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THEORETICAL PHYSICS

THE LEAR FACILITY AND THE QCD-PAIiTICLE SPECTRUM

H. Baler

I It is generally argued that experiments at the CERN low energy NN-

facility could produce glueballs and hybrids.

1 Unfortunately (QCD-) theory produces no convincing and quantitatively

unique signatures for the just mentioned particles. Especially it

I would be difficult to distinguish them from the conventional mesonic

quark-antiquark excitations deduced as usual from experiment and/or

I bag potential-model or lattice calculations.

In connection with the ASTERIX-experiment at LEAR we attempt to

• correlate the present evidence for this exotic particles and try to

I estimate the chances to find them at LEAR.

We will continue then with a comparison of specific models usually

I applied to generate bound states of quarks and gluons, with respect to

the predictions for the states of interest and the reaction pp -»• x

I (x: mesons). Especially we hope to find some improvement of the

presently accepted crude annihilation models and more sophisticated

I signatures for gluonium and hybrids as compared to the usual quark-

antiquark and multiquark states.

HI M. Toper, The glueball spectrum in lattice QCD, Proc. HEP. 83,

Ed. J. Guy , C. Costain, p. 4

111 S. Lindenbaum, Hadronic production of glueballs, Proc. HEP. 83,

Ed. J. Guy, C. Costain, p. 351

/3/ F.E. Close, Gluonic hadrons, Proc. HEP. 83, Ed. J. Guy, C.

Costain, p. 361
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EXPERIMENTAL MEDIUM ENERGY PHYSICS

STUDY OF PROTON-ANTIPROTON ANNIHILATION AT REST

M. Botlo, C. Laa and H. Vonach

In Hay 1984 the institute joined the Asterix collaboration /I/ for

study of proton-antiproton annihilation at rest at the LEAR facility

at CERN. The Austrian group members participated in the summer 1984

data taking period and subsequent data analysis. Special progress was

made in the use of dE/dx information of the XDC chamber for

discrimination up to momenta of 500 MeV/c.

Ill R. Armanteros et al., CERN-Report PSCC/80-101, PSCC/P28 (1980)

I
I
I
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NUCLEAR MODEL CALCULATIONS

SEARCH FOR A NEUTRON OPTICAL POTENTIAL IN THE A = 46 - 64 REGION

B. Strohmaier, M. Uhl and S. Wiboolsak

Besides their importance in fundamental nuclear physics optical

potentials are very useful for model calculations of nuclear cross

sections. In the context of an evaluation of neutron induced cross

sections for some structural materials with A = 52 - 60 we need a

regional neutron optical potential which reproduces experimental data

for energies between 10 keV and 40 MeV. We started with the global

optical potential reported by Rapaport et al. /I/ which within the

range of its validity (7 < E < 26 MeV) reproduces the total, the

differential elastic and the absorption cross section. However, if

employed at energies substantially below 7 MeV, the potential of ref.

1 fails to reproduce the minimum of the total cross section between 1

and 2 MeV as well as the following low energy data: the scattering

radius R* and the s-wave and p-wave strength functions S and S.,

respectively. As shown in ref. 2, an improved fit to the data below

7 MeV results by modifying below 8 MeV the energy dependence of the

surface absorptive strength and by slightly reducing the diffusivities

a_ and aT of the real and the imaginary part, respectively; in spite

of the new values for the diffusivities the available experimental

data between 8 and 40 MeV are described satisfactorily. Unfortunately

the potential of ref. 2 still encounters some problems in reproducing

R1, S. and the minimum of the total cross section between 1 and 2 MeV.

A further improvement in the energy region E < I could only be

achieved by allowing for a linear energy dependence of the diffuseness

of the real potential and the diffuseness and the reduced radius of

the surface peaked absorptive potential; at E = 5 the energy

dependent geometrical parameters continuously join those of ref. 2.

For the comparison with experimental data we performed single-channel

as well as coupled-channels calculations (with a slightly reduced

absorptive strength) and obtained comparable fits with both types of

calculations. Though the physical relevance of energy dependent
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geometrical parameters is certainly questionable ve nevertheless hope

that this potential proves useful for model calculations of cross I

sections.

HI J. Rapaport, V. Kulkarni and R.W. Finlay, Nucl. Phys. A330

(1979) 15

and

J. Rapaport, Phys. Repts. 87̂  (1982) 25

HI B. Strohmaier, Rept. IRK 84/01 I

COMPUTER CODES FOR NUCLEAR REACTION CROSS SECTIONS

M. Uhl

stage employing the systematics of Kalbach-Mann 111. An application to
the an

report

93the analysis of the reaction Nb(n,p) is reported elsewhere in this

I
I

I

A) MAURINA il
The development of the new cross section code MAURINA is in pro-

gress. The interface routines related to the DWBA-code DWUCK / I / and jj

the program section which combines all the contributions resulting

from different reaction models (direct reactions, preequilibrium II

emission, compound nucleus evaporation) were completed. New routines

which calculate the spectrum of the recoil energies of all residual II

nuclei were developed and will be tested in near future. Further I

started the debugging of the program section which handles the multi- it

step evaporation of particles and gamma-rays. It turned out that a II

major problem with this portion of the code is to find a reasonable

compromise between the speed of the calculations and the accuracy of J|

the numerical integrations.

II
B) STAPRE

The code STAPRE was extended by including a routine which calcu- II

lates angular distributions of particles emitted in the preequilibrium

I
I

HI P.D. Kunz, University of Colorado, unpublished

111 C. Kalbach et al., Phys. Rev. C23 (1981) 112
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EXPERIMENTAL NUCLEAR PHYSICS, NEUTRON INDUCED REACTIONS

MEASUREMENT OF THE ENERGY- AND ANGULAR DISTRIBUTION OF THE HIGH-ENERGY

PART OF INELASTICALLY SCATTERED 14 MEV NEUTRONS '

A. Pavlik, G. Staffel, G. Winkler and H. Vonach

Test measurements on the new time-of-flight equipment described in the

last year's reports have been performed using iron, carbon and poly-

ethylene scattering samples. A software package was developed and

tested in order to process the accumulated multiparameter (pulse-

height, pulse-shape, time-of-flight) events from the neutron detector

to obtain neutron (and gamma) time-of-flight spectra and finally

double-differential cross sections. Due to the experimental set-up the

average incident neutron energy is kept almost constant for all

scattering angles /I/, but the energy distribution depends on both

sample size and position. The incident neutron energy distributions as

well as the scattering angle distributions due to the finite sample

size, and the average scattering angles were calculated using a Monte

Carlo technique 111 thus studying the effect of the choice of length

and diameter of the scattering samples. The contamination of the

neutron field by neutrons scattered at first on the shadow bar shiel-

ding the entrance aperture of the detector collimator from the direct

source neutrons into an energy range significant for this experiment,

was found to be less than 1%. Multiple scattering corrections for the

inelastic part (E ') of the secondary neutrons (e.g. for iron) were

estimated by considering only double scattering. For every energy bin

E ' the probability was computed for events being scattered first to

an energy bin E '' with E " > E ' and then being scattered to the

energy bin E '. The necessary nonelastic cross sections as a function

of both E *' and E ' were derived from model calculations using the
n n

STAPRE-code thus resulting in the double scattering correction

14

N, , , /N . . = nd f a „
douole single ' riK

*)
supported by the Jubiläumsfonds der Österreichischen Nationalbank
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with d the average path length of single-scattered neutrons in the

sample, derived by averaging over all points of origin in the sample

and all emission directions.

