distribution is given by

( g y ) 2 ^ (13)

the other terms are very small and do not gives significante contribution. Equations (12) and
(13) show that the strong coupling expansion and 1/N expansion are commuting. In the two
cases the probability distribution function have Gaussian distribution. Properties and results
concerning P(Q) will be considered in a future work.
In order to analyze the phase structure of the CPN"' model, the CF with 0-term can be used.

<p(9) = e -'
In the next section properties of the CF with p and 9 play as a parameter and variable

respectively, will be used to study CPN'" model.

5. RESULTS AND DISCUSSION

For suitable values of (3 the characteristic function, <D(p,0), is calculated for CP1, CP3. The
values of p are in the region from = 0.0 to 2.0. The values of f) are chosen in the region
where scaling behavior appears clearly. In Fig. (1) the relation between <D(P,9) and 0 In for
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Figure(l) : The characteristic function q>(9,P) as a function of 0, P which plays as a parameter
for the CP1 model. It shows clearly that 0C decreases as p increases. The model has a phase

transition for 9C which are equal to n, 0.93 n, and 0.65 n ' for P = 0.0, 0.5, and 1.0
respectively.
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Figure(2): The characteristic function cp(6,p) as a function of 0, p which plays as a
parameter for the CP3 model. This model have the same behavior like CP1 but for 0C

which are equal to n, 0.91 it, and 0.53 it <• for p = 0.0, 0.5, and 1.0 respectively.
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Figure(3): The critical value 0C a function of p for different values of N. As p increases 0C

decreases towardszero. This behavior shows that the continuum limit value of 0C is zero.
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different values of (3 are shown. In the strong coupling limit, (3 = 0, O(P,G) has a peak at 8 =
7t (this value of 0 will be denoted by 9C). It is evident that the model has a phase transition at
this value of 9 . While 0C =n in the strong coupling region, 0C decreases in the direction of
zero as increases. For 0 < 0C, the characteristic function ®(p\9) increase monotically until it
reaches a maximum value, and then falls off rapidly toward zero when 6 > 9C. The results
for CP1 and CP3 have the same behavior. These results are shown in Fig. (2). From the two
figures it is clear that as N increases, the values of 0C decreases for the same value of p. This
behavior is summarized in Fig.(3). The values of 9C versus are plotted for N = 2, 4, 6, 8 and
10. The trend is evident: 0C depends strongly on p , and 0C decreases toward zero as the
continuum limit is approached. Then 0C = 0 is.the only point at which the continuum limit
can be taken. This would resolve the strong CP problem. The topological charge distribution
P(Q) is calculated analytically by using two different results for the free energy calculated
from strong coupling expansion and the 1/N expansion. P(Q) shows a Gaussian behavior in
the two cases which indicates a first order phase transition at 0 = TC.
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High Mach number, radiatively cooled jets of astrophysical interest have be en produced using intense

laser irradiation of gold, iron, aluminum, and plastic cone targets. The cone targets were impinged with

high-power (~1015 W/cm2) laser radiation at the Lawrence Livermore Nova laser facility and GEKKO-

XII laser facility at the Institute of Laser Engineering in Japan. The evolution of the jets was imaged in

emission and in radiography, and the temperature was measured with Thomson scattering.

Comparison with numerical simulations shows that radiative cooling is a dominant mechanism in the

collapse of high-Z material plasma jets on axis, with temperatures plummeting and peak densities

increasing. In dimensionless terms, the gold jet is similar to radiative astrophysical jets. This jet data

can be used as a benchmark to test radiative astrophysical computer codes.

Astrophysical jets are a subject of ongoing research.

Some observations have provided images ofwell-collimated

jets from active galactic nuclei [1] and from young stellar

objects [2-4]. High Mach number, radiativeiy cooled jets are

observed throughout the galaxy, one example being the

Herbig-Haro (HH) objects [2,4-7]. These HH jets are

characterized by radiative shock fronts associated with highly

collimated outflows from newly formed stars. Their

morphology and kinematics have been modeled with

numerical simulations, suggesting the need to include

radiative cooling in the hydrodynamic simulations [8,9].

Many observed astrophysical jets are not strongly radiative,

but rather are in regimes where relativistic or magnetic

effects may be important [10,11]. However, the

implementation of radiative effects alone into multi-

dimensional hydrodynamic simulations is not trivial, and

comparison with experimental benchmark data would be

highly beneficial. Such experiments are possible through the

use of high-power lasers. The Nova laser at Lawrence

Livermore National Laboratory and Gekko laser at Osaka

University were used to generate such radiative jets of

astrophysical interest.

The general experimental design is shown in Fig. 1. The

target is a disk (Au, Fe, Al or C8H8) with a. 120° included

angle conical section machined out of one side. The interior

of the conical section is illuminated simultaneously by five

Nova beams (or six Gekko beams), each using a 100 ps full -

width half-maximum (FWHM) Gaussian pulse shape at 351

nm wavelength (532 nm at Gekko) and at an energy of

approximately 225 J (-500 J at Gekko). The spot size of each

Nova beam was elliptical with partly overlapping dimensions

of approximately 260 |im x 410 urn, and each beam was

incident nearly perpendicular (within 10°) to the cone

surface. This resulted in an axisymmetric, uniform ring of

illumination on the conical concave surface at an average

intensity of ~ 2xl015 W/cm2, causing rapid ablation of plasma

normal to the surface. At Gekko, five of the Gekko beams

impinged the cone surface at an angle of 37.4 degrees from

the surface normal, while the sixth beam irradiated the center

of the cone, resulting in an overlapped spot diameter of 1.2

mm (FWHM) and an intensity of ~3xlO14 W/cm2.

When a high-intensity laser pulse irradiates a

material, laser energy is absorbed and the surface of the target

is heated to extreme temperatures (up to 1 keV electron
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temperature). This heated mass is then ablated as hot plasma

perpendicular to the target surface. The axial movement of

the plasma continues at high velocity, but the lateral

component of the mass velocity causes an "implosion" of the

plasma on-axis, resulting in a jet. However, these high-

temperature jets are further collimated by radiative cooling

along the jet axis. Since radiation from the plasma jet

increases with increasing ionization state ( Z ) of the plasma,

different target materials should produce varying levels of

radiative cooling and collimation of the jets. Therefore, four

materials were used: gold (Au: Z=79), iron (Fe: Z=26),

aluminum (Al: Z=13), and palyrene (CSHS: Z=3.5). Because

of its large atomic number, gold is expected to produce the

most radiative, and best collimated jet.

