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PREFACE

This Annual Report is a summary of our activities during the year 1995. It includes
the works performed in the Nuclear Physics Division of the Warsaw University and the
research done by our staff at other institutions co-operating with us. The '95 Report
consists of short communications grouped into three sections:

1. Reaction Mechanisms and Nuclear Structure
2. Instrumentation and Experimental Methods
3. Other Activities

Our Annual Report also contains information about seminars held at the Nuclear
Physics Division, as well as a list of research and technical staff and title pages of
articles and conference contributions that appeared in print.

During 1995 remarkable development of apparatus and experimental methods was
achieved. I would like to mention here the completion of the FOPI detector system at
GSI Darmstadt and the first successful experiment employing this system in the full
configuration on the beam of the SIS heavy ion synchrotron. One of the last major
additions to FOPI was the Plastic Barrel detector - a contribution of our Division as
part of the international FOPI collaboration. I would also like to point out the
development of experimental set-up JANOSIK for high-energy y-ray studies at the
Warsaw Cyclotron. An active plastic scintillator shield and a lead shield for the BGO
crystal was used, since the reduction of background is crucial to the studies of GDR
decay. This allowed for an efficiency of cosmic-ray rejection of 80%. Following the
long-time tradition of nuclear structure studies using Coulomb excitation, we took part
in the Warsaw-Munich-Ris0 collaboration. In the result, a new very efficient
COULEX chamber was constructed and after successful testing (at the Warsaw
Cyclotron) the detector array was mounted into NORDBALL and used in physical
experiments. One should also mention the expansion of the abilities of the
electromagnetic calorimeter TAPS, the use of a multistrip detector as a luminosity
monitor (WAS A- PROMICE collaboration) and the test of the modular neutron array
(MONA) in which the neutron energy spectrum from spontaneous fission of ^52Qf
was measured. In the near future MONA will be applied to study the temperatures of
nuclei produced in heavy ion reactions at the Warsaw Cyclotron.

I would also like to mention the creation of Laboratory of Radioactivity by our
Division in 1995. The Laboratory and accompanying lectures are intended for students
of the Interfaculty Studies of Environmental Protection as well as students from other
faculty.

Many of the contributions presented in this Report were done in close collaboration
with our colleagues from foreign and Polish institutes and universities. In this place I
would like to express my gratitude to all of them. I would also like to acknowledge
the financial support from the State Committee for Scientific Research.

Chrystian Droste.
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Intermittency signal in charge distributions of nuclear

fragments in collisions of gold nuclei at energy 400A MeV.

K. Wisniewski, K. Siwek-Wilczynska, B. Sikora,

FOPI Collaboration

In recent years a considerable amount of effort has been put into analizing
Normalized Scaled Factorial Moments (NSFMs) of one-particle distributions in high
multiplicity events, for instance in heavy ion collisions at sufficiently high energies. The
method of NSFMs is used to identify intermittent behaviour of fluctuations in these
distributions, which, in turn, can give a hint of the mechanism of the physical proccess.
The method was first introduced by Bialas and Peschansky [1,2] and developed by
many authors later on. The appropriate definition of a NSFM is :

(Nincy

where / is a rank of the moment, SX- the bin width of the distributions of particles
(nuclear fragments) in the variable X, M - the number of bins, N - multiplicity in an
event, km - the occupation of an m-th bin in an event, <>- averaging over the sample
of events, km

mc - the sum of km over the sample of events, Ninc - the sum ofN over the
sample of events.

The intermittency signal is identified as a power law dependence of the moments
<FiS> on the bin width, i.e.:

<F,sz>oc(SXf (2)



Following these ideas we calculated and analysed the moments for charge, azimuthal
angle and rapidity distributions of nuclear fragments produced in central collisions of
gold nuclei at energies 150A and 400A MeV measured with the FOPI Phase-I detector
at GSI [3]. We selected the central events with standard FOPI centrality criteria : high
multiplicity (PM5) and high transverse to longitudinal energy ratio (ERAT5) [4]. For
detailed description of these results see [5,6].
We also investigated how the result obtained for charge distributions depends on the
selection of specific samples of events.

On figure 1 we present the values of the moments <Ffz> as a function of the bin
width 5Z calculated for charge distributions of fragments produced in central collisions
at energy 400A MeV, selected with the PM5 and ERAT5 criteria. As it is seen, we did
not find any dependence of <Fl

sz> on the bin width SZ for these distributions. Our
conclusion is that there is no intermittency signal present in this sample of events.
Moreover, the values of <F,5Z> are less than unity, which means that the fluctuations
in charge distributions are below the poissonian limit.

In contradiction to our results, Ploszajczak and Tucholski [7] found an
intermittency signal in multifragmentation in the reaction gold+emulsion at 1A GeV.
In an attempt to understand the source of this discrepancy, our data were analyzed
using the same selection criteria as those used in [7]. These criteria are: (i) multiplicity
ranging from 35 to 70\% of the maximal detected multiplicity (MIDMUL criterion),
and (ii) the number of fragments with Z > 2 being larger than 2 (MINFRA2 criterion).
Values of <Ft

sz> for events at energy 400A MeV selected with the MIDMUL and
MINFRA2 are presented in figures 2 and 3 respectively.

They clearly show presence of intermittency. The values of <F?Z> are larger than
those obtained for the sample of central events. The straight lines on figures 2 and 3
represent the best fit with equation 2 for different ranks /. These results are very similar
to results of the analysis of Ploszajczak and Tucholski - evidently showing non-zero
values of the intermittency exponents/..

The presence of intermittency in events selected by the MIDMUL and MINFRA2
criteria of Ploszajczak and Tucholski in our data as well as in Waddington's data
analysed in [7], as opposed to the lack of intermittency in events sellected by centrality
criteria (PM5 and ERAT5) suggests that the MIDMUL and MINFRA2 criteria allow
for mixing events of different centrality (and, hence, charge distributions), thus
creating trivial event-to-event fluctuations and simulating intermittency.

References
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Fig. 1. The values of the moments <F,5Z> of ranks / = 2,3,4,5,6,7 as a function of
the bin width 5Z, calculated for charge distributions of fragments produced in events
selected with criteria PM5 and ERAT5 at energy 400A MeV.
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bin width SZ calculated for charge distributions of fragments produced in events
selected with the MIDMUL criterion.
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the bin width SZ calculated for charge distributions of fragments produced in events
selected with the MINFRA2 criterion.
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Simulating Multifragmentation by percolation

M.Kajdanowicz, M.Kirejczyk, B.Sikora,
K.Siwek-WiIczynska, K.Wisniewski

Multifragmentation the heavy nuclei collisions is often interpreted as a critical
phenomenon, namely a process similar to liquid-to-gas phase transition close to the
critical point. One may therefore try to understand multifragmentation with the aid of
a percolation model, which displays the features of the phase transition, critical
behaviour and clustering. The results of simple bond percolation and cluster
production in the experiment are strikingly similar, and this suggests the use of
percolation as both a conceptual and a quantitative model for understanding various
characteristics of multifragmentation.

A program was written to perform the bond percolation on a 3-dimensional cubic
lattice with arbitrary boundaries. The parametrized boundaries simulate various
physical shapes and sizes of a fragmenting system at freeze-out. The main parameter
of the Monte-Carlo calculations is the bond-breaking probability p. For each bond a
random number between 0 and 1 is compared with p to decide whether the bond is
broken or not. The resulting distributions of cluster sizes are histogrammed for each
event. They can then be used to produce the inclusive spectra, or various parameters
characterising fluctuations, like for instance NSFMs - the Normalised Scaled Factorial
Moments used in intermittency research (cf. the report of K.Wisniewski et all in this
publication).
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Fig. 1 Inclusive cluster size distributions for/? = 0.50, 0.65 and 0.77



These two ways of utilising the program are illustrated by the enclosed figures,
which display the results of 10000 percolations of a 6*6*6 point cube (total 216
points). Figure 1 shows the inclusive cluster size distributions for/? = 0.50, 0.65 and
0.77 respectively. It is interesting, that the shapes of the spectra for different/? seem
to mimic different reaction mechanisms. Figure 2 shows NSFMs calculated" in the way
described in the above-mentioned report with p — 0.65, 0.77 and 0.85.
It is a fact well known from the other studies, that the percolation model displays
critical behaviour for/? * 0.77. Therefore it may be interesting to compare for instance
the behaviour of NSFMs for values of the parameter p close to and far from critical
point, as well as to study the influence of finite-size effects (which was the main
stimulus for the creation of our program).
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Recent Measurements of the r) Production
in pd Collisions at CELSIUS

Jozef Zlomanczuk
and

WASA-PROMICE COLLABORATION

In October and November of 1994 and March 1995 extensive measurements
pd-»r)+X reactions were carried out. The experiment was a part of the long term
research program to study the production of mesons in light ion collisions at
CELSIUS. The main goal of the experiment was to measure the total cross-section for
3Her| and pdr| reaction channels and the r\ production angle distribution for 3Her|
channel at the beam energies not far from the reactions thresholds. All these reactions
are poorly known both experimentally and theoretically and a large effort is needed to
understand the involved mechanisms. The second goal of the experiment was to
explore the r\ tagging possibilities for the future rare decay studies of this meson within
the WASA program.

The measurements were done at 4 beam energies: 930, 965, 1037 and 1100 MeV.
A phase space Monte Carlo simulation shows that at these energies the acceptance of
the Forward Detector (see fig. 1) for charged particles accompanying r\ is much larger
than the acceptance of the Csl arrays for 2 y's from the rj decay. Therefore an attempt
was made to use Forward Detector (FD) alone to measure 3He and proton-deuteron
pairs and identify T\ by looking at the missing mass spectra.

Working with the FD, except larger acceptance offers also much better angular
resolution due to the presence of the tracker (8 layers of cylindrical proportional
counters) and better energy resolution. Consequently, the reactions can be studied in a
greater detail. The price to be paid is high background in the forward direction [1],
difficulties in estimating the detector acceptance and tedious procedure to get the
calibration constants due to the dependence of the detector response not only on the
amount of deposited energy but also on the ionization density and position of the
impact point.

The effect of background on the event selection was minimised by requiring the
recorded particles to go through the Forward Window Counters (FWC in fig. 1). In
addition, the FWC detectors were used to select events with 'He in the final state by
setting a threshold higher than average energy losses of fast protons and deuterons in 3
mm of plastic scintillator (thickness of FWC). With the requirement that selected
particle was stopped within the Forward Range Hodoscope (FRH) and the energy
deposit in the first layer of the FRH was larger than « 40 MeV, this constituted a
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Fig 1. Schematic layout of the WASA-PROMICE experimental set-up.
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relatively clean trigger of 3He events. The other reaction channel, namely pdr|, was
selected by demanding at least two charged particles to go through FWC, Juelich
Hodoscope ( JH) and stop within the FRH. Due to the presence of strong background
from the deuteron breakup and pd—>K+X reactions only every 1/32 event selected in
this way was recorded. Apart of these two triggers a third one, based on the presence
of two photons in two arrays of Csl arrays, was used.

The FD acceptance was checked with 400 MeV protons, since at this energy the
rate of nuclear reactions in the FRH («20% [2]) changes only slightly over the 8 range
of the FD. For the selected pp—»pp events, dc/d9 distribution was built and plotted in
fig. 2, together with the theoretical da/d0 curve obtained from a compilation of NN
phase shift analysis data by Arndt et al. using the SAID program [3]. For convenience
the experimental data were normalised to the theoretical curve in the 0 range of 15-
18°. One can see that for this energy, the acceptance drops by about 6 % between
angles 20° and 5°. Such a drop can be caused by the supporting bars in the spherical
part of the scattering chamber and gaps between the FWC elements corresponding to a
larger range of O for smaller 0.

The energy calibration of the FD modules was done using a special CELSIUS
cycle with a slow ramp followed by a short flat top. The proton energy during the
ramp was changing linearly in time from 48 MeV (injection energy) to 320 (or 400)
MeV on the flat top. The selected pp-»pp events in this energy range allowed us to
find the relation between the deposited energy and the detector response for all FD
modules and different impact points. In order to use the proton calibration constants
for deuterons and 3He, we have parametrized the relation between the deposited
energy and light output measured for different particles by Becchetti et al. [4], With
this parametrization it is possible to convert the amount of collected light Al (found
with the proton calibration constants) to the energy deposit, if the particle is known
(identified). Luckily, the particle identification can be done quite easily using the Al
signals (see fig. 3) so this causes no problem.

After finding the FD calibration constants it was discovered that in about 50 % of
the recorded events the reaction vertex does not coincide with the target position.
Most likely these background events were created by the interaction of the beam with
the rest gas in the scattering chamber. We managed to filter them out by checking the
track direction with the tracker and JH.

In the next step of the analysis missing mass spectra for pd-»3He+X and pd
—>pd+X reactions were found for all beam energies. As an example, distributions
obtained for both reactions at 1037 MeV are plotted in fig. 4 and 5. In both cases
prominent peaks corresponding to the r\ mass are seen. The total cross section can be
obtained by finding the number of 3Her| or pdri events (peak contents) if the
integrated luminosity and the detector acceptance are known. In the detector
acceptance, apart of the solid angle, one should also include the rate of nuclear
reaction losses.

A rough estimate of the total cross section was made for 3Het) channel. In order to
do that the geometrical acceptance shown in fig. 2 was assumed and the phase space
Monte Carlo program was used to find the percentage of events with 3He entering the
FD. The rate of nuclear reactions of 3He in plastic scintillator was estimated to be
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Fig 5. Missing mass distribution for pd-»pd+X at 1037 MeV beam energy.

lower than 15 % by extrapolating the result obtained for 3He stopping in Nal(Tl) [5].
The integrated luminosity was found using the Si luminosity monitor described earlier.
The results are presented in table 1.

Table 1. (PRELIMINARY)
Energy
(MeV)

930
965

1037
1100

Luminosity
(1033/cm2)

6.12
11.18
9.24

15.33

Number of
3Heri events

1880
5600
5300
8300

Acceptance
(%)
77
89
94
96

Nuclear
Reactions (%)

15
15
15
15

Otoi

nb
470
660
720
660

The analysis is in progress to extract angular distributions for 3He and total cross
section for pdr\. Also the acceptance problems are being studied.
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Determination of nuclear friction in strongly damped

reactions from prescission neutron multiplicities

J. Wilczynski », K. Siwek-Wilczynska, H.W. Wilschutb

1 Institute for Nuclear Studies, 05-400 Swierk-Otwock, Poland
bKernfysisch Versneller Instituut, 9747 AA Groningen, The Netherlands

Recent analysis [1] of experiments on prescission y-rays from giant dipole
resonances indicates that viscosity of compound nuclei depends on nuclear
temperature. The viscosity seems to be small at low excitation energies, but it rises to a
value equivalent to about two times the value of one-body dissipation at the nuclear
temperature of 1.5 MeV. This rather unexpected result was obtained in Ref. [1] from
an analysis of the fusion-fission reactions in terms of the diffusion model based on the
Fokker-Planck equation.

In the present work we report results of our analysis of the existing data [2] on
prescission neutron multiplicities in non-fusion reactions. Contrary to fusion-fission
reactions, non-fusion reactions (fast fission or deep-inelastic reactions) can be
interpreted in terms of a deterministic model of nucleus-nucleus dynamics based on
classical equations of motion with friction (Lagrange-Rayleigh equations). We
demonstrate that this completely independent method applied to a different class of
nuclear processes also leads to very large values of the friction coefficient.

We selected four reactions of very heavy systems which were studied by Hinde et
al. [2] at bombarding energies well below the fusion extra-push energy threshold.
Consequently the measured prescission multiplicities totally correspond to non-fusion
reactions, even for central collisions. We analyzed these prescission neutron
multiplicities in terms of the deterministic dynamic model of Feldmeier coupled to a
time-dependent statistical cascade calculation DYNSEQ [3].

Our analysis shows that in order to reproduce the measured prescission
multiplicities and the observed (nearly symmetric) mass divisions, the energy
dissipation must be dramatically changed with regard to the standard one-body
dissipation: In the entrance channel, in the process of forming a composite system, the
energy dissipation has to be reduced to at least half of the one body dissipation



strength (kj in < 0.5) and in the exit channel (from a mononucleus shape to scission) it
must be increased by a factor ranging for the studied reactions from ksOut = 4 to
k s

o u t = 12 (see Fig. 1).
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Results of our analysis seem to be consistent with the dependence of the dissipation
coefficient on nuclear temperature suggested in Ref. [1]. Our results correspond to a
range of nuclear temperatures well above the highest temperature reported in Ref. [1].
Consistently, we observe the continuation of the rise of the dissipation coefficient with
the increasing temperature up to T = 2.5 MeV. At this value of the temperature the
nuclear dissipation becomes nearly ten times stronger than the standard one-body
dissipation. Therefore the results of the present study can be interpreted as evidence of
the onset of a strong two-body dissipation at unexpectedly low temperatures, already
at about 2 MeV.
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In heavy-ion collisions at projectile energies Ep/A < 5-6 MeV/u, statistical emission
is practically the only source of high-energy photons, and most of the radiation comes
from the statistical decay of the Giant Dipole Resonance (GDR) built on highly excited
states [1,2]. Thus the measured y-ray spectrum can be reproduced by the statistical
model calculations as those with the CASCADE code. The angular distribution of the
high-energy y-rays must be symmetrical with respect to 90° in the nucleus-nucleus
(projectile-target) center-of-mass frame (n-n CM frame). In such a frame an angular
distribution can be described by ai (Ey) and a2 (Ey) coefficients defined by the
formula:

d2o(Ey, GCMV dn d% = Adfy)- [1 + a, (Ey) • P,(COS8CM) + a2 (Ey) •

In the case of pure statistical emission (from the compound nucleus CN)
aj (Ey) = 0, while a? (Ey) typically exhibits an asymmetric shape centered near the
GDR resonance energy, and determined by the deformation of the nucleus in which
the GDR has been excited [1-3].

At projectile energies Ep/A > 5-6 MeV/u an excess of photon yield over that
expected on the basis of statistical decay has been observed in many studies on high-
energy Y-ray production following heavy-ion collisions at energies 30-100 MeV/u [4].
This additional "non-statistical" component in the y-ray spectrum is especially
visible for y-ray energies exceeding the GDR region, i.e. above Ey = 30 MeV. The
most important mechanism for this y-ray production is the bremsstrahlung emission
due to the first-chance incoherent nucleon-nucleon collisions [4]. The characteristic
feature of bremsstrahlung y-ray spectra is an approximate exponential shape well
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described by the formula ahtem(Ey) = a0 • exp(-Ey /Eo). The inverse slope parameter
Eo, measured at Ey > 30 MeV exhibits a systematic dependence on the projectile
energy, and is nearly independent of the combination of projectile and target nuclei
[4]. Measured angular distributions of high-energy y-rays beyond the GDR region (Ey
> 25 MeV) are consistent with y-ray emission occuring nearly isotropically from
a source moving with a velocity close to one-half of the beam velocity, i.e. in the
nucleon-nucleon center-of-mass frame (N-N CM frame). After transformation to the
n-n CM frame the angular distributions exhibit an asymmetry with respect to 90°
dependent on whether the projectile mass Ap is lighter, equal or heavier than the target
mass A«. In the case of Ap < At the coefficient a/renl(Ey) calculated in the n-n CM
frame is positive.

At projectile energies around 10 MeV/u, both processes: statistical y-ray emission
and bremsstrahlung emission give important contributions to the measured total y-ray
cross section and angular distribution. Even if only the bremsstarhlung process is
interesting the statistical emission cannot be neglected, even at Ey > 25 MeV. This is
an additional difficulty, since in the statistical calculations the parameters may change
with projectile energy, i.e. with excitation energy of the compound nucleus. Also the
GDR parameters, esspecially the GDR width, change with the temperature and spin of
the compound nucleus. In order to extract realistic GDR parameters and
bremsstrahlung parameters from the measured data simultaneous analysis of y-ray
spectra and angular distributions should be perfomed with an attempt to differentiate
between statistical decay and nucleon-nucleon bremsstrahlung on the basis of angular
distribution, what should be possible when the collision is mass-asymmetric.

High-energy y-ray spectra from heavy-ion collisions at given projectile energy have
been usually measured at NPL Seattle at five angles and the results of the data analysis
consist of ^ ^ ( E y ) , a/exp(Ey) and ^ ( E y ) presented in the n-n CM frame [3]. It
should be mentioned that comparing the data at different angles in order to extract the
angular distribution coefficients one is really sensitive to the v40

exp(Ey)a7exp(Ey)
product. This value may be compared with the theoretical expectation (in the n-n CM
frame) A^mm(JE0rya1

inu(Ey) + ^ ^ ( E y ) - ^ 0 " ^ ) , where the statistical ^"(Ey) = 0.
Thus the fitting procedure of the theoretical calculations to the measured data
should include ^ ^ ( E y ) + ^^(Ey) to compare with ^oexp(Ey) and
a7

bran(Ey) - ^ ^ ( E y ) / ( ̂ ^ ( E y ) + ̂ ( E y ) ) to compare with a;
exp(Ey) in the fitting

range up to the highest measured y-ray energy Ey. This is the idea of the new fitting
code CASIBRFIT.

Statistical model calculations in CASIBRFIT are done as in a typical CASCADE
version treating the isospin correctly (i.e. as a variable for each level, similarly as
excitation energy, spin and parity), with the level density in the Reisdorf approach
(optionally), and the spin dependent moment of inertia. The existing version of the
CASCADE code was expanded to y-ray energies Ey > 50 MeV. Resulting y-ray
spectrum in the n-n CM frame is folded with the detector lineshape (response function
and efficiency) into A©"(Ey).

