PL0001426

ANNUAL
REPORT

NUCLEAR PHYSICS DIVISION
Institute of Experimental Physics

WARSAW
UNIVERSITY
£ '&

ANNUAL
REPORT

1999

NUCLEAR PHYSICS DIVISION
Institute of Experimental Physics

Warsaw University

Edited by: Marek Kirejczyk
Electronic edition available at: http://zfjavs.fuw.edu.pl/npd/raporta/ar99/index.html

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

phone:

(48 22) 621 67 27

fax:

(48 22) 625 14 96

e-mail:

sekret@zfja-gate.fuw.edu.pl

www:

http://zfjavs.fuw.edu.pl

ISSN 1428 7641

Druk i oprawa: Zakiad Graficzny UW, zam. 281/2000

Table of contents
Preface
Research reports.
Reaction mechanisms and nuclear structure
Identification of neutral pions in 60 AMeV Ar+C, Ni, Ag, Au reactions
K. Piasecki, K. Korzecka and T. Matulewicz
Application of FREESCO as a statistical event generator
M . M . Smolarkiewicz, M. Kirejczyk, B. Sikora, K. Siwek-Wilczyñska

. . . .

3

5
8

Giant Dipole Resonance in hot Se nuclei and bremsstrahlung emission
studied in 12 C + 58>64 Ni experiments at 6-11 MeV/u
Z. Trznadel, M. Kiciñska-Habior, M. P. Kelly, K. A. Snover, J. P. S. van Schagen
10
1S
27
45
Bremsstrahlung radiation in heavy-ion collisions O + A1 —» Sc
at 8.3 MeV/u
M. Kicinska-Habior and 0. Kijewska
14
145
Study of quadrupole moments of superdeformed bands in Gd
T. Rza.ca-Urban, A. Pasternak, R.M. Lieder, W. Urban, M. Rejmund,
Z. Marcinkowska, R. Marcinkowski, S. Utzelman, H.J. Jensen, W. Gast,
H. Jäger, D. Bazzacco, S. Lunardi, N.H. Medina, R. Menegazzo, P. Pavan, CM. Petrache, C. Rossi Alvarez, G. de Angelis, D.R. Napoli, L. Zhu,
A. Dewald, S. Kasemann
17
142
Search for magnetic rotational bands in Gd
R.M. Lieder, T. Rza.ca-Urban, H. Brands, W. Gast, H. Jäger, W. Urban,
Z. Marcinkowska, Ch. Droste, T. Morek, S. Chmel, D. Bazzacco, G. Falconi,
S. Lunardi, R. Menegazzo, P. Pavan, C. Rossi Alvarez, G. de Angelis,
E. Farnea, A. Gadea, D.R. Napoli, Z. Podolyak
20
Investigation of DCO ratios and linear polarization of 7 rays in 142 Gd
with EUROBALL
T. Morek, Ch. Droste, R.M. Lieder, T. Rza.ca-Urban, H. Brands, W. Gast,
H. M. Jäger, L. Mihailescu, Z. Marcinkowska, W. Urban, D. Bazzacco,
G. Falconi, R. Menegazzo, S. Lunardi, C. Rossi Alvarez, G. de Angelis,
E. Farnea, A. Gadea, D.R. Napoli, Z. Podolyak
22

New excited states in neutron-rich 88>90>92<94Kr nuclei
A. Kaczor, T. Rząca-Urban, W. Urban, J. L. Durell, M. J. Leddy, M. A. Jones, W. R. Philips, A. G. Smith, B. J. Varley, I. Ahmad, L. R. Morss,
M. Bentaleb, E. Lubkiewicz, N. Schulz
25
7-vibrational states in 1 8 0 T a
M. Loewe, P. Alexa, J. de Boer, J. Choiński, T. Czosnyka, J. Iwanicki,
A.I. Levon, H.J. Maier, P.J. Napiorkowski, P. Olbratowski, G. Sletten,
J. Srebrny, M. Würkner
28
119
Conflict coupling and shears mechanism in
I
A. A. Pasternak, E. 0 . Podsvirova, Ch. Droste, J. Srebrny, T. Morek, K. Starosta, G. H. Hagemann, S. Juutinen, M. Piiparinen, S. Törmänen, A. Virtanen, Yu. N. Lobach
31
Research reports.
Experimental methods and instrumentation
Reconstruction of the TT° kinematics from 77 decay
K. Korzecka and T. Matulewicz
Installation and time-scales for running of the IQMD simulation software
M. Kirejczyk
Improved laser light injection into scintillators of the FOPI spectrometer
Z. Tymiński and B. Sikora
The UWIS isotope separator
A.Wojtasiewicz, W.Białowąs, J.Kondeja, S.Sidor
The computer network in the Nuclear Physics Division
M. Kowalczyk

46

Seminars, personnel and publications
Personnel
Visiting scientists
Seminars held at the NPD in 1999 .
Seminars or talks held outside the NPD by members of staff
Degrees granted
Publications

49
51
52
53
55
57
59

33
35

41

42
44

PL0001427

Nuclear Physics Division IEP UW

ANNUAL REPORT 1999

PREFACE
This Annual Report summarizes the research activities of the Nuclear Physics Division
in the year 1999. 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-housea.ctivities 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, the first on-line test experiments with the IGISOL separator
were performed. The first radioactivity measurements of short lived isotopes were made
with the helium chamber. This work is being carried out in close collaboration with the
Nuclear Spectroscopy Division and the Heavy Ion Laboratory.
We continued our study of high-energy 7-ray emission in heavy-ion reactions in an
energy range of 4-11 MeV/u. The measured gamma-ray spectra and angular distributions from 12 C+ 58)64Ni reactions have been consistently analyzed by taking into account
complete and incomplete fussion processes as well as bremsstrahlung emission. It has been
shown that the contribution of incomplete fussion and bremsstrahlung processes increases
with increasing relative energy and strongly distorts the derived GDR parameters.
We also continued our participation and active involvement in the FOPI, TAPS and
WASA-PROMISE international collaborations. We are strongly involved in the FOPI
upgrade project especially in the construction of the modified TOF scintillation subdetector BARREL.
The problem of the mass dependence of subthreshold pion production in heavy-ion
collisions was studied with the TAPS spectrometer. The analysis of the experimental data
obtained with the Ar-beam on several targets, from carbon to gold, is in progress.
A new method of reconstructing neutral pion momenta from measurements of two
decay photons has been developed. Carefull analysis of the measurement errors revealed
that the 77 invariant mass window for events selected for the reconstruction should be
much narrower than commonly used.
The nuclear spectroscopy group continued their study of the properties of nuclei in the
region of Z>50 and N<82. In addition to 30 negative parity states reported last year, some
30 new levels for 119I were identified. Altogether, lifetimes for 60 levels in 9 bands were
measured. This allowed the group to determine about 100 B(E2) and B(M1) transition
probabilities. Mean lifetimes have also been measured for superdeformed bands of the
145
Gd nucleus with the Doppler-shift attenuation method. The extracted quadrupole
moments made it possible to make a more conclusive assesment of which orbitals are
active in the configurations of SD bands. In another study, the nuclear structure of 142Gd
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was investigated with the EUROBALL spectrometer. The identified rotational bands with
strong magnetic dipole transitions show characteristic features of magnetic rotation. The
expected Ml multipolarity of the in-band transitions has been confirmed by an analysis
of the linear polarisation. The results are well reproduced within the framwork of the
tilted axis cranking model.
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
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Identification of neutral pions in 60 A MeV Ar+C,
Ni, Ag, Ail reactions
K. Piasecki, K. Korzecka and T. Matulewicz

In nucleus-nucleus collisions, subthreshold particles created via primordial production
mechanisms are subsequently reabsorbed in the nuclear medium. According to the creation model of first-chance collisions, the production cross section scales with the number
of participating nucleons calculated in the geometrical model [1]. While this approximation could be well suited to the description of the primordial particle yield, the estimation
of the reabsorption effects is of a much more complex character. The reabsorption effect
depends not only on the mean path travelled by the particle in nuclear medium, but also
on the mean free path, which is energy-dependent [2]. The need for new experimental data
covering a wide mass range stimulated an experimental study of neutral pion production
in 60/1 MeV Ar-induced reactions on C, Ni, Ag and Au targets. The present work describes neutral pion identification in the 77 invariant mass spectrum, as measured in the
TAPS high-energy photon spectrometer [3].
The signature of TT° production can be obtained, through its dominant decay channel,
as a signal in the two-photon invariant mass spectrum, m 7 7 = W z J ^ E ^ l — cos 6), where
Ei denotes i-th photon energy and 6 is the opening angle between photons. The 77
invariant mass spectrum (Fig. 1, solid histogram) exhibits a 7r° signal in the case of
all targets, however, on a significant background. The two-dimensional representation
of the experimental data (Fig. 2) as a function of the invariant mass and the opening
angle between the two photons, shows two distinct groups of events. The first one, for
large opening angles, is centered around the pion mass, while other events, spanning
a large range of invariant mass values, are characterized by an opening angle around
TT/2. Extraction of true neutral pion decays is feasible only for events with large opening
angles. These events, projected on the invariant mass axis, are shown on Fig. 1 (dashed
histograms). Work is in progress to apply the kinematical fit procedure [4] in order to
extract the kinematical properties of the mesons and to correct for experimental efficiency.
Two-photon events, selected with a condition i977 > 1.2, were analyzed with the
kinematical fit procedure [4]. The angular errors were chosen to be equal to half the
angular coverage of a single TAPS module. The experimental errors of photon energy
measurements, taken from tagged-photons calibration [5], had to be increased in order
to get variance close to unity of error distributions of photon momenta. Then, the x2value of the kinematical fit can be subject to quantitative analysis. We have selected 10%
confidence level, what corresponds to x2-value equal to 9 for 5 degrees of freedom of the
kinematical fit. The two-dimensional representation (Fig.3) of two-photon events shows
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Figure 1: Two-photon invariant mass spectra for four targets irradiated with 60A MeV
Ar beam. The solid histogram represents all 77 events, while the dashed-one the fraction
of events for which the opening angle is greater than 1.2. Number of entries corresponds
to solid histograms.

a clear correlation between the invariant-mass value and the x2-value of the kinematical
fit.
Work is in progress to correct for the experimental efficiency and to extract the kinematical properties of the mesons.
This work was supported in part by the Polish Committee for Scientific Research
(KBN) Grant 2P03B 013 14 and by the French-Polish grant POLONIUM.
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Figure 2: Number of events displayed as a function of the two-photon invariant mass m 7 7
and the opening angle between them. The z-scale is linear.
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Application of FREES CO as a statistical event
generator
M. M. Smolarkiewicz, M. Kirejczyk, B. Sikora, K. Siwek-Wilczynska

