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BnuaHHe THraHTCKOro AMMOABLHOIO pe3OHAHCaA HA paavallHOHHbie
cuiopvie $yHKUHH

PaccuuraHbt El-cufoBrie dyHKUHH B IUIHPOKOM HHTepBalle 3Heprui
BO36yXAeHHdA, BKIouasd FHraHTCKufi aunonwbHbit peaonanc (GDR) ana
cpepuyeCcKkHX yeTHO-UeTHbIX sinep B of6anactu A = 90-150,

Hayueno Bnuanue GDR Ha panuauuoHHble cuiobsie ¢ynkuuu., [Monyueno
Xopollee onucaHue mupuHei CDR B 124Te , 140,142(Ce,

Pa6ora BuinonHera B JlaGoparopuu Teoperuueckoil ¢uamku OUAH,

[Ipenpunr O6venuHeHHOro HHCTHTYTa saepHbix Hccaenobakuii. [y6ua 1978

Soloviev V.G., Stoyanov Ch., Voronov V.V, E4- 11292

The Influence of the Giant Dipole Resonance
on Radiative Strength Functions in Spherical Nuclei

The El -strength functions for spherical doubly even nuclei are
calculated in a wide energy interval including the giant dipole re-
sonance (GDR), A good description of the GDR widths in 1¥4Te ,
140ce  and 142Ce is obtained, The calculated values of the radiative
strength functions near the neutron binding energy B, are in good
agreement with the experimental data, The influence of GDR on the
radiative strength functions and on the total photoabsorption cross
sections is studied. It is shown that in single-closed-shell nuclei
the El-strength functions near B are slightly influenced by
GDR. The values of strength functions are determined by the frag-
mentation of one-phonon states lying near B .For nuclei far from
the closed shells, the influence of GDR on the radiative strength
functions increases, and, for example, in 1% Ba, 44Nd and €Nd it
becomes essential. The dipole photoabsorption ¢, cross sections
as functions of the excitation energy are calculared. The existence
of substructures, but not their energy location,is reliably predicted
by the theory. The available experimental data confirm the exis-
tence of substructures in the energy dependence of o . . It is
shown that the Lorentzian extrapolation of the GDR tailyproved
to be rough for the description of %y near B .
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1, INTRODUCTION

In recent years we are occupied with the calcu-
lation of a few-quasiparticle components of the nuc-
lear wave functions at low, intermediate and high
excitation energies within the quasiparticle-phonon
nuclear model/1-3/, The characteristics of the neut-
ron and giant multipole resonances in many nuclei
have been studied on the basis of strength func-
tions without finding the roots of the corresponding
secular equations, The fragmentation of the one-
quasiparticle states in deformed nuclei has been
studied and the strength functions of the one-nucleon
transfer reactions and the neutron strength functions
have been calculated in ref,/4/. The neutron strength
functions for the tin and tellurium isotopes have
been calculated in ref./ 5, The giant multipole reso-
nances in spherical nuclei have been studied in
ref./8/ In that paper the fragmentation of the one-
phonon states due to the quasiparticle-phonon inter-
action was investigated, The mathematical appara-
tus developed in ref, 8/ can be used for calculating
the partial radiative strength functions /1/,

The radiative strength functions and the influ-
ence of the giant dipole resonance (GDR) on them
have been analyzed in a number of reviews /8-13/
To study the radiative strength functions the Brink-
Axel treatment is widely used, according to which
the dependence of the radiative widths on energy
Is determined by the Lorentz distribution of the
GDR tail, The analysis of the radiative strength



functions/10%/has shown that the Lorentz extrapola-
tion of GDR overestimates the values of the E] -
strength functions in the low~energy region for nuclei
near closed shells. Up to now the influence of GDR
on the partial strength functions has been studied
only within the phenomenological methods, In the
framework' of the quasiparticle-phonon nuclear mo-
del one can calculate the radiative E1 -strength func-
tions and the total photoexcitation cross-sections in
a wide interval of excitation energies and study the
influence of GDR,