The bremsstrahlung cross-section is calculated also in the n-n CM frame according
to the analytic formula for five angles and folded with the detector lineshape. It was
assumed that in the nucleon-nucleon center-of mass frame (N-N CM frame) the
bremsstrahlung emission has an isotropic angular distribution. Thus after
transformation to the n-n CM frame a7brem(Ey) * 0. The angular coefficients Ao*em(fy)
and aihTem(Ey) are extracted from the Legendre polynomial fit.
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Finally the fitted function (fi, f2) is constructed with the fit parameters, i.e. GDR
parameters: Si, Ei, Tu S2, E2, F2 and bremsstrahlung parameters: a0 and Eo

A (Si, Ei, Fi, S2, E2, F2, ao, a0, ', Si, Ei, Fi, S2, E ,̂ F2)

h (Si, Ei, Fi, S2, E2, F2,
a7

brem(Ey,Oo,E<)) ^

The fitting subroutine performs a least-square fit of (fi, f2) to (^o
exp(Ey), ay

exp(Ey))
simultaneously, using the algoritm which combines a gradient search with an analytical
solution developed from linearizing the fitting function [5]. There are different options
in the code allowing for normal fitting, with statistical model calculations performed at
each step when one of the GDR parameters has been changed, or time-saving options
i.e. fast fitting, where detailed calculations are done at some steps only.

The fitting subroutine was tested with some artificial data produced with a similar
procedure. As real data to fit recently studied high-energy y-ray emission in the

C + ^rfg reaction at 6, 8.5 and 11 MeV/u and the C + 2Trfg reaction at 11 MeV/u
[6], using 12C beams from the University of Washington tandem liniac, have been
chosen. For starting values of the GDR parameters (one Lorentzian only) those
extracted from the 2C + ^Al reaction at 5.4 MeV/u [7] have been used. Starting
values of the bremsstrahlung parameters have been extracted from the by-eye fit to the
data above Ey= 30 MeV assuming the bremsstrahlung to be the only source of y-rays.
Fit results for all studied cases when 4 parameters: S, E, Oo, EQ were varied and F was
fixed are shown in Fig. 1.

Inverse slope parameters Eo extracted from those fits have been compared (Table 1)
with values predicted by the Boltzmann-Uehling-Uhlenbeck (BUU) nuclear transport
equation [4] and calculated with the BUU code written by Wolf [8].

Table 1.

Reaction

12C + ^ g

12C + ^ g

12C + ^ g

12C + 24Mg

E|«b

[MeV]

134.6

103.3

73.0

134.6

(<Elllb>-Vc)/A

[MeV/u]

9.7

7.1

4.5

9.7

Eo63*

[MeV1]

5.3

4.8

4.5

5.2

T7 BUU

[MeV1]

8.8

8.0

7.3

8.9

The slope of the y-ray spectrum calculated by the BUU code is too small to reproduce
the experimental data at these low projectile energies. There is a possibility that the
energy dependence of the y-ray production probability in an individual first-chance n-p
collision assumed in the BUU calculations at 30-100 MeV/u projectile energies [4] is
wrong at lower projectile energies. An attempt to use another formula which seems to
give an agreement at low energies [9] is in progress. We would also calculate a
velocity distribution of the emitting source in the BUU to find out how good our
approximation of the source velocity equal to one-half of the beam velocity is.
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Fig. 1. Measured y-ray spectrum ^o
exp(Ey) (top), a;

exp(Ey) (middle) and ^ ( y )
(bottom) angular distribution coefficients for the l C + 24Mg reaction at 11 MeV/u and
the 12C + 2%Ag reaction at 6, 8.5 and 11 MeV/u. Solid line through the data: total
results of the fit (top and middle, see text); dot-dash line: fitted bremsstrahlung
contribution (top); solid line below the data: fitted statistical model calculations (top).
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A comprehensive body of spectroscopic data for nuclei with Z,N ^ 50 has been
shown to be well described within the restricted (pi/2, %9a) shell model space for
protons (n) and neutrons (v) [1,2] using an empirical residual interaction [3].
The observation of parity changing y-transitions like El, M2, E3, which cannot be
described in this model space, are thus an excellent probe for the purity of the shell
model wave functions and admixtures from outside the model space. Moreover,
competition from these y-transitions plays a decisive role for the half life of presumably
[J7EC decaying spin gap isomers in the upper half of the TIV g9/2 subshell [4].

As these transitions due to their spuriosity in the principal model space are
strongly hindered, we have performed a dedicated experiment to search for isomers in
neutron deficient nuclei with Z,N < 50. A recoil catcher, the OSIRIS y-ray
spectrometer and filter detectors for neutrons and charged particles were used to study
residual nuclei from the reaction 58Ni+40Ca—^Cd* at 215 MeV energy of the Ni beam
from VICKSI. Further experimental details are given in refs. [5,6].

Two new isomers were found, namely the ti/2=16{2) ns r=(5") state in 92Ru and
the ti/2=12(3) ns I*=(31/2") state in MPd. In Figs. 1 and 2 partial decay schemes of the
isomers as deduced from recent work [7,8], are shown in comparison to shell model
calculations in the restricted model space. In Table 1 the El resp. E3 transition
strengths of the isomeric transitions are listed. The r=(5") state in MRu and the
r=(31/2") level in "Pd can be regarded as spin gap isomers, as there are no lower lying
states of the same parity that can be reached by Ml and E2 y-decay (see shell model
theory in Figs. 1,2).
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The large hindrance of the 5"-»4+ El transition in ̂ Ru, two orders of magnitude
weaker than comparable El strengths in neighbouring nuclei, indicates a high purity of
the r=5' and 4+ wave functions. On the other hand the E3 strength of B(E3;5"
- > 2 > 1 . 8 ( 4 ) W.u. as compared to the "normal" B ( E 3 ; 3 ^ 0+)=25(3) W.u. in ^Zr
yields an admixture of 7 % of 2+®3" to the 5" wave function, which, however, does not
contribute to the 5"-*4+ El transition. The alternative possibility of a % p"*3/2g9/2
particle-hole content in the T=5' state would require an admixture of 12 %, which
seems to be unrealistic, as the corresponding B(E3;5*->2+>=0.22 W.u. in ̂ Zr is well
reproduced in shell model calculations with only 4 % of this configuration [9].

41/2 * 9055

16* 5992

35-39/2 " B569

3537/2

27/2* 4327

29/2 * 4284

9/2*

SM EXP

95,Pd

SM

Fig.l: Experimental [7] and shell model Fig.2: Experimental [8] and shell model
level scheme (present work) for ̂ Ru level scheme (present work) for 95Pd



The El decay of the F=31/2" isomer in 95Pd is remarkable, as the lack of
competitive E2 and Ml transitions to lower lying odd parity states is surprising. The
explanation is found in the shell model calculation, as the r=2S/2'-29/2" states are at
higher excitation energy, leaving only the possibility of an El decay to the F=29/2+.
The configuration [n (gsw (p j / 2 g9/2> r

3V2
- is related by a pj/2 g9/2 particle-hole

w)** vgg/2. The reducedexcitation to the well known [10] T=21/2+ configuration n (gs

hindrance of the El strength indicates contributions from neutron p~2 d3/2 and %
core excitations to be effective at this excitation energy.

Table 1: y-ray transition rates from isomers MRu and 95Pd.

l)2

nucleus

»Ru

"Pd

I*
5"
5"

31/r

1/
2+

4+

29/2+

aL

E3
El
El

T [W.u.]

1.8 (4)
3.8 (7) 10"*
1.5 (4) 10-6

References

[1] H. Grawe et al., Physica Scripta T56,71(1995)
[2] D. Rudolph, K.P. Lieb, H. Grawe, Nucl. Phys., in print
[3] R. Gross, A. Frenkel, Nucl. Phys. A267,85(1976)
[4] K. Ogawaetal., Phys. Rev. C28,958(1983)
[5] M. Gorska et al., Z. Physik A353,233(1995)
[6] M. Gorska et al., Acta Physica Polonica, in print
[7] S.E. Arnell et al., Z. Physik A346},111(1993)
[8] S.E. Arnell et al., Phys. Rev. C49.51(1994)
[9] R. Broda et al., Phys. Rev. Lett. 74,868(1995)
[10] E. Nolte et al., Z. Physik A298,191 (1980)

31



P L 9 8 0 0 0 7 9

ANNUAL REPORT 1995

Proton-neutron interaction at N = Z.
94 Pd
46rU48

First observation of the T7=l nucleus 4fiPd48 in-beam.

M.Gorska, H.Grawe", D.Foltescub, D.B.Fossan0, R.Grzywacz, J.Heese8,

K.H.Maiera, M.Rejmund, H.Rothb, R.Schubartd, O.Skeppstedtb, K.Spohra

" HMI Berlin, Germany
b CUT Goteborg, Sweden
c SUNY Stony Brook, USA
d GSI Darmstadt, Germany

Neutron deficient nuclei close to N=Z are expected to exhibit a new kind of pairing
based on the T=0, 1=1,Im« configurations , which in the (pi/2,g9/2) shell model space
below 100Sn is governed by the gll2 proton {%)- neutron (v) interaction. The empirical
interaction deduced for this model space [1], which has been shown in numerous cases
[2,3] to describe experimental levels and electromagnetic transitions very well, exhibits
indeed strongly bound gl,2, T=0, I=l+,9+ two-body matrix elements (tbme) besides the
"normal pairing" T=l, I=0+ tbme. In the experimentally barely studied far from stability
upper 7ig9/2 shell due to the hole-hole character of the 7tv interaction spin gap isomers
are expected [4].

We have therefore designed an experiment to study exclusively the y-decay of
isomers in a recoil catcher device placed inside the OSIRIS y-ray spectrometer. Filter
detectors for neutrons (6 segments) and charged particles (4 segments) were used to
identify residues from the reaction J8Ni + ^Ca at 225 MeV energy of the Ni beam
from VICKSI. Details on the geometry and the sensitivity of the setup are given in
refs. [5,6]. In Fig. 1 a sequence of six y-rays is shown, which are in mutual
coincidence, and in delayed coincidence with protons and neutrons, with a half life of
ti/2=08 (2) us (insert Fig. 1). From the proton and neutron multiplicities, as deduced
from intensity ratios l2prA»rc a n ^ WA»rc shown in Fig. 2, the y-cascade can be
assigned to the (2p2n) exit channel from the compound nucleus 98Cd* and hence to
MPd. The population cross section was estimated to be a = 0.2 mb corresponding to
0.06 % of the total residue cross section.
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MPd, which was not studied before, is the heaviest Tz =1 nucleus identified in-
beam. From the half life, nyy coincidence spectra and the systematics of N=48 isotones
the level scheme shown in Fig. 3 is deduced. As the measured isomeric half life is
incompatible with the y-ray energies observed in MPd, when compared to typical El
and E2 transition strengths in this region, an unobserved E2 transition with A £90 keV
has to be invoked, as odd parity states are not expected to be yrast at this excitation
energy. In Fig. 3 the results of shell model calculations in the (pm, gsn) model space
are shown, which were obtained with an empirical interaction [1]. The excellent
agreement encouraged us to use the theoretical B(E2;14+->12*) = 4.9 W.u. to deduce
the above mentioned limit for A £ 90 keV as compared to the shell model value of
145 keV. From the difference an improved value for the 7tv gla T=9+ tbme of -2.0
MeV in comparison to the previous empirical -1.75 (7) MeV [1] can be inferred. This
also improves the agreement for the V =21/2+ spin gap isomer in 93Pd [4]. On the
other hand variation of the F =1+, T=0 tbme was found to have no influence on the
position of the **>95Pd isomers. The yrast lines for the isotones "Ru, MPd and "Cd
(insert Fig. 3) show the development of a AI = 4 spin gap isomer in ^Cd and an
increasing 8+-6+ transition energy causing the disappearance of the V = 8+ isomer (Un £
5 ns in MPd as deduced from the present experiment). Where experimentally
accessible, all these features are nicely reproduced by the shell model, which proves the
adequacy of the model space and the residual rev interaction.
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Evidence for the coexistence of superdeformed, triaxially deformed collective
AI=2, and weakly deformed oblate AI=1 structures has been recently reported for
144Gd [1,2], which at low spins has an approximately spherical shape. Such a
complicated coexistence of very different excitation modes was predicted already in
1985 by J. Dudek et al. [3] to be a general feature for nuclei in this mass region. The
observation and the interpretation of the coexistence and the transition between
different shapes, plays an important role for the applied mean field description.

In the previous work on 144Gd [2], the multipolarities of the strongest y-transitions
placed in the level scheme were obtained in a directional correlation (DCO) analysis of
the coincidence data. DCO ratios of the transitions forming the AI = 1 sequence were
found to have values consistent with a quadrupole/dipole mixing ratio 6 changing from
w-1.0 to w-0.2 as a function of spin. This was interpreted as an indication of a negative
quadrupole moment (or an oblate nuclear shape) for the dipole band in 144Gd, similarly
to the dipole bands in the 198"201pb nuclei (see, e.g., [4,5]).
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In the Pb region it was found that oblate dipole bands have large B(M1) and small
B(E2) values, as measured for I98Pb [6]. The proof that the dipole bands in l44Gd have
similar features requires lifetime measurements. Therefore lifetime measurements of
excited states in 144Gd were carried out using the Koln RDM-plunger together with the
2*3 CLUSTER detector setup in Heidelberg. This setup of two rings of three
CLUSTER detectors symmetrically arranged around the beam- entrance and exit,
provides a good geometry for lifetime measurements, with 6, 9, 6, 6, 9 and 6 detectors
at detector-angles relative to the beam-axis of 8 = 151°, -136°, 122°, 58°, -44° and
29° respectively. The nucleus was populated in the 100Mo(48Ti,4n)144Gd reaction at a
beam energy of 205 MeV, giving a recoil velocity of v/c * 2.6 %. The target consisted
of a self-supporting foil of 100Mo enriched to 97.4 % with a thickness of 1.02 mg/cm2.
A gold foil with a thickness of 11.5 mg/cm2 was used, in the plunger, as a stopper for
the recoiling nuclei. Three- and higher fold y-ray coincidences were measured at 12
target-stopper distances between 0 urn and 400 am. More than 108 events were
collected at each distance. Examples of y - ray spectra recorded for a detector at
8 = 151° and 29° relative to the beam axis are shown in, respectively, the left and right
column of figure 1. Spectra are shown for target-stopper distances of 0, 45, 100, 250
and 400 |im. A dependence of the intensity of the stopped and shifted components on
the target-stopper distance are clearly seen for the 1017.8 keV 12+—>\0+ transition in
144Gd, and for the 1023 keV transition, which has been placed in the level schemes for
both 144Eu and 143Gd. The 1002 keV transition, belonging to the level scheme of 144Gd
is an example of a transition depopulating a long-lived state, which therefore has no
shifted component. The analysis is still in progress, but shifted and stopped
components for transitions in both the dipole and quadrupole bands in 144Gd have been
observed. From the preliminary analysis it seems feasible to obtain lifetimes also for
levels in several of the neighbouring nuclei.
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Last year we reported on the observation of two superdeformed bands in 145Gd [1].
Finally we could prove the existence of three SD bands in this nucleus, which show
pronounced differences in their band crossing behaviour. Details on the experiment
and analysis can be found in [2]. The dynamic moments of inertia of the
superdeformed bands in U5Gd are plotted as function of the rotational frequency in
fig.l. The second excited superdeformed band has only been established in the
frequency range of 0.46 to 0.72 MeV and it is considered to be the signature partner of
the first excited superdeformed band since outside the band-crossing region the
transition energies of the second excited superdeformed band lie approximately in the
middle of those of the first excited superdeformed band.
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Our interpretation of the SD bands in 145Gd is based on calculations in the
framework of the cranked Woods-Saxon-Strutinsky approach [3]. The calculated
dynamic moment of inertia vs. rotational frequency is shown in fig. 2. The
experimental yrast superdeformed band was observed only above a rotational
frequency of 0.38 MeV showing a smooth decrease of the dynamic moment of inertia
with increasing frequency. This behavior can qualitatively be understood in terms of
the occupation of the N=7 neutron orbital as well as the proton alignment. In the
calculations, the yrast superdeformed band has a deformation of /J> = 0.523, due to the
deformation-driving effect of the j l i r 2 neutron orbital, and the crossing between the
V7]K6° and vl1n62 configurations occurs at hco » 0.40 MeV. The first excited
superdeformed band in Gd shows a double band crossing. It can be rather firmly
established that the first crossing is due to the alignment of a pair of N=6 protons,
observed also in the neighbouring nucleus Gd [4]. The calculated deformation after
this crossing is fa * 0.508. The second observed intersection is due to the crossing of
the v[642]5/2 and v[651]l/2 orbitals. This crossing is absent in the second excited
superdeformed band in agreement with the calculations. The calculated moments of
inertia reproduce fairly well the observed trends.

To determine the quadrupole moments of the superdeformed bands in 14?Gd we
performed a backed target experiment at the GASP spectrometer. The data analysis is
in progress.
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In a systematic investigation of the electromagnetic structure of Hafnium stable
isotopes enriched targets of 176'177>178>179>180Hfwere Coulomb excited using:

• 67MeV J 9F beam from NBITAL FN Tandem,
• 125MeV 32S beam from MP Tandem in Accelerator Laboratory LMU and TU,

Munich [1],
225MeV 58Ni beam from NBITAL FN Tandem plus 2 Liniac boosters complex.

Thin HfO2 targets about 300 ug/cm2 thick evaporated on 18 ng/cm2 carbon
backing were used. 19F and 58Ni COULEX experiments were performed using new
highly efficient PIN-diode detector array [2] mounted into NORDBALL setup
consisting of 19 standard germanium Anti-Compton Spectrometers and CLOVER
detector without shield placed at the angle 79 deg.with respect to the beam direction.
Scattered particle-gamma as well p-y-y coincidence were registered. BaF2 inner ball
was used as additional time reference.

On-line analysis of experiments with the fluorine beam showed that known [3, 4,
5, 6, 7] levels in ground state bands were populated up to energy of about 1.5 MeV.
The excitation of first levels in several side bands was also observed in all measured
hafnium isotopes.
Because of apparent physical interest special attention was paid to gather a high
statistics in 176Hfand 179Hf.

In Fig.l on-line Doppler-shift corrected y-spectrum emitted after Coulomb
excitation of 176Hf (enriched to 65%) by 19F is shown. Broad peaks are the results of
reactions on carbon or oxygen contained in the target. Those nuclear reaction
products have strongly different velocity then 176Hf target recoil nuclei. Such effects
will be later reduced affer proper off-line p-y time gating. A further simultaneous



analysis of Coulomb excitation cross section as a function of scattering angle of l9F,
32S and 58Ni projectiles should be sufficient to deduce reduced probabilities of E2
transitions in ground state band. Additionally we hope to deduce B(E2;0+

2—>2+
ground),

B(E2;2+
y ->0+

grom<d as well as B(E2;0+
2->2+

y). The latter value could be deduced
due to small energy difference of 0+

2 and 2+
y levels. It increases the probability of

COULEX excitation on the contrary to E2 decay probabilities. Such direct measure of
0+2 and gamma-band E2 coupling will be the important experimental factor needed in
the discussion about the controversial nature of bands [8, 9].

The determination of transition probabilities in low energy part of known level
schemes in Hfs' isotopes is the main goal of presented experiments. But preliminary
results from on-line analysis show that assignment of new states in 179Hf level scheme
is possible. The cascade in ground state band observed in Coulomb excitation with
58Ni beam is shown on Fig. 2. Taking into account on-line p-y-y data allowed to extend
the ground state band in 179Hf for at least 2 levels in comparison to previously known
level scheme [6]: 1349 keV (23/2+) and 1623 keV (25/2+). It indicates that COULEX
is the only experimental technique which allowed to populate high spin states in this
nuclide as one can not reach 179Hf by heavy ion compound nucleus reactions.

Presented work was performed by Polish-German Coulex collaboration in series
of Coulomb excitation experiments on NORDBALL setup. Besides of Hf isotopes
231pa and 180ja w e r e investigated using 260MeV and 225MeV 58Ni beam. Also 238U
was measured on 70MeV 16O and 140MeV 32S beams. Off-line analysis of these data
will be performed by German collaborators.
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In-beam spectroscopy of 231pa

M/Wuerkner a , J.deBoer a , J.Choinski b, T.Czosnyka b, J.Iwanicki b,
M.Kisieliriski b, A.Kordyasz b, M.Kowalczyk, J.Kwasil3 , A.I.Levond,

M.Loewe a , P.J.Napiorkowski b, G.Sletten c, J.Srebrny,

a Sektion Physik, Lvdwig-Maximilian-University, Munich, Germany
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The level structure of 231pa> investigated in different experiments in Munich,
Bonn and at the NBI, was compared with model calculations [1,2,3].

Two low-lying opposite-parity bands based on the K7r=l/2 ~>+ states were
observed and followed up to spins 31/2 ~ and 21/2 +, respectively. From the E1/E2
branching ratios the intrinsic electric dipole moment was determined to be |D| = 0.04 e
fm. Weak Coulomb excitation of other bands was established, but experimental
uncertainties are large for weak transitions. Calculations were performed in the
framework of the quasiparticle + phonon model [4].

