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PREFACE
This Annual Report summarizes the research activities of the Nuclear Physics Division
in the year 2004. As in previous years, contributions are grouped in two sections:
• Reaction Mechanism and Nuclear Structure,
• Experimental Methods and Instrumentation.
The research program of our Division includes "in-house" activities and experiments
with beams from the Warsaw Cyclotron of the Heavy Ion Laboratory as well as participation in the 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 we continued our participation in the FOPI, TAPS and WASAPROMISE international collaborations. Starting this year, we joined a new international
Compressed Barionic Matter project with the aim of building a heavy ion detector to investigate the properties of highly compressed barionic matter using the future accelerator
facility in Darmstadt — FAIR.
The first report deals with the question of feasibility of J/ip detection in the CBM
via dimuon decays. In particular, the key issue in this measurement is the suppression of
muons originating from weak decays of pions and kaons. The separation of those muons
from primary muons emerging from the target area can be accomplished with a number
of tracking devices placed on the path to the muon identification detector.
We also continue our involvement in the FOPI project. The present Report presents an
analysis of $ meson production in the Ni+Ni reaction at 1.93 AGeV. The first experiment
performed in 1995 was repeated in 2003 with highly increased statistics. Two subdetectors,
the CDC chamber and the Barrel scintilator, were used for kaon identification. About
120 $ mesons were found by reconstructing the $ invariant mass from K + K~ candidates.
The probability of meson production was obtained.
Data from two bremstrahlung-photon interferometry experiments carried out for Ta+Au
collisions at 40A MeV were further analized. The inclusive two-photon correlation function shows no evidence for the fluctuating structure, which was suggested in the previous
experiment for the same system. The correlation function was studied for different collision centralities showing no HBT signal for peripheral collisions. For the most central
collisions there is an indication for the effect, however the available statistics are too
limited to draw firm conclusions.
In this Report we give very preliminary information on the early stage of an analysis
of the experiment carried out at LNS INFN in Catania, aimed at studing the basic features of the mechanism of energy dissipation in nucleus-nucleus collisions. A very heavy
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system, Au+ Au, was studied at a bombarding energy of 15 MeV/nucleon by using
the CHIMERA multidetector array.
A method of calculating the cross sections for the synthesis of super-heavy nuclei
in cold fusion reactions was developed. This method was tested on 12 experimentally
measured one-neutron-out fusion reactions resulting in the production of elements with Z
in the range Z=102—112. The calculated cross sections agree quite well with the measured
values. This result is important for better planning of future experiments aimed at the
synthesis of superheavy elements.
New experiments with the beam of the Warsaw Cyclotron and the modified JANOSIK
set-up were carried out recently. Information on the isospin mixing at an excitation energy
36
of 49 MeV in Ar has been extracted from the statistical decay of the Giant Dipole
Resonance. Comparisons with values of the isospin mixing coefficient obtained for lighter
nuclei ( 28 Si, 3 2 S) at the same excitation energy suggest that the isospin mixing increases
with the increasing mass and charge of the nucleus.
Some recent theoretical and experimental works have drawn attention to the question
of the chirality in atomic nuclei with an odd number of protons and neutrons. These
studies are still in a very preliminary stage and the information on the lifetimes in chiral
bands is rather scarce. Using the beam of the Warsaw Cyclotron and the OSIRIS experimental set-up, lifetimes of the supposed chiral bands in 1 3 2 La were measured for the first
time and reported in AR 2003. For precise determination of the lifetimes in 1 3 2 La the
dE/dx values for the La recoils moving in the target material (Sn) have been measured. A
substantial difference between the electronic stopping power obtained in our experiment
and that in Ziegler's predictions was found. In this report we also present the lifetime
measurements for 1 2 8 Cs, a nucleus that is also predicted to have chiral bands.
Among contributions concerning experimental methods and instrumentation, I would
like to mention the interesting report on the studies of the radiobiological effects caused
by charged 1 2 C heavy ions on living cells. Thin samples were irradiated at the Warsaw
Cyclotron by a horizontal beam of 120 MeV ions with uniform dose distribution at the
irradiated target. Determination of the optimal doses and exposure times that yield
enough mitotic cells for scoring of chromosomal aberrations is the goal of the project.
As was already mentioned, most of the work presented in this Annual Report results
from close collaboration with our colleagues from many foreign as well as 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 State Committee for Scientific Research (KBN).

Krystyna

Siwek-Wilczyńska
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J/\|/ detection in CBM via dimuon decay.
The feasibility of discriminating between muon pairs
from dimuon J/\|/ decay and from pion decays.
Ł. Ślusarczyk, B. Sikora, K. Wiśniewski
In order to study the properties of strongly interacting matter far from its ground
state, the Compressed Baryonic Matter Experiment (CBM) is proposed to be performed
at the new FAIR facility in GSI. The research programme includes a comprehensive investigation of the relevant hadronic observables, and is focused on systematic measurements
of diagnostic probes: the dileptonic decay of low-mass vector mesons and of hadrons containing charmed quarks. The main difficulty of charmonium measurement in the CBM
experiment lies in the extremely low multiplicities of these interesting probes [1].
In particular a key issue in the measurement of J/ip in the dimuon channel is the
suppression of muons originating from weak decays of pions and kaons. The separation of
those muons from primary muons that emerge from the target area can be accomplished
with a number of tracking devices placed on the way to the muon-identification detector
(see Fig. 1).
In each tracking station of such a system, the position and the direction of a traversing charged particle will be registered. In the current CBM setup, the Silicon Tracking
Stations (STS) and the three Transition Radiation Detector (TRD) stations serve as such
tracking tools.
A decay of a pion or a kaon into a muon and a neutrino can be detected due to a kink
in the trajectory. In the following, only decay of pions is treated, because in the case of
kaon decay, the kink angles are several times larger, thus easier recognizable.
According to theoretical predictions, one expects the J/ip meson multiplicity of about
5
1.9 • 10~ per central Au+Au collision of 25 AGeV beam energy. Thus, taking into account the J/ip decay branching ratio into the dimuon channel (5.88%) and the geometric
7
acceptance of the CBM setup one expects about 3.12 • 10~ muon-pairs from the J/ip
decay in one such event. How problematic the identification of these rare probes will be
can be easily recognized by comparing this number with the mean multiplicity of pions
of about 400 of which about 13 will on the average decay into muons on the way to the
muon-identification detector.
In Fig. 2 the invariant mass distribution for the signal (true muon pairs from the J/ip
decay) and the background (muon pairs from the decay of pions) are shown as expected
in the geometrical acceptance of the CBM setup at 11.5 m distance downstream from
the target. In Tab. 1 and Fig. 3 the influence of the most simple and obvious selection
criterion: px > 1 GeV/c is quantified. One clearly sees that sufficient reduction has to
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Figure 1: Proposed CBM detector setup. The Silicon Tracking Stations (STS) and the
Transition Radiation Detectors serve as tracking devices. An additional muon identification device is considered to be placed at the and of the whole setup, behind an absorber.
be based on much more sophisticated method. An possible approach is presented in the
following.
In case the decay occurs between two consecutive tracking stations, the position of the
track of the decay-muon extrapolated from the second tracking plane to the first tracking
plane will substantially differ from the position of the pion registered in the first plane. If
a pion does not decay between two consecutive planes, the accuracy of the extrapolation
Table 1
1.
2.
3.
4.
5.
6.