An interpretation of the non-statistical event-to-event fluctuations [1] requires a comparison with predictions of a statistical model. Such a model should give a good reference
point, since it should not produce any dynamical fluctuations. For this purpose, the
FREESCO code [2] was choosen. It is an event generator, which randomly samples the
microcanonical phase space for calculating complete multifragment events in intermediate or high-energy nuclear collisions. The code is a numerical implementation of the
explosion-evaporation model, that aims to provide samples of complete final multifragment states. The collision process of two heavy nuclei is described by means of three
independent sources (two spectators and one participant). The disassembly of each source depends on its excitation energy. If the excitation energy of the source(s) is above
a certain threshold (Ethr), called "disassembly threshold", the source explodes into excited prefragments, which then subsequently deexcite by sequential evaporation of light
particles. If the source energy is below the threshold, it does not explode but deexcites exclusively by evaporation. In this way, a sample of events distributed statistically
according to the available microcanonical phase space is generated.
Collisions of Au+Au at 0.8 AGeV beam energy were simulated (a sample of 9 x 104
events). The impact parameter was varied over the range between 0 and 14 fm. Various
observables were analysed for different value of relative impact parameter b^ (6# = b/bmax
= 6/14/m). As an example in Fig. 1 we show the average multiplicities as a function of
relative impact parameter: multiplicity of all reaction products (left), and multiplicity of
heavier fragments with Z > 1 (right). One can see a non-physical discontinuity for relative
impact parameter equal to 0.46. It should be noted, that this discontinuity is also observed
for other systems in a wide range of projectile energies. This discontinuity also appears
in other observables. Such behaviour reduces the applicability of the FREESCO code as
generator of statistically fluctuating events to a limited range of impact parameters.
References
[1] M. M. Smolarkiewicz et al, Acta Phys. Pol. B31(2000)385
[2] G. Fai, J. Randrup, Comp. Phys. Comm. 42(1986)385

Application of FREES CO as a statistical event generator

Figure 1: FREESCO results: total multiplicity (left), and multiplicity of fragments with
Z > 1 (right), vs. relative impact parameter b^, for Au+Au collisions at 0.8 AGeV beam
energy with default parameters of the simulation (freezout density p = O.28po)- Error
bars indicate the RMS width of the multiplicity distribution in a given impact parameter
bin.
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Giant Dipole Resonance in hot Se nuclei and
bremsstrahlung emission studied in 12C + 58 ' 64Ni
experiments at 6—11 MeV/u.
Z. Trznadel, M. Kiciriska-Habior, M.P. Kellya, K.A. Snover a , J . P . S . van Schagen a
a

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

In this contribution we present recent results obtained for the decay of Se compound
nuclei from exclusive Giant Dipole Resonance (GDR) experiments in which the high
energy gamma rays from GDR decay were measured in the Seattle array of three large
Nal spectrometers in coincidence with low energy gamma rays detected in a 22-element
multiplicity filter [1]. The measured gamma-ray spectra and angular distributions from
12
C + 58>64Ni reactions at three bombarding energies: 5.5, 8 and 11 MeV/u have been
analyzed consistently by taking into account complete and incomplete fusion processes
and bremsstrahlung emission. The importance of incomplete fusion and bremsstrahlung
processes increases with increasing relative velocity of projectile and target, so that they
have to be included correctly in the analysis in order to allow for extraction of the evolution
of the GDR parameters with average temperature.
In an incomplete fusion process, the light clusters and nucleons are emitted before
equilibration of a composite system and they carry away energy and momentum available
in a collision. Thus, in such a process, an equilibrated compound nucleus with the GDR
built-in is formed with mass and excitation energy lower than that in complete fusion.
In a number of experiments it has been shown that, in the interaction of 12C projectile
with target nuclei, the dominant contributions to the reaction cross-section are complete
fusion and incomplete fusion of a 8 Be fragment and a-particle [2]. In the analysis reported here, the reduced average excitation energy, mass and Z of the compound nuclei
populated in the reactions studied have been estimated assuming preequilibrium emission
of 4He and 8 Be clusters only, and the probability of the complete and incomplete fusion
processes, scaled according to the measured cross-sections for the 1 2 C+51V reaction [3].
The neutron and proton preequilibrium emissions have been estimated in refs. [2,3] to be
negligible at the studied energy range, thus they have been for the present neglected. The
excitation energy losses in the reactions studied can be then approximated by the formula:
AEx(MeV) = 4.5{(Eproj — Vc)/Aproj] ~ 19. The reduced average excitation energy of the
compound nuclei populated in these reactions calculated in such a way is shown in Fig. 1.
However, in recent studies of the dependence of the GDR width on the temperature in
hot rotating compound nuclei in the Sn mass region [4], much larger excitation energy
losses due to preequilibrium emission of neutrons, protons and alphas have been found.
They have been described by the formula AEx{MeV) = 8.7[{Eproj - Vc)/Aproj] - 33 [4].
10

Giant Dipole Resonance in hot Se nuclei...

Thus, we will also pursue an analysis of the data with the preequilibrium emission of protons and neutrons included, assuming the average multiplicities and energies of emitted
nucleons based on other experimental results [5], and compare the total AEX with the
formula from [4]. Results presented below do not yet include this contribution.
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Figure 1: Reduced average excitation energy of the compound nuclei populated in 12C +
58,64 Ni

The average excitation energy, mass, and Z of the populated compound nuclei, corrected for the incomplete fusion loss, were used in the statistical model calculations
with Reisdorf level density description and a single Lorentzian GDR strength function.
The bremsstrahlung cross-section has been parametrized by the exponential formula
&brem = o"o • exp (—Ey / EQ) . A separation of the statistical GDR decay contribution,
originating from the decay of compound nuclei formed in complete and incomplete fusion, and bremsstrahlung background is made by utilizing the difference between the aj
angular distribution coefficients of the two components. High-energy gamma-ray spectra
measured at 90 degrees and d\{Ey) coefficients determined from five-angle angular distributions have been fitted simultaneously using the CASIBRFIT code [6] with the inverse
slope parameter Eo, depending on gamma-ray energy. As a result, the bremsstrahlung
spectrum becomes curved, which is needed to reproduce the measured ai(Ey), as it was
already shown for other reactions [4,6]. Fold >1 or >2 cut has been applied in analysing
the data in order to eliminate noncompound nucleus background.
Results of the fits are shown in Fig. 2 and 3. Extracted GDR parameters are presented
in Fig. 4 as a function of the average excitation energy, corrected for incomplete fusion
loss. The bremsstrahlung inverse slope parameter EQ = Eo(Ey = SQMeV) is shown in
Fig. 5 as a function of (Eproj — Vc)/A.
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Figure 2: Measured and fitted high-energy 7-ray spectra (Ao, top row), a,\ (middle row)
angular distribution coefficients and divided plots (bottom row) for 12C + 64Ni at 5.5, 8
and 11 Me V/u.
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Bremsstrahlung radiation in heavy-ion collisions
18Q

+

27

45

M. Kiciriska-Habior and 0. Kijewska

High-energy 7-rays emitted in heavy-ion reactions at projectile energies in the range
of Eproj/A = 6 - 1 5 MeV/u originate in most part from statistical GDR decay and
nucleon-nucleon bremsstrahlung during the initial stages of the collision process. In massasymmetric reactions, such as 12C + 24>26Mg and 12C + 58'64Ni, these two types of 7-ray
emission have been disentangled by the angular distribution measurement [1]. It was
shown that the data, when properly analyzed, give information on the GDR built on
excited states as well as on the bremsstrahlung process. The 1 8 0 + 27A1 reaction is nearly
mass-symmetric, thus the ai coefficient extracted from the measured angular distributon
is close to zero, which makes the method less sensitive. The intention of this work is
to estimate the contribution of the bremsstrahlung cross-section in the high-energy 7-ray
spectra from the 1 8 0 + 27A1 reaction at 8.3 MeV/u by using the same method as for massasymmetric reactions, and to show how it may influence the extracted GDR parameters.
The 1 8 0 + 27A1 —>•45Sc reaction was already measured and analyzed at EprOj/A = 2.5
- 6 MeV/u [2] in order to study nuclear shape evolution. It was found that at very
high rotation, the equilibrium shape undergoes a shape transition from oblate to triaxial
approximately prolate, in agreement with the liquid drop model. The bremsstrahlung
emission has not been included in that analysis, since at such low projectile energies
a negligible value of the bremsstrahlung cross-section was obtained from a very simple
estimate.
In order to conclude about the bremsstrahlung contribution in the 1 8 0 + 27A1 reaction
at higher energies, the reaction has been measured at Eproj/A = 8.3 MeV/u [3], in which
the bremsstrahlung process is more important. The measured a\{E^) value was found to
be very small, as is expected for symmetric reactions.
In the method of analysis applied for mass-asymmetric reactions, the CASIBRFIT
code [4], which includes statistical GDR decay and bremsstrahlung processes, is used. In
order to take advantage of the experimental constraint which is the ai(E7) dependence
on i?7 energy, the angular distribution coefficients A0(Ej) and a\{E^) are extracted simultaneously in the fitting procedure. The statistical decay is calculated according to
the CASCADE code with the isospin correctly included, the level density in the Reisdorf
approach, and the spin dependent moment of inertia. It is assumed that in the nucleonnucleon CM frame the bremsstrahlung emission has an isotropic angular distribution and
the total cross-section abrem = aoexp( — E7/Eo). The inverse slope parameter Eo is allowed to vary with J57, since it was found necessary in order to reproduce the increase in
14
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18

O +

27

A1 —> 45Sc at 8.3 MeV/u

ai(E^) with increasing 7-ray energy for mass-asymmetric reactions [1]. The character of
the EQ{E1) dependence is estimated qualitatively on the basis of the BUU (Boltzmann Uehling - Uhlenbeck) nuclear transport equation.
In this work, the BUU calculations of the bremsstrahlung gamma-ray emission in
the 18O + 27A1 reaction at EprOj/A = 8.3 MeV/u have been performed with the code
supplied by G.Wolf [5]. Calculations have been done for different impact parameters b =
0 to 8fm, at each of three angles: 40, 90 and 140 degrees. At this low projectile energy the
time evolution of photon emission probability P(E^,b,t) at various impact parameters b
exhibits a pronounced peak below 100 fm/c (Fig. 1), which is due mostly to the initial
nucleon-nucleon collisions, and also some structure above 100 fm/c, which we assume is
already included in the statistical model calculations.
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Fig. 1. Time evolution of photon emission
probability at 90 degrees, impact parameter b=2 fm and Ey energy.

Fig. 2. Bremsstrahlung cross-section at
90 degrees as a function of E7 energy.