To verify proposed assignments to bands, a y-y matrix with good statistics is
needed. To end this additional Coulomb-excitation experiments were performed at
NBI with a 255,260 MeV 58Ni beam (30-120nA)using a 105 |ig/cm2 231Pa-oxide
target on a 12(.ig/cm- Carbon backing. To suppress reaction gammas from the backing
and background from the radioactive target a particle coincidence on the backscattered
projectiles with good time resolution is required. A new PIN-diode particle detector
inside the NORDBALL target chamber was constructed for this purpose [5].

In the online y-y-particle spectra of a week of beamtime in December 95 states up
to the 31/2- can be identified (fig. 1). The background of random coincidences with
gammas from the decay of 231pa was reduced compared to earlier experiments. A
detailed evaluation of the particle-y-y coincidences is in progress.
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During the last year the development of our experimental set-up JANOSIK for
high-energy y-ray studies at the Warsaw Cyclotron went through several stages. First
experiment has been performed using a 10cm x 10cm BGO scintillator with no special
shielding as a high-energy y-ray spectrometer. The neutrons have been discriminated
with TOF. We have also used the multiplicity filter made as an array of 28 detectors:
10 BaF2's and 18 NaI(Tl)'s. Our experimental set-up was described in details in [1]. We
chose as the test experiment the 12C + 27A1 reaction at Eub= 34.2 MeV, where high-
energy y-rays had been earlier measured at the University of Washington in Seattle [2].
Gamma-ray spectra measured with this first-stage set-up had reasonable shape up to E,
= 10 MeV. At higher energies huge background from cosmic rays made impossible to
look for low-intensity y-rays from giant-dipole-resonance decay. A time resolution of
the detection system was about 16 ns.

During second experiment [3] the BGO crystal was shielded with an active plastic
scintillator plates (17 cm x 35 cm x 1 cm) placed above and below the crystal and
a 10 cm thick lead surrounding the crystal on the sides, top and bottom, with a lead
collimator in the front. Cosmic-ray rejection efficiency for this simple shielding was
about 80%. Discrimination against the cosmics in the in-beam experiment was further
improved by the coincidence with the RF of the cyclotron. These changes together
with some changes in the electronics improved also the time resolution of the detection



system up to 8.5 ns (Fig. 1), giving a reasonable n-y discrimination. Gamma rays from
12C + ̂ Al reaction were detected at a lab angle of 90° with respect to the beam axis.
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Fig. 1 Total time-of-flight spectrum for the 12C + 27A1 reaction at EUb= 34.2 MeV and
Gr =90°.
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Fig. 2 Measured high-energy y-ray spectrum for the 12C + 27A1 reaction at Eub= 34.2
MeV and 9Y =90°. Solid line: statistical model CASCADE calculations folded with the
BGO detector response function.



The high-energy spectrum of prompt y-rays from the decay of 39K* shown in Fig. 2
was obtained from the measured event-by-event data sorted with the anticoincidence
condition with the plastic scintillator signal and discrimination against neutrons. Some
excess of the count rate observed at high energies (obviously at E, > 20 MeV) has
been still present in the spectrum and can be attributed to the yet imperfect cosmic-ray
background rejection.

Presently the set-up has been equipped with another high-energy y-ray detector,
a 25 cm x 29 cm Nal(Tl) cylinder. The results of both test experiments have asured us
in the necessity to use very efficient shielding for the high-energy y-ray detector. New
active plastic scintillator anticoincidence shield has been made by BICRON. It consists
of four walls tunnel (10 cm thick) viewed by four 3" phototubes and the front wall,
also 10 cm thick, viewed by two phototubes. The scintillator BC-412 has been used.
The plastic scintillator walls have been wrapped in reflective foil and black vinyl. In
a space between the Nal crystal and the plastic shield a 2.5 cm thick neutron absorber
composed of LiH packed in plastic bags will be placed on sides and front face of the
crystal. On the outside, the plastic will be surrounded by the passive lead shield from
chemicaly clean Pb of low-radioactivity which is presently under construction. It
consists of 10 cm thick tunnel and a 12 cm thick front wall with an exchangeable
collimator. The whole Nal spectrometer will be placed on a rotating table to measure
angular distributions. The table machined at the Cyclotron shop allows for angle range
of 40 -140°. The detector can be also moved radially by a screw arrangement.

For this new high-energy y-ray spectrometer the LED-pulser gain stabilization is
under construction.

The improved JANOSDC set-up was moved to a new beam line, with a target-beam
stop distance of 6.5 m and a Pb-lined beam tube downstream from the target. To
define the beam, a dual collimator system was built and positioned upstream from the
target. The pumping system was also improved by adding a turbomoUecular pump
downstream from the target.
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neutron spectra from fission of 252Cf
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Multi-detector systems play an important role in modern nuclear physics. Over the
past few years the era of multidetectors in charged particle, y-rays and neutron
detection has begun. In heavy ion collision studies, k appeared that the neutron
information is necessary to study the properties of radiation sources. Neutrons
originating from a hot source carry an information on the nuclear temperature. The
multiplicity of emitted neutrons grows rapidly with energy of the collision therefore
simultaneous registration of many neutrons is required. The so-called Neutron Balls
allow the measurement of neutron multiplicity event by event. However, these
detectors do not deliver any information on energy spectra and angular distributions of
the detected neutrons. In order to reach the necessary neutron information, one needs
a detector system which gives simultaneous control of the energy spectra, angular
distribution and multiplicity in individual detection of the event.

Our detector MONA (MOdular Neutron Array) allows the high efficiency
measurement of energy spectra, angular distribution and multiplicity of neutrons in one
geometrical set-up. MONA was constructed to register neutrons of intermediate
energy (O.S MeV-30 MeV). It is well known fact that the response of an organic
scintillator can be observed as the sum of two components, fast and slow ones [1,2].
The intensity ratio of these two parts depends upon the rate of energy loss and allows
to discriminate between the detected particles; in particular between neutrons and y-
rays. When the speed of identification is a critical parameter, special pulse shape
discrimination (PSD) modules like CANBERRA 2160 are used. However these
modules are relatively costly, what makes impractical its use in large arrays of
detectors. Therefore we apply another PSD method, which is based on charge
integration of the pulse current over two different time intervals using charge
integrating QDC [3,4]. One channel of QDC is used to integrate the leading part of
the anode pulse received from the scintillator and the second one to integrate the
slow component of it.
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Our detection system consists of eight BC-501A scintillation detectors
(equivalent to NE-213), 8 channel CAMAC electronics to analyze the pulse shape, and
a data acquisition system to write the results to the computer (Fig. 1). Each detector
(DET) has large scintillator 4" in diameter by 2" thick with attached R-329
(HAMAMATSU) photomultiplier tube. For the purpose of PSD we have built a
compact "pulse shape discriminating" system containing a multidetector array and a
dual charge integrating QDC (GANELEC QDC1612F)(Fig.l). For every detector
one channel of QDC is used to integrate the rising part of the anode pulse received
from the scintillator and the second one to integrate the slow component of it. The
experimental set-up required only general purpose electronics. An anode signal from a
passive splitter (PS) is delayed (DEL) and then send to the respective QDC channel
input. The second signal given by the splitter is used to be analysed by the constant
fraction discriminator (CFD). The output of CFD is used to trigger the delayed gate
signals (G&D), which set apropriate integration gates for the QDC. In order to select
high multiplicity events (M^2), an output of G&D is vetoed until coincidence between
two detectors takes place ( Multiplicity M>2 cancels veto). The QDC converters are
gated by reshaped signals from G&D to integrate the fast part of the signal and that
due to slow component of the scintillation pulse. The first integral is proportional to
the energy loss of the particle inducing scintillation while the second one depends on
the particle type. The suitable gate widths and delays are chosen to maximize the
difference between the integrals for neutrons and y-rays while minimizing the statistical
spreads in those integrals. Identical circuits were built for all detectors. Appropriate
settings were found empirically. The relative timing of delayed signal and gate signals
is displayed in Fig.2. Both outputs from QDCs are send to multi-parametric data
acquisition system.
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In order to measure the neutron spectrum from spontaneous fission of 2 5 2 Cf time-
of-flight method was applied. The velocity of the neutron was determined by
measurement the difference between flight time of a photon and neutron detected in
coincidence event. A relation between detector thickness and flight path gives
reasonable minimum distance of 50 cm from the source to the detector. The fast
trigger was generated by multiplicity signal, M=2 produced in CFD unit. Stop signals
produced by CFD and sent to 8-channel TDC unit (see Fig. 2b) The delay of-80 ns
is necessary to shift STOP generated by the detection of a photon beyond START
generated by the detection of a neutron . TDC and QDC outputs are stored in the
computer by data acquisition system.

Some basic tests of our detectors were performed. We have tested the
properties of pulse shape discrimination due to interaction of neutrons and y-rays
in the scintillator. The timing characteristics of the detector were also investigated. The
pulse shape discrimination properties of single detector were studied. The response
of the set-up to Cf source is given in Fig.3. Neutrons and y-rays are seen to be
well separated with from each other.

The counting efficiency of the detectors was established using a calibrated
2^2Cf neutron source. Additionally the efficiency was calculated using an
efficiency code [5]. Good agreement between calculated and experimental efficiency
allows us to accept the calculated values. The calculated detector efficiency is TI=0.25

at the neutron energy of 2.0 MeV.
The neutron spectra from the 2^2Cf source were measured by the detectors

placed symmetrically around the source. The distance from the source to the detector
was 50 cm. Every coincidence between two detectors produces a trigger pulse for the
detection system and all inputs of TDC and QDC are being readout. The outputs are
stored in the computer by data acquisition system. Event by event spectra were
collected and recorded on computer disc, neutron events were extracted in the off-line
analysis. The set-up described above can be used as an autonomic detector for
measurement of angular distributions and energy spectra of neutrons. It can also
work as a part of a greater modular detector.
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Exclusive measurements of subthreshold photons or mesons are particularly
powerful means to study the properties of hot and dense nuclear matter formed in the
initial stage of heavy-ion collisions [1]. Such studies benefit from excellent capabilities
of large electromagnetic calorimeters, like TAPS [2]. These devices provide photon
identification and allow for a high resolution invariant mass analysis of photon pairs.
Their wide geometrical coverage needed for an efficient detection of neutral mesons,
provides in addition a large efficiency for the detection of charged particles. Therefore,
the data obtained with an electromagnetic calorimeter contains information not only
on photons (direct following neutral meson decays), but also on accompanying
charged particles. Photon-nucleon and pion-nucleon correlations are of particular
interest since they evidence the excitation of baryon resonances and provide
information on the origin of particle production at subthreshold energies. Such an
analysis becomes feasible, to the extent that particles besides photons can be
unambigously identified.

Charged particle detectors are commonly operated in vacuum and take advantage
of various AE-E techniques (telescopes, phoswich). At variance, TAPS is operated in
air and only binary information about the charge of particle is provided. The
electromagnetic calorimeter TAPS detected particles emitted from the reactions
^Kr + "'Ni at 60 AMeV and "Ar + ""Ca at 180 AMeV and 800 AMeV (for more
details, see Table 1). The TAPS modules were arranged in rectangular blocks of 64
units. Each BaF2 module was equipped with a Charge-Particle Veto (CPV) plastic
scintillator, connected through a lightguide to a photomultiplier. In our experiments
the main goal was to detect hard photons following neutral mesons decay. In these
experimental conditions, not optimized for charged particle detection, the
identification of charged particles in coincidence with rare subthreshold photons and
mesons is an extra asset.
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Table 1. Reactions studied by TAPS and geometrical configuration.

reaction
energy
accelerator
TAPS modules
distance
solid angle / 4n

"Kr + m i
60AMeV
GANIL

320
60 cm
0.17

^Ar + '-Ca
180AMeV

SIS
384

80 cm
0.15

"Ar + '-Ca
800AMeV

SIS
384

138 cm
0.05

In the initial stage of the data reduction, energies recorded for each TAPS module,
Ea and E«, were derived from calibration of the light output signals corresponding to
the narrow and wide integration gate, respectively. The calibration was based on the
position of the QDC pedestal (0 MeV) and of the peak induced by cosmic muons
(38.5 MeV). The two dimensional representation of our data for all TAPS modules as
a function of the ratio E» / E» versus TOF, for several bins in the energy deposited in a
single module, is very useful for the proper separation of photons and hadron events,
specially at high energy. This representation allows to separate particles by following
the minimum between regions of photon and hadron events, contrary to the standard
analysis which decouples the PSA and TOF information.

From the measured kinetic energy Tun and time-of-flight TOF, the particle mass
can be determined according to the formula :

Tkin
M = r-\ (i)

where y=(l-P2)'1/2 and 0=D / ( e x TOF) is the measured velocity on the flight path D.
The uncertainties on the mass measurement depend on the energy and TOF

resolution of the detector. The mass resolution deteriorates for faster particles, so the
quality of TOF measurements is of prime importance. In the experiment Ar + Ca at
180 AMeV, as we were interested mainly in particles in coincidence with neutral pion,
the TOF measurement for these particles was not performed with respect to the
START detector [4], but with respect to photons stemming from the neutral pion
decay. The velocity spread of charged particles triggering the START detector
deteriorates the TOF measurements. Timing with respect to photons from neutral pion
decay removes this effect, and indeed we observed an important improvement of TOF
resolution from 1200 ps down to 840 ps (FWHM). As a consequence, the mass
resolution is significantly improved.

Applying Eq. (1) to the data without corrections for the energy loss, we obtained
the mass spectrum with a broad peak around the proton mass and a plateau below the
deuteron mass (fig 1.). For the 800 AMeV experiment the charged pions peak is in
addition clearly visible.

Improvement of the particle identification requires corrections for the energy loss
in passive absorbers between target and BaF2 scintillators. These corrections have been
obtained, individually for each module, from a simulation of the response of TAPS to
charged particles. Particles lose their energy predominantly in the CPV modules placed
in front of BaF2 crystals. The CPV modules including their complex lightguide system
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Figure 1: Spectrum of particle mass calculated from the detected energy and TOF without
(empty histogram) and with corrections due to the energy lost in absorbing materials between
target and BaF2 detector (filled histogram), for the three reactions as indicated.
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and the scattering chamber have been precisely described in the framework of the
GEANT [5] simulation code. Applying Eq. (1) with the energies corrected for the
energy lost in absorbers, the hydrogen isotopes are clearly separated (cf. fig. 1) and,
for the higher beam energy experiment, also charged pions.

The success of the technique applied to identify light charged particles extends the
capability of TAPS to study correlations between hard photons or neutral pions and
charged particles. The search for 7i°-proton correlation in the reaction "Ar + ""Ca at
the beam energy of 180 AMeV revealed positive signal, thus pointing to the excitation
of the A-resonance [6].
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Luminosity Monitor

Jozef Ztomanczuk
and

WASA-PROMICE COLLABORATION

In the autumn 94 run for the first time a multistrip silicon detector was used as a
luminosity monitor. The detector, kindly provided by the Micron Semiconductor, has
an active volume of 0.5x50x50 mm3, with 16 strips oa each side to allow for X-Y
measurement. For the purpose of this experiment all 16 strips on one side were
connected to a chain of 310 Q resistors. One end of the chain was grounded and the
other one was connected to a charge sensitive preamplifier (see fig. 1) . In this way a
position information was obtained since the fraction of collected charge was inversely
proportional to the resistance of the chain between the impact point and preamplifier,
hence to the strip position. On the other side only 4 strips were used. They were
connected to the input of the second charge sensitive preamplifier to measure the
energy deposit.

The detector was placed outside of the scattering chamber, roughly at 9=80° and
$=340°, with the four strips oriented along the beam and the strips on the other side
parallel to the Y axis (vertical). Due to the lack of reference points it was difficult to
measure the exact position and orientation of the detector. More precise information
was obtained later by comparing the measured distributions to the ones obtained with a
Monte Carlo program.

The pp->pp or pd—>pd events were selected by requiring that a fast, forward
scattered proton was recorded in the FD and a slow recoil in the silicon detector. It is
convenient to plot the scattering angle of the fast proton versus the energy deposit of
the recoil in the Si detector. Such a plot obtained for pd at 1037 MeV is shown in fig.
2. One can clearly see the pd->pd line (E in fig. 2) and a broad band corresponding to
quasielastic scattering (Q in fig. 2). For the elastic events (belonging to the line E) one
can find a distribution of 9p, which can be used to obtain the luminosity by counting
protons falling to a selected 4>, range (solid angle) and comparing it to the reference
data. As an example a da/d8 distribution measured for pd at 1037 MeV is compared in
fig. 3 to the Monte Carlo one, obtained for pd->pd cross section taken from [1].
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Fig 1. Schematic layout of the Si detector readout electronics used in the fall 94 and
spring 95 runs.
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A new particle detector in a NORDBALL target chamber

M.Wuerkner a , J.deBoer a , J.Choinski b , T.Czosnyka b , J.Iwanicki b ,
M.Kisielinski b , A.Kordyasz b , M.KowaIczyk, M.Loewe a ,
P.J.Napiorkowskib, G.Sletten c, J.Srebrny, H.Steffens a

a Sektion Physik, Ludwig-Maximilian-University, Munich, Germany

^Heavy Ion Laboratory, Warsaw University, Poland
c Tandem Accelerator Laboratory, Niels Bohr Institute,

University of Copenhagen, Denmark

Gamma-particle coincidences with good time resolution are used to pin down the
reaction kinematics and to reduce the background from target radioactivity and from
unwanted reaction channels. A PIN-diode particle-detector array as an inner-ball
detector in the NORDBALL gamma spectrometer has been constructed for this
purpose. Its segmentation allows Doppler-shift corrections and also to calculate the
angular distribution of the gamma rays following Coulomb excitation.

The detector system is built up in a modular fashion, so that a Si- mosaic
segmented detector and/or arrays of PIN diodes can be used. The PIN-diodes have an
active area of 5x5mm2 each. They can be placed at 120 different positions in the
backscattering hemisphere. About 50% is active area, the rest is lost to space allowing
for easy replacement of the diodes and because of the problem of covering a sphere
with rectangles maintaining pentagonal symmetry. At angles close to 180 ° a Si-mosaic
detector, developed at the University of Warsaw, can be used which consists of 35
segments located on three concentric rings around the beam entrance. The scattering
angles corresponding to the 120 PIN diode centers and the Si-mosaic detector range
from 175 ° -s-109° covering a solid angle of approx 40% of the backward hemisphere.

The configuration can be adapted to the needs of various experiments. It allows
easy replacement of individual degraded diodes and a sufficient number of connectors
for the mosaic detector readout. The entire detector system, designed and built at the
University of Munich, is contained within a sphere of 5 cm radius. It repeats the
pentagonal symmetry of the NORDBALL gamma-detector array.



100 mm-

Fig. 1 Principal drawing of the detector showing Si-mosaic detector and the
distribution of PIN-diodes looking into the direction of the beam entrance



The 120 individual detector channels are connected to the outside of NORDBALL
through five holes of 1.6 cm diameter each by subminiature 45 fold connectors. The
thickness of the walls including the wiring is 2mm of epoxy. The detectors are
mounted at a distance of about 4cm from the beam spot. The degradation of the
gamma-energy resolution due to Doppler shift after correction is less than 0.4% in the
case of a head on collision of a Ni projectile under Coulex conditions accelerating a
mass A = 100 of the target to 6% c.

With the available electronics 55 channels are read out separatly via individual
amplifiers, each giving a timing and energy signal. For two channels a common bias
supply is used. Because only single particle hits in a coincidence-event are useful, it is
possible to reduce the datastream by four 16-fold multiplexers, so that four ADC and
one TFC channels are needed. A pattern unit is used to identify the hit location.

After a successful test run at the Warsaw cyclotron the detector system was
mounted into NORDBALL. Then it was used for Coulex experiments in November,
December 95. The performence of the detector system matches its specifications,
enabeling nearly background free measurements.
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Polarization sensitivity of the CLOVER detector

K. Starosta, Ch. Droste, G. Hagemann*, B. Herskind", T. Morek,
P. Napi6rkowski, G. Sletten* and J. Srebrny.

* Tandem Accelerator Laboratory, Niels Bohr Institute, Riso, Denmark

Studying angular distribution or correlation of y-radiation emitted from aligned
nuclei one can obtain the information about spin of nuclear excited states. Those
standard methods of in-beam y-ray spectroscopy do not allow to determine nuclear
state panties and do not distinguish between the electric or the magnetic character of
y-transitions. To assign those quantities, one should in addition to angular distribution
or correlation, measure the linear polarization of y-quanta. The new generation of
high efficiency segmented detectors (e.g. CLOVER, CLUSTER) acting as Compton
polarimeters allows to measure linear polarization. The application of such
polarimeters in multidetector arrays gives opportunity to obtain the complete and
comprehensive spectroscopic information even in a case of complex spectra or weak
transitions.

The aim of the present work was to measure the linear polarization of y-rays in
coincidence with accompanying y-radiation, using the NORDBALL array. For this
purpose the CLOVER detector was mounted, instead of one of the standard anti-
Compton shielded germanium detectors, at S=19° in respect to the ion beam axis. The
distance between the CLOVER detector and target was equal to about 19 cm. The
BaF2 of 4 cm thickness, being a part of the innerball, formed cp=3 cm in distance 6 cm
from the surface of the CLOVER detector. As a first step of our program, the
polarization sensitivity of the CLOVER detector was studied. To determine the
polarization sensitivity (Q) one should use the polarized y-rays with well known linear
polarization (P). In the experiment one measures an asymmetry of Compton scattered
photons

A = (aN± - #„) / (aN± + JVj,) where:
Nx, N\\ -number of coincidence counts in perpendicular and parallel (to the

reaction plane) segments of CLOVER detector, respectively
a -geometrical asymmetry factor defined as:

a=^||(unpolarized)/^x(unpolarized) where:

N|l(unpolarized) and Nonpolarized) have the similar meanings as Nn and N±

given above but they are obtained in a case of unpolarized radiation.
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Fig. 1 Polarization sensitivity of the CLOVER detector as a function of the y-ray
energy. The curve is plotted to guide the eyes.



