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The 7-decay of the Giant Dipole Resonance, GDR, built on excited
states of compound nuclei is discussed as a source of high-energy 7-ray
emission in complete fusion reactions at projectile energies up to 5 MeV /u.
Some results of the GDR studies are presented, also those measured at
the Warsaw Cyclotron for the 12C+°8%4Ni reactions at 47.5 MeV by us-
ing the new multi-detector system JANOSIK. The mechanism of heavy-ion
collisions and sources of high-energy ~-ray radiation occurring at projec-
tile energies of 6-11 MeV /u are also described. At these energies, besides
statistical GDR decay, another process involving bremsstrahlung radiation
becomes important. It is shown that in mass-asymmetric reactions, such
as '2C4+2426Mg and '2C+5%54Ni, the two types of vy-ray emission may
be disentangled by the angular distribution measurement. The data when
properly analyzed may give information on the GDR built on excited states
as well as on the bremsstrahlung process.

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

1. Introduction

The intention of this talk is to present sources of high-energy (E. =
10-50 MeV) ~-ray radiation emitted in heavy-ion collisions at projectile en-
ergies 4-11 MeV /u which are already or will be available soon at the Warsaw
Cyclotron. It will also be shown what a study of this emission can teach us
about a mechanism of the process and nuclei taking part in it. Character
of the emitted radiation depends strongly on a projectile energy. Thus the
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presentation will be divided into two parts: for projectile energy up to 5
MeV /u and between 5 and 11 MeV /u. In the first part the properties of the
Giant Dipole Resonance (GDR) built on the ground-state and excited states
will be shortly reminded. Some previous results concerning studies of the
evolution of the nuclear shape will be also shown. Finally, an experimental
set-up built at the Warsaw Cyclotron [1] and new results [2] obtained here
will be presented. In the second part, the results for reaction 2C+2426Mg,
measured in Seattle [3], and new aspects in the data analysis [4] will be
discussed and some preliminary results for '2C+°%64Ni reaction [5] will be
also shown.

2. Sources of high-energy ~-ray radiation in heavy-ion collisions
at projectile energies up to 5 MeV /u

At projectile energies up to 5 MeV /u, which have been available at the
Warsaw Cyclotron since 1995, the main source of high-energy ~-rays is the
decay of the Giant Dipole Resonance excited in hot, rotating compound
nuclei formed by fusion reactions. Gamma-ray spectrum measured in such
process has characteristic shape which can be divided into four parts corre-
sponding to different paths of the decay. Photons with the highest energy are
emitted from the initial compound nucleus in competition with evaporation
of the first particle and from daughter nuclei after emission of one or two
particles. These photons arise from the decay of the GDR built in the initial
compound nucleus and in the daughter nuclei with lower mass and lower
excitation energy. Lower-energy y-rays are emitted during the next steps of
the decay from daughter nuclei already cooled down by particle evaporation.
The lowest energy ~y-rays, E2 photons, are emitted when the nucleus is left
with an excitation energy close to the yrast line, and a substantial angular
momentum. Thus, analyzing the high-energy bump in the y-ray spectrum,
we are able to get an information concerning high-frequency collective vi-
brations of protons against neutrons, called Giant Dipole Resonance, in hot
rotating nucleus.

2.1. GDR in the ground-state nuclei

At zero temperature these oscillations, occurring in all nuclei, have a
resonance character with the resonance energy FEqpr inversely proportional
to the length of the nuclear axis in the direction of oscillations. As a conse-
quence, for spherical nuclei, the observed GDR strength function is described
by a single resonance, whereas for deformed axially symmetric nuclei — by
a double resonance curve, characteristic for a given shape of the nucleus.
Quadrupole deformation (§ of the nucleus can be inferred from the energy
splitting of the resonance. A single resonance shape is well reproduced by a
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Lorentzian function, with parameters: S, Fqpr, and I'. The GDR param-
eters for ground-state nuclei extracted from many experiments have been
collected by Gaardhoje [6] (see Fig. 8 in [6]). The strength S, describing
collectivity of the vibrations, is close to 1 in units of the energy weighted
sum rule, in agreement with theoretical expectations. The resonance energy,
FEgpr, related to the magnitude of the restoring force, decreases gradually
with increasing mass number A. The resonance width I" at zero tempera-
ture varies in the range of 4-8 MeV. It can be explained by the coupling of
the GDR to 2p — —2h states and more complicated states which produces
the intrinsic GDR width. The lowest widths are observed for magic nuclei
which is the effect of shell-effects affecting the density of 2p—2h states. As it
was already shown, in case of deformed nuclei an additional splitting occurs,
enlarging the width.