number of pions produced on average in central
collision and falling into geometrical acceptance
probability that such a pion will decay before
it reaches the muon identification device
number of decay-muons on average
number of decay-muon pairs on average
decay-muon pairs per one true-muon pair
. . . in the window around 3ftp
invariant mass (Background/Signal)

without
PT cut

with cut
PT >lGeV/c

398.5

4.78

12.42%
49.5
1228
9
3.94 10

3.39%
0.162
0.0131
4
4.19 10

11.4

6.56
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decay muon pairs / true muon pairs : 1.23E+03 / 3.12E-07 - 3.94E+09 (11.4 in peak)
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Figure 2: Invariant mass spectra for signal (/i+/i pairs from J/ip decay) and background
(muon pairs from pions decay). No transversal momenta cut.
will be limited by the multiple scattering in between the two planes, which is practically
the same for pions and muons.
In the first step the impact of pion decay between two neighboring tracking stations was
studied assuming ideal resolutions of position and track angle in the tracking stations.
Only multiple scattering in the air between the stations has been taken into account.
In Fig. 4 results of simulations for pions that decayed in between the two planes (blue
histogram) and muons (magenta) are shown. The distances between the true positions
registered in the first tracking plane and positions extrapolated from the second plane
decay muon pairs / true muon pairs : 0.0131 / 3.12E-07 = 4.2E+04 (6.65 in peak)
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Figure 3: Invariant mass spectra for signal (/i+/i pairs from J/ip decay) and background
(muon pairs from pions decay). Cut on transversal momenta - 1 GeV/c.
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Figure 4: Extrapolation of tracks between two consecutive tracking planes. The track
in the second plane is extrapolated back to the first plane placed 2 m upstream. The
distance to the original point in the first plane is projected onto an axis perpendicular
to the initial momentum of a particle. Magenta (light grey): muons that undergo smallangle scattering, blue (dark grey): pions that decay into muons and neutrinos. Smallangle scattering takes place only in the air in between the two planes. A perfect position
resolution in both tracking planes is assumed.
were projected onto one of the axes perpendicular to the original direction of particles.
The momenta of muons and pions at the first tracking plane were 2 GeV/c, and the
distance between the two planes was 2 meters.
In order to study the efficiency of the rejection of decay-muons, we define a radius
Rmax around the true position in the first tracking plane in which the extrapolated point
will be searched for. All cases for which the extrapolation falls outside Rmax are rejected
as decay muons. Reducing Rmax results in a better rejection of pion decays but also in a
smaller efficiency for true muons. We define the Rejection Factor, RF, as
(1)
It quantifies the amount of background due to pion decays that survive the selection
criterion. The left panel of Fig. 5 shows RF as a function of the distance between the two
tracking planes for different values of Rmax a n d for pions with 2 GeV/c momenta. The
dependence of RF on the pion momenta for a fixed Rmax = 1 m m is illustrated in the right
panel of Fig. 5.
The efficiency of the selection for true muons is defined as

EF =

Rma
=true

V

(2)

and plotted in Fig. 6 as a function of the distance of the tracking stations for fixed muon
momentum of 2 GeV/c and different Rmax (left panel) and for fixed Rmax = 1 mm and
8
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Figure 5: Left: rejection of pions with 2 GeV/c momentum for different selection criteria
Rmax as a function of distance between two tracking planes. Right: rejection of pions with
selection criterion Rmax =1 m m for different momenta as a function of distance between
two tracking planes.
different muon momenta (right panel). For a given distance, d, between the tracking planes
and for a given selection criterion Rmax, both RF and EF rise with particle momenta.
However, the increase of the efficiency, EF, is stronger. Therefore, it is plausible to
conclude that the capability of triggering and separation of true muons from decay muons
gets better with increasing particle momenta.
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distance [cm]

100

150
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Figure 6: Left: acceptance of true muons with 2 GeV/c momentum for different selection
criteria Rmax a s a function of distance between two tracking planes. Right: acceptance of
true muons with selection criterion Rmax =1 mm for different momenta as a function of
distance between two tracking planes.
In order to study the signal to background ratio for the J/V> identification, the following
assumptions were made:
9
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5

• the J/ip multiplicity is 1.9 • 10 per central event,
• the phase-space distribution of J/ip is according to the source parameters T = 150 MeV
and
y = 0.8
• J/ip decays into muons with 5.97% branching ratio.
For the background, 1000 central Au+Au events at a beam energy of 25 AGeV generated
by UrQMD were used. The geometrical acceptance of the CBM setup was roughly taken
into account by a cut in the laboratory polar angle 5° < di^ < 30°. Out of 700 pions
produced on average per central event, 400 fall into the geometric acceptance. Moreover,
on average 5 of them have transversal momenta larger than 1 GeV/c, which, due to the
geometrical cut on 9LAB, corresponds almost perfectly to the lower momentum limit of
m m
2 GeV/c. Choosing Rmax = 1
and the distance between the two tracking planes 2 m,
the rejection factor for pions of 2 GeV/c momenta is equal to 5 • 10~4. Thus, one can
expect that the mean number of background muons, misidentified as true muons, will be
less than 9 • 10~6 per central event.

0.5

1.5

2.5

3.5
24
m i n v [GeV/c2]

Figure 7: Invariant mass spectra of muon pairs. Magenta (light grey): true muons from
J/V> decays, blue (dark grey): false triggers due to pairs of muons from decays of pions.
The relative normalization of both histograms reflects the expected ratio of signal to
background pairs.
On the other hand, in one central event about 3.6 • 10~7 true muon-pairs from J/ip
decays will be emitted on the average into the geometrical acceptance. Almost all of these
muons have transverse momenta larger than 1 GeV/c, and about 65% of them pass through
the selection criterion as denned above. Therefore, one expects about 1.5 • 10~7 signal
pairs per central event. The invariant mass spectra of background and signal muon pairs
are shown in Fig. 7, where the integral of the signal distribution is 60 times smaller than
that of the background. The signal peak is calculated assuming a momentum resolution
of 1%. In the scenario outlined above, one can expect a signal to background ratio (S/B)
of about 3 or 4.

10
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Conclusions and next steps
The study presented in the previous section gives only a rough impression on the feasibility of the J/V> measurement via the dimuon decay because of the idealizing assumptions
made. In order to arrive at realistic estimates one has to take into account:
• the material budget in the detectors increasing the effect of the small-angle scattering,
• the finite spatial resolution of the tracking planes,
• the limited identification capability of the muon detector,
• the occupancy in the tracking planes limiting the global tracking close to the target
area,
• the contribution of kaon decays to the background,
• the increase of the background due to secondaries.

References
[1] CBM Collaboration, Compressed Baryonic Matter Experiment - Technical Status Report, GSI Darmstadt, January 2005, section 1.1
[2] CBM Collaboration, Compressed Baryonic Matter Experiment - Technical Status Report, GSI Darmstadt, January 2005, section 17.2.3
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Position-sensitive beam counter in the FOPI pion
experiment
M. K. Kirejczyk

The FOPI spectrometer at the SIS synchrotron in GSI Darmstadt had been used
so far in heavy ion experiments. In 2004, however, an experiment was carried out, in
which heavy targets (C, Al, Cu, Sn, and Pb) were bombarded by a secondary TT~ beam.
As the expected particle multiplicities in the main tracking device, the Central Drift
Chamber (CDC), are small (on the order of 3 4 particles per event) it was necessary
to add additional information about the position of the vertex. Usually the number of
tracks in the CDC is large enough to reconstruct the vertex from the fit of all tracks, this
procedure breaks down, however, for small number of tracks. The knowledge of vertex
eases the track reconstruction and improves its quality, in addition it allows for the offthe-vertex track recognition (necessary in the search for the products of A or K° decay).
It was, therefore, necessary to use an additional, position-sensitive beam counter. As the
beam currents were low for the FOPI experiment (few thousand particles per spill) the
timing properties of the counter were not of crucial importance. A silicon strip counter
was used for that purpose.
The detector itself was kindly provided by Anton Andronic. It consists of two subdetectors, each consisting of two perpendicularly oriented planes divided into 640 strips.
Strip width is equal to 50 um, so the total size of each subdetector equals 3.2 x 3.2 cm 2 .
Experience has shown, that the position resolution of the detector is somewhat worse
than the strip size and can be roughly estimated as better the 100 um [1].
The counter was introduced into the FOPI readout scheme, and software was written
for reading out particle position in each plane. The position of vertex is calculated as a
linear extrapolation from two points obtained from two detectors.
For a limited number of events the track multiplicity in the CDC was large enough
to provide an estimate of vertex position calculated in the usual way. For those events
a comparison is possible between the vertex calculated in CDC and the extrapolation
from the silicon strip counter. There is a clear correlation between the data from both
detectors. In addition it was reported, that the use of the extrapolated vertex improves
the track reconstruction in the CDC [2].