Ill IRK Progress Report 1983

111 A. Pavlik and G. Winkler, contribution to this report 1
I

PRECISE MEASUREMENT OF CROSS SECTIONS FOR THE REACTIONS
59CO(N,2N)58m+8CO AND 59C0(N,P)59FE AROUND 14 MEV

1 2
S.J. Hasan , A. Pavlik, G. Winkler and M. Kaba

The accurate knowledge of the cross sec t ions for neutron induced
59

react ions on Co i s of importance due to the poss ible use of t h i s

material in f i s s ion and fusion r eac to r s or in neutron dosimatry. The

cross sec t ions for the reac t ions Co(n,2n) Co and Co(n,p) Fe

were measured a t neutron energies of 13.4, 13.8 , 14.5 and 14.8 MeV

re la t ive t o the well-known cross sect ions for the r eac t ion
27 24
Al(n,a) Na using the activation technique. Ths accuracies achieved

59 59

were ̂  2% and i< 5% for the Co(n,2n) and Co(n,p) reaction,respecti-

vely. Activity measurements were carried out using a 12.7 cm x 12.7 cm

Nal(Tl) well-type detector and a Ge(Li) detector. The knowledge of the
59 59

ratio of the Co(n,2n) and Co(n,p) cross sections was essential to

precisely evaluate the activity measurements. The (n,2n) isomeric

cross section ratio was measured at the energy 13.8 MeV by following
58

the ground-state gamma-ray activity of Co. The experimental results

were compared with calculations based on the optical model, the

compound nucleus model and the exciton model of nuclear reactions /I/.
1

visiting scientist from Nuclear Research Center, Baghdad, Iraq

visiting scientist from Universite Nationale de Cote d'lvoire,

Abidjan, Ivory Coast
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Using the new precise cross-section values makes the Co(n,2n) Co

reaction well suited as a reliable and handy fluence monitor for

long-term 14 MeV neutron experiments. Table 1 shows the Experimental

cross sections obtained.

en eg eg eg

Table 1 The Co(n,2n) Co and Co(n,p) Fe cross sections measured
27 24

relative to the Al(n,a) Na cross sections

Average energy
(HeV)

13.450 i 0.010

13.893 i 0.012

14.53J i 0.018

14.B22 I 0.013

Energy resolution
(MeV)

0.145

0.075

0.160

0.250

Z7Al{B,a)MK«
Reference cross
section (nb)

125.67 i 1.40

123.00 i 0.63

115.55 ± 0.69

112.87 ± 0.81

59Eo(n.2n)5BCo

Measured . . Totsl (n,2n)
cross section cross section

(mb) (lab)

610.88 • 8.43 606.bB ± 8.40

682.77 i 6.69 680.31 * 6.67

76B.87 ± 7.30 766.10 ± 7.27

790.43 ± 8.14 7B7.58 i 8.11

Co(n,p) Fe
cross section

fob)

53.03 i 3.02

53.01 t 3.06

i>7.49 ± 2.66

4b.05 i 2.26

The spread in energy i s given in ±1/2 (FUHH) as derived from the neutron energy profile.

T h e v a l u e s g i v e n i n t h i s c o l u m n a r e C h e q u a n t i t i e s a + o A / ( A - X )

™ ^ g m m ID g

HI M. Uhl, this report

MEASUREMENT OF DIFFERENTIAL (N, CHARGED PARTICLE) CROSS SECTIONS

BY MEANS OF THE VIENNA MULTITELESCOPE SYSTEM

R. Fischer, P. Maier-Komor , B. Strohmaier, G. Traxler, M. Uhl

and H. Vonach

A)
 56
Fe(n,q) and

 60
Ni(n,q)

The measured energy-differential α-emission cross-sections (s. Pro-

gress Report 1982 and 1983) were compared to statistical model calcu-

lations and level densities for the nuclei
 5 3

Cr,
 5 6

Fe,
 5 7

Fe and
 6 0

Ni

were derived from the comparison. The experimental results and the

statistical model analysis were published /I/.

Physics Department (El2) TU-Munich, FRG
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B)
 93
Nb(n,p)

The preliminary results shown in the 1983 progress report had to be

slightly revised due to a small error in the energy calibration. This

resulted in a slightly harder proton spectrum. This final result is

shown in Fig. 1. The total p-emission cross-section remained unchang-

t>

c m tin ii.li
CHRrtlEL ENERGY II1EU)

93
VFig. 1. Angle integrated proton emission spectrum for the " Nb(n,p)

reaction.

ed. The angular distributions are satisfactorily described by a

Legendre polynomial expansion up to P_ (cos 9) and are in good agree-

ment with the predictions of the Kalbach-Mann systematics 111 (see

Fig. 2). Attempts to describe the angular distribution by statistical

DWBA calculations /3/ were only partially successful. Whereas the

shape of the angular distributions is reasonably well reproduced it

was not possible to fit the absolute double differential p-emission

cross sections with a common normalization (Fig. 3).

The results of this work have been submitted to Nucl. Science and

Engineering.

C)
 55
Mn(n.a) and

 59
Co(n.ct)

Double dif ferential α-emission cross-sections for these reactions were

measured at E * 14.1 MeV by means of the Vienna multitelescope system

/4/ in the usual way. A t o t a l of 7500 resp„ 17 000 time (background-

subtracted) events were measured for the two cases. The analysis of

the data i s s t i l l in progress, preliminary values for tota l α-emission

cross-sections are 24 ± 2 . 5 resp. 33 ± 3.
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i

£p(HeV) — £p(MeV) — .
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Fig. 2. Comparison of the reduced Legendre coef f ic ients b. and b_
with the predictions of the Kalbach-Mann systematlcs
(2 p
(d2o7dE d6) =

P
(da/dE

pp
b2(Ep)P2(cos 0))

.(E )P.(cos 9)
1 p 1

10
60 90 120 150

deg—*

Fig. 3. Comparison of the double-differential proton emission cross-
sections with the predictions of statistical DWBA calcula-
tions (full curves)
dotted lines: same DWBA calculations normalized to the ex-
perimental data for each energy bin.
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D) Comparison of measurements of proton emission spectra using thin

and infinitely thick targets |

For investigation of (n,p) reactions of heavy elements the conventio-

nal method of using thin targets becomes difficult because background I

problems and in principle more accurate results can be expected

if instead infinitely thick targets (thick compared to the range of :

the most energetic protons) are used. In this case the cross-sections

have to be derived by differentiation of the measured particle spec-

tra. If these spectra vary smoothly with energy (as expected for (n,p)

reactions at E =14.1 MeV for heavy elements) the gain by the in-

creased count-rate overcompensates the loss in accuracy due to the

numerical differentiation of the spectra. In order to confirm this

conclusion experimentally and to check the thick target method for

possible systematic errors a thick target measurement was performed
93

for Nb(n,p) reaction which (see B) has been measured before with a

conventional thin target. Fig. 4 shows the angle-integrated proton

spectra from these measurements. The figure shows

1) There is very good agreement between the two spectra. (The discre-

pancy of the highest energy point is well explained by the uncer-

tainty of the energy scales in the two measurements.)

2) On average the statistical accuracy of the thick target data is

somewhat better although the measuring time for the thin target

experiment was three times longer.

3) As expected the accuracy of thick target data becomes rather poor

at the low energy end of the spectrum, whereas it is much superior

to the thin target results at the high energy end of the spectra.

Thus for A > 90 it appears that more accurate data in a given measu-

ring time can be obtained by using thick targets and our later experi-

ments (see section E) were done this way.

E) natAg(n,p) and natIn(n,p) reactions

The double-differential proton emission-spectra for these reactions at

E n * 14.1 MeV were measured with the Vienna multitelescope system M /

using infinitely thick targets as described before. The analysis of

the results is still in progress.
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N
to

cm MIS ii.n
CHRmEL EtiEäGY IHEU)

Fig. 4. Comparison of the angle-integrated proton spectra from the
reaction Nb(n,p) derived by different methods.

result of measurement with thin (10 mg/cm2) target,
measuring time 220 hours,

x result of measurement with infinitely thick target,
measuring time 70 hours.

Ill R. Fischer et al., Phys. Rev. C30 (1984) 72

HI C. Kalbach, Phys. Rev. C23 (1981) 124

/3/ T. Udagawa, K.S. Low and T. Tamura, Phys. Rev. C28 (1983) 1033

Ikl G. Traxler et al., Nucl. Instr. & Meth. 217 (1983) 121
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INSTRUMENTATION AND DETECTORS

A DIGITAL HIGH PRECISION PIlE-UP INSPECTION UNIT

A. Chalupka, S. Tagesen

Short review of commercialLy available products:

A great variety of pileup inspectors (rejectors) may be found in the

catalogues for nuclear instrumentation nodules. So, why develop

another one ? - While searching for a suitable device we discovered,

that a l l commercially available modules on which we could have speci-

fications had been constructed between 10 and 20 years ago, conse-

quently applying state of the a r t of that time. The method generally

used i s to differentiate a repl ica of the preamplifier energy output

signal, thus producing a timing information. These (short) pulses are

fed to a retriggerable single shot c i rcui t , the output of which i s

used as logical gate signal t o enable a second single shot, which wil l

produce an inhibit output on ar r iva l of any further timing pulse as

long as the f i r s t single shot i s "on" (= the pileup inspection time
T ) . The deficiencies of tfiis method are more or less serious and may

only par t ia l ly be compensated for by additional c i rcui t ry . The most

evident shortcoming i s the fac t , that a "good" signal is marked by the

absence of an output, whereas a distorted signal will be followed ajt

some arbitrary point in time (within the inspection period) by a veto

signal, which in this form is not usable to control a l inear gate.

Moreover there i s no immediate information on the number of accepted

or rejected signals and there i s usually only moderate f l ex ib i l i t y in

the choice of the inspection period.