The aim of this paper is to calculate the radia-
tive strength functions EA,E) in a wide energy in-
terval including the GDR region, and to study the in-
fluence of GDR on them. The necessary formulae and
the discussion of the numerical details are given
in Sec, 2, The results of calculation of GDR in doub-
ly even spherical nuclei are discussed in Sec. 3,
Section 4 contains the investigation of the fragmenta-
tion of one-phonon states, and the results of calcu-
lation of the radiative strength functions near the
neutron binding energy B, . The influence of GDR on
the El1-strength functions and on the total photoabsorption
cross sections and the behaviour of the total photoab-
sorption cross section as a function of the excitation
energy are discussed in Sec. 5, Section 6 contains
the conclusions,

2. FORMULAE AND NUMERICAL DETAILS

To calculate the E1 -strength functions for the
transitions from the ground states of doubly even
spherical nuclei, we use a wversion of the quasipar-
ticle-phonon model developed in ref./¢/ The model Ha-~
miltonian includes the average field for neutrons and
protons, superconducting pairing interactions and
multipole-multipole and spin-multipole-spin-multipole
forces, Both the isoscalar and isovector forces are
used, An important role is played by the quasipar-
ticle-phonon interaction, The explicit form of the model
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Hamiltonian, provided that the secular %C}uations in
the RPA are satisfied, is given in ref.””/.

We take into account the coupling between the
one-phonon and two-phonon componer.mts. Thus, the
wave function of an excitated state is

Ad
11+ +
- et += e lQ” o Qr 1 o> (1)
A2i2

where |0> his the phonon vacuum and, at the same
time, the ground state of a doubly even nucleus.,

Qb . is the phonon creation operator, and v is the
n&‘rln er of an excited state. The quantity R2(Ji) de-
termines the contribution of the one-phonon state to
the normalization condition of the wave function (1).
The secular equation defining the energies-nJV . of
the states and the quantities R (Ji) are given in
ref, 7%/, )

The fragmentation (i.e., the distribution of strength)
of the one-phonon states over many nuclear levels
is calculated in the framework of the given model,
Using the fragmentation of the one-phonon states.,.
one can easily calculate the reduced EA —transition
probabilities and the total photoexcitation cross sec-
tions from the ground states of doubly even- fmcleh
Neglecting the terms ~d'a in the E) -transition ope-
rator, the B(E\)-values are expressed through R, (Af)
as follows:

. ) + . 2
B(E)\;O;.s." M) = 2R, (A)VB(ENO, > Wigpp

where B(EA; 0+.s."M)RPA is the reduced EM ~transi-
tion probability calculated within the RPA, -
To calculated the radiative strength fur}ctxons 7\(:7 /
apply the method which was used earlier in refs, R
By this method the average values are calculated
without solving the secular equations. The strength
function for the EA~transitions from the ground



state of a doubly even nucleus to the levels in
the energy interval 75 -%A, n+4%A s

EA;O. ), 3
V)2+1/4A2B( g Se ( )
where the summation of v runs over the states in
the interval g5 - %A , n+%A. The explicit form of
the strength function (3) is given in ref./6/, The method
of strength functions is an important part of the
quasiparticle-phonon nuclear model, This is due to
the fact that in this model only few quasiparticle com-
ponents of the wave function rather than the whole
wave function are described correctly, The strength
functions are determined by the fragmentation of few
quasiparticle components. In our case the radiative
strength functions are determined by the fragmentation
of the one-phonon components. Instead of diagonalizing
the matrix of higher order and finding all the compo-
nents (which are very numerous) of the wave function
for each state, we calculate the imaginary parts of
the determinants at different excitation energies s with
step A.

The parameter A may be considered to be a way
of representation of the results of calculation, If A
is very small, the strength function is a series of
narrow peaks of the Breit-Wigner form, With increas-
ing A the peaks become broader, their amplitudes
decrease and the fine structure gradually disappears.
Thus, by varying A, we can reproduce the strength
function in a much detail as we wish. The value
of A can be taken to be equal to the experimental
energy resolution.

