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The measurement of the correlation function for 8-y transitions in oriented nuclei is proposed as a means
of determining the validity of time-reversal invariance in the 8 interaction. Such experiments also provide a
sensitive test of the type of Fermi interaction. The correlation function for allowed transitions (AJ =0, no) is
presented in general form, with a discussion of the conclusions which can be drawn from such experiments.

ECENT developments! in 3 decay have raised two
important questions about the 8 interactions: do
they possess time-reversal invariance, and is the Fermi
interaction S, or V, or S+ V' ? Several experiments have
been discussed? which could shed light on these ques-
tions. We intend to discuss here another experiment, the
measurement of the 8-y correlation function of oriented
nuclei, which can in principle give clear-cut answers to
both questions. Such experiments are a relatively simple
generalization of the original experiments of Wu ef al.,!
in which the g and v distributions were measured
individually but not in coincidence.

Before presenting the general result, let us discuss a
special case for illustration. Consider the transition
1+(8)1+(y)0t, assuming both Fermi and Gamow-
Teller contributions present. The correlation function
can be shown to be
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Here J,pk are unit vectors in the directions of the
orientation axis, the electron momentum, and the
photon momentum, respectively. The parameters R,
Ry, R;are the statistical tensors? of the initial state, and
are related to the populations of the nuclear levels
a(m) by

Ri=3n (=) "C(JTk; m, —m)a(m).
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We have assumed that the orientation of the initial state
is such that the system has axial symmetry about J.
Finally, the constants 4 - - - E are defined by*

A=[(errt+ass)EyW (aratc.c.)]| Mer|?,
B=[(asstarv)EyW(asv+c.c.)]| Mr|?
C=[Brr—Bas)—i(aZ/p)(Bra—c.c.)]| Mer|?,
D=[(Bsr—Bva)M rMer*+-c.c.] -
Fi(aZ/p)[(Bsa—Bvr)M rMer*—c.c.],
E= “'I:E(BST_BVA)MFMGT*‘— C.C.]
F (@Z/p) [ (Bsa—Bvr)M M gr*+c.c.],

where the upper (lower) sign is for electrons (positrons).

The correlation function contains five unknown
parameters A4 - - - E, which can in principle be measured
independently by a sequence of experiments. The 8
intensity determines A-+B; the gamma anisotropy
determines (34 — B) ; the electron asymmetry measures
[(1/v2)C+D7]; the B~y coincidence asymmetries deter-
mine (V2C—D) and E individually. We are treating
the statistical tensors Ry:--R; as known here, which
requires a knowledge of the magnetic moments, hyper-
fine coupling, etc. Presumably by studying the tempera-
ture dependence of these effects, these statistical
tensors can be determined.

The most interesting term is the last, proportional to
E. It gives rise to a distribution of photon momenta
asymmetric under reflection in the plane of J,p. Its
presence can be detected by setting the orientation axis
along the z direction, the electron counter in the x direc-
tion, and the photon counter in the y-z plane. The
contribution from the last term is maximum for an
angle of 45 degrees between J and k, and changes sign
under reflection of the photon counter in the x-z plane.
Notice that if a polarizing field is present, proper
account of the curvature of electron orbits must be
made in determining the J,p plane. There is, however,
no need to use a polarizing field; since the “E” term is
proportional to statistical tensors of even rank, it will
be present for an aligned source as well as a polarized
source.

Considerable information can be inferred from the
magnitude and energy dependence of these five con-

4We use the notation «yy=C,C*+C,'Cy*, Buy=C.C,'*

+C,’'C,*. Otherwise, the notation is identical with that of T. D.
Lee and C. N. Yang, Phys. Rev. 104, 254 (1956).
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stants. Let us discuss the situation assuming C,4=0,
and |Mp||Mer|50, for simplicity. We can conclude:

(1) if E~1, then time-reversal invariance is violated,
and the Fermi interaction is .S;

(2) if E~aZ/p, then there is some V present, and
either Cs=0 or time-reversal invariance is valid;

(3) if E has both 1 and aZ/p terms, then time-
reversal invariance is violated and the Fermi interaction
is S4+V;

(4) if E is zero, then the Fermi interaction is .S, and
time reversal is valid.

Note that D and E are the real and imaginary parts
of the same number and therefore cannot both vanish
for all electron energies except for the unlikely possi-
bility of exact cancellation of Bsr—Bva and Bsa—Bvr.
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where the sum on » is from zero to the lesser of J, L.
Here R, vanishes for »<0 and »>2J. P,(J-k) is the
Legendre polynomial of order », and P,/ (J-k) is its first
derivative with respect to its argument. F,(L,J',J) is
the function tabulated by Biedenharn and Rose? and
by Ferentz and Rosenzweig.5

For allowed transitions with AJ=4-1, the coefficients
B, D, E vanish. Since the constants 4, C can be meas-
ured by observing the electron asymmetry alone, no

5 M. Ferentz and N. Rosenzweig, Argonne National Laboratory
Report ANL 5324, 1954 (unpublished).
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Further conclusions about the Fermi interaction can be
drawn from a study of the velocity dependence of D.
Perhaps it should be pointed out that the violation of
time-reversal invariance in this case could be due
either to the B interaction or to the nuclear forces, or
both. The experiment measures only a combination
of coupling constants and nuclear matrix elements, and
cannot distinguish between these possibilities.

In a more general case, the correlation function has a
more complex angular dependence, and contains further
statistical tensors, but still depends on the 8 interaction
through the same five parameters 4 - --E. By similar
measurements the same information can be obtained.
The general result for the correlation function for the
allowed transition J(B)J(y)J', assuming a pure v
transition of multiple order L, is
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further information about the @ interaction can be
obtained from the 8-y correlation function.
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