The polarization sensitivity is defined as:

Q=A/P (for details see [1], [2]).

In our experiment we apply the radioactive sources ( Ba, Eu) placed at the
target position to determine the geometrical factor a. The polarized y-radiation come
from:
1. the 1 1 4Cd (1 6O, 4n)126Ba reaction at a beam energy of 83 MeV. In such

conditions the angular distributions of y-rays were accurately measured in ref. [3].
The results of [3] allow to calculate polarization P at £=79° (see table 1) using [4]
or the PDCO-formula and computer program [5]. In the experiment the target
was a metallic foil of Cd with a thickness of 5mg/cm .

2. the Coulomb excitation of 118Sn. The 44 MeV *°O ions bombarded the thick
target (~50 mg/cm2). The expected polarization of the 1230 keV 2 + -»0 +

transitions in Sn was calculated assuming the single Coulomb excitation
process using GOSIA code [6].

The results of a preliminary analysis are presented in table 1 and figure 1. The data
shown in figure 1 are based on one tenth of collected events. The final analysis is in
progress.

Table 1. Linear polarization of the y-rays (at «£=79°) used to determine polarization
sensitivity of the CLOVER detector

£y(keV)

256
455
621

reaction
U4Cd(16O,4n)
U4Cd(16O,4n)
U4Cd(16O,4n)

P(S=79°)
.31

.43

.45

£y(keV)

757

852
1230

eaction
14Cd(16O,4n)
14Cd(16O,4n)
18Sn(16O, 16O')

PO=79°)

.44
.44
.47*

"Polarization calculated for the thick target.
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Quality pseudo-random number generator

Jerzy Tarasiuk

A pseudo-random number generator was written to match needs of nuclear and
high-energy physics computations which in some cases require very long and
independent random number sequences to be obtained by many people who work
simultaneously using computers. Its period about 10*36 should be sufficient for all
computers in the world.

The generator is a computer procedure producing numbers looking like random,
capable to repeat entire sequence when desired, but also with ability to warrant no
repeats (of the sequence, of course, individual numbers repeat many times). I was able
to write die generator due to few articles I was informed about by Jouke R. Heringa
via e-mail. (Thanks, Jouke!). Its source code is available by anonymous FTP or e-mail.

Basic properties of the generator :
• period (2A89-1)*(2A31-1) - about 10*36.
• result is integer number of required number of bits. For every bit position used in

result, in entire period counts of zeros and ones differ by one (period length is odd
number).

• small correlations, expected about 2A-31; no typical for many generators
correlations like "sum of low order bits of numbers N, N+38 and N+89 is always
even" - I looked at several public domain generators and I found almost all
relatively good ones available in source have this kind of correlations. Instead, a
probability the sum is odd is 2A30/(2A31-1), not 1/2.

• initialization can specify any starting position in the entire period, and fast
algorithm is built in initialization to compute the generator state for any position
without the skipping a number of results used in other generators like VI13 in
CERNLIB, unacceptable for starting position like 2*60=10*18 - it would take
years. This generator starts in a fraction of second.

• its construction warrants sequences obtained for different starting positions to be
different, due to the method using one sequence; no typical for multi-sequence
generators danger of a possibility to get the same numbers when specify different
sequences and different starting positions - their algorithm warrants it must occur
at least for the least significant bit and it isn't known at what position difference it
occurs.

• identical results on PC, Sun4 and VAX machines (tested).
• standard C and standard Fortran versions.
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One can have many independent copies of the generator in a single program (need
allocate space for data used by each copy; 512 bytes of data on 32-bit machines).

Full text of the article and source code of the generator are available by:
anonymous FTP at zfja-gate.fiiw.edu.pl (you need command Hcd rand" after login) or
e-mail containing line "GET RAND/JT-RAND ZIP" to listserv@zfja-gate.fuw.edu.pl.
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Computers in Nuclear Physics Division

M. Kowalczyk, J. Tarasiuk, J. Srebrny

1. Computing environment

Our main computer system used for data analysis is VMS cluster consisting of two
VAXstation machines: VAXstation 3100/76 and VAXstation 4000/90. For simpler
calculations, mail or document preparation, many users prefer IBM PC compatible
computers. PC computers are also used in data acquisition systems in which PC
computer is connected to CAMAC crate by dedicated industrial controller and
interface. Fast PC computers (i3 86/40 MHz or better processor) with SVGA graphic
adapter can emulate X-terminals running DEC dwdos386 program. From slower PC
computers users can connect to workstations using various terminal emulators: kermit,
sethost, NCSA telnet. Both VAXstations work as file servers for all PC computers,
together with our Novell file server. All together we use two VAXstations and about
20 i386 or better PC computers.

Most of analysis and calculation jobs run on newer VAXstation 4000/90 that is
significantly faster then the other one. Last year we increased disk space available for
user data connecting to this computer two 4 GByte Seagate disk drives (previously
available space was about 1 GB only). The computer RAM size was increased from
16 to 32 MBytes and a second Exabyte 8S0S streamer was connected. Current
VAXcluster configuration works satisfactory with four to five X-terminals and in our
practice unlimited number of alphanumeric connections.

All PC software and many user files are kept on disks of our Novell file server.
Last year we have replaced old disks in this server with modern, faster 1.6 GB disk. In
two of our PC computers we replaced old Intel i386 processors by i486 100 MHz
processors and graphic cards by new modern and fast PCI ones.

In the mid of 1995 Warsaw University and DEC representative have signed DEC
campus agreement. We bought campus licence for VAXstation 4000/90 and installed
new DEC software on it. A number of public domain programs have been installed,
with most important for us ghostscript that we use to display and print postscript files.
For TeX users new version of LaTeX2e was installed on VAX and PC computers.

We were continuously working on our network and DOS environment. As a result
some programs were written or improved. Because they may be useful for others, we
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have placed aU programs described below on our ftp ierver zfjjit-gate.fijw.edu.pl1.
Source code of random number generator described in the following contribution is
also available on this server.

2. Networking environment

Errors reported on some computers by software used for communication between
PC computers and VAXstations forced us to put some effort in analysing k. We found
that the source of errors was some bug HI lowest level of communication software, the
manufacturer supplied NDIS ethernet driver for Gateway network interface card. The
driver was disassembled and analysed in detail. Several bugs were fixed and finally we
obtained driver working without any errors. As an important result the DWDOS386
X-terminal emulator program that is loaded from network drive starts five times faster
then before and works smoothly (previously timeouts caused by network errors
resulted in five second pauses during which program was "frozen").

During our work we have created some utilities to get more information on
network errors and load. Boot prom code used on diskless PC computers has been
improved - currently used code automatically recognises interface model and hardware
configuration. Error in software reset code have been fixed eliminating the need of
switching power on and off, which was sometimes necessary before. Program enabling
users to select boot configuration was written to reduce amount of PC memory needed
to load boot drive image.

Other kind of network errors, reported by VAX computers, was an increasing
number of erroneous ethernet packets. We found that some of those erroneous packets
were coming from other ethernet segments. It was possible, because our segment of
ethernet network was connected to some other ones only by repeaters, devices that
forwards all packets or even electronic noise. We decided to separate our part of
network using low cost ethernet bridge2 - a PC/AT computer with two ethernet
interfaces, running one of public domain programs.

Software candidates were two public domain programs: PCBRIDGE written by
Vance Morrison and YAPCBR (Yet Another PC BRidge) written by Nitia Kaulavkar.
The first one was written in assembly language, the second one in C. They both uses
public domain ethernet packet drivers (originally proposed by FTP Software, later
known as Clarkson packet drivers, currently as Crynwr drivers) that are available in
source code.

First measurements showed 10-20% better efficiency of PCBRIDGE, but C code
of YAPCBR was much easier to maintain. We tried improve it, and first tittle change

^iles can be accessed in any of two ways: ftp to zfja-gatc.fow.edu.pl, login at anonymous with
own e-mail address as password, cd dirnarae; or send e-mail matt to Ustserv@7fja-gate.few.edu.pl
containing line like "DIR dirname" (to see what files are there) or "GET dkname/*.*" (to Deceive
files).

2Ethernet bridge is a device that can communicate simultaneously with two or more
separated ethernet segments. Since each ethernet packet contains source and dfffimtfKm address
bridge can learn, from source addresses, which computer belongs to which part of network. Then from
destination address bridge knows if it is necessary to send packet to some other part of network
(packed send by any station in a segment can be received by all stations ia this segment). Only
properly received packets can be forwarded.
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resulted in getting better efficiency than PCBRIDGE has. We made some other
changes such as replacing DOS I/O by lower level calls. It was necessary to introduce
new functions to packet driver: very important for bridge efficiency function that
enables to check packet header without transferring all data to the computer RAM was
missing. All the changes made YAPCBR about twice faster than PCBRIDGE

We also added monitoring functions: displaying actual bridge idle time and average
forwarding delay.

Setting up a bridge did not result in full error elimination, so we continued the
investigation of our local network. A simple and no expense Time-Domain
Reflectometer was designed and build with the help of NDP electronics stuff. It was
efficient enough to enable us to locate and replace few defective connectors and parts
of the ethernet cable. All these changes have significantly decreased the error rate,
from hundreds or even thousands of errors reported every day to single error reported
in two-three days.

Setting up a bridge resulted also in decreasing traffic in our ethernet segment to
about half of previous value.

3. DOS utilities.

New VDIR utility program was written to help users to manage continuously
increasing number of files. It adds some functions not available in DOS dir command:

- environment variables can be used in place of disk letters
- file selection by creation date can be done using /before and /after switches
- asterisk wildcard "*" may be used in any place in file name specification
- files can be excluded from listing using /exclude switch
- list of files separated by commas can be used instead of single file specification,

also after /exclude switch
- user defined cluster size or disk cluster size can be used as file length unit
- only total space allocation in directory or even only grand total for directory and

all subdirectories can be reported
- command line input (file specification, switches) can be read from a file
User interface of VDIR program should be similar to VMS users because not only

switches but also time specifications are almost the same as for VMS directory
command. All switches can be abbreviated as far as they remain unique. Environment
variables can be used in similar way as the VMS logical names.

SHRCMPT utility can compare all files (including hidden and system ones) from a
directory tree against another tree. It opens files using shared access that limits
probability of access conflict with other programs. Program continuously reports
currently compared files' names, but scrolls screen only in case of finding differences
and changing directories. Reports can also be generated.

Still the greatest disadvantage for DOS users is PC 16-bit architecture with 640 KB
"conventional memory" limit. Memory managers as EMM386 or QEMM386 can
remap memory adding 96 KB at system startup time. Unfortunately it's not possible to
use graphic programs in such memory configuration, because 64KB of RAM above
640KB is reserved for graphic memory, and the only method of remaping memory is
restarting computer in other configuration. EXTRAMEM utility enables user
dynamically change memory configuration both with EMM and QEMM memory



managers but only when at system startup time additional 96KB is added. User is
responsible for setting memory limit down before using any graphic program.

Other utility that can make some more conventional memory available to user
program is SHARE2HM, which can move SHARE DOS program to available part of
"high memory" (the 64KB above 1MB).

4. Protected Mode programming - documentation.

The aim was to make relatively easy writing and debugging Protected Mode (PM)
programs on PC. Running programs in PM allows them to access full memory range
of i386 processor, up to 4GB - standard DOS programs running Real Mode can access
1024+64 kB of address space only. It was particularly important for some programs
used in our laboratory, as data acquisition system which needs megabytes of memory
for spectra storage. Notes on Protected Mode Programming, simple examples of PM
programming together with PM tutorial were combine together. The documentation
was found to be very useful by participants of pl.comp.programing news group.
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UWIS isotope separator

A. Wojtasiewicz

The km implantation and the target production were the main works at the UWIS
laboratory during 1995.

A series of the silicon crystals was implanted by 1 IB ion beam in order to obtain
the different silicon detectors.

A few steel samples had been implanted by the ^ B a n d 1 4N ion beams with the
aim of improvement the quality of some tools for wood treatment technology. This
work was performed in collaboration with the Warsaw Agricultural University,
Faculty of Wood Technology, Physics Department.

The 129Xe targets had been made using the trapping method [1]. The targets were
designed for the Coulomb excitations studies in the heavy ion nuclear reactions.

More details concerning these works are presented in Table 1.

Table 1. Ion implantations and target production in 1995 at UWIS

Isotope

llB
llB
14N

129xe

Ion energy

(keV)

30
50
50
30

Ion current

(HA)

3
7
60
25

Backing
material

Si-crystal
steel

steel

Cufoil

Target/sample
diameter

(mm)

50
30
30
30

Target thickness
(Hg/cn»2)

or implanted dose
(atoms/cm^)

51014
51017

51017
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Besides these works the UWIS group realizes the project of construction and
installation of an isotope separator on line with heavy ion cyclotron. This work is
performed in collaboration with the Nuclear Spectroscopy Division - Warsaw
University, the Institute for Nuclear Studies - Swierk and the Heavy Ion Laboratory -
Warsaw University.

Reference

[1] A. Wojtasiewicz, J.J. Wtodarczyk, J. Srebmy, M. Wielunslri, Nucl. Intr. Meth.
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Laboratory of Radioactivity for environmental studies at

the Warsaw University

P. Jaracz, M. Kowalczyk, M. Surala, A. Turowiecki

Interfaculty Studies on Environmental Protection (ISEP) have been opened at the
Warsaw University on November 1992. As a contribution to this new education
branch at our University, the Nuclear Physics Division recently organized the
Laboratory of Radioactivity - a system of laboratory classes preluded with the lectures
on radioactivity in the environment. The Laboratory and the lectures are dedicated to
students of ISEP as well as other non-physicists.

The general aims of the Laboratory are to provide:

• fundamentals of radioactivity for the non-physics students,
• knowledge on the scale and ranges of exposure to ionizing radiation and pollution

of the environment, given in respect to levels of natural radioactivity,
• practical skills in basics of radiometric and dosimetric measurements and

monitoring,
• acquaintance with the structure and responsibility of radiation protection

regulatory bodies in Poland.

The Laboratory classes consists of four exercises:

1. "Radioactivity of different components of the environment - constituents and
detection".

The exercise demonstrates the presence of natural radiation in the surroundings
(natural background). Samples of some chemical compounds as well as
environmental samples are used as sources of naturally occurring radionuclides. A
sequence of simple experiments reveals a, 3 and y constituents of natural ^^
23$u- 2 2 6 ^ ) and man-made ( ^ C s ) radioactivity.

Equipment:
- Geiger-Muller (G-M) detector with lead shielding,
- species of potassium carbonate (40jC in K2CO3), mushrooms (̂ ®K and

granite (2 3 8U - 2 2 6Ra),
- a-scintillation detector.



2. "Autoabsorption of fi-radiation of ^K in organic media".
This exercise aims at manifestation of aufoabsorption of ^-radiation in layers of
materials. Students get filling of the scale of the absorption (autoabsorption) ranges of
ionizing radiation in environmental and other media with reference to environment
and radiotherapy.

Equipment:
- large area G-M detector,
- natural radioactive film strata,
- CAMAC sealer connected to IBM PC for data acquisition and

visualisation.

3. "A bsorption of y+adiation (^ 7Cs) in technological and environmental
media"

The absorption of y-radiation in matter is demonstrated and its physical low is
investigated with respect to the ranges of the radiation in different materials as an
introductory step to the problem of radiation shielding.

Equipment:
- NaJ(Tl) scintillation detector with data acquisition and processing electronics and

software,
- set of absorbers of lead, concrete, brick and wood,
-1024 channel ADC connected to IBM PC for data acquisition and visualisation.

4. "An introduction to dosymetry and radiation protection ".
The main goal of this exercise is to present the environmental protection aspects in the
radiation protection rules in Poland and the organizational schemes of bodies and
authorities responsible for radiation and nuclear safety. The exercise includes also
short intensive course of practical dosimetry that makes students familiar with radio-
and dosimetry instruments and measurement methods.

Equipment:
- dose- and ratemeter,
- surface contamination monitor,
- universal unit LB-123 (BERTHOLD) with
- Xe ionization chamber LB-1231.

An important part of each exercise set-up is put on visualisation of the results of
measurements and data processing. For this purpose some procedures have been
added to our laboratory standard data acquisition system consisting of CAMAC
system connected to IBM PC computer running under control of SMAN software.
These procedures include on-line routines for graphic presentation of measurement
results of autoabsorption and absorption ((3- and y-radiation, respectively), together
with theoretical curves fitted by the program. Students can analyze the results
obtained for different absorbers not only by means of comparing the respective
experimental numbers but also by overlapping the absorption curves on the computer
screen.

The exercises are essentially fulfilled by teacher with an active role of students,
who:
- test the detection system,
- perform some repetitive measurements,



- forecast some results basing on the on-line data visualisation,
- make comparisons and discussion of the data.

Our plans for the future comprise:
- developing of electronic media for data presentation, _
- collection and preparation of extensive teaching materials to accompany exercises
(posters, fact-sheets, books, etc),

- inclusion new exercises (radon issues, field measurements),
- co-operation with domestic and foreign educational institutions experienced in

teaching and training radioactivity disciplines to students, practitioners and policy
makers in the field of environmental protection.
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6.01.1995 M.Kirejczyk
From K" mesons to clusters.

13.01.1995 M. Gorska
Investigation ofisomeric states in l^Cd and

20.01.1995 A. Sobiczewski
Synthesis of two new elements: 110 and 111.

24.02.1995 H.Maier (HMI - Berlin)
Spectroscopy of the lightest Pb - isotopes and nuclei around ^^Ni by
gamma-gamma evaporation residue coincidences.

3.03.1995 T. Matulewicz
Proton - neutron bremsstrahlung and density oscillations in heavy ion
collisions.

10.03.1995 B. Zwiegliiiski (Institute for Nuclear Studies, Warsaw)
Relativistic Coulomb excitations leading to fission.

17.03.1995 A. Maj (Institute for Nuclear Studies, Cracow)
GDR in hot super-heavy nuclei.

24.03.1995 E.Piasecki
Coulomb fission at medium energies.

31.03.1995 Z. Celinski (Technical University, Warsaw)
Safe nuclear power engineering.

7.04.1995 M. Rejmund
Nuclear wave junctions and residual interactions in 20$Pb determined
from experimental data.

21.04.1995 J. Ztomanczuk
Measurements of n meson production in pd collisions.

28.04.1995 W.Kolb (PTB Brunswick)
Radioactivity surveillance of ground-level air.

5.05.1995 E. Wajda (Jagiellonian University, Cracow)
Investigation of two phonon giant dipole resonances in ^^Xe and



12.05.1995 K. Wisniewski
Search for intermittency in central heavy ion collisions.

19.05.1995 T. Rzaca - Urban
Superdeformation in

2.06.1995 G.WoIf (GSI - Darmstadt)
Particle production in heavy ion collisions.

6.10.1995 M. Popkiewicz
Testing Bell's inequality in measurement of polarisation of
annihilation photons.

13.10.1995 M. Demianski
Big Bang or not Big Bang.

20.10.1995 W. Urban (University of Manchester)
Investigation of 248 Cm spontaneous fission products with EUROGAMII.

27.10.1995 K. Siwek-Wilczynska
Determination of dissipation coefficient in fast fission processes.

3.11.1995 Z. Moroz (Institute for Nuclear Studies, Warsaw)
Neuron-like networks, genetic programs and their application in
experimental nuclear physics.

10.11.1995 B. Zwif glinski (Institute for Nuclear Studies, Warsaw)
Phase transition of nuclear matter from liquid to gaseous state -
illusion or reality ?

17.11.1995 P. Zupranski (Institute for Nuclear Studies, Warsaw)
Information on radius and compressibility of nucleon received from
baryon resonances excited in inelastic scattering of a particles on
proton.

24.11.1995 M.Koziowski
Discrete thermal excitations in nuclear matter.

1.12.1995 Z. Wlodarczyk (Pedagogical University, Kielce)
Non-baryon matter

8.12.1995 M. Moszynski (Institute for Nuclear Studies, Swierk)
New nonorganic scintilators in nuclear physics and nuclear medicine.
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Entropy in central Au + Au reactions between 100 and 400A MeV
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The ratio of the total charge bound in fragments with Z between 2 and 15 to the hydrogen yield,
(]>!" MiZi)/Mn, ha* been measured, and the neutron-to-proton ratio njp has been estimated from
the data of central Au + Au reactions between 100 and 400̂ 4 MeV, measured with the phase I
setup of the detector system FOPI at the GSI, Darmstadt, in the polar-angle range between 7° and
30°. These two quantities were used to determine the entropy per nucleon S/.4 by comparing them
with the predictions of the FREESCO code. The analysis allows the simultaneous extraction of the
values of the baryonic entropy, temperature, and collective flow. The extracted values are in good
agreement with the values obtained in earlier FOPI studies and, for the baryonic entropy, with recent
hydrodynamic calculations.