References
[1] A. Andronic, private communication.
[2] M. Lotfi Benabderrahmane, private communication.
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<J> meson production in Ni+Ni at 1.93 AGeV
Z. Tymiński, N. Herrmann", A. Mangiarottia, M.L. Benabderrahmanea, M. Kirejczyk,
Y. Leifels6, B. Sikora, K. Siwek-Wilczyńska, K. Wiśniewski: FOPI collaboration
Heavy-ion collisions provide a unique opportunity to probe hot and dense nuclear
matter. Many theories predict, partially supported by experimental data, that modifications of hadron properties at higher densities are possible [1,2]. SIS energies (up to
~2 GeV/nucleon) are very well suited to study medium effects by their influence on some
observables, for instance: antikaon production cross-sections, phase space distributions,
K+ jK~ ratios and $(1020) vector meson production. Decay of the $ mesons into K+K~
with 49.2 % branching ratio is especially important for the K~ yield [3]. Combining the
$ meson yield with measured K~ yield allows to check the sensitivity of various reaction
channels, as implemented in transport models.
Taking advantage of the high statistics data collected with FOPI for the system
58
Ni+ 5 8 Ni at 1.93 AGeV, the production of $ mesons in Hi-collisions can be further
investigated. In the previous experiment in 1995 for the same energy and system but
different impact parameter range about 20 $ mesons were found and an estimate of the
production probability was obtained [4]. In the 2003 experiment with new acceptance
and about 10 times higher statistics about 120 $ mesons were found by reconstructing
the $ invariant mass Minv = ^(EK+ + EK-)2 — (PR+ + PR-)2 from K+K~ candidates.
Two subdetectors of FOPI were used in kaon identification: the CDC chamber and the
Barrel scintillator detector [5]. The invariant mass of K+K~ pairs and the background
are ploted in Fig. l.A. The background was obtained by the event mixing technique with
+
the mixing stack containing K or K~ mesons. The background spectrum was scaled
with the counts in the tail outside the peak for Minv >1.03 GeV (shadowed area on the
plot) resulting in the signal to background ratio of S/B=1.3. The position of the gaussian
fit of background subtracted spectra (Fig. l.B) was at 1.021 GeV with the width about
9 MeV and about 100 counts obtained after applying cuts in the polar angles 6 ^ and
QCM- The parameters of the gaussian fit are in good agreement with the known values:
$ m a s s = 1 . 0 1 9 GeV and the width=4.5 MeV. Thermal simulations were done with IQMD
data [6] by embedding thermal $ mesons in each IQMD event. Data simulated in this
way were tracked using the GEANT package and were analyzed as real data to get efficiency corrections. In both cases the reconstructed mesons were localised mainly in a
narrow phase space region with a maximum close to midrapidity, much closer than in the
previous experiment [4]. For background-subtracted $ mesons the acceptance in terms of
a

Physikalisches Institut, Universitaet Heidelberg, Germany
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Figure I: Invariant mass of K+K
pairs: A — raw spectrum with reconstructed background (dashed area was used for scaling). B — background subtracted mass spectrum
with peak corresponding to the $ mesons. The gaussian fit is also shown.
transverse momentum and scaled rapidity is presented in Fig. 2. The acceptance for the
1995 experiment is marked by shadowed area, in addition the lines of © ^ and OCM cuts
are presented on the picture.
The statistics collected in experiment was enough to estimate the inverse slope param-

O." 0.5

Figure 2: Acceptance plot for $ mesons: in the transverse momentum Pt and scaled
rapidity Yo coordinates (i.e. —1 is the target, + 1 is the projectile rapidity and 0 is
mid-rapidity). Acceptance for the 1995 experiment is marked as a dashed area. Lines
corresponding to the OCM = 135,110° cuts and 0^=26,57° for the Barrel polar angle
acceptance are also plotted. Selected values of the kinetic energy £ * ^ are presented as
indicated in the right side of picture.
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Figure 3: The CM kinetic energy distribution of the $ mesons: A — triangle symbols
are for reconstructed background, squares present the primary data, B — background
subtracted spectra corrected for the efficiency and fitted with Boltzmann formula.
eter of the CM kinetic energy distribution E%™. In this case, with an almost complete
spectrum of £ * ^ it was possible to fit the spectrum with a Boltzmann formula:

f(E) = a E exp( E/T).

The spectrum obtained with 70 MeV binning in E^™ is presented in Fig. 2. The final
spectrum with Boltzmann fit is ploted in Fig. 3.B. The background was subtracted in
the same way as in the case of invariant mass with exactly the same scaling factor. The
inverse slope parameter extracted from the fit was 120 MeV (± 12 ± 20) MeV (± statistic
± systematic). Systematic errors are still under investigations by applying different cuts
for kaon selections in data and simulations. The production probability of $ mesons was
calculated with the formula:
P = ^ • no/Nevts
/RB,
where n0 is number of $ mesons in selected phase space region Cf.
n0 = j%dE
and Cf = J^ /® 2 sinΘ dΘ dφ = 2TT J^ sinQ dΘ;
Nevts is the number of events and RB = 49.2% is the branching ratio for decay into K+K~.
3
The preliminary result P = (0.6 ± 0 . 1 ±0.2) x 10 ~ , obtained for temperature from the
fit to Ec™, is within experimental uncertainties in agreement with our rough estimation
from the 1995 data [4].

[1]
[2]
[3]
[4]
[5]
[6]

References

J.Schaffner et al., Nucl. Phys. A 625 (1997) 325
G. Mao et al., Phys. Rev. C 59 (1999) 3381
H. W. Barz et ai.,Nucl. Phys. A 705 (2002) 223
A. Mangiarotti et al., Nucl. Phys. A 714 (2003) 89
J. Ritman et al., Nucl. Phys. B 44 (1995) 708
C. Hartnack et al., Eur. Phys. J. A 1 (1998) 151
15

Nuclear Physics Division IEP UW

ANNUAL REPORT 2004

Two-photon Interferometry in Ta+Au Collisions at
40A MeV
K. Piasecki, T. Matulewicz

Introduction
The HBT interferometry is the quantum-mechanical tool allowing to measure the
extent and lifetime of the emission source. This work presents the results concerning
the zone of bremsstrahlung photons emitted during 181 Ta+ 197 Au collisions at AOA MeV
beam energy. The HBT technique is presented in details in [1], and shortly in [2], where
preliminary results of the present work are reported. This work is a continuation of
previous HBT measurements for the system Ta+Au, described in [3,4]. In the present
work the 77 data sample is by factor 8 larger.
The experimental setup consisted of TAPS electromagnetic spectrometer and the KVI
Forward Wall. Designed to detect photons, TAPS was arranged in 6 blocks of 8 x 8
modules, each equipped by the CPV detector at its front face. The KVI Forward Wall,
composed of 92 AE — E phoswich modules, was employed to measure multiplicities of
LCPs and IMFs. For the experimental details, the Reader is referred to [2].

Results of the Analysis
2927 77 pairs were identified and their invariant mass (M 77 ) spectrum is shown in
Fig. 1 as a dashed histogram. Different background contributions to the data sample
are on the low level: chance coincidences are estimated to 1.5%, the contribution from
pairs in which at least one cluster is a misidentified cosmic particle is reduced to 0.7%
and the influence of misidentified electrons in 77 pairs to 0.5%. At M 77 = 80 MeV the
contribution from TT0 —> 77 channel is not higher than 1%.
The Event-Mixing method [5] was applied to construct the M 77 spectrum of uncorrelated 77 pairs, depicted in the Fig. 1 with triangles. All physical distributions of particles
in events constructed in this method have to be unchanged with respect to experimental
events. Therefore events building M 77 distribution were weighted in such a way, that the
distribution of multiplicity of LCPs and IMFs in KVI Forward Wall, resultant from the
Event Mixing method, is corrected to the experimentally obtained profile.
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Figure 1: Invariant Mass spectrum of
measured (dashed histogram) and uncorrelated (triangles) photon pairs.
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Figure 2: Inclusive experimental correlation function for 77 pairs from Ta+Au
collisions at 40A MeV.

The experimental correlation function, denned as the ratio between two mentioned
spectra:
dN

C12 =

(1)

dN
uncorrelated

is shown in Fig. 2, and due to the technique applied, is not normalized. The main peak
originates from TT° —> 77 events and is not subject to present investigations. The HBT
signal, carrying the fingerprint of the spatio-temporal extent of a 77 emission source,
is expected to appear at M 7 7 < 70 MeV. However, the C12 function seems to be flat.
The constant function, fitted to Cu in the range M 7 7 < 70 MeV, and simultaneously
normalizing it, is shown in the inset of the mentioned figure, and reveals the agreement
on the X2/1/ = 1-0 level. In grey the Cu function from the previous analysis [4] is shown for
the comparison. Former data were suggesting the oscillatory behaviour of the function,
discussed in [4,6,7], however this hypothesis does not find confirmation in the present
analysis.
In the simplest model used in correlation studies the photon emission source is described by 1 parameter, called the invariant radius, RINV, combining the spatio-temporal
volume of the source [1]. Within this model, < as a function of M 7 7 is expected to depend
on RINV m a following way:
C12 = 1 + λ exp(

he

(2)

where A reflects the possibility of HBT signal suppression, due to either partial coherence
of NN collisions or photon emission dynamics [7,8]. The shape of the Cn seems to be flat
(cf. Fig. 2) in the experimentally accessible region of M 7 7 > 8 MeV. For each value of pa2
rameters above, the % jv value is evaluated between model and experimental Cu profile,
in M 7 7 < 50 MeV range. The probabilities associated to x2/1' a r e shown in Fig. 3, where
la and 3a regions are depicted. Not all the parameters can be rejected due to available
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statistics and acceptance limitations*1. Assuming the incoherence of NN interactions in
the early stages of the Heavy-Ion collision, the theoretically predicted value of A ranges
between (0.5,1) [8]. In these bounds, regions signed in the figure above as A and B cannot
be rejected by present analysis.
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Figure 3: Probability of agreement
between experimental and model Cu
as a function of RINV a n ( l A. See text
for details.
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Figure 4: Experimental correlation function
for central collisions, tagged by the multiplicity of LCPs detected in the KVI Forward
Wall, x2 l v values refer to the hypothesis of
no HBT signal (solid line) and gaussian HBT
signal (dashed line).