The diagnostics used in the experiment are also shown in

Fig. 1. Three gated x-ray pinhole cameras [12,13] were used

to record two-dimensional, time-resolved images of the jet.

Two of these cameras recorded the self-emission from the jet

from side-on and face-on views. The third recorded a side-

on, backlit radiograph of the jet using a uranium foil

irradiated by a remaining beam as a backlighter source. The

uranium x-ray energy spectrum peaks at ~1 keV [14], The

two side-on cameras each used thin filters of 1 um thick

lexan (Ci6H14O3; p = 1.2 g/cm3) substrate layered with 3000A

of aluminum to block stray light, and the backlit camera had

an additional 12.5 um of beryllium filtering. All the x-ray

pinhole cameras used 10 um pinholes, and the instrument

spatial resolution is therefore approximately 10 um [15]. A

Thomson scattering diagnostic [16] was used to measure the

electron temperature at a position of 300 jxm from the cone

face at 0.5 - 0.6 ns after the peak of the laser pulse.

Two-dimensional images of self-emission from the Nova-

produced Au jet at 1.1 ns after the peak of the laser pulse

from experiment and simulation are shown in Figs. 2(a) and

2(b), respectively. In the simulation, the jet was assumed to

be axisymmetric, and the results qualitatively reproduce the

X-ray Framing Camera Time-integrating X-ray
(self-emission side-on) Pinhole Camera

A <\ Nova Beam

200( i t l .

BOO ( in

200 ptn

Target

A320'

\

Au

^^jjjjjjj

V ^
X-ray Framing Camera

(Uranium baokit side-on)

w
I ( V X-ray Framing Camera
• r (seit-emission 1ace-on]

^ C^~ Thomson Scattering

• ^ Nova Beam

FIG 1. Schematic of radiative jet experiment and primary

diagnostics.

jet morphology observed in the experimental data. Note the

central region of the beam does not radiate as strongly as the

outer limbs of the jet. This is due to large radiative losses in

the denser central region early in time, since radiative losses

vary as qmd ~nf, where n, is the ion density. This

preferentially cools the core while the outer, lower density

region remains hot and continues to radiate later in time. The

radiative computer simulation qualitatively reproduces this

preferential core cooling, with the temperature on axis a

factor of-30 lower than in the outer envelope at 1.1 ns.

Radial profiles from the images in Figs. 2(a) and 2(b) are

shown in Fig. 2(c). Each profile represents the average of a

10 um wide band located at approximately 950 um from the

cone face, and was normalized by its integral. This

preferential core cooling manifests itself as a double peaked

structure in the radial profiles, with the peaks separated by

-20 |am in the simulation, whereas the separation observed in

the experiment is a factor of 3 larger at -60 u.m. This

discrepancy is most likely due to the azimuthal asymmetries

in laser illumination in the experiment, causing tangential.

velocities. The simulation is azimuthally symmetric, which

allows the "imploding" Au plasma to collapse down to a

narrower, denser jet on axis.
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FIG 2. Images of self-emission at I.I ns from the radiative

jet from (a) experiment; (b) computer simulation; (c)

emission from experiment and computer simulation using the

transmission distributions (averaged over 10 um) from self-

emission images at z- 950 \xm.

The experimental and simulated backlit radiographs from

the Nova Au jet are shown in Figs. 3(a) and 3(b),

respectively, taken at 1.3 ns after the peak of the laser pulse.

The simulated result has been post-processed to include the

smearing due to the finite spatial resolution of the diagnostic.

The beam is well-collimated along the observed length of the

jet, and the simulated radiograph qualitatively reproduces the

data. Radial profiles averaged over 10 u,m in the axial

direction were generated from the images of Fig. 3(a) and

3(b) at a location of approximately 950 u.m from the cone

face, and normalized by the backlighter transmission outside

of the jet region. The natural logarithm of this normalized

transmission, shown in Fig. 3(c), depicts the lateral optical

depth of the jet, Sje, =2\° picdr, where K (cmVg) and r0

correspond to opacity and outer radius of the jet, respectively.

The peak optical depth from the simulation is about 60% of

that measured, as is the FWHM (39 u.m from the experiment

versus 23 u.m from the simulation). This discrepancy may be

a spatial resolution effect. A temperature of 250 ±40 eV was

estimated from Thomson scattering measurements at 0.5 -0.6

ns after the laser pulse and 300 u.m from the cone face. A jet

radial velocity was estimated from the data to be

approximately 13 ± 3 u.m/ns for times between 0.9 ns and 1.7

ns after the laser pulse, and a lower radial velocity at later

times. An observed jet tip speed of vje, =650 ±130 u-m/ns was

measured at times between 0.5 ns and 0.9 ns, which compares

reasonably well with 750 u.m/ns predicted by computer

simulation. The simulation suggests this jet tip speed does

not change significantly with time,

(a)

-300
200 400 600 800 1000 1200 1400 1600

Z ()

-300
200 400 600 800 1000 1200 1400 1600

z (wm)
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Experiment
Simulation

100

FIG 3. Radiographs of the jet (in exposure) at 1.3 ns using

uranium backlighting from (a) then experiment; (b) the

computer simulation; and (c) the natural log of normalized

profiles from (a) and (b), each averaged over 10 um at a

location of z = 950 u.m from the face of the cone.

Figure 4 shows data taken at the Gekko laser using target

materials Au, Fe, Al, and C8H8 at 1.3 ns after laser

irradiation. The data show jet emission structures emanating

from the center of the cones. As can be seen from Fig. 4, the

diameters of the jets increase with lower atomic number

targets, or in other words the high-Z materials produce better

collimated jets. In fact, the C8H8 jet should not be considered

a true jet as it is not well collimated and instead remains a

moving slug of hot plasma.

Using the data of Fig. 4, normalized lateral lineouts

across the jet diameters were taken as shown in Fig. 5(a).