PACS number(s): 25.75.+r, 25.70.Pq

I. INTRODUCTION tropy production becomes small. Thus a measurement of
_ , . , . , , , , this physical quantity yields information about the state
The equilibration of hot, dense nuclear matter created o f h o t a n d d e n s e ^ ^ a f t e r a t ] e a s t , o c a l equ i l ibrium is

in high-energy heavy-ion collisions plays an important e s t a b l i s h e d . T h e first s t u d y o f t h e entropy in heavy-ion
role in the description of the processes. It is, W e in- c o U i s i o n s w a s p e r f o r m e d b y Siemens and Kapusta, who
tereating to understand whether, with time, the colhd- c a k u l a t e d i t from t h e deuteron-to-proton ratio for the Ne
ing system eventually reaches some kind of local or even N a F a n d A f + K a s y s t e m s a t m A a a d m A MeV
global thermal equilibrium. If it does, it would be of im- rji
portance to find a variable that describes the properties ' F o r a U m w k h a p r o b a b i i i t y p to be found in a
of the system m equilibrium. microstate i, the entropy is denned «

A thermodynamic analysis of the system in terms of
temperature and density is not simple, because these 5 _ _ kS~* plnp- (I)
quantities change quickly with time. It is generally as- ^
sumed that the quantity that remains almost unchanged
through the final stages of the interaction is entropy [lj. where it is the Boltzmann constant. For a nonequili-
Entropy grows rapidly during the first stage of the colli- brated system of independent fermions, this expression
sion, but once the equilibrium is reached the rate of en- leads to

0556-2813/95/5211)/346(10)/$06.00 52 346 ©1995 The American Physical Society —
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Interplay of collective flow phenomena and velocity correlations of intermediate-mass
fragments in collisions of Au + Au at J5=(100-400).A MeV

R. Kotte,1 B. Kampfer,12 J. Mosner,1 W. Ncubert,1 D. Wohlfarth,1 J. P. Alard,* V. Amouroux,5 Z. Basrak,"
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M. Trzaska/ M. A. Vasiliev,10 P. Wagner," J. P. Wessels,6 T. Wienold,7 Z. Wilhelmi,12 and A. V. Zhilin »

(FOPI Collaboration)
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Velocity correlations of intermediate mass fragments (IMF), produced in collisions of Au + Au
at 100, 150, 250, and 400.4 MeV beam energy, are extracted from measurements with the 4ir de-
tector system (POPI) in construction stage I at Schwerionen-Synchrotron (SIS) at the Gesellschaft
fur Schwerionenforschung (GS1) in Darmstadt. The IMF correlation functions of peripheral and
semicentral events are found to be strongly affected by the collective sideward motion of nuclear
matter. The sideflow causes an enhancement of correlations at small relative velocities. This en-
hancement results from the mixing of differently azimuth&Uy oriented events; it vanishes if the events
are rotated into a unique reaction plane. Selecting violent central collisions, the comparison of the
data with a Coulomb dominated final-state interaction model points to a radius of the expanding
and multifragmenting source of R, ~ 13 fm for 100.4 MeV which appears shrinking by 20% when
increasing the projectile energy to 400 MeV per nucleon. The deduced source radii are found to
depend on the radial explosion energy used in the model. The inclusion of such a collective expan-
sion is necessary for a reasonable description of the experimental single-particle spectra of the IMF.
The unique Coulomb suppression of small relative IMF velocities, found for the given beam energy
range, is attributed to rather constant averaged next-neighbor distances {<*IMF) = 8.6 ± 0.2 fm of
the IMF charge centers within the source at breakup time.

PACS number(s): 25.?0.Pq

I. INTRODUCTION be investigated. On the other hand, complete dynamical
models are more appropriate for the interpretation of col-
lective flow phenomena and cluster production [11-14].

Multifragmentation with the disintegration into a sub- Recent investigations of such heavy systems as gold on
stantial number of intermediate mass fragments (IMF's) gold at beam energies above the so-called balance energy
with charges Z > 3 is a well-confirmed decay channel of of about 60.A MeV [15,16] have shown that the IMF's,
highly excited systems formed in violent nucleus-nucleus more sensitively than light charged particles, carry spe-
collisions [1-6]. Some details of the fragment formation cific information on the collective sideward flow of nu-
process may be understood in the framework of statis- clear matter at semicentral collisions [17-19] as well as
tical models [7-10], where the degree of clusterization on the expansion (or even explosion) of the system for
dependent on the internal excitation of the system can more compact collisions [20-22]. Since collective flow is

O356-2813/95/SU:5)/2686U4)/IO6.0O 51 2686 © 1995 The American Physical Society
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Cluster Formation during Expansion of Hot and Compressed Nuclear Matter
Produced in Central Collisions of Au on Au at 250A MeV
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Complete distributions of the light and intermediate mass fragments (Z = 1-6) produced within the
polar angular range I" & ©iab £ 30* in highly central collisions of 250/4MeV Au + Au arc presented.
The results of this measurement and a model analysis arc used to study the expansion and clustering
of the hot and compressed transient state formed in central collisions of such a heavy system. The
influence of the initial conditions on the final observable; is discussed.

PACS numbers: 25.70.Pq

First experimental studies of Au + Au collisions at
150/4 MeV [1] evidenced in central collisions a midra-
pidity source of intermediate mass fragments (IMF). The
mean kinetic energy per nucleon of these fragments as a
function of their charge Z has demonstrated the presence
of a collective expansion estimated to account for at least
25% of the maximum available energy [2,3]. Trends in
the same direction have been observed earlier in emulsion
data for asymmetric combinations [4].

These experimental findings have been preceded by in-
tensive theoretical work in order to explain the forma-
tion and expansion of a hot and compressed fireball in
heavy ion centra! collisions including the [MF production.
The approaches were based on a combination of differ-
ent models: A three-dimensional fluid-dynamical model
which was coupled to a chemical equilibrium breakup [5]
represented a natural continuation of the first calculations
where, based on hydrodynamics, the possibility of creating
hot and dense nuclear matter was predicted [6.7]. In the
frame of microscopic transport models the IMF production
was based on geometrical considerations [8-10] or on the
phase space of a globally equilibrated ensemble [11-13].

Here, we report new experimental results and a model
analysis with an attempt to learn about the physics of
the expansion and of the clustering as well as about the
initial conditions of the hot and compressed transient
state formed in central Au on Au collisions at 250/4
MeV. With the aim to elucidate the role of the different
observables now accessible in a complete experiment,
the implemented model description [14] is kept simple
while trying to include the most relevant physics aspects.
The model considers isotropic expansion described by
the hydrodynamics of an ideal nucleonic gas and the
clustering by statistical disassembly (FREESCO) [15]. The
breakup condition is based not on a global equilibrium
assumption but on a geometrical concept [16], where
clustering occurs at different radii with elapsing time.

The experimental data were obtained in the course of
a complete investigation of the Au + Au reactions with
beam energies ranging from 100/4 to 800-4 MeV at the
SIS accelerator of GSI Darmstadt using the FOPI de-
vice [17]. The data in general [1-3] are rather suc-
cessfully described by the quantum molecular dynamics
model (QMD) [I8|. Comparisons to the same data, e.g..

0031-9007/95/74(25)/5001(4)$06.00 © 1995 The American Physical Society 5001
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emission following Au+Au collisions at 100, 150

and 250 A-MeV

FOPI Collaboration

G. Poggia, G. Pasquali\ M. Binia, P. Maurenziga, A. Olmia,
N. Taccetti8, IP . Alardb, V. Amourouxb, Z. Basrakc, N. Bastidb,
I.M. Belayevd, L. Bergerb, Th. Blaiche, S. Boussangeb, A. Butaf,

R. Caplarc, C. Cerruti8, N. Cindroc, J.P. Coffin8, R. Donag,
P. Dupieux6, M. D£elalijac, J. Eroh, Z.G. Fanb, P. Fintz8, Z. Fodorh,

L. Fraysseb, R. Freifelderb, S. Frolovd, A. Gobbi1, Y. Grigorianj,
G. Guillaume8, N. Herrmann\ K.D. Hildenbrand', S. Hblblingc,
A. Houari8, S.C. Jeong', F. Jundt8, J. Kecskemetih, P. Konczh,

Y. Korchagind, R. Kottef, M.Kramer1, C. Kuhn8, M. Ibnouzahirb,
I. Legrandf, A. Lebedevd, C. Maguire8, V. Mankoj, G. Mgebrishvilij,

J. Mosner', D. Moisaf, G. Montaroub, I. Montbelb, P. Morelb,
W. Neubert*, D. Peltek, M. Petrovicif, F. Rami8, V. Ramillienb,
W. Reisdorf', A. SadchikovJ, D. Schiill1, Z. Seresh, B. Sikoram,
V. Simionf, S. Smolyankind, U. Sodan', K. The', R. Tezkratt8,

M. Trzaska\ M.A. VasilievJ, P. Wagner8, J.P. Wessels', T. Wienold',
Z?iWilhelmi,m, D. Wohlfarth', A.V. Zhilind, P. Danielewicz"-0-1

* Universitd and INFN. Florence. Italy
b WC, IN2P3-CRNS. Universite" Blaise Pascal. Clermont-Ferrand, France

" Rudjer Boskovic Institute. Zagreb. Croatia
d Institute for Experimental and Theoretical Physics. Moscow, Russia

' UniversitSt Mainz, Mainz. Germany
f Institute for Physics and Nuclear Engineering. Bucharest, Romania

* Centre de Recherches Nucleates and Universiti Louis Pasteur, Strasbourg, France
h Central Research Institute for Physics, Budapest, Hungary

1 Geselbchaft fiir Schwerionenforschung. Darmstadt, Germany
1 Kurchatov Institute for Atomic Energy, Moscow, Russia

k Physikalisches Institut der Universilit Heidelberg, Heidelberg, Germany
1 Forschungstenirum Rossendorf, Rossendorf, Germany

m Institute of Experimental Physics, University of Warsaw. Warsaw, Poland

0375-9474/95/S09.50 © 1995 Elsevier Science B.V. All rights reserved
SSDI0375-9474(95)00042-9



pi NUCLEAR
t-Jg PHYSICS A

i-j st-VIKR Nuclear Physics A583 (1995) 499-512

Central A.u on A u Collisions.

Adriano Gobbi, FOPI-Collaboration

Gesellschaft fiir Schwerionenforschung, Darmstadt, Germany.

FOPI-Collaboration: J.P.Alard'3 ', V. Amouroux^ Z. Basrak<13\ N. Bastid<3>,
l.M. BelayevW, L. Berger^, D. Best'4*, J. Biegansky<I0>, M. Bini<s>, S. Boussange'3),

R. BockW. A.BulaO, R.Capiar"3 ' , C.Cerruti*11), N. Cindro(I3\ J.P. Coffin<n\
M. Dzelalija'13), R. Dona'14), P. Dupieux<3\ J. ETJ'K l\ Fintz' ; :), Z. Fodor«'-\

L.FraysseW, A.Gobbi<4>, G. Goebels'6), G. Guillaume*1^, E. Hafele'6\ N. Herrmann^
K.D.HildenbrandW, S. Holbling(I3>, A. Houari^11), F. Jundt'n>, J. Kecskemeti^
M. KirejczykW. V. KorchaginW, R. Kotte<10>. M.Kowalczyk(I2>, M. Kramer'4),

C. Kuhn'n ) , A. Lebedevt8), I. LegrandW, Y. Leifels'4), V. Manko'9), P. Maurenzig!5),
C. Mgebrishvili<9), S. Mohren*6), J. M6sncr'10\ D. Moisa'1), I. Montbel^, VV. Neubertt10',

A.OImi^, G. Pasquali<5\ D. Pelte'6\ M. Petrovici'1), C. PinkenburgW, G.Poggi'5>,
F. RamiC1), V. Ramillien<3>, VV. Reisdorft4), J.L. Ritman'4), Ch. Roy( n \ D. SchullW,
VV.Q. ShenW, B.Sikora^^, V.Simion^VK. Siwek-\Vilczynska(12), S.SmolyankinW.

U.Sodan<4>, N. Taccetti<5), M.Trzaska(6\ M.A. Vasiliev^, P. Wagner'11),
G. WangW, T. Wienold'6), D. VVohlfarih'10), Y. Yatsounenko'4), A.V. Zhilin*8)

^ Institute for Physics and Nuclear Engineering, Bucharest, Romania
'2 ' Central Research Institute for Physics, Budapest, Hungary
(3) Labo de Phys. Corp., IN2P3-CRNS, Univ. Blaise Pascal, Clermont-Fd.,

France
*4) Gesellschaft fur Schwerionenforschung, Darmstadt , Germany
w Universita and INFN, Florence, Italy
(6) Physikalisches Institut der Universitat Heidelberg, Heidelberg, Germany
' ' ' Universitat Mainz, Mainz, Germany
'8) Institute for Experimental and Theoretical Physics, Moscow, Russia
'9) Kurchatov Institute for Atomic Energy, Moscow, Russia

*10) Forschungszentrum, Rossendorf, Germany
*"' Centre de Recherches Nudeaires and Universite Louis Pasteur,

Strasbourg, France
('2* Institute of Experimental Physics, Warsaw University, Warsaw, Poland
' l 3 ' Rudjer Boskovic Institute, Zagreb, Croatia
'14' Laboratori Nazionali Legnaro, Italy

Elsevier Science B.V.
SSDl 0375-9474(94)00711 -X



Vol. 27(1996) ACTA PHYSICA POLONICA B No 1-2

SEARCH FOR INTERMITTENCY IN
CENTRAL Au + Au COLLISIONS AT

INTERMEDIATE ENERGIES*-**
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Fluctuations in distributions of nuclear fragments produced in central
Au + Au collisions at labolatory energies of 150.A and 400-4 MeV were
analyzed by means of normalized scaled factorial moments. No variation
of the moments with bin width was found for charge distributions. An
intermittency signal was found for distributions of fragments in azimuthal
angle. A-similar analysis performed for events simulated with the IQMD
model did not show any intermittency.

PACS numbers: 24.60.Ky, 25.70.-z, 25.70.Pq

The method of scaled moments was oryginally proposed by Biaias and
Peschansky [1, 2] to study fluctuations in distributions of particles in phase
space in events of large multiplicity. It is argued [3] that large nonstatis-
tical event to event fluctuations in these distributions can be related to
correlations between particles. To separate these fluctuations from purely
statistical ones [1], and to properly take into account the inclusive shape
of one-particle distributions [4] one has to study the normalized scaled
factorial moments (NSFMs).

* Presented at the XXIV Mazurian Lakes School of Physics, Piaski, Poland,
August 23-September 2, 1995.

** This work was supported in part by the Polish State Committee for Scientific
Research under Contract No. 1196/p3/93/04 .
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AbMrncI

We present new experimenoil data obtained with the FOI'I detector at SIS, for the Au + Au
heavy-ion collisions at 4(XM MeV incident energy. The sideward flow, determined from a method
wilhcut rcactiop-plane reconstruction, and the nuclear stopping are studied its a function of llie
cenliality of the collisions. In order to study the nuclear in-medium erf ecu. which act on the NN
cross sections and potential and hence on experimenlal obscrvaliles like the nuclear-matter flow
and slopping, il-sc results are compared with ihe predictions of Iwodifferent QMD versions. Hie
firsl one offers a fully microscopic calculation of the cross sections and potential in the G-malrix
formalism and naturally includes Ihe in-medium effects (this version is for Ihe first lime
confronted wiih experiment). Hie second one uses a standard Skyrme potential plus a
momentum-dependent term in order lo mimic Ihe in-medium effects.

Keywords: NUCI.PAR REACTIONS '"AII ('"AII, X), E- 4(X) MeV/nuclcon; measuicd fraBmenl Uifffreii-
lial ir. rapidity ilistrihulinn, siilrltound flow vs collisions cenlinlity; deduced in-m«iium nuclear effecli! role.

1. Introduction

One of the principal goals of the study of heavy-inn reactions at intermediate energies
of ;i few hundreds of McV per nuclenn is the determination of the nuclciir-niatlcr
equaling of stale (COS). The EOS is defined as the dependence of the miclcnn-himling
energy on the density p and (he temperature T of the nuclear medium, although the
temperature dependence is often neglected. The EOS can be roughly characterized by
the compressibility coefficient K. We usually assume K = 200 MeV for a soft EOS and
K = 380 MeV for a hard EOS. The strategy in extracting the nuclear EOS is to compare
experiments and models for variables .sensitive to compression,-!! effects. The most-studied
one is the transverse-momentum transfer in the reaction plane for central or .semi-central
collisions, the so-called sideward flow (for experimental results see [1-5]). The sensitiv-
ity of such ar. observable is, however, limited and the conclusions concerning the EOS
can be easily modified. In particular, the nuclear in-medium effects like the density and
momentum dependence of the nuclcon-nucleon (NN) cross sections and potential [6-8]
have to be properly treated.

In this p.iTcr, we try to evaluate how accurately some modern transport theories
reproduce these in-medium effects on the sideward flow and nuclear-matter stopping
power (these observables being obviously strongly correlated). To achieve this goal, we
compare the Au + An data at 4(M) McV per nuclcon incident energy of the FOPI detector
with the G-rmtrix qiianlimi-molcciilar-dynamic model GQMD [7,9] which includes these
in-medium effects. The same data are also compared with the "isospin" QMD (1QMD)



ACTA PHYSIC A POLONICA B No 1-2

RECTED SIDEWARD PLOW OF FRAGMENTS
D SECONDARY PARTICLES IN RELATIVISTIC

HEAVY ION COLLISIONS*

C.H. PlNKBNBURG AND K . D . HlLDENBRAND

F O P I COLLABORATION**

Gesellschaft fur Schwerionenforschung, GSI, Darmstadt, Germany

(Received December 8, 1995)

In experiments at the SIS facility at GSI Darmstadt systematic studies
of the directed sideward flow in central and semi-central heavy ion colli-
sions have been performed. The symmetric systems Ni 4- Ni and Au -f Au
were investigated at energies between 100 and 2000 AMeV with FOPI,
a 4ir detection system for charged particles. For the first time the flow
patterns, represented by the in-plane transverse momentum per nucleon
or the azimuthal emission distribution at midrapidity have been investi-
gated for intermediate mass fragments (Z > 3) as well as for the secondary

• products TT+, x" , K+, K°, and /1-particles. As known from many earlier
studies the fragments show a clear flow signal, stronger than that of the
light charged particles or nucleons. Both ir+ and ir~ display an almost
vanishing signal. The same is true for the strange products K+ and K°
whereas the .d-particles, co-produced with the K+, show a distribution
very similar to the proton signal.

PACS numbers: 25.70.Pq

1. Introduction

Among the outstanding results of the exclusive investigation of heavy
ion reactions at relativistic energies are the collective features which man-
ifest themselves in a common, coherent movement of products after the

* Presented at the XXIV Mazurian Lakes School of Physics, Piaski, Poland,
August 23-September 2, 1995.

** The FOPI Collaboration comprises members from the following institutions
at present: IPNE Bucharest, KFKI Budapest, LPC Clermont-Ferrand, GSI
Darmstadt, FZ Rossendorf, Univ. Heidelberg, ITEP Moscow, Kurchatov Inst.
Moscow, CRN Strasbourg, Univ. Warsaw, RBI Zagreb.
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ABSTRACT

We report on the current status cf tke search for the 7rNN-resonanee d* iriih I(JP) = 0(0~)
and M * 2.06 GeV, for which evidence baa been found in the pionic double charge exchange on
nuclei and more recently also in the 2ir production in pp collisions.

1. Introduction

All measurements oi the pionic double charge exchange (DCX) conducted so far at
LAMPF, TRIUMF and PSI exhibit at lower energies an mrusual and surprising energy
dependence of this reaction in close resemblance to a resonance process. Since the DCX-
reaction in nuclei is strongly favoured by short NN-diatances, and since the primary system
of the DCX process is the •rNN-system, we recently have proposed the existence of a "NN-
resonance, called d', as origin of the peculiar energy dependence1' 2. Indeed, assuming for this
resonance quantum numbers I(JP) = even(0~), mass M » 2.06 GeV aad widths T = 5MeV
and rwMN — 0.5 MeV, we are able to describe all presently available low-energy DCX-data
quantitatively. Actually, such a NN-decoupled resonance ia the dibaryon-system had been
predicted previously by OCD-striag models3'4. First results for such a dibaryon from mi-
croscopic calculations in a constituent quark model are also now available5. For a theoretical
overview on the d' search ses the talk by M.G. Schepkia6. '

'supported by tke BMBF under contract 05 T5 S56, by the DA-A-D (313/9) and by the DFG (Mu 705/3,
aduietteaiollcg)
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ABSTRACT

The reactions pp -> pp^O and pp •> pprt have been measured in the threshold region using an
internal cluster gas-jet target. Very dose to threshold the reactions have been identified through
the 2y decay channel of the neutral meson. At higher energies all final state particles have been
recorded allowing for a full kinemadcal reconstruction. The measured cross sections agree well
with previous measurements In overlapping regions. The data provide insight into the importance
of final stale meson-nucleon interactions.

A natural use of cooler/storage rings is precision measurements of reactions in the threshold
region. This type of experiment has advantages regarding both the experimental technique and
the interpretation of the data. Experimentally the outgoing particles are kinematically
confined to a forward cone, whereas background reactions populate the phase space more
evenly. Thus a detector covering only the forward region is able to detect all panicles
produced close to threshold under favourable background conditions. Such a detector system
has been built by the PROMICE/WASA collaboration to study meson production in the
threshold region. Theoretically, in the threshold region, only the first few partial waves
contribute to the reactions, a fact that should simplify the interpretation of the data.
Furthermore, near threshold, high momentum transfers are involved, making such
measurements an interesting tool to probe short range physics. An example of this is the
threshold cross section of the pp -> pp *t° reaction. Precision measurements from IUCF 1 show
that the standard theory underestimates the cross section by a factor of five. This was quite
puzzling since pion production in nucleon-nucleon interaction is * v*ry important inelastic
channel and supposedly rather well understood. It was then realized by Lee and Riska2, and
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Abstract. Particles with strange quark conicnt produced in
the system 1.93 .4-GeV 5sNi on 5:Ni have been investigated
at GSI Darmstadt with the F0P1 detector system. The corre-
lation of these produced particles \v;is analyzed ".vith respect
to the reaction plane. A baryons exhibit a very pronounced
sideward flow pattern which is qualitatively similar to the
proton fio\y. However, the kaon (A'*,A'J) flow patterns are
significantly different from that of the protons, and their form
may be useful to restrict theoretical models on r.he form of
the kaon potential in the nuclear medium.

