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¢>OTOpacceHHHe HB I"'HI"'BHTCKHX pe30H8HC8X B ae¢op~.mpOB8HHbiX 

gap ax 

nonyMHKpOCKOTIH~eCKH IIpOBOllHTCSI pac'l.leT Ce'l.leHHil ¢oTOp8CCeHHHSI H 

¢oTOTIOf'JlOWeHHSI Ha I"'HI"'aHTCKHX pe30H8HC8X B ae¢opMHpOB8HHbiX SI!lpax. Pe-
3yrib T8T'bl Cp8BHHB810TCSI C 3KCrrepHMeHT8JlbHblMH Jl8HHblMH. 

Pa5oT a BbinOllHeHa a J1a6oparopuH: reopeTHqecKoi.f ¢u3HKH Ol1Hl1. 

llpenpBHT 061oelUIBeHHOrO BBCTBTYT& BJiepHWX BCCJleJIOB&BBi , JlY6Ha 197 6 

Akulinichev S.V. 

Photon Scattering on Giant Resonances 
in Deformed Nuclei 

E4 · 10346 

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. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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I. I n t r o d u c t i o n 

A microscopic calculation of giant 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 description 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/11, Thus, there appears a possibility 
to separate the inelastic dipole, quadrupole, and interference 
scattering, in particular, in th~ 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 semi-microscopic description of 

the photon quasielastic and inelastic (Raman effect) scattering 
on resonance levels of deformed nuclei, Effects due to the 
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scattering of polarized photons are examined, The photoabsor
ption cross sectionsare calculated, Nuclear states are described 
in the microscopicapproach with the residual long-range multi
pole forces and with pairing of partioles/21. Collective excita
tions are calculated within the random phase approximation (HPA). 
~he 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./3/), Thus, the ~bso
rption and scattering cross sections are not calculated strictly 
microscopically. 

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

2. Theoretical Description 

In ref,/1
/ it is 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 formf1/: 

where 

d. 0 do-if 
cU2 = dR + 

dou d oil. 
- +---
dJl_ dJ2 

d_ 0 KL 

d.JL -
1 

ZL· +i 

/Z.!V ().<) 

: ~o fJ ~~< L(e) Re jl1LI !l~) J 

(1) 

(2) 

}/=min ~ K , L J ; E and E1 are the photon initial and final 
energies; for the unpolarized photons the angular distributions 
are 

~:t(a)= 1 {i+ co:/~, :JziJe) =- 1~ (t3 f ws<8), 
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q "';:_(e)== L {1- 3 ws~e -t itCD5ft&) a1YtJ'==- W1
38 

(7\ oo 10 'J, Jo / llis· ,_)) 

For the plane-polarized photons one should distinguish two cases: 
the polarization vector is parallel to the scatterinf Flana and 
perpendicular to it. Then :J~L(B)break into{fJ{L.,(S)}"and{[;:'/IY)}1 

/1/ It l1 o,IK (for a concrete f..;J m see ref. ). Note that {:J
0 

(goJ; =0. rt.e-
refore the contribution from inelastic dipole ( V #0) or fron 
quadrupole scattering can be specified by the qua:Jtity 

rz= rft_~30fl-~~0't.see, e.g. ref.
1
4/). 

The amplitudes of dipole and quadrupole scattering on 

even-even nuclei are expressed as follows/11: 

A(i)=== 4'lle~ EE
1 

\' P' Y o)<PIJn{i}tJn>(nflifOfli)·f- 1 . + 
v 3(tc)Z L..7._i i i) til '-l' 11' LEn -E -Lin/Z 

( rz :<. z 
+- ' . r-- ( 1 -t r.:.; 10' z;_ __ e:_ , 

Z Lr frf'vtc.c: (4) 

;,(z)= J[ez(EE'f[(vvo;(f#tlJfn_><tz!JifJfi>I~ 1 ·r;_ + ---~--~] 
ffv 15 ( l)c)lt. n. z. z z) Lf17 -E- '7-" £, t-f_~ ~ zf!'. ' 

I rl~ ) ·~ ;:_ 
where <l' r i~ the electric multipole operator, and the se-
cond term in fl:} stands for the Thomson scattering without 
excitation of internal oegrees of freedom of a nucleus. 

The resonance states fl are treated as collective excita
tions in the RPA with the residual multipole-multipole forces 
and pairings of particles/2/ • Tu<> Niuths fn are due to the 
connection with continuum and due to the interaction with comp
lex configurations. 

However, the microscopic calculation allowing for both 
these effects cannot be performed even for spherical and light 
nuclei (see ref .15/), 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 
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important case when the final state ~ corresponds to the first 
rotational state I'ir== Z -t-, In deformed nuclei this corresponds 
to incoherent scattering, as the terms with K =0 and K =1 
( f( -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 

/ ~) )' / // r (~)JJ ."i( [- / T- _1___ ] FrE =L.\IL Q nLt E -E-if;,/z E +E~d;,_/z - (5) 
h ~ n 

At this step it is convenient to apply the method proposed by 
Bohr and Mottelson (ref,/61, p. 297) for calculation of strength 
fuctions (the same method has been used for calculation of the 
photoabsorption cross~ection/7/), Assuming that f.:= f'{f:n) 
and (n///jA!j/f/-=- /En) the function (5) takes the form 

~(En) 

f'IE);:;:_ f1. (Eo) 1 (6) 