From the lineouts, the FWHM diameters of the jets are

obtained as shown in Fig. 5(b). The ionization state Z was

calculated by computer. It is clear from Fig. 5(b) that the jet

diameter decreases with increasing ionization of the

materials. The square symbols in Fig. 5(b) are the radiative

cooling time rrad, which is defined as the plasma energy

content divided by the radiative flux:

tmd =3nek(Ti /Z +Te)/2qrad where ne is the electron

density, k is the Boltzmann constant, Tt is the ion

temperature, Te is the electron temperature, and qmd is the

radiative flux. Values for these parameters were obtained

from computer calculations. The values of xmd in Fig. 5(b)

clearly decrease with increasing ionization level of the

materials.

(c)

II
fill

• • * % • ; : .

§§§§
••:•;•/. . i-n
1!

\\
•iri:- .,. AICZ13)

/ ; . :^; :v ' ; i : i : : '"• " '

:a
if

mini

Fe backllt Jet
(2.0 ns) -200 -100 0 100 200

Radial Position (Mm)

K. Shigemori et al., Figure 2

FIG 4. • Images of self-emission at 1.3 ns of the radiative jets

from (a) CH, (b) Al, (c) Fe, and (d) Au targets, (e) Backlit Fe

radiograph image at 2.0 ns, and (f) radial lineout at 1 mm

from the cone target face.

To estimate the importance of radiative cooling to jet

formation, the characteristic radiative cooling time xmd

should be compared with the characteristic hydrodynamic

time Thydro. thydro can be described as the ratio of a

characteristic length scale Rje, divided by the local sound

speed cs - (yPI pfn <x T1'2. Using thermodynamic values

obtained from computer simulation, it is found that

Tmd « rhydro f° r ^u and Fe. However, for the C8H8 jet

rity<im «xraj > which explains why this plasma did not

produce a well-collimated jet. Radiative cooling is thus
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shown to be important for the hydrodynamic development of

high-Z materials, such as the Au and Fe plasma jets.

(a)

(b)
(pm)

30

FIG 5. (ai) Lineouts of the four jets at 1.3 ns near peak

emission location for each jet. (b) Jet diameter and radiation

cooling time versus ionization state.

Also important is the internal Mach number, M = vj,Jcs,

which can be easily estimated from experimental and

computer results. Shown in Table I are values of Mach

number M and non-dimensional cooling parameter

X = v>« ' l'rad j Rjti f°r astrophysical HH jets, and the C8H8

and Au jets of the present experiments. When % is small, % <

1, the jet is radiative because the radiative cooling time is

smaller than the hydrodynamic evolution time of the jet.

From Table I it is evident that both the C8H8 and Au jets have

appropriate Mach numbers to compare with actual HH jets.

However, the Au jet, but not the C8H8 jet, has similar

radiative cooling as HH jets. This also assumes that the

plasma is optically thin to the radiation, which is true for

these plasmas due to their low densities.

In conclusion, high-power lasers have been used to

produce plasma jets which have similar radiative cooling

effects as actual astrophysical HH jets. Although the

radiative effect is just one physical phenomenon of many

involved in the evolution of astrophysical jets, such as

Table I. Dimensionless parameters M (Mach Number) and %

(radiation cooling parameter) of Herbig-Haro and experiment

jets.

Parameter HHJets CHJet AuJet

M

X

10-20

0.1-10

2-8

-40

10-50

-0.7

magnetic and relativistic effects, the current experimental

data can be used to test the accuracy of radiative cooling

modules in astrophysical computer codes. Future

possibilities include producing jets in a strong magnetic

environment or including relativistic effects in computer

calculations.
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ABSTRACT

Using the formulation of Nickerson and Smiley, the variation of the wind
profile power-law exponent in terms of surface roughness and atmospheric
stability,has been obtained for specifying the vertical variation of the horizontal
wind.Agood comparison between the notional estimates of the power-law
exponent and power- law exponent data from various sources has been
obtained.These calculations have been performed seasonally adopting
meteorological data for Inshas site - Egypt.

MATHEMATICAL FORMULATIONS

The wind velocity power-law is commonly used to estimate the horizontal wind speed U2
at a height above the ground Z2, given the horizontal wind speed Ui at a reference height Zi,
using the form :

(1)

p. is the power -law exponent. It is usually specified as a function of stability. Wind speed as
a function of height can be calculated directly using the semiempirical formulation for the
non-dimensional wind shear presented by Nickerson and Smiley [1] and Benoit [2]. However,
power-law profiles still find wide acceptance in simple Gaussian plume dispersion models.
Touma [3] commented on the risk of using exponent values which are stated only as a
function of stability since the reported values vary depending on the site location. The
purpose of the following discussion is to demonstrate that the variation in the reported
exponent values can be explained as primarily due to variations in surface roughness .

Panofsky et al. [4] investigated the stability and the surface roughness dependence of the
profile exponent values by using a semiempirical formulation for the nondimensional wind
shear,

(2)
KZ

U*
~du~
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Equation (1) implies the proportionality between wind speed "U" and height "Z" which is
simply written as :

u=z[z]

consequently,

Equation (2) gives:

dU U.
(3)

dZ KZ m

hence, the exponent value is:

U.
P~ KU "'

where K is von Karmen constant and U* is the surface friction velocity .The results obtained
by Nickerson and Smiley [1], Benoit [2] and Businger et al [5] can be used to evaluate

—— and O in order to calculate the values of "p" using equation (4) in different
[KUJ
stability classes ,as follows:

(I) Unstable Conditions

It is well known that <3>m [6] in this case can be written as:

..-(.-ff
where L is the Monin -Obukhov scale length. Substituting in Eq.(3) and integrating from Zo

to Z one gets:
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u =Hi.
K

lnl — l + ln

1-
L L

+ 2 tan
1/4

1 -
15Z

L

,1/4

+ 1

,1/4

(6)

Substituting from Eqs.(5) and (6) in Eq.(4), to have:

1/4

P = \-l-f)\
ln |~ | + ln

+ 2
_/, 15ZV/4 _/,

tan ' 1 - tan ' 1

(7)

(II) Stable Condition

In this case the semiempirical formulation for the non-dimensional wind shear Om is
expressed on the form :

= 1 +
4.7Z

(8)

Substituting in equation (3) and integrating from Zo to Z,we have

K Z, L
(9)

After direct substitution from equations (8) and (9) into equation (4) one gets :
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(10)

(HI) Neutral Conditions

In this case

* « = 1 01)

Substituting in equation (3) and integrating from Zo to Z,

(12)

Substituting in equation (4) from equations (11) and (!2) to have :

(13)

Now in view of the results obtained by Weber et.al. [7], equation (4) with the above
substitutions should perform well for heights up to 160 m in neutral conditions. These
formulations assume that conditions are steady state with unobstructed flow. Moreover such

formulations are restricted to atmospheric surface layer where — is greater than zero. For
dZ

extremely unstable or stable conditions, p is calculated at heights of 100 m may not perform
well ,since the conditions are not likely to be steady state .The substitution into equation (4)
reveals that the exponent, p, is a function not only of stability and surface roughness but also
of height . Average exponent values over a layer from "Zi" to "Z2", "pav" are best calculated
numerically since the variation of "pav" with height is not straightforward.

