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1. INTRODUCTION

The nuclear giant multipole resonances have been studied
experimentally in detail in many nuclear reaction processes.
The most thorough compilation of the characteristics of glant
multipole resonances is given in reviews/1-3/In recent years
the experimental investigations of the partial y-decay of the
giant resonances to the low-lying nuclear states have been
performed in/4/. These experiments prov1de us with the informa-
tion about the, complex configurations in the wave function
of giant resonances. Such information may also be obtained
in the photon scattering reaction. In’/5%/ the elastic and in-
elastic photon scattering cross sections in the giant dipole
resonance (GDR) region of some spherical nuclei have been mea-
sured The data analysis using the dynamic collectiye model
(DCM) has shown that calculation cannot fit the data in?®
some cases. The DCM gives a good description of the energ&
dependence of the .cross sections but the calculated cross sec=-
tions overestimate the experimental ones in most cases. It
should be noted that the DCM Hamiltonian has been diagonalized
in a truncated basis consisting of quadrupole and dipole pho-
nons only and the widths of .the dipole states in the GDR region
have beén fntroduced phenomenologically-as adjustable para-
meters /6%,

In recent years the microscopic nuclear models ,are widely
used for the description of various characteristics of ‘nuclear
giant resonances. The quasiparticle-phonon nuclear model (QPM)
is such a microscopic model/8/. The detailed study of giant mul-
_ tipole resonances in spherical nuclei within the frame of QPM
 has been performed in/9-14/In this.work the differential cross
sections of elastic photon scattering in the GDR region of 56Fe
80Nj and 9°Mo have been calculated within the QPM. The widths
of dipole states in the GDR region, due to the interaction bét-
ween one- and two-phonon states, are calculated microscopically,

/8/

2. DETAILS OF CALQULATION

The QPM Hamiltonian includes the average field for protons
and neutrons in the Woods—Saxon form, the palrlng forces, the
effective isoscalar and isovector mu1t1p01e and spln—multlpole
interactions including charge—exchangg_&gpm. The detailed desc-
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ription of the (PM Hamiltonian is given in’8/, The Hamiltonian’
parameters. are chosen /8 so as to describe: correctly in the
random phase approximation ! (RPA) the experimental data for the
electromagnetlc transition probabilities of the lowest collec—
tive states. With taking into account the two-phonon-‘compo-
nents in the wave function fbr excited states 1n the even-even
nuclei, either the energy and transition probab111t1es can ‘be
described correctly The average field parameters and pairing
constants used in’‘our calculation are the- same as defined in”/1l/.
The dipole interaction constants are fixed so that the calcula-
ted in the RPA centroids of the GDR energy reproduce the expe-
rimental data/!.For nuclei under consideration, the results
of calculation give about 90% contribufion to the model in-'
dependent dipole energy welghted sum rule. The wave, funct}on
of an exc1ted state with spin J and its projection M is taken
as follows:
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Here QA i is the phonon creation operator and ¥, is the wave
function of the ground state of the even-—even nucleus. The
structure of one-phonon states is calculated in, the RPA, the
energies n,, of states described by the wave function (1) are
found by solv1ng appropriate secular equatlonﬂ/g/yThere\may be
terms violating Pauli principle in the two-phenon cpmponents
of ‘(1). In the calculation of this work the Pauli pr1nc1p1e
is 'taken into account approximately, because the earlier calcuﬁ
lations for the giant multipole resonancés, have shown that the
stridt’/18/ and rough/14/1nclus1on of Pauli Lrbnc1p1e gives near-
ly the same results in this energy region. The numerical calcu-
Tations with the wave function (1) have been performed u51ng
the code GIKES’! _

The dlfferentlal cross sections of dipole photen scéttering

can be written in the form/17/
EP
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fhhere Ii and 1, are the initial and final spins of the nuc-
leus, E, and Ej are the energies of the incident and scattered

photons, respectively. The angular distributions are
1
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<L P HI > are the reduced polarizabilities for dipole pho-
ton scatterlng/17/1n the case of elastic dipole photon statter=-
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Here b;(E1; oy 17 )1s the reduced probability of El-transition
‘to the ni ~state, E;; and I; are the energy and width of this
stagte in the GDR region. 'The last term in (4) corresponds to
the Thompson dcattering. For the calculation of the energles
and widths of the GDR states the strength function method /8/
has been used. Since in the eleetromagnetic excitation of
states déscribed by the wave function (1) the main contribu-
tion cémes from the one-phonon components (it can easily be
seén from the structure of the electromagnetic transition opé-
6ne needs to know the energy distribution of the
strengths of such one-phonon states. Following the me thod

described in’8/, we introduce the strength function
¥

— R (1), (5)
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The parameter A can be varied so as to reproduce the frag-
mentatlon of the i-th one- phonon component of (1) in as much
detail as we wish. Since the experimental energy resolution

for photon dipole scattering/ss/ is about 0.2-0.6 MeV, we have
taken A = 0.5 MeV in our calculation. The fragmentation pic-
ture for 8 collective one~phonon states forming the GDR in &ONj
is shown in fig.1. The excitation energies calculated in the
RPA are indicated by arrows. As one may see from fig.l the in-
clusion of the two-phonon components in the wave function’ QD)
has led 'to strong redistribution :of one-phonon-state strengths
compared to the RPA results. Further, from the strength distri-
bution of the i-th one-phonon state we have extracted the
gross structure and calculated the centroids I,y and widths§

Iy in a usual way -
E =[aR(mdn/ [ R(n)dn, (6)
Ag AE,
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Fig.1. Strength fungtions
Ry (n) for the dipole states
i the GDR Pegion of SONi.
The caleulated in the RPA
excitation energy of the
i-th dipole state is in-
dicated by abrowv. ’
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The dipole trapsition strength is integrated as

b, (E1 ot -1 )~]<0||5R(E1)Q

1ui

110>

[ Ry(n)dn,
AE,

(8)

{ -
where <01|ﬂ((E1)Q 1 [|0>is the reduced matrix element of the
El-transition operator for the 1] -state calculated in the RRA,
AE is the energy interval ﬁhere the n-th peak of the frag-
mentatlon for the 17 one- phonon ‘state is Yocalized.