It should be noted that by introducing the para-
meter A one can take into account the influence of
many-phonon components of the wave functions which
are not explicitly taken into account, Thus, the prob-
lem is to calculate the values of A. Now we write
the expressions for the radiative strength functions
and the dipole photoabsorption cross section. The
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results of calculation for them will be given in what
follows. We use the following definition of the radiative
strength functions:

%A A
K(EA)>= S T (Er,p VEDP A pmev ™3y (g)
veA Yo v
E+ %A
2 I (El,7,) =035 [ Pb(EL n)dn(eV), (5)
VQA Y E—’/zA
where
7E+ BA 5
ST (E2,7)=161-10" [ 7°b(E2,n)dy (eV) (6)
veA 0 v E-%A '

and E is the energy. The average cross section of
the dipole photoabsoiption is

E+%A
o (E)=4025E/A [ b(E1,n)dy (mb). (7)
vt E-4%A

Note, that the contribution of the M1 and E2-cross
sections of photoabsorptions is not large in compari-
son with the cross-section (7)

The details of numerical calculations are given in
ref, /6/ We use the Saxon-Woods potential with the
parameters given in Table 1 in ref, /6/ To perform
additional calculations in the zone A=141, Z=59, the
parameters are taken the same as in the zone A=127,
Z=53 in Table 1 of ref./6/, The only exception is
the parameter V _: for which V = 46,5MeV  for the
neutron and V,= 58,1 MeV for the proton system,
The values of the pairing constants are fixed from
the experimental data on pairing energies/15/, The
constants of the quadrupole and octupole forces are
chosen so as to reproduce the experimental data on
the 2“; and 37 level when calculating with the wave
function (1). The isovector constants K? are expres-



sed in terms of the isoscalar constants Ké as fol-
lows: k2=-15xk2, «x8=-45k3. The constants of the
multipole—multipofe interactions with 3<A<8 are some-
what smaller than the estimates of ref,/14/Therefore
the structure of the first states was close to that
of two-quasiparticle ones. When calculating the cha-
racteristics of the dipole excitations, the spurious
states have been excluded by the method of ref./w/.
In comparison with paper 6/ we have described
more correctly the spin-multipole-spin-multipole inter-
action. Following ref./174the constants of this inter—
action are calculated by the following formula:

10
KO sy 100 (8)
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Such a choice of the constants allowed one to des-
cribe correctly the experimental data on the M1 -re-
sonances/13/_The one-phonon space is described
in detail in ref/%.In our calculations in the wave
function (1) we take up to 14 one-phonon and appro-
ximately 1000 two-phonon components,

In our approach we treat phonons as bosons,
neglecting their fermion structure, and therefore to
a certain extent we violate the Pauli principle when
constructing the two-phonon components, The problem
of elimination of the terms violating the Pauli principle
is studied in many papers, for instance, in ref./lg/.
It is shown in paper/3 that within the quasiparticle-
phonon model, one can carry out calculations with
"ideal" bosons. Then, the Pauli principle is strictly

fulfilled in each approach. The use of the "ideal"
bosons results mainly ‘in the shift of the two—-phonon
pole energies. This effect to a great extent can be
compensated by the renormalization constants which
are fitted to experimental energies of the first A7
levels, Besides, as in paper’/%/ we introduce thé fol-

lowing limitations to the wave function (1). One of the
phonons in its two-phonon part is to be collective.
As a result, the function (1) completely loses the
components consisting of two noncollective phonons
which may just violate the Pauli principle. Therefore,
the inaccuracies due to the violation of the Pauli
principle do not exceed other inaccuracies of our
calculation,

3. THE GIANT DIPOLE RESONANCE

We start with the results of calculation for the
giant dipole resonance in spherical nuclei, and then
we go over to the discussion of the radiative strength
functions and the influence of GDR on them., The re-
sults of calculation of GDR in %Zr, , ¥0sn and *4Te
are given in ref, /6/ In our paper a more correct
description of the spin-multipole phonons does not
change strongly the results for 907r and 120gy, though
the contribution of individual components has changed,
The results of calculation of GDR for 124T¢ have
changed considerably. The total E1-photoabsorption
cross section for 24Te calculated with A = 0.4 MeV
is given in Fig, 1. This Figure also shows the ex~
perimental data /20/ on the total photoneutron cross
sections, It is known that a part corresponding to
the El-transitions gives a 99% contribution to the
total photoabsorption cross section, The Figure shows
that a qualitative description of the shape of GDR is
obtained. In our calculation the central peak is higher
and the fine structure is exhibited more explicitly in
comparison with the experiment, This is perhaps due
to the fact that in our wave function (1) many-phonon
components are not taken into account, A better
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Fig, 1., Photoabsorption cross section o , for 124 e,

