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1. :J;NTRODUCTION 

The nuclear giant multipole resonances haye been studied 
experimentally in detail in many nuclear reaction processes". 
The most thorough compilation of the characteristics of giant 
multipole resonan~es is given in reviews/1-3~n recent years 
the experimental investigations of the partial v-decay of'the 
giant re~onances to the low-lying nuclear states have been 
performed in / 4 /.'These experiments provide us with the informa­
tion about the, complex configu~ations in the wave f~nction 
of 'giant resonances. Such information may also be obtained 

In / 5,61in the photon scattering reaction. the elastic and in­
elastic photon 'sca t t e r Lng cross section's in the giant dipole 
resonance (GDR) region of some spherical nuclei have been mea-' 
sured. The data analysis using the dynamic collective model 
(DCM)/71 has shown that calculation cannot fit the data in\ 
some cases. The DCM gives a good description of the energx 
dependence of the ,cross sections but the calculateq cross sec~ 

tions overesuimate the experim~ntal ones in most cases. It 
should be not1ed that the DCM Hamiltonian has been d i agona I i zed 
in a t runca t ed basis consisting of quadrupole and dioole pho'­
nons only and th~ wid~hs of ~he dipole states in the GDR region 
have been rntroduced phenomenologically 'as adjustable para­
meters 161-. 

In recent years the microscopic nuclear models 131 ,are widely 
used for the description of various characteristics of 'nuclear 
giant resonances. The quasiparticle-phonon nuclear mooel (QPM) 
is such a microscopic model / 8 / • The detailed study of gianL mul­

? tipole r~sonances in spherical nuclei within the frame of QPM 
. has been performed in 19-14;'In this .work the differential cro sjs 

sections of elastic photon scattering in the GDR region of 56Fe 
60 Ni and 92Mo have been calculated within the QPM. The widths 
of dipole states in the GDR region, du~ to the interaction bet­
ween one- and two-phonon states, are calculated microscopicall~ 

2. DETAILS OF CALyULATION 

The QPM Hamiltonian includes the average field 'for protons 
and neutrons in the Woods-Saxon form, the pairing forces, the 
effective isoscalar and isovector multipoleand'spin-multipole 
interactions including charge-exchange term. The detailed desc­
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ription of the QPM Hamiitonian is given in / 8/.'The Hami'l toni an " 
parameters. are chosen 18/' so as to describe. correctly in the 
random phase apprqximation I(RPA) the experj.merit a I data for t he 
electromagnetic transit;ion probabilities o;f the lowest co\lec­. , tive states. With taking info account the two-phonon'co,mpo­
nents in the wave function for excited states in the even-even 
nuclei, either th~ energy and transition probabi11tles c~n -be 
described corle~tly. 'The average field parameters and pairing 
constants used in 'our calculation are t hev s ame as defined in / ,l l! . 
The dipole interaction constants are fixed so that th& calcula­
ted in the RPA ce~troids of the GDR energy reprod~ce the expe;­
rimental data (l/.¥or nuclei under consideration, the resdlts 
of .ca l cuLa t i on give about 90% contribution to the model in-' 
dependent dipole en~rgy weighted sum rule. The wav~ 'funst~on 
of an excited state with spin J and its projection M is, taken 
as follows: 

"'111 [+ + l .' I 1pv(JM)=I~Ri(Jv)Q+ I + ~ P", I (Jv ) Q", l' Q", I JM 1po'
I JM '11l1 ·1 21122 

! (1)"'1 11"'2 i2 2 ~ 

Here Qtlli is the phonon creat~on operator and ~o is the, wave 
function of the ground state of the even-evew nuc1~us. The 
structure of one"-phonon states is calculated in, t4~ RPA, the 
ener9ies ~~v of states described by the wave function tl~ are 
found by solving appropriate secular equation~/8/J'There~aybe 
terms violating Pauli principle in the two-phonon cpmponents, 
of '(I). In the calculation of this work the Pauli p~inciple 
is 'taken into account app'roxi.mate Ly , because the eatli'er calcu­
lations for the giant multipole resonances have shown that the' 
strict / 161 and rough l 14linclusion of Pauli ~ri,.n~'iple gives nea r-: 
ly the same results in this energy region. The numerical calcu­
lations with the wave fu~ction (I) have been 'performed 'using 
the code GlIffiS I if)!. 