The multiplicity of LCPs and IMFs (denoted below as MFW) produced during the
Heavy-Ion collision, and detected in KVI Forward Wall, can serve as a signature of the
collision centrality. Therefore Cu was investigated for different MFW bins. For peripheral
collisions (lower values of MFW) no HBT signal can be found. For two most central classes
(MFW > 7, see Fig. 4) one can suggest the appearance of a structure for M 7 7 < 25 MeV,
however the available statistics is too limited to confirm the hypothesis, basing on a
3a criterion. The x2' jv values for the hypothesis of absence of HBT signal {Cn = 1),
calculated for M 7 7 < 25 MeV, are equal to 2.2 for each of two MFW ranges. A model
function (cf. Eq. 2) was fitted to the C^i profile, requiring A € (0.5,1). The extracted
IS
RINV
found to be 10.3 ± 2.7 fm (see Tab. 1). Resultant values of x2 lv (also listed in
a table above) indicate, that for MFW e (7,9) the hypothesis of the appearance of the
HBT signal explains the experimental Cu profile much better.
This research is partially supported by the Polish Committee of Scientific Research
(KBN) under grant KBN 2P03B 102 25.

a

MFW

No HBT signal
χ2/ν

(7,9)
(8,13)

to to
to to

Table 1: Values of x2lv f° r two hypotheses of
RINV values are extracted from fitting Eq. 2.

profile. For HBT signal hypothesis,
HBT signal
ν
RINV \pRi\ X /
0.7
10.3±2.3
10.3±3.0
2.0

For comparison with the mentioned model, C12 was normalized to unity in region M 7 7 € (50,70) MeV,

which imposes additional limitations on analysing

(RINV,
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Dynamical evolution of the 1 9 7 Au + 1 9 7 Au system at
15 MeV/nucleon
I. Skwira-Chalot, K. Siwek-Wilczyńska, J. Wilczyńskia: for CHIMERA-ISOSPIN
Collaboration

Introduction
In this report we give a very preliminary information on the early stage of analysis of
an experiment carried out at LNS INFN in Catania, aimed to study dynamical processes
in collisions of a very heavy nuclear system, 1 9 7 Au + 197 Au, at a bombarding energy of
15 MeV/nucleon, by using the CHIMERA multidetector array.

Mechanisms of energy dissipation
The experiment was designed to study basic features of the mechanism of energy
dissipation in nucleus-nucleus collisions. This mechanism converts energy from collective
to intrinsic degrees of freedom and depends mostly on the mean free path of nucleons
in nuclear matter. At low excitation energies, when the mean free path is long, the
dynamics of nucleus-nucleus collisions is driven by the mechanism of one-body dissipation
[1], which is due to collisions of independent nucleons with moving boundaries of the
system (the "all formula") or due to the exchange of nucleons through a window connecting
the two colliding nuclei (the "window formula"). At higher temperatures of nuclear matter
the nucleonic mean free path decreases and the mechanism of one-body dissipations is
expected to be replace by the mechanism of two-body dissipation [2-4], in which nucleonnucleon collisions are no longer suppressed by the Pauli principle.
The main goal of the experiment was to observe phenomena characterizing the transition between the two different mechanisms of energy dissipation. Theoretical predictions
of the behavior of nuclear systems in one-body and two-body dissipation mechanisms were
published by Carjan, Sierk and Nix [5]. For example, it is predicted that relatively compact scission configurations characteristic for one-body dissipation will evolve into much
more elongated shapes when conditions for two-body dissipation are reached. Moreover,
the time scale of re-separation of the colliding system is then expected to become shorter.
This effect would result in smaller values of pre-scission light-particle multiplicities which
could be measured with a multidetector system.
A very important consequence of the dissipation mechanism is the role of ternary
partitions of the re-separating system at scission. While binary fission processes dominate
for reactions driven by one-body dissipation, in case of two-body dissipation ternary splits
become much more probable. This effect is illustrated in Fig. 1 taken from Ref. [5]. It
a
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Figure 1: Predictions of the third fragment mass formed at the scission configuration
as a function of the mass number of the fissioning system for one-body and two-body
dissipation mechanisms. Calculations of Carjan, Nix and Sierk are taken from Ref. [5].

is seen that a third fragment is predicted to be formed at scission. Its mass/charge is
expected to increase with the total mass/charge of the system - reaching for two-body
dissipation the average mass numbers of about A » 60 for colliding systems such as Au
+ Au studied in our experiment. In case of one-body dissipation the mass/charge of the
third fragment is predicted to be much smaller.

Experiment
A hyper-heavy nuclear system, 197Au + 197Au, for which differences between one-body
and two-body dissipation mechanisms are expected to be most pronounced, was chosen
for the experiment. The 197Au + 197Au collisions were studied at 15 MeV/nucleon beam
energy using beams from a super-conducting cyclotron at LNS INFN in Catania. All
charged fragments from the reaction were detected with the CHIMERA multi-detector
array consisting of 1192 AE, E telescopes built of Si and CsI(Tl) detectors, and arranged
in 4TT geometry (see Fig. 2). Mass determination of heavy fragments was achieved by
combining energy- and time-of-flight measurements. The 4TT geometry of the CHIMERA
multidetector allowed us to select a class of almost completely reconstructed events necessary to distinguish essential features of the dynamics of nucleus-nucleus collisions.

Energy- and TOF calibration
In the following we report some results of an early stage of analysis, mostly connected
with calibration procedures and methodology of the analysis.
Energy calibration of over one thousand silicon detectors relied on off-line elastic scattering separate measurements with various beams (ranging from n B , 12C and 16O to
21
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Figure 2: Geometrical configuration of the CHIMERA multidetector array consisting of
1192 two-element telescopes, each consisting of a silicon 300 um planar detector followed
by CsI(Tl) scintillator detector. The target-to-detector flight path for the most forward
detectors is about 3 m.

197

Au) accelerated either in the tandem accelerator or with the cyclotron. In such a way
the entire, very wide range of mass numbers, charges and kinetic energies studied in the
experiment was covered.
Exceptionally important were on-line calibration checks of the 1 9 7 Au + 1 9 7 Au elastic
scattering (in the singles mode) as well as some control runs with the 1 2 C target which
allowed us to use fission fragments from the 1 2 C + 1 9 7 Au —>• 2 0 9 At reaction to control
stability of the energy and TOF calibrations in the intermediate region of masses and
energies all the time during the experiment.
Following the energy calibration of the silicon detectors, a careful procedure of the
time-of-flight calibration was carried out. A precise TOF information is necessary for
mass determination of all heavy and relatively slow fragments which are stopped in silicon
detectors. We developed a general method of the TOF calibration based on the continuous
energy spectrum of projectile-like fragments of A » 197 and fission fragments from the
12
C + 1 9 7 Au —>2 0 9 At reaction. With known masses M and kinetic energies E of different
fragments, the TOF offset t0 in the relation
E =

Md2
2α2(t0

tch)2

(1)

was determined individually for each detector. In Eq. (1) d is the target-to-detector
distance, tCh denotes the flight time expressed in channels, and a is the channels-tonanoseconds conversion coefficient. Figure 3 shows an example of t0 determination for
a wide range of kinetic energies of Au-like fragments (solid circles) and for the most
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Figure 3: Example of the time-of-flight calibration for detector No. 302. See text.

probable fission fragments (corresponding to symmetric fission) from the 1 2 C + 1 9 7 Au —»
209
At reaction (open circles), for two groups of the fission fragments observed at a fixed
laboratory angle. The solid line in Fig. 3 is fitted to the calibrating points using the
following parameterization:
t0(E) = a + bexp(cE) ,
(2)
where a, b and c are determined individually for each detector. Very fortunately, the time
offset t 0 practically is independent of mass of the fragment and depends only on its kinetic
energy.

