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PREFACE
This Annual Report summarizes the research activities of the Nuclear Physics Division
in the year 1998. 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 was carried out as joint efforts of various international collaborations.
During the last year substantial progress has been made in completing the ISOL/IGISOL
project. The isotope separator was connected to the heavy ion beam line, the ion source
chamber was mounted and equipped with the target chamber and the ion guide chamber.
To study, control and improve the ion optics of the IGISOL system, a special corona ion
source was disigned, mounted and installed in the ion guide chamber. The whole system is
now ready to be tested on-line. This work is being carried out in close collaboration with
the Nuclear Spectroscopy Division, the Heavy Ion Laboratory and the Soltan Institute
for Nuclear Studies.
We continued our study of high-energy 7-ray emission in heavy-ion collisions in the projectile energy range of 4-11 MeV/u. The analysis of experimental data obtained in collaboration with the NPL in Seattle shows the importance of the bremsstrahlung emission in
the 7-ray spectra at photon energies above 20 MeV. An improved theoretical description,
including complete and incomplete fusion, preequilibrium emission and bremsstrahlung
process, indicates that the bremsstrahlung cross-section at high 7-ray energies is smaller
than predicted by the simple model using exponential formula. The extracted GDR parameters and their dependence on average temperature and spin are strongly influenced
by the inclusion of incomplete fusion and preequilibrium processes.
We continued our participation and active involvement in the FOPI, TAPS and WASAPROMISE international collaborations. Data from experiments of the FOPI collaboration
were analysed in terms of event-by-event fluctuations. A novel method of studying equilibration processes in relativistic nucleus-nucleus collisions was applied to the data from the
Ru+Ru reaction at 1.69 A*GeV. By an appropriate choice of the fluctuating variables,
chemical and thermal equilibration could be studied independently. Preliminary results
show that equilibration of the system changes with centrality of the collision. The data
from Au+Au collisions at 0.8 A*GeV were analysed for the presense of the intermittency
signal. Our participation in the TAPS collaboration included studies of particle production in reactions induced by 190 MeV protons on nuclei. Analysis of particles which are

Preface

in coincidence with neutral pions (produced below the NN thershold) revealed existence
of two distinct production mechanisms: the first one being the emission from a hot equilibrated coumpound nucleus and the second one the quasi-direct, forward-directed process
with the single proton carrying most of the energy remaining after pion production.
The nuclear spectroscopy group concentrated their interest on studying properties
the nuclei in the region of Z>50 and N<82. B(E2) values for 39 transitions in 119I
were determined from lifetime measurements of 31 negative parity states. This unique
experimental information about four negative parity bands in 119I made it possible to
determine the shape of this nucleus as being quadrupole close to maximal nonaxiality.
The description of these negative parity bands by a 7-soft core is better than by a 7rigid core. Our spectrocopy group also continued their involvement in studies of nuclear
superdeformation. High spin states in neutron-deficient nuclei around A~140 were studied
with the 7 detector array EUROBALL III. Dipole bands representing the rotation of a
magnetic dipole were found in the 142Gd nucleus.
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- Wilczynska

Research reports
Reactions mechanism and nuclear
structure

| NEXTPAGE(S)
I toft BLANK

PL9901636

Nuclear Physics Division IEP UW

ANNUAL REPORT 1998

Kinematical fit for the reconstruction of two-photon
7T° d e c a y
K. Korzecka and T. Matulewicz

The identification of neutral pions is usually based on the invariant mass analysis of
two photons following n° —> 77 decay. The observables needed for the invariant mass
analysis are two photon energies and the opening angle between them. The shape of
the 7T° peak in the invariant mass spectrum reflects energy and angular resolution of the
photon spectrometer.
In the 7T° rest frame 7-rays of the same energy are emitted isotropically back-to-back.
Lorentz transformation to the laboratory frame modifies the two energies and emission
angles according to the velocity and direction of the decaying particle. From the measured
quantities (energy and direction of photons) the properties of the decaying particle can
be reconstructed within the limits determined by measurement accuracy. In the common
case, where the energy resolution of the photon spectrometer is much worse compared to
the angular resolution, the measured photon energies have to be adjusted while the angle
remains unchanged. This procedure we will call the energy-scaling method. However, in
the case when the contribution due to the angular resolution approaches that of energy
resolution, all variables should be adjusted in order to get proper kinematics of neutral
pions. This procedure, based on constrained fit, is called kinematical fit. In the simple
case of two-photon decay, analytic formulas accelerating the procedure of kinematic fit
were developed. We compare the two methods using the simulated response of the TAPS
spectrometer to neutral pions of known energy. Preliminary x2-analysis suggests, that
the kinematical fit offers far more reliable results.
Among the two-photon events, the candidates for neutral pion decay events are searched
for in the invariant-mass spectrum. In the case of two-photon decay, invariant mass is
calculated according to the equation:
m77 = y ^ K y i E ^ l ^ c o s ^ )

(1)

where E7i are photon energies and #77 is the opening angle. The photon pairs with
invariant mass between two values (here: 90 and 150 MeV, depending on the experimental
resolution) are recognized as products of TT° decay.
The energy-scaling method of reconstruction of the TT° properties [i,2] assumes that
the opening angle is measured with a precision much higher than the determination of
photon energies. Neglecting the error due to the angular resolution, the pion energy can
be written as
Ex = x

(2)
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where Ew (m,) is total energy (mass) of pion in the laboratory frame, # 7 i 72 - the opening
angle between decay photons, and X is defined as:
(3)
where E7j are photon energies. For the reconstruction of pion direction, the necessary
photon energies can be calculated as
T?REK
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The method was tested on results of simulations of TT° decay of known energy. In
these simulations, performed with the GEANT-based package for the TAPS spectrometer
(KANE, [3]), photons were detected in 6 rectangular blocks of 64 TAPS modules each.
The blocks were placed symmetrically in one plane surrounding the target at a distance
of 66 cm (the configuration used in TAPS experiments at KVI Groningen). After the
application of the energy-scaling method, the value of \2 was also calculated:

V
°E
J
where the superscript REK denotes photon energies corrected according to equation 4.
In the calculation of x2, the asymmetric response function [4] of the TAPS spectrometer
to photons was corrected through the appropriate scaling of OE for positive and negative
corrections.
The angular resolution of a detector is determined by its granularity and the distance
from the target. When the angular resolution is much better compared to the energy
resolution, one can assume that the error of measurement is determined only by the
uncertainty of the energy measurement. For a fixed-granularity detector, at a certain
distance to the target, the angular resolution begins to influence the response to neutral
mesons at a level comparable to photon energy resolution. In this case the energy-scaling
method of pion reconstruction is no longer valid, as the angular degrees of freedom should
be allowed to vary also in the procedure of neutral pion reconstruction. This procedure,
called kinematical fit, allows to adjust all photon observables (energy and angles) with
the condition of proper reproduction of the meson mass. The quantity to be minimized is
3

2

where p7ij- is i-th component of j-th photon momentum and pkij is its value ,,improved"
by kinematical fit. G2l22JU-2 is the inverse of the covariance matrix:

The invariant mass calculated from the reconstructed momenta has to be equal to n°
mass, so only 5 of 6 components are free parameters of minimization. The last of these,
the pz of the second photon is calculated according to the formula:
Pz2 = klPzl ± Ei yjk\ - k\

(8)

Kinematical fit for the reconstruction of two-photon n° decay

where
_

2

+ P±lP±2

(9)

P±2
PJA

(10)

PJL2

EI

=

(11)

where p±_i is transverse momentum of i-th photon.
It should be noted, that equation (8) has a limited range where solutions exists. When
the product of the transverse momenta of two photons is large, only small opening angles
between them allow to solve the equation. The limiting case is given by the condition
ki = ki and is shown in Fig.l in pxiPi2 and cos</>i2 space. Above that limit the underlying
quadratic equation provides two solutions (Eq.8), of which the value closer to the measured
one should be taken.
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Figure 1: The shape of the k\ = k% condition limiting the solution of eq.(8) as a function
of p±iP±2- No solution exists within the shaded area.

The simulated events are represented in the two-dimensional diagram (Fig.2) as a
function of invariant mass and x 2 value. When the invariant mass is already close to
the pion mass, x2 values are low. For the energy-scaling method, when the number of
degrees of freedom equals 1, x2 distribution has a much longer tail compared to the case
of kinematical fit with as much as 5 degrees of freedom. If we assume, that the statistical
properties of values calculated in equations (5) and (6) are those of x2 distribution, many
more events (75%) after the kinematical fit fall within the same confidence level (10%)
condition than events in the energy-scaling method (46%). Work is in progress to check
the statistical properties of the ingredients of eq.(5) and (6). However, already now we
suppose that the kinematical fit procedure combined with x2 analysis is more appropriate
for the true reconstruction of neutral pion kinematics than the energy-scaling method, at
least in the tested set-up of the TAPS spectrometer.

K. Korzecka and T. Matulewicz

Figure 2: Distribution of simulated events in the invariant mass m 7 7 versus x2 value obtained with the energy-scaling (a) and kinematical fit (b) method. Below, the projections
on the x2 a x i s f° r both methods (c),(d).