2.2. GDR built on excited states

In heavy-ion collisions nuclei at finite temperature and high angular mo-
menta are formed. The GDR, according to the Brink hypothesis [7], can
be built on any state with an excitation energy E, and spin I. Thus, in
order to explain behavior of the GDR, the effect of the temperature and the
rotation has to be taken into account. The GDR parameters extracted for
many nuclei at excitation energy of 30-100 MeV have been also collected in
Ref. [6]. The excitation energy dependence of the GDR parameters which
includes temperature and spin dependence is shown for one particular nu-
cleus 53Cu [8] in Fig. 1. The GDR strength, and the centroid energy, are not
affected by the temperature and spin. The widths are in general larger than
in the ground-state and increase with increasing temperature and spin. The
GDR parameters extracted from the experimental y-ray spectra by fitting
statistical model calculations in the range of the GDR bump are averaged
over the decay steps. It is thus important to present the GDR parameters as
a function of an average final excitation energy and an average spin, which
may differ substantially from the initial values.

In order to explain behavior of the GDR width several effects are taken
into account with temperature and spin increasing. With increasing temper-
ature shell-effects are washed-out and a nucleus behaves as a rotating liquid
drop changing gradually deformation with increasing angular momentum.
At finite temperature the nuclear shape is not “frozen” but can fluctuate
around the equilibrium deformation. Thus, the coupling of the GDR vibra-
tions to the low frequency but large amplitude fluctuations of the nuclear
surface has much more complicated result [9] than at T' = 0.
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Fig.1. GDR parameters for %3Cu nuclei as a function of final excitation energy,
from [8].

Probability of a given shape is described by the Boltzmann factor. GDR
can be built in a nucleus in each probable shape. Thus, the observed GDR
strength function is a result of averaging of the GDR vibrations over the
whole ensemble of deformed shapes. As the temperature increases the prob-
ability of shapes far from equilibrium deformation gets larger. The resulting
spread in resonance energies will increase, giving rise to a larger width. As
the angular momentum increases the Coriolis and centrifugal forces tend to
increase the deformation of the nucleus, which also results in an increase
of the total width. The sensitivity of the GDR width to spin is larger for
lighter nuclei because of their smaller moments of inertia. In order to ex-
tract from the experimental GDR data an information about the mean as
well as equilibrium deformation of the hot, rotating nucleus the thermal
shape and orientation fluctuation theory has to be applied [9]. It was shown
recently by Kusnezov, Alhassid, and Snover [10] that the GDR width in hot
rotating nuclei, which is a function of temperature T" and spin I, may be
described in the framework of the thermal fluctuation theory by one global
phenomenological function in a broad range of nuclear masses. Thus, at
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high spin the effect of rotational energy dominates and the width depends
oné¢=1 /A5/ 6 after taking into account shape fluctuations. Additional in-
formation about the nuclear shape is contained in the angular distribution of
~-rays emitted during the GDR decay. The measured angular distributions
transformed to the nucleus-nucleus CM frame can be presented as a sum of
Legendre polynomials which in case of the statistical emission is limited to:
d?0(Ey,0cm)/dR2dE, = Ag(Ey) - [1 + aa(E) - Pa(cos Ocy)]. For a deformed
nucleus a characteristic dispersion shape of as versus E, is expected to oc-
cur, centered about the mean GDR energy, while for a spherical nucleus
as = 0. The observed as coefficient is also averaged over the ensemble of
possible shapes. Thermal fluctuation theory explains successfully both the
observed cross section and the angular anisotropy [11].
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Fig.2. GDR strength functions and angular distribution coefficients ay for °°Zr
and ??Mo, from [12].

