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Complete statistical model calculations including temperature- and spin-dependent theoretical
strength functions of the Giant Dipole Resonance (GDR)  have been performed for the decay of
excited “‘Sn for the iirst time. previous  analyses of GDR data with theoretical models compared
the centroid  and FWHM of the theoretical strength functions with the extracted GDR parameters.
In the new approach presented,  the entire shape of the strength functions is considered and the
theoretical spectra obtained can be directly compared with the experiment. This analysis does not
rely on the accuracy of extracting the GDR parameters and/or the nuclear temperature of one data
point. The nature of the temperature dependence of the GDR in the hot “‘Sn nucleus within the
thermal fluctuation and collisional damping model is m in this new perspective.
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The study of the properties of the Giit Dipole Fteao-
nances  (GDR)  in hot nuclei is of major interest in nuclear
structure (see ref. [1,2]  for reviews of the subject). The
damping mechanism of the GDR ss a function of spin
and temperature has been highly debated and remains a
central question in the field [3].  Two of the theoretical
models aiming to explain the temperature dependence of
the GDR are the thermal fluctuation model in the adi&
batic  coupling scheme [4-6] and the tw-body  collisional
damping model [7,3].  Whether the temperature depen-
dence of the GDR arises from thermal fluctuations of the
nuclear potential landscape or colliiional  damping of nu-
cleom is still unclear [9,10].

Experimentally, it has been shown that the GDR de
p&s on the angular momentum of the states the vi-
bration is built on [3,11,12]  and the nuclear temperature
[9,13,14].  In most  previous analyses, the comparisons
between experiment and theoretical models relied on the
capability of extracting GDR parameters which assumed
that the spectra could be well-reproduced by statisti-
cal calculations including a lorentzian  strength function.
These parameters, the resonance energy E~DR  and the
FWHM rGDR,  were  then compared with the centroid
and FWHM of theoretical GDR strength functions at
the (average) nuclear temperature deduced from the ex-
periment. The extraction of the nuclear temperature,
crucial to obtain a meaningful comparison between the
~measured and Calculated GDR parameters, includes an
inherent uncertainty due to the level density parameteri-
&ion and the contribution of daughter nuclei populated
by the hot compound nucleus to the ‘y-ray spectra. It is
often unclear if the calculations were compared with an
experimental nuclear temperature derived from the com-
pound nucleus in the first decay step or by a mean tem-
perature averaged over all daughter nuclei populated, the
latter being signl6cantly  lower at high excitation energies
[15].  We report in this communication on a new approach
in which the theoretical models are directly incorporated
into full statistical decay calculations and thus can be

directly compared with the data. This analysis doea not
rely on the extraction of the GDR parameters and the
nuclear temperature of one data point from the cxperi-
merit  .

The GDR built on highly excited states has been
mainly studied via fusion-evaporation reactions, and
more recently by inelastic a-scattering in lzOSn [13]  and
“*Pb  [14].  The experimental data on “‘Sn  were used for
the analysis of the present work. An interesting feature
of the inelastic cr-scattering  technique is that it decou-
ples the GDR from the influence of the effects of spins.
The angular momentum transferred to the target by the
(I  particles scattered at forward angles is relatively low
(5 2Otr)  when compared to typical fusion-evaporation re-
actions (- 40 - 5Oh). This decoupling from the angular-
momentum degree of freedom  is important to study the
e&c& of temperature on the GDR d&cussed in this work.
For the inelastic scattering reactions, the &citation en-
ergy of the target was determined from the energy loss
of the detected (I  particlea and by assuming that all of
the energy loss wa8 converted into target excitation. In
the laoSn  experiment, the excitation function of the GDR
was determined for excitation energies ranging !Zrom -30
to -130 MeV. Recently, the energy depmition  sasociated
with inelastic (I scattering in coincidence with evaporated
light particles was messured (16,171 and it wa8 shown that
- 80% to N 95% of the (I  energy 1~ ~88  converted into
target excitation, indicating a 5 - 20% reduction of the
excitation energy previously deduced 113,141.

The statistical decay calculations were performed with
a modified version of the computer code CASCADE [la]
including high-energy r-ray  decay from GDR states [19].
The original level density description of CASCADE has
been mod&d  [9,10]  and the formalism of Reisdorf [20,21]
was employed to achieve a smooth level density desuip
tion over a large range of excitation energies. In addition,
the temperature dependence of the level density was in-
cluded based on the work of Shlomo  and Natowitz [22,23]
with a parameterization  by Fineman et al. [24].  Following
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