Acknowledgments: This work was supported by the Polish State Committee for Scientific Research (KBN) grant 2 P03B 013 14.
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On the mechanism of TT° production in subthreshold
proton-nucleus reactions
K. Korzecka and T. Matulewicz
for the TAPS Collaboration

Subthreshold particle production is a tool to study the properties of the initial phase
of a heavy-ion (AA) collision. Production of particles in nucleus-nuclei (NA) reactions is
an interesting comparison to the A A process, as nuclear matter in an NA reaction remains
at the saturation density in contrast to the A A collision.
Neutral pion production was measured with the TAPS spectrometer [1] using a 190
MeV proton beam delivered by the AGOR superconducting cyclotron at KVI Groningen
[2]. In our previous report [3,4] we described the method of photon and TT° identification.
In this contribution we intend to discuss the properties of particles detected in coincidence with neutral pions: photons observed in the TAPS electromagnetic calorimeter and
protons measured in the forward-angle detector SALAD [5].
Neutral pions were detected as a peak in the invariant-mass
ra77 = ^E^El2(l

- cos tf7 7 )

spectrum of two (or more) photon events observed in the TAPS spectrometer. Events
with m 7 7 between 90 and 150 MeV were assigned to neutral pion decay. For these events
we have searched for accompanying photons (photons, which were not used for ir° identification). The energy spectrum of these photons (Fig.l) has an exponential shape with an
inverse slope parameter E 0 =1.62±0.13 MeV. Within errors, the inverse slope parameter
is independent of the emission angle of photons. The value of the slope parameter is very
close to that observed in heavy-ion experiments in this range of photon energies [6,7].
The shape of the spectrum clearly indicates that the photons originate from the decay of
a hot compound nucleus.
Charged particles were detected at forward angles (from 6° to 13°) in the SALAD
spectrometer. The coincident proton-7r° events are shown (Fig.2) as a function of their
kinetic energies. This distribution was background-corrected with the background distribution extracted from the subsequent beam burst data. Most of the events are located inside the energy-conservation limit. The events above that limit are due to the
background-correction procedure working on low-statistics data (negative counts are not
shown). Some of the proton-7r° events lie very close to the energy-conservation limit.
These events demonstrate that, in contrast to the hot compound nucleus scenario, the
pion-production process may exhibit a quite unexpected feature, where the total available energy left after neutral pion production is concentrated in a single, forward-emitted
proton. For such a process, the target nucleus remains at a very low excitation energy.

K. Korzecka and T. Matulewicz

p+Ni -> n +y+X

E^=1.62±0.13MeV

10

12
14
16
photon energy[MeV]

Figure 1: Energy spectrum of photons detected in TAPS in coincidence with a neutral
pion. The line represents the exponential function fitted to the data.

Concluding, two extreme mechanism have been observed in the proton-induced subthreshold pion production on nuclei. First, after pion production a compound nucleus is
formed, which is evidenced by the photon exponential spectrum. Second, for some events
almost all the energy available after pion production is carried away by a single fast proton emitted at a forward angle. In this case, the target nucleus serves as quasi-spectator
(absorbing little energy and momentum).
Acknowledgments: This work was supported by the Polish State Committee for Scientific Research (KBN) grant 2 P03B 013 14.
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p+Ni -» n +X
14
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Figure 2: Background-corrected distribution of proton-7r° events as a function of their
kinetic energies. The line indicates the energy-conservation limit.
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On the origin of subthreshold pions
from heavy-ion collisions
T. Matulewicz
for the TAPS collaboration: GANIL, Giefien, GSI, KVI, Rez, Valencia

Proton-7T° coincidences have been measured at the beam energy of 180A MeV in the
reaction Ar+Ca studied by TAPS at SIS/GSI. In the proton-7r° invariant mass spectrum
we observe a significant excess of strength [1,2] above the background obtained by event
mixing. We assign this signal to the strength distribution of the A baryonic resonance.
The 7T° and A + yields provide us with the necessary ingredients to attempt the experimental evaluation of the N^/N^ ratio, where N& (Nn) is the number of all A-resonances
(pions) leaving the reaction zone, respectively. Assuming isospin symmetry, this ratio can
be written as
v

f

X

(1)

X

where FA+ and Y^o are the observed yields, fa is the neutral-pion fraction, PA->/VTT is
the branching ratio of the nucleon+pion channel, f&+ is the fraction of A + among all
A-resonances, /A+->TT°P equals the probability of the decay into neutral pion and proton
( Cfni ) » £K°/eir°p i s the ratio of detection efficiencies for the respective channels. The A +
V

2U2 /

fraction f&+ of all A-resonances has been calculated by taking into account the relative
fraction of pp, pn and nn collisions:
1I3A
i 22 \
'ill/

y

7
^p^t

<\

22

0-iI

22 ,

2 2

ZpNt+ZtNp
2

(2)

NpNt

where C ^ ^
are isospin Clebsch-Gordan coefficients and Zp, Np (Zt, Nt) denote the
number of protons and neutrons in the projectile (target) nucleus. The numerical values
of the parameters of Eq.(l) are summarized in Table 1.
Table 1: Numerical values of parameters of Bq.(l).
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The ratio of experimental efficiencies has been obtained through Monte-Carlo simulations. It should be noted that the ratio of efficiencies needed here is much less susceptible
to systematic uncertainties than the absolute efficiencies. In the NN center of mass, forward and backward emission of TT° produced in quasi-symmetric heavy-ion collisions is
favored, compared to perpendicular emission [3,4]. However, this rise is not very pronounced and is well below a factor of 2. Experimentally, nothing is known about the
angular distribution of A-resonances. Since for the N^,/Nn ratio only the relative efficiency is relevant (Eq.4), we assumed isotropic emission from the NN center of mass
in both cases. It was assumed, that the particles emerging from the decay of the Aresonance are not absorbed in the nuclear medium. For the N&/Nw ratio, only proton
scattering would be relevant and it would affect the ratio through the reduction of the
£xop efficiency, thus leading to an even larger value of N^/N^ . The N^/N^ ratio is found
to be 0.79±0.30(stat)±0.2(syst). The systematic error originates from the efficiency calculations and from the method of proton identification [5]. As the A-resonance decays
predominantly through pion emission (99.4%), this ratio should not be larger than one.
The obtained value of the N^/N^ ratio indicates that, within the experimental accuracy,
most, if not all, of the observed pion yield is connected to the A-resonance.
The author acknowledges the support of GSI Darmstadt, enabling his participation in
the experiment and the warm hospitality extended to him at GANIL Caen, where most
of the analysis was performed.
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The search for intermittency in Au+Au collisions.
M. Smolarkiewicz, M. Kirejczyk, B. Sikora, K. Siwek-Wilczyriska, K. Wisniewski

In this contribution we report on the continuation of our previous studies [1,2] of
intermittency effects in 197Au+197Au collisions. Intermittency is a statistical concept used
to analyze the fluctuations and correlations of a distribution. Bialas and Peshansky [3,4]
suggested to look for intermittency in multiparticle production by studying normalized
scaled factorial moments.The horizontal normalised scaled factorial moment of rank % is
defined as
(£™=i

km(km-l)...(km-i+l))ev

S _

E
where:
5X is the bin width of the distribution of particles in the variable X,
M - the number of bins,
km - the occupation of the m-th bin in an event,
N - multiplicity in an event,
kl^c - the sum of km over the sample of events,
NJNC - the sum of N over the sample of events.
<>ev denotes averaging over the sample of events.
It has been shown [3,4] that intermittency implies a characteristic power-law dependence of normalised scaled factorial moments on the bin size

oc (6X)-a< .

14

(2)

The search for intermittencv in Au+Au collisions

The exponent a* is called the "intermittency exponent". When intermittency occurs,
the moments reflect the self-similarity at various resolutions. The exponent a; is related
[5] to the anomalous fractal dimension d{

d

i — 1

Using simple mathematical models, it is possible to show that the values of dj can be
used for distinguishing between sequential and prompt decay mechanisms. For sequential
processes of fragmentation the fractal dimension di should be proportional to the rank
i, while for prompt decays it should be constant [6]. Thus, an intermittency analysis of
the distribution quantifies the fractal nature of the fluctuations and may carry important
information on the dynamics of the decaying system.

Below results of our analysis for the 197 Au+ 197 Au collisions at 800 AMeV beam energy
are presented. The data were obtained with the FOPI detector [7] at the SIS accelerator
in GSI Darmstadt. The normalized scaled factorial moments were calculated for charge,
rapidity and azimuthal angle ((p) distributions in the "event by event" analysis.
Since it is known that the mixing of events corresponding to different impact parameters may produce trivial intermittent behaviour, it is very important to set stringent centrality selection criteria. The central events were selected using high multiplicity (PM5)
and the high transversal-to-longitudinal energy ratio (ERAT5) [8]. The ERAT ratio was
calculated taking into account the relativistic relation between energy and momenta

ERAT =

Zi E m

\

.

(4)

^i E+m

The results of the analysis of charge and rapidity distributions do not show any dependence of the moments (Ffx) on the bin size. There is apparently no intermittency
signal present in our sample of events in distributions of these variables. This result is in
agreement with our earlier findings [1,2] at 150 and 400 AMeV beam energy.
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In Fig.l we show the deduced values of moments (F^) of rank i = 2, 3, 4, 5, calculated
for the azimuthal angle distributions as a function of the bin width. Solid lines represent
the best fit of the power-law function to the experimental data.
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i=2

*.. 3
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i=4

•• •
f=5

10
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Figure 1: Values of (F^) of rank 2, 3, 4, 5, as functions of bin width 5<p, for central
197
Au+ 197 Au collisions, at 800 AMeV beam energy.