As an example of the nuclear shape evolution studies with an increasing
temperature and spin, the evolution of the GDR strength function for a
nucleus spherical in the ground-state: ?°Zr and Mo studied at an average
spin and temperature in the range of I = 9-33 # and T = 1.6-2 MeV
[12] is shown in Fig. 2. From the measured strength functions and angular
distributions compared with the thermal shape fluctuation theory [13], the
shape evolution from spherical to oblate with B¢y = 0.02 - 0.16, was inferred.
Another case illustrates the shape evolution of 43Sc [14], a light nucleus in
which at very high rotation the nucleus can survive fission. It is predicted in
the liquid drop model that at very high rotation the equilibrium shape should
undergo a shape transition from oblate to triaxial, approximately prolate,
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with a superdeformed major-to-minor axis ratio of 2:1 or greater. As it
is shown in Fig. 3, thermal shape and orientation fluctuation calculations
reproduce well the experimental GDR strength functions for 4°Sc nuclei at
an average spin I = 13-23.5 h. However when the oblate-to-triaxial shape
transition has been removed, the calculated strength functions do not agree
with experiment at high spins.
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Fig.3. GDR strength functions and angular distribution coefficients as for 4°Sc,
from [14]. Heavy solid curves — fluctuation calculations with the phase transition;
light curves — with phase transition removed.

This confirms that the observed broadening of the GDR strength func-
tion is mostly due to the spin-induced deformations. The calculated as(FE)
at higher spins agree with the data only on the low energy side of the reso-
nance. At E, energies above the GDR centroid discrepancies are observed
for high projectile energies. This effect has been also seen in the coincidence
experiments for 32S+27Al [15] (Seattle) as well as '80+28Si [16] (Copen-
hagen). It is still a puzzle. The data shown in Fig. 3 were collected in a
nearly mass-symmetric reaction '0+27Al, at projectile energies E,/A =
2.5-6 MeV/u. The bremsstrahlung emission was suggested as a possible
source of the ay coefficient discrepancies at the highest projectile energy.

2.3. First GDR experiments at the Warsaw Cyclotron

In order to study shape evolution in medium mass-nuclei and to have a
possibility to disentangle the statistical GDR decay and the bremsstrahlung
radiation, the project for mass-asymmetric 12C +°%64Ni reactions has been
started [5], producing "°Se and "®Se nuclei at several excitation energies and
spins. The low energy structure for "“Se resembles the pattern characteris-
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tic for vibrational nuclei [17], suggesting spherical shape. However, "®Se is
clearly showing the deformation in the ground-state [18] which is also seen in
the GDR strength function [19]. Thus, with increasing spin, "°Se nuclei are
expected to become oblate, whereas "®Se, being prolate, should also change
its deformation towards oblate.

The project was proposed for the Warsaw Cyclotron. Thus, as a first
goal an experimental set-up suitable to measure high-energy v-rays was
built at the Warsaw Cyclotron beam-line [1]. In this multi-detector sys-
tem JANOSIK high-energy vy-rays are detected in a 25 cm x 29 ¢cm Nal(TI)
crystal which is surrounded by an active plastic shield 10 cm thick, made
by BICRON, passive 6LiH shield and a low activity 10 cm thick lead shield.
Cosmic rejection efficiency obtained with those shields is not worse than 98%.
The multiplicity of low-energy -rays is measured by the multiplicity filter,
which consists of 32 small scintillator detectors. The n4-4+v discrimination
achieved by the standard time of flight technique with the time resolution of
4.5 ns at a 83 cm distance between the crystal face and the target allows a
very good separation of the events induced by ~y-rays produced in the target
and by neutrons.
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Fig.4. Gamma-ray spectrum, GDR strength function, angular distribution coeffi-
cient a; and GDR parameters extracted from fit for the reaction '2C+°8Ni at E,=
47.5 MeV: lines — CASCADE fit; [2].
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Gamma-ray spectra from the decay of "°Se and "®Se produced by the
1204-58:64Ni reactions at projectile energy of 47.5 MeV have been measured
at three angles of 60°, 90° and 120° [2]. In order to get correct angular
distributions the data normalization at different angles has been additionally
checked by comparing to the spectrum measured with the Ge(Li) placed at
the constant angle with respect to the beam axis. Compound nuclei of
"0Se and "6Se have been produced at initial excitation energy of E, = 39.0
and 45.5 MeV, respectively. Gamma-ray spectra have been collected with
a good-enough statistics to allow for least-square fitting of statistical model
calculations. The GDR parameters and strength functions were extracted
from the fit, and the latter can be compared in a linear scale with the fitted
Lorentzian shapes. It can be concluded from the fitted spectra that in case of
"0Se where the fit with single Lorentzian is possible (see Fig. 4), the observed
shape of the nucleus at an average temperature of T' = 1.4 MeV, and an
average spin of I = 13 £ is still spherical or close. For "Se, the measured
~-ray spectrum can be fitted only with double Lorentzian GDR strength
function (see Fig. 5) and the ratio of the component strength Ss : S1 = 2.1
4 1.7 does not disagree with the prolate shape.
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Fig.5. Gamma-ray spectrum, GDR strength function, angular distribution coeffi-
cient a; and GDR parameters extracted from fit for the reaction >C+%4Ni at E,—
47.5 MeV; lines — CASCADE fit; [2].
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The deformation coefficient inferred from split GDR energies is § = 0.19
£.05. The angular distributions have been fitted after transforming to the
nucleus-nucleus CM frame by the sum of Legendre polynomials:

