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We study the damping width of the giant dipole resonance (GDR ) built on the ground state and on excited states of *°Zr, which
is spherical at zero spin and temperature, and '**Er which is deformed. Neither of these nuclei changes appreciably their equilib-
rium shape when excited. Nonetheless, fluctuations due to finite temperature produce a marked increase in the width of the GDR
of *°Zr, leaving essentially unchanged that of '**Er. This is because in the case of deformed nuclei thermal fluctuations imply the
sampling of both larger and smaller deformations around the equilibrium shape, while spherical nuclei can only feel larger distor-
tions. In spite of the stability of the GDR of '**Er, the angular distribution of the associated y-rays is strongly affected by the

temperature.

A recent compilation of the properties [1] of the
GDR can be found in ref. [2]. Fig. 17 of this ref-
erence displays the observed width (FWHM) of the
associated strength functions based on the ground
state and on excited states for a number of nuclei, as
a function of the mass number in the range
405A4<160. At E*=0 the data displays a marked
structure. The minima (I" ~4 MeV) correspond to
closed shell nuclei while the maxima (I" <8 MeV)
are associated with deformed nuclei. This structure
1s washed out in the case of giant resonances built on
excited states. In fact, the data shows a uniform value
around I" ~ 8 MeV, implying that the GDR of nuclei
that are spherical in the ground state have become
considerably broader, while those corresponding to
well-deformed nuclei remain  approximately
unchanged.

* This work is partially supported by the CAICYT (Spain) under
contract number 2868/83 and by a grant of the Commemor-
tive Association for the Japan World Exposition.
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The main mechanism responsible for the damping
of giant resonances in medium and heavy nuclei
arises from the coupling to low-lying surface oscil-
lations [3]. A static quadrupole deformation as one
limit of this mechanism (adiabatic limit), produces
a breaking of the giant dipole resonance and thus a
broadening of the associated distribution [4].

Angular momentum (/<< 50%) leads, as a rule, to
the deformation of spherical nuclei, without essen-
tially changing the shape of well-deformed nuclei
[5~71. It is thus tempting to conclude that this is the
reason why the strength function of GDR observed
in the y-decay of compound nuclei have a constant
width as a function of mass number.

In the present paper we check this conjecture by
studying the photoabsorption cross section for two
extreme cases in the compilation of ref. [2]: *%Zr,
spherical in the ground state and !%“Er, which is well
deformed. We compare the distribution of the dipole
strength based on the ground state and on the com-
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pound nucleus state, defined by the experimental
conditions

0Zr. T=0,1=0 and T=15MeV, I=75%,

104Er: T=0,1=0 and T=1.2MeV,I=21%.
(1)

The calculations were carried out as in ref. [8]. A
cranked Nilsson potential, with the parameters taken
from ref. [6] for *°Zr and from ref. [9] for '$“Er, is
used as the single-particle field. For °°Zr these
parameters give a fair dipole response at £* =0 where
most of the strength is concentrated in one peak as
experimentally observed. On the other hand, all the
sets of parameters we used for '**Er yield an anom-
alous dipole strength splitting at low energies *'. The
set given in ref. [9] is in any case the best one avail-
able at present for this mass region.

Pairing is not included in the calculations. At the
temperatures of interest its effect is expected to be
small [10]. For non-zero temperatures, the occu-
pation parameters of the single-particle levels are
given by the Fermi distribution [11]. The residual
interaction is approximated by a separable
dipole~dipole force. The coupling strengths are cho-
sen to fit the experimental energy centroids of the
GDR at T=0, I=0 (x/x,=0.765, 0.697 for '*Er
and %°Zr, where the self-consistent values [4] are
K..=0.102, 0.274 MeV/fm?, respectively).

The dipole cross section in the laboratory frame o
is calculated in the linear response theory [12,13]
(cf. also ref. [8] and note an error of a missing factor
173 in egs. (12) and (15)). Thermal fluctuations of
the nuclear shape are included in the calculations.
Thus the total cross section is written as [§]

(o(LT)5;

Jededy P(e, v, I, T)o(e, 7, L, T)
fededy P(e, y; 1, T) ’

(2)

where
P(e,y; I, T)~exp[—F(e, y; I, T)/T] . (3)
‘I We note that the unperturbed dipole response in the ground

state needs to be studied more carefully. All the realistic single-
particle potentials give, in general, a bad description of it.
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The quantity F(e, y; I, T) is the free energy for a given
temperature T, spin I and deformation parameters
(¢, y). No hexadecapole deformations are consid-
ered. The free energy surfaces F are calculated with
the Strutinsky method [7]. Fig. 1 shows these sur-
faces for the two nuclei under study and for the val-
ues of T and [ displayed in (1). The equilibrium
deformations remain in both cases essentially
unchanged. Consequently, the observed broadening
of the GDR in *°Zr is not due to a change in shape,
as was the case in '°%Sn [8], but must arise from the
sampling of finite distortions under the influence of
thermal fluctuations.

For systems which display non-spherical equilib-
rium shapes at T, I#0 like '%*Er, the role of the shape
fluctuations is not so important. The thermal ensem-
ble includes, with similar weights, both smaller and
larger deformations than the one associated with
equilibrium, the summed effect being small.

This picture is borne out by the results of the cal-
culations displayed in fig. 2. There is a significant
increase in the width of the GDR of *°Zr with exci-
tation energy. On the other hand, the dipole strength
of '*“Er displays two peaks and thus a sizeable width
at T=1=0. This is because '**Er has a stable defor-
mation (e=0.26, y=0°) in the ground state. At
T=1.2 MeV and I=21 #, both peaks become some-
what broader due to the averaging effect of thermal
fluctuations. The total width is, however, little
affected being still controlled by the separation
between the peaks and reflecting the most probable
static deformation (¢=0.19, y=0°).

