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We discuss a method for investigating the optical anisotropy and the shape of the surface of 
atomic nuclei based on the study of the angular distributions of charged sub-barrier 
particles emitted by deformed nuclei in photonuclear reactions. 

AT the present there are many papers devoted to 
the optical anisotropy of atomic nuclei [i- 5]. Ac­
cording to present notions concerning the mecha­
nism of interaction between y quanta and nuclei, 
in the region of giant resonance the elastic scatter­
ing and absorption amplitudes (or cross sections) 
of the y quanta depend essentially on the orienta­
tion of the wave vector of the photon relative to the 
nuclear spin I or the unit vector n in the direction 
of the principal deformation axis of the nucleus (we 
are considering axially-deformed nuclei). 

Indispensable to a rigorous experimental proof 
of the existence of optical anisotropy of the nuclei 
are experiments with oriented nuclei, yielding the 
dependence of the cross section on the angle be­
tween the electric vector (or momentum) of the 
photon and the preferred direction connected with 
the nucleus (I or n). This method, however, en­
tails great experimental difficulties and is appli­
cable only to nuclei with large spins. 

The proposed method of investigating optical 
anisotropy is based on fixing the direction of n by 
means of the sub-barrier charged particles ( p, d, 
t, a) emitted from the nucleus as a result of photo­
nuclear reactions. 

In photodisintegration of deformed nuclei it is 
necessary to consider two types of transitions: the 
group of transitions connected with the direction of 
n (transitions concentrated in the frequency region 
w ""' w 11 ), and the transition group connected with 
the other axes of the nucleus, perpendicular to n 
(transitions in the frequency region w ""' w 1). 

For the first group of transitions ( w""' w11 ), in 
the case of prolate nuclei, the summary effect of . 
the penetrance of the Coulomb barrier and of the 
logarithmic derivative on the surface of the nucleus, 
which is determined by the dynamics of the y-quan­
tum absorption, causes the emission amplitude of 
a charged subbarrier particle F ( p, n) (where p is 

the wave vector of the emitted particle) to have, in 
the coordinate frame fixed in the residual nucleus, 
sharp maxima at angles zero and 180° between 
p and n. (As shown by the theory of a decay of 
deformed nuclei [s,7], the penetrance of the Cou­
lomb barrier of prolate nuclei in the direction of 
n is more than one order of magnitude larger than 
the penetrance in a direction perpendicular to n. 
In addition, in transitions in the vicinity of w ""' w11 
we can expect the logarithmic derivative on the 
surface of the nucleus in the vicinity of the poles to 
be at least not smaller than in the equatorial re­
gion [a].) If the condition .6.E/E « 1 is satisfied 
( .6.E is the energy of the rotational levels of the 
residual nucleus and E is the energy of the emitted 
particle) and the rotational state of the product nu­
cleus is not fixed in the experiment, then the angu­
lar distribution of the emitted particles (provided 
the photons are not polarized and the nuclei not 
oriented) has in the laboratory frame the form 

da/dQ ~ sin2 {} + L\ (1) 

( J is the angle between the momenta of the photon 
and the emitted particle). The quantity .6. ""' ef; 2/2, 
where ei/2 is the half-width of the angular distri­
bution of the particles in the coordinate system 
fixed in the residual nucleus. Estimates show that 
.6. ~ 0.05 - 0.1. A particular case of (1) is the re­
sult obtained by Gustafson in an analysis of the 
angular distribution of photoprotons from Mg24 ral. 

For transitions in the frequency region w ""' w1 
we cannot obtain a general relation similar to (1), 
for in this case the penetrance of the Coulomb bar­
rier and the logarithmic derivative on the surface 
of the nucleus have maxima at different angles. In 
this case a special calculation is necessary for 
each specific nucleus, analogous to that made in[s]. 
The results obtained in that paper lead us to expect 
the angular distributions of the subbarrier charged 
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Binding energies and Coulomb barriers 
of protons (a) and a particles (b) for dif­
ferent isotopes with Z > 10. Central curve 
-position of the maximum of giant reso­
nance (Eres) as a function of Z. The 
lower and upper curves, corresponding to 
(Eres ± 3 MeV), limit the principal region 
of giant resonance. o- binding energy 
(taken from the tables of Cameron[••]); 
•- binding energy plus the height of the 
Coulomb barrier (calculated for the aver­
age radius R = 1.3 x 10-" A¥.). 

photoparticles to be smoother functions of the angle 
J in the transition region w ::::: w1, with 

tion of the subbarrier charged photoparticles. It 
has the form 

cr (0)/cr (rc/2) = I. (2) 

An experimental verification of relations (1) and 
(2) proves the existence of optical anisotropy in the 
nuclei. 