Our design goal:

In view of th is situation we decided to spl i t the problem into two

fairly independent parts to enable for further future improvements due

to technology progress:

1. Generation of the information that an event (= pulse) had occured.

2. Generation of the information, that a certain event had not been

corrupted, neither by leading edge nor by t ra i l ing edge p i le up.
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Point 2. has usually to be solved anyhow for all coincidence experi-

I ments and nowadays purchasable modules provide excellent means to

guarantee satisfactory performance: Modern preamplifiers provide two

I separate outputs, one each for energy and timing. The timing output

should meet the requirement of being "dead time free" as closely as

K possible. In prsxi this is an optimization to shortest possible pulse

duration without significant baseline-shift or undershoot. With suit-

I able shaping and discrimination a timing accuracy and pulse pair

resolution of well below 20 ns, for certain detectors even below 5 to

10 ns, is achievable with thresholds just above noise level. It has to

g be stressed, that this part of the problem is the crucial one for a

good performance of the whole assembly. All reasonable effort is

I justified and advisable, because performance improvements could only

be gained here. Once a reliable information on the occurence of an

I event is available, point 2 remains predominantly an implementation

problem.

The digital pileup inspection circuit:

!

The underlying principle for the unit is, to measure the intervals

between all incoming logical signals and. to create a precisely timed

output signal for those of them, which are enclosed by two intervals

I each greater or equal than the pile up inspection period t, which has

to be adaptable to the appropriate amplifier shaping constants. To

I avoid all ambiguities, the unit is built up completely digital in

MECL10000 technology. A clock, adjustable by delay cable, provides

I pulses at intervals of ^ 7 ns, which consequently determines the

minimum usable pulse pair resolution. Events with shorter distances

will be treated as real coincidences and hence lead to a nonavoidable

residual pileup contribution. The clock pulses are fed to two counters

of equal capacity. Counter 1 is running free and is reset on arrival

of each input signal. Counter 2 is enabled on overflow of counter 1

and both start counting on arrival"of the subsequent event. If now

both counters do overflow in coincidence, this event is definitely

frae from pileup within ± t, because otherwise counter 1 would have

been reset before overflow. An output signal is generated, ready to be

used as control signal for a linear gate, because it is timed at



- 18 -

T ± 1 clock tic after the good event. Thus an analysis is started on

"clean" signals only, which will help to avoid unnecessary dead time

losses. T may be adjusted by two different ways:

a) modifying the clock frequency by inserting a cable of defined

length,

b) jumpering counter overflows (in our implementation to 100, 200, 500

or 1000 counts).

T , is therefore 700 ns, there is no practical limit on T
min max

Results:

Test measurements have been executed in an arrangement shown in Fig.l.

s> E

amp /

S T

r
Amptif.
shoping

Timing
discr.

linear
gale

KUup
inspect

r

Multi
channel
oncilyj

accfpted
counts

total
count*

Fig. 1. Experimental setup for test measurements.

Shaping time constant of the amplifier = 0,5 ysec

Inspection time interval T "̂  2,5 psec

We would like to draw special attention to the fact, that the pileup

module provides precise information on the actual losses.

232
A strong source of mixed a, β-radiation ( U) has been measured by a

100 um Si-detector. The countrate has been varied by changing the

distance between source and detector. 3 typical spectra are shown in

fig. 2.

Spectrum A 790 counts/s no pileup rejection

Spectrum B 109 000 counts/s no pileup rejection

Spectrum C 109 000 counts/s with pileup rejection
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I

0 111 201 309 «C l l - l J go 700 900

• ISO 201 300 see coo /«a BOO x t l t i t

Fig. 2. Results of pileup rejection tests.
A low event rate, B & C high event rate.

In case C the unit has accepted 54 700 counts/s as "good" events.

It is evident, that the "peak-to-valley" ratio is identical for

spectra A and C. This proves the absence of pileup except a few "true

coincidences", which can be noticed also between channel 500 and 700

in spectrum C. The slight broadening of the high energy peak in C is a

geometry effect caused by the rather short distance of the source in

the high count rate experiment.
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STUDIES CONCERNING AN EXPERIMENTAL SETUP FOR THE SEARCH FOR

NONINTEGRAL ELECTRIC CHARGES IN STABLE MATTER I

A. Chalupka, R. Fischer I

Since in 1964 Gell-Mann /I/ had postulated quarks to be the fundamen- i

tal constituents of hadrons many attempts to detect free quarks have

been made. Reviews on these searches are given in /2-6/.

Quarks can be identified by observing a unique and characteristic

property. In stable matter quarks and antiquarks could be identified

by measuring the 1/3 integral electric charge postulated by most

versions of the quark model. However, one has to be aware that models

with non integral charges for other objects exist.

Among the experiments reviewed in raf. /2-6/ only one stable matter

search claims the observation of third-integral charges (besides the

early observation of a fractional charge of 30% on a droplet by

Millikan /7/ in 1910, which he later rejected as not reproducible).

This is a series of 39 runs measuring the charge of a total of 13

superconducting diamagnetic niobium balls in a superconducting magne-

tic levitation experiment performed by the Stanford group /8/ and

reported between 1977 and 1981. Their results are shown in Fig. 1.

Because of the remarkable fact that in opposition to all other stable

matter searches (which were made at or above room temperature) the

Stanford experiment was carried out at 4,2 K. Schiffer 1982 191

pointed out that there might be consistency between this positive and

all other negative results because + 1/3 e particles would have unique

macroscopic properties (assuming that no other explanation than free

fractional charges will be forthcoming for the Stanford experiments).

Since it could bind a single electron by only -\» 1,5 eV, it could not

be bound by electromagnetic forces to anything by more. Therefore it

may diffuse through materials very readily. If the diffusion rate and

surface evaporation rate were high enough (and it seems that a quanti-

tative estimate is not feasible for such strange objects) one could

imagine that at room temperature such particles may not be retained in

solids sufficiently long for charge measurements (such as hydrogen or

potassium impurities diffuse out of metals at somewhat higher tempera-

tures) , but they would be retained at cryogenic temperatures. Recently

an attempt to test this hypothesis was made /10/.
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-0.5 -0.333 0 0.333
RESIDUAL CHARGE (e)

Fig. 1. Experimental results of the magnetic levitation experiment
performed by the Stanford group /8/

After a Nb-filament of an ion source of an accelerator had been kept

at A,2 K for several hours, it was treated within fractions of a

second to room temperature or several hundred degrees above. But the

expected burst of particles of corresponding energy coming from

positively fractionally or integer charged objects to be trapped in

the cold filament and being released at the elevated temperature,

could not be observed.

To contribute to the problem we carried out design studies for an

experimental setup such that the charge of particles could be measured

essentially independent of temperature between 4,2 and <\. 500 K and

also of possible unconscious biasses of the analysing experimentalist

applying corrections. The latter means: fully automatic measurement,

no corrections.

The principle of the intended experiment is tc observe the motion of

tiny test objects, 0. (approximately 3-5 urn in diameter), with exactly

two antiparallel forces acting on it. This is sketched in Fig. 2.
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Fig. 2. Experimental setup (schematic), description see text

In an ultra high vacuum vessel two sufficiently homogenous electrosta-

tic fields *1 and F_ are generated in region 1 and 2 by the grids G. ,

G„, G_. These regions are parted in illuminated L and non-illumina-
l 5 nm

ted sections. An amount of test objects is located on plate P, thus

accepting the same temperature T. If an extraction field ?_ is genera-

ted in region 3 a charge Q is influenced on the surface of P and 0..

If P and 0. are made from electrical conducting materials there result

no forces between them from this procedure. Rising F_ means rising

the charges q. of the individual test objects 0.. Thus if the electro-

static force q.F-, exceeds the sum of the gravitational force m.g plus

possible Van der Waals or any other surface forcer, 0. is extracted and

accelerated towards region 2 where it enters L _ with velocity v . The

scattered light when 0. passes through sections L is collected by an
l nm

ellipsiodal mirror onto the cathode of a photomultiplier. Its signals
are used to measure the time needed to traverse L (L„, is used to

nm 31

give a feedback signal which should allow to extract 0 one by one).

Having passed the measuring volume the particle is removed. From the
known width of L , the measured time and f,, t„ the values of v , mJnm 1 2 o i

and q. can be calculated with some redundance. From estimates and

tests of the extraction procedure we expect typical values for

nu -v, 2-5.10 mg, f ^ 1 kV/mm < f < f , q <\, 30-50 e and a repeti-
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tion rate o.f a few cps. Thus about 1 pg per hour of good running time

could be examined allowing to reach the mg level in a few months and

being competitive even with the most recent levitation experiments in

every respect. As can be seen from the figures given above the accura-

cy of the determination of distances, time differences and high

voltage should be better than 10 which seems to be achievable.