d*0(E,,0cy)/dRdE,
= Ao(E,)[1 + a1(Ey)Pi(cos Ocar) + az(Ey)Pa(cos Ocar)] -

The a4 coefficient should be zero for statistical decay and it is used at this low
projectile energy mainly to check the quality of the data. In a "®Se case the
ay coefficient is clearly showing the dispersion shape (Fig. 5) which proves
the deformation of the "®Se nuclei at the excitation energy and spin studied
in agreement with the results obtained from the spectrum fits. The fact
that the deformation coefficient extracted from the energy splitting of the
GDR in excited nucleus is close to the value 8 &~ 0.22, obtained in a similar
way from the GDR ground-state data, suggests that at this low excitation
the nucleus maintains the shape which is probably the result of the shell
structure. The as coefficient for "°Se nuclei has different character shown in
Fig. 4. Tt has smaller dispersion below the GDR centroid energy, but above
the resonance it is still increasing. This data may suggest small deformation
but such statement has much less confidence. The results presented in Fig. 4
for "°Se and in Fig. 5 for "®Se have been measured at the Warsaw Cyclotron
beam from the PIG source. Substantial improvement of the quality of the
data as well as the statistics is expected in future experiments with the ECR
source.

3. Sources of high-energy ~-ray radiation in heavy-ion collisions
at projectile energies in the range of 6-11 MeV /u

In order to continue the project for shape evolution studies of "%76Se nu-
clei at projectile energies higher than those possible to reach in 1997 at the
Warsaw Cyclotron [2], the 2C+5864Ni reactions have been studied at the
University of Washington Nuclear Physics Laboratory using the Supercon-
ducting Linear Accelerator. High-energy «-ray spectra at five angles (40°,
55°, 90°, 125° and 140°) have been measured for both targets with a new
triple Nal-spectrometer set-up at three beam energies: 5.4, 8.3 and 11.2
MeV /u [5]. The experimental set-up presently available in Seattle consists
of a previous Seattle detector of 25.4 cm Xx 32.1 cm, an Ohio State Univer-
sity detector of 29.2 cm x 38.1 ¢cm, and an University of Illinois detector of
25.4 cm x 27.9 cm. To suppress background v-rays and cosmic radiation
each of them is surrounded by its own active plastic shield and a passive lead
shield. A SLiH shield absorbing thermal neutrons is also present, except in
the Ohio State University detector, which is easily visible in comparing time
spectra for all spectrometers. All three Nal-spectrometers are placed on
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carts, which can be moved on the special platform by floating on four air-
pads. The set-up allows for a simultaneous measurement of high-energy
~-rays at three angles by rotating detectors around the target axis. In order
to control and stabilize the gain of the detectors a LED pulser is used. The
multiplicity of low energy v-rays is measured by the multiplicity filter con-
sisting of 22 small Nal detectors. The n-y discrimination achieved by the
standard time of flight technique allowed for a very good separation of the
events induced by ~y-rays produced in the target and by the neutrons. During
the experiment the p+''B reaction at 7.25 MeV and 16 MeV proton beam
energies has been also measured in order to get an information concerning
an energy calibration and a response function for each Nal-spectrometer.
Measured data are resently being analyzed.
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Fig. 6. Gamma-ray spectra for the reaction '>C+°%:%Ni at E,/A= 5.4-11 MeV /u
[5], (preliminary data), and at E, = 47.5 MeV [2].

