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PL9801807

PREFACE

This Annual Report summarizes the research activities of the Nuclear Physics Division
in the year 1997. The scientific reports are grouped in two sections:

• Reaction Mechanisms and Nuclear Structure

• Experimental Methods and Instrumentation.

The current research program of our Division includes "in-house" activities using the
beams from the Warsaw cyclotron of the Heavy Ion Laboratory as well as involvement
in research at large accelerator facilities around the world. Most of the work described
throughout this report has been carried out as joint efforts of various international col-
laborations.

Our in-house research of nuclear structure and reaction mechanisms include investi-
gations of the giant dipole resonance, studies of nuclear dissipation, Coulomb excitations
and spectroscopy of nuclei around A=130. During the last year substantial progress has
been made in completing the ISOL/IGISOL project. After setting the isotope separator
in operation off-line, it is now being prepared for the on-line operation. We hope to finish
this project by the end of 1998. This work is being carried out in close collaboration with
the Heavy Ion Laboratory and the Soltan Institute for Nuclear Studies.

We have completed our study of the GDR decay of hot rotating 76Se* using the beam
from the Warsaw Cyclotron and the JANOSIK set up. The results show clear evidence
for the deformation of this nucleus at an excitation energy of 45 MeV. These studies were
extended to higher excitation energies in experiments with 12C beams at the University
of Washington Superconducting Linear Accelerator.

We continued our participation and active involvement in the FOPI, TAPS and WASA-
PROMISE international collaborations. The FOPI Collaboration carried out its second
full scale experiment on strangeness production in nucleus-nucleus collisions, using the SIS
accelerator at GSI Darmstadt. Experiments demonstrated the decisive role played in the
kaon identification by the BARREL subdetector - a contribution of the Warsaw group
to the FOPI detector. Our involvement in TAPS Collaboration resulted in obtaining
evidence of the formation of A(1232M eV) resonance at a beam energy per nucleon below
the pion production threshold. The comparison of pion and A yields shows that most
pions originate from hadronic decay of A resonance.

The nuclear spectroscopy group continues its interest in the properties of nuclei in
the vicinity of doubly closed shells. High spin states in nuclei near doubly magic 208Pb
were populated in strongly damped nucleus-nucleus collisions. New states were found in



2O9,2iop^ ancj 'toi'j'i^ Spins and parities were assigned from theoretical expectations based
on the shell-model. The region of A za 100 has been studied extensively. New data on
the structure of high spin states in l04Sn have been reported. Lifetimes of these states
were measured with the GASP spectrometer by means of the recoil distance Doppler shift
method. An indication for a cascade of dipole transitions at high spins and the core excited
octupole phonon admixture was found. We also continue our involvement in studies of
nuclear superdeformation. The search for transitions linking the yrast superdeformed
(SD) bands in l44Gd and l43Eu to normal deformed (ND) states has been carried out
with the EUROBALL spectrometer. The candidate for such single-step linking transition
with the energy of 3361 keV in 143Eu has been confirmed.

Motivated by nuclear structure and astrophysical considerations, we have continued
our involvement in studies of 180Ta. This rare isotope survives in nature only in its
isomeric state. The search for intermediate states connecting the isomer to its ground
state could help to solve this astrophysical puzzle.

Referring to the second section on Experimental Methods and Instrumentation, I
would like to mention the contribution on the PPCO method. This method has been
developed in our Division. It is based on measurements of the correlation between linear
polarization of two 7 quanta emitted in cascade from an oriented nucleus. The method
can be used to assign spin, parity and multipolarity from oriented nuclei. PPCO has
been tested using experimental data collected by a set of 24 CLOVER detectors from
EUROGAM II. It has been demonstrated that the PPCO method can be very useful
for in-beam 7-ray spectroscopy studies in experiments involving modern multidetector
systems such as EUROGAM or EUROBALL.

As was already mentioned, most of the work presented in this Annual Report results
from close collaboration with our colleagues from many foreign and Polish institutes and
universities. In this place I would like to express our deep gratitude to all our friends and
collaborators around the world. I would also like to acknowledge the financial support of
the Polish Committee for Scientific Research (KBN).

Krystyna Siwek- Wilczyiiska
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Population of the A resonance in nuclear matter
formed in heavy-ion collisions

T. Matulewicz
for the TAPS collaboration: GANIL, Giejien, GSI, KVI, Rez, Valencia

Baryon resonances, like the A(1232) resonance, play a role of increasing importance in
the dynamics of heavy-ion (HI) collisions at intermediate energies, from around the pion
production threshold up to high energies. These resonances are expected to originate from
the early compression phase of the collision. Subsequently, they propagate through nuclear
matter. Their collisions with other nucleons or resonances, apart from reabsorption, might
lead to the excitation of heavier resonances, hardly accessible in first-chance nucleon-
nucleon (NN) collisions. In the expansion phase the resonances decay, mainly through
meson emission. This process is believed responsible for the important fraction of the
meson production in HI collisions.

The experimental evidence for the presence of baryon resonances in nuclear matter is
very scarce. This evidence can be obtained indirectly, through the analysis of the pion or
proton spectra, or directly via the reconstruction of the invariant mass of the decay prod-
ucts. Only in the last two years the experimental evidence for the in-medium excitation
of the A resonance was obtained. An important quantity that might be extracted out of
these experiments is the relative population of the A(1232) resonance in nuclear matter
at freeze-out. This relative population, the main topic of this note, is presented in Fig.l
in a wide range of energy.

The two low energy points of Fig.l were obtained from the correlated proton-TT° pairs
measured with the MEDEA detector in 36Ar+27Al reaction at 95A MeV at GANIL [1]
and with the TAPS calorimeter in 40Ar+40Ca reaction at 180A MeV at SIS/GSI [2].
The A resonance population was obtained as the A multiplicity divided by the impact-
parameter averaged number of participants, calculated in the geometrical model. The
next data points were obtained by the FOPI collaboration at SIS/GSI from a study of
Ni+Ni reactions between 1 and 2 AGeV beam energy [3]. They were obtained from the
analysis of the transverse mass spectra of charged pions. Within quoted errors, they agree
with the results obtained through correlations of protons with charged pions, measured
in the same reaction [4]. The high energy point was measured in Si induced reactions at
14.6 GeV/c by the E814 collaboration at AGS [5].

The A resonance population seems to drop rapidly for beam energies below the
NN -> NA production threshold (however, no data exist between the pion and delta
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Figure 1: Relative population (in %) of the A resonance as a function of energy available in
NN collision. The data from HI reactions are compared to the proton-proton elementary
reaction. The lines through the data points are just to guide the eye. The vertical dashed
and dotted line indicate thresholds for the pion (NN —> NNn) and A(1232) resonance
(NN —»• A^A) production, respectively.

threshold). Below the pion threshold the A population is very weak. Their existence can
be qualitatively understood only by Fermi-boosted and/or cooperative processes, natu-
rally very rare.

To compare HI data to the elementary proton-proton (pp) reaction [6], we assumed
that the inelastic processes (pp -> ppn° and pp —> pnu:+) are mediated by the A resonance.
According to the recent measurements very close to the threshold [7], the pp —>• pmr+

process has predominantly direct character. Therefore the A fraction in the case of pp
reaction has to be viewed as an upper limit, specially close to the threshold. At energies
above the A threshold the inelastic pp process reaches 50% of the A abundance. This
has to be compared to 10-20% fraction observed in HI reactions, what stresses strong
reabsorption of resonances in the nuclear medium.

The experimental data shown in Fig.l are still scarce, no data exist up to now in
the region between the pion and A threshold energies. The presented systematics should



stimulate the exploration of this field, both from an experimental and theoretical point
of view.
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[4] FOPI collaboration : M. Eskef, D. Pelte (to be published).
[5] E814 collaboration : J. Barrette et a l , Phys. Lett. B351 (1995) 93.
[6] F. Shimizu et al., Nucl. Phys. A386 (1982) 571.
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Neutral pions from proton-nucleus collisions
at 190 MeV

K. Korzecka and T. Matulewicz

Subthreshold particle production allows to study the initial, high density phase of
nucleus-nucleus (AA) collisions. Particle production in proton-nucleus (NA) interactions
is an interesting comparison to AA collisions, as in NA case the nuclear matter remains
at saturation density only. Employing the 190 MeV proton beam from the AGOR super-
conducting cyclotron at KVI Groningen [1], neutral pion production on C, Ca, Ni at W
targets was measured with the TAPS spectrometer [2]. In this contribution we present the
photon identification technique and the invariant mass spectrum of 77 events, showing
the presence of neutral pions produced below the free NN threshold of 280 MeV.

0.7

Figure 1: Events in BaF2 detectors represented as a function of PSA(en/ew) and TOF
for en+ew between 150 and 200 MeV. Photon peak is labeled 7.