Calculations of the GDR using a pure harmonic
oscillator potential as the single-particle hamiltonian
[14] are shown in fig. 3. The associated results do
not display Landau damping. Consequently, the
effects of rotation and temperature appear clearer in
this simpler model.

To obtain a fair description of the GDR in the
ground state, the results of the calculations were
folded by a lorentzian function with an empirical
energy dependent width™ [15]

2 Because of the strong Landau damping present in the calcula-
tions with the Nilsson potential, the folding procedure will not
improve the results. Therefore we have not performed it in that
case.
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Fig. 1. Strutinsky free energy surfaces as function of the deformation parameters for °°Zr at T=/=0 (a) and at T=1.5 MeV, I=7.5 #
(b) and '**Erat T=J=0 (c) and T=1.2 MeV, I= 21 # (d). The equipotential lines are represented in steps of 0.5 MeV away from the

minimum which is denoted by a full dot.
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Fig. 2. Photoabsorption cross section in the laboratory system for
the GDR of *°Zr and '**Er at the conditions given in (1). A
cranked Nilsson potential is used as the single-particle hamilton-
ian. for T'#0 the total cross section is calculated according to eq.

(2).
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I'=Ty(EIE)"® . (4)

The quantity I is chosen to fit the experimental data
at T=I1=0, while E_ is the energy centroid of the
dipole strength distribution. These parameters are
kept fixed throughout the calculations. This is some-
what equivalent to assuming that the effect of the
coupling of 2p-2h states to the giant vibration does
not change neither with temperature [16] nor with
spin.

In figs. 3a, 3b and 3d, 3e we compare the GDR
built on the equilibrium deformation at zero and non-
zero excitation energies. The thermal shape fluctua-
tions are included in the results reported in figs. 3c
and 3f for **Zr and '**Er, respectively. A resume of
the different widths is collected in table 1.

Similar comments to those made in connection
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without fluct. —— Fig. 3. Photoabsorption cross section for the GDR in the labora-
tory system calculated with the harmonic oscillator model. (a)
OV F o with " — b and (d) show the GDR based in the g.s. of *°Zr and '**Er. In (b)

TTT— and {e) the GDR is built on the equilibrium deformation asso-
| ciated with the excited states T=1.5 MeV, I=7.5 # for °°Zr and
0 T=1.2 MeV, I=21 # for '%*Er. The effect of the shape fluctua-
tions can be noted in (c¢) and (f) which show the average cross
o L ] section (eq. (2)) for the cases given before. (g) represents the
: angular distribution for '“Er at =21 #, T=1.2 MeV associated
to the equilibrium deformation (thin line) and the one calcu-
S02 b ] lated considering shape fluctuations (thick line). (As it is very
well known, the coefficient a, is related with the angular distri-
10 15 20 bution, W(8), of the y-rays arising from dipole decay relative to
E(MeV) the beam axis, by W(8) oc 1 +a,P,(cos(8)).)

R

Table |

Damping width (FWHM) of a variety of giant dipole resonances. In columns 4 and 5 the ratios between the width I” of the GDR
response function based on a state with temperature T and angular momentum 7 and on the ground state are reported (cf. fig. 3). The
calculations for the case of '°8Sn were carried out folding the associate dipole response function taken from ref. [8] with a lorentzian
function of width I" =5 MeV which is assumed to simulate the coupling to 2p-2h states. In the last two columns the width I"(0) of the
GDR response function based on the ground state is shown. The calculations for *°Zr and '°Sn are obtained eliminating the effect due
to Landau damping of the result of ref. [ 3]. where the coupling of the giant vibration to 2p-2h states containing a surface vibration is
considered. The width of the GDR of '*‘Er results from the convolution of the strength function resulting from the calculation of the
vibration in the deformed potential (¢=0.26) and a lorentzian width I =I", (E/E.) (cf. the text for more details).

Nucleus T (MeV) 1(n) T'(E*)/I'(0) Ir(0)(MeV)

experiment theory experiment theory
% Zr 1.5 7.5 2 1.4 4 4.6
1085 2 60 2.1 1.9 5 5
184Er 1.2 21 1 0.9 8.2 7
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with fig. 2 also apply here. To be added is that even
if the absorption cross sections for !**Er when ther-
mal fluctuations are not included (fig. 3¢) and when
they are included (fig. 3f) are very similar, the y-
decay angular distribution shows a profound change
in the last case. This is apparent in fig. 3g where the
coefficient a, is plotted. It is calculated from the
expression

a,=4(30,0/0~1) (5)

where ¢ is the total dipole absorption cross section
and g, the one associated with the dipole transi-
tions carrying no angular momentum with respect to
the axis of rotation (assuming total spin I>>1#).

The thermal averaged result (thick line of fig. 3g),
calculated from the corresponding dipole cross sec-
tion, displays overall agreement with the experimen-
tal data [17]. It implies a diminution of the
anisotropy with respect to the case with no fluctua-
tions (thin line), although a prolate shape of the
nucleus can still be suggested. It is likely that the study
of the y-ray angular distributions is the specific tool
to learn about the surface thermal fluctuations of the
compound nucleus [18].

We conclude that the marked variations of the
width of GDR recorded as a function of temperature
and angular momentum are due to changes in defor-
mation and/or to thermal shape fluctuations. The
effect of the Coriolis force is not found to be impor-
tant, From the knowledge of the free energy surfaces
as a function of 7 and T it seems thus possible to infer
the associated evolution of the photoabsorption cross
section.
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