The BUU cross-section at each angle was then calculated as an integral over the
time corresponding to the initial collisions and the whole range of the impact parameter: aBuu(E-y) = 2?r/P{E1,b^t)bdbdt. It was then fitted with an exponential formula,
&Buu{E-f) = aoexp(—E^/EQ),
in order to extract an inverse slope parameter Eo. As it is
seen in Fig. 2, the <TBUU(E^) cannot be reproduced with a single Eo value in the whole
range of Ey = 10 — 65MeV/u. The Eo value extracted for different energy intervals changes by about 34%. This behavior can be compared with the results of a similar analysis
(Fig. 3) for the 12C + 24'26Mg and 12C + 58>64Ni reactions [1]. Similar E0(E7) dependence
was observed experimentally for Kr + Ni at higher projectile energies [6].
In this work, a simple parabolic energy dependence is proposed to reproduce changes of Eo{E1) value resulting from the BUU calculations for the 18O -I- 27A1 reaction:
Eo(E-y)[Mel/"1] = £0°(l - 0.0024£7 - 0.000055£2), where E7 and Eo are in MeV.
The BUU cross-sections calculated at three angles have also been used to extract
the angular distribution coefficients in the nucleus-nucleus CM frame by fitting Legendre
polynomials. The extracted afuu(E7)
is much larger than the measured one, as seen in
Fig. 4. In order to compare the experimental ai(E7) with the calculated value, one has to
take into account both statistical and bremsstrahlung contributions. Thus, the calculated
afuu(EJ
value should be scaled by the ratio AbQr(£7)/\Abor(£7) + A$l(E7)).
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The CASIBRFIT calculations for the 1 8 0 + 27A1 reaction, including statistical and
bremsstrahlung contributions, are presently at the preliminary stage. They are done
independently of the BUU calculations using only the energy dependent E0(E7) with the
dependence determined by the results of the BUU calculations.
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Fig. 3 . BUU calculations: Energy dependence of an inverse slope parameter EQ.
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Fig. 4. The angular distribution coefficient ai(£ 7 ) for 18O + 27A1 at
EprOj/A=8.3 MeV/u: measured — points
with errors and calculated in BUU.
We plan to continue this analysis in order to estimate the influence of a possible
incomplete fusion process on the GDR parameters.
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Superdeformed (SD) bands have been well established in many nuclei in the mass 150
region. It was shown that the observed behaviour of the dynamic moment of inertia J^ as
a function of the rotational frequency has sensitive dependence on the number of occupied
high-N intruder orbitals. The large dynamic moment of inertia of an SD band is indicative
of an elongated shape, but since the dynamic moment of inertia is also sensitive to other
phenomena (like pairing and alignment effects) the quadrupole moment of the SD band
is a more reliable measure of the deformation. In this report we present mean lifetime
measurements for SD bands in 145Gd. In our previous experiment [1], three SD bands were
found in this nucleus. The yrast SD band shows a smoothly decreasing dynamic moment
of inertia with increasing rotational frequency. In the framework of the cranked WoodsSaxon-Strutinsky approach, we assigned a ix§2v7l configuration to this band. The first
excited SD band shows two subsequent band crossings at rotational frequencies of ~0.4
and 0.68 MeV, which were assigned to the subsequent alignments of an i 13 / 2 proton pair
and a crossing of the i13/2[642]5/2 and in/ 2 [651]l/2 neutron orbitals, respectively. The
vl\ orbital is not occupied. These features can be well reproduced by cranked WoodsSaxon-Strutinsky calculations, provided that the yrast SD band has a larger deformation
than the first excited SD band. To check this interpretation, quadrupole moments have
been measured for the SD bands in 145Gd with the Doppler-shift attenuation method.
High-spin states in 145Gd have been populated in the u4 Cd( 36 S,5n) reaction at a beam
energy of 182 MeV. The beam was provided by the LNL, Legnaro. The target consisted of
a 1.2 mg/cm 2 114Cd foil evaporated on a multi-layer backing. The recoiling 145Gd nuclei
were slowed down and stopped in Ta and Bi layers with a thickness of 1.2 mg/cm 2 and
55 mg/cm 2 , respectively. The 7-rays were detected using the GASP array. Its 40 Ge
detectors are placed symmetrically in respect to beam direction in seven rings at angles
of 35°, 60°, 72°, 90°, 108°, 120° and 145°. Spectra showing the Doppler shifted SD lines
17
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have been produced for these angles. In order to extract the lifetime information from
these spectra, the fraction of the full Doppler shift F(r) = v/v0 has been determined
for each transition. The mean quadrupole moments of the SD bands have been deduced
by comparing the experimental F(r) values with predictions for various values of the
quadrupole moment. In Fig. 1, experimental and theoretical F(r) values are plotted
vs. 7-ray energy for the yrast and first excited SD bands. Quadrupole moments of Qo —
11.8±0.8 eb (/32 = 0.48) and Qo = 13.2±1.0 eb (/?2 = 0.52), respectively, have been found
for these bands. The second excited SD band was populated too weakly to determine the
quadrupole moment.
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Figure 1: Experimental fractional-shifts F(r) as a function of 7-ray energy and theoretical
F(T) curves for various values of the quadrupole moment Qo for the yrast SD band (upper
portion) and the first excited SD band (lower portion).
The deformation deduced from the quadrupole moment of the yrast SD band in
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is smaller than that of the first excited SD band, contrary to the expectation based on
the previous configuration assignment. In order to assign configurations to the SD bands,
which would be in agreement with the observed quadrupole moments, a comparison with
theoretical quadrupole moments was carried out. It was demonstrated in the cranking
Skyrme-Hartree-Fock model [2] that, independently of intrinsic configurations and proton
and neutron numbers, the quadrupole moment of an SD nucleus in the A ~ 150 region
can be calculated very precisely with respect to the doubly-magic SD core nucleus 152Dy
in terms of the contributions of the individual hole and particle orbitals.
In order to reproduce the quadrupole moment of the yrast SD band, we assume that the
st
81 neutron remains in the [514]9/2 orbital and that no crossing with the N = 7 intruder
orbital occurs. The [514]9/2 orbital is less deformation-driving than the N = 7 orbital.
The [514]9/2 orbital probably crosses the 7\ orbital at a higher frequency than suggested
in our previous work [1]. Also the lack of a band crossing related to the occupation of the
first N = 7 neutron orbital in the yrast SD band of 144Gd at high frequencies indicates,
that the N = 7 neutron orbital crosses the yrast SD band only at a larger rotational
frequency. This is a clear indication that the 7\ neutron intruder orbital is placed too
low in energy if the Woods-Saxon potential is used. It is furthermore assumed that the
64 th proton occupies the [404]9/2 instead of the 7r62 orbital. This interpretation implies
the absence of a crossing in the yrast SD band at hu ~ 0.40 MeV, which is in agreement
with the observation that the dynamic moment of inertia of this band does not show a
pronounced increase at low rotational frequencies [1].
The measured quadrupole moment of the first excited SD band agrees fairly well with
that calculated for the assigned configuration. Furthermore, since the calculated moment
of inertia reproduces the observed two band crossings fairly well, we suggest keeping
the previous configuration assignment. Hence, our new configuration assignments are
7T61 TT[404]9/2 J/[514]9/2 V7° for the yrast SD band and ?r62 I/[642]5/2 v7a for the first
excited SD band between the two crossings.
Acknowledgements: This work was supported by the Polish State Committee for Scientific Research (KBN) under grant 2P03B 05312 and by the Volkswagen Foundation under
the contract number 1/71976.
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Cascades of magnetic dipole (Ml) transitions observed in neutron-deficient Pb nuclei
can be regarded as a novel mode of nuclear excitation known as the "shears mechanism".
The member states in these bands show a rotation-like behavior, they are however based
on weakly deformed oblate shapes. These bands have been interpreted in the framework
of the tilted axis cranking (TAC) model as resulting from the coupling of the angular
momentum vectors of a few high-j nucléons aligned along the rotation and symmetry
axes, respectively, for generating the total spin of the nucleus. As a result this coupling
produces a substantial component of the magnetic dipole moment, which is transverse
to the total spin. As the magnetic dipole moment rotates around the vector of the
total angular momentum, this new mode has been called "Magnetic Rotation" (MR) [1].
Magnetic Rotations are not only expected in the Pb region, but also in other regions close
to magic numbers, if high-j nucléons are available, and the deformation is small. Also
139
for the N « 82 region, MR is expected and has been observed in Sm. Therefore, it is
interesting to investigate whether MR develops in other nuclei of this region. We started
our study with the nucleus 1 4 2 Gd. The level scheme of 1 4 2 Gd was published last year [2].
It has been considerably extended in excitation energy, spin and the number of observed
cascades with respect to the schemes previously published [3,4]. Spin-parity assignments
result from angular distributions, DCO ratios, conversion coefficients, 7-ray polarization
and decay patterns. Four dipole bands (denoted by DB and a number, see [2]) have been
observed in this nucleus. The large B(M1)/B(E2) ratios for some of the dipole bands in
142
Gd (cf. fig. 1) are comparable to those of other regions of MR.
For an interpretation of the four observed dipole bands as magnetic rotational bands,
a comparison of their features with predictions in the framework of the TAC model [4]
has been carried out. A ^h^ 2 ^ 7rh2j ,2 configuration has been assigned to DB1, and a
u
^h\n ^11/2 67/2 configuration to DB3. The bands DB2 and DB4 are considered to originate from DB1 and DB3, respectively, through band crossing due to the breakup of a
second h n /2 neutron-hole pair. These features are quite well reproduced by TAC calculations. The agreement between experiment and calculations suggests the applicability of
the concept of MR to these bands.
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Directional correlation (DCO) ratios and linear polarization of 7-transitions in 1 4 2 Gd
have been investigated with EUROBALL to establish their multipolarites and mixing
ratios. In this analysis, the 26 CLOVER detectors positioned in two rings at average angles
of 9=76.72° and 103.28°, five CLUSTER detectors at #-15.45°, and five tapered detectors
at 156.76° were used. All possible combinations of the angle ip between these detectors
were taken into account. An asymmetric angular-correlation matrix was sorted for this
geometry. Because a stack of thin targets was used in the experiment, the excited nuclei
were recoiling into vacuum. For the long-lived states, the disappearance of the alignment
by deorientation was observed. Therefore, the angular distribution of 7-transitions below
the / = 10 + isomers (0.37 ns and 3.4 ns) and the 7" isomer (0.14 ns) in 1 4 2 Gd became
fully isotropic. As a result, two kinds of angular correlations have been observed: (i)
directional correlations when both 7-rays were emitted from oriented states, and (ii)
angular distributions (AD) when one 7-ray was emitted from an oriented state and another
one from a fully deoriented state. Appropriate RDCO ratios or RAD values were calculated
as:
7i;0i,72;¥>),