In this analysis for surface roughness ranging from 0.01m to 3.0m and heights up to 30m,
it was found that "pav" could be adequately approximated by using the average height of
Zjand Z2 .

CASE STUDY

"pav" has been evaluated using seasonal data of Inshas site (wind speed -temperature-
pressure and global radiation at 10 m height), consequently temperature at 30 m height has
been evaluated using Poisson equation (see [6]). Hence stability classes has been specified
using tempreture gradient method (dT/dZ) ( C/100m) (see [8]). Monion Obukhov scale
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length "L" has been used using Arya [6]. Substituting in equations (6), (9) and (12) we can
obtain the friction velocity U». Substituting in the relation:

L =
_pCpTUl

KgH
(14)

where p is the air density ,CP is the specific heat , T is the air tempreture , K is the von
Karmen constant, g is the gravity of earth and H is the heat flux of air [9], we can have L
that corresponds to" Pav" .

Figures 1,2,3 and 4 show the seasonal comparison of the theoretical predictions of average
power-law exponent with surface roughness using the exponent variation suggested by
Counihan [10] for adiabatic conditions (near Pasquill stability class D). The relationships
reported by Arya [6] were used in developing Figs. 1,2,3and 4 in order to estimate the stability
length for each Pasquill stability class as a function of surface roughness. The theoretical
predictions for stability class D seem to agree very well with Counihan's results.

5 0.03 •

Winter season

Suif»C« iuii

- B —>— C

«]i» Ifinijth, *o (rn}

— D —•— E —s

Fig. 1. Variation of the power-law exponent, averaged over layer from 10 to 30m, as a
function of surface roughness and Pasquill stability class. Dashed curve is result suggested by
Counihan [10] for adiabatic conditions which should agree with stability class D through
winter season.
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Fig. 2. Variation of the power-law exponent, averaged over layer from 10 to 30m, as a
function of surface roughness and Pasquill stability class. Dashed curve is result suggested by
Counihan [10] for adiabatic conditions which should agree with stability class D through
Spring season.
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Fig. 3. Variation of the power-law exponent, averaged over layer from 10 to 30m, as a
function of surface roughness and Pasquill stability class. Dashed curve is result suggested by
Counihan [10] for adiabatic conditions which should agree with stability class D through
Summer season.
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Fig. 4. Variation of the power-law exponent, averaged over layer from 10 to 30m, as a
function of surface roughness and Pasquill stability class. Dashed curve is result suggested by
Counihan [10] for adiabatic conditions which should agree with stability class D through
Autumn season.

Tables 1,2,3 and 4 list the theoretical power-law exponent values extracted from Figs 1,2,3
and 4 for several surface roughness values .The L'1 values as suggested by Arya(1999) are
also given in Tables 1,2,3 and 4.

Table 1 Variation of the power-law exponent, p a v , as a function of Pasquil stability

Class and surface roughness Zo in winter season.

Stability

A
B
C
D
E
F

zo=0.01

L'1 (m1)
-0.220
-0.052
-0.376
0.000
0.003
0.002

0.005
0.009
0.011
0.010
0.022
0.036

zo=0.1
L ' (m1)

0.225
-0.045
-0.045
0.000
0.001
0.028

0.008
0.012
0.014
0.016
0.025
0.018

zo=1.0

Pai

-0.038
-0.016
-0.064
0.000
0.001
0.001

0.015
0.020
0.022
0.023
0.025
0.023

zo=3.0

(m-1) Pa
-0.020
-0.009
-0.033
0.000
o.:oo
0.000

0.021
0.027
0.028
0.030
0.045
0.053

Table

class

Stability

A

B

c
D
E

F

2. Variation of the power-law exponent, pav, as a

and surface roughness Z
Zo=0.01

L"1 (m-1)

-0.135

-0.306
-0.391
0.000
0.049
0.000

Pav
0.006
0.010
0.011
0.013
0.096
0.088

, in Spring season.

20=0

L1 (m'1)
-0.064
-0.144
-0.183
0.000
0.021
0.000

.1

Pav
0.009
0.011
0.012
0.017
0.068
0.050

function of Pasquill

zo=1.0

L-1 (in1

-0.023
0.252
-0.066
0.000
0.006
0.000

) Pav
0.017
0.192
0.020
0.023
0.054
0.049

stability

zo=3

L"1 (m"1)

-0.012

-0.027
-0.035
0.000
0.003
0.000

.0

Pav
0.023
0.025
0.019
0.031
0.056
0.050
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Table 3. Variation of the power-law exponent,

class and surface roughness Zo

Stability

A

B

C

D

E

F

zo=0.01

L 4 (m-1)

-0.108

-0.145

-0.304

0.000

0.042

0.000

Pav

0.002

0.006

0.007

0.015

0.086

0.090

pav, as a function of Pasquill stability

in Summer season.

Zo=0.1

L"1 (m"1)

-0.048

-0.068

-0.142

0.000

0.018

0.000

Pav

0.003

0.007

0.008

0.019

0.062

0.066

zo=l

L1 (m-1)

-0.108

-0.145

-0.051

0.000

0.005

0.000

0

Pav

0.004

0.006

0.015

0.028

0.051

0.054

zo=3

L'1 (m-1)

0.000

-0.013

-0.027

0.000

0.002

0.000

.0

Pav

0.021

0.023

0.024

0.033

0.055

0.059

Table 4. Variation

class and surface

Stability

A

B

C

D

E

F

Zo

I/1 (m1)

-0.336

-0.280

-2.772

0.000

0.516

0.002

of the power-law

roughness Zo

=0.01

Pav

0.005

0.008

0.009

0.019

0.085

0.089

exponent, pav, as

in Autumn

L"1

-0

-0

-1

0

0

0

zo=C

(m"1)

.159

.132

.297

000

220

002

season.