The dependence of the anomalous fractal dimension on the rank i for the 197 Au+ 197 Au
collisions is shown in Fig.2 for three energies: 800 AMeV (squares, this analysis), 150
AMeV (triangles [1,2]) and 400 AMeV (circles [1,2]). Dashed lines represent linear fits
to the data. The linear dependence of the fractal dimension on the rank i may suggest
the sequential mechanism of fragment production. It is interesting to note that with
increasing bombarding energy the absolute values of the anomalous fractal dimension
decrease, while the slope seems to remain constant. The decrease of the fractal dimension
value with increasing energy has already been observed at ultra relativistic energies for
light bombarding systems [9].
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Figure 2: Values of the anomalous fractal dimension, in function of rank i, for
collisions.
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Event-to-event fluctuations as a measure of
equilibration in Ru+Ru collisions at 1.69 A GeV
I. Soliwoda, M. Kirejczyk, B. Sikora, K. Siwek-Wilczyriska

A novel method to study equilibration processes in ultrarelativistic nucleus-nucleus
collisions has been proposed [1,2] and applied [3]. The method involves the analysis of
event-to-event fluctuations in collisions with high multiplicity of detected particles. By
an appropriate choice of the fluctuating variables, chemical and thermal equilibration can
be studied independently [2]. Since the assumption of thermodynamical equilibrium plays
an important role in many theoretical approaches, also at lower energies, it is interesting
to verify the applicability of this method in collisions of nuclei at low relativistic energies.
The method introduces as a measure of fluctuations the parameter <E> defined as
>EV
—
<N >BV
with
dl-Lvl

.V z2

Z = Z?=1Zi
Aii

Ju>i

Jn

.

where X{ is the variable of interest of the i-th particle in an event of multiplicity JV,
x and z2 are averages of the inclusive distributions of x and ^2 respectively,
< >EV denotes averaging over events.
The study of equilibration can be guided by values of $ connected with two extreme
scenarios:
• in the "equilibrium" scenario, when products of the decay of a thermodynamically
equilibrated system are emitted, $ is equal to zero,
• in the "superposition" scenario — the other extreme — when a nucleus-nucleus (AA)
collision is an incoherent sum of single (first) nucleon-nucleon (NN) collisions, $ is equal
to its value for a NN collision.
Intermediate values of <E> may result from the decay of partially equilibrated systems
and can possibly be used as a measure of the degree of equilibration.
As a first test we chose to study the dependence of <2> on centrality. Data of the Ru+Ru
experiment at 1.69 A GeV with the FOPI [4] detector were analysed.
The various ranges of impact parameter b were selected by cutting on charged particle multiplicity (PM) and transversal-to-longitudinal energy ratio (ERAT). Monotonic
dependence of PM and ERAT on b as well as sharp cut-off were assumed. ERAT was
calculated for the forward hemisphere in the center-of-mass system [5].
The appropriate variable to study chemical equilibration is
I

X ~ d(tl - h0) — <
'

1 Tf^T l)^

n c

u i /

Jin

,

\ 0 f o r h l j£ h 0
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Figure 1: Values of the $ parameter related to chemical equilibrium for various ranges of
the impact parameter. Details are given in the text.

where hl denote types of detected hadrons and h0 — a selected hadron type which is
produced in the collision. In our case the amply produced 7r-mesons could be chosen for
hoThe resulting dependence of $ on b is shown in fig.l. The vertical bars represent
statistical errors of the $ values, the horizontal — equivalent sharp cut-off limits of b.
One can note a monotonic decrease of $ with decreasing b when going from peripheral
to semicentral, central (selected with PM only) and more central (selected by additional
cuts ERAT>0.58 and ERAT>0.72) collisions.
In a similar study of fluctuations related to the thermal equilibrium, the choice of
transversal momentum p± as variable is appropriate since p± is generated during the
collision. The $ values calculated for transversal proton momenta are shown in fig.2. The
ranges of b have been set by cutting on PM only, since the use of an ERAT cut could bias
the selection of events and therefore the observed fluctuations of p±. The dependence of
$ on b is similar to the one obtained from the fluctuations of chemical composition of the
reaction products.
The results of this study agree with the intuitively acceptable assumption that particles
are emitted from a source that is more equilibrated in central than in non-central collisions.
A more conclusive and quantitative interpretation should be supported by microscopic
19
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Figure 2: Values of the $ parameter related to thermal equilibrium for various ranges of
the impact parameter. Details are given in the text.

model simulations.
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New results in high-energy 7-ray emission in
heavy-ion collisions at 6-11 MeV/u.
M. Kiciriska-Habior, Z. Trznadel, K.A. Snover a , M.P. Kellya, J.P.S. van Schagen"
a

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

High-energy photon emission in mass-asymmetric heavy-ion collisions has lately been
intensively studied in the intermediate range of 6-11 MeV/u of projectile energy in 12C
+ 24'26Mg [1, 2, 3], 12C + 58<64Ni [4] and 18O + 100Mo [5] reactions. The two mechanisms important for 7-ray emission in the range of E1 = 5-50 MeV are the statistical
decay of the compound nucleus including the decay of the giant dipole resonance (GDR)
built on highly excited states, and the bremsstrahlung emission. The importance of the
second process grows with the increase of projectile energy. At all energies studied, the
bremsstrahlung emission successfully competes with the statistical decay at photon energies above E1 « 20 MeV. We have shown [2, 3, 5] that the two types of 7-ray radiation
may be disentangled by a simultaneous fitting of the theoretical calculations describing
both mechanisms to the measured cross section and angular distribution of the emitted
7-rays. In this analysis the statistical contribution has been calculated according to the
statistical model with a new version of the CASCADE code [2]. The bremsstrahlung
process at projectile energies around 10 MeV/u has been estimated on the basis of experimental results at higher projectile energies. Thus it was assumed that the bremsstrahlung
radiation is emitted in the first chance p-n collisions, its high-energy 7-ray spectra being
exponential: a^^E^
— aoexp^—E^/Eo), where Eo is an inverse slope parameter [6]. An
isotropic angular distribution in the nucleon-nucleon CM frame was assumed [6].
It was found that for all reactions mentioned here the fit of the angular distribution coefficient ^(.Ey) at Ey — 30-50 MeV with such assumptions is rather bad (see dashed curve
in Figs, la and 2a). In order to fit the measured high-energy 7-ray spectrum and ai(E^)
coefficient well, especially at the highest projectile energy studied, Ep/A = 11 MeV/u,
the bremsstrahlung cross-section ahnm(E^) has to be described by the inverse slope parameter Eo which depends on E1 energy. Similar, good quality fits may be obtained with
.So = const and the velocity of the emitting source larger than half of the beam velocity.
In order to explain the behaviour of the cr6rem(£7), we have performed the BUU calculations for 12C + 24'26Mg, 12C + 64Ni and 18O + 100Mo at 11 MeV/u [7]. It was found
that the total bremsstrahlung cross-section o-6rem(£'7) calculated with the BUU cannot be
described by a simple exponential formula with a single Eo value in the whole range of
Ey — 10-50 MeV. The Eo value extracted for different energy intervals is shown in Fig. 3.
Such variations of Eo versus E1 may be connected with the dependence of the £0 on the
impact parameter b found with the BUU and shown in Fig. 4. We have parametrized the
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dependence with the function Eo(Ey) = £$(1 + aEy + bE*), where parameters
a = 0.0166 and b = -0.00039 were found to reproduce the shape of Eo(E^) given by the
BUU. The EQ was treated as a free parameter in fitting the measured cross section and
angular distribution of the emitted 7-rays. The fits performed for both 12C + 24>26Mg and
12
C + 64Ni reactions well reproduce the 7-ray spectra and ai(.E7) coefficients (see solid
curves in Figs. 1 and 2).
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Figure 1: Gamma-ray spectra and a\
coefficients for 12 C -1- 26Mg reaction
at 11 MeV/u (see text).

Figure 2: Gamma-ray spectra and a\
coefficients for 12C + 64Ni reaction
at 11 MeV/u (see text).
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Figure 3: Energy dependence of the
inverse slope parameter calculated with
the BUU.

Figure 4: Inverse slope parameter E$
calculated with the BUU as a function
of an overlap distance between projectile
and target.
The velocity (3S of the emitting source is also characteristic for bremsstrahlung emission,
and affects the ax coefficient calculated in the nucleus-nucleus CM frame. Its value affects
the asymmetry of the angular distribution in the laboratory frame due to the Doppler
shift. In the simple picture of the individual first-chance p-n collisions fts should be equal
to the nucleon-nucleon CM velocity, /3NN, which is close to half of the beam velocity /?beam.
Due to the Fermi motion of nucleons in colliding nuclei the intrinsic momenta of the
proton and the neutron in a p-n collision add to the relative momentum of the projectile
and the target nucleons, and the resulting source velocity can differ from /?NN. The mean
velocity (3S of the emitting source can be estimated from the source velocity distribution
calculated with the BUU for each £ 7 energy and impact parameter value. With increasing
£ 7 , the value of < f3s >, averaged over impact parameter, approaches the value of the
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nucleon-nucleon CM velocity, /?NN (Fig. 5)
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Figure 5: Mean source velocity of the emitting source calculated with the BUU.
The fits performed with Eo(Ery) = const and f3s = k • /?beam require k larger than 0.5, in
order to reproduce the ai coefficient. Fits with k = 0.65 (dotted line in Figs, la and 2a)
as well as with k = k(E^) changing from 0.47 at £ 7 =20 MeV to 0.75 at £ 7 = 50 MeV
reproduce well the cross-section and a\ coefficient for 12C + 24>26Mg at 11 MeV/u [2].
Results of the BUU calculations suggest that the bremsstrahlung cross-section at high
E7 is lower than predicted by the simple exponential formula. Our data are not sensitive
to the shape of the <7j)rem(.E'7) in the low E7 range because of a large statistical contribution.
Another important conclusion inferred from the fitting to the data is that an appropriate estimate of the compound nucleus formation process (with incomplete fusion and
preequilibrium emission taken into account) has crucial influence on the extracted GDR
parameters and their dependence on average temperature and spin [3,5].
This work was partly supported by the Polish State Committee for Scientific Research
(KBN Grants No. 2 P302 071 07 and No. 2 P30B 035 15) and by the United States
Department of Energy.
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High-energy 7-rays from 12C -f- 58' 64 Ni reactions
measured at 6-11 MeV/u.
Z. Trznadel, M. Kiciriska-Habior, M.P. Kelly0, J.P.S. van Schagen0, K.A. Snovera
a

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

It has recently been shown that in mass-asymmetric heavy-ion reactions at 6-11
MeV/u such as 12C + 24'26Mg [1] and 18 O + 100Mo [2] statistical high-energy 7-ray emission
and bremsstrahlung emission may be disentangled when spectra and angular distributions
of 7-rays are measured and simultaneously analysed. In this way reliable Giant Dipole
Resonance (GDR) parameters and bremsstrahlung parameters have been extracted. In
order to obtain similar information concerning the bremsstrahlung process and the GDR
built in compound nuclei formed in medium-mass heavy-ion collisions, the 12 C + 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 Accelerator.
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 [3] at three beam energies: 5.5, 8 and 11 MeV/u.
The angular coefficients Ao, ax and a2 for both reactions in the nucleus-nucleus CM frame
have been extracted from the data by fitting Legendre polynomials, for the full data and
for fold > 2. The results for the 12C + 64Ni reaction are shown in Fig. 1. The upper
and middle rows show the Ao and a! coefficients, respectively. A large bremsstrahlung
component increasing with projectile energy is clearly seen at 7-ray energies above 20
MeV in Ao as well as in a\. The asymmetry observed in the a2 coefficient shown in the
lowest row suggests small deformation of the nuclei formed. Similar behaviour was found
for the 12C + 58Ni reaction (Fig. 2). Simultaneous fits of the theoretical calculations to
both Ao and ax coefficients are in progress.
This work was partly supported by the Polish State Committee for Scientific Research
(KBN Grant No. 2 P30B 035 15) and by the United States Department of Energy.
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Figure 1: Measured high-energy 7-ray spectra (Ao, top row), a,\ (middle row) and a2
(bottom row) angular distribution coefficients for 12C + 64Ni at 5.5, 8 and 11 MeV/u.
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(bottom row) angular distribution coefficients for 12C + 58Ni at 5.5, 8 and 11 MeV/u.
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Study of shape coexistence in the