The identification of photon events in BaF2 detectors of TAPS was based on time-of-
flight (TOF) and pulse shape analysis (PSA). The PSA value was defined as the ratio of the
calibrated energy signal in the narrow (en) to the wide gate (ew). We have accumulated

10



the events in the 2-dimensional TOF vs PSA representation (Fig.l). The photons are
centered around PSA=1 and TOF=D/c, where D is the distance from the target to the
detector. To select photons we used appropriate elliptical gates. Additionally, those
events were requested to show no signal in the CPV plastic scintillator.

The reconstruction of photon energy and momentum followed the technique of cluster
analysis described in [3]. The search for ir° events was done for 77 coincidencies, for which
the invariant mass has been evaluated as

m-ry = \J2E~tlE-l2{\ — cos $12)

where E7i are photon energies and #12 is the opening angle. Neutral pions are seen as the
peak around 135 MeV in the invariant mass distribution (Fig.2). Work is in the progress
to analyse the complete data set and to study the properties of particles in events where
7T° decay in two photons has been observed.

80 100 120 140 160
invariant mass [MeV]

Figure 2: Invariant mass distribution of 77 events.

References
[1] http://www.kvi.nl/
[2] R. Novotny, IEEE Trans. Nucl. Sci. NS-38, 379 (1991),
http://ganp03.in2p3.fr/nof/index2.shtml
[3] F.M. Marques et al., Nucl. Instr. Meth. A365, 392 (1995)
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The Charged Kaon Production in 58Ni on 58Ni
Collisions at 1.93 A GeV

M. K. Kirejczyk, B. Sikora, K. Siwek-Wilczyriska
FOPI Collaboration

In nuclear collisions at energies between 1 and 2 A-GeV significant amounts of kaons
are produced, though the energy per nucleon is below or near threshold for a free nucleon
- nucleon collision. Supported by the model calculation, one assumes that the production
takes place in the early stages of the reaction and in the maximum density zone. It was
hoped, that due to strangeness conservation in strong interactions, kaons, and especially
K+, had the chance to escape nuclear matter with little or no interaction. Although
this is no longer the case, kaon observables are used to distinguish between different
collision scenarios. Furthermore kaon yields should be strongly influenced by the predicted
modifications of kaon masses in dense nuclear matter.

The data collected by the FOPI Collaboration in the Ni + Ni 1.93 A-GeV run were
analysed to extract the kaon observables. The FOPI detector used in this experiment was
described in ref. [1], and the procedure used for particle identification was discussed in
ref. [2]. In this report kaon flow, transverse mass spectra and the K~ to K+ ratio as a
function of rapidity are presented.

0.06

-1.2 -1 -0.8 -0.6 -0.4 -0.2

Figure 1: Flow of protons and kaons

The first interesting kaonic observable is the flow. In the energy range around 2 A-GeV,
kaons are produced when the baryon flow is only weakly developed, so the primordial

12



kaon flow should be similar to the undeveloped baryon flow. Therefore if the kaons are
little influenced by the medium their flow pattern should be the same as that of the
protons, though with much reduced amplitude. Assuming that the influence is present
and governed by the kaon mean-field potentials [3], for the attractive interaction kaon flow
should follow that of the protons, for the repulsive one - the pattern should be opposite.

The flow of protons and kaons is shown in figure 1. The K+ mesons do not seem to show
significant deviation from 0. According to scenarios described in ref. [3], this indicates
the presence of a weakly repulsive kaon potential, which must consist of strong scalar
(attractive) and vector (repulsive) potentials which almost cancell each other. However
other calculations [4] are able to reproduce similar effects without any kaon potentials, but
by introducing rescattering of kaons inside the nuclear medium. The K~ flow can help to
distinguish between these two scenarios, but the current uncertainties are too large to draw
firm conclusions. The reaction plane is calculated according to the method of Danielewicz
and Odyniec [5] with later modifications [6] using particles emitted with forward rapidities
only. Thus at the expense of reaction plane resolution, the autocorrelations are removed.

Figure 2: Boltzmann spectra of K+, for details see text

As the thermal model was proven to be useful in describing many features of particle
emission patterns in relativistic collisions (for instance in ref. [7]) we decided to check how
well our K+ data agree with the thermal or quasi-thermal picture. To do so the weighted
(with I/ml) spectra of the perpendicular mass (rnt = Jm2c2 +p2/c) were constructed.
Sometimes they are called the Boltzmann or thermal spectra, because if the emitted parti-
cles follow the Boltzmann-Maxwell distribution, those spectra follow a single exponential
in all rapidity regions. One has to distinguish between the thermodynamical tempera-
ture, and the "apparent temperature" or Boltzmann parameter, i.e. the inverse of a slope
parameter of the exponential. The exponents vary with rapidity and the pattern depends
on the degree of thermalization and the possible presence of some collective components
of motion.

Examples of such plots are shown in figure 2. The upper plot was obtained for the
scaled rapidity slice between -0.6 and -0.7, the lower one for the rapidity slice close to

13



-1.2

Figure 3: The ratio of yields of K~ to Re-

target rapidity, between -1.0 and -1.1. Both spectra were fitted with single exponentials.

The fit quality is quite good with exception of the tails that fall off due to the acceptance

limits. The straight lines shown correspond to the apparent temperatures of 104 MeV

and 83 MeV for the upper and lower spectra respectively.
We have also extracted the K~ to K+ yield ratios as a function of scaled rapidity.

The results are shown in figure 3. It should be noted that the error bars show statistical
uncertainties only. No estimates of systematic errors have been made. It is not excluded
that the ratio may depend, for instance, on the maximum momentum cut applied for
identification purposes. The rise of the ratio towards midrapidity agrees qualitatively
with theoretical predictions that assume modification of the kaon effective masses in the
nuclear medium [8].

This work was supported by the State Committee of Scientific Research (KBN) under
grant nr. 2 P03B 019 11.
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[6] S.Wang et al., Phys. Rev. Lett. 76 (1996) 3911
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[8] E.L.Bratkovskaya, W.Cassing, private communication
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Systematics of the dissipation coefficient deduced
from pre-scission neutron multiplicities in

fusion-fission reactions

K. Siwek-Wilczyriska, J. Krzyczkowski, J. Wilczyriskia, R.H. Siemssen6,
H.W. Wilschut6

a Soltan Institute for Nuclear Studies, Swierk, Poland
b Kernfysisch Versneller Instituut, Groningen, The Netherlands

In the last Annual Report we outlined our method of calculating pre-scission neutron
multiplicities in terms of the statistical model, in which the fission decay channel is hin-
dered due to the nuclear dissipation and described in framework of the diffusion model of
Kramers (later refined by Grange and Weidenmiiller).

At the beginning of the 80s a new experimental technique called "source analysis" was
developed which made it possible to extract the pre-scission component vpre of the neutron
multiplicity iif fusion-fission reactions. It was found that the measured values of i/pre are
larger than predicted by the statistical model with the standard Bohr-Wheeler fission
width rBW. This has led to the revival of the Kramers' theory of dissipative fission, in
which the fission width is reduced by a factor depending on the dimensionless dissipation
coefficient 7:

r* = r S H V i + T2 - 7) (i)
The dependence of the Kramers fission width on the dissipation coefficient 7 gives a
unique possibility to determine the strength of nuclear dissipation, obviously one of the
basic properties of nuclear matter.

We carried out comprehensive simulations of the existing data on pre-scission neutron
multiplicities for about 15 fusion-fission reactions studied by Hinde et al. [1] and Rossner
et al. [2]. Calculations were performed with our statistical model Monte Carlo program
[3] adapted for inclusion of the Kramers-Grange-Weidenmiiller fission width, and comple-
mented with our scheme of calculating the saddle-to-scission contribution to i/pre values
by using a hybrid of the time-dependent statistical code with the dynamical model HICOL.

The deduced values of the dissipation coefficient 7 are shown in Fig. 1. The collection
of these reactions covers a wide range of temperatures and seem to contradict the suggested
[4] increase of 7 with the temperature. Admitting the fact that the deduced values of
the dissipation coefficient are quite dispersed, we can only state that we do not observe a
clear trend in the temperature dependence of 7 and that on average these values remain
in agreement with the strength of one-body dissipation which is equivalent to 7 in a range
from 4 to 5.