.1

Pav

0.008

0.011

0.011

0.020

0.049

0.055

a function of Pasquill

zo=1.0

I/1 (m-1)

-0.336

-0.101

-0.468

0.000

0.067

0.000

Pav

0.007

0.010

0.015

0.026

0.055

0.060

stability

L"1

-0

-0

-0

0.

0.

0.

Zo=.

(m-1)

.031

.025

.246

000

030

000

3.0

Pav

0.020

0.023

0.025

0.031

0.066

0.070

Table 5 shows how to obtain the wind velocity at different heights if given the velocity at
specific height in different stability classes throughout 24 hours of a day using equation (1).

Fig. 5 shows the relation between normalized average ground level concentration C\Q (m3\
s)at the plume centerline , and downwind distance (m) at Inshas site using the following
equation :

c_
Q

1
-EXP

-H'

2a?

H is the effective height where,

H = hs + Ah
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hs is the stack height of the reactor at Inshas (43m), and Ah =3wD/U is the plume rise [8].
Here w is the exit velocity (4m\ s) ,and D is the stack diameter (lm) [11].

Table 5 Estimated average wind speed at heights 20, 30,40,43,50,100m
In winter season, at Inshas site, Egypt.

Time
01:00:00
02:00:00
03:00:00
04:00:00
05:00:00
06:00:00
07:00:00
08:00:00
09:00:00
10:00:00
11:00:00
12:00:00
13:00:00
14:00:00
15:00:00
16:00:00
17:00:00
18:00:00
19:00:00
20:00:00

Stability
F
E
E
E
E
E
E
C
C

c
c
c
c
B
A
A
B
B
D
D

21:00:00 D
22:00:00 D
23:00:00 D
00:00:00 ; D

WS(10m)
0.60
1.33
0.47
0.53
0.77
1.54
1.80
1.57
1.43
2.80
3.50
3.47
4.03
3.90
3.47
3.00
2.73
2.07
2.10
1.83
2.13
1.93
2.20
1.69

WS(20)
0.61
1.35
0.48
0.54
0.78
1.57
1.83
1.59
1.44
2.83
3.53
3.50
4.07
3.93
3.49
3.02
2.75
2.09
2.12
1.85
2.15
1.95
2.22
1.70

WS(30m)
0.61
1.37
0.48
0.54
0.79
1.58
1.85
1.59
1.45
2.84
3.55
3.52
4.09
3.95
3.50
3.03
2.77
2.10
2.14
1.86
2.17
1.96
2.24
1.71

Ws(40)
0.62
1.38
0.49
0.55
0.80
1.59
1.86
1.60
1.46
2.85
3.57
3.54
4.11
3.97
3.51
3.03
2.78
2.10
2.15
1.87
2.18
1.97
2.25
1.71

WS(43m)
0.62
1.38
0.49
0.55
0.80
1.60
1.87
1.60
1.46
2.86
3.57
3.54
4.11
3.97
3.51
3.04
2.78
2.11
2.15
1.87
2.18
1.98
2.25
1.71

WS(50m)
0.62
1.38
0.49
0.55
0.80
1.60
1.87
1.61
1.46
2.86
3.58
3.55
4.12
3.98
3.52
3.04
2.78
2.11
2.15
1.88
2.19
1.98
2.26
1.73

WS(100)
0.63
1.41
0.50
0.56
0.82
1.63
1.91
1.62
1.48
2.89
3.61
3.58
4.16
4.01
3.53
3.06
2.81
2.13
2.18
1.90
2.21
2.00
2.28
1.67
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Fig. 5.The variation of normalized average concentration with downwind distance
through different stability classes .

CONCLUSIONS

The results obtained in Figs. 1,2,3 and 4, and tables 1,2,3 and 4 indicate that during stable
conditions the power- law exponent is mostly a function of stability and only a week function
of surface roughness . During unstable conditions, however the power-law exponent is mostly
a function of surface roughness and only a week function of stability. The suggested
dependence of the power-law exponent on surface roughness as well as stability seems to
explain the differences in the reported exponent values derived from field data.

As an extension of our work, Fig. 5 indicates that normalized average concetration
decreases mostly and approaches zero at (1100m) distance , while maximum ground level
concetration lies approximately at (200m) distance for all stability classes at Inshas site .

Finally, table 5 is being offered as a reference of average wind speed at different heights
in winter season at Inshas site using equation (1).

-419-



REFERENCES

[I] Nickerson, E. C. and Smiley, V.E., Journal of appl. Met. 14,297-300 (1975).
[2] Benoit R., Journal of appl. Met. 16, 859-860(1977).
[3] Touma J. S , Journal of. air pollt. Control Ass. 27 ,863- 866 (1977).
[4] Panofsky H. A., Blackadar and McVehil G. E., Journal of met. Soc. 86 , 390-398. (1960).
[5] Bussinger J. A. ,Wyngaard J. C. ,Izumi Y. and Bradley E. F., Journal of atmos.Sci 28,
181- 189(1971).
[6] Arya S. P., Air Pollution Meteorology and dispersion. New York -Oxford ,Oxford

University Press, 1999.
[7] Weber A. H.Jrwin J.S., Kahler J.P. and Petersen W.B., Atmospheric turbulence properties

in the lowest 300 meters, NTIS No. EPA -600\ 4-75-004, U.S. Environmental Protection
Agency ,RTP,NC (1975).

[8] IAEA safety guide, Atmospheric Dispersion in Nuclear Power Plant Siting, No. 50 -SG-
S3, 1980.

[9] Brigges,G.A., Plume rise prediction, Amer. Meteorol. Soc, Lectures on Air Pollution
and Environmental Impact Analysis " Boston 59-105(1975).

[10] Counihan J., Atmospheric Environment 9,871-905(1975).

[II] Report 53, Reactor Physics Department, Inshas , Egypt (1953).

