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The decay of the Giant Dipole Resonance (GDR) in**2Ce nuclei has
been measured using the reaction®'Ni (Eja, = 300; 400, 500MeV) + %8Zn
and 180 (Ej; = 130;250MeV) + 116Sn. The analysis of the data shows
clearly that the GDR width increases steadily with temperature at least up
to 4 MeV of the temperature. The data can be well interpreted within the
thermal shape uctuation model.

PACS numbers: 24.30.Cz, 24.10.Pa, 24.60.Dr, 27.60.4]

1. Introduction

The measurement of the -decay of the GDR gives the possibility to
observe basic nuclear structure properties at nite tempeature and angular
momentum, such as nuclear shapes and thermal e ects [1 3].nl particular,
the dependence of the GDR width on temperature and angular mmentum
provides information on the evolution of the nuclear shapesnd of the damp-
ing mechanisms of this collective state. In general, the meared GDR width
is well described within the thermal shape uctuation model (TFM) [4, 5]
for T < 2 MeV, while at higher temperature the situation is more compéx
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and not fully understood [6 13]. The present work addresseshe problem
at T > 2 MeV by measuring high energy -rays from the decay of the GDR.
The used set-up allowed coincidence measurements witli) light charged
particles to identify the possible presence of pre-equilfium emission and
for a proper de nition of the compound nucleus (CN) temperature, and
with (i) evaporation residues to select the fusion-evaporation cimael. The
experiment has been performed at the Legnaro National Labatory of the
INFN. Two di erent reactions, the symmetric 4Ni (300, 400, 500 MeV) +
687n and the asymmetric one®0 (130, 250 MeV) + 116Sn were employed.
These reactions produce the compound nucleus?Ce at the excitation en-
ergy of 200, 150 and 100 MeV. The used experimental setup casis of the
GARFIELD array [14] for light charged particle detection (L CP) combined
with the large volume BaF, detectors of the HECTOR set up [16] for high
energy -ray detection and two Position Sensitive Parallel Plate Awalanche
Counter telescopes (PSPPAC) for heavy residues selectionThe reactions
use the same tagging conditions, deduced from the PPACs idarcation of

the recoiling residues, both for the light charged particls and for the -rays.

2. Results

In Fig. 1 (left) the time of ight (TOF) spectra of the BaF , detectors is
shown. The good time resolution allows to distinguish the pompt  events
from neutrons emitted in the collisions.
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Fig. 1. Left: Time of ight spectra measured with the BaF , detectors positioned
at 30 cm distance from the target (0.1 ns per channel). Right: Two dimensional
spectra of the fast componentversusslow light output of the BaF , detectors.

In Fig. 1 (right) the fast light output component of one BaF , detector
versus the slow signal is shown in a 2 dimensional plot. Pracally no LCP
background events besides the main central line, which is minated from
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-ray interactions, is present. In Fig. 2 the -particle spectra measured at
di erent angles in both the symmetric and asymmetric reactions are dis-
played. It is important to stress that the value of the excitation energy
deduced from kinematics is the same for the two reactions, maely for the
160 + 1165 at Epeam = 250 MeV (Fig. 2 (left)) and for the 8*Ni+ %8zn at
Epeam = 500 MeV (Fig. 2 (right)).

10° ‘ ‘ ‘ ‘
740 —e— 740

—+—60° —=—60°
—e—A47° E —a—47°
'; 104, —=—35° | —v—35°
(ﬁ. »
8, b,
2 -,
2 ol B
3 10 i M%_,k 11
S,
bl 'Vq
102 . WJ ﬂ Tﬁ . . 2. . .
40 80 120 40 80 120
E pMeV] EplMeV]

Fig. 2. Measured -particle spectra in the CM frame system at di erent detection
angles for the **O-induced reaction Eap = 250 MeV) (left) and for the ©*Ni-
induced reaction (Ej; = 500 MeV) (center) [17]. Measured and calculated statisti-
cal model spectra for -particles emitted from 132Ce for the ®Ni-induced reaction
(Ejab =400 MeV) (right).

The -particle spectra corresponding to the*®O induced reaction shows
a very dierent spectral shape at varying angles and is strogly forward
focused (Fig. 2). The spectral shape corresponding to th&Ni induced re-
action, instead, is not changing with detection angles as athe spectra over-
lap, in addition in the 8*Ni case there is no sizeable pre-equilibrium emission
and the spectra could be well reproduced by statistical modecalculations
with the PACE4 code, using default parameters, varying onlythe inverse
nuclear temperature dependent level density parameteK with a starting
value of 13 MeV [15], as can be seen in Fig. 2 (right). Extensé/and detailed
analyses of the LCP spectra for both symmetric and asymmetd reactions
will be the subject of future papers [15,18]. The high energy -ray spectra
measured in coincidence with the recoiling residual nucldrom the symmet-
ric reaction induced by the Ni beam are shown in Fig. 3 (symbal) together
with the best tting statistical model calculations (full | ine) [17,19,20]. The
calculations were folded with the detector response funatin calculated us-
ing the GEANT [21] libraries of the BaF, array and were then normalized
at around 8 MeV. A value of 100% of the TRK sum-rule together with
a single Lorentzian strength function was used. The resonae width and
centroid were treated as free parameters of the t using a 2 minimization
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procedure between 12 22 MeV as described in Ref. [8]. For thievel density

description the Reisdorf formalism [23, 24] was used for thiBwer excitation

energy part, this means the level density parametera (MeV 1) decreases
between A=9 and A=10for E < 100 MeV. For 100< E < 170MeV a is

going from A=10to A=11for E > 170MeV a arrives to A=125. Since the
experimental bombarding energies imply a saturation of theangular momen-
tum of the CN an average value ofhJi = 45~ and maximum of L nax = 70~

was used for all the present calculations.
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Fig.3. The measured (points) and calculated statistical malel (full line) high

energy -ray spectra for 32Ce at excitation energy of 200, 150 and 100 MeV [17].

