
1116 LETTERS TO THE EDITOR 

of polarization P of the J.l.- meson prior to the 
transition under study. However in reality, no 
such isolated transitions take place in the J.l. -
mesic atom. Previous transitions5 lead to a de­
polarization of the J.l.- mesons and therefore the 
formula given in reference 4 cannot be used for 
comparison with experiment. A calculation will 
show that it is also incorrect to take for P the 
residual degree of polarization in the 2p or 3d 
levels. Consequently it is necessary to consider 
the whole effect at once, as was done for example 
in the depolarization calculation. 5 

The mesic atom is formed by capture, from 
the continuum, of a J.l.- meson with orbital angular 
momentum lN. Thereafter, by successive emis­
sions of Auger electrons and y rays (the latter 
transitions are important since they proceed for 
low l), the J.l.- meson cascades down to a level 
Z1 from which it proceeds to the level Z0 by 
emission of a circularly polarized y ray. In 
such a process the angular distribution of the cir­
cularly polarized y rays is given by 

w = 1 + [3!1(!1 + 1)]-'1· 

(11 + 1) (211 - 1) It } F ( ll [ ) p () 
- (2/r + 1 )2 1: 1 0 1 0 cos ' (1) 

where e is the angle between the direction of 
emission of the circularly polarized y ray ·and 
the direction of motion of the J.l.- meson prior to 
capture into the orbit ZN (i.e., the direction of 
the beam); P0 is the degree of the polarization 
of the J.l. mesons in the beam; and T and F 1 are 
given in references 4 and 6.* The expression (1) 
was derived assuming a descending cascade Zi = 
l1 + i -1 (i = 1, ... N ). Corrections due to other 
channels are negligible. 5 

Setting ZN = 14, Z1 = 1, Z0 = 0 in expression 
(1) we obtain 

(2) 

Equation (2) gives the required angular distribution 
of circularly polarized y rays in a 2p- 1s tran­
sition in a J.l. -mesic atom. 

*In reference 4 't" 1 , 't"2 should be replaced everywhere by 
-'t",, - 't" •• 
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THE recently-obtained experimental data on the 
angular distribution of the fragments in the fission 
of various heavy nuclei induced by particles of 10 
-40 Mev made it possible to conclude1- 4 that a 
connection exists between the degree of anisotropy 
of the angular distribution a ( oo )/a ( 90°) and the 
parameter Z2 /A of the nucleus undergoing fission. 
This connection is characterized by a decrease of 
the degree of anisotropy with increasing value of 
the parameter Z 2/A. 

A thermodynamical interpretation of this rela­
tion is attempted in the present work.* It is as­
sumed that, for a sufficiently large excitation of 
the compound nucleus, the ratio of the cross sec­
tion for fission at the angles of oo and 90° to the 
direction of the incident particle varies qualita­
tively from nucleus to nucleus according to the 
known expression of statistical mechanics for the 
ratio of velocities of two competing processes: 

a W) I a (90°)- exp ( /1£ IT), 

where ~E is the difference of the activation en­
ergy of fission parallel and perpendicular to the 
beam, arising as a result of an interaction of in­
cident particles with the target nucleus, and T 
is the temperature of the nucleus in the state of 
critical deformation. There are reasons for as­
suming that, for the nuclei considered below (far 
away from the nearest magic nucleus Pb208 ) , ~E 
is independent of the structure of the target nucleus, 
but probably depends on the properties of the nu­
cleus and particularly on its parameter z2 I A, de-
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termining the cooling of the nucleus of the nucleus 
undergoing fission due to the evaporation of neu­
trons before the fission and to the loss of energy 
needed for producing the critical deformation. It 
seems probable that the last fact may be one of 
the causes of the dependence of the anisotropy on 
the structure of the nucleus. 

In connection with the above, the temperature 
of various nuclei before fission, which is related 
to the excitation energy E by the expression5 
T = 2 ( Ela )1/2 (where a= 3.4 (A- ~0 )1/2 Mev-1) 
was estimated. The effective excitation energy of 
a nucleus undergoing fission differs from the ex­
citation energy of the compound nucleus (equal to 
the sum of the kinetic energy of the particle Ek 
and its binding energy Eb ) by the value of the en­
ergy carried away by neutrons evaporated before 
fission Eev and the energy lost for producing the 
critical deformation Ed: 

E = Ek + Eb- Eev- Ed· 

According to the Hurwitz-Bethe hypothesis, 6 

the energy E should be measured not from the 
ground state of the excited nucleus but from a 
certain characteristic level which is not influenced 
by the odd -even effects of protons and neutrons and 
the effect of filled shells. Therefore, in the deter­
mination of E, we used not the real values of Eb 
and Ed but the values calculated by formulae de­
duced from the liquid-drop model, neglecting the 
terms which take the effects of parity and shells 
into account. To determine the energy Ef, it is 
necessary to know the number of neutrons emitted 
by the excited compound nucleus before attaining 
the critical deformation stage. The estimate of 
the number of neutrons evaporated before the fis­
sion was based on the calculated relative probabil­
ities of neutron emission and of fission. 

The temperature of nuclei and the state of crit­
ical deformation were determined in the above way 
for the fission of Th232' u238, u235' Np237' Pu239 
and Am241 induced by neutrons with energies from 
14.3 to 14.8 Mev. Using the data of the references 
1, 2, and 4, we plotted the dependence of ln [a ( oo )I 
a ( 90°)] on 1IT, as shown in the figure. The fact 
that the experimental data on the anisotropy fall on 
a straight line (within the limits of errors ) indi­
cates that a ( oo )I a ( 90°) really varies from nu­
cleus to nucleus as exp ( .6.EIT), for .6.E = con-
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stant, and that T = f ( z2 I A). It seems therefore 
probable that the observed decrease of anisotropy 
with increasing parameter Z21 A is, to a certain 
degree, connected with the fact that the tempera­
ture of a nucleus before fission increases with in­
creasing parameter z2 I A and, consequently, that 
the particles incident in the parallel direction are 
less important as a factor inducing fission. 

*After concluding this work, the author became aware of 
the paper of Halpern and Strutinskii, presented at the Second 
International Conference on the Peaceful Use of Atomic Energy 
(Geneva, September 1958, Paper P/1513). On the basis of the 
theory on the angular anisotropy of the fission presented there, 
the authors gave an explanation of the dependence of the ani­
sotropy of the structure of the nucleus which, in certain re­
spects, is similar to the one given here. 
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