C1)

where #x»il5o and i92f» 90°; 71 = gated transition and 72 = observed transition.
The RA£) values do not depend on the character of the delayed transition. To verify
the assumption of a strong deorientation effect, the R values for the known E2 transitions
were determined by gating on E2 transitions below the isomers. When the observed 7transition was also below the isomer, then R = 1, but when it was above the isomer
then R « 1.3. For the geometry under consideration, a value of RAD ~ 1-32 is expected
for stretched E2 transitions when the width of the substate population distribution is
a/I = 0.4, and RAD « 1.42 for a/I = 0.3.
The linear polarization of 7-transitions in 142Gd was deduced using the CLOVER
detectors working as polarimeters. Two 7 - 7 matrices: VERTICAL (V) and HORIZONTAL (H) were sorted. The V (H) matrix contains the events in which one 7-quantum
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is Compton scattered in the direction perpendicular (parallel) to the emission plane [1],
and registered in two segments of a CLOVER detector, whereas the second 7-ray was
registered in any Ge detector of EUROBALL. From the V and H matrices, the number
of perpendicular N± and parallel iVy scattered events were deduced, respectively. These
quantities allowed us to determine the linear polarization P of 7-rays using the following
relation [2]:
QxP = (aN±- Nn)/(aN± + iV,,),
(2)
where Q is the polarization sensitivity of the CLOVER detector [2]. To check the relative efficiency and the energy resolution of the CLOVER detectors and to determine
the correction factor a, we used data from a 152Eu source. The measurement allowed
the selection of the 13 CLOVER detectors with the best resolution. For this group of
detectors, the average value of a was found to be very close to 1 with ± 1 % accuracy for
7-rays from 0.24 to 1.0.MeV. Results of the analysis for stretched E2 transitions of the
(+,0)i band and for members of the dipole bands DB1 and DB3 in 142Gd are shown in
Fig. 1 in a plot of the polarization P vs. the angular distribution ratio RAD- F° r comparison, Fig. 1 contains also results of calculations for pure stretched El and E2 transitions
and mixed M1/E2 transitions assuming a/1 = 0.3 (dashed curve and symbols) and 0.4
(solid curve and symbols). The M1/E2 curves represent the dependence of P and RAD
on the E2/MI mixing ratio 5. From the data points for the stretched E2 transitions of
544, 741 and 834 keV in the (+,0)i band, a/I = 0.4 can be deduced. The data points for
the dipole bands DB1 (301, 360, 381, 427 keV) and DB3 (286, 295, 374, 527 keV) are in
agreement with the assignment of pure Ml or mixed E2/M1 character with 8 ~ — 0.1. A
pure stretched El character of these transitions can be excluded.
This work was funded in part by the EU (contract no. ERBFMRXCT970123), the
Volkswagen Foundation (contract no. 1/71 976), the KBN (Grant no. 2P03B 05312) and
by the Foundation for Polish Science.
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Neutron-rich nuclei with masses around A ~100 exibit several interesting features.
For the Sr (Z=38) and Zr (Z—40) nuclei, a sudden shape transition from spherical to
strongly deformed nuclei (/52 ~ 0.40) at N> 60 has been observed, whereas lighter isotopes, up to N=58, keep a stable spherical shape. Because of the rapid character of the
structure change, a shape coexistence phenomenon is expected at neutron number N=58
and has, indeed, been observed in this mass region. The strong dependence of observed
spectroscopic properties on the number of protons and neutrons makes these nuclei a
very good testing ground for various theoretical models. However, the experimental methods to explore nuclei from this region are limited. Very little data on excited states of
the neutron-rich Kr nuclei exist in literature. Until now, only low-spin states have been
identified in 88>90>92Kr nuclei from investigations of /5-decay properties of neutron-rich Br
isotopes [1,2,3]. Nothing is known about excited states in the 94 Kr nucleus. Recent laser measurements of isotope shifts on krypton isotopes have considerably extended the
experimental information about the electromagnetic properties of the ground-state for
the neutron-rich Kr isotopes up to N=60 [4]. In this work we have employed the powers
of modern instrumentation for 7-ray spectroscopy to study excited states in the heavy,
even-even Kr nuclei. Excited states in Kr isotopes were populated in the spontaneous
fission of 248Cm, and multiple coincidences between prompt-7 rays following fission were
measured with the EUROGAM 2 array of Anti-Compton Spectrometers. More details
about the experiment and data analysis techniques were presented previously [5]. A 7
transition in a given Kr nucleus will appear in coincidence with transitions in a number
of neodymium isotopes, which are complementary fission fragments. New 7 transitions
in Kr and Nd nuclei were identified in the present work by setting several double gates
on known 7 transitions in 150~156Nd and 88>9°.92Kr. Newly found transitions were then
used as gates to identify additional transitions in the heaviest Kr nuclei. Level schemes
of 88>90'92Kr have been considerably extended in excited energy and spin [6], with respect
to the schemes previously published [1,2,3]. To identify excited states in 94Kr, we gated on the known transitions in 150~154Nd isotopes. Three new 7-rays were found to be
consistently in prompt coincidence with known transitions in a few neodymium isotopes,
and therefore were assigned to a kryptonium isotope. The relevant, double-gated spectra
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\ld)

are shown in Fig. 1. To identify the mass of this Kr isotope, we used the technique of
mass correlation [7] based on the observation that in spontaneous fission, no proton and
an average number of three neutrons are emmited from fission fragments. Gating on the
new transitions, it was found that the mean mass of complementary Nd fragments is
<A(Nd)>=151.5±0.1. This correlates very well with the kryptonium mass A(Kr)=94, as
shown in Fig. 2. The level scheme of 94Kr is shown in Fig. 3.
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Figure 1: Coincidence spectra, double-gated on 7 transition in 94 Kr and in
panel) and two 7 transitions in 94 Kr (lower panel).
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The study of the ground-state properties of Kr isotopes has been performed in the framework of the relativistic mean-field (RMF) theory [8], and using the Nilsson-Strutinsky
method, with the cranked Woods-Saxon average potential [9]. Both calculations suggest
that quadrupole deformation /?2 for heavy Kr isotopes increases from ~0.06 for 88 Kr to
~0.3 for 94Kr. In addition, the shape transition from oblate to prolate in the Kr chain
at A=92 is predicted by the RMF theory. Our results support neither the increase of
quadrupole deformation with number of neutrons, nor the shape transition at A=92 predicted by the RMF theory. They show that 88>9°.92>94Kr isotopes sustain a stable spherical
26
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shape, as ilustrated in Fig. 4, where the energies of the first 2 + state are plotted versus
neutron number for the even-even isotopes with Z=36-40. We continue our study in order
to identify 96 Kr nucleus and to see if a sudden onset of strong deformation at N=60 takes
place also for Z=36.
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Figure 2: Correlation between masses of Kr isotopes and mean mass of complementary
Nd isotopes
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Motivation
Recent experiments have shown that, assuming realistic branching ratios, large matrix elements are needed to explain the measured cross-sections depopulating the K7r=9~ isomer
in 180Ta to its K 7 r =l + unstable ground-state [1,2]. The energies of the lowest intermediate
states connecting the isomer and the ground-state are known to lie between 1.0 and 1.3
MeV [2], but spins and precise energies of the intermediate states are unknown. Vibrational states are possible candidates for these intermediate states.
Experimental set-up
A tantalum-oxide target, enriched by 5.6 % 180Ta, was bombarded with 225 MeV 58Ni
projectiles accelerated by the Tandem and two Boosters accelerator complex of the Niels
Bohr Institute. For comparison, a similar, but natural Tantalum oxide target was also irradiated. For each target, coincidences were recorded between 55 PIN diodes and NORDBALL's Compton-suppressed Ge-detectors.
Results
Fig. 1 shows a projectile-gamma coincidence spectrum after subtraction of the natural
data from the normalized enriched data. Three lines are clearly seen, of which the 1=11""
line at 1262 keV is known from [4,5]. Our data is in agreement with a band built on the
K 7 r =ll~ state proposed in [5]. In this publication, a 1013 keV transition to the 1=10"
first rotational state of the K7r=9~ isomeric band was seen. We think that this line comes
from the decay of the I=8~ first rotational state at 1289 keV belonging to the K 7r =7"
7-vibrational band with bandhead at 1134 keV. Additional, very weak, lines may perhaps be seen at 947, 1141 and 1188 keV. Their origin is unknown, but if they are not
just due to statistical fluctuations they must have a "collective character". In Fig. 2, the
lowest states of the proposed 7-vibrational bands in 180Ta are shown. The computer code
GOSIA [6] was used to calculate the interband B(E2) values. For the B(E2,7~ -> 9~)
and B(E2,11~ -4 9~) the result is about 8 W.u. It has been suggetsed, that the K*"=7"~
7-vibrational band acts as an "intermediate band" for depopulating the isomer to the
ground-state [2].
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Figure 1: Part of 7-spectrum obtained by 7~58Ni coincidence. Line about 1260 keV is the
doublet of 11~ —> 9~ and 12~ —> 10~ transitions. Very weak lines not placed on the level
scheme are marked by "!".
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The present work is part of the systematic investigations of the 119I nucleus. The
level scheme of 119I was established in [1], the lifetimes of 15 levels belonging to bands
1 and 4 are presented and discussed. The experiment was performed at the Tandem
Accelerator Laboratory of the Niels Bohr Institute. The 109Ag(13C,3n)119I reaction was
used at a bombarding energy of 54 MeV. The 7-7 coincidences were collected and lifetime
measurements (using Doppler Shift Attenuation and Recoil Distance Methods) were performed using the NORDBALL array equipped with a plunger device. The details of the
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experiment and data analysis are given in [2,3]. Our attention concentrated on Ml and
E2 transition probabilities in bands 4 and 1, according to level scheme given in Fig. 1.
These bands are interpreted as strongly coupled bands based on gg/2 proton hole state.
The levels of band 4 above backbending (which occurs at 7~27/2) have the configuration
(7rg9/2)~1®(^hii/2))2- The levels of band 1 are interpreted as 7-vibration built on the
(7rg'9/2)~1 state. Using the simple formula for "conflict coupling" [4,5] and its generalization for the case of 1-quasiparticle with increasing alignments, S(M1) values for 1-qp, 3-qp
and 1-qp coupled to 7-vibrations can be reproduced. An ilustration of modified "conflict
coupling" for Ml model in the spirit of the "shears mechanism" [6] is presented in [7].
We found that the B(Ml)/i?(E2) experimental ratio is less sensitive to the mechanism
of 7-transitions since, it can be well reproduced by simple rotational formulae, even if
absolute B(M1) and B{E2) are not reproduced.
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Reconstruction of the TT° kinematics from 77 decay
K. Korzecka and T. Matulewicz

The two-photon channel constitutes an important fraction of light neutral meson decay is (98.9% for TT°, 39.2% for rj). The signature of their production can be obtained as
a signal in the two-photon invariant mass spectrum, m 7 7 = J2EiE2(l — cosO), where Ei
denotes i-th photon energy and 6 is the opening angle between photons. The kinematical properties of produced mesons can be extracted from measured photon momenta in
different ways. The standard approach, applicable when the photon energy measurement
is much worse compared to the angular resolution, is based on appropriate rescaling of
photon energies. This method [1,2] will be therefore called the energy-scaling method. In
our previous reports [3,4], we have presented the kinematical fit procedure. Recently, this
problem was studied in the framework of the maximum likelihood method [5]. In this
paper we continue the discussion on the quality of the first two procedures, the energy
scaling and the kinematical fit.
A two-photon event with m 7 7 close to the TT° mass mn can be associated to this
particle. In order to extract TC° kinematical properties, the experimental data have to
be corrected to reproduce the known meson mass. In the energy-scaling method, photon
emission angles remain unchanged, while photon energies Eyi are modified according to
the formula
Ti

Kyi

The kinematical fit procedure obtains corrected photon momenta by minimizing the x2value
2

3

X2 = J2 V) feu- -Ph^G^l

(qi2J -Pi2j),

(2)

where Py is the measured i-th momentum component of the j-th photon and q^ — its
corrected value. Since the momenta are not measured directly, but calculated from photon
energy and angles, the x2 calculations take into account the error propagation through the
matrix G^']2, defined as the inverse of the covariance matrix. The request of reproduction
of the meson mass puts a constraint on the above fit, resulting in only 5 variables being
independent.
The choice of the invariant mass window for the yield of neutral pions is somewhat
arbitrary. Different values can be found in literature (60-150 MeV [6], 80-160 MeV
[7], 90-160 MeV [8], 100-150 MeV [9], 122-148 MeV [10]). This arbitrariness does not
introduce any significant systematical error, as for the efficiency calculations, the same
limits are used in the invariant mass analysis of simulated particle decays. However, the
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selection of the invariant mass cut might be important, if the events are to be used for the
reconstruction of neutral pion kinematics. Obviously, the events with an invariant mass
far away from the n° mass (but still within the accepted range) represent measurements
of poorer quality compared to those close to the ix° mass.