15
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Figure 1: Deduced values of the dissipation coefficient as a function of the nuclear tem-
perature at the saddle point.
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Giant Dipole Resonance in 76Se nuclei
studied with JANOSIK set-up

at the Warsaw Cyclotron

Z. Trznadel, M. Kiciriska-Habior, M. Kisieliriski", A. Baran, D. Chmielewskac, P. Cichocki,
B. Fornal6, W. Jackowski, P. Kaszynskic, M. Kmiecik6, M. Kowalczyk, J. Kownackia,

A. Maj\ T. Matulewicz, J. Styczeri6, Z. Sujkowski0

a Heavy Ion Laboratory, Warsaw University, 02-097 Warsaw, Poland
b Niewodniczanski Institute of Nuclear Physics, 31-342 Cracow, Poland

c Soltan Institute of Nuclear Studies, 05~400 Swierk, Poland

The Giant Dipole Resonance (GDR) in highly excited 76Se* populated in a heavy-
ion fusion reaction 12C + 64Ni at 47.5 MeV beam energy from the Warsaw Cyclotron
has been studied using the new multidetector system JANOSIK [1]. High-energy 7-ray
spectra have been detected in a 25.4 cmx29 cm Nal(Tl) crystal surrounded by an active
plastic anticoincidence shield, passive 6LiH and Pb shields. Multiplicity of low-energy
7-rays has been measured by the multiplicity filter consisting of 32 small scintillator
detectors. An angular distribution (©iab= 60°, 90°, 120° ) was also measured and the data
at different angles have been additionally normalized to the spectrum measured with the
Ge(Li) placed at the constant angle with respect to the beam axis. The n-7 discrimination
achieved by the standard time of flight technique with the time resolution of 4.5 ns allowed
a very good separation of the events induced by 7-rays produced in the target and by
neutrons. The 76Se* compound nuclei have been populated at the initial excitation energy
of EE=45.5 MeV and average spin 15 h. The measured a2 angular distribution coefficient
(see Fig. 1) is clearly showing the deformation of the 76Se nuclei at this excitation. The
deformation coefficient extracted from the statistical model analysis is (3 = 0.19± 0.07
and is close to the ground state value f3 f« 0.22. It suggests that at this low excitation
the nucleus maintains the shape which is a result of the shell structure.

17



0.4

0.2

0

-0.2

-0.4

i 1 ]
10 15 20

10 15 20

Energy [MeV]

25

25

Figure 1: Gamma-ray spectrum for the reaction 12C + 64Ni at Ep= 47.5 MeV measured
at a lab angle of 90° with JANOSIK set-up and a2 angular distribution coefficient.

This work was partly supported by the Polish State Committee for Scientific Research
(KBN Grant No. 2 P302 071 07).
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in 12C + 5864Ni reactions at 6-11 MeV/u.
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In order to obtain information concerning the Giant Dipole Resonance (GDR) in
70'76Se nuclei at temperatures higher than those possible to reach presently at the War-
saw Cyclotron [1,2] the 12C + 58-64Ni reactions have been studied at the University of
Washington Nuclear Physics Laboratory using FN Tandem Van de Graaff as injector for
the Superconducting Linear Accelarator. High-energy 7-ray spectra at five angles (40°,
55°, 90°, 125° and 140°) have been measured with a new triple Nal-spectrometer set-up
at the three beam energies: 6, 8.5 and 11 MeV/u.

The experimental set-up consists of a previous Seattle detector of 25.4 cm x 32.1 cm, an
Ohio State University detector of 29.2 cm x38.1 cm and an University of Illinois detector
of 25.4 cmx27.9 cm. Each of them is surrounded by its own active plastic shield and a
passive lead shield to suppress background 7-rays and cosmic radiation. A 6LiH shield ab-
sorbing thermal neutrons is also present, except in Ohio State University detector what is
easily visible comparing time spectra for all spectrometers. All three Nal-spectrometers
are placed on carts which can be moved on the special platform by floating on four
air-pads. The set-up allows for a simultaneous measurement of high-energy 7-rays at
three angles by rotating detectors around the target axis. In order to control and sta-
bilize the gain of the detectors a LED pulser is used. Multiplicity of low-energy 7-rays
has been measured by the multiplicity filter consisting of 22 small Nal detectors. The
n-7 discrimination achieved by the standard time of flight technique allowed a very good
separation of the events induced by 7-rays produced in the target and by neutrons.

Self-supporting rolled metalic targets with thickness of 1.77 and 1.53 mg/cm2 and
isotopic enrichement of 99.899 % and 96.48 % for 58Ni and 64Ni, respectively, have been
used. During the experiment the p + n B reaction at 7.25 MeV and 16 MeV proton beam
energies has been also measured in order to get an information concerning an energy
calibration and a response function for each Nal-spectrometer.

Measured data are presently being analyzed. Some spectra of high-energy 7-rays mea-
sured with Seattle detector placed at 90° with respect to the beam axis and obtained
after preliminary analysis are shown in Fig. 1. Large bremsstrahlung component in-
creasing with projectile energy is clearly seen at 7-ray energies above 20 MeV. In order

19



.a

c
g

V)
in
o
6

104

102

10°

n"2

• °s»

12c

°o * "V

o

o

+
 5 8Ni

7*vv

o oo

o °. n. o .

v

nP n v v •
en D a

64Ni

10 20 30 40 50 10 20 30 40 50

Energy [MeV]

Figure 1: Preliminary high-energy 7-ray spectra for 12C + 58'64Ni at 6 (circles), 8.5
(squares) and 11 (triangles) MeV/u.

to obtain from these data an information concerning GDR a simultaneous analysis of
the high-energy 7-ray spectra and angular distributions will be done using CASIBRFIT
[3] - a new version of the CASCADE code assuming statistical and nonstatistical 7-ray
emission. Excitation energies and maximal angular momenta reached for 70Se and 76Se
compound nuclei in reactions studied when complete fusion is assumed are presented in
Table 1 together with v/c value important for bremsstrahlung process. There is however
an experimental evidence [4] that in the studied range of 12C incident energies an incom-
plete fusion is also present and its contribution will be also included in the CASIBRFIT
calculations.

Table 1: Excitation energies and maximal angular momenta for 70Se and 76Se compound
nuclei in reactions studied when complete fusion is assumed.

<£lab

63.3
99.0

133.2

v/c

0.087
0.123
0.150

/max(7°Se)

30.8
45.4
56.0

JMTOSe)
53.6
83.2

111.6

/max(76Se)

32.5
47.5
58.3

61.5
91.5

120.4
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Besides single particle structure and the residual interaction, core excitations of E2 and
E3 type are the most interesting features of a doubly magic nucleus. Until recently little
was known in this respect on the N=Z=50 shell closure at 100Sn, which due to the strong
interaction of protons and neutrons in identical shell model orbits and the neighbouring
proton dripline is a very sensitive probe of these excitation modes. Therefore an experi-
ment was designed to study the high spin structure of 104Sn, which can be produced with
reasonable yield, and to measure electromagnetic transition rates in this nucleus. The
experiment was performed at the GASP 7-array at the LNL Legnaro, and comprised 777
coincidences and a recoil distance Doppler shift lifetime measurement.
The results are presented in the experimental level scheme of Fig. 1, and in Table 1
for the electromagnetic transition rates. The nuclear structure conclusions inferred from
the experiment and the comparison to shell model calculations shown in Fig. 1, can be
summarized as follows:

The shell model accounts well for the new identified odd parity levels from (H~)
to (13~) between 5.8 and 7.1 MeV, but fails to reproduce the cascade of dipole
transitions above 8 MeV, which is ascribed to a proton ph excited "shears" type
magnetic rotational band, as known in 105Sn [1].

In the decay of the odd parity states to the well known r = 1 0 + state, for the first
time in the 100Sn region strong E3 transitions (13") ->• 10+ are observed with 12(4)
and 27(10) W.u. (Table 1), which cannot be accounted for in the shell model. As
they exhaust the major part of the expected 3~ -> 0+ strength of 30 W.u., as
deduced from 88Sr and 90Zr, it can be concluded that the E3 phonon in 100Sn has
an excitation energy of about 3 MeV.
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Table 1: Extracted lifetimes and transition probabilities for 104Sn.The
lifetimes measured indirectly are indicated by a superscript.