The differential cross sections of dipole photon sc~ttering 
can be, written in the form/171 

E' y 11 2du I ~ I<Ie IIP J II 11 >I g / e) , (2)
dO () Ey(2~i + 1) J=O,l,2 

<'here I I and Ie ar,e the initial and final spins of the mic­
reus, Ey and E~ are the energies of the incident' and scattered 
photons, respectively. The angular distributions are 

I 

gO(O)= ~~s2e g (0) = ~,2:_sin2 e g2(e)=~cos:e
2 - 1 12------ . 60 - ­

<"Iellp~lIIIi> are the reduced polarizabilities for d i.po le pho- " 
ton scattering/17~In the case of elastic dipole'photon statter­

, " 

.i.ng (2) .i s ne duc ed to 
,. 

'du" 1 + ,cos2 e 2 
--"2-"-T-1 Po I '(3)dille 

-, 

where 

4lTE , . 'I- • _ 1 1 (Z~)2 
Po'" --- ~,bl(E1, 0 -+ 10 Jl + --------~, 1- --.. - . 

"9 01 . l\mroi ' rol E -E -1--' E, + E +'l~-­
'_ 01 Y 2 DI Y 2 (4)
 
Here b i ( E l ; O+'\ 1~)is' the reduced probability of EI-traq.sition
 

'·1, 'to the ni -state, Eol and rol are the energy and wi dt.h of this
 
s t ate ~n the GDR region. 'The last term in (4) corresponds to
 
the Thompson ~cattering. For the caJ.culation of the energies
 
'and" widths of the GDR states the strength function method IBI
 

.II has been used •.S'ince in the electromagnetic excitation of
 
states d~scribed by the' wave function (I) the main contribu­
tion comes from the one~phonon co~ponents (it can easily be 
sekn ~rom the structure of ,the electromagnetic transition op~­
rator), one needs to know the energy distribution of the 
strengths of such pne-phonon states. Following the method 
described in / 8 /,we introd4ce the strength function ' 

" 
'1 ~ 2R (~)=-~._----- R (lvI. (5)I 2" v ' 2 ~2 I 

. ,- (~-,~ ) +- ... 
V 4 

The parameter ~ can be varied so as to reproduce the frag­
m~ntati'on, of the i -th one-phonon component of (I) in as much 
detail as 'fie wish. Since t he experimental ene rgy re,solution 
for photon dipole scattering 15,61 is about 0.2-0.6 MeV, we have 
taken ~ = 0.5 MeV in our calculation, The fragmentation pic­
ture for 8 collective 'one-phonon state s forming the GDR in ~oNi 
is shown in f i g , I. 'The excitation energies' calculated in the 
RPA are indicated by arrows. As one may see from fig. I the in­
clusion of the ~wo-phonon components in the wave function' (I) 
has led 'to strong' redistribution 'of one-phonon-state strengths 
compared, to the RPA results. Further, from the s t r engt.h distri ­
bution of the i-th one-phonon state we have extracted the 
gross structure and calculated the centroid's I" I and widths..;. 0 r

t"' r01 in a usual way· 

,.. \ 

E OI ",-( ~RI(~)d~/ (RI(~)d~. (6) 
~Eo ~E;'o 

''\t, roi '" 2.35u • u 2 ", (Eol-~}2RI(~)d~/ (Ri(~)d~,. (7) 
~E ~E 
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Fig. 1.	 Strength funrtions 
'R i (71)	 for the dipo l.e etatee 
in the	 GDR ~egion 
The calculated in the RPA 
excitation energy of the 
i-th dipole state is in­
dicated by ,arrow. 
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The dipole tr¥psltion strength is ~ntegrated as 

bi(El'; 0+ -+ 1~'),:" 1<011 m(El) Q:/.liIIO>12 r R j ( 71 ) d71, 

of 60Ni . 