1. Introduction

The production of kaons in near and sub-threshold heavy
ion reactions has raised much interest lately as a poten-
tially valuable probe to study the properties of compressed
nuclear matter[l). Although the high kaon yield measured
recently[2] tends to favor a softer equation of state[3, 4],
systematic studies of the baryonic flow pattem[5. 6] might
suggest a stiffer equation of state[7]. In order to address this
apparent discrepancy, further observables are needed to re-
duce the degrees of freedom in the calculations. For instance,
it has been shown that the kaon yield is as sensitive to the
form of the kaon potential as it is to the compressibiliiy[4].
Furthermore, the form of the kaon potential is expected to
produce observable effects on the kaon flow pattem[S]. As a

Correspondence In: J.Ritman@gsi.de

result, data recently collected by the F0P1 collaboration have
been analyzed to provide experimental constraints on the
flow pattern of sirange hadrons produced in near-threshold
heavv ion reactions.

2. Experimental techniques

The 5sNi+58Ni reactions were produced by bombarding a
fixed target with 1.93 A-GeV projectiles supplied by the
Heavy Ion Synchrotron SIS at GSI Darmstadt and were
measured by the FOPI detector system. Since the detector
was not yet completed, only the following components were
available for the present analysis: The Forward Wall (FW)
covered the laboratory polar angular range 1.2° < &cab <
30° and measured both the deposited energy (AE) as well
as the Time of Flight (ToF) to provide velocity and charge
information^]. The Central Drift Chamber (CDC) covered
the angular range 30° < ©/.<,(, < 150° and measured both
the specific energy loss as well as the momentum to pro-
vide mass determination via the Bethe-Bloch relation. Sur-
rounding the CDC were instalted 54 out of a total of ISO
scintillator strips (45° < Out* < 14O°) (Barrel) which pro-
vided ToF information, thus enhancing the particle identifi-
cation via an additional mass determination as well as charge
information[10]. When FOPI is completed, the remaining
126 Barrel strips will be installed and the forward angular
range (73 < @iatl < 30°) will be supplemented by a second
drift chamber (Helitron) thus allowing momentum and mass
determination over almost the full phase space.
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Abstract

Aside from the dominant production of hard photons in first-chance p-n collisions, a significant hard-photon production in
a later stage of heavy-ion reactions is predicted by the BUU theory. These thermal hard photons axt emitted from a nearly
thermalized source and still originate from bremsstrahlung produced in individual p-n collisions. The calculations predict
that the production of the thermal hard photons is strongly correlated with the incompressibility of nuclear matter. Tentative
experimental evidence for their production is found in the hard-photon energy spectra measured in the systems 86Kr +M'Ni
at 60.0A MeV, 181Ta-i-197Au at 39.5-4 MeV and -°8Pb+197Au at 29.5A MeV.

* Experiments performed with TAPS at the GANIL facility, Caen,
France.

1 Permanent address: GANIL, 14021 Caen, France.
2 On leave from the CRIP, Budapest, H-1525, POB 49, Hungary.
3 Permanent address: Slovak Academy of Sciencies, Bratislava,

Slovakia.
4 Present address: LPN, F-44072, Nantes, France.
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6 Permanent address: Warsaw University, PL-00-681, Warszawa,

Poland.
7 Present address: University of Utrecht, The Netherlands.
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76125 Karlsruhe, Germany.

Heavy-ion collisions in the energy domain from a

few tens of A MeV up to about 2 A GeV offer a unique

possibility to study hot and dense nuclear matter far

away from its equilibrium state. However, the explo-

ration of the phase diagram of nuclear matter by heavy-

ion collisions is dynamical, since the extreme condi-

tions in temperature and density are formed transiently

during the reaction. Therefore, to understand the un-

derlying physics and to link it to the nuclear equation

of state (EOS) specific reaction probes sensitive to

the dynamics of the reaction and a reliance on models

are required.

0370-2693/95/509.50 © 1995 Elsevier Science B.V. All rights reserved
550/0370-2693(95)00236-7
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Abstract

We have analyzed hard-photon intensity correlations measured in the systems ^Kr+^'Ni at 60.CM MeV and l8lTa+ l97Au
at 39.5A MeV assuming that hard photons are emitted from two distinct sources in space-time. We confirm the existence
of the Bose-Einstein correlation between independent hard photons and attribute the origin of the two sources to the
density oscillations of nuclear matter generated in intermediate-energy heavy-ion collisions via the incomplete-fusion reaction
mechanism.

* Experiments performed with TAPS at the GANIL facility, Caen,
France.

' Permanent address: GANIL, F-14021, Caen, France.
2 Permanent address: Slovak Academy of Sciences, Bratislava,

Slovakia.
3 Present address: LPN, F-44072, Nantes, France.
4 Present address: GSI, D-64291, Darmstadt, Germany.
5 Permanent address: Warsaw University, PL-00-681, Warszawa,

Poland.
6 Present address: University of Utrecht, The Netherlands.
7 Permanent address: Institute for Transuranium Elements, D-

76125 Karlsruhe, Germany.

In the preceding Letter [1] we have shown that

BUU calculations predict that within the energy

regime where heavy-ion collisions lead to a den-

sity oscillation and form a hot nucleus through the

incomplete-fusion mechanism [2], hard photons

(E7 > 30 MeV) originate from two sources distinct

in space and time. In the initial stage, direct hard

photons originate from a dense source during the

first compression-phase and constitute the dominant

contribution, while in a later stage the thermal hard

photons originate from a thermalized source during

0370-2693/95/S09.50 © 1995 Elsevier Science B.V. All rights reserved
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It has become well known that final-state interactions play a crucial role in heavy-ion
induced pion production [1]. Thus, strong shadowing observed in ir° angular and energy
distributions has been interpreted in terms of re-absorption in the framework of simple
geometric models [2]. Recently, anisotropies have also been seen in pion azimuthal
distributions, i.e. their angular distributions with respect to the event plane [2, 3, 4].
The enhancement of out-of-plane pion emission, usually referred to as "squeeze-out",
is mainly attributed to strong final-state interactions [5, 6]. On the other hand, it is
still an open question whether collective and/or compressional phenomena in nuclear
matter also contribute to squeeze out pions. On the basis of exclusive data covering
subthreshold ir° emission in peripheral heavy-ion collisions, we show first results of a
refined squeeze-out analysis comprising a more detailed impact parameter dependence,
as well as cuts on the ir0 kinetic energy. Such dependencies have recently been discussed
in the framework of extended BUU-calculations [6j.

In an experiment performed at GANIL for the reaction 36Ar+197Au at 95 MeV/u the
decay of neutral pions was observed with the TAPS photon spectrometer in coincidence
with projectile-like fragments (PLF). The latter were detected in the magnetic spectro-
graph SPEG with charge and mass resolutions of respectively 0.6 and 0.2 units FWHM
(see Fig. 1). Details of the experimental set-up and the data analysis are given in [2]. We
have used Zpip as a measure of centrality and the correlation with impact parameter
b has been established through an abrasion-ablation calculation [7], which yielded an
estimated spread Ab of 1.5-2.5 fm. The ^-multiplicity as a function of the PLF charge
(Fig. l(b)) rises from zero at Zp^f = 17, corresponding to grazing impact parameters,
up to close to its saturation value at maximum overlap of the nuclei {ZPLF < 6)-

0375-9474/95/S09.50 © 1995 Elsevier Science B.V. All rights reserved.
SSDI 0375-9474(94)00691 -1
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Identification of photons and particles in the segmented
electromagnetic calorimeter TAPS
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Abstract
The algorithms developed for the identification of one and two hard-photon events detected with TAPS are

presented. After a presentation of the energy and time calibrations, the identification of single module events and
the shower reconstruction, special emphasis is given to the rejection of the background generated by cosmic rays, -ir0

decay and e= conversion pairs. The effect of discontinuous showers is also discussed. The method was tested on
data taken with TAPS at GANIL for heavy-ion collisions at energies of several tens of A MeV. -,

1. Introduction

During the past decade both experimental and
theoretical results have widely demonstrated that
particles created in heavy-ion collisions provide a great
deal of information on the details of the collision
dynamics and the nature of nuclear matter under
extreme conditions of temperature and density [1-3].
Among these particles, hard photons (conventionally
defined as those with £ t>30MeV) are of special
interest [2,3]. Their source can be well located in time
and space and the image they deliver is not distorted
by absorbtion or final-state interactions. However,
their production cross-section at several tens of
A MeV is very low, about 10 ~4 of the total reaction
cross-section. The interest for photons was experimen-
tally well established from measurements using modest
detection systems. From there on it was then fully
justified to construct second-generation detectors to
undertake a detailed study of the photon emission and
gain new knowledge on the dynamics of heavy-ion
reactions leading to the formation of hot and dense
nuclear matter. To that purpose several institutes in

* Corresponding author. E-mail marques@caelavin2p3.fr.
' Present address: LPC, F-14050, Caen (France).
: Present address: GSI, D-64291, Darmstadt (Germany).
3 Permanent address: GANIL, F-14021, Caen (France).
4 Permanent address: Warsaw University, PL-00-681, War-

szawa (Poland).
5 Present address: KVI, Groningen (The Netherlands).

Europe joined together to design, construct and ex-
ploit the photon multidetector TAPS [4], acronym for
Two Arm Photon Spectrometer in reference to one of
its setups. The basic requirement leading to the con-
cept of TAPS was to detect and identify photons and
neutral mesons via their decay into two photons (ir°
and T|) among the hadronic environment generated by
the collision. This goal was achieved through the
correlation of redundant information delivered by the
TAPS detection modules assembled to constitute a
high granularity detection system. TAPS allows a
coarse on-line identification, entering in the trigger
definition, which selects neutral particles (mainly
photons and neutrons). It is then the task of the
off-line analysis to first identify unambiguously
photons and then pairs of photons originating from
neutral-meson decay or from two coincident photons.
The interest of the latter resides in the possibility to
measure the interference between independent hard-
photons [5,6].

In the present paper we describe the data-reduction
technique developed to exploit the unique perform-
ances of TAPS. As a result we have obtained data of
unmatched quality concerning inclusive and exclusive
photon and meson production at intermediate energies
(several tens of A MeV) [5-8]. We will specially
emphasize the extremely high sensitivity of the analy-
sis to identify very rare events like pairs of photons or
electrons, or even the IT0 Dalitz decay, among the
inevitable sources of background such as cosmic-ray
induced events.

0168-9002/95/S09J0 © 1995 Elsevier Science B.V. All rights reserved
SSDl 0168-9002(95)00525-0
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Hard photons as a probe to study dissipation mechanisms
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The probability for Bremsstrahlung has been measured as function of the mass of the
projectile-like fragment in peripheral reactions of 36Ar -f159 Tb at 44 MeV/nucleon. The
Bremsstrahlung probability is found to depend on the amount of mass transferred and
the direction of the transfer.

1. Introduction

The production of photons with energies above 30 MeV emitted in nucleus-nucleus
reactions has been studied since 10 years. From the systematic that has been accumulated
it can be concluded that these hard photons are the result of Bremsstrahlung from first
chance incoherent proton-neutron collisions (see e.g. refs [1],[2]). The contribution of
proton-proton collisions, quadrupole radiation, is not so important because of the stronger
dipole radiation from p-n collisions.

The probability for Bremsstrahlung (E7 > 30 MeV) ranges from 10"6 to 10"4 in the
intermediate energy region of 10 to 100 MeV/nucleon (see fig.l). At higher beam ener-
gies the decay photons of neutral pions increasingly obscure the Bremsstrahlung signal.
Therefore, uniquely for the intermediate energy domain one has a direct (electromagnetic)
probe by which one can study the early phase of a nuclear reaction.

During 1992 the photon detection system of the TAPS collaboration [3],[4] was set up at
GANIL where several such studies were made (see elsewhere in these proceedings). The
present experiment intends to study the role of one-body versus two-body dissipation,
i.e. in how far the dynamics of nucleus-nucleus reactions are determined by the mean-
field or by nucleori-nucleon collisions. Because the role of Pauli blocking (EiFermi « 35
MeV) diminishes with increasing energy, the effect of incoherent nucleon-nucleon collisions

0375-9474/95/S09.50 © 1995 Elsevier Science B.V. All rights reserved.
SSDl 0375-9474(94)00689-X
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The probability for Bremsstrahlung production has been measured as a function of
the mass of the projectile-like fragment in peripheral reactions of s8Ar + 1S9Tb at 44
MeV/nucleon. The Bremsstrahlung probability is found to depend on the amount of
mass transferred and the direction of the transfer.

1. Introduction

The aim of this study is to investigate via the measurement of hard photons the rel-
ative importance of one-body versus two-body dissipation at energies close to the Fermi
energy, i.e. in how much the dynamics of nucleus-nucleus reactions at these energies are
determined by the mean-field or by nucleon-nucleon collisions respectively. Because the
role of Pauli blocking (EFermi "* 35 MeV) diminishes with increasing energy, the effect of
incoherent nucleon-nucleon collisions should become more dominant. We have measured
besides outgoing fragments also the Bremsstrahlung photons (hard photons) in coinci-
dence. The Bremsstrahlung probe is, in principle, well suited for the proposed study as it
"monitors" the number of incoherent p-n collisions. We focus on peripheral reactions of
36Ar + 159Tb at 44 MeV/nucleon. In such reactions the projectile can gain or lose mass
by transfer induced by nucleon-nucleon collisions or the driving force of the mean-field
of the dinuclear system. In principle, the associated Bremsstrahlung should indicate the
relative importance of both processes.

In the first part of this article we will describe the current understanding of hard photons
and explain how hard photons give information on the reaction dynamics. In the next
part we will outline a method developed to fully reconstruct the primary projectile like
fragment taking in account the acceptance of our light charged particle detector. Finally
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Abstract

Projectile-like fragments ( P L F J ) emitted in damped collisions of 15 MeV/u w N e ions with
197Au were observed in coincidence with two fission fragments. For given detection angles of
the PLF's differential and energy-integrated fission probabilities were obtained and the average
missing momentum vectors were deduced by using improved analysis methods of the fission
fragment angular correlation. The average missing momentum vectors were found to point in the
direction of the observed PLF, with a systematic deviation towards beam direction for larger mass
transfers. The missing momentum thus appears to mainly originate from the sequential decay of
the PLF's.

Keywords: NUCLEAR REACTIONS ' " A u ^ N c F ) . E = 294 MeV; measured fission,
(fragment) (fragment)-coin, <r(Z, E.S) of projectile-like fragments, deduced fission probabilities.

1. Introduction

A missing linear momentum was observed for some heavy-ion induced reactions
involving the emission of projectile-like fragments, PLF, at bombarding energies higher
than about 10 MeV/u [1-3] . This observation could indicate a non-binary character of
the studied reaction, or alternatively the sequential decay of one or both of the fragments
following a binary process. That missing momentum, pm, formally can be defined as:

Pm=Pt- Pm - PPW (1)

0375-9474/95/S09.50 © 1995 Hsevier Science B.V. AU rights reserved
SSDl0375-9474(94)00528-I
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Role of nuclear dynamics in deducing the fusion-fission
time scales from prescission neutron multiplicities
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Existing data on the prescission neutron multiplicities have been analyzed with a new method
combining time-dependent statistical cascade calculations with Feldmeier's model of the dynamics
of nucleus-nucleus collisions. The analysis resulted in the determination of the time scale iy of fusion-
fission reactions for different composite systems with excitation energies ranging from 80 to 240 MeV.
The deduced values of T/ range from 5 x 10~50 to 10"" s. These time scales are approximately 10
times longer than those deduced for the same set of data with the "static" model used by Hinde and
collaborators.
PACS number(s): 25.70.Jj

I. INTRODUCTION

It was shown in a series of papers (see, e.g., [1-5], and
references therein) that triple coincidence measurements
involving two fission fragments and a neutron give the
possibility to decompose measured neutron multiplicities
into two parts corresponding to the emission before and
after scission. In the case of alpha-particle emission, one
can get even more detailed information because, in addi-
tion to the prescission and postscission multiplicities, the
near-scission component can also be extracted [6-9].

The measured prescission and postscission neutron
multiplicities were used by Hinde et al. [4, 5] as a clock
for the time scales of fusion-fission reactions. In turn,
data on the prescission and near-scission alpha-particle
multiplicities have recently been used [8] for an estimate
of the time scale of fission in its final stage and hence
for checking the strength of the energy-dissipation mech-
anism. In addition to the particle evaporation processes,
the 7 decay of the giant dipole resonance (GDR) was also
used [10] for the determination of the time scale of fission.

Presently there already exists an ample collection of
data on prescission and postscission multiplicities [4].
Hinde and collaborators have analyzed the whole collec-
tion of data by carrying out time-dependent statistical-
model calculations in which the cumulative time, corre-
sponding to the measured prescission neutron multiplic-
ity, was interpreted as the duration TJ of the fusion-fission
process. It was concluded from the analysis [4] that for all
studied reactions the Ty ranges from 2x 10~20 to 6 x 1O~20

s (see Fig. 25 of Ref. [4]).
The analysis of Hinde et al. [4] was done in an essen-

tially "static" approximation, in which the initial excita-
tion energy of the composite system was assumed to be
available instantly at the time t = 0, and from that mo-

ment on the deexcitation cascade was calculated as for a
standard "static" compound nucleus.

In this paper we present results of our calculations in
which time-dependent statistical model calculations were
coupled to a dynamical evolution of the intrinsic excita-
tion of the composite system as predicted by the one-
body dissipation model of Feldmeier [11, 12]. Several
aspects of the interpretation of the prescission neutron
multiplicity data are discussed. It is shown that by tak-
ing the dynamics of the composite system into account
one arrives at much longer times TJ than those deduced
by Hinde and collaborators with the static model.

II. MODEL CALCULATIONS

A. General concept

Fusion-fission reactions are dynamic processes of high
complexity. The fact that as many as 6-8 neutrons can
be evaporated from the hot and heavy composite system
prior to fission [4] clearly demonstrates that the fission
of these nuclei requires time for the necessary rearrange-
ment in the shape degrees of freedom. With the increas-
ing excitation energy, the mean lifetime that determines
the rate of evaporation of light particles becomes so short
that fission and evaporation can no longer be viewed as
processes competing in terms of the conventional Bohr-
Wheeler model [13]. Since the available phase space dic-
tates fission practically in all events {Tn/Tf a 0), one
can assume that fission is decided for each event already
at t = 0. Thus in this approach the evaporation cas-
cade takes place during the fission process because the
composite system is already destined to fission (Pf = 1).

The concept formulated above is especially appropriate

0556-2813/95/5 l(4)/2054(8)/S06.00 51 2054 ©1995 The American Physiesr Society
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Abstract: The time scale of fusion-fission reactions was found to be in the range from
T/ = 5 • 1O"20 to 5 • I0~19 s. This result was obtained from the analysis of the prescission
neutron multiplicities with a new method combining the time-dependent statistical cas-
cade calculations with the nuclear dynamics model of Feldrneier.

1. INTRODUCTION

The possibility of experimental separation and determination of the prescission mul-
tiplicity of neutrons (see e.g. Refs. [1,2]) and light charged particles [3,4] in fusion-fission
reactions has offered an interesting tool for studying the time scale of fission of hot com-
posite systems. The fact that up to 6-8 neutrons are being evaporated prior to scission
from heavy (destined to fission) composite systems clearly shows that fission of these
hot nuclei simply requires time for necessary rearrangement in shape degrees of freedom.
This time turns out to be long in comparison
with the mean life-time of hot nuclei. Con-
sequently, at high excitation energies many
light particles are evaporated during the time
of the collective rearragement, in spite of the
fact that the system is destined to fission
from the beginning of the evaporation cas-
cade.

As it was pointed out by Hinde et al. [1,2],
evaporation of neutrons can be used as
a "clock" for measuring the time scale of
the underlying fission process. Hinde and
coworkers analysed the prescission neutron
multiplicities in a "static" approach in which
the evaporation cascade was calculated for a
dynamically stable compound nucleus of

TIME

Figure 1. Deexcitation cascade as
the "neutron clock"

0375-9474/95/S09.50 © 1995 Ebevier Science B.V. All rights reserved.
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Prescission evaporation of neutrons seems to be the most suitable clock for measuring
the time scale of fusion-fission reactions at high excitation energies. Hinde et al. [1] ana-
lysed the prescission neutron multiplicities in a static approach, in which the evaporation
cascade was calculated for a dynamically stable compound nucleus. In a more refined
analysis we have demonstrated [2] that the deduced time scales strongly depend on the
assumed dynamical scenario of the fusion-fission reaction. As a rule, the dynamic calcu-
lations lead to considerably longer time scales (10~19 —10~18 s) than those deduced in the
static model [1] (3 • 1O~20 s). Comparably long time scales of the fusion-fission reactions
were deduced from analysis of the prescission GDR data [3]. The latter results have been
interpreted as an evidence of an unexpectedly large value of the viscosity of hot nuclear
matter.