Ex

[keV]
3440
3981
5839
5839
6085
6581
6433
6433
6469
6469

rr
8+
10+

nr
nr
12-
i3r
i3r
13J
13 J

T

N
< 2 0

150(20)
< 8

< 8a>
1.0(4)

1.0(4)6)
63(10)

63(10)c)
52(12)'*)
52(12)rf)

IJ
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£ 7

[keV]
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497
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E2
E2
El
E2
El
Ml
E2
£ 3
El
EZ

Bexp
[W.u.]
> 0.6
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> 6 x 10~6

> 0.6a)

> 3.4 x 10~5

> 0.18*)
5.2(10)
12(4)c)
24(6)d)
27(10)d)

a),b),c),d) v a i u e of lifetime deduced from RDM analysis of the 1858 keV,
2104 keV, 594 keV, 2053 keV transitions, respectively.
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Figure 1: Experimental high spin level scheme of 104Sn in comparison to shell model predictions.
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• The B(E2) values for the 6+ —> 4+ and 10+ —> 8+ can be reproduced only with
a large effective neutron charge e^=1.44 e, which along with the systematics of 2+

states in 56Ni and 100Sn isotones and isotopes points to a low lying 2+ state in 100Sn
(<3 MeV) [2, 3].
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The lifetimes in 119I were measured at the Tandem Accelerator Laboratory, of the Niels
Bohr Institute. The Doppler Shift Attenuation method was used. The excited states of 119I
were populated via the reaction 109Ag(13C,3n) at a bombarding energy of 54 MeV. A self-
supported target was b-lrngjcm2 thick. The data were collected using the NORDBALL
detector array[1]. The lifetimes of the excited states in 119I were obtained from the shape
analysis of the Doppler shifted lines [2] measured at different angles (37° and 143°). The
coincidence spectra gated on transitions below the transition of interest and the sums
of these gated spectra were analyzed. The velocity distributions of recoiled nuclei were
calculated by the Monte Carlo code. For the slowing-down process the Lindhard cross
sections were used with correction factors of fe=1.27 and fn=0.77 for the electronic and
nuclear stopping power, respectively. Such values of f's are suggested [3] from the analysis
of the slowing-down process of Cd ions in Cd target. The cascade population of the levels
under study and the side feeding intensities were taken into account according to the level
scheme of 119I [1]. The side-feeding time (due to unobserved transitions) for the highest
level (996 keV transition ) was taken as 0.15±0.05 ps. In addition, we assumed, that the

Table 1:

Transitions
23/2- 21/2-
25/2- 23/2-
27/2- 23/2-
29/2- 27/2-
31/2- 27/2-
35/2- 31/2"
39/2- 35/2-

Bands[l]
8-8
6-8
8-8
8-8
8-8
8-8
8-8

E^keV]
590
852
714
844
815
908
996

r[ps]

U-'U-0.15
n 74+0.15

0.30 ±0.10
0.44 ±0.08
0.29 ±0.03
0.18 ±0.06
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side-feeding time increases by 0.025±0.05 ps/MeV with decreasing excitation energy. The
values of the lifetimes from our measurement are given in the Table.
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Isomeric states with K=8 and V=8 have been found in several even-even N=74
isotones [1,2]. In the case of the 130Ba ,134Nd, 136Sm and 138Gd nuclei, these states
decay by the K-forbidden, El transitions to the 8+ state of the ground state band with
K=0. The hindrance factor per degree of K forbiddenness iu—25 for the 134Nd, 134Sm and
138Gd nuclei increases significantly to the value of 44 for the 130Ba isotope. Two possible
explanations of this phenomenon have been proposed: the first one [2] is the change of
shape (including 7-softness) and the second one [1] is the change of ratios of the s-band
and ground state band admixtures of the yrast state to which the isomer decays. The
investigation of the 132Ce nucleus, which lies just at the region of the large changes of the
hindrance factor, has been undertaken in order to get more information on this subject.
The halflife of the 8~ isomeric state in this nucleus was previously reported to be 13 ± 2
ms and only one decay branch of this state, via the 796 keV M2 transition to the 6+ yrast
state, has been established [3].

The 132Ce nuclei were produced in the 120Sn(16O,4n)132Ce reaction at beam energy of
80 MeV. The 16O beam was provided by the U200P cyclotron at the Heavy Ion Laboratory
in Warsaw. The time profile of the beam was 1.5 ms on and 8.5 -i- 28.5 ms off. Gamma-
gamma coincidences were measured with the OSIRIS multidetector array which consisted
of 6 Compton-suppressed HP Ge detectors. The off-beam coincident events were sorted
into gamma-gamma coincidence matrix.

Preliminary decay scheme of the 8~ isomer obtained in this experiment is presented
in Fig. 1. A new isomer decay path was established. It proceeds via 526 keV transition
to a newly established level at 1814 keV with a tentative spin and parity assignment 5 + .
This level deexcites via the 614, 431 and 955 keV transitions to the 3+ and 4+ levels of
the gamma band and to the 4+ level of the ground state band, respectively. According to
systematics the new level at 1814 keV seems to be a better candidate for the rotational
5+ state of the gamma band than the 1656 keV level quoted in the literature [4]. A
halflife of 9.4 ± 0.3 ms was determined for the 8~ isomer. The presence of a weak 788 keV
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Figure 1: Partial level scheme for 132Ce

gamma -transition in the off-beam coincident spectra proves the existence of 10 ± 1 keV
El transition connecting 8~ isomer with the ground state band 8+ level. The hindrance
factor fl/= 35 ± 3 deduced for this transition agrees very well with the results of the band
mixing calculations for this region given in ref. [1]
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Superdeformed (SD) states have been observed in a number of nuclei in
various mass regions. However the linking transitions between SD bands and
the normally-deformed (ND) states have been unknown for many years. The
identification of discrete linking transitions is essential for understanding of
superdeformed bands. It is the only way to determine the excitation energies
and to deduce spins and parities of the superdeformed states. At present
experimental information on linking transitions exist only for a few nuclei.
In the mass A=150 region a candidate for single-step linking transition, with
an energy of 3361 keV, has been found only for 143Eu [1, 2]. Due to the
complicated structure of the level scheme in the region of interest it has
not been possible to place the transition exactly. With the EUROBALL
spectrometer it seems possible to search systematically for linking transitions
in 143Eu.
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Figure 1: Coincidence spectra of the superdeformed band in 143Eu without
background subtraction. The meaning of the fold is described in the text.

High-spin states in 143Eu have been investigated with the 7-spectrometer
EUROBALL III at the Laboratori Nazionali di Legnaro. EUROBALL III
consisted in our experiment of 14 CLUSTER detectors, 25 CLOVER detec-
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tors and 25 individual Compton-suppressed Ge detectors. The 100Mo(48Ti,p4n)
reaction at a beam energy of 215 MeV has been used to populate high-spin
states in 143Eu. The target consisted of three 100Mo foils of 1.1 mg/cm2 in
total. The beam was delivered by the tandem XTU accelerator of the Labo-
ratori Nazionali di Legnaro. The recoil velocity was v/c =3 %. Events were
recorded when 7 or more Ge detectors before Compton suppression detected
7-rays in coincidence. In total 3.0- 109 events have been collected.

For the analysis of the EUROBALL data new sorting programs have been
developed. As first results spectra of the superdeformed band in 143Eu are
shown in fig.l. Spectra with a fold four to six can be seen. In the four-fold
spectrum, e.g., all events containing > 4 7-rays are included. If three of the
7-rays have the energies of a superdeformed transition then the remaining
7-rays of the event have been sorted into "Fold 4" spectrum. If more than
three of the 7-rays have the energies of a superdeformed transition then all
7-rays of the event have been sorted into this spectrum. No background
has been subtracted to demonstrate the reduction of the background with
increasing fold. It can be seen that the peak-to-background ratio of the
spectra increases substantially with the fold. Furthermore, contamination
lines not belonging to the superdeformed band in 143Eu or its deexcitation
are increasingly better suppressed at high folds. On the other hand the counts
in the spectra decrease approximately one order of magnitude per fold. It
can be conclude that five is optimum fold for analysis of the data. Hence the
five-fold spectra have been used to search for the known linking transition.
The line of 3361 keV in 143Eu has been confirmed. The search for the other
linking transitions in 143Eu and for those in 144Gd, which is produced in the
competing 4n reaction channel, is continued.
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The nucleus 180Ta
Only 0.012% of natural Tantalum is 180Ta, while 99.988% is 181Ta. The extremly rare
isotope 180Ta has survived in nature in an excited-state isomer (Kw=9~, E*=75.3keV,
T1/2>1.2xl015y). The ground state is unstable and decays with a halflife of 8.1h either by
electron capture to 180Hf or by (3~ to 180W. The direct decay of the ¥,*=§- isomer to the
K w =l + ground state is highly K-forbidden. The characteristic to the ground state decay
of 180Ta are the Hf K X-rays (72 X-rays per 100 decays), the 2+ -)- 0+ E2 transition in
180Hf (5 gammas per 100 decays) and the 2+ -+ 0+ E2 transition in I80W (0.74 gammas
per 100 decays). The observation of these gammas would indicate the depopulation of
the 9~ isomer to the ground state (see Fig. 1).

Astrophysical aspects
The production and the survival of the 180Ta 9~ isomer during the nucleosynthesis is
still unknown. In case the isomer was exposed to an intense photon bath under stellar
s-process conditions, it might be depopulated to the ground state through intermediate
states. Therefore low-lying intermediate states, yet unknown, connecting the isomer to
the ground state would hinder a s-process production of 180Ta. To find these intermediate
states, several photoexcitation (real photons) [1] and Coulomb excitation (virtual photons)
[2-5] experiments were carried out.