(' t.;_ {Eo) fi -i_r 1(Eo)] ' 
?v ·{(E) 

where Eo obeys the condition Eo- E - l z 0 =0. If fl 

is the one-phctlon state and L the phonon vacuum, then/8/ 

l (E)= 9{-!Je;; fX~{E) +( efrYXp(E) -\_{E)XpCE)( i:~~(~t e$/)] ~ 
(7) 

fz {E)== i - (J;! + {J{~>)(X,J£)+ Xp{E»+ 4 ~U~A) XIL{E) Xp{E), 

X f£) =Z v [ t/fs'J ZlntT-fc(p) +to;~] . 
where nl' 'ti, casJ+c(~'J]z- E~ ' 

c(?})is the quasiparticle energy; ZLJ>t>'=?LfJV{j'-tU~'?Jf:; 
2/_f> ~ zYj; are the coefficients of the BogoluboY canonical 

transformation; 

-' "r = ~ [Y + t- i)r r 1; t V'Z' ~ .,. --,r 
{)..) (>J 

oe 0 and ae:f. are constants of the il-multipole isoscalar 
and isovector interaction; 
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I 

n / ? ff e1f. ::: - fj , -€4f = R tor dipole states, 

e:;; =:;. {J ' -e;;; = _i for quadrupole states. 

The spuriou.s11 state originated from the translational inva
:t 

riance violation can be approximately eliminated by in~r ducing 
17 0' i) the isoscalar dipole interactions tJI. The constant 

0 
then 

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/101. The con
stant Jf!:> can be ~A'fine~J from the low-lying vibrational 
states. The ratio J£i/Je0 is determined by the position of 
the corresponding isovector reso~ance. 

3. Calculation Procedure and Discussion 

As the a~~rage field the Saxon-Woods potential was taken/11( 
The ratio Jei f'~:z1·2 is put for all nuclei (cf. ref./7/), 
and in this case cK]. ~ 3~g_,3 

Figure 1 gives the strengths of levels of the dipole re
sonance in 16~ in arbitrary units and also the absorption 
cross section for the width equal to 1,5 MeV for all states. 
Figure 2 shows the scattering cross section calculated at the 
saae values of all parameters. Froa the Figures it is seen that 
for better fitting to experiaent , the state widths should some
what inorease with state energy. No discrimination bas been 
made among various power functions, as the resonance dipole 
levels are all ccmcentrated in the interval of about 5 MeV 
where a power function can be approximated b;r a straight line 
within a satisfactory accurac;r. Moreover, it is hardly to be 
ezpected that the level widths are de8Cribed b;r a unique function 
throughout the whole eners;r region. In Pigs. 3 and 4 the cal
culation results are shown for all nuclei obtained with the width 

r;;_ ::0.2 ( En .oG)IIeV • The latter dependence of r;:, of course, 
should not be extende4 be;raod the energ;r ranse of the giant 
dipole resonance. Froa the Figures it is observed that a good 
description both of the scatterins and absorption is achieved 
with the saae parameters. 

As to the quadrupole iaovector resonance, IIUOh poor in-
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formation is available. As is shown in ref./151, the position 
of th~s ~e~~nance can be found approximately putting that 

dl.f'/Je;; =-1.5. The results obtained at r;;_ =0·5 l!leV do not 
contradict the existing experimental data on photoabsorption. 
'IIi th these parameters, the quadrupole isovector resonance has 
ueen calculated for several deformed nuclei. This choice of pa
rameters is rather arbitrary, and the results on the quadrupole 
res .... unce should be considered methodological. 

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

from He;. 5 and the Table it is seen that for nucleus 
at energies 15-15 MeV ther'3 is an important contribution from 
the tensor inelastic dipole scattering (the experimental one is 
slightly larger). At energies above 20 MeV the quadrupole re
sonance is observed. Irom Fig. 5 it follows that at energies 
23-26 :.:ev the calculated interference dipole-quadrupole scatte
I'ing spoils essentially the cross section angular distribution. 

, Table 
d3{:;1fj6oor --

f<elat~on tz = a_ a;rz- for the scattering of 
polan.zed pho..tons 

lluc leus £) 'teV 'Zexp. 
/4/ 2calc. 

186", 
" 15.1 0.29.:!;0.07 0.15 

25. 11 0.05 

"166 
E"~" 1;].1 0.13 

26-3 0.05 

181Ta 15.1 0.14.:!;0.0'1 

180I!f 1_5,1 0.10 

Experimentally, the resonance interference is observed at lower 
enere;y 21 ~!.eV. However, this low position of the quadrupole iso-
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The angular distribution of the photon scattering cross 
section for 166Er at various energies. The dashed curve 
is the f~~ction (1 + cos2 8 ). ~perimental data are from 
ref./14/. 
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-1/7''". 
vector reso"l~t:J::e contradicts the ass;;_'lled -~-depen:ler:ce: 13Cf, - • '' 
':'he calct.:latic::'. reveals that at en.ergies hic;ller tb.;m ?2 ·.:e'! just 
the quadrupole resona:1ce is completely res;;onsible .fo.r· t!::e .:::.m:

zeroth value of 'l , ::herefore experi::c::.ts with p:JlarizcC: ..,l:o
tons at such energies are useful for studying the isovectcr 1uad

rupole resonance. 
Thus , it ~y be cancluded that the applied ~croscopic 

model, under some additional assumptions, provides a rather good 
and unique description of the photoabsorption and photon scatte.rL"lg, 
This also enables one to describe the absolute values of cross

sections apart from their energy dependence. 
:i:he author thanks L.A. ',!alov for useful discus;:; ions. 
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