Our dynamic method of analyzing prescission neutron multiplicities [2] can be applied
not only for fusion-fission reactions but also for strongly damped collisions and/or fast-
fission reactions in which the composite system does not undergo fusion. In the present
work we selected from ref. [1] the data on the prescission neutron multiplicities for very
heavy systems (which are dominated by fast fission processes) and performed for these
reactions the dynamical trajectory calculations based on the model of Feldmeier [4]. We
investigated to what extent the standard dissipative force has to be modified in order to
fit the time scale of these reactions, deduced from the measured prescission neutron mul-
tiplicities. Preliminary results of our calculations indicate that the onset of very strong
dissipation in hot nuclear matter appears not only in equilibrated compound nuclei (as
suggested in ref. [3]), but also in non-fusion reactions. It is important to emphasize that
our estimate of the friction strength is completely independent of the method used in the
analysis of compound-nucleus-fission data of ref. [3].
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Fast-fission reactions in collisions of four heavy systems (well below
the fusion extra-push energy threshold), for which Hinde and coworkers
had measured the prescission neutron multiplicities, have been analysed
in terms of the deterministic dynamic model of Feldmeier coupled to a
time-dependent statistical cascade calculation. In order to reproduce the
measured prescission multiplicities and the observed (nearly symmetric)
mass divisions, the energy dissipation must be dramatically changed with
regard to the standard one-body dissipation: In the entrance channel, in
the process of forming a composite system, the energy dissipation must be
reduced to at least half of the one-body dissipation strength (k\* < 0.5),
and in the exit channel (from a mononucleus shape to scission) it must
be increased to about 10 times that value (A°ut as 10).

PACS numbers: 24.80.-x, 25.70.Lm

1. Introduction

Recent experiments on the prescission 7-rays from giant dipole reso-
nances (see e.g., Refs [1-3] and references therein) have been interpreted in
terms of the diffusion model [4-6], based on the Fokker-Planck equation. Re-
sults of such an analysis of the GDR data led to a surprisingly large value of
the nuclear friction coefficient for fissioning nuclei excited to several tens of

* Presented at the XXIV Mazurian Lakes School of Physics, Piaski, Poland,
August 23-September 2, 1995.
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EXPERIMENTAL SET-UP FOR HIGH-ENERGY
7-RAY STUDIES AT THE WARSAW CYCLOTRON

AND FIRST EXPERIMENTS*-**

M. KICINSKA-HABIOR*, A. MAJb, Z. SUJKOWSKIC

J. KOWNACKI*1, M. KISIELINSKI4 , Z. ZELAZNY", M. MOSZYNSKIC

M. KOWALCZYK*, T. MATUL-EWICZ", Z. TRZNADEL*

D. CHMIELEWSKA0 , J. STYCZEN6 , B. FORNAL1", W. KROLAS13

E. KULCZYCKA*1, M. AUGSBURG*, J. ROMANOWSKI' , M. KMIECIK1*
a Institute of Experimental Physics, Warsaw University
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b Niewodniczanski Institute of Nuclear Physics

31-342 Cracow, Poland
c Sortan Institute of Nuclear Studies

05-400 Swierk, Poland
d Heavy Ion Laboratory, Warsaw University

02-097 Warsaw, Poland

(Received December 18, 1995)

A multidetector set-up has been developed for the detection of photons
between 5 and 40 MeV. It consists of 10 cm x 10 cm BGO cylinder shielded
with active and passive shields against the cosmic-rays and the 7-ray
background and of a multiplicity filter consisting of 28 detectors (BaF2

and Nal(Tl)). The neutrons are discriminated with TOF. The system
is installed at the new Warsaw Cyclotron. It is intended for studies of
giant dipole resonances in hot nuclei and of bremsstrahlung at low beam
energies. The first experiments and the plans for further development of
the set-up are described.

PACS numbers: 29.40. Me, 24.30. Cz, 25.70. -z

* Presented at the XXIV Mazurian Lakes School of Physics, Piaski, Poland,
August 23-September 2, 1995.

** This work was partly supported by the Polish State Committee for Scientific
Research (KBN Grant No. 2 P302 071 07 and No. 2 P03B 137 09).

(547)



Vol. 27(1996) ACTA PHYSIC A POLONICA B No 1-2

GIANT RESONANCES IN HOT NUCLEI*-**

MARTA KICINSKA-HABIOR.

Institute of Experimental Physics, Warsaw University
Hoza 69, 00-681 Warsaw, Poland

. A. MAJ

Niewodniczariski Institute of Nuclear Physics
Radzikowskiego 152, 31-342 Cracow, Poland

Z. SUJKOWSKI

Soitan Institute for Nuclear Studies
05-400 Swierk, Poland

(Received December 8, 1995)

The 7 decay of the Giant Dipole Resonances, GDR, coupled to ex-
cited states in hot nuclei is discussed. We concentrate on the evolution
of the experimental methods tending towards larger selectivity, i.e. de-
termination of the quantities measured in a specific region of excitation
energy and angular momentum of a particular, identified nucleus. We
present also some representative examples of the studies in which GDR
was used as a tool to obtain information about hot, fast rotating nuclei.
The first experiments attempting to study the dilepton decay of the Giant
Monopole Resonance in hot nuclei are briefly discussed.

PACS numbers: 24.30. Cz, 24.60. Dr, 25.70. Gh, 23.20. -g

1. Introduct ion

Giant Resonances, GR, are the high frequency collective modes of nu-
clear excitations. According to the Brink-Axell hypothesis [1] a GR may

* Presented at the XXIV Mazurian Lakes School of Physics, Piaski, Poland,
August 23-September 2, 1995.

This work was partly supported by the Polish State Committee for Scientific
Research (KBN Grant No. 2 P302 071 07 and KBN Grant No. 2 P03B 137
09).
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ULTRADIPOLE RADIATION FROM
LOW-ENERGY HEAVY-ION REACTIONS*

M. KICINSKA-HABIOR a»b, K.A. SNOVER b , A. MAJ b - c

Z. DREBI b , D. YE b AND M. KELLY b

a Nuclear Physics Laboratory, Warsaw University
Hoza 69, 00-681 Warsaw, Poland

b Nuclear Physics Laboratory, University of Washington
Seattle, Washington 98195, USA

c Niewodniczanski Institute of Nuclear Physics
Radzikowskiego 152, 31-342 Cracow, Poland

(Received January 3, 1995)

High-energy photon production in heavy-ion reactions at projectile
energies around 10 MeV/u is discussed in the context of bremsstrahlung
studies at EP/A > 20 MeV/u. Recent results on the 12C + 26Mg reaction
at 6, 8.5 and 11 MeV/u and the 12C + 24Mg reaction at 11 MeV/u studied
by the Warsaw-Seattle-Cracow collaboration are summarized.

PACS numbers: 25.70. -z, 23.20. -g, 24.30. Cz

1. Introduction

The intention of this talk is to present recent results on a high-energy
7-ray production following heavy-ion collisions at projectile energies around
10 MeV/u. The subject will be limited to the so called ultradipole radiation
(UDR) or bremsstrahlung radiation, since the giant dipole resonance (GDR)
decay has been widely discussed by previous speakers. The knowledge of
the UDR parameters is of large importance also for statistical GDR decay
studies at projectile energies higher than 5-6 MeV/u since in such case
the bremsstrahlung is present in 7-ray spectra as a high-energy tail. Only

* Presented at the XXIX Zakopane School of Physics, Zakopane, Poland,
September 5-14, 1994.
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SPECTROSCOPY OF 57Co BY 7-7-RECOIL
COINCIDENCES WITH THE 40Ca(20Ne, 3p7)-REACTION

AND THE 55Mn(a, 2n7)-REACTION*
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M. GORSKA*'0, H. GRAWE*, J. HEESE*, K.H. MAIER 1 , W. M§C2YNSKIb,
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* Hahn-Meitner-Institut, D-14109 Berlin, Germany
b H. Niewodniczanski Institute of Nuclear Physics, 31-342 Krakow, Poland

c Warsaw University, 00-681 Warszawa, Poland
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f Soltan Institute of Nuclear Studies, 05-400 Otwock-Swierk, Poland

s GSI Darmstadt, D-64220 Darmstadt, Germany

(Received December 18, 1995)

High spin states of " C o have been studied with the 4OCa(JONe,3p) and
S5Mn(a,2n) reactions at 68 MeV and 25 MeV respectively. The first mea-
surement used 7-7-recoil coincidences with the OSIRIS 7-spectrometer
and the Recoil Filter Detector (RFD). The RFD measured the velocity
vector of the fusion evaporation residues; therefore an event by event
Doppler correction could be applied with a significant improvement for
the 7-energy resolution. The analysis of the 7-7-recoil coincidence spec-
tra resulted in 43 new 7-transitions of energies between 300 keV and 3300
keV that are assigned to 57Co and established 25 new excited states. Also
a DCO analysis has been performed on the present data, however it does
not lead to an unambiguous spin assignment for most states as the mea-
sured DCO-ratio is often compatible with different spin combinations.
The reaction K Mn(a , 2n) was studied with a compact setup of two Ge-
detectors. Singles 7- and 7-7-coincidence spectra were measured. Mainly
low spin states were populated, and 26 previously known 7-transitions as
well as 21 excited states of s7Co have been confirmed. In this contribu-
tion results are presented on S7Co, the nucleus with two neutrons and one
proton hole.

PACS numbers: 23.20.En, 27.40.4-z, 23.20.Lv

* Presented at the "High Angular Momentum Phenomena" Workshop in honour
of Zdzislaw Szymariski, Piaski, Poland, August 23-26, 1995.

(151)



NUCLEAR
PHYSICS A

ELSEVIER Nuclear Physics A 593 (1995) 177-211

Coulomb excitation of 76-80'82Se
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Abstract

The collective structure of the even-even nuclei ™ M 2 Se has been studied using Coulomb
excitation with I6O, *Ti and ^ P b ions. About 20 E2 matrix elements were determined in each
isotope. The measured matrix elements are compared with the predictions of simple geometric
and algebraic collective models. The E2 properties and energy level spectra of t h e 7 6 M E S e nuclei
exhibit features characteristic of anharmonic vibrational collective motion. Although the simplest
collective vibrational models exhibit the general features of the data, they do not reproduce the
fine details. The influence of a number of physical effects on the data was investigated. These
include Coulomb-nuclear interference, mutual excitation and the effect due to the semiclassical
approximation of the Coulomb-excitation formalism.

Keywords: NUCLEAR REACTIONS nSe( 1 6O, l 6O). £ = 34 MeV; **TiOsSc, 7SSe), £ = 186 MeV;
" T H " " 2 * , w i Q S e ) , £ = 1 9 5 MeV; 7«Se(JOSPb, ^ P b ) . £ = 934 MeV; ^ P b ^ S e , » .»Se) ,
£ ss 312 MeV; measured py(9). ppy(S) following Coulomb excitation, 7 6">nSe deduced
quadrupole moments. Enriched targets. Ge detectors, parallel-plate avalanche gas counters.

1 Permanent address: Heavy Ion Laboratory, Warsaw Universiry, Warsaw, Poland.
2 Permanent address: Institute of Experimental Physics, Warsaw University, Warsaw, Poland.
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Proton-neutron interaction at N=Z - First observation of the
T 2 - l nucleus JJPd^ in-beam
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hy: D. Kvhwalm

P A C S : 21.60.Cl, 23.20.Lv, 27.60. I j
AV> struct! Tht nc'ulrcn deficient nuclcu* **PJ wat idmtifisd
unj it-uJicii for the first time ey in-bvam tjnxttoscopy. An
r*i(H+) itomcr vilh l^/jxO.S (1} fit tiro* obntrvtd in a re-
coil catcher stlvp inside the mvlti-iir.tt.clar y-array OSIRIS.
Filter Jvteetort fur nuudimf UHJ u'luryci/ particles were v»cii
lu idvnlijy tiw (SJI&U) cxil channel of Hit rtueliim *• W+n Ca,
pop-Jaiti with only Q.Ot% of the total «vop«ro(i'on residue
cross itclion. Tht structure of tht isomtr is discussed within
tiic frame work of ihistl mudcl calculations in th.t (p\/i,g)/i)
modellyacc with emphatU on tht tfc,3 T"0, /«1,3 "pairing1'
two-body matrix elements.

Neutron deficient nuel<>i clos* to N~Z ire expected to
exhibit a new kind of pairing bsied on the T^0, I=l,Imo;l

confignrjition.i [l], which in tht (pi/:.g-)/i) ilicll uiudd ajjucc
b«low ;0OSn is governed by the gLj proton (») - nvutrou (v)
inttrftction. Tht umpirical interaction deduced by Gross and
fronkul (GF) [2], wliich lias been shown in numerous c»ses
[3,4,5,6,7,8] in the lowm irg,/i »h«U (Z^45) to describe ex-
pcrimtnt-il levels and electromagnetic trantitiont v«ry well,
vxhibiti indwd itrongly bound g j^ , T-0,1=1 h ,g+ two-Wdy
m.ilrin «t«tn«T\ti (tbme) besides the "normal pairing" T«t1,
I—0 *• tbiiw. In tht Itn w»tl ntudicd uppw Tgs/j ih«U du« to
tlic hole-hole character uf tlic w» induction spk gap jiomcrs
arc predicted [8]. So far epin gap isomers decaying by/3+/KO
transition! were identified in "Pd, l '^21 /2 + [10] and must
probably in MAg [11]. The underlying itruetur*, however,
con also be studied in f-decay, M recently pointed out for
tht l»»31/2- sUlu ui MPd (12).

We h«'« therefor* designed an experiment to iltidy we-
clusivvly the 7-dtca.y of uomers in > recoil catcher device
placid in tht center of the OSIRIS 7-ta.y «pe<t?otnetftr. Rx-
cited evaporittion reuduct recoiling from the reaction MNi
+ 4*Ca w«e slopped in 32 mg/tm* Wb toils 40 em de-wn-
streiun from the l.S mg/cm' rolled *°C» t»rg»t. Tli« «n*rgy
of the "Ni b u m from the t in i tm — cyclotron combination
of VICKSI I M 255 MoV. The catcher foil* haA an inner hole
of 10 mm diameter for the beam and wore exchanged ev-
ery 2 hours to avoid excessive 7-ray background from ra-
dioactivity. The target wu unrrounded by Rh«t deUctott fot
neutrons (6 segments) and charged particles (4 segments).
Details of the setup and detectors are given in [13,14) and
further references given there. Coincidence* bttween cvapo
rated neutrons, charted particles and sinffle 1 and IT events
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were stored event by event on video tape, and sorted off line
into particla gated 77 and 7t matrices with tim«i m«*iiir*i4
rotative to the cyclotron beam pulse.

A 7-ray cascade of 8 transition 324, 650, Si-1, 605, 991
and 1002 kcV, which, are in mutual coincidence, was observed
to be in delayed coincidence with protons and neutrons, not
with a particles. In Fig. 1 the sum of n77 coincidence
spectra with gnie* on all 7-rciys is shown, taken within a
time window of 20-&70 ns. Within jtotistical uncertainties
thtt efficiency corrected intensities of these 7 rays axe iden-
tical as expected for an unbrancheil *trttch*d cn«c.vlo. The
half life of thi delayed cascade was determined to t]/>,-<0.8
(2) jis (insert Fig. l ) . From the proton and neutron mul-
tiplicitiaa, as deduced from Intensity ratios lj|>y»/Vn tlfl<'
Vo-r/Vn shown in ?»8- 2. the 7 cascade can be assigned
unambiguously to a (2p2n) exit channel from the compound
nucl*ui **Cd' and hence to 94Pd. The population cro«i> cuu
tion wj« eetimatod from relative intensities in coiuparison to
the dominating residues "Hi , M M W R t t and wMo, after cor-
recting for the fraction of the 7~r»y flux through the isomcrs
and accounting for different half lives and particle multiplic-
ities. After norrnaUaattoa to the fraction of tho total residue
cross section exhausted by these nuclei, aj predicted by CAS-
CADE [15], an average ero*s section of 0.2 mb corresponding
to 0.06% of the total residue cross lection of 355 nib it it-
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Isomers in neutron deficient nuclei close to 100Sn were studied with
a recoil catcher setup following the reactions 58Ni+40Ca —• 98Cd" and
58N i +48T i _ 104Sn- N e w s p i n g a p J s o m e r s w e r e found j n »2RUi I* =

(5"), f1/2 = 16(2)ns; 95Pd, I* = (31/2"), tl/2 = 12(3) ns; and 9 4 Pd, I ' =
( H + ) ,
U/2 - 0.8(2) /is. The Tz = 1 nucleus 94Pd was identified for the first
time in-beam. The decay of the P = (8+) isomer in 100Cd was revised
leading to the identification of the full set of pure neutron (v) particle
and proton (x) hole states below the isomer. The results are compared
to large scale shell model calculations with emphasis on the vi/ residual
interaction.

PACS numbers: 21.60. Cs, 23.20. -g, 27.60. +j

Presented at the "High Angular Momentum Phenomena" Workshop in honour
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Study of the high-spin structure of 144Gd
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Abstract

High-spin states in 144Gd have been investigated through the '"'Pd^Ar, 4n) reaction.
An extended level scheme is proposed. A ridge structure has been observed in a yy
coincidence matrix, consistent with energy spacings in the superdeformed bands of neigh-
bouring nuclei. Several discrete high-spin sequences have been observed. They are inter-
preted in the context of cranked-Strutinsky-type calculations in terms of different coexisting
shapes.

Keywords: NUCLEAR REACTIONS '^PdC^Ar, 4n), £ - 1 8 2 MeV; measured •yy-coin,
Ey, DCO ratios, I44Gd deduced levels, / , -IT, y-multipolarity

1. Introduction

In theoretical calculations of the shape evolution for the nucleus 144Gd using the
anharmonic-oscillator potential [1] or the Woods-Saxon potential [2,3] several very
different excitation modes are predicted. They are, ignoring pairing, (i) an oblate
single-particle mode (y = 60°) which remains yrast up to / « 35, (ii) a triaxial
collective mode (p2 = 0.22, y * 33°) which forms the yrast line between / * 35 and

0375-9474/94/S07.00 © 1994 Elsevier Science B.V. All rights reserved
SSDl 0375-9474(94)00303-5
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Band Crossings in the super deformed bands in 145Gd
T. Rzaca-Urban1-2, R.M. Lieder1, S. Utzelmann1, W. Gast1, A. Georgiev1-3, H.M Jager1,

D. Bazzacco4, S. Lunardi"1, R. Menegazzo4, C. Rossi-Alvarez4 and G. de Angelis s
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Superdeformation in H5Gd has been studied using the GASP spectrometer at the Tan-
dem XTU accelerator of the Lcgnaro National Laboratory. A self-supporting foil of u*Cd
(1.07 mg/cm2) was bombarded with a 1S2 MeV 3CS beam. Two new superdeformed (SD)
bands have been established, consisiting of 18 and 17 transitions, respectively (see fig. 1).
Both bands can clearly be assigned to H5Gd since the strong transitions between normal
deformed states in H5Gd appear in coincidence with the SD bands. The dynamic moments
of inertia of the SD bands in M5Gd are plotted as function of the rotational frequency in
fig. 2. The dynamic moment of inertia of the yrast SD bands decreases smoothly and has
values similarly to those observed in the neighbouring Gd nuclei outside the respective band
crossing regions. The first excited SD band shows two subsequent band crossings at rota-
tional frequencies of « 0.4 and 0.68 MeV, respectively. This is the first time that two bands
crossing have been observed in one SD band.

Work supported financially in the framework of the Scientific k Technological Cooperation between
Germany and Poland under contract nr. X081.71.
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Figure 2: Plots of the dynamic mo-
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Figure 1: The yrast and excited SD bands in M5Gd.
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Supcrdcformation in l4*Gd
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(Hctc-ivcd 13Ap.il

Supculcfofroatinn in l<l6Cd has been inidied using (he EUROOAM I spectronwrtr at the MSF Dftretbury.
the two known avipctflctormod (SD) bands in 14*Cd hav» bcun extended ui 15 Utuisicion*. All transition*
within each band wens clearly ob.«cned in toinctJrnoe ainong «iich Othtr and accurate •y-niy energies we<«
determined. The ashociuLion of Uuth bandf to H*Cd hut been unambigitously confirmed. In udditiu:: u btuid
with energies corresponding to the first known SD band ill U7CW was also observed. Sevtral methedf to search
for new SD bands were applied.

PACS numbers): 21.10.Rc, 23.20.Lv, 27.60.+j

I. INTRODUCTION

The development of large germanium detector arrays like
EUROOAM, C5AMMASPHERE, or OA-5P hajt made it pos-
»ft>l« to *niiiy *vnn rh« w«akly popiilHtctl states of superde-
/ormed baid» with accurate statistics. New phenomena like a
A / « 4 structure [ l j . a proton backbending [2|, an excited
supcnlcfonned (SD) band which decays to the yrast SO band
[3j. and linking transitions between signature pxrlner bands
(4] have been observed. Furthermore, first results could be
obtained in the search for linking transitions to the normal
deformed states [5,6],

In '**Gd, two supcrdeformed bands are known
which arc funong the weakest SD bunds found in this
region. The earlier investigations had been performed using
mainly stun spectra with poor statistics. The aim of rhe ex-
periment ivc report here was to study thesrf bands with suf-
ficient statistics in order to prove by means of individual
gates the mutual coincidence of' the. SD band transitions and
to determine the transition energies more accurately. Fn ad-
dition a search for linking transitions between the normal and
the superdeformed slates and for further excited SD bands in
l4rtOd was planned.