~ 

,, 

JV~ GO N·, ~ 

12 14 16 18 20 22 2 (MeV) 

1(:.	 I"~ 

wher e <0.11 ~ (El)Q~llj.IIO>is the r:e:...duced matrix elemen:: of the 
EI~trans~t~on overator f9r ~?e l j -state calculated ~n the ~A, 

.(. ~En is the energy i.ntervaI y}~er~ the' n -tq peak of the frag­
mentation for the '1- 'one-p,hon'on'state is localized. 

Using (4)-(8) one can eiisilY calculate t he differential 
crOqS section of elastic dipole pQoton scattering (3). 

, 
'3. DISCUSSION OF THE RESULTS1.	 

, 

The calculated differential cross sections:of elastic di­
pole photon scattering 'and the experiment~l dat'~ 1.5,61 for 60Ni 
at () = 1,20°, 56 Fe and 92Mo at () = 90° are shown in figs. 2-4. 
L~t us consider in detail 60Ni nucleus. As can be seen from 

I; .- fig.2· the measured cross sectIon shows clearly two p~aks ~ r\,	 60NiEn ~ 17 and ,20 MeV. The results of our calculation for 
.­ show that the GDR is formed mainly' of 8 dipole RPA-stat'es frag~ 
"\'	 mented in a wide interval of energy (see fig. I). Theoretical 

cross sections.include contributions from. many peaks and are 
quite close to the data. The calculated ~{dt?s are diffe­I:e	 r ni 

1\ rent for each state and range from I to 4' MeV. If one calcu­
r/: lates th~ strength qistribution 9f one-pho~on components with 
lJ, a smaller ~', there would be a fine structure in the fragmen­

" 
" tation pic~ure. And in such a case the fine structure would 

,: ,appear in the calculated ~ross section~ too. S~ch a calc~la~ 
tion cbrresponds to a much better energy resolution compared 

.~: td the resolution available at present in the photon' scatte~­
~~ ~ngexperiments/5,6/. The results of two different calculations 

~t	 for 60Ni are shown in fig.2. The solid line corresponds to the 
case, when- the substructures in the fragmentation of the, 4tb 

,.~;,. one-phonon state at 16 MeV are not taken into account. In the 
RPA ~alculation this state has a strongest probability' of the 

" '"'x	 EI-transition which is equal to 4.02 e2fm2 as much as 31.5% 
of the 'total transition strength of 8 dipole states in the GDR 
region, so the influ~nce of this state on the calculated cross' 
section is very s~bsta~tial. And in.the solid, curve there are 
no clear substructures as those in fig.1 can be seen. The in­
clusion of substructures into the cross section calculation 

l' 
I ~ (the dash-dotted curve) enables one to reproduce ~he existence 

of two peaks in the energy dependence of the elastic' dipole ~ 
photon scattering cross section 6oNi(y;y) as obseryed in the 
experiment. But the lower p,eak in our caJculation is about 
0.5 MeV higher than the experimental one. It should be empha~ 

,~, 1'1 sized	 that our microscopic calculation gives a good de scrip­
(8) 

~ion of the absolute cross section~. In the calculation within 
~En	 DCM /6/ the widths of dipole states are t aken as rn = ro (E n/E 1)8 ~ 

wheLe ·ro " E1 and 8, are determined .from a least squa~e fit to 
" ;he measured elastic (y,y)cross sections. With these adjustaqle 
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Fig. 3. Diffepential CPoss 
sections of elastic dipole 
scatteping by th~ CDR in 56Fe. 
The points ap~ the expep~men~ 
tal data 16/. The soUd line' 
is the QPM·calculation. 

ape the pesults of QPM calcula­
tions. . 