Because of the dimensions of the objects (approximately as small as in

a Millikan-experiment) the charge dominates all other electric forces

(e.g. dipol and higher order interactions). Therefore there is no

stringent condition for a perfect spherical particle. Due to the very

small heat capacity of niobium at 4 K the radiant energy input during

the measurement of an object is estimated to rise its temperature to

about 7-10 K and can be neglected. Charge changes during measurement

may be originated by residual gas and electrons liberated by field

emission from the grid wires, respectively. Minimization of both can

be achieved by a conscientious design.

As, following the hypothesis under test, + 1/3 charged particles may

be trapped in cryogenic environment it is imaginable that only a few

may finally arrive inside a liquid He cryostat. Therefore provisions

should be made to guide these particles by for instance adequate

electrostatic fields into the inner part where they may be collected

on plate P and the test objects if they carry the most negative

potential.

Although the principle of the experiment is rather simple and there

already exist solutions of the different experimental problems in

various branches of physical research it seems still a challenging and

labour consuming task to design and build such an instrument and it

cannot be realised without additional funding and manpower.

Finally we want to point out that remarks and comments on the above

subject are wellcome.

Ill M. Gell-Mann, Phys. Lett. 8 (1964) 214

111 L.W. Jones, Rev. Mod. Phys. 49 (1977) 717

131 L. Lyons, Prog. Particle and Nuclear Physics 1_ (1981) 157

/4/ M. Marinelli, G. Morpurgo, Phys. Reports 85 (1982) 161
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/5/ G. Morpurgo, Proc. Int. Europhysics Conf. on High Energy Physics,

Brighton 1983, p. 404

/6/ L. Lyons, Oxford university Report, Ref. 82/84 (July 1984)

111 R.A. Millikan, Phil. Mag. Ij3 (1910) 209

/8/ G.S. LaRue, W.M. Fairbank, A.F. Hebard, Phys. Rev. Lett. ̂ 8 ,

No. 18 (1977) 1011

G.S. LaRue, W.M. Fairbank, J.D. Phillips, Phys. Rev. Lett. 42,

No. 3 (1979) 142

and erratum Phys. Rev. Lett. 42, No. 15 (1979) 1019

G.S. LaRue, J.D. Phillips, W.M. Fairbank, Phys. Rev. Lett. ̂ 6,

No. 15 (1981) 967

/9/ J.P. Schiffer, Phys. Rev. Lett. 48, No. 3 (1982) 213

/10/ W. Kutschera, J.P. Schiffer, D. Frekers, W. Henning, M. Paul,

K.W. Shepard, C D . Curtis, C.V. Schmidt, Phys. Rev. 2_9D (1984)

791
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EVALUATION OF NUCLEAR DATA AND NUMERICAL DATA PROCESSING

CALCULATION OF THE ENERGY SPREAD CF 14 MEV NEUTRONS FROM THE

T(D,N)4HE REACTION

A. Pavlik, G. Winkler

A Monte Carlo code was developed in order to calculate the energy

distribution of 14 MeV neutrons produced by the T(d,n) He reaction

with solid titanium-tritium targets. Slowing down and angular stragg-

ling of the deuterons in the target as well as the finite size of the

beamspot and the irradiated sample are taken into account. The energy

dependence of the deuteron angular straggling is described by the

approximation formula given by Fermi /I/. The absolute values provided

by this formula were normalized to agree with the results from

Breunlich /2/ based on more sophisticated theories.

Fig. 1 shows the neutron energy distribution profiles for disc-like

samples with 2 cm in diameter, irradiated at 10 cm distance from the

beamspot (0.8 cm in diameter). The irradiation angles are 0, 60, 100,

120 and 150 deg. The incident deuteron energy is 220 keV, the deute-

rons are slowed down completely within the TiT-tar^et.

13.2 13.4 13.6 13.B 14.0 14.2 14.4 14.6 14.8 15.0 15.2

Neutron energy (tieU)
Fig. 1. Calculated neutron energy distribution profiles at different

irradiation angles for 220 keV incident deuteron energy. All
distributions are normalized to equal areas.
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IM E* Fermi,- Nuclear Physics: Notes complied by J. Orear, A.H.

Rosenfeld, and R.A. Schlüter, University of Chicago Press,

Chicago, Illinois, 1950

111 W.Hc Breunlich, Sitzungsber. Österr. Akad. Wiss., math.-naturw.

Kl., Abt. II, 175, 1 (1966)

REFINED VERSION OF THE COMPUTER CODE KAMM

A. Chalupka, B. Strohmaier

In the course of the collaboration with R. Böttger and H. Klein from

PTB (Physikalisch-Technische Bundesanstalt Braunschweig, BRD) in the
252

study of the fission neutron spectrum from Cf (compare Progress

Report 1981 and 1982) some effort was made for a more detailed

calculation of the properties of the fission chamber with the code

KAMM ll/. This was justified as at PTB are now available new chambers

of the same type as the IRK chambers 12, 5/, but with extremely high

polished backings and fast preamplifiers for pulses of both positive

and negative polarity. So they could supply data from the old IRK

chamber and two new PTB chambers operated with positive and negative

bias voltage, respectively.

The code KAMM has been developed to calculate the distortion of the
252

energy spectrum of neutrons from Cf measured by a time of flight

spectrometer which consists of a neutron detector and an IRK type

fission chamber 111. The basic assumption is that fission products

emitted nearly parallel to the surface of the backing may lose part or

all of their energy what results in a reduction of pulse height in the

fission chamber spectrum and in losses of pulses below the discrimi-

nation level. The aim was to simultaneously reproduce pulse height

spectra and chamber efficiencies measured at several angles with

respect to the n-emission and for various neutron detection bias

settings by only introducing one parameter which may be interpreted as
252

"roughness" of the surface onto which the Cf source is deposited.

The code now considers edge effects due to the actual inhomogenous

electric field and may be run for either polarity of detector bias

voltage.
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The output pulse height of the integrating linear gate can be calcula-

ted starting from Green's reciprocation theorem /3/ which states that

if for a fixed system of n insulated conductors and ground (or a

grounded enveloping shield) in a single uniform dielectric charges

q,,..,q give rise to potentials *',..,# ' and if then charges

q ',..,q ' are applied potentials $ ',..,$ ' arise whereby

n n

i=1 i=1

Therefore a point charge q of electrons inside the chamber at a

position with the potential $ influences a charge Q = q . $/V where V

is the detector bias voltage. The potential distribution of our

chamber was measured and is shown in Fig. 1.

Fig. 1. Geometric cross section of the fission chamber showing the
chamber axes (-.-), the walls and the backing with the
active layer (===). In the lower part dotted lines .Indicate
the measured potential distribution. Some possible .M ssion
tracks are shown in the upper part. The shaded area indi-
cates the region with field strength less than 760 V/cm.

The drift velocity of the electrons in CH, at 1 bar remains constant,

v - = 1 0 m/s, for an electric field strength higher than 760 Volt/cm

M/. It is seen from Fig. 1 that everywhere but in the shaded area

(where v - decreases to about 8.10 m/s) this condition is met. So in

our case dQ/dt due to a point charge moving along a field line s(r,z)

can be written as

dQ/dt = (q .ve-/V).d4>/ds - Q/RC
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This equation is still valid if production of ion-pairs and a vani-

shing velocity of the positive ions is assumed. To account for the

edge effects subsequent integration along the field lines and the

fragments track and over the gate open time has to be performed. The

agreement of the calculation with experimental data was superior to

that reported in ref. /I/. The influence of the polarity of the bias

voltage on the detection efficiency is shown in Fig. 2.

ECP

30 60 dfgrip 90

vu v
V.

