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The circular polarization of the vy -ray quanta from the internal Compton effect is con-
sidered. The forms of the angular correlation between the direction of emergence of the
B -ray electron and that of a circularly polarized <y -ray quantum are given for transitions

of both the magnetic and the electric types.

BECAUSE of parity nonconservation in the weak in-
teractions the vy -ray quanta emitted by a nucleus
after B decay are circularly polarized, and there
is a correlation between the S -ray electron and the
y -ray quantum.! If after B decay there is internal
conversion of the vy -ray quanta, the conversion elec-
trons that are emitted will be longitudinally polar-
ized.?»3 A similar situation will exist also in the
case of the so-called internal Compton effect oc-
curring after B decay of a nucleus. Since the in-
ternal Compton effect is bremsstrahlung from the
conversion electrons, it is clear that in the case of
longitudinally polarized electrons the vy -ray quanta
will be circularly polarized. It is obvious that there
will also be an angular correlation of the S -ray
electron and the circularly polarized vy -ray quan-
tum.

Studies of this correlation and of the degree of
circular polarization can be useful in some cases
for the determination of the values of the nuclear
matrix elements or even those of the B -decay
constants.

In the present note we consider the circular po-
larization of vy -ray quanta emitted as the result of
internal Compton effect occurring after an allowed
B decay, and find the form of the angular correla-
tion between the emission of the B -ray electron
and the circularly polarized vy -ray quantum. The
calculations have been made in the Born approxima-
tion, like the other calculations devoted to this ques-
tion.*® It is natural to expect that strictly speaking
these calculations can apply only for light nuclei,
although the results of work by Lindqvist and others®
on the experimental observation of the internal
Compton effect in Ba!®? are in fair agreement with
the theoretical results of Spruch and Goertzel,*
which were also obtained with the Born approxima-

tion.
Suppose that before the B decay the nucleus was

in a state with angular momentum j;, that after the
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allowed B decay (we consider the V-A interaction)
it was in a state with angular momentum j,, and
that after the vy -ray transition it was in a state
characterized by the angular momentum j;. Let the
multipole character of the (virtual) vy -ray quantum
be 1, andlet A = Ej —Ej, be the energy of the y-
ray transition of the nucleus. Then the angular cor-
relation of the B -ray electron with the circularly
polarized vy -ray quantum has the usual form

0 (0) = 1 +u 25 Fcos (1)

where 63 is the angle between the directions of
emission of the B -ray electron and the circularly
polarized vy -ray quantum, p is the sign of the cir-
cular polarization (u ==+1), and v is the speed
of the B -ray electron. For allowed B transitions
we have
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Here as usual we have denoted by <1> and <o>
the matrix elements of the Fermi and Gamow-Tel-
ler types. The quantities N and P depend on the
multipole character and type of the transition. For
transitions of magnetic type with multipole index !
we have
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where the quantities appearing in P(M) are
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Somewhat more cumbersome formulas are obtained
for transitions of the electric type. In this case
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The quantities that appear in Egs. (5) and (10) are
given by
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In the expressions (4) — (11) the following nota-
tions are used: €p, p are the energy and momen-
tum of the electron ejected from the K shell; m
is the mass of the electron; k, k are the energy
and momentum of the real 7y -ray quantum;

a=p+k, g=z 1%,

fkp denotes the angle between the directions of
emergence of the conversion electron and the y-
ray quantum; 6 and 9k denote respectively
the angles between the vectors p and q and be-
tween k and q. (It is easy to see that in the final
analysis all of these angles can be expressed in
terms of the single angle 0kp). The P;pn denote
associated Legendre polynomlals w1th the normali-
zation given by Edmonds,” and CbBc and

X (abe | efg | hik) are Clebsch-Gordan and Fano
coefficients; their properties and numerical values
can be found, for example, in reference 7.

To get an intuitive idea of the value of the degree
of circular polarization as a function of the two
variables 6kp and k, we have tabulated this func-
tion for the 7y -ray transition in Co®® (transition of
type E =2, A =1.170 Mev). The results of calcula-
tions of the dependence of P/N on the energy k of
the vy-ray quantum (in units mc?) and on the angle
0kp are shown in Figs. 1 and 2.
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We note that the degree of circular polarization
of the y-ray quanta for transitions with the same
multipole index and transition energy is larger for
the magnetic than for the electric transition. This
result can be understood easily if we take into ac-
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