0)

2

<u

1
-5

pull P,

0

5

Pull E

Figure 1: (left panel) The distributions of pull (Eq. 3) for the three components of photon
momentum. The upper row displays data without any cut, the middle row — with a
condition of m 7 7 >90 MeV, and the lower row — for m 77 >112 MeV. The smooth curves
represent the gaussian fit for each distribution, (right panel) The same, but for photon
energy in the energy-scaling method.

Both methods, i.e. the energy scaling method and the kinematical fit, are able to
reconstruct the pion energy. The aim of this analysis is the comparison of the quality
of the reconstruction procedures and their resolutions, based on GEANT [11] simulated
7T° decays measured in the TAPS [12] spectrometer. In order to answer this question,
the quantity to be compared is the x2 value. As x2 is a s u m of variables of well-defined
statistical character (normalized gaussian distributions), the quantitative interpretation
of x2 values requires insight into the properties of measurement errors. This is usually
done by the study of the pull parameter defined as
pull(x) = xFIT —
2
FIT

(3)

a

where the experimental value XEXP, determined with experimental precision asxp, w a s
fitted to become XFIT with error a PIT- The pull distributions for variables entering the x2
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Figure 2: The x 2 /NDF of the gaussian fit to the pull distribution of photon x-momentum
component as a function of the low-mass cut on the m T 7 of analyzed events.

calculation (Eq. 2) — the photon momenta — should have a gaussian shape with standard
deviation equal to unity. The distribution of pull for three components of photon momenta
is obviously non-gaussian (upper panel of Fig. 1) when all 77 pairs from the TT° decay are
taken, regardless of their invariant mass value. This non-gaussian shape clearly indicates
that the measurement errors are not of statistical origin only, but are also affected by other
factors, like the effect of the formation of several detector clusters by a single photon [13]
or incomplete shower absorption at detector edges. This is quantitatively demonstrated
by the high value of Xg./NDF (Fig. 2), where NDF is the number of degrees of freedom,
of a gaussian fit to the pull distribution. The shape of the pull distribution suggests
that the measured values are a mixture of measurements of unequal quality and do not
have a purely statistical character. Therefore, the x2 value calculated as a result of the
kinematical fit to an event from the whole range of invariant mass values is not significant
for quantitative x2 interpretation.
As expected, reduction of the sample of events to those of higher value of m 77 improves
the shape of pull (Eq. 3) distributions for photon momenta (Fig. 1). The minimum of
the % 2 /NDF value is at 112 MeV (Fig. 2). At different neutral pion energies, the position
of this minimum varies by no more than 1 MeV. This value is significantly higher than
the values of the low-mass cut commonly used for neutral pion identification. We claim
that such a strong condition (which depends of course on the experimental set-up) is
necessary when the data are to be used for the reconstruction of pion kinematics. The
gaussian shape of the pull distributions (Fig. 1) of quantities adjusted in the kinematical
fit procedure as well as in the energy-scaling method allows for a quantitative comparison
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of the reconstruction quality. The confidence level CL of a result of the x2 fit can be
defined through integration of the x2 distribution
f(x2,NDF)

CL(X2)=

(X
Jo

f(z,NDF)dz.

(4)

Assuming a confidence level of 10%, we obtain Xmax—2.5 for the energy-scaling method
(NDF=1) and Xmax=9-® f° r the kinematical fit (NDF=5). Application of this condition
to the x2 value of each reconstructed TT° event results in (Fig. 3) dramatic difference in the
efficiency of the compared methods. The 10% confidence level applied to the kinematical
fit results in a rejection of only 2% of events (for simulated decays of TT° of 100 MeV
kinetic energy). In the case of the energy-scaling method, the same 10% confidence level
rejects as much as 45% of events. This result shows that in spite of the strong rejection
of events characterized by low invariant-mass value, the corrections made by the energyscaling methods to the measured photon energies are still large compared to the known
resolution of the detector.

150

200

250

300 150

200

250

300

Reconstructed n total energy[MeV]

Figure 3: Spectra of the reconstructed pion total energy with the energy scaling method
and the kinematical fit (left and right panels, respectively), obtained from simulated 77
decay of neutral pions of 100 MeV kinetic energy (235 MeV total energy). The solid lines
represent all 77 coincidencies. The events with m~n >112 MeV are represented by the
dashed line. From these, events with x2 value within 10% confidence level are shown as
a dotted line (not distinguishable from the dashed one for the kinematical fit method).

The two previously introduced conditions — the minimum invariant mass value and
the reconstruction confidence level — affect not only the efficiency of the n° reconstruction
but may modify the resolution of TT° energy evaluation as well. The reconstructed pion
total energy for both analyses, the energy-scaling method and the kinematical fit, are well
centered around the known energy which was used as input into the simulations. The
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deviation of the peak position of the reproduced energy distribution from the input value
rarely exceeds 1 MeV (typically 0.5 MeV). The shapes of the total reconstructed energy
distribution (Fig. 3), when no conditions are applied, are characterized by significant
long tails on both sides of the peak. In the case of the kinematical fit, the low-energy
tail is stronger compared to the energy-scaling. The introduction of the m 7 7 > 112 MeV
condition, which corresponds to the requirement of the statistical nature of measurement
errors, removes this tail in both cases. Now, the condition of a 10% confidence level, while
significantly reducing the number of accepted events in the energy-scaling method, has
almost no effect in the case of the kinematical fit procedure.
The width of the reconstructed energy distributions rises with the pion energy (Fig. 4).
The kinematical fit procedure offers a better energy resolution compared to the energyscaling method. The resolution of the kinematical fit procedure is reduced by 14% (averaged over the energy range of the present analysis) compared to the energy-scaling method.
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Figure 4: The ratio of the width (FWHM) of the reconstructed-energy distribution to the
n° total energy as a function of 7r° total energy. The squares (circles) denote the results of
the energy-scaling (kinematical fit) method. Open symbols are for all simulated TT° decays,
full ones for the reconstructed events with m 77 >112MeV and the 10% confidence level
conditions.
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Installation and time—scales for running of the IQMD
simulation software
M. Kirejczyk

The IQMD code was written by current members of Nantes and Frankfurt/M. theory
groups. It belongs to the QMD [1,2] family of codes — "event generators", that simulate
independent nucleus-nucleus collisions with the application of transport equations. The
code was imported, compiled and first tests were performed. Simulations are to be run
on low priority in the background on the Linux terminals, utilizing otherwise unused
processor power, and not disturbing the computers' main task, namely providing the
graphic X-terminals for the AXP system [3].
During the test runs, three processor types were used to establish time-scales necessary
for "event production". Those processors were: 166 MHz Intel Pentium, 300 MHz AMD K62 and 350 MHz Intel Pentium II. In addition three sets of input files were used — ones
that are to model collisions of argon on calcium at 180 AMeV, ruthenium on ruthenium
at 1.69 A GeV, and gold on gold at 1 AGeV. Each event involved running the calculation
for 300 time steps, 0.25 fm/c each. A single run "produced" of 50 events. For each processor/input file configuration, 6-10 runs were performed, and the times each run took
were averaged, with differences between different runs not exceeding ~ 1 % . The results
(in seconds) are summarized in the table below.

1

Ar+Ca
Ru+Ru
Au+Au

Pentium
308 s
1946 s
7556 s

AMD K-6
204 s
1227s
4677 s

Pentium-II
88 s
528 s
2000 s

In order to check, whether there is a dependance of the calculation time on energy,
an additional test was performed. This time only the fastest processor was used. The
input files described ruthenium on ruthenium configuration at 5 different energies. No
significant energy dependence was found, perhaps with the exclusion of the lowest energy.
Energy / A MeV
Time of 50 events

200
549

500
527

1000
528

1500
526

2000
529
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Improved laser light injection into scintillators of the
FOPI spectrometer
Z. Tymiriski and B. Sikora

All scintillator detectors of the FOPI spectrometer are connected to a laser calibration
system [1]. Calibration of time, position and amplitude is achieved by splitting UV
(337 nm) light pulses from a N2 laser and feeding them into nearly 2000 scintillators via
0.2 mm dia quartz fibers. The light pulse after controlled attenuation is split and injected
either directly into the surface layer of the detector from a perpendicular fiber or from
a tangentially oriented fiber-feed into a hole in a small cylindrical scintillator (10 mm
in diameter and 1 mm in thickness) attached to the surface of the detector. The latter
method is used in the BARREL modules of FOPI.
8.0 mm
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y \ 45°
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FIBRE

\

\ :

SCINTILLATOR

Figure 1: Section of conical mirror placed on the detector surface with the cladded quartz
fibre fed in.
The UV laser light is absorbed in a depth of a few mm of the scintillator and reemitted isotropically as wavelength-shifted visible light. In this way, an even partition of light
in the direction of two photomultipliers of the position-sensitive detector can be achieved. However, the presently used indirect coupling introduces irregular losses depending
apparently on the quality of the fiber end and the hole bottom in the coupling scintillator.
The ongoing upgrade of the FOPI spectrometr involves rebuilding of the BARREL
detector [2], including the exchange and shortening of scintillator paddles. For the modified BARREL, a new method of injecting laser light has been developed (Fig. 1). It has
the advantage of the space-saving tangential fibre orientation.
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Light is reflected into the scintillator surface by a conical aluminum mirror. The
measured relative efficiency of light injection (compared to direct perpendicular injection)
is 94 ± 5 %. The mirror surface is of polished aluminum without any special treatment.
Similar results were obtained when using teflon as reflecting material. The efficiency of a
stainless steel mirror was 70 ± 5 %. No measurable assymetry of light partition was seen
with two photomultipliers coupled to the ends of the scintillator paddle.
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The UWIS isotope separator
A.Wojtasiewicz, W.Biaiowas, J.Kondeja, S.Sidor