97.5

95.0

92.5

900

i

i »

' l i

• 60 irytt 90

Fig. 2. Efficiency of the fission detector with respect to the angle
a^between chamber axes and direction to the neutron detec-
tor.
x = neutron detection bias 250 keV
o = neutron detection bias 500 keV
• = neutron detection bias 1 MeV
Symbols with error bars are measured data, symbols without
error bars calculation
(a) positive bias voltage
(b) negative bias voltage

It turned out that both the PTB chambers had efficiencies only a few

per-mille below unity. Obviously the change of bias voltage polarity

causes only minor alterations. This confirms an earlier finding /5/

that efficiencies greater than 99% are attainable with perfect

backings and this type of fission chambers.
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/I/ A. Chalupka, B. Strohmaier, IRK Progress Report 1982, p. 24

111 R. Böttger, H. Klein, A. Chalupka, B. Strohmaier, Proc. Int.

Conf. Nuclear Data for Science and Technology, Antwerp, Sep 6-10,

1982

/3/ E. Weber, Electromagnetic Fields - Theory and Applications,

Vol. I: Mapping of Fields, John Wiley & Sons, NewYork, 1957,

p. 37

/A/ T.E. Bortner, G.S. Hurst, W.G. Stone, Drift velocities of elec-

trons in some commonly used counting gases, Rev. Sei. Instr. 28

(1957) 103

/5/ A. Chalupka, Nucl. Instr. & Meth. 164 (1979) 105-112

I
f>. Tagesen

A NEW ARCHITECTURE FOR THE COMPUTATIONAL FACILITIES AT THE IRK

The situation "before"

In 1975 a PDP11/10 had been installed for experiment control and data

acquisition tasks. Between accelerator runs this machine has been used

also for immediate data reduction and small calculations. All other

tasks, especially those requiring large amounts of memory or computa-

tional power had to be handled by the University Computer Centre (IEZ)

at a distant location in a batch processing manner. In 1980 a PDP11/34

with 256 kbyte of memory and a hardware floating point processor could

be installed to handle a large amount of the data treatment and

evaluations in house. Nevertheless this was still predominantly a

"single user" system. At the same time a "terminal concentrator" (TC),

connected to the IEZ by a permanent 4.8 kbaud serial link was install-

ed at the Inst. for Experimental Physics 100 m from here. 1982/83 this

was complemented by a VAX 11/750 at the same site. So there was

finally a considerable amount of computing power for many different

applications available, but for most of the "in house users" not

easily accessible.
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I
I

I

Facts and arguments

Both the TC and the VAX provided for a star-shaped structure of serial I

links all over the physics/mathematics/chemistry-buildings. Qur own

PDP11/34 had also been switched to a multiuser-multitask operating

system, providing 8 in-house terminal lines.

Since most of the users wanted to have access to all of the available

machines, we had to solve a communication problem. The straight

forward solution for this type of communication demand would be a

local area network (LAN), which however would require cooperation of

all participants and hence a considerable financial effort also for

those users satisfied by the "status quo".

The chosen solution

In view of this situation we have worked out a solution which is

cheap, simple to implement and yet extremely flexible and makes use

mainly of existing lines and Interfaces. The heart of our terminal-

"network" is a microprocessor controlled slightly intelligent tele-

phone switchboard for 9.6 kbaud serial data lines 111. The unit

connects any of the attached terminals according to the demand typed

in at the keyboard to any of the computers, provided there Is a free

line available. In the case of "saturation" the user may ask for

information on who are the other users to arrange for compromises.

This technique guarantees a maximum of access with a minimum number of

terminals and lines.

In addition to this "network" means for data-(file-)transfer between

processors are a very important feature to enable effective work. For

this purpose there is a second layer available, constituting a real

LAN, but requiring no extra hardware: One serial line at 9.6 kbaud,

passing by all the processors, is dedicated to a "DECNET"-protocol

111. Since free from the huge amount of terminal communication this

link is for the time being usually sufficient for the much less

frequent data transfer demands.

Summary

By mainly architectural changes and a very moderate hardware invest-

ment a broad choice of processing power for preparation, examination

and evaluation of experiments and experimental data could be provided

right on the users desks. The configuration Is open for future im-
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provements .and may, according to the availability of funds, easily be

adapted at any point to new superior technology.

Ill Refer to the following paper by L. Malek on a microprocessor

controlled dataline switchboard.

Ill Digital Equipment Computers NETwork architecture (registered

trademark of Digital Equipment Corporation).

EINE MIKROPROZESSORGESTEUERTE VERMITTLUNG FÜR SERIELLE DATENLEITÜNGEN

L. Malek

Die Vermittlung besteht aus zwei Hauptgruppen: einem Teil, der die

Leitungsanpassung sowie die Durchschaltung herstellt, und einem

Steuerteil.

Im folgenden sind diese Gruppen und ihre Unterteilungen skizziert und

deren Funktionen beschrieben.

7>/•**.
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R ... Rechneranschluß

Gleiche Aufgabe wie der Terminalanschluß, nur ohne Ruferkennungsdurch-

schaltung.

T ... Terminal'anschluß

Der Terminalanschluß dient zur Umsetzung der Terminalschnittstelle auf I

TTL Pegel und zum Durchschleifen der Ruferkennung. Zum Schutz gegen

Überspannungen sind die Terminalleitungen über Optokoppler an die

Vermittlung angeschlossen. I
V ... Verbindungsteil |

Der Verbindungsteil besteht aus zwei 1 zu 16 Multiplexer/Demultiplexer

mit Inhibit zur Durchschaltung von Sende- und Empfangsdaten und einem I

D-Latch zur Speicherung der Information.

1
1

E . . . Ruferkennungseinheit | |

Diese faßt die Terminal-Ruferkennungen zu 8-Bit Gruppen zusammen.

II

II

Der jiP-Tei] \st interruptgesteuert. Durch einen Timerinterrupt wird ||

die Ruferkennungseinheit alle 10 msec abgefragt, ob ein Benutzer

mittels Ruftaste einen Verbindungs- oder Trennungswunsch angemeldet

hat. Ist das nicht der Fall, wird der Interrupt beendet. Steht ein

Wunsch an, so wird ermittelt, von welchem Terminal er kommt, und das

erkannte Terminal über die 16. Rechnerleitung mit dem Asynchronbau- ||

stein (ACIA) verbunden. Abhängig davon, ob eine Verbindung besteht

oder nicht, wird dem Terminal ein Text zugeschrieben. Ein Flag zeigt i|

an, daß ein Terminal in Verbindungsaufbau oder -abbau ist, und die

Timerinterrupts werden zu einem Passivitätszähler umgelenkt. I

Bei den folgenden Interrupts wird unterschieden, ob sie vom Timer oder

vom ACIA stammen. Timerinterrupts dekrementieren den Passivitätszähler ii

Erreicht der Zähler 0, so wird der Zustand des Terminals beibehalten II

und das Flag zurückgestellt.

Erfolgt ein Interrupt vom ACIA, so wird das vom Terminal kommende |j

Zeichen in Abhängigkeit vom Terminalzustand einer Zeichenbewertung

zugeführt. I

a)

Ist das Terminal verbunden und stimmt der Code für die Trennung,
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I

so wird das Terminal getrennt, die Rechnerleitung freigegeben, das

Terminal als im Ruhezustand befindlich gekennzeichnet und das Flag

zurückgesetzt. Andere Zeichen führen zu keiner Veränderung des Termi-

nalzustandes und setzen nur das Flag zurück,

b)

1 Ist das Terminal nicht verbunden, so wird geprüft, ob eine bestimmte

* Leitung oder ein Rechner gewünscht wird. Wird eine Leitung gewünscht

I und ist diese frei, so wird verbunden. Anderenfalls erhält der Be-

nutzer die Nachricht, welches Terminal diese Leitung benützt. Wird ein

Rechner gewünscht, so sucht die Vermittlung eine freie Leitung zu

I diesem Rechner, stellt die Verbindung her und meldet dies dem Be-

nutzer.

I Wenn keine Leitung frei ist, so teilt sie mit, welche Terminals mit

diesem Rechner verbunden sind. Danach wird die Vermittlung in den

1 Ruhezustand zurückversetzt.

Um nach Netzausfall Konfliktsituationen zu vermeiden, werden beim

automatischen Restart alle eventuell bestehenden Verbindungen getrennt

und alle Pechnerleitungen als frei gekennzeichnet.I
I
I
I
I
I



RADIONUCLIDE METROLOGY

PARTICIPATION IN AN INTERNATIONAL COMPARISON OF INTERPOLATION

PROCEDURES FOR THE EFFICIENCY OF GERMANIUM GAMMA-RAY SPECTROMETERS

(GAM83)

G. Winkler

An international intercomparison of laboratory performances in deter-

mining photo-peak efficiencies E ( E ) and activities by means of γ-ray

spectrometric procedures and calibrated radionuclide sources had been

organized under the auspices of the International Committee for

Radionuclide Metrology /I/. As could be gathered from the preliminary

analysis of the data the following procedure used at the IRK for

efficiency function fitting and interpolation has proved to work

excellently with regard to the efficiency values and their uncertain-

ties in the energy region 0.15 - 2.8 MeV In case of a data set with a

relatively large number of measured data and a not too small Ge diode:

Since the experimental peak-efficiency points follow approximately a

linear relationship in the log e - log E plane in the above energy

range, efficiency data can be in the first order approximated by

e'(E ) = b.E performing a linear regression. The remaining structure

showing the deviations (which stayed within ^ 5%), from this "guiding"

function , was reproduced by a polynomial fit to the ratios

e.(E )/e.'(E ). Preferably a representation by a sum of orthogonal

polynomials, namely a Chebyshew expansion with transformation of the

energy variable to the interval |-l,l| was chosen, which (besides

advantages in the algorithm) discharges one from taking into account

correlations between the parameters of the fitting function for

estimating the uncertainties of interpolated efficiency data.