Points by a solid line denote the calculation with
A = 0.4 MeV, Points are the experimental data
from ref, /297,

description of the shape of GDR for 124Te  in this
paper in comparison with ref/8 is mainly due to
a more correct description of the spin-multipole
phonons, As it was indicated in ref, /21/ the widths
of GDR are determined from its coupling with the
low-lying collective states. Our calculation testifies
to the fact that for the description of the shape of
giant multipole resonances one should take into
account a large number of weakly collectivized pho-
nons besides strongly collectivized low-lying pho-
nons /21/.
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The total dipole photoabsorption cross sections
for 140Ce and 142Cewere measured in ref,’/2V/A specific
feature of these nuclei is that the GDR width in %2Ce
is considerably larger than in!40Ce. Our results and
the experimental data for 140Ce and 142Ce are given
in Figs, 2 and 3, respectively. As it is seen from
these Figures our calculations demonstrate correctly
the lowering of the peak Tyt and the increase of
the GDR width when passing from 142Ce to 140Ce. The
broadening of GDR in 142 ceas compared to 1400, s
naturally explained within our model, The role of an-
harmonic effects, which mainly determine the value
of the GDR width, increase when passing from single~
closed-shell to nonmagic nuclei,

Paper/20/contains different integrated cross sec-
tions obtained from the experimental data and defined
by the expressions

Em
o, = Bf oy, (E)AE  (MeV.b), (9)

E! o, (EXE  (mb), (10)

1

E_zayt (E)dE (mb-MeV "), (11)

n
EmM
o =
1 Bfn
Ey

o =

_
where Ey is the upper integration limit, Since in
our calculation, the upper limit for 12¢Te E_ =19 MeV,
we have recalculated the corresponding experimental
data following Fig, 9 of ref./go/. An analogous proce-
dure has been carried out for the 140Ce and 142Ce
nuclei,

It should be noted that the quasiparticle~-phonon
model correctly describes the change of the GDR
characteristics (the values of o ¢ maximum, width and
integral cross sections) when passing from one nuc-
leus to another, The results of calculation and the
experimental data on the integrated cross sections are
given in Table 1, It is seen from this Table that the
cross sections calculated are very close to the cor-
responding experimental values.

1
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Table 1
Integrated photoneutron cross sections
12¢ 7'e ma ?HG_
Nucleus E‘-19.0 MeV B‘-‘IB.S oV E‘ u1T7.4 MaV

Experim. Calc. Experim. Calc. Experiment. Calec.

Oo (B.Me¥)  1.46  1.52
, (mp) 98.7 - 102.9
0, (ub.Mev"') 6.6 7.0

1.77 1.9
123 137
8.8 9.8

1.89 1.96
131.8 142
10.2 10.5
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Fig. 3. Photoabsorption cross section o,, for 142 e,

Points connected by a solid line denote the calcula-
tion with A = 0.4 MeV, Points are the experimental
data from ref, /20/,

4, RADIATIVE STRENGTH FUNCTIONS

The fragmentation of one—phonoh states over
two-phonon ones can easily be calculated in this
version of the quasiparticle-phonon model with the
wave function (1), Having the R, () values one can
calculate the reduced EA -transition probabilities from
the ground states of doubly even nuclei by formula
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(2). To calculate the EA -transitions from the one-
phonon states, one should know the fragmentation of
the two-phonon ones. The fragmentation of the two-
phonon states can be calculated by including addi-
tional three-phonon components into the wawve function
(1) and by solving the system of equations which can
easily be derived from equations of ref, /22/.

