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Photon Scattering on Giant Resonances
in Deformed Nuclei

The cross sections of photon scattering and photoab-
sorption on states of the dipole and quadrupole giant re-
sonances are calculated for deformed nuclei within the
semimicroscopic approach. Nuclear states are described in
the random phase approximation. As the residual interaction,
the long~range multipole forces are taken. The results of
calculations are compared with experimental data.
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I.Introduction

A microscopic calculation of glant resonances was restricted
mainly to the photoabsorption being rather simple to handle with.
However, the photoabsorption allows one to investigate only the
dipole resonance and only its basic properties. Therefore a more
accurate check of the model dcscription of giant resonances in-
cluding the dipole one requires the consideration of other pro-
cesses,

An important property of the photon scattering is the non-
coincident angular dependence of different contributions to the
differential cross section . Thus, there appears a possibility
to separate the inelastic dipole, quadrupole, and interference
scattering, in particular, in the scattering of plane-polarized
photons. The photon scattering is also more appropriate for
testing the description of the main, coherent excitation of the
dipole resonance as the scattering includes both the photoabsor-
ption and the photoemission.

This paper deals with the gemi~microscopic description of
the photon gquasielastic and inelastic (Raman effect) scattering
on resonance levels of deformed nuclei., Effects due to the



scattering of polarized photons are examined. The photoabsor-
ption cross sectiomsare calculated. Nuclear states are described
in the microscopic approach with the residual long~-range multi-
pole forces and with pairing of partioles/a/. Collective excita-
tions are calculated within the random phase approximation (RPA),
The resonance state widths, however, are taken phenomenologically.
These are difficult to be calculated within the strict micro-
scopic approach, even if the reasons for appearing widths in
resonance states are clear (see, e,g., ref. > ). Thus, the abso-
rption and scattering cross sections are not calculated atrictly
microscopically.

Apart from the dipole resonance, some effects due to the
quadrupole isovector resonance are treated.

2, Theoretical Description

In ref,”"/ it ia shown that for the photon scattering in
the long wave approximation the differential cross section
splits into the dynamical nuclear and angular-dependent kinema-
tical parts. With the dipole and quadrupole nuclear states the

cross section is of the fo :
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energies; for the unpolarized photons the angular distributions
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For the plane-polarized photons one should distipguish two cases:

the polarization vector is parallel to the gcatterxéF plan: and
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refore the contribution from inelastic dipole ( YV #0) or fron

quadrupole scattering can be specified by the quantity
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The amplitudes of dipole and quadrupole scattering on
even-even nuclei are expressed as follows
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where 6?(/4) ig the electric multipole operator, and the se-
cond term in /7J£ stands for the Thomson scattering without
excitation of internal degrees of freedom of a nucleus.

The resonance states /! are treated as collective excita-
tions in the RPA with the residual multipole-multipole forces
and pairings of particles/a/' Tue widths [;_ are due to the
connection with continuum and due to the intersction with comp-
lex configurations.

However, the microscopic calculation allowing for both
these eftects cannot be performed even for spherical and light
nuclei (see ref . > )+ Therefore, for comparison with experimen-
tal cross sections the widths /;, are taken phenomenologically
as a simple function of energy (see part 3), while the position
and strength of resonance states are calculated microscopically.

The inelastic dipole scattering is analysed in the most



important case when the fmal state q.ﬂ corresponds to the first
rotational state I i ., In deformed nuclei this corresponds
to incoherent scattering, as the terms with K =0 and /{:1
( /& -spin projection on the symmetry axis of a nucleus) in
the amplitude are of opposite sign.

The nuclear part of the problem is to calculate the fun-

ction
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At this step it is convenient to apply the method proposed by
Bohr end Mottelson (ref./s/, p. 297) for calculation of strength
fuctions (the same method has been used for calculation of the

photoabsorptlon cros Sectlon ) Assuming that F F(E )

ana n )M = the function (5) takes the form
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is the one-phonon state and A the phonon vacuum, then

4 (E)= [ VX LE)+(efy X, ) —xh/fs)x/,(E)(aé:,%@zwﬁZ)J ;