Forthcoming analysis
After completing the time of flight calibration for all CHIMERA detectors, first stage
of our analysis will focus on mass distributions of ternary splitting events, angular correlations between fragments and relative kinetic energies of binary sub-systems.
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Fusion by diffusion II: Synthesis of transfermium
elements in cold fusion reactions
W.J. Świąteckia, K. Siwek-Wilczyńska, J. Wilczyński6

Following our early work [1], a comprehensive theoretical study of the synthesis of
super-heavy elements in cold fusion reaction has been completed.
In Ref. [2] we describe a method of estimating cross sections for the synthesis of
very heavy nuclei by the fusion of two lighter ones. The cross section is considered to be
the product of three factors: the cross section for the projectile to overcome the Coulomb
barrier, the probability for the resulting composite nucleus to reach the compound nucleus
configuration by a shape fluctuation treated as a diffusion of probability in one dimension,
and the probability for the excited compound nucleus to survive fission.
Semi-empirical formulae for the mean Coulomb barrier height and its distribution
around the mean are constructed. After overcoming the Coulomb barrier [3] a rapid
growth of the neck between the target and projectile at approximately frozen asymmetry
and elongation is assumed to inject the system into an "asymmetric fission valley". Dif0.035
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Figure 2: The lowest line shows logarithms of calculated peak cross sections for the
synthesis of elements with atomic numbers Z = 102 to Z = 119, in one-neutron-out
reactions using targets of 2 0 8 P b and 2 0 9 Bi bombarded with the projectiles listed along
the Z axis. The uppermost curve shows the calculated cross sections for overcoming the
Coulomb barrier; the middle curve, the cross sections for forming a compound nucleus.

fusion in the elongation coordinate in this valley can occasionally bring the system over
the saddle separating the injection point from the compound nucleus configuration. This
is the stage that accounts for the hindrance to fusion observed for very heavy reacting
systems. The competition between de-excitation of the compound nucleus by neutron
emission and fission is treated by standard methods, but an interesting insight allows one
to predict in an elementary way the location of the maximum in the resulting excitation
function (see Fig. 1). After adjusting one parameter in the theory, the calculated peak
cross sections (see Fig. 2) agree within about a factor of two or so with 12 measured or
estimated values for "cold" one-neutron-out reactions where targets of 2 0 8 P b and 2 0 9 Bi are
48
70
bombarded with projectiles ranging from Ca to Zn [4,5]. The centroids of the excitation functions agree with theory to within one or two MeV for the six cases where they
have been determined, and their widths are reproduced. "Hot" fusion reactions, where
several neutrons are emitted, are not treated, except that a comparison is made between
the hindrance factors in cold and hot reactions to make elements with atomic numbers
112 to 118. The calculated diffusive hindrances in the hot reactions are less unfavorable
by 4 to 5 orders of magnitude.
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2 0 N e + i 2 C R e a c t i o n at 5 and 9 MeV/A Studied at the
Warsaw Cyclotron
0. Kijewska, M. Kicińska-Habior, E. Wójcik, M. Kisielińskia-6, M. Kowalczyk, J. Choiński6,
W. Czarnackia
Measurements for 2 0 N e + 1 2 C reaction at 5.2 and 9.2 MeV/A projectile energy have been
recently performed in order to examine reaction mechanism and to extract the parameters
of Giant Dipole Resonance (GDR) excited in compound nucleus formed.
For light-ion induced reactions at low projectile energies up to about 5-6 MeV/A the
only mechanism of a compound nucleus creation is the complete fusion reaction (CF) and
the 7-quanta as well as light-charged particle emission is due to purely statistical decay
of the compound nucleus (CN). An experiment for 2 0 N e + 1 2 C reaction at 5.2 MeV/A has
been performed to confirm the statistical character of 7-quanta and particle emission from
the thermalized source.
At projectile energies above 6 MeV/A, besides complete fusion reaction, also the incomplete fusion reaction (ICF) mechanism occurs and other processes of the bremsstrahlung
radiation (BR) and preequilibrium nucleon emission (PREEQ) become significant. The
study of the 2 0 N e + 1 2 C reaction performed at 9.2 MeV/A was intended to examine the
mechanism of compound nucleus creation (CF, ICF) and additional emission processes
(PREEQ, BR). The goal of the present studies was to indicate the importance of all
the processes present in the reaction mechanism for the extraction of GDR parameters,
especially the width.
In the incomplete fusion process the light clusters and nucleons are emitted before equilibration of a composite system and they carry away an energy and momentum available
in a collision. Thus, in such process and in preequilibrium nucleon emission an equilibrated compound nucleus with the GDR built-in is formed with mass and excitation
energy lower than in the complete fusion of the projectile and the target nuclei.
18
100
In recent work the O + M o reaction at 7-12 MeV/A of a projectile energy [1] was
studied and the semi-empirical formula for the formed compound nucleus excitation energy
loss due to incomplete fusion and preequilibrium emission has been proposed. It has
been found that the effects of the incomplete fusion, preequilibrium emission and the
bremsstrahlung radiation are significant at the projectile energies around 10 MeV/A.
Thus it has been suggested that previously published values of the GDR width for Sn
and neighboring nuclei, which showed the saturation with increasing excitation energy,
require correction. Including the correction for the loss of the average initial excitation
a

b
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energy, mass and charge of the produced compound nuclei, the GDR width does not show
the saturation with the increase in the excitation energy, but it is still increasing over the
temperature range up to 2.4 MeV [1].
Our studies for 12C+58>64Ni reactions [2,3] confirmed the importance of all occurring
processes but the energy loss estimated on the basis of the semi-empirical formula seemed
to be too large. In those experiments we have not had the data for the emitted particles
measured to estimate the influence of incomplete fusion and preequilibrium emission.
Thus it was assumed on the basis of experimental data for other reactions and model
calculations [4-6]. To correctly extract the influence of all occurring processes the present
experiments have been performed.
Present experiments have been undertaken by using the 20Ne cyclotron beams of
5.2 MeV/A and 9.2 MeV/A energies at the Heavy-Ion Laboratory of Warsaw University. Self-supporting target foils of 2-3 mg/cm 2 of carbon were used. Emitted 7-ray
spectra have been collected with Nal(Tl) spectrometer consisting of one Nal(Tl) detector
and surrounding shields which suppress the background. The neutron-gamma discrimination achieved by the standard time-of-fiight technique with the time resolution of 4.5 ns
was good enough to allow for the separation of the events caused by neutron from these
caused by 7-quanta. The Nal(Tl) detector was calibrated by using 244 Cm/ 13 C source and
the 15.1 MeV line from n B + D resonant reaction.
Light particles were measured with the new Si-ball consisting of 12 triple telescopes
placed in a metal sphere at angles in the range of 45°-135° with respect to the beam
axis, which allowed for the angular distribution measurement. Each telescope consisted
of three silicon detectors: 2 surface barrier detectors of thickness of 10 um and 130 um,
and one lithium-drifted detector Si(Li) with thickness of 10 mm. They were calibrated
using 241Am alpha source.
The measurements for the 7-quanta and light-charged particles at lower beam energy
were inclusive ones. Spectra for 7-quanta, protons (undistinguished from deuterons) and
alpha particles have been collected. Spectra for charged particles are presented in Fig. 1.
The data are compared to the theoretical calculations performed with CASCADE code
which included the effect of isospin, and used the Reisdorf level density description, and a
spin-dependent moment of inertia in agreement with the rotating liquid drop model, defining yrast line. Gamma-ray spectrum is well described by the statistical model calculations
assuming the purely statistical emission from a formed compound nucleus of 32S of initial
excitation energy of 58.3 MeV. GDR parameters are found to be respectively: EQDR =
17.4 MeV, TGDR = 13.3 MeV, SGDR = 0.9 [7]. However proton and alpha-particle spectra
are not well reproduced by reported calculations, especially at forward angles. Particle
data collected at each angle were normalized to the number of events collected by monitor
placed at 39° with respect to the beam axis and then the spectra were normalized to the
theoretical CASCADE calculations. The calculations have been performed in nucleusnucleus center-of-mass system and then transformed to the laboratory system via Lorentz
transformation using LORENT code. Proton spectra have been calculated together with
the deuteron spectra and summed (for each angle independently), since the experimental
ones have been the sum of protons and deuterons as well (see Fig. 1). The theoretical
spectra for alpha particles together with the 3He-particle have also been taken into account
(Fig. 1). The differences between the experimental data and theoretical calculations may
28
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be caused by non-statistical effects presence or by not well adjusted parameters assumed
in the calculations.
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Figure 1: Proton and alpha particle spectra measured in 20 Ne+ 12 C reaction at 5.2 MeV/A.
Spectra are compared to the statistical calculations performed with CASCADE code.
Solid line - summed spectra for particles: p + d and 3 He+ 4 He, dashed line - spectra for p
and 4He, dotted line - spectra for d and 3He, respectively.