For oblate axially-deformed nuclei in the fre­
quency region w ~ w1, we can also obtain in anal­
ogy with (1) a general form of the angular distribu-

dojdP, ~ 2 + sin2 tr + ;:;,: . (3) 

The value of !:!.' is determined by the half-width of 
the angular distribution of the particles in the co­
ordinate system fixed in the nucleus, with !:!.' 
~ 0.05 - 0.1. 

For prolate nuclei w 11 < w 1 , and for oblate ones 
wu > w 1 . Thus, by investigating the form of the 
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angular distribu.uun ot the subbarrier charged pho­
toparticles in the region of the first maximum of 
the giant-resonance cross section for deformed 
nuclei, we can establish the sign of the quadrupole 
moment of the nucleus. 

All the regularities noted above are not limited 
to photonuclear reactions. For example, the angu­
lar correlation of a high-energy proton inelastically 
scattered through a small angle and a subbarrier 
charged particle emitted by an excited nucleus 
should be determined by relations of the type (1)­
(3) inasmuch, as shown in [ 9], the states excited in 
such reactions correspond to photonuclear giant 
resonance. Analogous conclusions are valid also 
for the case of electrodisintegration of nuclei 1) • 

The main advantage of the proposed method is 
that it can be used to investigate nuclei with arbi­
trary values of the spin, including I = 0. The ap­
plicability of the method is limited by the condition 
that the sum of the binding energy of the particle 
and the height of the Coulomb barrier exceed the 
energy corresponding to the region of giant reso­
nance. As shown by crude estimates (see the 
figure) this corresponds to Z > 44 for protons and 
z>34 for a-particles, i.e., topracticallytheentire 
most interesting region of nuclei. It must be borne 
in mind, however, that in the case of a large dif­
ference between the kinetic energy of the particle 
and the height of the barrier, the cross sections of 
interest to us will be small. In addition, when the 
energies of the emitted particles are very low, the 
widths of the corresponding reactions become com­
parable with the distances between the rotational 
levels [in the derivation of relations (1) and (3) we 
used the concept of a deformed excited nucleus] . 
This circumstance can lead to a change in the ex­
pected angular distributions. Indeed, an account of 
this effect in the quasiclassical approximation 
yields in lieu of (1) the expression 

d-:; 2 + [{y/11)2 + 1] sin2 ~ 
dQ ~ (y/1\)' + 4 

(4) 

Here y is the width of the corresponding reaction 
and the distance between the rotational levels. Thus, 
for a reliable interpretation of the experimental re-

!lOne can expect the angular distributions of photoneu­
trons with large angular momenta also to have an anisotropy 
similar to (1)-(3). In this case, however, the anisotropy will 
be much weaker than in the case of subbarrier charged par­
ticles. 

suits it is necessary to use that region of emitted­
particle energy, which is appreciably lower than the 
height of the barrier and for which the relation 
y/o ~ 1 is satisfied. 

A development of this method, as can be readily 
seen, will yield a very effective means for investi­
gating the form of the nuclear surface. This method 
has all the advantages of the investigation of the nu­
clear form on the basis of a study of the a decay, 
and the following additional advantages: a) it is 
possible to investigate not only a-active nuclei, 
b) it is possible to vary the energy of the charged 
particle, c) there is an additional preferred direc­
tion (the electric vector). The latter circumstance, 
in conjunction with the possibility of investigating 
the discussed reactions on oriented nuclei with the 
aid of polarized photons, offers particularly much 
promise. 

The authors express deep gratitude to A. M. 
Baldin for consultation and for a detailed discussion 
of the problem. 
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