Experimental procedure
In our activation experiments we bombarded by 36S and 64Ni two Tantalum oxide targets:
one enriched in by 5.6% and for comparison an equivalent one containing Ta isotopes in
natural composition. All beam energies were well below the Coulomb barrier (36S: from
65MeV to 115MeV; 64Ni: 130MeV and 150MeV) to minimize possible transfer reactions
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on 181Ta. Four PIN-diodes and a current integrator were used for a continous monitoring
of the beam geometry and current. The scattered Ta-recoils were catched in thin plastic
foils mounted in an aluminium cylinder around the beam axis. After typical irradiation
times of 9h these foils were placed in front of planar Ge-detectors to look for the char-
acteristic gammas of the 180Ta ground state decay. To reduce background radiation, the
Ge-detectors were mounted in a high purity lead chamber with an inner compartment
made of electrolyte copper. The catcher foils were cut in slices coresponding to different
recoil angles after Coulomb excitation. This can help to find the multipolarity of the
transition leading by Coulomb excitation to possible intermadiate state connecting the
180Ta (9-) isomer to the ground state of 180Ta (1+) .

Experimental results
We were able to observe the ground state decay of 180Ta for all used beam energies. It is
surprising to get only 5 to 10 times less 180Ta nuclei in ground state when using natural
targets, although the amount of ls0Ta nuclei in these targets is = 470 times smaller
compared to the enriched targets. The detailed analysis of the comprehensive new data
material is in progress.
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Nuclei in vicinity of doubly magic 208Pb serve as a crucial test ground for various nuclear
models. In particular, the nuclear shell model has been very successful in this region, and
continues to be of high interest. However, the experimental spectroscopic information on excited
states in nuclei on the neutron rich side is still scarce. A particular lack of evidence for high
spin states in 208Pb and-neighbouring nuclei, as they are too neutron rich to be populated with
fusion-evaporation reactions, can be now filled by an alternative way to study with deep inelastic
reactions. Deep inelastic reactions indeed populate more neutron rich nuclei, and this reaction
mechanism can be used as a new tool for high spin 7-ray spectroscopy.

In present study [1] we utilized heavy ion beams of 6.5 A-MeV 208Pb and 5.7 A-MeV 136Xe
ions provided by the UNILAC accelerator at GSI-Darmstadt, to bombard thick 30 mg/cm2

208Pb targets (98.7% enriched). Excited states in nuclei in the 208Pb region were populated
in deep inelastic collisions. The efficient 7-detection system, consisting of five EUROBALL-
Cluster detectors placed at ~ 154° to the beam direction and 132 Nal elements of CRYSTAL
BALL array surrounding the target, was used to detect the 7-rays emitted from excited states of
populated nuclei. The beams were pulsed with 1 ns width and 9 Mc/s repetition rate, allowing
an efficient measurement of prompt and prompt-delayed 7-ray coincidences. The data of a
third experiment [2] at ALPI accelerator of INFN Legnaro with the GASP 7 spectrometer have
also been used in present approach. This experiment used a 420 MeV 76Ge beam on a thick
20 mg/cm2 208Pb target.

The above mentioned experiments gave information on new 7 transitions in 210Pb [3],
209Pb [4] and several other nuclei around 208Pb. The strongly populated yrast states formed by
an octupole excitation on top of high spin few particle states [5] have been already discussed
in the last year report [6]. In following we restrict ourselves to the results on 2 1 0Pb, 209Pb and
207-p]

The experiment does neither determine multipolarities of the 7 transitions nor spins and
parities of the states. It is well known however, that deep inelastic reactions populate almost
exclusively yrast states. The yrast states can be firmly predicted from the shell model. Therefore,
the spin-parity assignments based on the model expectations are confident.
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Figure 1: The level scheme of 210Pb a) experiment, b) shell model calculation (see text), c) energies of
unperturbed two neutron configurations.

The nucleus 210Pb has two valence neutrons outside the doubly closed 208Pb core and is
expected to exhibit a particularly simple structure of the yrast excited states where the high
spin orbitals, v{2g§i2, l^ii/2) Iji5/2)i a r e °f a major importance. Our experiments identified
new 7 rays in 210Pb and extended its level scheme up to 4.1 MeV of excitation energy. The
experimental level scheme of 210Pb is presented in Figure la; the new states are those above the
previously known [y1g\,v 8+) isomeric state. Columns b) and c) show the results of SDI shell-
model calculations and the unperturbed energies of two neutron configurations, respectively.
The 1806 keV level is of the v2g9j2lin/2 configuration coupled to a maximum spin 10+ and
the next, 2512 keV level, involves the (^2#g/2lji5/2> H~) excitation. The highest two levels at
3152 keV and 4133 keV arise from vliu/2^3\s/2 a n ^ u^i\^/2 states coupled to a maximum spin
of 13~ and 14+, respectively. The excellent energy agreement of observed and calculated levels
makes such interpretation straightforward.

209Pb has only one valence neutron outside of the doubly closed 208Pb core. It has been
studied already by a variety of methods which gave mostly an information on a single particle
states and or selected low spin two particle - one hole states. Deep inelastic reactions gave
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Figure 2: The level scheme of 209Pb a) experiment, d) unperturbed energies of the relevant configurations.
Columns b) and c) give the energies calculated for the states of highest spins with residual interactions
but without configuration mixing; b) neutron and c) proton excitations of 208Pb core.

us possibility to study the high spin states up to 6.1 MeV of excitation energy. New 7 rays
have been identified with 209Pb by a prompt coincidence with known transitions of energy
1422.7 keV, 779.2 keV and 643.5 keV. In Figure 2a the experimental level scheme of 209Pb is
presented. A number of other weak 7-transitions were found, but their firm placement could
not be established.

The highest spin to be reached by an excitation of a single neutron in 209Pb is / = 15/2 i.e.
lji5/2 configuration. The levels of spin / > 15/2 must involve states of a valence neutron coupled
to a particle-hole excitations of the 208Pb core. Figure 2d shows the unperturbed energies of
the relevant single particle and two particle - one hole (2p-lh) states. In columns b) and c) the
results of the reliable Empirical Shell Model calculations, that use the empirical matrix elements
or residual interaction and assume no configuration mixing, for 2p-lh states in 209 Pb are shown.
Column b) gives levels involving neutron and column c) proton excitations of 208Pb core. The
close agreement of experimental and calculated levels allows a confident spin-party assignments
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in

as indicated in the figure.
207Tl has one proton hole outside of 208Pb core. The level of highest spin, observed so far i

this nucleus, is (wlh~^2, l l /2~) at 1348 keV. It is an M4-isomer with TXj2 = 1.33 s. In present
experiment we could identify new 7 rays, that depopulate a high spin states above the 11/2"
isomer in 2O7T1, by a cross coincidence technique. In Figure 3a the spectrum of of prompt 7-rays
coincident to 2465 keV transition in 2O7T1 from the experiment with 208Pb beam is shown. The
transitions identified with 2O7T1 are evident in the spectrum. The 1609 keV transition belongs
to 209Bi that is a partner of 2O7T1 in a binary reaction of the 208Pb beam withe the 208Pb target.
Figure 3b shows a partial level scheme of 2O7T1 as observed at present. Several more transitions
have been found than presented, however due to a lack of statistics they could not be firmly
placed in the scheme. The 1348 keV level is the excitation of a proton hole in the lhn/2 orbital.
The next, 3813 keV level, involves the excitation of 208Pb core. The 2465 keV transition, of
similar energy as 2615 keV 3" -> 0+ transition in 208Pb, is likely of a stretched E3 character.
Its enhancement follows from a known B(2?3,3~ -> 0+) = 34 W.u. in 208Pb. Therefore we
interpret the 3813 state as (TTI/I"1^ X 3~(208Pb), 17/2~). Assignments of spin, parity and
main configuration to the two new states at higher excitation energy are ambiguous. Their spin
should however be at least 17/2. Many states are possible and reliable empirical shell-model
calculations can not be performed because matrix elements of the residual interaction are often
missing.
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An extended study of 231Pa located near the boundary of octupole correlations region
was carried out by Coulomb-excitation. Particularly, the investigation of the side-bands is
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possible in this case because strong K-mixing of the bands enables their excitation. Com-
parison of 231Pa and 229Pa at the boundary of octupole correlations allows to test the in-
fluence of these correlations on the nuclear structure . A 105yug/cm2 231Pa oxide target on
a 15//g/cm2 carbon backing was bombarded by 148 MeV 32S and 255, 260, 261 MeV 58Ni
projectiles. The particle-77 coincidences of 20 Compton-suppressed germanium detectors
of NORDBALL were read out in coincidence with backscattered projectiles. Position and
energy of backscatered particles were measured with either a PSD-silicon detectorfl] or a
multi-PIN Si-diode detector[2].