-420-



B4lh Conference on Nuclear and Particle Physics, * ^ E G 0 6 0 0 1 6 7
11-15 Oct. 20003, Fayoum , Egypt

ATMOSPHERIC DISPERSION OF EMISSIONS OVER URBAN
AREA IN EGYPT

Soad M. Etman, Khaled S. M. Essa*and M. Embaby
Mathematics & Theoretical Physics Department, NRC, AEA

P.O. 13759, Cairo-Egypt
* e-mail: essaj<.sm@yahoo.com

ABSTRACT

The dispersion of pollutants from a point source is analytically investigated
taking into consideration the vertical variation of both wind speed and eddy
diffusivity. The deposition of the diffusing particles on the ground is taken into
account throughout the boundary conditions. The concentration of pollutants
under different atmospheric stabilities was found assuming that the vertical
diffusion is limited by an elevated inversion layer. The decay distance of a
pollutant along the wind direction for different atmospheric stabilities was
derived. The resulting analytical formulae have been applied on a case study
namely, the emission from the research reactor at Inshas. The results are
discussed and presented in illustrative figures.

Keywords. Atmospheric dispersion, Mixing height, Decay distance.

INTRODUCTION

The atmospheric diffusion equation (e.g., [1] has long been used to describe the transport
of pollutant in a turbulent atmosphere. The general analytical solution of the diffusion
equation in its general form is difficult to be found, while numerical solutions are possible
with large computers. However, with a few simple expressions for the wind speed and K-
coerficient as functions of height above the ground an analytical solution can be found.
References [2-7] give details of several solutions. Analytical solution possesses several
advantages over numerical solution, because all parameters in the problem appear explicitly in
the solution, so, their influence can be easily investigated. Also, an analytical solution is
useful for examining the accuracy and performance of the numerical solutions [8-10]. An
analytical solution that has received much attention and has been studied extensively is the
Gaussian plume model, which assumes that the wind speed and turbulent eddies are invariant
with height. This model relates to an inert pollutant released from a point source under
idealized conditions of horizontal uniformity and terrain. The effect of ground level
absorption on the dispersion of pollutant has been studied analytically by Heines [11]. Bennett
[12] introduced a physical model for the dry deposition of pollutants to a rough surface.

In this paper we present an analytical treatment of the diffusion equation under the
boundary conditions which includes:

a- The deposition of pollutants on the ground surface.
b- The variations of wind speed and turbulent diffusivities with height.

The vertical diffusion is assumed to be limited by an elevated inversion layer.
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"1

Atmospheric Diffusion Equation

Under steady state conditions, the ambient concentration C(x, z) of contaminants at a
general point (x, z) of the atmospheric medium satisfies the non-linear partial differential
equation [3]:

u(z) ac = d_
dx dz

K(z)
dz 0)

The mean downwind speed u(z) and turbulent diffusivity K(z) are assumed to vary with
height.

In the present study within the surface layer, for rough surface we assume the mean wind
speed, u(z) = 0 at ground surface, i.e., when z = 0. This is satisfied when z is replaced by
z+zo (z0 is the roughness length) in the differential equation of the wind profile in the
boundary layer [13]:

where cpm(z/L) is the dimensionless wind gradient, L is the Monin- Obukhove scale length, u*
is the friction velocity and, k = 0.4 is the von-Karman's constants. The most widely empirical
accepted forms for cpm(z/L) have been given as follows [13]:

(a) for unstable conditions

(A ( z\m

9m — H 1 + 16— where zfL<Q

(b) for stable conditions

( p m l r J = 1 + 5 ' 2 r where z/L>0

(c) for neutral conditions

<pm — = 1 where z/L=0

Upon integrating Eq.(*) with these forms, we get the following velocity profiles:

u(z) = — In — , for neutral conditions (2)

k { z0 )
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u * In
5.2z

L
for stable conditions (3)

u(z)== u*

In

| 16(z + z0)

L

ln

L

zo)il/4 +

-1

for unstable conditions (4)

The vertical eddy diffusivity coefficient will he approximated by the following formula [14]:

K.(z)= K o +ku*z for neutral conditions (5)

K(z)=K0+*u*z

K(z)=K0 +£u.

— for stable conditions (6)

\ l / 4

16z] for unstable conditions (7)

It may be noticed that the diffusion coefficient K(z) should be non-zero at the ground surface
(i.e. Ko * 0 ) This is an essential requirement for vertical diffusion to be possible.

The boundary conditions on Eq.(l) reads:

(1)- The inversion layer is assumed impermeable to the pollutants or:

C(x, z) = 0, at z = h (8a)

and

ac(x,z)_
dz

at z = h (8b)

-423-



where h is the height of the inversion layer.

(2)- The deposition of pollutants on the ground surface is taken into account, through
the boundary condition:

af z = 0 (9)
dz

where, va is the deposition velocity.

Now we are going to solve Eq.(l) analytically under different atmospheric stability
conditions (neutral, stable, and unstable), assuming the contaminant concentration profile has
the form:

C(x,z)=F(x)fl-£) (10)

This choice for C(x, z) has been made so as to satisfy the above boundary conditions.

Integrating Eq.(l) over the range from the ground surface (z = 0) up to the inversion
height (z = h), and applying the B.Cs. ( 8b) and (9 ) one gets:

A Ju(z) C(x,z)dz =-vdC(x,0) (11)
dx Q

1- For neutral conditions

On substituting in Eq.(ll) by the expressions for C(x, z) and u(z) given by Eqs.(lO) and
(2) respectively, we obtain:

k dx

which can be rewritten as follows

n*N dF(x) „ , .
—: j ^ =-v d F(x) (13)

k dxwhere
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,.i+iL[tofi+iL
3h2 I z J I z.

Integrating Eq.(13) with respect to x, we get:

18h

* 15h h2

6 + + 11—- (14)

F(x) = Fo exp -
u«

where Fo = F(0) .

On substituting in Eq.(lO), we obtain

z

h

(15)

(16)

Let
u*N

V —

d n

(17)

which is called the decay distance of airborne pollutant (radioactive or industrial) in neutral
conditions therefore, Eq. (16) can be written as:

C(x, z) -p

the formula:

Q =

x
dn

x=0

exp X

V dn J I1

h
Ju(z)C(x,z)dx

z=0

Z

h

dz

(18)

(19)

where Q is the emission rate of pollutants.
On substituting for u(z) and C(x, z) given by Eqs.(2), and Eq.(18) in Eq.(19), we get:

U* F o dn

—— I
K x=0

exp
"dn

dx /
zio

u*F0N x
dn.h_I

Hence, by using Eq.(17), we obtain:

Q

0.63 vd x ^

Therefore, the final form of the concentration of pollutants in neutral conditions is then:
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C(x, z) =
0.63 vd x2

Ad dn

exp
X

X ,
\ dny

1 - (20)

2- For stable conditions

The analytic solution of the diffusion equation (1) in stable condition can be obtained
following the same technique as in neutral conditions.