Continuation of the ISOL/IGISOL project was the main work carried on by the UWIS
group during 1999 [1].
Ion optics tests of the IGISOL device were performed using a specially constructed
corona ion source. The principal and optimal ion optics parameters of the system in the
simulated on-line conditions were established [2,3].
Following this the first series of on-line experiments were performed. The aim was
to test the heavy ion line between the cyclotron and the mass separator (mechanical
and optical parameters) as well as to observe the operation of the ion guide source in
different conditions of purity and pressure of helium, and in different configurations of the
target — helium chamber geometry.
The main characteristics of these experiments are summarized in the Table 1.
The conclusions drawn from each run have led to some corrections and modifications
in the beam transport as well as in the IGISOL construction for the next runs, which
were subsequently performed with the aim of improving the operation of the device.
However, no significant radioacticity of the reaction products has yet been observed at
the detecting point of the mass separator during these first on-line experiments. This is
probably due to too small intensity and energy of the heavy ions and/or to low efficiency
of the ion guide source itself (too many impurities in the helium, plasma effect...).
Therefore, efforts are continued to be able to measure the significant radioactivity of
the reaction products at the collector of the mass separator.
Recently, an additional filter in the helium supply system was installed to decrease the
level of impurities in the helium chamber. With this same purpose, a special heater was
installed in the helium chamber to improve degassing of the chamber walls just before the
run.
A microchannel ion detector was installed at the mass separator collector to evaluate
the evacuation time of the reaction products from the ion source.
These works were partially performed in collaboration with the IPN-Orsay and the
IPN-Lyon in framework of the IN2P3 - Institute of Experimental Physics of Warsaw
University convention (collaboration 97-87 and 99-96 respectively).
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Table 1: IGISOL on-line test runs in 1999.
Date

Heavy
ion beam

Target

Ion guide
configuration

Observations and remarks

Ni
9 mg/cm 2

A

Optimization of ion optics,
impurities in He

Havar
1.7 mg/cm 2

A

Radioactivity of target
(77Kr, 70 As), impurities

Havar+Al
1.7+1.4 mg/cm 2

A

Radioactivity in He
chamber (A=68,69,71...)

Ni
2.4 mg/cm 2

B

Radioactivity in He
chamber, impurities in He

Havar
1.7 mg/cm 2

A

Very low radioactivity at
collector(A=70,71)

Havar
3.4 mg/cm 2

A

Very low radioacivity
(A=71)

Ni
1.3 mg/cm 2

B

Radioactivity in He
chamber, impurities

Havar
3.4 mg/cm 2

A

Heating of He chamber,
A=69, He 5.0

Ni
2.7 mg/cm 2

A

A=69 very low activity,
lower impurities, He 6.0

20

28.04.99

Ne
70 MeV
5nA a
20

07.05.99

Ne
70 MeV
12 nA
16Q

15.06.99

80 MeV
30 nA
16Q

17.06.99

80 MeV
15 nA
16Q

18.06.99

80 MeV
20 nA
16Q

22.06.99

80 MeV
25 nA
16Q

25.06.99

80 MeV
90 nA
16Q

05.10.99

80 MeV
30 nA
16Q

26.10.99

80 MeV
16 nA

A: Target-window at the entrance of the helium chamber, without separating channel,
B: Target in front of the helium chamber, with separating channel inside chamber.
a
: in enA, measured by Faraday cup in front of the target.
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The computer network in the Nuclear Physics
Division
M. Kowalczyk

Computer support available to all the NPD staff and students is based on a VMS
cluster, Novell servers and a Windows NT server. 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 main difference
between this scheme and the one presented in the previous report is the presence of the
Windows NT server and Windows NT workstations. Our color printer HP Desk Jet 870,
previously connected to the Novell server, is now served to all computers by the Windows NT server, so the VMS and UNIX computers can access it using the LPD protocol.
The second printer has been replaced by a new HP Laser Jet 4050 network postscript printer with the duplex option installed. A new version of DEC Print Supervisor software,
which supports raw TCP/IP network printers, has been installed on the VMS cluster and
works properly with the new printer. The old printer is now connected to one of the
Windows NT workstations. A new 18 GB disk has been conected to one of the Alpha
computers in the VMS cluster, and is used as common working area. Fast ethernet is
currently used for communication between the NPD local area network and the external
network.
The Windows NT server is a K6/2 300MHz computer equipped with 128MB RAM
and 10 GB of disk space. This server plays the role of Primary Domain Controller. The
Windows NT server can also act as a Novell file and print server using Microsoft Services
for Netware software. We plan to replace our ten-year-old Novell NetWare 3.10 by this
Novell server emulator in the near future. This will be necessary since no drivers designed
to work under NetWare 3.10 system are available with new hardware anymore.
On the Windows NT server, we have installed Digital Pathworks 32 software, which
enables us to access files on NT disks remotely, over the DECnet network, from the
VMS cluster. The Pathworks software includes the X-server emulator working in the
Windows NT graphics environment. On the VMS side, we installed Advanced Server
software, which emulates the Windows NT backup server on one of the Alpha computers.
This software simplifies user access to the files stored on VMS computers. Users have
limited access to the server console, but they can use Microsoft Office 2000 software
installed on it, when necessary.
All the NPD staff and students have access to the new Windows NT workstation placed in the computer room. The workstation is a computer equipped with a K6/2 450 MHz
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processor, 128MB of RAM, 6GB local disk and a CD Recorder. Software installed on
the workstation includes Microsoft Office 97 and Digital Pathworks 32. Four other Windows NT workstations are used as personal workstations.
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Piotr Jaracz

Marcin Smolarkiewicz*

Marta Kicińska-Habior

Izabela Soliwoda-Poddany*

Marek Kirejczyk

Julian Srebrny

Katarzyna Korzecka*

Krzysztof Starosta*

Mirosław Kozłowski

Zygmunt Szefliński

Zuzanna Marcinkowska*

Zbigniew Trznadel*

Radosław Marcinkowski*

Zbigniew Tymiński*

Tomasz Matulewicz

Zdzisław Wilhelmi

Tomasz Morek

Krzysztof Wiśniewski*

Teresa Rząca-Urban

Technical and administrative staff
Wiesław Białowas

Grażyna Sidor

Michał Godlewski

Sebastian Sidor

Czesława Gowin

Jerzy Tarasiuk

Jerzy Kondeja

Adam Turowiecki

Michał Kowal czy k

Andrzej Wojtasiewicz

Emilia Marczyk

PhD student
On leave of absence at the State University of New York, Stony Brook
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Visiting scientists
1. Prof, dr habil. Robert Beraud
Institut de Physique Nucleaire de Lyon, Lyon France

21. Jun - 27. Jun

2. Gregory Canchel
Institut de Physique Nucleaire de Lyon, Lyon, France

21. Jun - 27. Jun

3. Prof, dr habil. Reiner M. Lieder
Forshungszentrum JLilich, Julich, Germany

1. Apr - 31. Jun

4. dr Yuri N. Lobach
Institute for Nuclear Research UAS, Kiev, Ukraine

1. Aug - 20. Aug

5. dr Gines Martmes
Ecole de Mines /SUBATECH, Nantes, France

26.-31. Oct

6. Prof. Alexandr A. Pasternak
A.F.loffe Physical Technical Institute RAS, St.-Petersbourg, Russia

1. Mar - 20. Dec
7. dr Evgeniya O. Podsvirowa
A.F.loffe Physical Technical Institute RAS, St.-Petersbourg, Russia

5. Aug - 26. Aug
26. Oct - 15. Nov
8. dr habil. Brigitte Rousiere
Institut de Physique Nucleaire d'Orsay, Orsay, France
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Seminars held at the NPD in 1999
8.01.1999 Krzysztof Rusek (Inst. Nuclear Problems, Warszawa)
Couplings with continuum: Reactions with weakly bound atomic nuclei
15.1.1999 Maria Giller (Lodz University)
Cosmic radiation of extremely large energies
26.2.1999 Piotr Jaracz, Zygmunt Szeflinski (NPD)
Interuniversity School of Medical Imaging Techniques and Radiotherapy (presentation of basic aims and programme of studies)
5.3.1999 Tadeusz Kozlowski (Inst. Nuclear Problems, Swierk)
Do the bound states of many neutrons and pions (PINEUTS) exist ?
12.3.1999 Danuta Kielczewska (Particle and Fundamental Interactions Div., Inst.
Experimental Physics, Warsaw University)
Observations of neutrino oscyllations in the SUPER-KAMIOKANDE detector
19.3.1999 Chrystian Droste (NPD)
Linear polarization of gamma quanta in nuclear spectroscopy
26.3.1999 Marcin Smolarkiewicz, Izabela Soliwoda (NPD)
Fluctuations as a tool for the research of nuclear reaction mechanism
9.4.1999 Zbigniew Trznadel (NPD)
High-energy gamma rays from the reaction of 12C + 58>64Ni at beam energies 5.5 11 MeV/u
16.4.1999 Takashi Thomas Inamura (Heavy Ion Laboratory, Warsaw University)
Nuclear Moments of 180m Ta
23.4.1999 Andrzej Wojtasiewicz (NPD)
The Warsaw IGISOL
30.4.1999 Jan Zylicz (Nucl. Spectroscopy Div., Inst. Experimental Physics, Warsaw
University)
Coupling of nuclear and atomic degrees of freedom in 229 Th and 229 Th 89+
7.5.1999 Krzysztof Pomorski (Inst. Physics, Maria Sklodowska-Curie University,
Lublin)
The influence of initial distribution of the angular momentum of the compound
nucleus on its decay
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Seminars held at the NPD in 1999

14.5,1999 Adam Maj (Inst. Physics, Jagiellonian University, Krakow)
Superdeformation and the GDR
21.5.1999 Zuzanna Marcinkowska (NPD)
Looking for the needle in the haystack...— or on the decay of extremely rarely
populated nuclear states
28.5.1999 Stanislaw Mrowczyriski (Inst. Nuclear Problems, Warszawa, and Pedegogical University, Kielce)
Analysis of high-energy ion collisions "Event-by-event"
8.10.1999 Tomasz Matulewicz (NPD)
Where are the neutrons in a nucleus with a neutron halo ?
15.10.1999 Jacek Dobaczewski (Inst. Theoretical Physics, Warsaw University)
Superdeformed states in 32S
22.10.1999 Pawel Zuprariski (Inst. Nuclear Problems, Warszawa)
The reasearch of Gamow-Teller excitations in (p,n) reactions
29.10.1999 Gines Martinez (SUBATECH Nantes)
Beyond first chance np bremsstrahlung in heavy-ion reactions at intermediate energies
5.11.1999 Andrzej Szymacha (Inst. Theoretical Physics, Warsaw University)
The role of symmetry in creation of concepts in physics
19.11.1999 Andrzej Turos (Inst. Nuclear Problems, Warszawa)
The research of crystals by ion-channeling
26.11.1999 Katarzyna Korzecka (NPD)
A new method of reconstructing 7r°-meson kinematics
17.12.1999 Zygmunt Szefliriski (NPD)
Nuclear methods in nuclear medicine