A continuation of the known part of the 3/2[651] 5/2+band was identified up to 37/2+

(see Fig.l) in addition to the l/2[530] 3/2~g.s. rotational band [3] by evaluating 400k-
events of particle-77 coincidences. The Radware97 computer code [4] was installed and
used for this purpose. Energy and intensity of the gamma lines were fitted using the
GASPAN [5] computer code. Intensity of Coulomb excited gamma lines are analyzed by
the least-square search Coulomb excitation computer code GOSIA[6]. From the GOSIA
analysis in a model independent way E2, E3 and Ml matrix elements will be deduced.
Theoretical calculations of the 231Pa structure are done in the quasiparticle-phonon-model
[7]. A comparison of theoretical and experimental data gives interesting information about
the 3/2[651] band structure and a possible structure change at high spins in the l/2[530]
band, as well as new insight into the nature of the weakly excited l/2[660] band.
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In a modern multidetector arrays a large part of detectors is sensitive to linear polariza-
tion of 7-quanta (see EUROGAM II). It gives an opportunity to measure the correlation
between the polarization of 71 and the polarization of 72 emitted in a cascade from oriented
nuclei. A general formula given in Ref. [1] allows us to calculate such correlation. The
aim of the present work is to study how polarizational-polarizational correlation may be
used in the "in-beam" 7-ray spectroscopy as a tool for the spin, parity and multipolarity
assignment.

In the case of two polarimeters working in coincidence one should consider four quan-
tities, namely W\\\\, Wj|i, W^y and WJ_J_. Here, for example, W±\\ gives probability that
71 (registered in polarimeter PI ) is polarized perpendicularly to its emission plane, while
72 (registered in P2) is polarized in its emission plane (see Fig. 1 ). The meaning of the
remaining quantities W is analogous.

In an experiment, when the Compton polarimeters are used, the directly measured
quantities are the following: N\\\\y N| | i , N^\\ and iVj_x. Here, for example, N\\±_ is
the number of coincident events in which 71 interacting with polarimeter P I (Fig. 1) is
Compton scattered and registered in crystals 1, 2 or 3, 4, whereas 72 hitting P2 is scattered
and registered in crystals 5, 7 or 6, 8. The pairs 1, 2 or 3, 4 in the PI polarimeter are
parallel to the emission plane of 71 and pairs 5, 7 or 6, 8 are perpendicular to the emission
plane of 72.
The relation between the quantities W and N is following :

NLJL = K • (RiR2WM + RXWU + R2WMl + W±1),
NM\ = K • ( /Won + RxRiW^ + Wj.ii + R2WX±),
Nu = K • ( /W|| | | + W[{1 + R1R2WMl + R1W±±), [l>
NM = K • (Wj,|, + R2WU + i W x | | + RiR2W±j.),

where K = a^'-a^'. The quantities <7|| and a± give the probability that the photon hitting
a polarimeter will be scattered and registered in the plane parallel or penperdicular to
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Figure 1: The geometry of the PPCO experiment with two CLOVER detectors being a
part of a large array. To simplify the drawing, only two polarimeters are shown. The
emission plane is spanned on an ion beam axis and the momentum of 7-quantum. Small
arrows determine the polarization plane.

the polarization plane. The upper indexes (1) and (2) in a correspond to the polarimeter
PI and P2, respectively. In eqs (1) the quantity R is given by the formula:

R = aja{l = (1 + Q)/(l - Q) (2)

and /?i and R2 correspond to polarimeters PI and P2, respectively. The polarization
sensitivities of the polarimeters PI and P2 are denoted by Qi and Q2, respectively.

As was said, in the PPCO method one measures four quantities Nun, N\\±, N±u, Nj_±.
Their theoretical counterparts can be calculated (eqs ( 1)) for different hypotheses con-
cerning spins and multipolarites. In the analysis proposed below (called 4A^-analysis)
all these theoretical quantities may be fitted to their experimental values with one free
parameter K. The value of x2-> being a result of the fitting procedure allows us to select
the best hypotheses. Examples of such analysis are described in sections B and C.
We also propose to use the observable

=
WU){R2 - Rx)

WU){R2
(3)

It was found, that it is convenient to use PP in the experimental data analysis (see
determination of the cr/I parameter).

To test the sensitivity of the PPCO method, we used data from an experiment in
which the 164Yb nuclei, produced via the 138Ba(30Si,4n) reaction, were studied using
the EUROGAM phase 2 array [2]. A total of 24 Clovers are placed perpendicularly
around the beam and target at 0= 75.5° and 104.5°. The pairs of the CLOVER detec-
tors (polarimeters) were collected into 4 groups in which the angle cp (see Fig. 1) was
close to 0°, 30°, 60°, 90°. For each group the four matrices were sorted to obtain the
NiHi^Hi^iiiand Nnspectra. In the analysis it was assumed that the polarization sensi-
tivity Q of the CLOVER detectors is given by the calibration curve Q vs. E7 from Fig. 2
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of Ref. [2].

A. Experimental determination of the alignment parameter a

In this work we determined the a parameter from the measured value of F F for the
1 . , E2,569keV , E2,577keV 1 A , , , r o 1 s , . , , . . • o r m

14+ —y 12+ —>• 10+ cascade (see [3J), according to suggestion given in Rei. [1J.
It follows from the experimental value of PP = 0.24 ± 0.03 that a/1 = 0.22to?2 (see
Fig. 2).
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Figure 2: The PP observable calculated for the 14+ E 2 ^ k e V 12+ E 2 ^ k e V 10+ cascade
as a function of the spin alignment parameter. The experimental value of PP is also
presented giving value a/1 = 0.22 for the 14+ level.

This simple analysis gives the value of the alignment parameter a with accuracy that
is satisfactory for our purposes.

I he E2,490keV , E2,569keV 1 - , ,

—> 14+ —> 12+ cascade

For the 16+ -> 14+ —> 12+ transitions the experimental value of the R^co ratio is
close to 1 (see Ref. 2). Let us assume, that the spin of the initial level of the considered
cascade is unknown. Then, strictly speaking, such value of /foco suggests 8 hypothetical
transition modes with spin / of the initial level and multipolarity of the 490 keV transition
given in Table 1. A experimental value of PP = 0.23 ± 0.04 was obtained.

The calculated values of PP are given in Table 1 for different transition modes. Com-
parison of the experiment with the calculations allows us to reject the hypotheses Nos
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Table 1: The quantity PP calculated for the different hypothetical transition modes.
The mixing ratio <̂i is given for the first 7-quantum in the cascade. In the calculation
a/1 = 0.2.

No.

1
2
3
4

initial
spin
16
15
15
14

arctan 81

±90°
20°
80°

-20°

PP(calc)

0.244
-0.037
0.072
0.251

No.

5
6
7
8

initial
spin
14
13
13
12

arctan Si

30°
-70°
-20°

±90°

PP{c<dc.)

0.196
-0.010
-0.020
0.216

2,3,6,7. This conclusion is supported by the results of 4/V-analysis which makes use of
the full information concerning polarization of two quanta (see eqs ( 1)).

C. The 11_ 647keV 1 A + 530keV o i 463keV „ .
1 U T > 5 — - t D

375keV cascade

This case is used to show an ability of the PPCO method to distinguish between pure
El and Ml transitions. The method is tested for the 647 keV (11 —> 10) transition which
according to [3] has El character. The preliminary result from the 4iV-analysis gives
X2/n = 0.6 for El and %2/n - 6 for Ml. It agrees with the statement of Ref. [3] that
the level with spin / = 11 has negative parity. This investigation shows the ability of the
PPCO method to distinguish between the electric and magnetic characters of 7 radiation.

The aim of the present work was to study the sensitivity of the PPCO method for spin
and parity assignment. We conclude that the modern large arrays, like EUROGAM and
its successor EUROBALL, are well suited for such measurements. We have shown that
lines with intensity of about 15% of the strongest peak can be analysed quantitatively.
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In the present paper we discuss the problem of reconstructing the primary neutron
spectrum from the measured one which represents a convolution of the primary spectrum
with the instrumental response function. The method of analysis for the continuous
spectra obtained from the neutron time-of-fiight (TOF) spectrometer is presented.

The time response of the neutron detector is affected by the time resolution of the
scintillator, the finite flight path of the neutron in the detector and the application of
7-ray reference signal sometimes produced by delayed 7's. In order to find the unaffected
incident time spectrum of neutrons emitted from the source and the corresponding primary
energy spectrum, the formal analysis is required. This report describes simple numerical
method of solving the problem.