.Inserting the expressions for C(x, z) and u(z) given by Eqs.(10) and (3) respectively in
Eq.(ll ) gives:

Hence,

u* dF(x)h^ z -

k dx 0{ h,
In

5z
dz =-vdF(x) (21)

which gives:

u* dF(x)

k dx
N -

5.2hJ

12L
= -vdF(x)

u*
(22)

where M = N - 5.2 h2/12L, and Fo is a constant of integration.
Hence, in stable conditions Eq. (10) can be written as:

C(x, z) = FQ exp
Lds

where

(23)

u*M
(24)

is the decay distance in stable conditions.

In this case, the constant Fo can be obtained by substituting by the Eqs. (3) and (23) in
Eq.(19) ( where the integration over x is from x = 0 to x = X<JS ) to have:

u* Fo ' ds I x
j exp -

k x=0 I x
ds

dx | 1 - 5.2z . ,
• + I dz
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= 0.63
u*F0M x

Hence, by using Eq.(24), we obtain:

0.63 vd xz,
d ds

then, the concentration of pollutants in stable conditions in its final form is:

.2
C(x, z) =

3- For unstable conditions

0.63 vd x
exp

ds
x ,

V ds /
h

(25)

(26)

Solution of the diffusion equation (1) in unstable condition can be obtained following the
same previous technique.

Substituting by the expressions for C(x, z) given by Eq.(10 ) and u(z) given by Eq.( 4) in
Eq.(ll ) we have:

k dx {{ h In

16(2+ z 0 )

L

,1/4

- 1

= -vdF(x)

where

l/4

Equation (27) can be rewritten as:

u* dF(x)

k dx
= -vdF(x)

(27)

(28)

(29)
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where

In

1 +

On using the substitution,

16(z + z0) ,1/4

and integrating Eq.(30) we obtain:

210 h2

where,

- (31)

Al = -

a 4 , a + 1
—In
4 a - 1

4 b + 1 4 (b-l)(a-

(a4-!)

(32a)

b7 , (b 8 - l )__ l u b8, b-18

14
tan b +—ln-

8 b + 1

a3 a 7 a 8 , a + 1
+ f- 1 In

6 14 8 a - 1

1 l)(a-l)

8 (b-l)(a
(32b)

A3 = -
21

21

33

a ^

33

12
lb + ln-

12

In
a + 1 (a12-n _r^tan

12 a - 1

12 b + 1 12 (b-l)(a + l)
(32c)
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a= 1 +
16z0)

vl/4

and (32d)

Upon integrating Eq.(29) we obtain:

F(x) = Foexp -
xdu

(33)

where

u*L>

du
(34)

is the decay distance in unstable conditions.
So in unstable conditions, Eq. (10) can be rewritten as:

C(x, z) = FQ exp -
"du

1 h
(35)

On substituting by the expressions for C(x,z) and u(z) given by Eqs.(35) and (4) respectively,
in Eq.(19) ( where the integration over x is from x = 0 to x = xdU) we can get:

Q = 0.63
u*F0D x

du

Hence, by using Eq.(33), we obtain:

Q

0.63 vd xjd du

Therefore, the concentration of pollutants in unstable conditions in its final form is:

Q

(36)

C(x, z) =
0.63 vd x

exp
du

x du /

(37)
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CASE STUDY

The results of this analytical study are used to calculate the decay distance and
pollutant concentration at Inshas Nuclear Research Center. The available meteorological data
obtained from Inshas tower are the wind speed and air temperature at two heights 10 and
58m. recorded at local times 2004 to 2107 for the year 1999. These data are used to
determine the atmospheric stability which was found to be stable. The value of the Monin-
Obukhove length , L, corresponding to the stable atmosphere was found from Gifford work
[15]. Using Eq.(3) we calculate the values of u* in terms of the wind speed u(z) at 10m
height, hence, the values of the mixing height could be determined from the following
formula [16] for stable air:

h = 0.4 u*

a/2
L for h/L >0 (38)

where f=2Q sin O is the Coriolis parameter, Cl is the angular velocity of the Earth and O is
the latitude.

In our case study, the pollutant assumed is an elemental Iodine whose default value for
deposition velocity, va , is taken to be 0.04 m/s [17], 1982). Hence, the values of the decay
distance of Iodine have been estimated using Eq.(24). The relation between the inversion
height, h, and both the decay distance, Xds, and friction velocity, u*, is graphically illustrated in
Fig. 1. The normalized concentration (C/Q) of Iodine at three heights, z = 0, 10, 50 meters
have been estimated using Eq.(26) The concentration as a function of downwind distance is
represented graphically in Fig.2. We notice from Fig.l, that when the friction velocity
increases, the mixing height and and consequently the decay distance increases Also from
Fig. 2, we notice that the pollutant concentration decreases with increasing the height above
the ground.

CONCLUSIONS

In this study we use the integral method for modeling atmospheric dispersion of
pollutants. The method was applied with the assumption that the distribution of pollutants in
the vertical direction is given by a simple polynomial. The variation of wind speed u(z) and
the turbulent diffusivity K(z) with height , z , above the ground surface are taken into
account. Also, K(z ) is taken to be non- zero at the ground surface for vertical diffusion to be
possible. The model predicts the concentration of pollutants released from an elevated source
in presence of both deposition on the ground surface and elevated inversion. Also, the model
is used to predict and estimate the decay distance in the downwind direction.
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Mixing height (m)

ig. 1 The relation between : (a) the decay distance x ŝ and the mixing height h.
(b) the mixing height h and the friction velocity u*.
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Fig 2. The relation between the normalized mean concentration C (x, z)/Q and the down-
wind distance at three heights, z = 0, 10 and 50 meters above the ground.
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ABSTRACT

The ratios of the standard deviations of the horizontal velocity components to the
friction velocity in the surface layer under convective conditions depend only on
Zj/L where Zj is the height of the lowest inversion layer and L is the Monin-
Obukhov length, are studied. This hypothesis is tested by using observations
(meteorological data) for Inshas site and compared with international data and
appears to fit well. The empirical curves are fitted to the observations data and the
standard deviation become proportional to W», the convective scaling velocity.