Some spectra of high-energy y-rays measured with Seattle detector placed
at 90° with respect to the beam axis and obtained after preliminary analysis
are shown in Fig. 6. Besides the characteristic strong low energy compo-
nent a prolonged nearly exponential component increasing with projectile
energy is clearly seen at y-ray energies above 20 MeV. At these higher pro-
jectile energies statistical GDR decay is not the only source of high-energy
photons. The mechanism of the collision is more complicated than just a
complete fusion. I will discuss it on an example of '2C+2426Mg reactions
data measured also in Seattle at projectile energies of 6, 8.6 and 11.2 MeV /u
[3], for which some new aspects of the analysis have been recently included
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[4]. In Fig. 7 the angular coefficients A¢(£,), a1(£,) and az(E,) extracted
in the nucleus-nucleus CM frame from the data by fitting Legendre polyno-
mials are presented for magnesium targets [3]. The spectra show a nearly
exponential shape at energies above 20 MeV with an inverse slope increasing
with bombarding energy. The a1(FE,) coefficients in the nucleus-nucleus CM
frame are positive and the asymmetry of the angular distributions increases
with the projectile energy increasing, which suggests an existence of a non-
statistical y-ray emission. The as(F,) coefficients have large negative values,
presumably indicating very large deformation of the compound nucleus in
which GDR is built.
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Fig.7. Gammarray spectra and angular distribution coefficients for the reaction
12042426Mg at E, /A= 6-11 MeV /u [3]; lines — CASIBRFIT fits with Eq = const.

It is well known that at projectile energies studied two main mechanisms
of the high-energy «-ray emission in heavy-ion collision take place: statisti-
cal emission with the GDR decay and bremsstrahlung emission in the initial
stages of the collision process. At projectile energies above 5 MeV /u sta-
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tistical GDR decay may follow formation of the compound nucleus by the
complete fusion as well as by an incomplete fusion reaction. In case of incom-
plete fusion of '2C projectile the transfers of ®Be and “He to the compound
nucleus are most probable. Also pre-equilibrium nucleon emission may take
place before the compound nucleus thermalization.

Already at projectile energies below 5 MeV /u the extracted GDR param-
eters correspond to the average nucleus. When an incomplete fusion starts to
be important, an average compound nucleus has lower mass as well as lower
excitation energy. In the analysis [4] presented here of 12C+4-2426Mg data,
the effort was made to account for all these processes and estimate their
influence on GDR. I would also like to show that from the simultaneous
analysis of y-ray spectra and angular distributions one is able to differenti-
ate between statistical decay and nucleon-nucleon bremsstrahlung, assuming
that the collision is mass-asymmetric. Experiments discussed here have an
inclusive character, thus an information concerning mechanisms additional
to the statistical GDR decay has to be based on some other experimental
results and/or theoretical estimates. The single but strong experimental
constraint included in the analyzed data is the ai(E,) dependence on E,
energy.

An importance of the incomplete fusion process was estimated on the
basis of 2C+°1V [20] and 604-27Al [21] reactions studied in the range of
bombarding energies discussed here. Pre-equilibrium emission estimates are
based on 2C+!1%Rh [22] and ¥O+'9Mo [23] experiments as well as on
theoretical calculations with Fermi jet code [24]. As a result, the amount
of incomplete fusion was estimated to be of the order of 20-30% for 6—
11 MeV /u, the average initial compound nucleus formed by complete and
incomplete fusion was found to be 36Cl, and its initial excitation energy —
to be lower by 12-20%, compared with 38Ar formed by complete fusion.
Bremsstrahlung process may be estimated on the basis of experiments at
higher projectile energies where this process is dominating as well as on the
basis of BUU (Boltzmann-Uehling-Uhlenbeck) nuclear transport equation
[25].

BUU calculations have been performed for '2C+4-2426Mg for different im-
pact parameters b = 0, 2, 3.9, 5.5, 6.25 and 7 fm [4] with the code sup-
ported by Wolf [25]. The BUU cross-section calculated as ogpyy(Fy) =

27 fobm” P(b)bdb, where P(b) is the v-ray emission probability, was also
fitted with an exponential formula ogyy(FE,) = ogexp(—FE,/FEp) in order
to extract an inverse slope parameter Fy. It was found that opyy(F,) is
not really reproduced with a single Ej value in the whole range of E., =
10-50 MeV. The Ej value extracted for different energy intervals changes by
about 10%. This behavior can be compared with the experimental results
at higher projectile energies found for Kr + Ni and Ta + Au reactions at
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Fig.8. Fig. 8. Energy dependence of the inverse slope parameter Fo(E.,); (see
text).

Fig.9. Energy dependence of the mean source velocity calculated with BUU, aver-
aged over impact parameter.