For the higher beam energy inclusive charged particle spectra for this reaction (Fig. 2)
and particles in coincidence with high energy 7-quanta were measured. Inclusive highenergy 7-ray spectrum for this reaction has been collected in an earlier experiment [7]
and exclusive one in the present experiment. The CASIBRFIT code was used to fit the
inclusive spectra assuming the influence of preequilibrium emission and incomplete fusion
reaction mechanism and the bremsstrahlung radiation presence. The 7-ray spectrum was
reproduced by these calculations when the decay of the average compound nucleus of
30
P at excitation energy of 54.8 MeV was assumed, while in the case of pure complete
fusion the 32S would have been formed at 87.8 MeV of excitation energy [7]. It indicates
the importance of preequilibrium emission and incomplete fusion reaction mechanism
assumption. The particle spectra for protons and alpha particles analyzed in coincidence
with 7-quanta of energies E 7 > 7 MeV collected at 90° are still under analysis now.
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Figure 2: Proton spectra measured in 2 0 N e + 1 2 C reaction at 9.2 MeV/A.

The measured coincidence data for particles will give information on the average energy
of particle measured and probably on the multiplicities of the particles. The information
will be helpful to estimate the influence of nonstatistical and nonequlibrium processes in
the reaction mechanism. Then the GDR parameters will be extracted by assuming all of
the processes present in the reaction. It is still under analysis.
This work was partly supported by the Polish State Committee for Scientific Research
(KBN Grants No. 2 P03B 030 22).
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Giant Dipole Resonance and isospin mixing in
nuclei.

36

Ar

E. Wójcik, M. Kicińska-Habior, 0 . Kijewska, M. Kowalczyk, M. Kisielińskia-6, J. Choiński*
It has been predicted long time ago and confirmed by experiments that the isospin
mixing probability is small, of an order of a few percent, in nuclear ground states and low
excited states [1]. However, at higher excitation, especially in the region of overlapping
resonances, it is often found to be large, even up to 30-40%. It has been suggested
nearly 50 years ago, that restoration of the isospin symmetry should occur at even higher
excitation. In the last years this fact has been discussed theoretically by Harney, Richter
and Weidenmiiller [2], Sokolov and Zelevinsky [3], and Sagawa, Bortignon and Colo [4].
They have all shown that at high nuclear temperature strong decrease of the isospin mixing
probability should occur, which is equivalent to the restoration of isospin symmetry. It was
confirmed experimentally by the studies of the giant dipole resonance (GDR) statistical
decay in self-conjugate nuclei [5,6].
Until now there is still rather limited amount of experimental data concerning the
isospin mixing in nuclei at finite temperatures, especially for excitation energy above
20 MeV. As a continuation of our previous studies of 3 2 S compound nuclei [7] we attempted
to extract the isospin mixing probability in 3 6 Ar [8] compound nuclei at excitation energy
around 50 MeV.
The self-conjugate nuclei of 36 Ar, were formed in the entrance channel with the isospin
T = 0. The 1 2 C beam of 51 MeV from the Warsaw Cyclotron at the Heavy-Ion Labo24
ratory of Warsaw University and the self-supporting targets of Mg (isotopic 99.94%)
were used. Gamma rays from the decay of the compound nuclei studied were measured
with the multidetector JANOSIK set-up [9]. JANOSIK consists of a 25.4 cm x 29 cm
cylindrical Nal(Tl) crystal surrounded by an active plastic anticoincidence shield and passive 6 LiH and Pb shields. The gain of the Nal spectrometer was monitored during the
experiment by a LED pulser. The neutron discrimination achieved by the time-of-flight
technique with the time resolution of 4.5 ns allowed for very good separation of the events
caused by 7-rays produced in the target from these caused by neutrons. Light charged
particles have been detected with a Si-ball with twelve triple Si telescopes placed in the
vacuum chamber around the target at the angles from 39° to 135°. Measured high-energy
36
7-ray spectrum from the decay of Ar is presented in Fig. 1 (upper-left). Gamma-ray
cross sections were calculated within the statistical model by using modified version of
the code CASCADE which included the effect of isospin [10]. The experimental values
a

b
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of fusion cross-section, the Reisdorf level density description [11], and the spin-dependent
moment of inertia in agreement with the rotating liquid drop model were also used. Statistical model calculations were performed independently for several values of an isospin
mixing spreading width F>, assuming that F> is the same in neighboring nuclei at a
given excitation energy. The parameters of the GDR strength function were treated as
variables in the least-square fitting of the calculated spectrum to the experimental data.
The best fits were obtained with a double Lorentzian GDR strength function, with the
following GDR parameters: the strength SGDR, the energy EQDR and width TQDR for
each GDR component. For F> below 70 keV no reasonable fit could be obtained. The
measured spectrum is well reproduced for the GDR parameters: Si = 0.4, S2 = 0.6,
Ei = 16.8 MeV, E2 = 22.00 MeV, Fi = 9.4 ±0.2 MeV, F 2 = 5.6 ±0.4 MeV and the isospin
mixing probability a\ = 0.07 ± 0.03. Extracted value of isospin mixing a\ corresponds
to the isospin mixing spreading width F> = 90 ± 40 keV. To verify if the analysis of
the high-energy 7-ray spectrum from the decay of 36Ar nuclei was correct, we extracted
the GDR parameters by the same procedure for another nucleus, 39K, close in mass and
formed at similar excitation energy in the 12C + 27A1 reaction [12], but with isospin T ^ 0 .
The 7-ray yield in nuclei with N^Z does not depend much on isospin mixing. It would
allow to determine the GDR parameters in those nuclei in a way less dependent on the
isospin mixing. Gamma-ray cross sections were calculated for the 39K compound nuclei
at two values of isospin mixing probability a^ = 0 and 0.07. The fitted GDR parameters
are almost the same for two values of «<, thus proving the weak dependence of the GDR
parameters on isospin mixing in N^Z nuclei. In order to increase the sensitivity to the
isospin mixing we have analyzed the ratios of 7-ray cross-sections for the reactions forming
36
Ar (N=Z) and 39K (N^Z) nuclei for the measured and calculated yields. Calculations
for several values of isospin mixing parameters: a2K = 0 (no mixing), a2K = 0.07 and
a2K = 0.5 (full mixing) are shown in Fig. 1. As it can be seen, the best reproduction of
the ratio of the experimental data is obtained at a\ = 0.07. At the end of the year we
have also measured the 12C + 25Mg reaction populating neighboring 37Ar compound nuclei at similar excitation energy, but with isospin T ^ 0 . It will allow us to determine the
GDR parameters in nuclei very close in mass to 36Ar but in a way less dependent on the
isospin mixing than for 36Ar itself. Thus, we would extract the amount of isospin mixing
in the T = 0 36Ar compound nuclei by comparison of the measured and calculated ratios
of 7-ray cross-sections (above E1 = 15 MeV) for reactions in which T = 0 and T ^ 0
neighboring compound nuclei were formed at similar excitation energies with presumably
the same GDR parameters.
Results for heavier nuclei 60Zn have been obtained in Seattle and they show similar
trend of isospin mixing probability, extracted as «>, as a function of initial excitation
energy of the compound nucleus [13]. In order to qualitatively compare the temperature
dependence of the isospin mixing probability «> found for nuclei with mass A= 26 — 60 [58,13] with the theoretical predictions [2,4], the measured values are presented in Fig. 2 as
a function of nuclear temperature. The temperature was calculated here as the effective
temperature t of the formed compound nucleus which is the most sensitive in the decaying
cascade to the isospin mixing:
t=