II. EXPERIMENT

Kxcited states in l4*Cd were populated by the
l02Ru(4*Ca,4/»)u*Gd reaction at a beam energy nf 203 WcV.

The beam was supplied by the tandem Van de Graaff accel-
erator at the Nuclear Structure Facility, Darr-shury. The target
consisted of two self-supporting Ru foils of ahout 0.5
nig/cm7 thickness mounted with a xeparation of approxi-
mately 1 mm. y rays were detected with rtw RUROGAM I
spectrometer, comprising 45 large volume Compton sup-
pressed germanium tfetectois. In total 7X10* went* with an
unsupprcsscd fold r» 6 were recorded.

III. INVESTIGATION OF THE KNOWN BANKS

To check the coincidence relation* of the SD transitions
end to determine tlir transition energies precisely, all events

with a Ge fold S»3 (ibid >4) were wiled into 2 i x 2 A ma
trices for both bands with the additional condition that at
kaiit one (two) of the coincident transitions belong to the SD
band. These matrices will be called in die following discus-
sion tingle gs«ti."<t ani! /l<-iiihl<>. jj.-ittvl matrices rftspucrivuly.
Preliminary gated spectra from these matrices, obtuincd by
using all clean SD transitions, were used IO optimize the gate
positions, and the gated matrices were then resorted with the
improved gates. This procedure was repeated several times
until ru} further improvement could be obtained.

A. Coincidence rotations of th« $D hand transitions

Figure I shows examples of gated spectra where in each
case the gate was set on an individual SO transition in the
single gated matrices. The background was removed by sub-
tracting the product of the matrix projections normalized to
the total number of counts from the raw matrix. These spec-
tra show for both SD bands that the transitions are mutually
coincident and that one is really observing single cascades.
This was not clearly demonstrated up to now for both iiU
bunds because of the poor statistics ot the single gate*! spec-
tra obtained previously fS],

B. y-ray energies of SD transitim)*

The y-ray energies of transitions for both SD bands were
obtained from the sum spectra in the double gated and single
gated matrices ^e Fig. 2). The sum spectra In the double
gated matrices are very clean. As this is important for a pre-
cise energy determination mainly these spectra were used.
For the higher energy transitions we had to refer to the single
gated matrices because of the poor statistics in the double
gated matrices. In the -n spei;lra from twofold events (vn-
gated matrices) superimposed transitions from the normal
deformed level schciae prohibited a precise energy determi-
nation. The results for both bands are given in Table t. Hor
Che stronger transitions the transition energies agree with
iho-io from earlier experiments [9,7,8] within the crmi-s
which are smaller than before. For the weak transitions some
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Study of Band Structures in 180Os
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High spin states in I800s were populated with the 15ONd(3GS,6n)18OOs reaction. The MS-
beam of 177 MeV was supplied by the Tandem-XTU accelerator at the LNL, Legnaro
and the emitted 7-radia.tion was measured with the 7-spectrometer GASP which consists
of 40 high-efficiency Ge-detectors and an inner ball of 80 B.GO scintillators. We used a
stack of two thin targets with thicknesses of 0.5 and 0.C mg/cm J . In the experiment a
total of about 109 triple or higher fold events were collected.

13.0

c
'5.
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0.0 0.2 0.4
rolalional frequency [MeV)

Fig. 1: The aligned spin vs. rotational frequency for the indicated bands in 1800s.

In the energy correlation matrices a ridge-structure formed like a trumpet is observed
which indicates a decrease of the dynamic moment of inertia. The previously known
rotational bands in 1800s [1] have been extended to higher spins. Fig. 1 shows the aligned
spin vs. the rotational frequency where one can notice a decrease of the alignment at
higher frequencies. This decrease of the alignment reflects a decrease of the dynamic
moment of inertia. This bevaviour of the rotational bands at high spins can explain the
observation of the "trumpet ridge". It is probably due to a change from a prolate to a
strongly traixial deformation as predicted by Wyss et al. (2).

Work supported in the framework of the German-Polish Scientific k Technological Cooperation
under contract nr. X081.71 and by the DPG under contract nr. 436 DUL 113/75/0 S.

[1) R.M. Lieder et al., Nud. Phys. A476 (1988) 915
[2] R. Wyss et al., Nucl. Phys. A511 (1990) 324
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Abstract s The decay of 1 8 1 /r has been studied on-line
with mass-separated sources from the ISOCELE facility.
The level scheme oflsl Os has been established. The iso-
meric state has been located at 48.9 keVabove the ground
state. Thus the isomeric and ground states are identified
as the \~ (Tx = 2-7 m) and i~ (T^ = 105 m) levels
respectively.

PACS : 21.10.-k; 21.10.Pc; 21.10.Re; 23.20.Lv; 23.40.-s;
27.70.+q; 29.25.Rm; 29.30.Kv

The relative location of the T j = 105 m I* = j " state
and of the Ti = 2.7 m I* = \~ state was still unknown,
although the levels in 181Os had already been investi-
gated from the /3+/EC decay of 181Ir [l] and using vari-
ous reactions : 17°Er(16O,5n7) [2], 18SW(a,5n7) [3] and
18SRe(p,5n7) [4]. In the N = 105 isotones lighter than
181Os, the ground state has spin and parity values V
•= \~ and has been interpreted as the y~[514] intrinsic
state [5]. But in 183Pt and 185Hg, also isotones of 181Os,
the ground state is the j~[521] intrinsic state [6,7]. Thus
in 181Os one expects the j ~ and \~ states to be located
very close in energy.

In order to determine the relative location of the j ~ and
5~ states, we studied again the levels of 181Os populated
by the /3+/EC decay of 1 8 1 h but using mass-separated
sources. To produce sources of181 Au a Pt-B alloy target
[8] placed inside the ion source of the ISOCELE sepa-
rator [9] was bombarded by the proton beam (E = 200
MeV) from the Orsay synchrocyclotron. The following
counting cycles (tcolltction = 300 s, t w o , t l n , = 250 s and
tmefliun-mtrw = 550 s) were used to favour the 181Ir (T i
= 4.9 m) decay among the radioactive chain issued from
181Au. Conventional 7-spectroscopy measurements we-
re performed using two Ge(HP) N-type coaxial detectors
and one planar Ge(HP) detector in order to cover an en-
ergy range from 10 keV to 3 MeV. A total of 4xlO6 X7-
and 1.2xlOr 77-coincidence events were analysed.
Three groups of levels have been observed : the first one
contains levels built on the ground state ; the second one,

levels built on the isomeric state and the third one, levels
which decay both to states related to the ground and
isomeric states. The coincidence relationships observed
for the 138.8 and 150.4 keV lines (fig. 1) linking levels of
the third group, have allowed us to locate unambiguously
the isomeric state at 48.9 keV with respect to the ground
state.

1200 700-
1 Gale on 150.4 keV[

600-

500-

4O0-

300-

200-

100-

i

170 220

Channel
160 210 260

Channel
Fig. 1 - Partial coincidence spectra corresponding (0
gates set on the 138.8 and 150.4 keV lines.

Fig. 2 shows the level scheme obtained up to 700 keV.
This level scheme confirms ten level assignments previ-
ously proposed [1-4]. We have observed the first five
members of the j~[521] band, the | ~ and y-~ rota-
tional states of the |~[514] band located respectively at
172.4 and 320.8 keV and the § + [624] state at 156.5 keV.
Moreover we have found out a 8.9 keV transition linking
the § - and §" levels of the |"[52l ] band. Indeed the
strongest transitions coincident with the 102.7 keV line
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ABSTRACT
The M3 transition linking the isomeric and ground state in l 8 3Pt has been
observed from high-resolution conversion-electron measurements. The absolute
intensity of this isomeric transition has been determined. The reduced M3
transition probability has been calculated and compared to the values obtained
in the neighbouring odd (179W) and odd-odd (ls*Au) nuclei.

1. Introduction
Although the M3 transitions are very rare especially in the odd-A nuclei, the analysis

of their properties has shown that rules similar to that observed for transitions with lower
multipolarity seem to arise11. Therefore the analysis of the reduced M3 transition probability
(B(M3)) seems to be a good means to characterize the structure of the initial and final states.
However in the particular case of J84Au [ref.2)j, the M3 transition linking the isomeric state
(I = 2, i/|[52l] ® 7rh|) to the ground state (I = 5, v|[514] ® 7rh|) has a Weisskopf hindrance
factor very different from that observed in the neighbouring odd-A nucleus 1 | 3W for the
same neutron transition1 K Then one can wonder -wether the v ® TT configurations proposed
to describe the isomeric and ground states of 184Au are correct or the hindrance factor of the
^|{52lj - • i4[514j K-allowed transition is especially high in 179W. To choose between these
two explanations, we have searched for isomeric M3 transitions involving these neutron states
in another odd-A nucleus, namely 183Pt.

2. Experimental procedure and results
The experiment was performed at ISOLDE (CERN) using an apparatus devoted to the

detection of low-energy conversion electrons with high resolution which consists of a mag-
netic spectrograph associated with a tape transporter, a decelerating lens for the ions and a
preacceleration system for the electrons'). The 183Pt nuclei were obtained from the decay of
133Hg produced using a molten lead target. The radioactive Hg ions were slowed down from
60 kV to 700 V before collection ; this prevents them from being too deeply implanted and
the high resolution is preserved for the very low-energy electrons. The radioactive source is
then moved into the spectrograph and a high voltage (~ —10 kV) was applied to accelerate
the conversion electrons emitted by the source in order to allow the very low-energy electrons
to be detected by the photographic film. With a magnetic field of 54xlO~* T, an energy
range from 2 to 90 keV was covered. The collection-measurement cycle was chosen so as
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Abstract : Since our discovery of a strong A/J transition in
'"Au at Isolde, our interest has been focused on the level
structure of Ms nucleus in which th* real ground state level
was masked. In addition, many new transitions observed from
the luHg decay were indicating that the luAu low~oterjy
level scheme must be revised. But in a first stage, these
surprising results have to be checked. Detailed data
established in our recent studies on these new transitions are
presented and discussed.
PACS: 23.20.Nx. 23.201v.27.70.-q

The first evidence of a strong .68.6 keV isomeric MJ
transition implying a previously unobserved ground slate of
spin I « 5 or 6 for Au w u the result of our conversion-
electron study performed in collaboration with the Nicole
group at Isolde [I]. This conclusion was based on the
observation of LI and UQ electron tines of this transition
obtained with a Si(Li) detector running in various cycles of
collecting and counting time. Evidence for its M3
raultipolariry was confirmed at the Isocele on-line separator
in Onay [2] and other new data established.
Some of these new data are not compatible with the
previously established level scheme of '**Au [3]. So new •{-•(
and X-y coincidence experiments are necessary to revise it.
This was done recently with t He-jet coupled to the
accelerator system Sara in Grenoble [4]. As a result of these
l I iHg decay studies, basic data on many new >MAu transitions
are now unambiguously established

The 68.6 keV Uomeric transition
Detailed results on the M3 isomeric transition performed at
Isocele using a high resolution 180* magnetic spectrograph
[2] are given in table I. The energies (col. a) show evidence
that the 68.6 keV transition takes place in gold. The electron-
line intensities (col. b) were measured during cycles with
130 s collecting and counting time and normalized to lr •
1000 for the 236.7 keV y. Compared to the theoretical
conversion coeilicienis [5] for a M3 transition (col. c and d)
they establish the M3 muitipolarity of this transition. The M-
eleciron intensity which seems slightly loo high, includes
actually a small contribution (- 50) from the EC-line of the
146.5 keV transition (see below).

The strong intensity of the M3 transition in long cycles as
given in table I, normalized to other '"Au transitions (see
table 2\ is significantly reduced in short cycles each of 12 s,
indicating that the transition portly deexcites the isomeric
level with spin 2 or 3 which was previously considered as the
'**Au ground state [3] with Tui» 53 s.

e-line

Li
LU
Lra
MI
Mil
Mm
Miv+Mv
N

£(A£)
keV
a)

54.15 (10)
54.80 (10)
56.60 (10)
6S.\5(IO)

65.85 (10)

68.0 li)

b)

290
40

600
105

200

60

0

(30)
(8)

(60)
(2S)

(JO)

(10)

ICC (M3)
from rcf. [5]

c)

701
38

1507
209
27

444
13

ICC (M3)
x0_398

d>

279
35

600
33
11

177
5

O 68.5 (I) 20 (5)

Table I. Detailed data on conversion electron lines of the
68.6 keYM3 isomeric transition in Au obtained at the on-
line mass separator Isocele with a 180* magnetic
spectrograph [2]. Column d): proportional values to the
theoretical ICC. adjusted for comparison to the aperimaiial
intensity of the Lfll tine.

Other new transitions
New data on transitions observed in the >wHg decay are listed
in table 2. Precise electron energies and intensities in the
range 3-90 keV have been determined with the high-
resolution spectrograph at Isocclc. whereas data on electron
and v rays in the range 20-500 keV were obtained in the
previous experiments at Isolde [1]. From this latter snidy,
part of an electron spectrum recorded in short cycles with 6 J
collecting time and, 12 s counting lime is shown in figure I.
In such counting cycles, '** Au electron peaks of wwtinm
intensity are clearly observed. Calibrations in energy and
efficiency were performed with thin '"Eu and "Co electron
sources introduced into the counting station. Internal checks
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Abstract. The nuclei 198-2noBi were populated via the 186W(!9F,xn)"8~200Bi reaction at beam
energies of 115 MeV and 105 MeV. Another experiment, aimed at investigating the high-spin-
level structure of 2O3-2O*Bi, used the I98Pt(uB,xn) reaction at a beam energy of 74 MeV. Five
new A/ = 1 rotational structures, consisting of stretched magnetic dipole transitions, have been
observed. One of these bands is assigned to I98Bi, one to 199Bi, two to ^ B i . and one to 2O3Bi.
The behaviour of the dynamic moments of inertia of these oblate bands is compared with other
bands in neighbouring Pb and Bi nuclei.

The nuclei around mass 190-200 are proving to be spectacular examples of shape
coexistence, exhibiting a wide variety of collective and single-particle features. As expected
for nuclei close to the doubly-magic spherical shell closure at Z = 82 and N = 126 (208Pb),
their near-ground-state excitation spectra are made up of single-particle excitations which
are characteristic of a spherical, or near spherical shape. However, at higher excitation
energies and spins, a variety of collective rotational behaviour is manifest. For example,
the existence of superdeformed structures corresponding to collective rotations of a strongly
deformed prolate shape (/fc ~ 0.5) has been known for several years in Hg, Tl, and Pb
nuclei around mass 190-200 [1]. More recently, a third minimum in their potential-energy
surface has been reported with the observation of bands built on oblate deformed states.
These bands, which generally consist of fairly regular sequences of stretched magnetic
dipole transitions, were first observed in 198Pb [2] and 199200Pb [3]. Since then they have
been seen in Pb nuclei with mass numbers ranging from 192 to 201 [3-11]. Most recently,
similar bands have also been reported in I93196Hg [12, 13] and in 202Bi [14].

5 Present address: Schuster Laboratory, Department of Physics and Astronomy, University of Manchester,
Brunswick Street. Manchester MI3 9PL, UK.
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EXPERIMENTAL TEST OF BELL'S
INEQUALITY USING

ANNIHILATION PHOTONS*-**

S. OSUCH, M. POPKIEWICZ. Z. SZEFLINSKI AND Z. WlLHBLMI

The Institute of Experimental Physics, Warsaw University
Hoia 69, PL 00-681 Warsaw, Poland

(Received December 18, 1995)

The correlation of polarization of annihilation quanta has been mea-
sured in order to test the Bell's inequality. Significant violation of the
Bell's inequality and a good agreement with predictions of quantum me-
chanics have been ascertained.

PACS numbers: 03.65. Bz, 07.85. +n

1. Introduction

Bell's inequality apply to any correlated measurement on an ensemble
of. two correlated systems (for instance pair of particles'), for which the
measurement taken separately appear random. In 1935 Einstein, Podolsky,
and Rosen introduced their thought experiment (EPR) [1]. In an effort to
rescue local reality they proposed that quantum mechanics (QM) could be
incomplete. In order to account for the observed correlations, many authors
introduced supplementary parameters in addition to the state vector, which
is the same for all emitted pairs. This natural supplement, called hidden
variables, leads to the conclusion that quantum mechanics is not a complete
description of physical reality.

Thanks to Bell's work [2] we have got a theoretical tool to discriminate
in the experiment between predictions of QM and local hidden variable
theory (LHV). In order to test the Bell's inequality we consider the combi-
nation S of four possible correlation coefficients, evaluated at one setting of

* Presented at the XXIV Mazurian Lakes School of Physics, Piaski, Poland,
August 23-September 2, 1995.

** This work was financially supported by the Polish State Committee for Scien-
tific Research (KBN Grant No. 2P03 213 08).
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ABSTRACT

Calculations of'S4Eu and lssEu activities in the Chernobyl Unit IV reactor
are given, together with a discussion of the uncertainties involved and
comparison with results of other authors. The measurements of activities of
the Chernobyl-origin fuel-like' hot particles (fuel fragments) and analysis

•Present address: Heavy Ion Laboratory, Warsaw University, 4 Banacha, 02-097 Warsaw,
Poland.
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Klastry metali alkalicznych:
uklady kwantowe o kilku tysia,cach elementow

Simple metal clusters:
quantum systems with a few thousand elements

Abstract: A quantal shell structure in sodium metal clusters exhibiting
enhanced stability at magic numbers of constituent atoms has been discov-
ered in 1984. In clusters with about 3000 atoms, the supershell effect has
been also observed. In this paper, a review of simple metal clusters studies
is presented, which includes experimental method, explanation of shell and
supershell structure and transition from electronic shell structure to atomic
shell packing. Some processes for clusters analogous to observed for atomic
nuclei, i.e. excitation of plasmon resonance and fission, are discussed.

1. Wstej?

Uklad zwiazany podobnych obiektdw nazywany jest w gwarze fizykdw kla-
strem. Badanie klastrow atomow danego pierwiastka w laboratoriach naukowych
jest dziedzin% stosunkowo mloda i bardzo ostatnio popularnq,, jesli przypomniec
np. fullereny.

Klastry atomow danego pierwiastka sq, szczegdlnie interesujace, gdyz sta-
nowia przejscie od pojedynczych atomow do makroskopowych probek mate-
rii. Badanie wzrostu klastrow atomdw koncentruje sie, na dwdch zagadnieniach:
1) jak wiele elementdw musi zawierac klaster, aby jego dalszy wzrost nie zmienial
juz jego wlasnosci, tzn. aby zachowywal si? on jak makroskopowa prdbka materii,
ktdrej gldwne wlasnosci nie zalezq, od rozmiaru; 2) jakie sâ  wlasnosci klastrdw

(3)
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Implantation of Fe atoms to beech wood

EDMUND GffiRLIK, EDWARD KROLAK. MARIA GROMADKA
fiL. WatawAgricotaMdUni'veaity — SGGW

ANDRZEJ WOJTASIEWICZ
xpenmenfldPbyna, WaaawUnteaity

Abstract: Implantation of Feauma to beech wood. A
beech wood sample m bombarded by iow of iron
accelerated to the energy of 50 teV. Tie measured
depth of implantation was mote than two ocdeti of
mAgnitude* larger ̂ *n ejected from tfaeotetical PIB-
dictioiis. This zcsult ^am ao*ica8onablc »Tpi«niirin^ ^
the moment.
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INTRODUCTION

Implantation of different elements into cry-
stal materials started soon after design of
isotope separator. Ionized atoms produced
in ion source of the separator are accelera-
ted to the energy offew tens keV and next
after separation, collected on target mate-
rial Impinging ions penetrate target to a
large depth due to their kinetic energy and
are deposited there [Rosiriski 1975].

This techniciue has been exploited inten-
sively in investigation of damages in cry-
stals and obtaining tftm layers with specific
features on the crystal surface [Armitage
1970]. Implantation of silicon crystals is
used to obtain semiconductors with con-
ductivity of desired type [Lee. Mayer
1974]. Also there are methods of hardening
of steel surface by implantation of nitrogen
ions [Rosinski 1978].

This report concerns an idea of improving
quality of wood sun ace using implantation
oi ions of metal. One ccuid expect change
of some physical features of the surface
layer, for example, electric conductivity or
coefficient of friction.

Preliminary results of implantation of Fe
ions into beech wood specimen are presen-
ted in the paper. It turns oat that depth of Fe
ions implanted into wood is much larger
than the expected one.

EXPERIMENT

Beech wood samples of dimensions 10 x 20
x 2 mm3 were bombarded with Fe ions
accelerated to energy 50 keV by fwans of
the mass separator UWIS of Nuclear Divi-
sion of Institute of Experimental Physics of
Warsaw University. Beam current of 40 uA
was used to obtain implantation dose of
10' ions/cm'. During the imolantanon pro-
cess the ion beam was sweeped over an area
larger than the area of the specimen to avoid
edge effects.

The scanning elearon microscope JSM-
35 was used to measure qualitatively distri-
bution of imolanted atoms in a body of the
specimen. For this work the X-ray micro-
analysis option of the microscope was used.
In a quantitative measurement of iron mass
concentration the electron probe microana-
lysis opuomEPMA)ofthe microscope was
used.

Cross-section of the specimen in a cut
parallel to wood fibres and ion beam is
shown in Figure I. The ion beam was im-
pinging sample perpendicularly to the
wood fibers. The Figure shows a wood fiber
enlarged 500x. in elecarons refracted from
the surface (SEM). The same area of (he
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