142

Gd nucleus

R.M. Liedera, T . Rzaca-Urban 6 , H. Brands'1, W. Gast a , H.M. Jager a , L. Mihailescu a ,
Z. Marcinkowska 6 , W. Urban 6 , D. Bazzaccoc, G. Falconi c , R. Menegazzo c , S. Lunardi c
C. Rossi-Alvarezc, G. de Angelis d , E. Farnead, A. Gadead, D.R. Napoli^, Z. Podolak d
a

Forschungszentrum Julich, D-52425 Jiilich, Germany
Institute of Experimental Physics, Warsaw University
c
INFN, Sezione di Padova, 1-35131 Padova, Italy
INFN, Laboratori Nazionali di Legnaro, 1-35020 Legnaro, Italy
b

d

The neutron-deficient nuclei of the A~140 mass region have been extensively studied
in recent years, in particular the changes of the nuclear shape and the coexistence between
normal and superdeformed bands, as well as the magnetic rotation. In the present study
high-spin states, in 142Gd have been investigated with the 7 detector array EUROBALL
III. A " R u target, consisting of four self-supporting metal foils with a total thickness
of 0.84 mg/cm 2 , was bombarded with a 48 Ti beam of 240 MeV produced by the XTU
tandem-linear accelerator (ALPI) combination of the LNL, Italy. In this reaction, 142Gd
is populated with a maximum cross section through the 2p3n channel but neighbouring
Tb, Gd, Eu and Sm are also populated very strongly. In order to allow for an isotopic
separation and to increase thus the selectivity of EUROBALL III, the charged-particle
detector array ISIS, consisting of 40 Si-detector telescopes, has been mounted in the center
of the 7-detector array. Events were recorded when either >7 unsuppressed Ge detectors
or >6 unsuppressed detectors and ISIS fired. The total trigger rate was 12000 events/s for
a beam current of 6 particle-nA. Approximately 4.5-109 high-fold 7-events were collected.
In the analysis of the data set a full as well as one- and two-proton-gated and alpha-gated
7-7-7 cubes have been sorted. Previous knowledge of the level scheme of 142Gd results
from the investigations of Starzecki et al. [1] and Sugawara et al. [2]. In the present
work it has been considerably extended in excitation energy, spin and the number of
observed cascades. The previously known [2] three dipole bands have been extended and
a fourth one has been found. The order of the transitions deviates in the present work
from that proposed previously. Our preliminary level scheme of 142 Gd is shown in fig.l.
The long stretched E2 cascade labeled (+,0)i, extending to V = 34 + , is a candidate for a
highly-deformed band. The analysis, especially the search for bands of large deformation,
continues.
The work was in part funded by the Polish State Committee for Scientific Research
(KBN) grant No. 2P03B 05312
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Transition probabilities in negative parity bands of
the 119I nucleus
J. Srebrny, Ch. Droste, T. Morek, K. Starosta, A.A. Wasilewskia, A.A. Pasternak6, E.O.
Podsvirova*, Yu.N. Lobachc, G.H. Hagemann^, S. Juutinen6, M. Piiparinen6, S. Tormanen6,
A. Virtanen6
a

Institute for Nuclear Studies,05-400 Swierk, Poland
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In our investigation of the 119I nucleus [1], 15 bands were found. They show many
features, including one-, three-, five-quasiparticle structures, band termination and quasigamma excitations. The group of four negative parity bands, shown in Fig.l (named as
6,7,8 and 9 in Ref.[l]), can be interpreted as a h n / 2 quasiproton coupled to an axially
asymmetric core. The similarity of the energy of bands 7 and 8 in 119I to ground state and
quasi-gamma bands in 120Xe supports this interpretation. To test the importance of nonaxial quadrupole deformation, an extensive lifetime measurement of the negative parity
states using a Doppler shift and Doppler attenuation methods has been undertaken.
In the RDM experiment, which was performed with a relatively thick target, a method
proposed by A.A.Pasternak [2],[3], was used. Instead of the usual analysis of decay curves,
the lineshapes at different target - stoper distances were analysed using the same program
as for the DSA method. For this kind of the RDM analysis the name Recoil Distance
Doppler Shift Attenuation Method (RDDSAM) has been proposed. The method allows
the use of a relatively thick target. It increases the reaction yield and in some cases (low
energy 7 - transitions) enables analysis. The description of the method is given in [4] and
in this Annual Report. The analysis of experimental data gave the lifetime for 31 excited
states of U 9 I .
The experiment was performed at the Tandem Accelerator Laboratory of the Niels
Bohr Institute. The excited states of 119I were populated via the reaction 109 Ag( 13 C,3n)
at a bombarding energy of 54 MeV. Two kinds of measurements were performed using
the Doppler Shift Attenuation Method (DSAM) with a thick self-supported target of
5.7 mg/cm 2 and the Recoil Distance Method (RDM) with thin targets of 0.69 and 0.82
mg/cm 2 . A plunger device was installed inside the detector array. The 77 coincidences
were collected with the NORDBALL detector array, consisting of 20 Compton-suppressed
Ge-detectors placed at four different rings at the angles of 37°, 79°, 101° and 143° relative
to the beam direction. The distance between detectors and target was equal to 17.7
cm. The coincidence spectra gated on transitions below the transition of interest and
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the sums of these gated spectra were analyzed. In a few cases, when statistics allowed,
spectra gated on transitions above the one of interest were used. The Doppler-attenuated
7-lines measured at 37° and 143° were used for the DSA-analysis. The RDM-experiment
was performed at 16 target-stopper distances, namely 15, 22, 29, 37, 42, 52, 72, 92, 4022
and 8022 /xm for the 0.82 mg/cm 2 thick target and for 122, 222, 322, 522, 1022 and 2022
for the 0.69 mg/cm 2 thick target.
The analysis of the experimental lineshapes was carried out using an updated version
of the package of computer codes for the DSAM and RDM data [4]. For the RDM data,
the lineshapes from all sensitive distances were analyzed simultaneously.
Unique information about four negative parity bands originating from the h u /2 quasiproton coupled to an axialy asymmetric core was obtained. This was possible because: (i)
joint analysis of the DSA and RDM data was used (ii) the most important contributions to
experimental inaccuracy were substantially reduced using the selfcalibration of stopping
power formula parameters as well as statistical side feeding times.
B(E2) values for 39 transitions were determined from measured lifetimes of 31 negative
parity levels. It is one of the largest sets of the B{E2) transition probabilities (see Fig.2)
for odd - A nuclei from the 50<Z,N<82 region.
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Lifetimes of 31 negative parity states in the 1 1 9 I nucleus were obtained [1] using the
Doppler shift and Doppler attenuation methods. B(E2) values for 39 stretched E2 interband and intraband transitions were established. This gives a very good basis for the
theoretical study of a quadrupole collectivity in 1 1 9 I . The negative parity states in 1 1 9 I
have very simple structure based on the intruder lhn/ 2 proton state placed high above
the Fermi level. This means that the properties of the negative parity states in 1 1 9 I do
not depend strongly on the position of the h u / 2 level which is only approximately known
from the Nilsson model calculation. Thus, a reliable conclusion about the properties of
the 1 1 9 I nucleus can be drawn.
Negative parity states in 1 1 9 I were analysed in the framework of the Core Quasi-Particle
Coupling (CQPC) model [2]. The CQPC model treats the states of the odd-A nucleus as a
superposition of states in which an odd particle is coupled to the (A-l) even-even core, and
an odd hole is coupled to the (A+l) even-even core. The odd particle/hole are coupled
to the core due to the quadrupole-quadrupole interaction. The pairing interaction is also
taken into account. Usually, one can take real (A-l) and (A+l) nuclei as even-even cores.
That is not the case of nuclei with Z or N close to the magic number. Then the nuclear
properties change rapidly and the cores differ significantly (due to the polarisation effect)
from real adjacent nuclei. Such a situation is found for the 1 1 9 I nucleus. The properties
of 1 1 8 Te and 1 2 0 Xe are drastically different because of the proximity of the Z=50 magic
number. The energies of the decoupled band in U 9 I follow the energies of the ground state
120
118
118
band in Xe rather than that in Te. It seems that the l h 1 1 / 2 proton added to Te
120
changes the properties of the (A-l) core, which becomes similar to Xe.
I20
Information about the level scheme of Xe is available from experiments and can
be taken as input data. However, data about matrix elements are very scarce. One
can overcome these difficulties using theoretical models with parameters fitted to the
experiment. They give a large set of CQPC input data indispensable for obtaining reliable
results about properties of the odd-A nucleus.
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Table 1: Reduced transition probabilities B(E2) in the 120Xe nucleus. Experimental
values [5] are compared with calculated ones in the 7-soft (WJ) and 7-rigid (DF, different
7o according to A,B and C variants) cores. The B(E2) values are given in e2b2 units.
exp
Transition WJ
DF-A,7o=23.4°
2+-+0+ 0.31 0.36 ±0.03
0.36
4+^2+
0.45 0.42 ±0.04
0.51
0.54 0.44 ±0.05
0.61

DF-B,7o= 30°
0.39
0.54
0.68

DF-C,7O=37O
0.43
0.64
0.81

Table 2: Parameters for rigid cores.
variant
7o

Po
£(2+)(keV)