The primary neutron spectrum is represented by the vector P, folded as described
below by the matrix equation

M = 71P. (1)

The relation (1) can be writtten using index notation

M*=2>tiP,-, (2)
3

where 1Z represents the response matrix of the spectrometer and M is the measured TOF
spectrum.

In order to extract the primary spectrum one could solve the equation (1) multiplying
the folded spectrum by the inverse matrix 1Z~l

P = ft-1M. (3)

However this method of unfolding spectra is unsuitable when there are statistical
fluctuations in the data and inaccuracies in the response matrix appear. It was found
that the inverse matrix method fails completely when dealt with the experimental spectra.
Presumably because of poor statistics at the high energy end of the spectrum and the
presence of discrete peaks. Large fluctuations between positive and negative values were
seen in the unfolded spectrum obtained from eguation (3).

In order to avoid such difficulties an iterative method had been used to solve the matrix
equation and find the primary neutron spectrum. At the beginning of the procedure,
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elements of the primary spectrum are set to be equal to the elements of the measured
spectrum

P(°) = M. (4)

In the first step of the iterative method the vector representing the measured spectrum is
multiplied by the response matrix to obtain a doubly folded spectrum

In order to obtain the next approximation of the primary spectrum the vector rep-
resenting the measured spectrum is multiplied by the ratio of primary to the measured
spectrum obtained from the previous approximation (eq.5).

p(o)
M ( 6 )

One should notice that due to the measurement process (folding of the primary spec-
tra) smoothing of the measured spectra takes place. In the unfolding procedure, the
opposite effect magnifying the statistical fluctuations is present. In order to reduce this
effect the primary spectrum was smoothed in every step of the unfolding procedure.

Then, smoothed vector P'1) is mutiplied by the response matrix according to equation
(2)in order to obtain the next approximation of the measured spectrum. The process is
repeated until the desired accuracy is obtained. In our case about 20 iterations were
needed. After each iteration the agreement between the measured spectrum and its
approximation from the .last iteration is verified by the x2 test.

To correct the measured spectrum, the response of the detector for monoenergetic
neutrons of any energy must be known. The over-all response is a function of the ex-
perimental method, the geometry and the properties of the neutron source. Although
the response function may be calculated, some components of it were determined in an
empirical approach. Well known deformation of the measured spectrum observed in all
detection processes is caused by the finite time resolution of the detection system produc-
ing the gaussian contribution to the response function (Fig.la). The finite depth of the
scintillator changes the time of flight of the neutrons to the interaction point where the
light pulse is generated. The contribution due to the interaction position in the detector
is of great importance for low energy neutrons (Fig.lb). When the start reference signal is
taken as the 7-registration accompanying the neutron emission an additional contribution
to the response function is generated due to delayed 7-emissions (Fig lc).

All these contributions mentioned above were taken into account in order to form
the response function of our detector which is defined as the registered time spectrum
of monochromatic neutron beam (Fig.Id). The set of subsequent response functions for
different energies forms the response matrix of the detector. The columns of the matrix
denote the response functions corresponding to succesive neutron energies.

In order to test the approach described above, we have performed a lot of tests. In
our case we considered Maxwellian spectra, typical for neutrons produced in III collisions
[2]. They are described by the well known formula

n{E)dE ~ Exexp{-E/TcJf)dE (7)
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Channel number

Figure 1: The TOF response functions of the neutron spectrometer for two neutron
energies 10 MeV and 1 MeV respectively (d), (1 channel = 50 ps). The corresponding
contributions due to time resolution (a),interaction position in the detector (b) and events
caused by delayed 7-rays ( c ), are also shown

The energy spectra of Maxwellian shape (7) with parameters A = 0.3 and Tejj =
\.6MeV were generated by Monte Carlo simulation. The statistical errors were therefore
included. Afterwards the spectra were transformed to the time scale, giving us primary
time spectra. They were distorted as described above, in order to form the folded time
spectra. These spectra were unfolded with the use of our algorithm and compared to the
primary ones. The agreement between the generated spectrum and the solution obtained
in the unfolding routine was very good, as seen in Fig.2.

The unfolding procedure has been used succesfully in the case of the neutron spectrum
of 2o2Cf, where the presence of delayed 7's was the main distorting factor.
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Figure 2: The comparison of the primary spectrum to the solution obtained in the unfold-
ing routine. Dots represent the solution, the open circles show the generated spectrum
and crosses denote the folded spectrum. Figures a) and b) are TOF and energy spectra,
respectively.

One should emphasize that the procedure can also be succesfully applied in many
other cases where distortions due to registration processes influence the result of the
measurement. These distortions can either be caused by the finite resolution of the used
instruments, ill-defined start, registration of 7-rays folded by Compton scattering, or many
other cases.

Acknowledgements: This work was supported by Polish State Committee for Scientific
Research (KBN Grant No. 2 P03B 027 08).

References
[1] J.F. Mollenauer. University of California Report (1961) UCRL-9748
[2] M. Popkiewicz, S. Osuch, Z. Szefliriski, A. Sztampke, Z. Wilhelmi, M. Wolhiska,
R. Zagariczyk. Acta. Phys. Pol., B29,447,(1998).

52



PL9801823

Nuclear Physics Division IEP UW

ANNUAL REPORT 1997

Study of the local efficiency of Ge detectors for
SPI-INTEGRAL mission

M. Denisa, J.Sfonimski", R. Marcinkowski, R. Wronowskia, A. Sottan6, F. Albernhe c

a CBK PAN ul.Bartycka 18a 00-716 Warsaw,A. Poland
b Centrum Astronomiczne Im. M. Kopernika ul.Bartycka 18 00-716 Warsaw, Poland

c CESR, BP 4346,31029 Toulouse Cedex, France

"INTEGRAL" is a scientific satellite, which will be located on a circumearth orbit by
April 2001 for few-years mission. Its payload will consist of four X ray and high-resolution
7 ray telescopes. One of them, SPI [1] will be a system of nineteen hexagonal - 6 cm of
diameter and 6 cm of heigh - high-purity germanium detectors configurated in the like-
honeycomb shape shielded by an antycoincidence system made from a scintilator (BGO).
Because gamma rays do not diffract like optical photons, the SPI will be covered by a
passive coded aperture mask placed 171 centimeters above the surface of the germanium
detectors. (Something like camera obscura, but for 7-s.)

An image accumulated by the detector plane is a convolution of the distribution of
sources (on the sky) with the mask. Morever, the detector image is modulated due to
the non uniform surface efficiency of the detectors. This heteregeneity is caused by a
non-constant thickness of the active medium in detector: there is the hole bored in the
central part of the crystal for the electronic polarizing system. Angle between 7 and the
main axis of detector is the next parameter which determinates the value of the effective
thickness of active medium. In the "earth" nuclear spectroscopy this effect is not usefull
(global efficiency integrated on all surface is interesting). The shape of the local efficiency
is a basic input for the deconvolution process, allowing to obtain a real gamma map of
the sky. We study this problem experimentally.

Main element of the setup is a displacement device (Figure 1) with a control movable
arm. The tungsten collimator, with 2-milimeter diameter and 100-milimeter length hole,
is fixed to this arm. The radioactive source (152Eu) is mounted inside the collimator.
Displacement device is able to set the collimator in the every position and all points of
surface of the detector can be iluminated by the source of everyone angle. We have written
original software to control device and to make acquisition from detector. In Autumn
1997 all system was installed in the CESR (Centre d'Etude Spatial des Rayonnements)
Laboratory in Toulouse, France. First tests of software and exemplary detector have
been performed. We started acquisition for scanning more then 50 points of the detector.
One exposure lasted 1 hour. Figure 2 presents quasi-threedimensional spectra of local
efficiency (for photoeffect) based on measurements of 61 points for one detector: upper
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pannel for 121 keV shows a very small modulation of efficiency, lower for the 344 line keV
with clearly visible modulation. This diffrence is due to the fact, that for lower energy
the cross-section for interaction of 7 with germanium is about two times bigger then for
higher. Energy of almost all 121 keV photons is doposed just in the first few milimeteres
of germanium. 344 keV photons need thicker layer to depose all its energy because the
main mecanism of interaction is Compton effect, which involves multiple interactions with
the medium.

Radioactive source

Colimator

Germanium crystal

Cryostat

Figure 1: Scheme of the experimental setup. Arrows show possible degrees of freedom of
the movable arm.