We study the radiative strength functions for the
El —transitions in doubly even spherical nuclei, We
are dealing with the fragmentation of the one-phonon
1~ states and the behaviour of B(E1l) —values. An
important information about the dipole strength distri-
bution can be extracted from the calculation of the
energy weighted sum rule (EWSR). Calculating EWSR
in the energy interval AE, we use the following formula;

Spg= = n,B(EL',7 )= [ Eb(E1" E)E (e?fm® MeV). (12)
VEAE AE

The RPA calculations show that the first 1 states
in spherical nuclei lie at energies (7-9) MeV, though
experimentally they are observed at an energy of
6 MeV and lower (see refs,/23-25), These low-
lying 1~ states are due to the fragmentation of the
one-phonon states, The lowering of the 1 states
is demonstrated by the example of 140Cce and 136p, .

In the RPA, in the region (7-9)MeV in 140ce  there
are 8 solutions, the lowest 1 state being of an
energy of 7.3 MeV. These solutions give a 0,78%
contribution to the model independent EWSR, Due to
the quasiparticle-phonon interaction several 1 states
appear in the region (5.7-7.1) MeV, which give a 0,18%
contribution to the EWSR, The total contribution to
the EWSR from the states lying below 9 MeV increa-
ses up to 1,1%. It should be noted that 140Ce is
a single-closed-shell nucleus, and therefore the one-
phonon states in it are fragmented not so strongly
as in nonmagic ones,

The RPA calculations show that for 186g; in the
region (7—9) MeV there are 7 solutions, the lowest state
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being of an energy of 7,67 MeV, These solutions
give a 2.03% contribution to the model independent
EWSR, The quasiparticle-phonon interaction produces
several 17 states in the region (4.3-7.6)MeV, The

first state is of an energy of 4.3 MeV, These states

give a 0.44% contribution to the model independent
EWSR. The one- phonon states forming GDR are
taken into account in these calculations, The total
contribution of the states lying below 9 MeV to the
model independent EWSR increases up to 2,54%.

Based on our calculations one can explain the
existence of the low-lying 1 states in spherical
nuclei the wave functions of which have distinct one-
phonon components,

The El1 and E2 radiative strength functions for
transitions from the gound states to the levels near
B are calculated within the quasiparticle~-phonon
nuclei. Table 2 shows the results of calculation for
those nuclei for which there are the corresponding
experimental data, The <k(EA>-values determined by
eq. (4) are calculated with A=0,2 MeV. The calcula-
ted values of <k(Ex)>differ from the corresponding
experimental data not more than by a factor of 2,
Note, that we have obtained a better agreement bet-
ween the theory and experiment in comparison with
the calculations of ref./7.This is due to a better
description of the spin-multipole phonons which enter
into the two-phonon part of the wave function (1).

It should be noted that such a good agreement
of the theory with experiment is not trivial, since
the calculations have no free parameters, Indeed,
the results of calculation depend on the value of A,
However, for the Fe, Ba and Ce isotopes the <k(EA)>
values change not more than by a factor of 2 upon
changing A from 0.5 to 2 MeV. The accuracy of our
calculation does not pretend to give a correct des-
cription of small local maxima of b(E1l,E) as functions
of the excitation energy. Therefore it is senseless to
calculate with A < 0.1 MeV, It is also unreasonable
to use the values of A larger than (0.5-1.0)MeV since
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Table 2 ' dependence of the dipole photoabsorption cross sec-
tions on the energy is defined by the Lorentz dis-

Radiative strength functions ; ) ) .
tribution of the GDR tail. In this case the photoabsorp-

' - tion cross section has the following form:
Nucleus £ CKEA) 107 ey =T r2g2
(]
MeV  EA  Experim. . o, (E) =0 ; (13)
erim Reference Calcul 1 yt o (E 2_g 2() 2 +E 2 Fﬁ

6pe n.2 B 1.7 26 AR EY ) , where E is the energy and I'  is the width of GDR,
It is assumed that the Lorentz form fits well the