DF-A DF-B DF-C
23.4°
30°
37°
0.29
0.31
0.36
322.4 200
130

We applied two different nuclear models to describe core properties: the Wilets-Jean
(WJ) model [3] and the Davydov-Filippov (DF) model [4] for the 7-rigid rotor. In the
CQPC calculations the 43 and 33 lowest states (up to maximal spin R=16+) were taken
from the WJ and DF models, respectively. The simplifying assumption was made, that
properties of the (A - 1) and (A + 1) cores are the same.
To describe the 7-soft cores for the 1I9I nucleus, the Willets-Jean model was used in
the extended version given by Dobaczewski et al.[6]. The comparison of W7J calculation
results with the experimental data for 120Xe is given in Table 1. The results of 119I CQPC
calculations using the W7J core are shown in Table.3. The calculated B(E2) values agree
well with the experiment for both 120Xe (Table 1) and 119I (Table 3) data, also the energy
of levels are reasonably well reproduced.
To describe the 7-rigid cores for the 119I nucleus, the Davydov-Filippov model was
used. The model parameters, namely po and 70 and the energy E(2i") of the first 2 +
state, are listed in Table 2. Three variants were considered:
A - the properties of the core follow real 120Xe
B - the parameter j0 = 30°. It corresponds to < 7 > = 30° in the 7-soft core. The rest
of the parameters were adjusted to reproduce U9 I
C - all parameters were adjusted to reproduce properties of U 9 I, particularly transition
probabilities in band 9 (band numbering following Fig.l in [1], [7]).
In variant A the core 120Xe parameter /3o=0.29 was obtained from the experimental
value of lifetime r(2f)=Q4 ps [5], whereas the asymmetry parameter 7 = 23.4° was taken
from the experimental value of the ratio E(2%)/E(2?) = 2.72 [8]. Such a 7-deformation
parameter for 120Xe agrees with the systematics for the neighbouring Xe nuclei [9]. The
experimental energies of the 120Xe nucleus were taken as input data for the CQPC model
calculation. When the experimental energy for spin R was not available, then the calculated one was taken. Reasonable agreement with the experiment is obtained for bands 6,
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Table 3: Experimental and theoretical values of B(E2) (in e 2 b 2 units) for the negative
parity states in 119 I. In column 3 the results of calculation with 7-soft cores (< 7 >=30°)
are given. Columns 4, 5 and 6 present the result for 7 -rigid cores.
Experiment
Band 9
27/2-4 23/2
23/2-4 19/2
19/2-» 15/2
15/2-4 11/2
11/2-)- 7/2
Band 8
2 7 / 2 ^ 23/2
23/2-> 19/2
19/2-4 15/2
15/2-> 11/2
Band7
27/2-> 23/2
23/2-4 19/2
Band 6
25/2-> 21/2
21/2-* 17/2

7-soft
WJ

7o=37°
DF-C

7o=30°
DF-B

7o=23.4°
DF-A

0.31
0.24
0.28
0.34
0.15

(+0.09,-0.06)
(+0.05,-0.04)
(+0.04,-0.03)
(+0.05,-0.04)
(+0.04,-0.03)

0.41
0.32
0.17
0.28
0.17

0.30
0.34
0.24
0.24
0.11

0.29
0.18
0.40
0.09
0.07

0.47
0.45
0.40
0.05
0.04

0.49
0.48
0.49
0.41

(+0.10,-0.07)
(+0.09,-0.06)
(+0.05,-0.04)
(+0.03,-0.03)

0.68
0.62
0.50
0.33

0.81
0.66
0.33
0.35

0.72
0.52
0.37
0.37

0.62
0.57
0.50
0.46

0.59 (+0.15,-0.10)
0.29 (+0.10,-0.06)

0.48
0.43

0.52
0.37

0.45
0.24

0.47
0.49

0.62 (+0.12,-0.09)
0.64 (+0.22,-0.16)

0.59
0.48

0.74
0.54

0.63
0.52

0.61
0.58

7 and 8. Band 9 is less regular than observed in the experiment. The electromagnetic
properties of the band 9 are not reproduced. Theoretical calculations predict B(E2) values a few times smaller than the experimental ones for the 15/2" —> l l / 2 ~ and l l / 2 ~ -4
7/2~ transitions (see Table 3). This indicates that the 7-deformation of the (A-l) core in
U9
I is not equal to 23°.
In variant B we tried to describe the experimental data assuming 7-rigid cores with a
fixed asymmetry parameter 7 o =30° (see Table 2), which corresponds to < 7 >=30° in the
case of the 7-soft cores. Reasonable agreement with experimental data was obtained for
bands 6,7 and 8. Strong disagreement with the experiment is observed in band 9. Theory
predicts irregular spacing between levels and low J5(E2) value for the 15/2~ -4-11/2" and
l l / 2 ~ -4 7/2~ transitions (Table 3). In variant C it was found that the electromagnetic
properties of band 9 are better reproduced for 7O = 37° (see Table 2) although band 6
becomes so much lower, that together with band 8 they create a strongly coupled AI=1
band structure. It seems difficult to reproduce simultaneously the level scheme and the
electromagnetic properties of 119I within a 7 rigid core model since band 9 requires a higher
value of 7 0 -parameter than the other bands. This indicates superiority of the 7-soft model
over the 7-rigid one.
Our conclusions about U 9 I are the following: 6eta-deformation seems to be at least as
large as that of 120Xe (/? « 0.28) and the 7-deformation is around 30°. These conclusions
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Ch. Droste et al.

agree with the results of microscopic calculations [10] according to which the transitional
nuclei from the considered mass region are 7-soft with an average value of 7-deformation
close to 30°. The properties of band 9 in U 9 I exclude the asymmetry parameter j o « 23°
that describes the shape of 120Xe in the framework of the 7-rigid model. One can see,
that the most valuable information concerning the shape of 119I is based on the properties
of the unfavored states, especially those belonging to band 9 with their regular energy
spacing and fast intraband transitions. It is worthwile to mention that band 9 was not
well reproduced in the framework of the cranking shell model calculation [8]. The energies
and electromagnetic properties of bands 6, 7 and 8 are not very sensitive to 7-deformation
in the studied range of 20° - 40°. Experimental data for all negative parity bands give
evidence that 119I has the quadrupole shape close to maximal nonaxiality. We conclude
also that the CQPC model with a gamma-soft core is the best one to describe negative
parity bands in 119 I.
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The microscopic approach to the general collective Bohr hamiltonian [1],[2] was formulated many years ago in order to investigate the coupling between nuclear rotations
and surface oscillations. This microscopic Bohr hamiltonian still offers a consistent way
to interpret nuclear collective modes directly referring to single-particle degrees of freedom. Within this approach one can construct realistic models of the collective quadrupole
excitations in different nuclei without introducing free parameters and fitting procedures
which is rather inevitable if calculations are made in the frame of phenomenological descriptions (as, for instance, in [3] or [4]). This important feature allows to investigate the
structure of collective bands in the wide range of even-even nuclei using no adjustable
parameters except those fixed for all nuclei: the single-particle potential parameters and
the strength of the residual pairing interaction.
However, the microscopic approach to nuclear collective excitations has not been as
useful as it could be because it fails to reproduce the experimental level densities. It is well
known [2] that the energies of excited levels obtained within the microscopic Bohr model
are in general larger than measured ones. The possible reason for such a disagreement
found in Ref.[5] was the absence of an important collective degree of freedom connected
with pairing vibrations [6]. The strong influence of pairing correlations on collective
nuclear movements contributes to the coupling between quadrupole and pairing vibrations.
For this reason the pairing energy gap A should not be artificially fixed at its equilibrium
point (found from the BCS equations) when studying nuclear collective excitations. In
fact, A should be treated as a collective variable representing changes in the pairing field
due to coherent nucleon movements composing collective modes.
Recently we have developed in Ref.[7] an approximation based on the general Bohr
hamiltonian which includes the average effect of pairing dynamics to the quadrupole
excitations. In this work we would like to present the results of calculations performed in
the region of neutron-rich deformed nuclei from the mass region of A « 100 and compare
them to experimental data. The results confirm the importance of the coupling with the
pairing vibrations in proper treatment of the nuclear collective quadrupole excitations.
In order to take into account the exact coupling between quadrupole shape oscillations
and pairing collective modes, we should solve the full "quadrupole + pairing" problem,
which is rather troublesome because of 9 degrees of freedom to be dealt with: two intrinsic
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variables /? and 7 parametrizing the shape of nuclear surface, three Euler angles for its
orientation in space (denoted in short as Q), two gap parameters A p and A n for protons
and neutrons and two corresponding gauge angles <^,</»n. Assuming that the coupling
between quadrupole and pairing variables is weak enough to neglect mixing terms, we
can derive an approximate solution. The approximate collective hamiltonian consists of
two known terms 1 (the operator ii-mi mixing quadrupole and pairing variables will be
neglected in further calculations):
KCQP

=

KCQ(/?,

7, ty Ap, A") + ftcpfA", A"; /?,7) + # i n t .