Keywords: Standard Deviations, Horizontal Velocity Components, the Friction
Velocity, Inversion Layer, Convective Scaling Velocity

INTRODUCTION

According to the classical Monin-Obukhov similarity theory, the elements of the standard
deviations of horizontal turbulent velocity components a in the surface layer are described by:

— = #,(7-), a = u,v,w (l)

where n, is the surface friction velocity, Z the height and L the Monin-Obukhov length. <fi is

dimensionless wind shear, different for each horizontal velocity component.

Lumley and Panofsky [1] have already noted that equation (1) applied well to vertical but
not to horizontal velocity components. In particular, under convective conditions, a change
in height has negligible effect on horizontal standard deviations, whereas a change in L has a
pronounced effect.

We can get some insight into the relevant similarity variables for the horizontal velocity
components by considering the limiting case of free convection. Even in the surface layer, it
seems plausible that they should scale with the convective velocity scale for the boundary
layer,
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c pTpf J

where g is the acceleration due to gravity, H is the vertical surface virtual heat flux, C is the

specific heat at constant pressure, p\s density, T is temperature and K is von Karman

constant, since the horizontal components of the convective eddies would be expected to
extend down to near the surface. Thus in the limit

(3)
u.

Therefore we suggest that the proper surface-layer scaling for o is not as in Equation (1), but
rather have previously postulated equations of this form [2].

( i ) , a = u,v (4)
w.

Recently , good observations have become available on the basis of which the reliability of
equation (4) will be tested. For competence, the data obtained [3] the same periods will be
used to test once again the agreement of the vertical velocity fluctuations with predictions
from Monin-Obukhov theory.

PROPERTIES OF HORIZONTAL WIND COMPONENTS

The analysis is based on several independent field experiments. In one of these, two
research groups , respectively, the East China Sea near Okinawa, Japan, as part of the Air
Mass Transformation Experiment (AMTEX) [4] and the tower of pollution at Inshas site,
Cairo, Egypt.

Table 1. shows the observations data of horizontal fluctuations at East China Sea
(Airplane ). The Monin-Obukhov lengths were obtained from flux measurements at flight
level and Z\ was obtained from aircraft vertical soundings. The standard deviations computed
from the airplane data represent such averages, and are simply called o in Table 1.

Table 2. shows estimated values of Monin-Obukhov lengths "L" has been obtained
using the following equation [5],

P c Tul
L = ~H p (5)

KgH
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where p is the air density , C is the specific heat, T is the air temperature , U is the friction

velocity which is estimated using [6], K is von Karmen constant, g is gravity of earth and,
H is the heat flux of air which is estimated using [7], Also the fluctuations turbulent values
Cu/u*. av/u«. o«/u*.are estimated using [6] and the height of the lowest inversion layer Z\ is
estimated using reference [5], The standard deviations computed from the Inshas data
represent such averages, and are simply called o in Table 2.

Table 1. List of Observation Used (SI units) of Horizontal Fluctuations
East China Sea (Airplane)

Date
1975
2/15
2/15
2/15
2/15
2/15
2/15
2/15
2/15
2/15

o

1.04
1.10
1.22
1.19
1.11
1.03
0.88
1.07
1.22

Zi

1296
1296
1296
1296
1296
1296
1296
1296
1296

-L

70
67
36
54
20
25
32
65
54

U

0.38
0.39
0.39
0.44
0.30
0.32
0.24
0.45
0.45

Z

110
110
110
110
110
110
110
226
135

Table 1. List of Estimated Used (SI units) of Horizontal and Vertical Fluctuations
at Inshas Site, Cairo, Egypt

Date
2000
12/1
12/10
12/15

1/2
1/10
2/10
2/12
2/20
2/25

a

0.456
0.39
0.54
0.528
0.476
0.65
1.656
0.673
0.715

z,
475
441
1522
1199
1500
588
545
118
122

-L

8
9
18
30
21

25.4
94
71

18.6

U

0.12
0.12
0.15
0.16
0.14
0.26
0.72
0.25
0.26

Z

10
10
10
10
10
10
10
10
10

1.66
0.91
1.98
1.79
2.14
1.95
2.0
1.7
1.74

Ov/ V

1.66
1.55
1.98
1.79
1.84
1.45
2.0
1.5
1.05

aw / U

1.61
0.15
1.28
1.35
0.53
0.45
1.37
1.06
1.21

Figure 1 shows the relation between oil} and Z/L. All observations fall quite well on the

same line refer to figure.

Two empirical curves were fitted to the points in Figure 1, both satisfying the condition

that / varies as (z. /— Ly at large (Zi/-L), so that the standard deviations a become

proportional to Wt independent of Ut.
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1/2— = [4 + 0.6(Z/-Z)2/3 |

was selected because it was similar in form to that postulated by Wyngaard and Cote [2]; the
other.

(6)

(V)- = [12 + 0.52 I-Lf
u,

was chosen because it is somewhat simpler and because it is in better agreement with
observations. Both equations fit well.

400

Fig. 1. Standard Deviation of Horizontal Velocity Components Normalized by W.as

Functions of-Z/L.

It is clear that the hypothesis expressed by equations (4) and (7) is in general agreement
with observations.
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PROPERTIES OF VERTICAL VELOCITY COMPONENTS

Figure 2 shows the variation of the ratio of ow , the standard deviation of the vertical
velocity, to the friction velocity, plotted as a function of Z/-L. The points are based on the
same field experiments as those in Figure 1.

Again, two empirical relation have been fitted to the data, both subject to the conditions

that ou / u, should vary as (Z/-L)1/3 for large Z/-L, and that should approach approximately

1.3 as Z/-L —>0. The equation

a /u =[1.6+2.9(Z/-L)2/3]°5

w

A
aju =1.3[1+3Z/-L)]

Inshas data

Airplane data

1/3

0 2 4 6 8
Z / -L

Fig. 2. Standard Deviation of Vertical Velocity Normalized by Z/.as Functions of-Z /L.
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(8)

was selected because it is of the form postulated by Wyngaard and Cote [2]. The equation

(9)
it.

is a little simpler and fits the observations better. It also provides a good fit to surface-layer
observations collected by Merry and Panofsky [8] from observations at the other sites, and is
therefore believed to be slightly preferable to equation (8).
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