The software development and the preperation of next measurements are continued.
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The Plastic Scintillator Barrel (PSB) is a part of the WASA Air detector which is
just being mounted at Uppsala CELSIUS ring. The research programm for which the
detector was designed as well as its specification was published in [1]. The PSB will be
used in the first level trigger and for particle identification using AE-E technique. As
it was reported in [2] the PSB detector has been designed, manufactured and tested in
Warsaw (in cooperation between the Soltan Institute for Nuclear Studies and the Nuclear
Physics Division of Warsaw University). At present all PSB modules, supplied with the
FEU115M photomultipliers, are tested before their final mounting in the WASA detector.
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UWIS isotope separator

Andrzej Wojtasiewicz

In 1997 the UWIS group continued the realization of the ISOL/IGISOL project at the
Heavy Ion Laboratory [1]. After setting the isotope separator in operation off line our
work was mainly concentrated on two directions: the development of the isotope separator
(ion optics and control system) and preparation of the whole device to operate in the on
line regime. The following projects were carried out during the last year:

• the iris diaphragm and the deflecting plates were installed infront of the main magnet
of the separator,

• the selecting chamber with electrostatic deflectors was installed behind the collec-
tor chamber; it was tested and the "map of ion beams" was measured, the mass
resolution power of about 860 was achieved for 30 fiA Xe ion beam,

• a new high sensitivity ion beam scanner for collector chamber has been designed,

• the installation of three ion beam lines with electrostatic quadrupole triplets after
selecting chamber is started,

• a new extraction electrode designed for the on line ion source chamber was con-
structed and installed at the mass separator,

• the inner walls assuring the differential vacuum necessary for the IGISOL system
were installed inside the ion source chamber; vacuum and HV tests were performed,

• target and ion guide chambers designed for the heavy ion IGISOL system [2] were
constructed,

• installation of the He gas supply system has begun,

• the noise suppressing cabin arround the Roots blowers was installed,

• the development of the control board was continued; remote control for the vacuum
system was installed and the control of all supplies working on high voltage by fibre
optics technology was constructed.

This work was performed in collaboration with the Nuclear Spectroscopy Division - War-
saw University, the Soltan Institute for Nuclear Science - Swierk and the Heavy Ion
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Laboratory - Warsaw University. This project was partly supported by the Polish State
Committee for Scienific Research (KBN Grant No. IA - 1846/IA-0572/96).
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M. Kowalczyk, J. Srebrny

Computer network in NPD consists of a VMS cluster, Novell server and IBM PC
compatible computers that can be used as X-terminals, Linux workstations or typical
PC running MS DOS/MS Windows 3.1. EUROBALL group (a part of EUROBALL
collaboration) uses two SUN workstations that are generally not available for use to other
NPD members.

During last year our network was significantly upgraded. To the VMS cluster which
consisted of VAXstation 4000/90 with 80 MB of RAM and 9 GB of disk space and VAXs-
taton 3100/76 in smaller configuration we added an AlphaStation 500/400 (400 MHz
CPU clock). New Alpha is equipped with 288 MB of RAM memory and 24 GB total disk
space. The DLT 4000 streaming tape drive was bought and connected to the AlphaS-
tation together with one of our Exabyte 8500 tapes; the second one was left connected
to VAXstation 4000/90. All tapes and disks are served to the cluster over the network.
AlphaStation and VAXstation 4000/90 are running OpenVMS version 7.1 and DECnet-
plus. On VAXstation 3100/76 we have left OpenVMS version 6.2 with DECnet IV for
software compatibility with older programs. DECnet-plus gives us direct access to the
disks of HILVMS computer used as the base computer for data acquisition systems in
Heavy Ion Laboratory. The same way we have direct access to the public disks of CERN
computers running OpenVMS.

On the VAXstation 4000/90 we have installed an OSU DECthreads HTTP server
software. The NPD home page can be reached at address "http://zfjavs.fuw.edu.pl". We
have placed there some basic information about Nuclear Physics Division and the regions
of interest of particular groups together with links to our collaborators home pages. Some
users have created theirs private home pages. This annual report should also be available
on the server.

Seven new Intel-Pentium class computers with 17-inch monitors were bought. All of
them works as X-terminals, six are also used under DOS and Windows. The last one
for all the time is running Linux 2.0.30 OS and marsjiwe which emulate Novell NetWare
disk server. This one is equipped with 6 GB of disk space so mars_nwe extends disk space
available for DOS and Windows programs from 4 GB that we have got on our Novell server
to about 8 GB. Mars_nwe software is also very useful for backup purposes since the same
disk which is served to PC computers over Novell network is mounted from AlphaStation
over NFS so the backup files can be copied directly to the Alpha's tape. Another new
program is the DOSEmu DOS emulator running under Linux OS. This program gives us
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limited access to Novell server from the outside of our LAN. For users that still receives
mail on Novell it is the only way to reach the mail from outside the building.

Increasing traffic on the network forced us to equip all new computers (AlphaStation
and PCs) with Fast Ethernet 100 Mb/s interfaces. New part of network is connected
to the new 3Com SuperStack II Dual Speed Hub which is functionally equivalent of
two repeaters, one FastEthernet/100 and one Ethernet/10 MB/sec, connected through a
switch. From 12 inputs only one is used for connection with old part of network so the
hub works as FastEthernet/100 repeater plus a switch to Ethernet/100 network.

Adding new Alpha to our network forced some changes in X-terminals software. Cur-
rently users can start X-terminal that connects automatically to AlphaStation or VAXs-
tation 4000/90. PC computer can run two X-Servers simultaneously, so it is possible to
open two sessions at the same time. By default AlphaStation starts session on display :1,
VAXstation on display :0. Generally there is no restrictions so users can start session
from any computers in the network on both displays.
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2. Seminars held at the Nuclear Physics Division

03.01.1997 M. Moszyriski (Institute for Nuclear Studies, Swierk)
Particle identification by the pulse shape discrimination with "reversed" silicon detectors.

10.01.1997 S. Chwaszczewski (Institute of Atomic Energy, Swierk)
Nuclear power in Poland - present status and perspectives.

17.01.1997 J. Pluta (Technical University, Warsaw)
Nuclear interferometry in two-nucleon systems.

24.01.1997 T. Srokowski (Institute for Nuclear Studies, Cracov)
The role of chaos in nuclear reactions.

21.02.1997 S. Chwaszczewski (Institute of Atomic Energy, Swierk)
Ecology and nuclear power.

28.02.1997 M. Denis (Centre for Cosmic Studies, Warsaw)
High energy astrophysics - instruments, observations and results.

07.03.1997 J. Krolikowski
The trigger system and data acquisition in the CMS experiment at LHC in CERN.

14.03.1997 J . Zakrzewski
DESY: New results from the Hl/ZEUS experiment.

21.03.1997 S. Kuliriski (Institute for Nuclear Studies, Swierk)
Proton accelerators for transmutation of radioactive waste and to energy generation in
subcritical reactors.

11.04.1997 J . Srebrny
l80Ta - an astrophysical puzzle.

18.04.1997 B. Sikora
Compression and explosion of nuclear matter in central collisions of heavy ions.

25.04.1997 J . Zakrzewski
DESY: the TESLA project.
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09.05.1997 T. Czosnyka (Heavy Ion Laboratory, Warsaw)
From calibration to deformation - the determination of nuclear shapes using gamma spec-
troscopy methods.

16.05.1997 J. Zlomariczuk
Present experiments of the WASA - PROMICE group at the CELSIUS accelerator in
Uppsala.

23.05.1997 K. Rusek (Institute for Nuclear Studies, Warsaw)
Nuclear physics with polarized heavy ions.

03.10.1997 W. Zych Technical University, Warsaw
Maria Sklodowska-Curie, her life and work.

10.10.1997 M. Rejmund
Structure of nuclei around 208Pb.

17.10.1997 Z. Moroz (Institute for Nuclear Studies, Swierk)
Spaceborne nuclear radiation detectors.

24.10.1997 J. Gronkowski
From candle to great illumination: 50 years of synchrotron radiation.

31.10.1997 P. Lubiriski (Heavy Ion Laboratory, Warsaw)
The use of antiprotons in the studies of the nuclear surface.

07.11.1997 K. Wisniewski
Production of strange mesons. New results from the FOPI detector.

15.11.1997 M. Kiciriska-Habior
Emission of high energy gamma radiation in complete and incomplete fusion of light and
intermediate mass systems.

22.11.1997 S. Mrowczynski (Institute for Nuclear Studies, Warsaw)
Coloured quark - gluon plasma.

29.11.1997 A. Pasternak (A.F.Ioffe Physical Technical Institute, Petersburg)
Doppler methods in the studies of compound nuclear reactions.

12.12.1997 R. Kaczarowski (Institute for Nuclear Studies, Swierk)
Studying of nuclear shapes.

19.12.1997 A. Kordyasz (Heavy Ion Laboratory, Warsaw)
Multiplicity niters of charged particles.
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