(1)

The first term "HCQ describes quadrupole oscillations and rotations of a nucleus and it
takes the form of the generalized Bohr hamiltonian [1].[2],[7] (in Ref.[7] it was denoted as

= t,h(p,7;

A", An) + tot(/?, 7, fi; A p , A") + ycoll(/?, 7; A', A"),

(2)

where Vcou is the collective potential. The kinetic vibrational energy reads

(3)
and the rotational energy is
1

~

*"

(4)

" fe=i

The intrinsic components of the total angular momentum are denoted as Ik, (k = 1, 2, 3),
while w and r are the determinants of the vibrational and rotational mass tensors. The
mass parameters (or vibrational inertial functions) B^. Bpy and £ 7 7 together with moments of inertia J*, (k = 1, 2,3) depend, in general, on intrinsic variables /?, 7 and pairing
gap values A p , A". All inertial functions are determined from microscopic theory. We apply the standard cranking method to evaluate the inertial functions assuming that the
nucleus is a system of nucleons, which interact through monopole pairing forces, moving
in a deformed mean field (Nilsson potential)
Instead of solving the eigenproblem of the collective hamiltonian (1) we first find
the pairing vibrational ground-state wave function tytf and the ground-energy E{f of
hamiltonian %CP alone at each deformation point. The most probable value of the energy
gap Avib corresponds to the maximum of the probability of finding a given gap value in
the collective pairing ground-state (namely the maximum of the function ^ ( A ) ) ^ (A))2)As it is shown in Fig.l, the Avib is shifted towards smaller gaps from the equilibrium point
Aeq determined by the minimum of Vpa\T (or by the BCS formalism). Such a behaviour
of the pairing ground state function ^ is due to the rapid increase of pairing mass
parameter BAA and it appears in most cases. In general, the ratio of Avib to A eg is of
a

The quantities placed after the semicolons in all of the formulae given below are not treated as
dynamical variables but as parameters.
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Figure 1: The pairing vibration mass parameter (.BAA)) an<^ potential (V^ajr), and the
ground-state function ($$) in dependence on the pairing energy gap A for the system
of 60 neutrons at the deformation point (3 = 0.2, 7 = 20°. The equilibrium value of the
energy gap is A e? « 0.14/iWo, the most probable one is Avn, « 0.09hui0-

about 0.7. Next, we diagonalize hamiltonian (2) just in the point corresponding to the
most probable gaps Apvib, A£i6, i.e.
= A p v i b , &n =

, 7,

Anvib).

(5)

This means that all collective functions appearing in Eq. (5) are calculated using the
most probable pairing gap values for protons and for neutrons instead the equilibrium
ones.
The approximation described above is rather crude but, as we would like to exemplify
below, it includes the main effect (at least on average) of the coupling with the pairing
vibrational mode. This procedure significantly improves the accuracy of reproducing the
experimental data but it introduces no additional parameters into the model.
Recent experimental investigations of the collective properties of even-even neutronrich Ru isotopes presented in Ref.[8] and Ref.[9] caused a discussion about the role of the
7 deformation in this region. These nuclei are expected to be triaxially deformed: both,
predicted [10] and experimentally deduced by fitting to the rigid triaxial rotor model [8] the
equilibrium 7 values are close to 20°. On the other hand, some observations [9] suggesting
that Ru isotopes are rather 7-soft with prolate equilibrium shapes have been made. In
consequence, different (even opposite) phenomenological approaches, like the rigid triaxial
rotor model [4],[8], the rotation-vibration model [4],[9] and a more general (but still based
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on the geometrical approach) collective model adopted in Ref.[4] were applied in order
to interpret collective bands in Ru isotopes, each with comparable success. It seems
that the reason of such a situation may be connected with some essential difficulties in
determining equilibrium shapes. The collective potentials calculated within our model
appear generally triaxial, which is in agreement with the expectations of [8],[10]. They
are, however, very soft.

104
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Figure 2: The experimental [11],[12] and the theoretical (connected by straight lines)
excited levels in 104Ru versus angular momentum J71'. The theoretical values were calculated including the effect of coupling with the pairing vibrations ("new") and without
this coupling, i.e. within usual microscopic Bohr model ("old").
Diagonalizing hamiltonian (5) with such collective potentials, we have obtained the
excitation energies and the corresponding wave functions of 104~114Ru (dependent on
P and, rather smoothly, on 7 deformation). The calculated energies of positive parity
states of 104Ru presented in Fig.2 (see the part marked as "new") agree very well with the
measured ones. For comparison we also present (see the part of Fig.2 marked as "old") the
excitation energies obtained with the original Bohr hamiltonian without pairing dynamics.
As one can learn from Fig.2, the improvement in reproducing the experimental data caused
by coupling with the pairing vibrations is really significant.
38

Low-lying quadrupole collective excitations of Ru and Pd isotopes

U
yband

g.s. band
.Q

A

0J band

1 .0
0.5
0.0

CM

UJ

-0.5

-3

V

-1.0
I

I

1 1 1

2 + 4+ 6+8

2+

4+ 6 + 8 +
i7T

J71

II

1

1

1

2+ 4 +

71

Figure 3: The experimental [11] and the calculated reduced diagonal matrix elements of
the quadrupole electric operator in excited states of 104 Ru. The theoretical points are
connected by straight lines.

To find real proof of the proper identification of obtained wave functions we have
investigated their electromagnetic properties. The experimental evidence gathered by
Coulomb excitations by J.Srebrny et al [11] and by J. Stachel et al [12] for 104Ru is fairly
rich so we can verify our results in detail. Calculated diagonal matrix elements of the
quadrupole electric operator in the excited states of this nucleus are compared with the
observed ones in Fig.3. Theoretical values follow experimental data, the agreement is
good enough to reproduce almost exactly the change of the quadrupole moment of 104Ru
along the bands.
In Fig. 4 we present theoretical and experimental intraband and interband reduced
E2 transition probabilities. The results of calculations show that the wave functions
obtained in our approximation really represent low-lying excited states of104Ru. We have
obtained too small values of the probabilities of E2 transitions between members of the
ground-state band but they are still close to the data. Besides, for the 7 and (# bands we
have reached a very good agreement with the observed E2 transition probabilities. Even
some weak probabilities of the band-to-band transitions obtained in this work are nicely
confirmed by experiment [11]. We have obtained similar agreement with experimental
data for the energy of excited states in iO6,io8,iio,ii2,ii4Ru i s o t o p e s I n r e c e n t y e a r g ) r a t h e r
intensive theoretical investigations of 108 - 112 Ru within different phenomenological models,
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Figure 4: Theoretical reduced E2 transition probabilities (open points connected by
straight lines) in comparison to the measured values [11],[12] (black points) in 104Ru.

e.g. the triaxial rotor model [8],[4], the rotation-vibration model [9],[4] and the generalized
collective model (GCM) [4] were carried out. All these models have numerous parameters
fitted to the data (for instance 8 parameters for each nucleus in the GCM). Thus the
direct comparison of earlier results with ours, which were obtained without any adjustable
parameters, does not seem to be very useful. Nevertheless, within the approach presented
here, the calculated energies of excited levels in 108-112Ru are situated almost as close to
their experimental positions as in Ref.[4], The accuracy in reproducing the observed band
structure suggests almost pure quadrupole nature of low-lying states in the Z — 44, A =
104 — 112 nuclei. According to our calculations their shapes are in general triaxial and
7-soft. The coupling between quadrupole and pairing collective degrees of freedom plays
an essential role in the description of the neutron-rich Ru isotopes but, on the other hand,
the shape and pairing vibrations can, to some extent, be treated separately.
Acknowledgments: This work was supported in part by KBN contract no. 2 P03B
06813.
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Lifetimes of 31 negative parity states in the 1 1 9 I nucleus were measured [1] using
Doppler methods. In the Recoil Distance Method (RDM) experiment, which was performed with relatively thick target, a method proposed by A.A.Pasternak [2, 3] was employed. Instead of the usual analysis of decay curves, line-shapes were analysed using the
same program as for the Doppler Shift Attenuation (DSA) method. The name Recoil
Distance Doppler Shift Attenuation Method (RDDSAM) for this kind of RDM analysis
has been proposed. In this method shifted and unshifted peaks are regarded as components of a single 7-line.Line-shapes from all distances were analyzed simultaneously. It
is therefore possible to obtain a reliable lifetime value even for cases when components
overlap. For low-energy 7-line when both components are not resolved and for cases when
target thickness is comparable with the range of recoils, the RDDSA method is the only
possible one to be applied.
The experiment was performed at the Tandem Accelerator Laboratory of the Niels
Bohr Institute. Details of the experiment can be found in [1]. The analysis of the experimental line shapes was carried out using an updated version of the codes [4] for DSAM
and RDM data. The description of the codes and methods of analysis is given in [5].
Below, we show only an important point different from that used by other authors,
namely the internal calibration of stopping power formula parameters. It is an important
task for analysis for both types of experiments: RDM and DSAM. The slowing-down
process is described by the following expression [4, 6, 7] :
de/dp = feke1'2

+ fne1/2/(0.67<pn

+ 2.07e)

(1)

where e and p are the energy and the range in Lindhard units; k is the Lindhard electronic stopping power coefficient; fe and fn are the correction factors of the Lindhard
cross sections for electronic and nuclear stopping power, respectively; <pn is the additional
correction factor of nuclear stopping power calculated from LSS-theory [8].
109
In the present experiment the same material ( Ag) was used for the thick target
DSAM experiment and for the thin target RDM experiment. This gave a good opportunity
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for determination of stopping power parameters and improves the lifetime measurement
accuracy for both experiments. This was done by shape analysis of the 7-line emitted by
recoils moving through the vacuum after leaving of the target. The following conditions
have to be fullfiled for the use of this method:
a) target thickness should be compatible with the range of recoils,
b) TSP<^T where r3p is a characteristic time for stopping of recoils in the target and r is
the lifetime of nuclear state.
Under such conditions, line-shape ( including 7's emited in vacuum ) is fully determined by slowing-down and multiple scattering of recoils in the target, assuming that
the kinematics of the nuclear reaction and target thickness are well known. In the RDM
experiment at large distances between target and stopper the target thicknes was 0.82
mg/cm 2 . In the reaction 109 Ag( l3 C,3n) was used to produce 119 I. This target thickness
fulfilled condition a). The most intensive 7-lines 337 keV (r « 45 ps) and 462 keV (r » 8
ps) observed in the spectrum gated on the 590 keV transition were analyzed at a distance
equal to 8022 /mi which fulfills condition b). The value of the correction factor for electronic stopping power was determined as fe = 1.27±0.07. That value agrees well with the
one obtained by a similar method for stopping Cd recoils in a Cd target (fe=1.28±0.10) [7]
and In in Mo (fe=1.30±0.15 [9]. In [10] the electronic stopping parameter for I ions in Ag
was measured directly and agreed with our result (f e =1.36±0.11). The correction factors
of nuclear stopping power were determined as /n=<^n=:0.70±0.07. This agrees with the
case of Cd in Cd (fn=y?n=0.62±0.06) [7]. Range projected on the beam direction of Ag
ions in Ag foil measured by Blaugrund [11] gave / n =<p n =0.55±0.10.
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Mapping device for INTEGRAL/SPI single detectors
R. Marcinkowski0-6, M. Denis6, B. Kandelc, F. Albernhec, V. Borrelc, G. Rouaixc, P. Frabelc,
J. Slomiriski6, R. Wronowski6, J. Juchniewicz6
a