(Ex

Δp
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Figure 1: Spectra of 7-rays emitted during the decay of 3 6 Ar (upper-left) and 3 9 K (bottomleft) and the ratios of these spectra (bottom-right). The curves — CASCADE fit with
different isospin mixing spreading width: F> = 0 - no mixing (lowest curve), F> = 90 keV
(middle curve) and F> = 100 MeV - full mixing (upper curve).
where the Ex was the initial excitation energy of the compound nucleus. The rotational
energy Erot was estimated for the average spin of the compound nucleus. The pairing
energy Ap and the level density parameter a were calculated within the level density
Reisdorf's parameterization.
It is seen that the a> decreases substantially when t increases from 1.6 MeV to 3 MeV.
The explanation for this effect is the rapid increase of the compound nucleus decay width
with the temperature, and the near constancy of the Coulomb spreading width. As it was
mentioned, the isospin symmetry is partially or totally restored, if the compound nucleus
decays on a time scale which is shorter than the time needed for a well-defined isospin
state to mix with states with different isospin.
In nuclei in the ground state, the dependence of the isospin mixing on the mass number
A and the atomic number Z was predicted [14]. It may be expected that it should occur
also in highly excited nuclei. Assuming that at low mixing

2_Ei
and the compound nucleus decay width F decreases with A (Fig. 3, left), one may expect
that the isospin mixing should increase with nuclear mass increasing. From the measured
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Figure 2: The isospin mixing probability «> in nuclei with A= 26 — 60 as a function of
nuclear temperature t; The data of a^ for 26A1 and 2 8 Si were taken from Ref. [6], for 3 2 S
from [7], for 3 6 Ar from [8] and transformed to a?,, data for Zn were taken from [13].
values of the isospin mixing probability [5-8,13], those at similar temperature were chosen
and presented in Fig. 3 (right). The dependence of the isospin mixing probability on
nuclear mass in highly excited nuclei is not clear yet. The value for 6 0 Zn nuclei is of a
crucial importance here. We plan to continue our study of isospin mixing for 4 4 Ti and
60
Zn nuclei at effective temperature around 2.7 MeV.
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Figure 3: left: The compound nucleus decay width V for nuclei with A= 26-60 as a
function of nuclear mass; right: The isospin mixing probability in nuclei as a function of
nuclear mass. The data of a< for 26A1 and 2 8 Si were taken from Ref. [6], for 3 2 S from [7],
for 3 6 Ar from [8] and transformed to «>, data for 6 0 Zn were taken from [13].
This work was partly supported by the Polish State Committee for Scientific Research
(KBN Grants No. 2 P03B 030 22).
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E. Grodner, I. Zalewska, T. Morek, J. Srebrny, Ch. Droste, M. Kowalczyk, J. Mierzejewski,
M. Sałata, A. A. Pasternak", J. Kownacki6, M. Kisieliński6, A. Kordyasz6, P. Napiorkowski6,
M. Wolińska-Cichocka6, S.G. Rohozińskic, R. Kaczarowskid, |W. Płóciennik
E. Ruchowskad, A. Wasilewskid, J. Perkowski6
The aim of our experiments presented below is the lifetime measurements in nuclei from
the ARil30 region where chiral phenomena are expected [1-4]. Till now the information
about lifetime of levels belonging to chiral bands is very scarce. For the first time such
measurements have been performed recently in our group for 1 3 2 La [5]. The significant
differences between values of the B(E2) reduced transitions probabilities in the yrast
band built on the TI>J11/2 ® v^
configuration and transitions probabilities in the side
band have been found. This result is in disagreement with theoretical predictions [6]. For
this reason our lifetime studies have been extended to neighbouring nuclei. This report
presents results of lifetime measurements of the 1 2 8 Cs levels being candidates for chiral
bands built on the 7i>j11/2 ® v^1
[1-4]. The relevant part of the level scheme of 1 2 8 Cs is
shown in Fig. 1.

The energy splitting between members of the yrast and side bands built on this config128
uration in Cs is about 100-j-150 keV, about two times smaller than in the analogous
bands in 1 3 2 La. From this point of view these bands in the 1 2 8 Cs nucleus seem to be
132
better candidates for chiral bands than similar pair of bands in La. Lifetimes of the
high spin states in 1 2 8 Cs have been investigated via the 1 2 2 Sn( l o B,4n) 1 2 8 Cs reaction using
the Doppler Shift Attenuation method. 55 MeV 1 0 B beam was provided by the Warsaw
U-200P cyclotron. The measurements were performed using the OSIRIS II multidetector array consisting of 10 Compton-suppressed HPGe detectors. Lifetimes of the excited
levels were determined from the 7-line shape of deexciting transitions using procedure
and computer program developed by A. Pasternak [7,8]. Lifetimes of thirteen levels in
132
the supposed chiral partner bands in La have been already determined in our previous
a
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studies [5,9]. In the present experiment the lifetimes of seven levels in bands built on the
v
128
Tih11/2 ® hlx 2 configuration in the Cs nucleus have been found. The deduced values
of the B(E2) and B(M1) reduced transition probabilities in both nuclei are presented in
128
Fig. 2. The preliminary results for Cs show that the B(E2) values for the side band
are about three times smaller than those in the yrast band. This observation is in strik132
ing contrast with results obtained for La nucleus where much larger differences (about
20^-30 times) between the B(E2) values in the side and yrast bands were found. It is
worth to note that the values of B(M1) for the intraband transitions in both bands in the
128
132
Cs and La nuclei are not so dramatically different (Fig. 2).

A comparison of the electromagnetic properties and energy splittings between the side
and yrast bands built on the ^h11/2 ® vh1
configuration in 1 2 8 Cs and 1 3 2 La suggests that
128
Cs is a better candidate for the presence of chiral bands than 1 3 2 La. The 1 3 2 La presents
a challenge for further investigations, since the question whether we really observe the
chiral bands in this nucleus remains open.
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The stopping power of the La recoils moving in the Sn
target
I. Zalewskaa, A. A. Pasternak6, J. Srebrny", T. Moreka, M. Sałataa, Ch. Drostea,
E. Grodnera, J. Mierzejewskia, M. Kisielińskic, M. Kowal czy ka'c, J. Perkowskid, L. Nowicki6,
R. Ratajczak6, J. Jagielski e/ , G. Gawlik', J. Kownackic, |W. Płóciennik|e, E. Ruchowska6,
M. Wolińska-Cichockac

The precise knowledge of the stopping power of recoils moving in target is indispensable
when short lifetimes of nuclear states are measured using the Doppler Shift Attenuation
method [1]. Usually, the values of stopping power are taken from Ziegler's tables [2] but
some recent experimental results (see Refs [3,4]) show substantial differences with this
data. This was a reason for studying the stopping power of the La recoils moving in the
Sn target. The stopping power is needed for the lifetime measurements in 1 3 2 La, which
we performed using the 1 2 2 Sn( 1 4 N,4n) 1 3 2 La reaction. It is worth adding that information
concerning stopping power is also interesting for material science.
The slowing—down process of heavy nuclei moving with velocity of the order of 0.01 x c
can be described by the LSS theory [5]. According to this theory the stopping power
(de/dp) denned in the terms of the dimensionless energy (e) and range (p) parameters is
expressed by [6,7]:
d £

dp

_

f

Je

l/2

kr

+

.

/"

g l / 2

(0.67^ n + 2.07

ε

)