30z, 8.7 1) 3.25 2.2 energy dependence in nuclei far from the closed
10.0 Bl 3.25 24 5.1 shells, However, the Lorentz extrapolation of GDR
- overestimates the wvalues of the El-strength func-
1.3 El 6.24 7.2 tions near B, for the nuclei near the closed shells,
11.9 B 7.1 9.6 Indeed, for 138Bathe experimental value/28/ <k(E1)>-4.107°
whereas according to eq. (13) <k(E1)>=9.1077 . In 140Ce
Sn 6.4 El 5.02 3.2 the experimental \/'<3.ll,le/29/<k(E1)>=2.2-10_9 whereas the
\ Lorentz extrapolation gives 98.10-9 .
1.0 El 4.2 24 4.6 Note, that eq. (13) is a particular case of eq.(?).
8.6 1] 8.35 9.5 The cross section (13) can be obtaired from eq, (7)
under the following assumptions: a) GDR is formed
1353‘ 9.1 - 1.6310.4 27 1.2x10~% by one collective one-phonon state; b) all the matrix

elements entering into the secular equations are
equal to each other; c) the density of two-phonon
1385, 8.6 Bl 4.0 28 3.9 poles is proportional to E % These assumptions are
not valid in spherical nuclei, It is shown in ref, /6/
that GDR is formed by several collective one-phonon
states, The matrix elements differ from each other
strongly,

Let us study the influence of GDR on the beha-
viour of the radiative strength functions b(E1t  E) in
an energy interval of about (6—10)Me\/. First we cal-
culate b(E1* ,E) with the wave function (1) the one-
phonon part of which has only the RPA solutions
lying in an interval of about (6-10)MeV, In this case

406 9.08 E1 2.2 29 2.1

at large values of A the specific features of the
function b(EME) are smoothed.

5. THE ANALYSIS OF THE RADIATIVE STRENGTH the function b(E1?', E) is determined by the fragmenta-
FUNCTION AND PHOTOABSORPTION CROSS tion of the one-phonon states lying within the above
SECTIONS A energy interval. The results of these calculations

To analyze the El-strength functions the Brink-

J for 124Te , 144Nd and 14Nd are denoted in Figs,4,5
Axel treatment is often used, according to which the

and 6 by the dashed lines.

16 : 17
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Fig. 4. Histogram of the strength function b(E11,5)
in 124Te, Calculation taking into account GDR (solid
line), Calculation without taking into account GDR
(dashed line).

Now we .calculate b(E1+,E) in the same energy
intervals but with the wave function (1) which also
consists of the one-phonon states forming GDR,

A difference in the behaviour of the function b(E1* E)
calculated with and without GDR determines the
influence of the GDR on the El-radiative strength
functions, The results of calculations which take into
account the phonons forming GDR are denoted in
Figs. 4-6 by the continuous lines. It is seen from
these figures that the GDR influences strongly the

E1 -strength functions of these nuclei, The influence
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Fig, 5. Histogram of the strength function b(E1?, 5)
in 144Nd. Calculation taking into account GDR (solid
line). Calculation without taking into account GDR
(dashed line).
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Fig, 6. Histogram of the strength function WE1r ,n)
in 146Nd. Calculation taking into account GDR (solid
line). Calculation without taking into account GDR
(dashed line).

of GDR on b(E11, E) increases with increasing
excitation energy.

Figures 4-6 show the nonmonotonic behaviour of
b(E1t ,E) as a function of the excitation energy.
These substructures are due to the neighbouring
one-phonon states and to the influence of the GDR
strength,

We have studied the influence of GDR on the
radiative strength functions for many nuclei from Zr
to Nd by calculating SAE (see eq. (12)) in the energy
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interval AE with and without GDR, The results of
calculations are given in Table 3, The functions
SAE (0) are calculated with the one-phonon states
lying in the interval AE. The functions S,y (GDR)
are calculated taking into account additional phonons
which form GDR, It is seen from Table 3 that in
07r  and 1188y the influence of GDR on b( E1*E)
is small. In °Zr  function SAp increases considerab-
ly in the interval (8—10)Nle\/' if the one-phonon states
lying above 10 MeV and below GDR are taken into
account, The influence of GDR is also very small
in other tin isotopes, Representing the function b(E11,E)
as histograms of the type of Fig., 4 for the tin iso-
topes, one can see that the lines for the cases
when GDR is taken into account and without it
practically coincide, The influence of GDR on the
radiative strength functions is also not too large
in the single-closed-shell nuclei 138y , 140
and 142N