54

Nuclear Physics Division IEP UW

ANNUAL REPORT 1999

Seminars or talks held outside the NPD
14.04.1999, Marta Kicińska-Habior
Gigantyczny rezonans dipolowy i promieniowanie hamowania w reakcjach ciężkojonowych — wyniki z Laboratorium w Seattle i z Warszawskiego Cyklotronu.
Seminar in Inst. Nuclear Physics, Krakow (Poland)
20.05.1999, Marta Kicińska-Habior
Układ JANOSIK przy Warszawskim Cyklotronie - badanie GDR w jądrach gorących.
Seminar in Warsaw University Heavy Ion Lab., Warszawa (Poland)
8.09.1999, Olimpia Kijewska (NPD student)
Bremsstrahlung radiation in heavy-ion collisions 1 8 O + 2 7 Al —>45 Sc at 8.3 MeV/u.
Talk delivered at XXVI Mazurian Lakes School of Physics, Krzyże (Poland)
13.08.1999, Marek Kirejczyk
Identification and properties of charged kaons measured with the FOPI spectrometer.
Talk delivered at "Particle Production Spanning MeV and TeV Energies", Summer
school organized within the NATO Advanced Study Institute, Nijmegen (Netherlands)
6.09.1999, Tomasz Matulewicz
Reconstruction of the TT0 kinematics from 77 decay.
Talk delivered at XXVI Mazurian Lakes School of Physics, Krzyże (Poland)
9.09.1999, Alexandr A. Pasternak (visiting scientist)
119
Transition Probabilities and Complex Structure of the I Nucleus.
Talk delivered at XXVI Mazurian Lakes School of Physics, Krzyże (Poland)
4.09.1999, Brunon Sikora
The many faces of FOPI, from fragment to strangeness detector.
Talk delivered at XXVI Mazurian Lakes School of Physics, Krzyże (Poland)
8.09.1999, Izabela Soliwoda
Equilibration in Heavy Ion Collisions Studied via Dynamical Fluctuations.
Talk delivered at XXVI Mazurian Lakes School of Physics, Krzyże (Poland)
17.02.1999, Julian Srebrny
Lifetimes in n 9 I and the problem of gamm-softness.
Seminar of Department of Physics and Astronomy, State University of New York at
Stony Brook (USA)
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Seminars or talks held outside the NPD

12.05.1999, Julian Srebrny
Czasy życia poziomów w U 9 I a podatność na deformacje nieosiowe.
Seminar of Nuclear Spectroscopy Division, IEP UW
24.09.1999, Julian Srebrny
119
I — nieszczęście dla teoretyków.
Talk delivered at VI Warsztaty Fizyki Jądrowej: Teoria Jądra Atomowego na przełomie wieków, Kazimierz Dolny (Poland)
2.12.1999, Julian Srebrny
New methods of Doppler lifetime measurements.
Talk delivered at the meeting on Nuclear and Heavy-Ion-Accelerator Physics in
Finland and Poland, Warszawa (Poland)
3.09.1999, Adam Turowiecki
The CELSIUS/WASA Facility.
Talk delivered at XXVI Mazurian Lakes School of Physics, Krzyże (Poland)
8.09.1999, Krzysztof Wiśniewski
Phase Space Distribution of K~ and K + Mesons in Heavy-Ion Collisions at SIS
Energies.
Talk delivered at XXVI Mazurian Lakes School of Physics, Krzyże (Poland)
8.04.1999, Andrzej Wojtasiewicz
Warszawski IGISOL.
Seminar in Warsaw University Heavy Ion Lab., Warszawa (Poland)
30.09.1999, Andrzej Wojtasiewicz
The Warsaw IGISOL project.
Invited talk delivered at Int. Workshop on Ion Chemical Aspects in Ion Guide
Systems, Mainz (Germany)
16.10.1999, Andrzej Wojtasiewicz
Warsaw IGISOL.
Talk delivered at The Automn Workshop - Users Meeting JYFL, Jyvaskyla (Finland)
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Degrees granted
MSc (magister) theses

Przemysław Olbratowski
Badanie struktury 1 8 1 T a metodą wzbudzeń kulombowskich
The research of 1 8 1 Ta by Coulomb excitation method
supervisor: dr Julian Srebrny.
Elżbieta Kowalczyk
Dekonwolucja widm neutronów mierzonych spektrometrem MONA
Deconvolution of neutron spectra measured with MONA spectrometer
supervisor: dr hab. Zygmunt Szefłiński.
Beata Planeta
Pozycyjna zdolność rozdzielcza detektora PET
Position resolution of PET detector
supervisor: dr hab. Zygmunt Szefłiński.
Monika Pracharz
Polaryzacja liniowa kwantów w reakcjach z ciężkimi jonami
Linear polarization of quanta in heavy ion reactions
supervisor: prof, dr hab. Chrystian Droste.
Renata Ratajczak
Badanie struktur defektowych w GaN metodami mikroanalizy jądrowej
The research of defect structures in GaN using methods of nuclear microanalysis
supervisors: prof, dr hab. Krystyna Siwek-Wiłczyńska and dr Lech Nowicki.
Izabela Staniszewska
Gigantyczny rezonans dipolowy jako narzędzie do badania zmieszania izospinowego poziomów w jądrach wysokowzbudzonych
Giant dipole resonance as a tool for the research of isospin-mixing of levels in highly excited nuclei
supervisor: prof, dr hab. Marta Kicińska-Habior.
Zbigniew Tymiński
Scyntylacyjny detektor czasu przelotu spektrometru FOPI dla II fazy eksperymentów
Scintillation time-of-flight detector of the FOPI spectrometer for phase II of experiments
supervisor: dr Brunon Sikora
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Degrees granted

DSc / Habilitation (dr hab.) theses
Tomasz Matulewicz
Rola detektorow scyntylacyjnych BaF 2 w badaniach podprogowej produkcji cza.stek
The role of BaF 2 scintillator detectors in the research of subthreshold particle production.
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Publications
A.Betsch, R.Bilger, W.Brodowski, H.Calen, H.Clement, J.Dyring, C.Ekstrom,
K.Fransson, L.Gustafsson,
S.Haggstrom, B.Hoistad, J.Johanson, A.Johansson,
T.Johansson, K.Kilian, S.Kullander, A.Kupść, G.Kurz, P.Marciniewski, B.Morosov,
A.Mortsell, W.Oelert, J.Patzold, R.J.M.Y.Ruber, M.G.Schepkin, J.Stepaniak,
A.Sukhanov, A.Turowiecki, G.J.Wagner, Z.Wilhelmi, J.Zabierowski, A.Zernow,
J.Ziomanczuk
Obserwation of strong final-state effects in TT+ production in pp collisions at 400 MeV
Phys. Lett. B446(1999)179.
H.Calen, J.Dyring, G.Faldt, K.Fransson, L.Gustafsson, S.Haggstrom, B.Hoistad,
A.Johansson, T.Johansson, S.Kullander, A.Mortsell, R.Ruber, J.Ziomanczuk, C.Ekstrom,
K.Kilian, W.Oelert, T.Sefzick, R.Bilger, W.Brodowski , H.Clement, G.J.Wagner,
A.Bondar, A.Kuzmin, B.Shwartz, V.Sidorov, A.Sukhanov, V.Dunin, B.Morosov,
A.Powtorejko,
A.Sukhanov, A.Zernov, A.Kupść, P.Marciniewski,
J.Stepaniak,
J.Zabierowski , A.Turowiecki, Z.Wilhelmi, C.Wilkin
Higher partial waves in pp—>-pp?7 near threshold
Phys. Lett. B458(1999)190.
M.Denis, B.Kandel, F.Albernhe, R.Marcinkowski,
J.Slomiński, R.Wronowski, J.Juchniewicz
Mapping device for INTEGRAL/SPI single detectors
Astro. Lett, and Communications 39(1999)393.

V.Borrel,

G.Rouaix, P.Frabel,

Ch.Droste,
K.Starosta,
A.Wierzchucka,
T.Morek, S.G.Rohoziński,
M.Bergstrom, B.Herskind, E.Wesolowski
PPCO: polarisation-polarisation correlation from oriented nuclei
Nucl. Instr. Meth. A430(1999)260.

J.Srebrny,

M.Górska, H.Grawe, D.Kast, G.deAngelis, P.G.Bizzeti, B.A.Brown, A.Dewald,
C.Fahlander, A.Gadea, A.Jungolaus, K.P.Lieb, K.H.Maier, D.R.Napoli, Q.Pan,
R.Peusquens, M.de Poli, M.Rejmund, H.Tiesler
High spin spectroscopy of 1 0 4 Sn
Ada Phys. Pol. B3O(1999)737.
Z.Janas, J.Agramunt, A.Algora, L.Batist, B.A.Brown, D.Cano-Ott, R.Collatz, A.Gadea,
M.Gierlik, M.Górska, H.Grawe, A.Gulielmetti, M.Hellstrom, Z.Hu, M.Karny, R.Kirchner,
F.Moroz, A.Piechaczek, A.Płochocki, M.Rejmund, E.Roeckl, B.Rubio, K.Rykaczewski,
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Publications