Ill W.L. Zijp, A.N. Polle, H.J. Nolthenius and K. Debertin,

Netherlands Energy Research Foundation Report ECN-84-129 (Petten,

Sep 1984)
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PARTICIPATION IN THE INTERNATIONAL COMPARISON OF ACTIVITY MEASUREMENTS

133
OF A SOLUTION OF BA

G. Winkler and F. Hernegger

I A full-scale international comparison of activity concentration

measurements on a solution of Ba had been organised by the Bureau

_ International des Poids et Mesures, Sevres.

I At the IRK the activity measurements were performed employing the 4TTY

technique using a well-type Nal(Tl) detector of very well known

I dimensions /I/. Integral counting was done above an energy discrimina-

109
tion level of 22.1 keV (Ag K x rays from a Cd source). Many

I details on the measuring procedure and the determination of the

counting efficiency and its uncertainty can be found in refs. Ill and

I /3/. The physical consistency of the chosen decay scheme data was

' checked (see page 1173 of ref. /3/). The effect of the counting

threshold, in particular for x rays and low-energy y rays, was

studied, and the effect of the attenuation of escaping iodine x rays

in the well liner taken into account /3/. Without any additional well

liner (housing of the crystal of 0.5 mm Al and 6.8 mg/cm
2
 TiO_ only),

133
the total efficiency calculated for Ba was 0.9849 ± 0.0025 in case

of a point source on the detector axis. The calculation of the attenu-

133
ation of the Ba radiation (and related effects) was checked by

performing measurements with additional Al liners of different

thicknesses. Data recording was done in parallel using a discriminator

circuit with dead-time unit and timer-counter on the one side and a

life-timed multichannel analyser to record the γ-ray spectrum on the

other side, employing different amplifications and dead-times. In

order to avoid uncertainties related to pile-up and dead-time correc-

tions, the original solution was quantitatively diluted (dilution

factors -v 0.006 to ^ 0.016). Quantitative source preparation from the

diluted solutions was performed by means of the pycnometer difference

method and by the evaporation extrapolation method. Adsorption tests

on the original ampoule were also carried out. The counting results

from a total of 24 sources with different drop masses and from various

dilutions were statistically analysed. The final result obtained for

the radioactivity concentration on the reference data 1984-03-15, 0 h

UT, was (1157.5 + 3.5) kBq g"
1
. Further details are given in the
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report to BIPM and will also be published in Sitzungsber. d. Österr.

Akad. d. Hiss.

HI W. Mannhart and H. Vonach, Nucl. Instr. & Meth. L36 (1976) 109

111 G. Winkler and A. Pavlik, Int. J. Appl. Radiat. Isot. 34 (1983)

547

/3/ A. Pavlik and G. Winkler, Int. J. Appl. Radiat. Isot. 34 (1983)

1167

METHODS OF RADIOACTIVITY MEASUREMENT

G. Winkler

A review of the most important methods, its inherent problems and the

present state of the art of activity measurement and standardization

was performed. Measurement techniques were basically classified into

direct and indirect ones. Recent trends and developments in coinciden-

ce counting, anti-coincidence counting, efficiency tracing, efficiency

variation and extrapolation techniques, correlation counting, "selec-

tive sampling", gamma-gamma counting and 4irY-counting with high

efficiency γ-ray detectors have been pointed out.

As an outlook methods under development in order to directly count

single atoms, which eventually may gain increasing importance for

low-level applications, are treated, such as high-energy mass spectro-

metry employing a cyclotron or a tandem electrostatic accelerator, or

high-resolution laser spectroscopy techniques. The above topics have

been presented at the "Interregional Training Course on Ensuring

Measurement Accuracy" at the Austrian Research Center Seibersdorf

(11-21 Sep. 1984) under the auspices of the International Measurement

Confederation, Internat. Atomic Energy Agency, and UNIDO. The review

paper has been published in the proceedings of this course.
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RADIOACTIVITY

NEW KINDS OF NATURAL RADIOACTIVITY

A. Chalupka, F. Hernegger, P. Hille, W. Schmidt, H. Vonach and

D. Weselka

Early in 1984 the discovery of a new kind of natural radioactivity by

223
Rose and Jones was published /I/. The natural isotope Ra was found

14
to emit not only

 a
-particles

s
 but also C-nuclei with a branching

ratio of C/<* = (8,5 ± 2,5).10~ . We calculated the barrier-trans-

mission probabilities for the other naturally occuring Ra-isotopes, by

using a nuclear proximity potential /2/, and estimated the branching
1 / 0 0/ O O £

ratios C/
a
 for Ra and Ra to be about 2 orders of magnitude

223
below the value found for Ra.

232
We did a Si-counter experiment using U in equilibrium with its

1 224

daughters (including Ra) to look for possible emission of high

14 224

energy C (E = 28,72 MeV) from Ra. In order to calibrate the
12 13

detector with C- and C-ions it was transfered to the Munich Tandem
Laboratory, where the energy calibration for C-ions was carried out.

232
The thin U-source had a strength of about 7 uCi. Since we had to

handle
 a
-counting rates of the order of 10 /s, multiple pile up

212
events, especially of the 8,78 MeV

 a
-line of Po, would have masked

14
the C-particles, we wanted to detect. We therefore suppressed

pile-up events by a fast electronic logical decision, avoiding the

I storage of pulses preceeded or followed by another pulse by more than

10 nsec and less than 1 use.c.

I Fig. 1 shows the upper part of the recorded energy spectrum after a

I measurement time of about 3 months. The prominent line is due to

pile-up of the 8,78 MeV α-line with itself, above this line there are

3 fold pile-up-events to be seen.

At channel numbers where C-events have to be expected (position

indicated by an arrow) no counts were recorded. From this result, we

estimated an upper limit of 1.10~ for the C/
a
-branching ratio of

I
I
I
I
i
i
I
I

1 235

We thank Dr. A. Rytz for lending us the U-source.
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Fig. 1. High energy part of the recorded energy spectrum.
Refer to text.

In the meantime independent measurements /2,3/ confirmed the original

result of Rose and Jones /I/ for the C/a-ratio for Ra.

14,Price et al. /3/ also have discovered two additional cases of C-
9 0 9 9 9 /,

emission from Ra and from Ra, the isotope we studied. The

C/a-ratio for Ra found by Price et al. /3/ is (4,3 ± l^.lO*"11 -

we thus missed detection by about a factor of 2.

There are also calculations of these rare decay modes now available

M , 5/. Poenaru et al. /4/ and Shi and Swiatecki /5/, using semi-empi-

rical potentials for the separation of two spherical nuclei with

unequal masses, have calculated branching ratios for a number of

possible rare decay nodes, termed "superasymmetric fission", and made

it likely that such decay modes other than C-emission might be

detectable.

Radioactive decay of Ü by Ne-emission has already been detected

in Berkeley by Barwick, Price and Stevenson /6/.
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During a short visit of one of us (H.V.) in Berkeley, Dr. Price kindly

gave very valuable hints concerning his experimental procedure to

detect these rare decays.

We now are convinced, that the method of track etching of special

organic plastic foils insensitive to α-particles as used by Price et

al. is at present the best way to study this new field of rare decay

modes.

We have already started to repeat experiments by Price et al. /3/ to

14 223 227

detect C-emission by Ra (using a Ac-source of i 8 pCi) and

224 232

Ra (using a U-source as mentioned).

For the near future we plan to look for C-emission of Ra and for

Ne-emission from Th.

Ill H.J. Rose and G.A. Jones, Nature 30_7 (1984) 245

HI S. Gales, H. Hourani, M. Hussonois, J.P. Shapira, L. Stab and M.

Vergenes, Phys. Rev. Lett. 53_ (1984) 759

17,1 P.B. Price, J.D. Stevenson, S.W. Barwick and H.L. Ravn, Phys.

Rev. Lett. 54, 4 (1985) 297-299

/4/ D.N. Poenaru, M. Ivascu, A. Sandulescu and W. Greiner, J. Phys.

G: Nucl. Phys. H) (1984) L 183

15/ Y.-J. dhi and W.J. Swiatecki, Phys. Rev. Lett. 54, 4 (1985)

300-301

Id I S.W. Barwick, P.B. Price and J.D. Stevenson, priv. comm. (1984)



DATING AND ISOTOPE GEOLOGY

I R K RADIOCARBON DATING LABORATORY

H. Felber

The Vienna Radium Institute Radiocarbon Dating Laboratory is concerned

with interdisciplinary cooperation in the fields as archaeology,

prehistory, palynology, geography, glaciology, limnology, climatology,

geology, mineralogy, hydrology, oceanography, botany, forestry, soil

sciences, mining, etc, preferably with Austrian universities, museums

and other scientific institutions, but also cooperation with foreign

universities is practised in case of free capacity. Dating up to

40.000 years B.P. is done by a methane proportional counter low level

system with internal screening counter arrangement. Details concerning

the application of the method for users are summarized in 111.