/i\
,

where:
k is the Lindhard electronic stopping power coefficient,
fe and fn are correction factors of the Lindhard cross section for the electronic and nuclear
stopping powers, respectively,
(pn is an additional correction factor of the nuclear stopping power.
In our experiment the slowing—down process of the La ions moving in Sn matter was
studied. For the stopping power measurement the semi—thick target method [7] was used.
In this method:
1) target thickness must be comparable with the range of recoils. Additionally, targets
should be homogeneous with a well known thickness,
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2) lifetime r of the nuclear state must be longer than the characteristic time for
stopping of recoils in the target,
3) time of flight of the recoils in the vacuum should be longer than lifetime r.
Under such conditions the 7—rays are mostly emitted by excited recoils moving in the
vacuum after they left the target. The recoils velocity, that can be deduced from the
Doppler shifted energy of photons, depends on:
1) the stopping power,
2) the thickness of the target material which recoils have to pass through (which is
variable depending on the place of production within the target).
Therefore, the 7—ray lineshape, governed by the velocity distribution, gives information
on the stopping power.
In our work the stopping parameters have been measured for the La ions moving in
Sn matter. The La ions have been produced in the 12OSn(14N,5n)129La reaction at a beam
energy of 75 MeV provided by the Warsaw U—200P cyclotron. The 7—rays were measured
using the OSIRIS II multidetector array consisting of 10 Compton—suppressed HPGe
detectors. The natural Sn target was 1.2 mg/cm 2 thick. Its thickness and homogeneity
was checked, using the RBS method [8], on the beam of protons from the LECH VdG
accelerator of the Institute for Nuclear Study (Warsaw).
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Figure 1: The comparison between our results (solid line) and Ziegler's predictions: new
(dotted line) and old (dashed line).
From preliminary lineshape analysis of the two most intense 7—rays (474 keV and
641 keV), belonging to the yrast band in 129La, we obtained the correction factor
/ e = 0.96 ± 0.05 for the electronic stopping power. The stopping power calculated with
41
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our parameters (/ e = 0.96, fn = 0.83, (pn = 1) using eq. 1 is compared with new [9] and old
[2] Ziegler's predictions in Fig. 1. One can see, that the difference between the electronic
stopping power obtained from our experiment and that in Ziegler's tables (for the La ions
moving with velocity < 0.01 x c in Sn material) is significant although the new Ziegler's
predictions are closer to our results than the old ones.
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The beam of Warsaw Cyclotron for radiobiological
studies
J. Czuba, T. Adamus, D. Banaśa, J. Braziewicza, J. Choińskid, J. Dyczewski, M. Jaskółac,
A. Kormanc, Z. Szefliński, A. Wójcik6
In recent years the application of beams from heavy ion accelerators for biophysical
experiments has been gaining increasing importance [1]. The understanding of radiobiological effects of charged heavy particles are of fundamental importance both for radiation
protection and radiotherapy, where the number of patients treated with heavy ions is increasing [2]. The physical environment of the sample is the major problem in biological
studies of living cells under irradiation by the uniform beam of heavy ions. The temperature and humidity of the sample can influence the survival of the biological sample.
In order to ensure a high humidity of the cell environment the vertical beam facility are
usually used to irradiate the sample [3]. The vertical beam allows keeping the sample in
the medium or in the solution placed in petri dishes in horizontal position.
However, thin sample (< 400 um) should be kept in vertical position during irradiation
without influence on the humidity of the environment of the cells. In the experiment carried out at the Warsaw Cyclotron the 120 MeV 1 2 C ions were extracted to the atmosphere
from the vacuum tube through an exit window made from the Havar foil 2.5 mg/cra 2
thick. The exit window of a size of 14 x 14 mm was used. The Au scattering foil of
thickness 20 mg/cm 2 was used to produce a beam directed to exit the window placed at
15° and to the monitor at 20° (Fig. 1). The spatial distribution of the beam intensity at
the exit window is not uniform, and determined by the Rutherford scattering. The cell
containers fastened to an X-Y sliding table (Fig. 2) was moved along the X and Y axes
in order to ensure a uniform dose distribution at the irradiated target (see Fig. 1).
The intensity of the beam scattered at the gold scattering foil was measured by a
barrier silicon detector placed at 20°. To reduce the count rate, a collimator with 2 mm
diameter was placed in front of the detector monitoring beam intensity. The detector
was placed at a distance of 125 mm from the center of the scattering chamber, where the
scattering foil was mounted. Appropriate calculation of Rutherford scattering ratios:
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Figure 1: Sketch of the set up for cell irradiation at Warsaw cyclotron.

Figure 2: The X-Y sliding table.
allowed us to determine the intensity of the scattered beam an the spatial distribution at
the target position.
Before irradiation with the beam of the Warsaw Cyclotron, the radiation field at
the position of the target was simulated. A two-dimensional intensity distribution was
calculated assuming X-Y scanning of the target field with the beam transmitted through
the exit window. A combination of the Rutherford scattering and the displacement of the
beam on the target area ensured that the homogeneity of the beam was better than 5%
across the target area (see Fig. 3).
Data acquisition system is registering time dependence of the beam intensity as well
as the energy spectrum of the scattered beam. A selected number of counted particles
initiates the programmed shift of the sliding table with the sample.
In order to perform uniform irradiation of biological samples, which are spread over
6 to 8 cm in diameter, the moving sample was scanned by the beam passively smeared
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Figure 3: Two-dimensional plot of the dose field at the irradiated target.
Clock
Generator
POLON 730A

Preset
Scatr
POLON 420A
i

Spectroscapy
Amplifier
ORTEC 452

!024 Chaimsl
Pulse ADC
POLON 712

Single Channel
Anatyser
POLON1201

Data
Acquisition
IBM PC

Rate
Drńrer
POLON730

Fan Out
Ufoit
POL ON 1504

Figure 4: The scheme of the control system of the irradiation.
by the scattering foil. The required flux of the particles 107/s of 1 2 C at incident energy
100 MeV corresponds to the dose rate 10 Gy/min. The scanning in the horizontal and
vertical direction was performed to obtain a homogeneity of the beam in the order of
< 5%. The dose determination based on the counting of ions scattered at 20° leads to
the determination of number of particles reaching the sample. To verify the dose a set
of thermoluminescence detectors, as well as an X-ray film were irradiated. The results of
irradiation of the X-ray film irradiated with doses 4.7 Gy, 9.5 Gy, and 18.9 Gy respectively
are shown in Fig. 5.
V79 Chinese hamster fibroblasts were grown on thin foils for 24 hours, transported
to the Heavy Ion Laboratory on ice and irradiated for different time periods in order to
determine the optimal doses and exposure times that yield enough mitotic cells for scoring
of chromosomal aberrations. Following irradiation the cells were transported on ice back
to the laboratory where they were incubated at 37°C for 16 hours. Colcemid was added
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Figure 5: The result of irradiation of the X-ray film irradiated with doses 4.7 Gy (left),
9.5 Gy (center) and 18.9 Gy (right).

Figure 6: An example of a mitotic cell with chromosomal aberrations.
for the last 3 hours in order to block cells in mitosis. Cells were harvested as described
elsewhere and aberrations were scored under a light microscope [4]. An example of a
cell with chromosomal aberrations is shown in Fig. 6. A good yield of mitotic cells was
observed after exposure times of 10-15 minutes and doses of 0.5-1 Gy. These exposure
conditions will be used in future experiments.
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The UWIS isotope separator
A. Wojtasiewicz, W. Czarnacki a , S. Essabaa6, M. Gierlik a c , Z. Janas c , M. Kasztelan 0 ,
M. Kisieliński a , A. Korgul c , J. Kurcewicz c , W. Kurcewicz c , J. Kurpeta c , S. Lewandowski c ,
H. Penttila d , A. Płochocki c , E. Roeckl c , B. Roussiere6, S. Sidor

As in the previous years [1] the main activities of the UWIS group also in 2004 were
devoted to development of the IGISOL project at the Heavy Ion Laboratory of Warsaw
University and to study of the gas-catcher/ion guide system.
A new gas cell with adjustable volume up to 400 cm 3 was constructed with special
care for conservation of laminar helium flow. The properties of gas-catcher/ion guide
system, connected to the mass separator, were investigated by using the alpha-decay
recoil products obtained from a 2 2 3 Ra source. For the new gas cell volume of 400 cm 3 an
extraction time of about 5.5 ms was deduced for 2 1 5 Po ions with charge state l + [2].
A new beam diagnostic system for the measurements of beam current and energy, ion
masses and evacuation time from the gas cell was implemented. Previous system did not
allow to reach the high accuracies required in the experiments.
A new oil-free pump in the region of the exit hole of the gas cell was mounted. Test
results clearly show that only under very clean vacuum condition a sufficiently high transmission efficiency through the gas cell can be obtained.
The gas flow simulations were performed using FLUENT code to obtain the best
design of gas cell including gas inlet-exit hole configuration. After all improvements in
off-line experiments the efficiency of the system was compared with the simulation results
of FLUENT code [3].
14
209
In the on-line experiments the heavy-ion reaction N(6.2 MeV/u)+ Bi was studied
with target placed inside the helium cell. Extraction efficiency of about 2% was determined
for the production of 2 1 4 Ra isotopes [4].
These works are partly performed in the frame of the Warsaw University - IN2P3
(France) and the Ion Catcher European collaborations.
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Polish Nuclear Physics Network
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The shapes of atomic nuclei at the extreme angular momenta
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ICARE in Warsaw?
29.10.2004 - Stefan Chwaszczewski (Instytut Energii Atomowej, Świerk)
Nuclear power industry - the perspectives
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20

25.09.2004 — Olimpia Kijewska
Reaction mechanism studies for 2 0 N e + 1 2 C at 5.2 and 9.2 MeV/A at the Warsaw Cyclotron
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