parameterp the DCM calculation describes the energy ~pend~nce 
of the elastic cross sections better than our calculation. But 
the calculated absolute cross sections do overestimate the 'data 
in all considered cases. In order to fit· the elastic data~ the 
calculated within DCM elastic cross sections, have been dec rea­

'sed by 51% for 60Ni , ~7% for .56 Fe and 23% for' 92Mo/6/.' The re­
sults of our calaulation and the experimental data 'for'56 Fe(y.y) 
are shown in fig.3. As one can see, our results reproduce the 
~xistenc"e of two ,..peaks in the observed cross section for ,56Fe, 

(But in tre low energy region our results are somewn~t higher 
than the data. Note, that the energy dependence in the cross 
section 56Fe(y,y)is similarl to that rn 6~i case. In both these 
~uclei the anharmonic effects are quite strong, 'so the one­
p~onon components in the wave funcsion (I) ar~ fragmented in 
a wtde inte~val of energy. And the strength dist~ibutions of 
thes~,components jn 5~Fe are like the distributions shown in 
fig. l for 60Ni • Lt ,i's this .tact thac 'leads to similar energy 
dependence qf the cross section~'in both cases. In the 92Mo case 
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the frAgmen~atJon'of one~phonon 
s t at e sc-i s- w~'aker add, has no" 
s\Ich,complicated subs t ruc t ure s 
a~ in BONi and 56Fe cases. Out ,I 

r esu l t s also give rather a' good 
d e sc r Ip t i on 'Of. theelast,tc ai ­
~ole p'hoton scattering for 

,2Mo(y,y) (s~e fig.4). 

++' ~ +t+'.+ --.....:...Fig. 4. Diffepential CPoss sec­
l//.-un/5 u J e /.-(U5 ccc: u~i'E!u/.-e; f!,nu t-or: 

ecatter-inq by' bhe GDR in 92Mo • 
The points ape .the exper-imental. 
data 16/. The solid line is the 
QPM calculatidn . 
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I~ • ..4 CONCLUSION 
•I 
~ ~~, .'.. .I:: W~ have shown i n our ca Lcu l.at i.on: that wi t h i.n t he QPM one 'can ..~ ,r '.successfuI~ calculate not only the integrated cha'rac t e r i's t Lcs
 
,f\, .of the 'GtlR 8- 101, but also .the differential cross sections of
 
i ~\a~tic dipole photon ~catt~ring by the GDR. It is of great
 
I, 'interest to investigate mic ro scop i ca l.Ly inelastic photon scat­


tering to the low-lying states in spherical nuclei. In such 
,a process the two-phonon components play an important role apd
 

, 4 for the microscopic description of this process one needs to
 
t ~pdW' the fragmentation of these components in the wave function
 
,,,o~ the GDR due to the interaction with more complicated confi­

gurations. This problem has not been solved yet. 
,.~\ 'I 

, The authors are gratefuL to prof. V.G.Soloviev for helpful
 
discussi'ons.
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P~,.:~a 8 H•Gop8TOPHH ,..()peTJAeCitoA 48SIIIr,H ()IIBH 

J)ao· 'tiel\ IChoa, Ponomarev V.Yu .• Voronov v.v. E4-85-148 
~eroacopic Description of Photon Scattering by the Giant 
Dl~le Res~es in Spherical Nuclei 

. ~· differ~ntial cross s•ctio~s of elastic.r,boton scat­
tt.irll!l in . ~be g1ant dipole resona~ region o! . F~ , · .eom. 
~ -,ao have been calculated with1n tbe qua81part1cle­
'Ph011on nuclear uiOdel. The wi~.th$ and transition .strNtlls 
~f the , .diJI!Ole &tate• in t~i.s regic:m ~ been ?dcroscopieall' 
calculated. The r.sult.s of microscopic c~alcula~iona are .. in. 
good agree.ent ~ith the -.,eri.-ntal da-ta -'for elastic · photon 
dipole '•cattering. 

%be iavestigation has been performed ar the Labor~oty 
of TheOretical Physics, JIRl. 
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