Annual reports on the dating work are given in Anzeiger der mathem.-

naturw. Klasse der Österreichischen Akademie der Wissenschaften /2,3/

and in Radiocarbon /4,5,6/.

IM H. Felber and P. Hille, Anwendung der Radioisotopendatierung in

der Archäologie, Sitzber. d. Österr. Akad. Wiss. JL9JU 149-184

(1982)

Hl H. Felber, Altersbestimmungen nach der Radiokohlenstoffmethode am

Institut für Radiumforschung und Kernphysik XIX, Anz. Österr.

Akad. Wiss., mathem.-naturw. Kl., Jg. 1983, 111-119

13/ H. Felber, Altersbestimmungen nach der Radiokohlenstoff methode am

Institut für Radiumforschung und Kernphysik XX, Anz. Österr.

Akad. Wiss., mathem.-naturw. Kl., Jg. 1984, in press

/hl H. Felber, Vienna Radium Institute Radiocarbon Dates XIII, Radio-

carbon 25, (3), (1983)

15/ H. Felber, Vienna Radium Institute Radiocarbon Dates XIV, Radio-

carbon 26, (3), (1984)

/6/ H. Felber, Vienna Radium Institute Radiocarbon Dates XV, Radio-

carbon, (1984) in press

I
I



SULFUR ISOTOPE INVESTIGATIONS

E. Pak

Sulfur isotope measurements have attained great interest for the solu-

tion of many problems, especially in the earth sciences.

In 1984, the collaboration with several institutions was continued:

age classification of sulfate rocks, mostly on the Pennian-Triassic

boundary in Austria, genetic investigations on base metal deposits in

Austria and Tunisia, hydrologic studies (Deutsch-Altenburg, Neusied-

lersee) , and a beginning of an isotopic examination of sulfurous air

pollution.

CARBON ISOTOPE INVESTIGATIONS

E. Pak

The method established for sulfur isotope measurements has been

extended to carbon isotopes, and - if demanded - could be applied for

oxygen isotopes as well.

In collaboration with ÖMV (Österreichische Mineralölverwaltung),

carbon isotopes in natural gas were investigated in order to study the

genesis of gas and corresponding hydrocarbons.
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PLEISTOCENE CLIMATE AND THE PROBLEM OF DATING PERIODS 0? LOESS

DEPOSITION AND SOIL FORMATION IN AUSTRIA

1 2
P. Hille, G. Rabeder , M. Schmidt, S. Verginis , G. Wallner and
E. Wild

As has been pointed out again recently by Wintle, Shackleton and

Lautridou /I/, "areas of loess deposition may provide the best depo-

sits in which to develop relatively complete regional stratigraphies

that may be compared with the deep-sea record".

Stratigraphic records of oxygen isotope variations in deep-sea sedi-

ments reflect global ice volume and thus changes of Pleistocene

climate ("ice-ages").

Although probably much less complete, information on palaeoclimate may

also be gained from studying the alternating layers of loess and brown

to red soils on the continents.

Austrian loess-deposits might prove especially convenient for such a

study since they span at least a time-period of 2 million years, but

are not excessively thick - complete sets of samples can readily be

taken from profiles already accessible (e.g. Krems and Stranzendorf).

Measurements of the orientation of the geomagnetic field in Austrian

loess-samples done by A. Koci in Prague (198A) supplied us with a

crude absolute time scale for loess profiles spanning about 2 million

years. It seems remarkable to us, that the mean distance in time

between layers corresponding to soil formation (indicating warm

climate) is just about 100 000 years. This period of 100 000 years is

also known to correspond to the dominating frequency in the frequency-

spectrum of the deep-sea oxygen isotope ratio record and is the

typical time between terminations of "full" glaciations during the

last glaciation cycles (at least back to about 750 000 years B.P.)

/2a/. This period also seems to be present in much older stratigraphic

records /2b/.

Institut für Paläontologie der Universität Wien

Institut für Geographie der Universität Wien
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During the revival of the Milankovich theory of climate it became

clear, that the periodicity of climatic changes is indeed connected

with the periods of the Earth's orbital parameters. A period of

100 000 years in dominating the change of eccentricity /2/ and may

also be due to a beat-effect between the two components of the pre-

cission index (19 000 and 23 000 years). It seems however not to be

completely clear, why this period of 100 000 years so strongly domi-

nates the frequency spectrum of global glaciations - some non linear

response of the Earth's climate to the astronomical driving forces is

strongly suspected /2a,b/.

As we have pointed out in our last report /3/ it might be possible,

that the local glaciation cycles in the Austrian Alps followed the

insolination pattern due to orbital variations in a more direct way

than global ice-sheets did.

Refinement of the absolute dating of Austrian loess-profiles, especi-

ally of the periods of soil formation might therefore be a very rewar-

ding task. We want to try to apply the U-series method to shells of

fossil loess-snails, and also to do thennoluminescence dating experi-

ments as pioneered by others (see e.g. /I/).

We think that periods of soil formation in Austrian loess-deposits

might correspond with large excursions from the mean value of the

orbital parameters. Fig. 1 shows 2-ditnensional plots of the obliquity

versus the precession index we calculated for the last million years

(for references see /3/). Large excursions to the lower right in the

drawings (each showing the excursions of the orbital parameters during

250 000 years) corresponding to large obliquity-values and small

values of the precession index respectively, are suspected by us to

correlate with the mean period of soil formation in loess of about

100 000 years. If we tentatively define a "large excursion to the

lower right" of the orbital parameters by obliquity values larger than

24° and precession index smaller than - 0,018, we find 9 such "large

excursions" during the last 1 million years (see fig. 1).



- 44 -

0.

0 .

0 .

0 .

0

-0

-0

-D

-0

-0

-0

OS

04

03

02

01

00

. 01

. 0 2

. 0 5

. 0 4

. 0 5

f

J \ / ^ /

F

22

22

24 25 22

0

0

0

0

0

-0

- 0

- 0

- 0

- 0

- 0

. 0 5

. 0 4

. 0 3

.01

.00

. 0 1

. 0 2

. 0 3

. 0 4

.05

Y*7\ \ A
f\ Mr \\Vl

{/ ^ v y \
If

23 24 25 22

Fig. 1. Two-dimensional plots of the Earth's orbital parameters.
Obliquity is plotted versus the precession index (e sin u) .
First row of pictures showing 0-250 ka and 250-500 ka,
second row 500-750 ka and 750ka-l Ma. Crosses mark every
1000 years, asterixes every 10 ka.

This would give a mean period of 110 000 years. At northern high and

mid-latitudes (Austria) these large excursions of the orbital

parameters correspond to high summer- and low winter-insolinations.

Since the occurence-time of the excursions is known with "astronomical

precision" from the calculation (to about ± 5 000 years) one could



gain a precise time scale for loess-deposits, if i t really turns out,

that they are responsible for climatic changes leading to so i l

formation.

HI A.G. Wintle, N.J. Shackleton and J.P. Lautridou,

I Thermoluminescence dating of periods of loess deposition and

• so i l formation in Normandy, Nature _310 (1984) 491

• /2/ A. Berger, J . Imbrie, J . Hays, G. Kukla and B. Saltzman (eds . ) ,

I Milankovich and Climate, NATO ASI Series C: Mathematical and

Physical Sciences, Vol. 126, D. Reidel Publishing Company,

I Dordrecht/Boston/Lancaster (1984)

/2a/ Section 2: Marine Pleistocene Records of Climatic Response,

| pg. 267-367,

/2b/ Section 1: Geological Evidence for long-term climatic

I variations at astronomical frequencies, pg. 127-265.

/ 3 / P. Hil le and E. Wild, Dating of Fossil Bones from Austrian Caves

• and the Problem of Late Pleistocene Climate, Progress Report

1983, pg. 18-20

DATING FOSSIL BONES BY ACCELERATOR MASS SPECTROMETRY (AMS) OF 36CL
41 *}

AND CA '

P. Hille and E. Wild

(collaboration with the institutes E17 and E12 of the Physics Depart-

ment of TU-Munich)

In connection with the problem of dating fossil bones, we became

interested in the new powerful method of AMS as a possible dating tool

(see last Progress Report 1983). We were kindly invited by Prof.