£,(E)= 1~ (& XX () X, (E)+ 4 0 X (B, (6),

X (€)= Z [#Xs) ugg I [€65) + a;)]
[e@+ )] - FF
f(ﬁ)is the quasiparticle energy; Z[,SS'"Z(,S K +Z{S &}S’, ’
2[; s ; are the coefficients of the Bogolubov canonical
transformation;
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35{2) and 364_ are oonstants of the /\—multlpole isoscalar

and isovector interaction;

where

Mﬁ tor di +
Y = pole states
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The spurious'/state originated from the translational inva-
riance v1olat1cm can be approximately eliminated by in guclng
the isoscalar dipole mteractlons/'?"’. The constant 95[3
is defined from the condition of the existence of state with
zeroth energy. In general, the study of giant resonances does
not require to eliminate the "spurious " states/1o/. The con-
stant oz can be ?3fme& from the low-lying vibrational
states. The ratio o’fi 0 is determined by the position of
the corresponding isovector resonance.

o~ Al

Q\

P
Q% =7 for guadrupole states.

3. Calculation Procedure and Discussion

As the azrgr )fleld the Saxon-Woods potential was taken/ﬂ{
The ratio ()e / -—1 .2 is put for all nuclei (cf. ref. 7/),
and in this case L=~ 3003 .

Figure 1 gives the strengths of levels of the dipole re-
sonance in in arbitrary units and also the absorption
ocross section for the width equal to 1.5 MeV for all states.
Figure 2 shows the scattering cross section calculated at the
same values of all parameters. From the Figures it is seen that
for better fitting to experiment , the state widths should some-
what inocrease with state energy. No discrimination has been
made among various power functions, as the resonance dipole
levels are all concentrated in the interval of about 5 MeV
where a power function can be approximated by a straight line
within a satisfactory accuracy. Moreover, it is hardly to be
expected that the level widths are described by a unique function
throughout the whole energy region. In Figs. 3 and 4 the cal-
culation results are shown for all nuclei obtained with the width

/',—L 0.2 ( Erz ~6)MeV ., The latter dependence of /,: , of course,
should not be extended beyond the energy renge of the giant
dipole rescnance. From the Figures it is observed that a good
description both of the scattering and absorption is achieved
with the same parameters.

As to the gquadrupole isovector resonance, much poor in-
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formation is available. As is shown in ref./15/, the position
of this resonance can be found approximately putting that

;’ 3f§z=—1.5. The results obtained at /; =0.5 MeV do not
contradict the existing experimental data on photoabsorption.
#ith these parameter s,the quadrupole isovector resonance has
veen calculated for several deformed nuclei. This choice of pa-
rameters is rather arbitrary, and the results on the gquadrupole
resu.ance should be considered methodological,.

The deviation of the angular distribution of the scattering
cross section from the function ( 1 + cosz o ) is due to the
contribution either from the inelastic dipole scattering or
from the quadrupole and interference scattering. The same can be
characterized by QZ for the polarized photon scattering.

Trom Fig. 5 and the Table it is seen that for nucleus
&t energies 13%-15 MeV there is an important contribution from
the tensor inelastic dipole scattering (the experimental one is
slightly larger)., At energies above 20 MeV the guadrupole re-
sonance is observed., Irom Fig, 5 it follows that at energies
23-26 eV the calculated interference dipole~guadrupole scatte-
ring spoils essentially the cross section angular distribution.

Table

PN o
‘ _ dsto)isuort ,
Relation &Z = g ZZJi——’for the scattering of

polarized phatons

Hucleus E) eV 7exp /u/ ?calc.
186 15,1 0.29+0,07 0.15
25,4 0.05
OOy 15,1 0.13
26.3 0.05

18%mg 15.1 0.14+0,07
180n¢ 15,1 0.10

Experimentally, the resonance interference is observed at lower
energy 21 eV, However, this low position of the guadrupole iso-
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Fig.5. The angular 3égtribution of the photon scattering cross
section for Er at various energies. The dashed curve
is the function (1 + cos“f ). Txperimental data are from

ref./14/.
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vecter resonance contradicts the assumed .i-depenlence: 1}CA'1/%/:;
mhe calculaticn reveals that at energies higher than 22 eV just
the gquadrupole resonance is completely responsible [or the non-
zeroth value of QZ . Therefore experiuments with polarized phio-
tons at such energies are useful for studying the isovector quad-

rupole resonance.
Thus , it may be cancluded that the applied microscopic

model, under some additional assumptions, provides a rather good
and unigue description of the photoabsorption and photon scattering,
This also enables one to describe the sbsolute values of cross-

gsections apart from their energy dependence.
The author thanks L.A.%alov fcr useful discussions.
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