M.Schibata, J.Szerypo, J.L.Tain, V.Wittmann, A.Wohr
Eta strength distribution in the decays of neutron-deficient nuclei
Ada Phys. Pol. B30(1999)659.
M.P.Kelly, K.A.Snover, J.P.S. van Schagen, M.Kiciriska-Habior, Z.Trznadel
Giant dipole resonsnce in higly excited nuclei: does the width saturate ?
Phys. Rev. Lett. 82(1999)3404.
M.P.Kelly, K.A.Snover, J.F.Liang, A.A.Sanzogoni, J.P.S. van Schagen, J.P.Lestone, D.Ye,
M.Kiciriska-Habior, Z.Trznadel
The GDR width in hot Sn nuclei
Nucl. Phys. A649(1999)123c.
M.Kiciriska-Habior , Z. Trznadel, A.Maj, M.P.Kelly, J.P.S. van Schagen, K.A.Snover
Giant dipole resonance decay and bremsstrahlung emission as a source of high-energy
7-rays in 12C+24>26Mg and 12C+58-64Ni reactions at 6-11 MeV/u
Nucl. Phys. A649 (1999) 130c.
M.Kiciriska-Habior, Z. Trznadel
Bremsstrahlung 7-ray emission in heavy-ion collisions at 6-11 MeV/u
Ada Phys. Pol. B3O(1999)535.
M. Kiciriska- Habior
Statistical decay of the giant dipole resonance excited by complete fusion reactions and
other sources of high-energy 7-rays in heavy-ion collisions at 4-11 MeV/u
Ada Phys. Pol. B30(1999)1353.
R.Kotte, - H.W.Barz, W.Neubert, C.Plettner, D.Wohlfarth, J.P.Alard, A.Andronic,
R.Averbeck, Z.Basrak, N.Bastid, N.Bendarag, G.Berek, R.Caplar, N.Cindro, P.Crochet,
A.Devismes, P.Dupieux, M.Dzelalija, M.Eskef, Z.Fodor, A.Gobbi, Y.Grishkin,
N.Herrmann, K.D.Hildenbrand, B.Hong, J.Kecskemti, Y.J.Kim, M.Kirejczyk, M.Korolija,
M.Kowalczyk, T.Kress, R.Kutsche, A.Lebedev, K.S.Lee, Y.Leifels, V.Manko, H.Merlitz,
D.Moisa, A.Nianine, D.Pelte. M.Petrowici, F.Rami, W.Reisdorf, B.deSchauenburg,
D.Sch"ull, Z.Seres, B.Sikora, K.S.Sim, V.Simion, K.Siwek-Wilczyriska, A.Somov,
G.Stoicea, M.A.Vasiliev, K.Wisniewski, J.T.Yang, Y.Yushmanov, A.Zhilin
On the space-time difference of proton and composite particle emission in central heavyion reactions at 400A-MeV
Eur. Phys. J. A6(1999)185.
M.Kozlowski, J.Marciak-Kozlowska, Z.Mucha
Metastable thermal states induced by ultra-short laser pulses
Lasers in Engineering 8(1999)175.
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Publications

M.Kozłowski, J.Marciak-Kozłowska
Klein-Gordon thermal equation for a Planck gas
Fundation of Phys. Lett. 12(1999)93.
M.Kozłowski, J.Marciak-Kozłowska
Why indeed quantumhyperbolic heat transport ?
Lasers in Engineering 9(1999)39.
M.Lach, P.Bednarczyk, W.Męczyński, J.Styczeń, K.H.Maier, K.Spohr, M.Rejmund,
H.Grawe, G.deAngelis, D.Bozzacco, F.Brandolini, S.Lunard
57
High-spin structure of Ni and nuclei nearby
Ada Phys. Pol. B30(1999)743.
R.M.Lieder, Ts.Venkova, S.Utzelmann, W.Gast, H.Schnare, K.Spohr, P.Hoernes,
A.Georgiev, D.Bazzacco, R.Menegazzo, C.Rossi-Alvarez, G.deAngelis, R.Kaczarowski,
T.Rząca-Urban, T.Morek, G.V.Marti, K.H.Maier, S.Frauendorf
Observation of a (i/7/2~[514])2 crossing in 1 8 0 Os
Nucl. Phys. A645(1999)465.
Yu.N.Lobach, A.A.Pasternak, J.Srebrny, Ch.Droste, G.B. Hagemann,
T.Morek, M.Piiparinen, E.O.Podsvirova, S.Tormananen, K.Starosta,
A.A.Wasilewski
Lifetime measurement in the yarst band of U 9 I
Ada Phys. Pol. B3O(1999)1273.
M.Loewe, J.Besserer, J.de Boer, H.J.Maier, M.Würkner, J.Srebrny,
J.Iwanicki,
P.J.Napiorkowski,
P.vonNeumann-Cosel,
A.Richter,
H.J.Wollerscheim, P.Alexa, A.I.Levon, S.A.Karamian, G.Sletten
Depopulation of the Kw = 9" isomer in 1 8 0 Ta via Coulomb excitation
Ada Phys. Pol. B30(1999)1319.

S.Juutinen,
A.Virtanen,

T.Czosnyka,
C.Schlegel,

G.Martinez, Y.Charbonnier, L.Aphecetche, H.Delagrange, K.K.Gudima, T.Matulewicz,
M.Ploszajczak, Y.Schutz, V.Toneev, R.Turrisi, M.Appenheimer, V.Metag, R.Novotny,
H.Ströher, A.R.Wolf, M.Wolf, J.Weiss, R.Averbeck, S.Hlavâc, R.Holzman, F.Lefèvre,
R.S.Simon, R.Stratmann, F.Wissmann, M.J.vanGoethem, H.Lohner, R.W.Ostendorf,
R.H.Siemssen, P.Vogt, H.W.Wilschut, J.Dfaz, A.Marm, A.Kugler, P.Tlusty, V.Wagner,
A. D oppenschmidt
Deep-Subthreshold r\ and vr° production probing pion dynamics in the reaction Ar+Ca
at 180 A MeV
Phys. Rev. Lett. 83(1999)1538.
G.Martinez, L.Aphecetche, Y.Charbonnier, H.Delagrange, D.d'Enteria, T.Matulewicz,
Y.Schutz, R.Turrisi, M.Appenheimer, V.Metag, R.Novotny, H.Ströher, A.R.Wolf,
M.Wolf, J.Weiss, R.Averbeck, S.Hlavâc, R.Holzman, F.Lefèvre,
R.S.Simon,
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Publications

R.Stratmann, F.Wissmann, M.Hoefman, M.J.vanGoethem, H.Löhner, R.W.Ostendorf,
R.H.Siemssen, P.Vogt, H.W.Wilschut, J.Dfaz, A.Marin, A.Kugler, P.Tlusty, V.Wagner,
A.Doppenschmidt
Photon production in heavy-ion collisions close to the pion threshold
Phys. Lett. B461(1999)28.
P.J.Napiorkowski, J.Iwanicki, J.Choiński, T.Czosnyka, N.Amzal, P.A.Butler, D.Hawcroft,
G.Jones, M.Loewe, J.Srebrny, M.Würkner
Nuclear structure studied via Coulomb excitation
Ada Phys. Pol. B30(1999)1309.
A.Nowak, W.Urban, W.Kurcewicz, T.Rząca-Urban, H.Mach, B.Fogelberg, J.L.Dureil,
M.J.Leddy, M.A.Jones, W.R.Phillips, A.G.Smith, B.J.Varley, M.Bentaleb, E.Lubkiewicz,
N.Schulz, I.Ahmad, L.R.Morss
139
New excitation scheme of Cs
Eur. Phys. J. A6( 1999)1.
F.Rami, P.Crochet, R.Donà, B.deSchauenburg, P.Wagner, J.P.Alard, A.Andronic,
Z.Basrak, N.Bastid, I.Belyaev, A.Bendarag, G.Berek, D.Best, R.Caplar, A.Devismes,
P.Dupieux, M.Dżelalija, M.Eskef, Z.Fodor, A.Gobbi, Y.Grishkin, N.Herrmann,
K.D. Hildenbrand,
B.Hong, J.Kecskemeti,
M.Kirejczyk,
M.Korolija,
R.Kotte,
A.Lebedev, Y.Leifels, H.Merlitz, S.Mohren, D.Moisa, W.Neubert, D.Pelte, M.Petrovici,
C.Pinkenburg, C.Plettner, W.Reisdorf, D.Schiill, Z.Seres, B.Sikora, V.Simion,
K. Siwek-Wilczy riska, G.Stoicea, M.Stockmeir, M.Vasiliev, K.Wiśniewski, D.Wohlfarth,
I.Yushmanow, A.Zhilin
Flow angle from intermediate mass fragment measurements
Nuci. Phys. A646 (1999)367.
M.Rejmund, K.H.Maier, R.Broda, B.Fornal, M.Lach, J.Wrzesiński, J.Blomqvist,
A.Gadea, J.Gerl, M.Górska, H.Grawe, M.Kaspar, H.Schaffner, Ch.Schlegel, R.Schubart,
H.J.Wollersheim
Particle-octupole vibration coupling near 2 0 8 P b
Ada Phys. Pol. B30(1999)733.
J.Sauvage, L. Cabaret, J.Crawford, H.T.Duong, J.Genevey, M.Girod, A.Gizon,
D.Hojman,G.Huber, F.Ibrahim, A.Knipper, M.Kreig, F.Le Blanc, J.K.P.Lee, D.Lunney,
G.Marguier, J.Obert, J.Oms, J.Pinard, J.C.Putaux, B.Roussiere, V.Sebastian,
A.Wojtasiewicz, S.Zemlyanoi, D.Forkel-Wirth, J.Lettry
Nuclear structure of neutron-deficient Au and Pt isotopes from high-resolution laser
spectroscopy at Isolde
Ada Phys. Pol. B30(1999)1393.
K.Starosta,
T.Morek,
Ch.Droste, S.G.Rohoziński, J.Srebrny,
A.Wierzchucka,
M.Begstrom, B.Herskind, E.Melby, T.Czosnyka, P.J.Napiorkowski
Experimental test of the polarization direction correlation method (PDCO)
Nucl. Instr. and Meth. A423(1999)16.
62

Publications

C.A.Ur, D.Bazzacco, G.P.Bolzonella, S.Lunardi, N.H.Medina, C.M.Petrache, M.N.Rao,
C.Rossi Alvarez, L.H.Zhu, G.deAngelis, D.deAcuna, D.R.Napoli, W.Gast, R.M.Lieder,
T.Rząca-Urban, R.Wyss
144
Quadrupole moment of the yarst superdeformed band in Gd
Phys. Rev. C6O(1999)054302.
W.Urban, W.Kurcewicz, A.Nowak, T.Rząca-Urban, J.L.Durell, M.J.Leddy, M.A.Jones,
W.R.Phillips, A.G.Smith, B.J.Varley, M.Bentaleb, E.Lubkiewicz, N.Schultz, J.Blomqvist,
P.J.Daly, P.Bhattacharyya, C.T.Zhang, T.Ahmad, L.R.Morss
132
Neutron single-particle energies in the Sn region
Eur. Phys. J. A5(1999)239.
M.Würkner, J.de Boer, J.Choiński, T.Czosnyka, Ch.Droste, C.Günther, J.Iwanicki,
M.Kisieliński, A.Kordyasz, M.Kowalczyk, H.Kusakari, J.Kvasil, A.I.Levon, M.Loewe,
P.J.Napiorkowski, T.Shizuma, G.Sletten, J.Srebrny, M.Sugawara, T.Weber, G.Sletten,
J.Srebrny, M.Sugawara, T.Weber, Y.Yoshizawa
Coulomb excitation of 2 3 1 P a
Ada Phys. Pol. B3O(1999)1313.
K.Zając, L.Próchniak, K.Pomorski, S.G.Rohoziński, J.Srebrny
Collective quadrupole excitations in even-even Ru Isotopes
Ada Phys. Pol. B3O(1999)765.
K.Zając, L.Próchniak, K.Pomorski, S.G.Rohoziński, J.Srebrny
Collective quadrupole excitations in the 50<Z, N<82 nuclei with the general Bohr
Hamiltonian
Nucl. Phys. A648(1999)181.
K.Zając, L.Próchniak, K.Pomorski, S.G.Rohoziński, J.Srebrny
The low-lying quadrupole collective excitations of Ru and Pd isotopes Nucl. Phys.
A653(1999)71.
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