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The elastic scattering of gamma rays by oriented nuclei is considered. The possibility of an 
experimental study of nuclear optical anisotropy parameters, including the vector electric 
dipole polarizability, of nuclei is discussed. 

IN earlier papers by one of the present authors 1•2 

the concepts of molecular optics (see Placzek's 
monograph, for example) were extended to photo
nuclear reactions. It was noted1 that an induced 
dipole electric moment in a nucleus may depend on 
the orientation of the nuclear spins with respect to 
the electric field. Certain effects were also dis
cussed, whose experimental investigation would 
enable us to establish the existence of optical ani
sotropy in nuclei and to measure its basic par am
eters. 2 The elastic scattering of gamma rays by 
nuclei was considered in particular, but effects 
associated with the possible existence of vector 
polarizability were neglected without justification. 

The present note considers the elastic scatter
ing of gamma rays by nuclei, including the pre
viously uninvestigated case of scattering by 
oriented nuclei. Investigation of the latter effect 
would, in principle, enable us to measure the 
vector polarizability. 

The elastic scattering of dipole gamma rays is 
described by the following R matrix: 

( A I R I '1..') fR' 0 ; 3RT (' i 1 A A A A m m = \ Oij mm' 1 ]('l.J- 1) m 12 (JJi+Jilt) 

-iJ(J+l)oiilm')+ Rvr:Ietit(mlltl m')}:t.;\i, (1) 

where m,m' are the projections of the nuclear 
spin on the e3 axis; A., A.' are the photon polariza
tion vectors before and after scattering, respec
tively; Ji is the nuclear spin projection operator; 
R' = Rs- T; T = (w/c)3e 2Z 2/27tAMw2 is the ampli
tude of Thomson scattering by a nuclear charge Z; 

R5 = (wjc)3c5;2rr, RT = (wjc) 3 cT ;2rr, RV = (wjc) 3cV j2rr:, (1a) 

where cS, cT and cV are the scalar, tensor and 
vector polarizability, respectively; eijl is a com
pletely antisymmetric third -rank tensor ( e 123 = 1). 

The contribution of the vector polarizability to 
the absorption cross section is 

V- 1fin2m l" R V I '.,, 
cr - (w,'c)2J te · .111 (,.1,. 2), (2) 

which differs from zero only in the case of 
elliptic (or circular) gamma-ray polarization. 
The results for the absorption cross section given 
in reference 2 pertain to unpolarized photons and 
are not affected by the vector polarizability. 

The cross section for elastic scattering of 
gamma rays by unoriented nuclei with vector po
larizability taken into account is 

+ (J + 1)(2J + 3) I RT 112[ 13 ~·'-- (k'k)2] 
' 5J (~J- 1) 2 I 

where k and k' are the unit wave vector of the 
photon before and after scattering, respectively. 

(3) 

Equation (3) shows that investigation of elastic 
scattering by unoriented nuclei enables us to esti
mate only the combined effect of the tensor and 
vector polarizabilities. Information concerning all 
three parts of the polarizability can, in principle, 
be obtained by investigating the angular dependence 
of daHjdQ or by considering daHjdQ together 
with the cross section for absorption by both 
oriented and unoriented nuclei. These procedures 
require the solution of a system of equations; the 
experimental errors could increase as a result of 
several algebraic operations and thus greatly 
hinder detection of the effects in question. In con
nection with the foregoing it is of interest to con
sider the elastic scattering of gamma rays by 
oriented nuclei. 

The cross section for the scattering of unpolar
ized photons by a nucleus with spin projection m 
on the e3 axis is 
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~~ = ~~H + ~~~2 { f2J ~2~~1) 12 ( J2+ J+ ~) (m2- m2) 

- -"- (m4 - m4 ) I k'2+ kL'- !?'2k2- 11 - ~ (k'k)2 J 
2 L 3 3 I 3 3 15 15 

I ~-~ ~~2 2 . I h 2 -2 
-,- ! 2J(LJ-l) [(-BJ -8J-ro)(m -m) 

+10(m4-m1)] [ 2k;2k~- k;k3(k'k)- 1~ +ft(k'k) 2] 

I 3RT* . \ [ 
- 6Re l2J (:;J _ 1) R.' J (rn2 - rn 2) k;2+ k~- k;k3 (k'k) 

_ .... _ k' 2 _ '$R R 2 1 J ' T' V) 
3+3( k) 61m(2J(2J-1)-T 

I v )"' 
X (m2 - m2)(k:L- k~)+ / ~ 1"(m2- m2)(k'k)[3k;k 3 

- (k'k)] + 2He ( R.'' ~) m (k'k) [k'xk]a 

( 
3RT*: Rv \ 

+ 2 Re 2J (2J - 1) T ) 

X m [5m2 - (3J2+ 3J- 1 )] k~k3 [k'Xk]a 

1 3RT* Rv) 
-2 Re ~:u (2J -1) T 

X m (m2~ m2) (k'k)[k'Xkb}• (4) 

where 

is the mean value of the n-th power of the spin pro
jection in the case of a nucleus freely oriented in 
space. 

The tensor and vector polarizabilities are re
vealed most strongly in the azimuthal scattering 
asymmetry. The evaluation of 

r~(k~=O, k3 =0, k'k=0)-~(k~=l,k3=0,k'k=0)] 
X= (darrjdQ) (k'k = 0) 

where m = J and the expressions for the tensor 
and scalar polarizabilities given in reference 2 are 
used as well as the giant resonance parameters 
for 73Ta181 given in reference 4, yields 

1X(1iw1= 12.5 Mev)= L2; IX (1iw2= 15.5 MeV)= - 0,4. 

The energy dependence of a for Ta 181 is shown in 
the figure, assuming R V == 0. A comparison of our 
results with estimates of the influence of tensor 
polarizability on photoabsorption by oriented 
nuclei indicates that the tensor polarizability is 
considerably more important in the case of scat
tering by oriented nuclei. 

The existence of vector polarizability can be 
established by measuring the difference 
du ( k, k' )/ dQ - du ( k' , k )/ dQ . In the region of 
dipole resonance frequencies the vector polariza
bility of an axisymmetric nucleus can be put into 
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the form 

cV =-..!!:._"' liw + i"(r/2 
J +1.LJ (Er- E 0)2-1i2w2- iliWj r 

r 

X [(0 I d~ I r)(r ld~ I 0)-(0 I d~ I r)!rld~IO)], 

where K is the projection of the nuclear spin on 
its t symmetry axis;~. TJ, t is a right-handed 
system of orthogonal axes attached ·to the nucleus; 
d is the dipole moment operator. It is easily seen 
that if the nuclear energy levels Er merge, so 
that all of them can be effectively replaced by one 
or two levels, we have c V == 0. Thus vector polari
zability is a manifestation of the fine structure of 
giant resonance. 

An indication of the possible presence of vector 
polarizability follows from the condition 

~ i (Er- Eo)f(O I d~ I r)(r I d I 0)-(0 I d" I r)(r I d~ I O)J 

(5) 

where mp, mn are the projections of the proton 
and neutron orbital moment, respectively, on the 
nuclear symmetry axis.* The ratio of the right
hand part of (5) to the corresponding sum for 
scalar polarizability is of the order 1/ A. On the 
basis of the foregoing the vector polarizability 
would be small in heavy nuclei, where giant reso
nance is unlikely to have a fine structure. 

The authors wish to thank Dr. E. Fuller for 
discussions of a number of questions concerning 
the optical anisotropy of nuclei. Dr. Fuller also 
privately communicated to us the advisability of 
investigating effects associated with vector 
polarizability. 
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