The best tting values of the GDR width deduced from the analysis of the
GDR region are listed in Table | together with the reaction parameters. The
GDR centroid have been measured aEgpr 14 MeV, as already found
in [22], while a clear increase of the GDR width with excitaton energies
(see Fig. 4) is evident. The absence of pre-equilibrium in t %4Ni induced
reaction xes the excitation energy E of the fused CN to their kinematical
values (see Table I). The nuclear temperature of the CN ass@ied with
the GDR decay have been calculated with the expressiom = 1=[d(In( ))=
dE] [12, 25, 26], where is the level density. The resulting values for the
present data are not substantially di erent from the one, cdculated using the
relation T=[(E E,t Egpr)=a)]*?, whereE,q is the rotational energy.
The measured and extracted GDR widths does not re ect the prperties of
the CN but some kind of average over all the decay paths. It ismportant to
extract the weighted “average' temperature of the measure®DR at which
the measured high energy -rays were emitted, for a meaningful comparison
with the GDR model predictions. A straightforward approach, followed for
example in Ref. [12], de nes a generic overalilTi by averaging the temper-
atures of all the nuclei involved in the decay weighted by the -ray yield



Damping Mechanism of the Giant Dipole Resonance... 1451

at high energy, namely between 12 20 MeV. In this work we haveollowed
a di erent procedure. In fact, what is needed is the temperatire associated
to the GDR width extracted in the tting procedure and not the temper-
ature of the generic high-energy -ray emission. These two temperatures
might be di erent, especially at high excitation energies. We have indeed
observed that, in the tting procedure, the value of the width of the GDR
for nuclei at the end of the decay cascade does not signi calyt in uence
the results of the total t. Namely, a change in the GDR width i n all nuclei
which in the decay cascade are below a threshold temperaturg; does not
signi catively a ect the total calculated spectra. From th e statistical point
of view the di erence of the 2 values remains within the intrinsic statistical
uncertainties making the two spectra undistinguishable. @nsequently, we
have calculated an ‘e ective' temperature T which is de ned as the tem-
perature at which there is 50% of the high energy -ray yield (12 20 MeV)
which is emitted betweenTs and the temperature of the initial compound
Ten. The neglected yield in the average corresponds to the decay the end
of the CN cascade which is not sensitive to the GDR width becase of its
spectra shape. This temperature is associated to the GDR will extracted
in the tting procedure. For high excitation energies this e ective tempera-
ture corresponds to about 80% of the initial Tcy temperature [27]. Table |
lists, from columns 6 to 8, these di erent temperatures. Thee ective and
average temperatures are almost identical at low excitatin energies, namely,
when high energy -ray emission is concentrated in the very rst steps.

TABLE |

Columns with beam energy, excitation energies and the avege spin for the 84Ni
induced reaction, GDR parameters (in MeV), CN T¢y , € ective T and the average
temperature hTi.

500 MeV | 200 MeV | 45~ | 141 15| 140 | 41 |3.7| 29
400 MeV | 150 MeV | 45~ | 124 12| 140 | 3.2 | 28| 2.2
300 MeV | 100 MeV | 45~ 8 13 140 | 22 |19 1.8

In Fig. 4 the measured values of the GDR width are compared wit the-
oretical predictions based on the TFM. Within the TFM the GDR strength
function is calculated by averaging the line shape correspuling to the di er-
ent possible deformations and weighted with a Boltzmann faair P(; )/
exp( F(; )=T) whereF is the free energy andT the nuclear tempera-
ture [1,2,4,5]. At each deformation point the intrinsic width o of the
resonance was chosen equal to the zero temperature valuemaly 4.5 MeV.
One can note that the increase does not reproduce the experental data
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(Fig. 4, thin line). The predicted increase follows rather vell the deforma-
tion increase of the CN induced by temperature, (Fig. 4, daskd line, scale
on the right vertical axis). An explanation for the discrepancy between the
data and the TFM at T > 2:5 MeV could be related to the fact that the
e ect of the lifetime of the CN plays a role at these temperatues [28 30].
The calculations with the TFM including also the CN lifetime [28] is shown
in Fig. 4 with the thick line.
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Fig.4. Comparison between measured (points) and calculatt GDR width [17].
The thick continuous line shows the predictions of the TFM with the inclusion of
the CN lifetime. The continuous line indicates the results d shape uctuation alone.
The dashed line shows the average deformatioh i calculated by the TFM [4, 5].

A good agreement between the experimental data and the preclions is
found. From the present comparison one can also note that, imgreement
with the expectation of the theory [1], for T > 2 MeV there is no room for
a signi cant increase of the intrinsic width ¢ with temperature [31], unless
one unrealistically neglects the CN lifetime contribution to the total width.

3. Conclusions

The results of measurements of high energy-rays from the GDR built
on hot compound nucleus withA = 130 were presented. The analysis of
both, light charged particles and of the -rays measured in coincidence with
heavy recoiling nuclei has shown that at energies of up t& = 200 MeV
the symmetric reactions do not have sizable pre-equilibrim emission and
consequently there is basically no cooling down of the nuals before ther-
malization. The GDR width does not saturate at T > 2:5 MeV but increases
steadily with temperature at least up to 4 MeV. Deformation eects and in-
trinsic lifetime of the CN are the two combined mechanisms with explain
the measured increase of the width with temperature.
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