Based on the above calculations we may conclude
that the influence of GDR on the functions b(E1"E)
in the region of B, is small in single~closed-shell
nuclei. In these nuclei the function b(E1" E) toa great
extent is determined by the fragmentation of one-
phonon states lying near Bn, One can see from
Table 3 that the influence of GDR on b(E1* E) is
stronger for nonmagic nuclei than for single-closed-
shell nuclei, So, in 14%4Nd and 146Nd the function
S (GDR) is larger than SA0) more than by a factor
of two, The influence of GDR does not mean a gene-
ral increase of the function b(E1* E). GDR makes
some redistribution of dipole strength over the ener-
gy interval. As a result b(E1t E) as a function of
the excitation energy E demonstrates irregularities.

It should be noted that calculating the functions
b(E1r, E) in the energy interval AE, one should
take into account the RPA-solutions lying in this
interval AE even if they give a small contribution
to b(E1' E) and Spp.These one-phonon terms in the
wave function (1) should be also taken into account
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Table 3

Influence of GDR on functions SAE

Number

Energy

Energy

of one~ interval interval R (4
Bucleus Phonon for one- AE ota XAE raE
comp.in phonon summation faflicV J‘ (o)
(1 comp. (KeV) for ’S’AE ‘a E
(HeV
9 8-13 9.4
Pz 8-13 2 1.19
10 8-13,16 11,2
4 6-10 .
18, 6-10 1.83 1,09
14 6—16 1,99
6 8~11 .
1244, 811 2.9 1.3
1% 8~16 3.82
8 8,3-10.3 . 8.6
136, 8.3-10.3 1.67
14 8.3-15 14.3
6 1-9 10.‘
138p4 7-9 1.5
14 8.3=-15 15.5
' H 8-10 5.0
140, 8~10 2 1.33
14 8-15 6.68
142 4 8-9.2 9.34
Ce 4.,0-9,2 1.
14 8~14.9 ' 16.25 Lo
6 8-4-1133 15.2
142y, 8.8-11.3 1.52
‘,‘ 14 8.4-1508 23.1
3 7-9 4.12
e 1 7-$ 2.4
14 7-15.9 9.57
146 4 7.5-9 3.0
'd- 60 - .2
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1

when b(E1tE)is strongly influenced by GDR. This is
due to the fact that the RPA~solutions affect the
behaviour of b(E1t E) in the energy region of their
location, In some cases the weak one-phonon states
prevent the penetration of the GDR strength into the
energy location region of these solutions,

Now we calculate the total photoexcitation cross
sections o,; and compare the results with the cor-
responding experimental data and with the Lorentzian
curve, The cross sections o,, for 997r measured
in ref, 24/and calculated by us are given in Fig, 7,
It is seen from this figure that the general form of
cross sections is of the Lorentz type., There are
some irregularities in the energy dependence of the
experimental and calculated cross sections. The cal-
culated cross sections up to an energy of 10 MeV
are slightly influences by GDR, whereas at high
energies the role of GDR increases. GDR slightly
affects the dipole photoabsorption cross sections in
the tin isotopes calculated in ref, /30*/.

The dipole photoabsorption cross sections are
calculated for 138BaThey are compared with the
cro?s sections measured on the natural barium in
ref, 25/.The calculated cross section oy; has a bump
at an energy of 8,2 MeV, This bump is larger than
that observed experimentally at an energy of 7.8MeV,
The experimental cross sectiono,; has a substruc-
ture at an energy of 6.7 MeV, whereas in our calcu-
lations it is much less. The calculated cross sec-
tions o,, have substructures, and the energy depen-
dence of oy, differs strongly from the Lorentzian
curve,