Institute of Experimental Physics, Warsaw University
Space Research Center, PAS, PL-00-716 Warszawa, Bartycka 18A, Poland
CESR, 9 avenue du Colonel Roche, BP 4346, 31028 Toulouse Cedex 4, France

6
c

Abstract:
The INTEGRAL gamma-ray spectrometer SPI, being a system of 19 HPGe detectors
combined with a coded mask aperture, will provide sky images. In order to make
possible the deconvolution of these images, the response of the detection plane must
be well known. A first experiment of a single detector efficiency mapping revealed
great variations. It is therefore clear that a detailed study of the local efficiency of
the detectors as a function of position and angle of incident photons is needed. In
this paper we present a setup allowing such studies. Performance and limitations
of this mapping system are presented, illustrated by the first results obtained for
one SPI detector. We also present results of the Monte Carlo simulation of the
experiment.
1. Introduction
SPI (Mandrou [1]) is a system of 19 HPGe 7-ray detectors (actively shielded by BGO)
with a coded mask aperture. Each detector is a regular hexagonal prism with rounded
corners and a central bore for polarization (fig. 1, 2). The 19 germanium crystals form
honeycomb-like array. In general, the signal Si registered from the i-th detector will be
a convolution of the source distribution I with the mask transparency function M and
local efficiency of the detector Wf.
Si = JI{e^)M(xi,yh0,(f>)Wi(xi,yi,6,(l))dxidyidQ

+ Bi, i = 1 . . . 19

(1)

where 9,<p- source coordinates, Xi, yi - coordinates on the detector surface, B{ instrumental background. In order to determine /, the local efficiency W must be well calibrated.
Previous laboratory measurements of W have already shown important spatial variations
(Kandel [2]). In this paper we present an advanced laboratory setup (section 2) devoted
to these type of measurements and the first results we have obtained (section 3). We also
performed Monte Carlo simulations of our experiment and the results are presented in
section 4.
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2. Experimental setup
A scheme of the experimental setup is shown in figure 3. The main element is a
displacement device with a controllable moving arm. A tungsten collimator with a 1.5millimeter diameter and 10-centimeter-long hole is fixed to this arm. The radioactive
source (multiline 152Eu) is mounted inside the collimator. The displacement device is
able to put the collimator in any position and angle in front of the detector surface. The
whole setup is controlled by two computers in such a way that measurements are fully
automatic, including collimator displacement, spectra acquisition and data processing.

Figure 1: SPI HP-germanium crystal

Figure 2: Slided view of the Ge crystal

3. Measurements and results
Measurements began in winter 1997 with an INTEGRAL prototype germanium crystal
(fig. 1) mounted in a standard aluminum capsule and cooled by to 77 K liquid nitrogen.
The detector was scanned according to a rectangular or hexagonal net with the photon
beam direction perpendicular to the detector surface. One exposure lasted 1 hour giving a
significance better than 5% for the five strongest lines. Spatial distribution of line intensity
(arbitrary units) for three energies is shown in figure 4a. They have been retrieved from
a scan on a rectangular net (15x18) with a 4 millimeter step.
4. Monte Carlo simulation
All measurements were simulated using the standard GEANT code. The geometry
used in this simulation included the main elements of the setup, like the collimator and
the germanium crystal (fig. 1) with aluminum capsule. The main goal of the simulation
was to evaluate the impact of the collimator on the overall efficiency measurements.
Because photon tracking through the 10 centimeters of tungsten is very CPU-time
consuming, we simplified spatial and angular distributions of the generated photons. Figures 4 and 5 compare measured and simulated local efficiency for the three strongest lines
of 152Eu: 121, 344 and 1408 keV.
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Figure 3: Scheme of the experimental setup. Arrows show four degree of freedom

5. Discussion
Measurements clearly show a spatial modulation of the local efficiency of our detector. As expected, the amplitude of modulation increases with energy, as the photoeffect
cross-section decreases in favor of Compton scattering. Our M.-C. model reflects at a satisfactory level the laboratory setup, test of agreement of distributions presented in figures
4 and 5 gives reduced x2 ranging from 0.3 to 1.8. Detailed analysis of the simulated events
shows that the region illuminated by the radioactive source photons is larger than it might
be expected from simple geometric considerations (a 1.5 mm hole seen by a point source
at 10 cm). At energies below 1 MeV the spreading is mainly due to photons undergoing
Rayleigh scattering close to the boundary of the collimator hole, making the 7-ray spot
on the detector surface larger by 5-10%. The contribution of Rayleigh photons to the
total number can be significant, reaching «70% at 700 keV, but has no effect on beam
energy, as Rayleigh scattering conserves photon energy. Above 1 MeV the spreading of
the 7-ray spot is caused essentially by the decreasing absorption in tungsten and smaller
effective thickness of the collimator material seen by photons emitted at angles \9\ < 4°
with respect to the main collimator axis. Typically, for 1408 keV, 95% of photons leaving the collimator without loss of energy are found in a spot twice as large as the hole
diameter.
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SIMULATION 1408 *

Figure 4: Local efficiency for 152Eu lines:
122, 344 and 1408 keV. Line intensity is
shown in arbitrary units

Figure 5: Simulated local efficiency for
measurement presented in fig. 4 (arbitrary units)
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Prototype tests of the modified Plastic Barrel for the
upgraded FOPI detector
Z. Tymiriski, K.D. Hildenbranda, B. Sikora
a

GSI, Darmstadt

In order to extend the so far successful program of experiments with the FOPI spectrometer [1] at GSI, an upgrade program has been started by the FOPI collaboration.
The most attractive perspective of studying collisions of heavy nuclei at energies up to
2A GeV (the highest available at GSI) calls for improvements of TOF resolution and the
capability to handle high multiplicities of reaction products.
As a part of the upgrade programme, the scintillator-Barrel TOF detector will be
modified with the aim of reducing multihits and improving its TOF resolution. The
multihit problem can be solved by reducing the polar angular coverage and replacing a
part of each scintillator strip (90 cm) by a nonscintillating light guide while keeping the
original granularity of the Barrel (180 strips). Instead, the respective solid angle accepting
the highest multiplicities will be covered by a high-granularity fast spark counter of the
Pestov type. The improvement of the TOF resolution is expected after replacing the old
Russian scintillators with new Bicron BC-408 strips. The old strips lost their original
resolution (OTOF > 170ps) due to ageing (over ca 9 years).
Several prototypes of the modified Barrel counters were built and tested with the SIS
beam of quasi minimum-ionising particles. The geometry of the modified counter and of
the test is shown in fig.l. To check the effect of new scintillating material, counters with
old and new strips were compared.
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Figure 1: The geometry of the modified Barrel counter and of the test measurements.
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The position x (see fig.l) along the scintillator was determined by an active collimator
- a pair of small ( 2 x 2 x 2 cm3) scintillation counters in coincidence. Assuming the precise
localisation of the light pulses and noncorrelated fluctuations of times Tr and T) from the
"right" and "left" phototubes, one can derive the TOF resolution from the width of the
time difference Tr — Tj spectrum:

= \a{Tr

(1)

obtained in this way characterizes the intrinsic resolution of the Barrel element.
It does not contain the the contribution of the start detector to the resolution in an
experiment.
Figure 2 presents the measured TOF resolutions and the linearity of Tr - T; as a
function of true position x (lower panel). The ratio of CTTOF values for minimum ionizing
particles for BC-408 and the old Russian scintillators agrees with the estimated effect
of different light loss due to attenuation in both materials. Independently measured
attenuation lengths are 2.7 m and 1.0 m for new BC-408 and typical old Russian strips
respectively.
The values ofCTTOF < 140 ps obtained with the Bicron BC-408 scintillator
CTTOF
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Figure 2: Upper panel — TOF resolution for BC-408. Middle panel — the same for the
the old Russian scintillator. Lower panel — TT —Ti values as a function of position x.
meet the expectations and justify the investment in replacing the old material.
References
[1] A. Gobbi et al, Nucl. Instr. Meth. A324(1993)156,
J.L.Ritman. Nucl. Phys. B44(1995)708.

52

PL9901650

Nuclear Physics Division IEP UW

ANNUAL REPORT 1998

The UWIS isotope separator
A. Wojtasiewicz

Since 1996 the UWIS group has been carrying out the ISOL/IGISOL project [1] at
the Heavy Ion Laboratory. The aim of this project is the construction of an experimental
set-up for studies of nuclei far from stability on line with the heavy ion cyclotron. In 1998
the following works were performed:
- the ion source chamber was mounted in its place; it was connected to the heavy ion
beam line, an isotope separator, as well as to the Roots pumping system,
- the target chamber and the the ion guide chamber were installed inside the ion source
chamber,
- a helium gas supply system was completed and connected to the ion guide chamber,
- construction of the central beam line (behind the selector chamber) was finished; it
consists of an electrostatic quadrupole triplet, two observation cubes, a tape transporter
and its vacuum system; a high-sensitivity grid scanner and a Faraday cup are installed in
the second cube (in the vicinity of the detection point).
In this manner the mechanical mounting of the whole IGISOL device was completed.
Tests of dynamical vacuum were then performed. The vacuum in the different regions
of the isotope separator was measured against the different pressures of helium in the ion
guide chamber. For instance, when the helium pressure was increased from 50 to 900
hPa, the vacuum in the extraction region decreased from 2x10 -5 to 3x10-4 hPa and the
vacuum in the collector chamber remained constant: 4x10-6 hPa. These results show that
our pumping system assures fairly good conditions for an IGISOL device. High voltage
tests were also performed. One can conclude from these tests that it is possible to operate
our IGISOL device with high voltage of up to 45 kV on the ion source.
To study, control and improve, if necessary, the ion optics of the IGISOL system, a
special corona ion source [2] was designed, mounted and installed in the ion guide chamber.
It allows the study of ion optics in simulated on-line conditions.
This work was performed in collaboration with the Nuclear Spectroscopy Division —
Warsaw University, the Soltan Institute for Nuclear Science — Swierk and the Heavy Ion
Laboratory — Warsaw University.
Acknowledgments: We are much indebted to prof. R. Beraud (IPN Lyon) for advice
concerning our installation as well as for his help during vacuum tests. We are grateful to
dr J.C. Putaux (IPN Orsay) for his help during the construction of the corona ion source.
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The computer network of the Nuclear Physics
Division
M. Kowalczyk