Morinaga to join his AMS-group at the Munich Tandem. This group has

developed a beautiful solution of the problem of Cl-detection with

very high sensitivity /I, 2/, and was joined by colleagues from the

*)
Partly supported by Fonds zur Förderung der wissenschaftlichen
Forschung in Österreich.
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I

institute E12 of the Physics Department of the TU-Munich when attack-
41

ing the difficult task of ultrasensitive detection of Ca. Our own

contribution to the field is very modest, we only report here about

AMS of 36C1 and Ca in Munich to give a complete picture of activi-

ties, our institute somehow got involved in during the last years. So

the credit is due to our colleagues in Munich.

a) AMS of Cl applied to material from the cave in mount Ramesch

(Austria)

The Munich AMS system /I, 2/ has attained a detection sensitivity of

up to 4.10~ for Cl in natural chlorine. Cl is a radioisotope of 1

about 3.10 years half life and originates on Earth mainly from

reactions of cosmic rays with Ar in the upper atmosphere. After a 1

residence time of 2-3 years it is transported into the troposphere

from where it is washed out quickly by rain (see references cited in |

111). Chlorine is a trace element in bone-material. In principle one I

could hope to date fossil bones by measuring the Cl/Cl-concentra-

tion, decaying with the characteristic half life from its original |

value (in the bones of the living subject), which depends on geomagne-

tic latitude and distance from the sea /3/. I

In order to see the orders of magnitude of relevant Cl/Cl concentra-

tions we applied AMS to samples of cave-bear bones excavated in the I

cave at mount Ramesch (Upper Austria) about 2000 m above sea-level

(see previous Progress Reports) and to other samples from this cave.

Table 1 gives the results.

Table 1 Cl/Cl ratios measured for some samples from mount Ramesch

I

36 I

Sample Cl/Cl-concentration I

Cave bear (age: 37 000 years) (7,6 ± l ,3).10~1 3

Cave dripping water (49,5 ± 4,0).10~ I
-13 1

Limestone from the cave (1,6 ± 0,4).10
Ramesch rain water (11,8 ± 1,1).10~ |

The bone sample (ursus spelaeus) was dated by the C- and U/Th-method f

and i s young compared to the half l i fe of Cl. The concentration
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found for the limestone sample (1,6 ± 0,4). 10 compares well to a

value found in 30 m depth of a quarry near Regensburg /I/, and may be

due to the incomplete shielding of the hard cosmic ray muon component,

producing Cl via the reaction Ca (μ^a) Cl. Since the Cl/Cl-con-

centration found in the cave bear bone sample is about a factor of 4

greater than in the surrounding limestone, and since the Cl/Ca-ratio

is of the same order of magnitude (10 ) in bone and limestone, it

seems to be possible to date a period of about 2 half lifes of Cl or

about 6.10 years at the site of the Ramesch cave. Unfortunately this

could not be tested, because there were no bone samples found at the

site, being old enough.

The Cl/Cl-concentration measured in the cave dripping water is about

an order of magnitude higher than in the bone-sample. This high

concentration presumable is a remanent of man-made Cl through

nuclear tests performed in marine environments mainly from 1953 to

1957.

I Of course it is vital for dating fossil bones by Cl to be sure that

• the chlorine of the dripping water (or ground water) does not exchange

with the Cl in the bones. One can hope, that this is so, but it

remains to be shown experimentally. We hope to do some further inve-

stigations of this problem in the near future.

b) AMS of
 4 1

Ca

As described in our last report /4/, we attempted to detect natural

41

Ca. This turns out to be much more difficult than the detection of

natural Cl. Since Ca is a main constituent of bone, Ca, having a

half life of about 10 years, might be of special interest as a dating

tool for fossil bones.

The AMS experiment described in the last report has been improved by

installing a time-of-flight spectrometer as an additional mass filter,

allow]

al.).
41

The Munich AMS-system now seems to be ready to analyze Ca at
41 -12

Ca/Ca-concentrations of the order 10 . This is still not adequate

for terrestrial natural samples, where the Ca/Ca-ratio is estimated
-15 -14

to be in the 10 -10 range, but may be very well suited for the

analysis of meteorites.

I
I
I
I
I

41 40
allowing bet ter discrimination between Ca and Ca (R. Holzwarth et
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Hl F.W. Kubik, G. Korschinek and E. Nolte, Nucl. Instr. & Meth. Bl_

(1984) 51

Hl P.W. Kubik, G. Korschinek, E. Nolte, U. Ratzinger, H. Ernst, S.

Teichmann, H. Morinaga, E. Wild and P.Hille, Nucl. Instr. &

Meth. B5 (1984) 326

/3/ H.W. Bentley and S.N. Davis, Proc. of the Symposium on AMS,

ANL/Phy.-81-l (1981) 193 (and ref. cited there)

/4/ H. Ernst, W. Henning, P. Hille, G. Korschinek, P. Kubik, W.

Mayer, H. Münzer, E. Nolte and H.J. Scheerer, IRK Progr. Rep.

(1983) 20
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APPLICATIONS IN MEDICINE

A BASIC-CODE FOR THE CALCULATION OF DIAGNOSTIC X-RAY SPECTRA *'

R. Nowotny and A. Höfer

For the evaluation of the various radiographic imaging devices and the

influence of variing imaging conditions X-ray spectral data are a

prerequisite. A computer code previously written in FORTRAN /I/ was

modified to fit in a BASIC-code. Some additional features were also

included. The code HI calculates diagnostic X-ray spectral

distributions for voltages from 20 to 150 kV together with mean X-ray

energy, kerma in air, mean energy of the kerma distribution, 1. and 2.

half-value layer in Aluminium. For voltages up to 50 kV L-fluorescence

from tungsten is also included.

For anode angles up to 30° agreement of calculated with experimental

/3/ data is satisfactory. For larger anode angles some disagreement

with experimental data from /4/ is found (fig. 1). This could be

either due to increased roughness of the anode surface or limited

applicability of the spectral energy density function used.

HI A. Hofer, Diplomarbeit, Univ. Wien, 1974

111 R. Nowotny and A. Höfer, Fortschr. Röntgenstr., in press

13/ R. Birch and M. Marshall, Phys. Med. Biol. 24 (1979) 505

/4/ W.W. Seelentag, W. Panzer, G. Drexler, L. Platz, F. Santner,

GSF-Bericht 560, Neuherberg, 1979

*)

in collaboration with Zentrales Institut für Radiodiagnostik

Univ. Wien, und L. Boltzmann-Institut für radiol.-physik.

Tumordiagnostik, Vienna, Austria
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(a) comparison of a calculated ( ) with the experimental
spectrum C 68 from I hi ( ) . Parameters are 100 kV
tube voltage; 3,6 mm Be, 2,03 mm Al filtration; 75 cm
distance in air; 40" anode angle.

(b) same as (a) but with 3 pm tungsten filtration for the
calculated spectral distributions to simulate surface
roughness.
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APPLICATIONS IN GEOPHYSICS

RADON MEASUREMENTS FOR EARTHQUAKE PREDICTION RESEARCH *)

1 1 2
K. Aric , H. Friedmann, R. Gutdeutsch , F. Hernegger, C.Y. King

a) Radon measurements in Austria

The radon concentration in the observed spring in Warmbad Villach

(Freibadquelle) was relatively constant between January and August

1984. In September 1984 an increase of the radon concentration in the

springwater could be observed followed by some large fluctuations.

Investigation concerning these anomalies are running. In mid 1984 a

microprocessor controlled data recorder system was installed. This

system was developed and constructed in the institute.

b) Radon measurements in Turkey

222
Fig. 1 shows the radon data ( Rn) from one of the hot springs of

Bolu. Unfortunately the seismic data for the corresponding time

interval are still not available. Therefore it could not be checked if

a correlation between the radon concentration in the spring and the

seismic activity of the region exists. Nevertheless it seems, that the

tendency of the radon concentration in the spring of Bolu can also be

seen in some of the soil gas measurements which are made with track

etch detectors at 5 different sites on the North Anatolian Fault Zone.

Institut für Meteorologie und Geophysik der Universität Wien

Geological Survey, Office for Earthquake Studies, Menlo Park, Cali-

fornia, USA

*)
supported by Fonds zur Förderung der wissenschaftlichen Forschung

in Österreich (Grant Nos. 3295, 4305, 4688)
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Fig. 1. Radonconcentration in the small spring of Bolu (Turkey)-
arbitrary units

III H. Friedmann, A Theoretical Model for Change of Shape of Spring

Water Radon Anomalies with Epicentral Distance, Pure and Applied

Geophysics, Vol. 122, (1984), in press
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DQSIMETRY AND ENVIRONMENTAL STUDIES

RADON AND RADIUM CONCENTRATION IN AUSTRIAN SPRING WATER

H. Friedmann and F. Hernegger

For radiation protection purposes, the content of Ra in drinking

water (mineral water) and in the water of spas was routinely measured.
222

Additionally the Rn concentrations were observed in these springs.

In connection with those measurements a portable radon measurement

system was developed.

/I/ H. Friedmann, A Portable Continuously Working Radon Measurement

System, Rad. Prot. Dos. 1_, No 1-4 (1984) 181-184
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