Using (4)-(8) one can ea311y calculate the differential
crogs section of elastic dipole photon scattering (3).
. \
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‘3. DISCUSSION OF THE RESULTS.

The calculated differential cross sections: of elastic di-
pole photon scattering and the experimental data %56/ for 60Nj
at # = 120°, %®Fe and %*Mo at 6 = 90° are shown in figs.2-4.
Let us con51der in detail 60N1 nucleus. As can be seen from
fig.2 the measured cross section shows clearly two peaks dt
E, v 17 and ,20 MeV. The results of our calculation for 60N
show that the GDR is formed mainly of 8 dipole RPA-states frag-
mented id a wide interval of energy (see fig.l). Theoretical
Cross sections include contributions from many peaks and are
quite close to the data. The calculated w1dths I, are diffe-
rent for each state and range from | to 4 MeV, If one caléu-
lates the strength distribution of one-phonon components with
a smaller A, there would be a fine structure in the fragmen-
tation plcture And in such a case the fine structure would
.appear in the calculated cross sections too. Such a calcula-
tion corresponds to & much better energy resolution compared
td the resolution available at present in the photon scatter-
ing - experlments/564 The results of two different calculations
for 8ONi are shown in fig.2. The solid line corresponds to the
case when- the substructures in the fragmentation of the 4th
one-phonon state at 16 MeV are not taken into account. In the
RPA calculation this state has a strongest probab111ty of the
El-transition which is equal to 4.02 e 2fm? as much as 31.5%
of the total transition strength of 8 dipole states in the GDR
region, so the influénce of this state on the calculated cross’
section is very substantial. And in .the solid. curve there are
no clear substructures as those in fig.l can be seen. The in-
clusion of substructures into the cross section calculation
(the dash-dotted curve) enables one to reproduce the existence
of two peaks in the energy dependence of the elastic dlpole 9
photon scattering cross section 60N (y, y) as observed in the
experiment. But the lower peak in our calculation is about
0.5 MeV higher than the experimentgl ome. It should be émpha-
sized that our microscopic calculation gives a good descrip-
tion of the absolute cross sections. In the calculation w1th1n
DCM 76/ the widths of dipole stdtes are taken as [}, =I (E,/E )
where 1., E; and & are determined from a least square f1t to
the measured elastic (y,y)cross sections. With these adjustable
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Fig., 2. Differential ‘eross

! sections of elastie dipole
’ photbn scattering by the GDR .

in 5ONi . The pownts are the

Fig.3. Differential cross
sections of elastic dzpole
scattering by the GDR in *OFe.
The pownts are the experimen—
’éxperzmental,datax5‘v The tal data’®. The solid Lline
solid and dash-dotted lines ig thé QPM calculatzon.

are the results of QPM calcula- ¢
tions.
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parameters the DCM calculation describes the energy dﬁbendénce

of the elastic cross sections better than our calculation. But

the calcdulated absolute cross sections do oveérestimate the ‘data

in all considered cases. In order to fit.the elastic data, the

calculated within DCM, elastic cross sections. have been decrea—
- sed by 517 for ®Oni, 477 for ®6pe and 237 for' 9°Mo’8’. The re-

; sults of our caleulation and the experimental data ‘for %6Fe (y.y)
are showh in fig.3. As one can see, our results reproducé the
ex1stence of two peaks in the observed cross section for fSFe.

fBut in the low energy region our results are somewhat higher
than the data. Note, that the energy dependence in the cross
séction 56Fe(y,yjis similarjto that in 8ONi case. In both these
nuclei the anharmonic effects are quite strong, 'so the one-
phonon components in the wave funcg}on (1) are fragmented in
a wide intetrval of energy. And the strength distributions of
these .components in %Fe are like the distributions shown in

i fig.1' for ®ONi. It’fé this fact that leads to similar energy
dependence of the cross sections ‘'in both cases. In the 92Mo case
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the frbgmentatlon-of oneéphonon
gtdtes-i¥ weaker ard, has no*
such compllcated substructures
ag in ®ONi and 56Fe cases. Out "
results also give rather a good
descrlptlon 'of the elastxc di-
ggle photon scattering for
MO(Y,Y) (see fig.4).
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Fig.4. Differential cross sec-—
tiong of elastic d@pole photon
scattering by the GDR in 9Mo .

20 The points are the experimental
2 data ’%, The solid line ©s the
QPM ealculation.
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* 4. CONCLUSION
2 We have shown in our calcuiatiop'that within the QPM one *can
¥ *5uccessfully calculate not only the integrated characteristics
«0f the GBR 8-10/,but also the differential cross dections of
l elastlc dipole photon scattering by the GDR. It is of great
" ' interest to investigate mlcroscoplcally inelastic photon scat-
terlng to the low—-lying states in spherical nuclei. In such
w,a process the two-phonon components play an important role and
. for the microscopic description of this process one needs to
kﬁdw the fragmentation of these components in the wave function
n of the GDR due to the interaction with more complicated confi-
gurations. This problem has not been solved yet.
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