Computer support available for all the NPD staff is based on a VMS cluster and
Novell servers. Users generally work on diskless IBM PC compatible computers that are
used both as X-terminals and as typical PCs running MS DOS/MS Windows 3.1. Some
resources and computers are reserved by experimental groups for separate use.
The scheme of the NPD local network is presented on the figure. The VMS cluster
consists of two AlphaStations and two VAXstations. The base computer is an AlphaStation 500/400 equipped with 288 MB of RAM, about 27 GB of total disk space, two
Exabyte 8500 drives and DLT 4000 tape drive. Last year a new 8.5 GB disk designed for
users' home directories was installed in this computer. Also a second SCSI controller was
added, which gave us the possibility to connect a second Exabyte tape and additional disk
to this computer. An AlphaStation 500/500, equipped with 288 MB RAM and 19 GB of
disk space, was bought last year by the FOPI group. It is now available to all users for
computing, but the disk space is reserved for the use of the FOPI group.
Our local network and computer base have significantly improved since last year. The
ethernet (lOMB/s) net, which had been one segment, was divided into five segments separated by a 3Com Switch 3300. The switch has twelve ethernet 10/100 Mb/s switched ports
and comes from the same 3Com Superstack II product line as our DualSpeed HUB. Network traffic was significantly reduced, practically eliminating collisions which had made
work strenuous before. Also a new fast ethernet repeater (8 port 3Com Office Connect
100 Mb/s HUB) was installed. In this configuration we can keep the crucial fast ethernet
part of the net separated from the slow one even when one of the switches is damaged,
which happened to both the DualSpeed HUB and the Switch 3300 in the course of the
last year.
Currently we have 24 PC computers that can be used as X-terminals running XFree86
3.3.2.3 X-server software under Linux 2.0.30 operating system (Pentium processor, 16 MB
of RAM) and 10 PCs that can run only DOS/Windows 3.1 software. Last year we bought
three new computers which are K6-2/300 MHz PCs with 32 MB of RAM, fast ethernet
network interfaces and 19" monitors.
The computer working as an auxiliary Novell server was replaced by a more powerful
Pentium II 350 MHz with 128 MB RAM and 15 GB total disk space.
SUN workstations are the property of the EURO BALL group (a part of EUROBALL
collaboration) and are generally not available for use to other NPD members. Those computers are equipped with about 22 GB disk space, DLT 7000, DLT 4000 and Exabyte 8500
tape drives.
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Visiting scientists
stay longer then 1 week
1. Prof, dr habil. Reiner M. Lieder
Forshungszentrum Jiilich, Jiilich, Germany
1. Sept - 31. Nov
2. dr Yuri N. Lobach
Institute for Nuclear Research UAS, Kiev, Ukraine
4.-30. May
6.-26. Jul
21. Sept-3. Oct

3. Prof. Alexandr A. Pasternak
A.F.loffe Physical Technical Institute RAS, St.-Petersbourg, Russia
4.-30. May
28. June-20. July
14. Sept-31. Oct
4. dr Jean—Claude Putaux
Institute de Physique Nucleaire CNRS-IN2P3/Universite Paris XI, Orsay.France
15.-24.June
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Seminars held at the NPD in 1998

9.01.1998 Marek Moszynski (Inst. Nuclear Studies, Swierk)
Photodiodes and avalanche photodiodes in scintillation detection
16.01.1998 Wiktor Kurcewicz (Nuclear Spectroscopj' Division, Inst. Experimental
Physics, Warsaw University)
The spread of the heavy atomic nuclei octupole deformation region
23.01.1998 Slawomir Wycech (Inst. Nuclear Studies, Warszawa)
On the nuclear states of the 77 meson
20.02.1998 Edmund Wesoiowski (Heavy Ion Laboratory, Warsaw University)
The U-200P cyclotron from April Fools' Day A.D. 1997 till the present
27.02.1998 Jacek Dobaczewski (Inst. Theoretical Physics, Warsaw University)
Superdeformation in A~60 nuclei
6.03.1998 Dieter Fick (Marburg University)
Atomic Beam Techniques in Nuclear Physics
13.03.1998 Zbigniew Jaworowski (Central Laboratory for radiological Protection,
Warsaw)
Beneficial radiation
20.03.1998 Tomasz R. Werner (Inst. Theoretical Physics, Warsaw University)
Exotic nuclei — problems and hopes
27.03.1998 Magdalena Gorska (NPD)
The investigation of high-spin excited states structure in the 104Sn nucleus
4.04.1998 Andrzej Plochocki (Nuclear Spectroscopy Division, Inst. Experimental
Physics, Warsaw University)
Nuclei far from the /^-stability path: production, decay, properties
17.04.1998Rafai Broda (Inst. Nuclear Physics, Krakow)
Nuclear spectroscopy in the neutron-rich cliff of the /^-stability valley
24.04.1998 Lucjan Jarczyk (Inst. Physics, Jagiellonian University, Krakow)
Non-mesonic decay of the A hyperon
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8.05.1998 Ewa Rondio (Inst. Nuclear Studies, Warszawa)
What do we know about the nucleon's spin ?
9.10.1998 Reiner M. Lieder (FZ Jiilich)
The present and future of gamma-ray spectroscopy
16.10.1998 Krzysztof Sudlitz (Heavy Ion Laboratory, Warsaw University)
ECR ion sources in nuclear and solid state physics
23.10.1998 Julian Srebrny (NPD)
Exotic high-spin isomers in deformed nuclei
30.10.1998 Piotr Salabura (Inst. Physics, Jagiellonian University, Krakow)
HADES — new spectrometer of di-electrons for investigating hadron properties in
vacuum and in dense nuclear matter
6.11.1998 Tomasz Czosnyka (Heavy Ion Laboratory, Warsaw University)
What can we see under a coulombic magnifying glass
13.11.1998 Radoslaw Marcinkowski (NPD and Center for Space Research, Warsaw)
Detection of gamma radiation in space
20.11.1998 Maurycy Rejmund (NPD)
Octupole excitations in the area of 208 Pb
27.11.1998 Wojciech Satula (Inst. Theoretical Physics, Warsaw University)
Pairing correlations in light atomic nuclei
4.12.1998r Slawomir Wycech (Inst. Nuclear Studies, Warszawa)
The search for nuclear states of mesons K, 77, Q and others
18.12.1998r Joanna Stepaniak (Inst. Nuclear Studies, Warszawa)
New results from the WASA experiment
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Degrees granted
MSc (magister) theses
Paweł Cichocki
Badanie rozkładów kątowych promieniowania 7 z reakcji 1 2 C + 5 8 Ni
Angular distribution studies of 7-rays from 1 2 C + 5 8 Ni reaction
supervisor: dr hab. M. Kicińska-Habior.
Izabela Fijał
Badanie przekrojów czynnych na jonizację powłoki L atomów przez ciężkie jony
Studies of the L-shell ionisation cross section in reactions induced by heavy ions
supervisor: dr hab. Ch. Droste and prof, dr hab. M. Jaskóła.
Robert Klimkowski
Modyfikacja metody oznaczania trytu w wodzie i pomiary stężeń trytu w wodach środowiskowych
Modification if the method of tritium assay in water. Measurements of tritium concentration in surface waters
supervisor: dr P. Jaracz and mgr I. Radwan.
Katarzyna Korzecka
Produkcja, mezonów TT° W reakcjach protonów o energii 190 MeV z jądrami atomowymi
7T°-meson production in rections of 190 MeV protons with nuclei
supervisor: dr T. Matulewicz.
Anna Krzyczkowska
Wykorzystanie układu JANOSIK-3 do pomiaru promieniowania 7 z reakcji 1 2 C +27 A1
Experimental set-up JANOSIK-3 in measurement of 7-ray emission from 1 2 C + 27 A1 reaction
supervisor: dr hab. M. Kicińska-Habior.
Janusz
Obliczenia
tronów
Derivation
supervisor:

Krzyczkowski
współczynników dyssypacji z analizy przedrozszczepieniowych krotności neuof dissipation coefficients from pre-scission neutron multiplicities
dr hab. K. Siwek-Wilczyńska.
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Zuzanna Marcinkowska
Poszukiwanie przejść 7 odpowiedzialnych za rozpad pasm superzdeformowanych w jądrach
z obszaru A « 150
Search for linking transitions from superdeformed bands in nuclei in the mass region
A « 150
supervisor: dr hab. T. Rzaca-Urban.
Radosław Marcinkowski
Badanie wydajności detektorów promieniowania 7 teleskopu kosmicznego SPI / INTEGRAL. Zastosowanie w redukcji map nieba
Studies of the efficiency of 7-ray detectors of SPI / INTEGRAL cosmic telescope. Application to sky map reconstruction
supervisor: dr hab. T. Rzaca-Urban and dr M. Denis.
Izabela Soliwoda
Badanie fluktuacji jako sygnału dochodzenia do r"ownowagi termodynamicznej w zderzeniach ciężkich jąder
Fluctuations as a signal of approaching thermodynamical equilibrium in heavy ion collisions
supervisor: dr B. Sikora.
Marcin Smolarkiewicz
Analiza sygnału intermitencji w przestrzeni pędowej produktów centralnych zderzeń ciężkich jąder
Search for intermittency signal in central heavy ion collisions
supervisor: dr hab. K. Siwek-Wilczyńska.
Adam Wasilewski
Badanie jądra 1 1 9 I
Investigations of the 1 1 9 I nucleus
supervisor: dr hab. Ch. Droste and dr hab. T. M orek.
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