The results of calculation for the cross section
o in 140Ce and the experimental data for the natu-

yt

ral cerium measured in ref./25/ are denoted in Fig, 8,
Since the natural cerium contains 89% of 140Ce,
one can compare in detail the theory with experi-
ment, The experimental cross section Oy has

a maximum at an energy of 7.8 MeV, and the calcu-
lated cross section has a higher maximum at an
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A A

s L) 0 /" 12 /3 . N .
E Mev 6 7 s ET
Eig., 7. Dipole photoabsorption cross sections in®9zr, Fig, 8. Dipole photoabsorption cross sections in ’
The experimental data are obtained in ref./24/. Cal- 140Ce. The exp?rir/nental data are obtained for the
culations (solid line)- are carried out with A =0,2MeV, natural cerium/#5Calculations with Faklrlg lnt‘? ac-
The Lorentzian (dashed line) is calculated in ref,/24/, count GDR are denoted by the solid line, without

taking into account GDR by the dashed line, The
Lorentzian (dot-dash line) is calculated in ref. /25/
with Ea =15MeV, I =4,35MeVand ¢ = 360 mb.
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energy of 8 MeV. In our calculation the fragmenta-
tion of one-phonon states is much weaker in single-
closed-shell nuclei than in nuclei far from the
closed shells, This is the reason for the appearance
of such a large peak at an energy of 8 MeV, The
increase of the cross section at an energy higher
than 8,2 MeV is correctly demonstrated in our cal-
culations, The calculated cross sections are smaller
than the experimental ones at an energy less than
7.5 MeV, Perhaps the peaks observed at the ener-
gies 6.5 and 7 MeV are due to the impurities of
other cerium isotopes, Figure 8 shows also the re-
sults for the case when the phonons forming GDR
have not been taken into account, It is seen from
Fig. 8 that the cross section Oyt is slightly in-
fluences by GDR. However, the role of GDR increa-
ses at an excitation energy higher than 8 MeV,

The energy dependence of the total dipole photo-
absorption cross section differs strongly from the
Lorentzian curve. Thus, we may conclude that the
representation of the photoabsorption cross section
near B, as the Lorentzian is rather rough, One can
clearly see the substructures in the total dipole
photoabsorption cross section., Our calculations show
that such substructures should exist. However, the
calculations are not sulfficiently accurate to predict
the exact location of them,

6., CONCLUSION

Within the quasiparticle~-phonon nuclear model one
can calculate the radiative strength functions and
the total photoabsorption cross sections in a wide
energy region including GDR, The widths and shape
of GDR are described correctly what is demonstra-
ted by the example of the 124Te,140ce and 14RCe
nuclei,

It should be noted that within the quasiparticle-
phonon nuclear model, one can take into account
a large number of multipole and spin-multipole pho-
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nons with A from 1 to 8, A large number of weakly
collectivized phonons strongly affects the strength
functions at intermediate and high excitation energies.
It was shown in ref./4 that to calculate the fragmen—
tation of one-quasiparticle states in deformed nuclei,
a large phonon space should be taken into account,
A direct calculation of the strength functions with-
out finding the roots of the relevant secular equa-
tions allows one to use a large phonon space and
to perform calculations for several nuclei in a wide
energy interval,

The quasiparticle-phonon interaction causes the
fragmentation of one-phonon states, Due to the frag-
mentation there appear rather low 1 states the wave
functions of which have noticeable one-phonon com-
ponents, Thus, we can explain rather low 1 states
in doubly even spherical nuclei observed experimen-
tally,

Based on the study of GDR and its influence
on the El-radiative strength functiors b(E1t,E) we
can make the following conclusions. In single-closed-
shell nuclei the function b(E1t,E) is slightly influenced
by the GDR tail at energies near B . The function
b(E11,E) is mainly determined by the fragmentation
of one-phonon states near B, . The influence of GDR
on b(E1"E) is stronger for nonmagic nuclei than for
single-closed-shell nuclei. In such nuclei as 136B3,
144Nd  and 146Nd it is essential. The influence of
GDR on b(Elt E)increases with increasing excitation
energy, The Lorentzian extrapolation of the GDR
tail proved to be rather rough for the description
of the total dipole photoabsorption cross sections
in the region of Bn

Our calculations have shown that there should
exist the substructures in the energy dependence
of the dipole photoabsorption cross sections. The
available experimental data on the total photoabsorp-
tion cross sections indicate the existence of some
substructures., Within the given version of the quasi-
particle-phonon model one can predict the substruc-~
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tures rather than their exact energy location, Perhaps

the

substructures in nuclei with A from 90 to 140

and the pigmy resonances in nuclei with ‘A= 195-205

are

caused by the same reasons,

The authors are grateful to A.l.Vdovin for useful

discussions and help.
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