60 and 40 MeV /u, respectively (see Fig. 20 in [26]). Thus, simple parabolic
energy dependence Ey(E,) = EJ(1 + 0.0078 - E, — 0.00019 - E,%) shown as
a line in Fig. 8 has been proposed [4] to reproduce changes of Eq(E,) value
found from BUU calculations for '2C+242Mg (points in Fig. 8) as well as
an experimental trend at higher projectile energies. The EJ was treated as a
variable parameter in CASIBRFIT calculations discussed further. The mean
velocity of the emitting source was also calculated with BUU. It depends on
the photon energy and on the impact parameter b. With increasing E.,, the
value of [, averaged over impact parameter, approaches the value of the
nucleon-nucleon CM velocity By (see Fig. 9).

Statistical decay have been calculated according to the CASCADE code
with the isospin correctly included, level density in the Reisdorf approach,
and the spin-dependent moment of inertia. Though the measured as(E,) co-
efficients suggested large deformations at higher spins, statistical model cal-
culations have been done in all cases with a single Lorentzian GDR strength
function. Calculations were done assuming a possibility of incomplete fu-
sion with lowered initial excitation energy of the 36Cl compound nucleus.
In order to take advantage of the ai(F,) dependence on E, energy, which
is a strong experimental constraint in the fitting procedure done with code
CASIBRFIT [27], the coefficients Ag(E,) and a1(E,) have been fitted si-
multaneously. It was assumed that in the nucleon-nucleon CM frame the
bremsstrahlung emission has an isotropic angular distribution but the dipole
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PCH+ Mgy 73 MeV  PC4+*Mgs 103 MeV  *C+**Mg; 134 MeV  "“C+*Mg; 134 MeV

10 20 30 40 10 20 30 40 10 20 30 40
Energy [MeV]

10 20 30 40

Fig.10. Gamma-ray spectra, angular distribution coefficients a; and GDR strength
functions for the reaction '2C+2*?6Mg at E,/A= 6-11 MeV /u; lines — CASIBR-
FIT fits with Eo = Fo(E,).

component suggested at higher projectile energies [26] was also tested and
gave a very small change. According to the results of the BUU calculations
in the new version of the CASIBRFIT code, a possibility to use Fy = Fy(FE)
and (s, = fs(F,) was initiated. The fits were done with 5 variable param-
eters: S, Egpr, I', 00, Fo (or EJ), for different options with Ey = const,
Bs = const, By = Ey(FE,) and B; = Bs(F,). In order to reproduce the
a1(Ey) coefficient data, an E, dependence of Ey shown in Fig. 8 had to be
included. The fits with only the energy dependent (3, describing the BUU
trend (Fig. 9) failed to reproduce a1 (E).

Fitted high-energy v-ray spectra and a;(F,) coefficients for the best
fits obtained with Ey = Fo(E,) and s = const as well as appropriate GDR
strength functions are shown in Fig. 10 together with the data. It can be seen
that the used energy dependence of Ey = Ey(F,) gives lower bremsstrahlung
cross-section at low E, energies than in case of Ey = const (compare with
Fig. 7). The GDR parameters extracted from the best fits as a function of the
average final excitation energy E,; and the bremsstrahlung parameters as a
function of the v/c ratio are shown in Fig. 11 and 12, respectively. It can be
seen that the GDR excited in '2C+2426Mg reaction has full strength and has
a broad width nearly constant with excitation energy which corresponds to
nearly constant average final spin. The bremsstrahlung parameters (Fy) =
Ey (E, = 30 MeV) extracted from the fits are in agreement with values
extrapolated from the Cassing systematics [25,26].
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Fig.11. GDR parameters extracted from the fits for the reaction '2C+2426Mg;
star — 24Mg, circles — 26Mg.

Fig.12. Bremsstrahlung parameters extracted from the fits for the reaction
12042426 Mg; star — 24Mg, circles — 26Mg.

4. Conclusions

It was shown that high-energy 7-rays from heavy-ion collisions at 6-11
MeV /u can be used as a source of information about the GDR at high ex-
citation when experimental data are consistently analyzed. By reproducing
simultaneously the 7-ray spectra and the ai(FE,) coefficients it is possible
to obtain also an information about the bremsstrahlung process. Analyzed
data for 12C+2426Mg reaction as well as preliminary data for 12C+°%:64Ni re-
action suggest that the inverse slope parameter Ey depends on 7y-ray energy
which may correspond to its dependence on impact parameter. There are
some plans to continue studies of high-energy ~-ray emission at the Warsaw
Cyclotron in more exclusive experiments.

This work was partly supported by the Polish State Committee for Sci-
entific Research (KBN Grant No. 2 P302 071 07).
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