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The correlation between the {3 -ray transverse polarization and y -ray circular polarization 
was measured. The degree of correlation is theoretically proportional to an interference 
term of the type Im ( VT, SA). The experimental result indicates with statistical accuracy 
~ 30% that the term is absent. This is not inconsistent with the present theory of fJ decay. 

THE time-reversal invariance of {3 decay has 
been tested in several experiments. Direct experi-
ments such as the determination of {3- v correla-
tion in polarized-neutron decay and of {3 - y corre-
lation in oriented-nucleus decay indicate with accu-
racy of 15 - 30% that the {3 -interaction Hamil
tonian does not include an imaginary part. The 
magnitude of the correlation in these experiments 
depends on the imaginary part of V, A interference 
terms. Since S-and T-interaction terms have so 
far not been excluded, it was of interest to perform 
a direct experiment in order to estimate the 
Im (VT, SA) term. 

The verification of time-reversal invariance is 
known to require the measurement of pseudoscalar 
quantities with respect to time. Our experiment 
was devised to measure the pseudoscalar 
Py ky x [ Pe x Ee], where Py is the circular 
polarization of the y ray, ky is its momentum, 
and Pe and l:e are the momentum and polarization 
of the {3 electron. The correlation between the 
transverse polarization of the electron and the 
circular polarization of the y ray was measured. 
The experimental geometry is shown in Fig. 1. 

The correlation coefficient in the case of 
allowed transitions is, according to Dolginov, 1 

K = -7~~ {2 ~ Im (CvC; + C~C~- CsC~- C~C~) MFM;r 
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FIG. 1. Experimental geometry 
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j 0 is the spin of the level from which {3 decay 
proceeds, and h and h are the spins of product
nucleus levels. The magnitude of the correlation 
obviously depends on the degree of interference 
between Gamow-Teller and Fermi matrix ele
ments. We therefore used as our source the Sc46 

nucleus, for which experiments on {3 - y circular 
polarization correlation have indicated large 
interference of the matrix elements. 

The correlation can obviously be determined 
in two ways: 1) by detecting y rays with specified 
circular polarization in order to measure electron 
polarization; 2) by detecting {3 rays with specified 
polarization, to measure the circular polarization 
of y rays. The second method is favored because 
the measurement of y-ray circular polarization 
does not require any change of experimental 
geometry. Errors associated with instrumental 
asymmetry are thus excluded. 
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FIG. 2. Diagram of apparatus: S- source, 1- electron 
scatterer, 2- plastic scintillator, 3 -light pipes, 4- vacuum 
cham her, 5- y-ray exit window, 6 - magnet of y polarimeter, 

The experimental arrangement is shown 
diagramatically in Fig. 2. Collimated electrons 
from the source S strike a 0.5-mg/cm2 bismuth 
film, and after scattering at ~ 135° are registered 
by a scintillator combined with a light pipe and 
photomultiplier. Because of azimuthal asymmetry 
associated with Mott scattering, the beam of scat
tered electrons will be polarized in the p1 x p2 

direction, where p 1 and p2 are the electron mo
mentum before and after scattering, respectively. 

Circular geometry was used to increase the 
counting rate. The circular polarization of y 
rays was measured through forward Compton 
scattering on magnetized iron. 2 The photo multi
plier outputs of the {3 and y detectors were con
nected to a fast-slow coincidence scheme with 
2T = 1.8 x 10-8 sec. In order to avoid errors 
associated with changing sensitivity of the coin
cidence scheme, the magnetization of the y -polar
imeter magnet was reversed automatically every 
3.5 minutes. 

The measurements were used to calculate 

the subscripts 1 and 2 here pertain to the magnetic 
field directed away from and toward the source, 
respectively. 

The correlation coefficient K was obtained 
from the formula 

K = 11/ PyPfl, 

where Py and Pf3 are the efficiencies of the y 
and (3 polarimeters. 

We obtained t::.. = + 0.15 ± 0.11%, from which the 
correlation coefficient K = 0.08 ± 0.06 was calcu
lated. The sign corresponds to the notation in 
Dolginov's paper, and is the opposite of our pre
vious convt:ntion in reference 3. 

The efficiency Pf3 of the (3 polarimeter was 
determined from the known scattering geometry, 
extrapolating the azimuthal asymmetry coefficients 
from Sherman's tables4 to Z = 83 (bismuth). We 
followed Wegener 5 in taking account of multiple 
scattering. The polarization efficiency Py of the 
y polarimeter was also calculated from the scat
tering geometry. 

The absence of instrumental asymmetry was 
checked by repeating the experiment with a thick 
( ~ 5 mg/ cm2 ) scatterer. As a result of multiple 
electron scattering spin-associated azimuthal 
asymmetry here disappears, and the investigated 
effect should also disappear. The result t::.. =- 0.03 
± 0.09% indicates the absence of instrumental asym
metry. 

We used the value I MoT I/ I MF I = 2.2 given in 
reference 2 for the interference of Gamow-Teller 
and Fermi matrix elements. From Eq. (1) we then 
obtain 

K= +0.04 assuming Im (VT, AS)= 0, 

{+ 0.23 
K= 

-0.15 
assuming maximum Im(VT, AS). 

Our result therefore agrees, with statistical accu
racy "' 30%, with the hypothesis that the 
Im ( VT, AS ) term is not present. This term can 
fail to appear not only because the interaction 
constants have no imaginary parts, but also be
cause VT, AS interference terms are forbidden 
in the existing (3 -decay theory. Our results can 
therefore be regarded as an additional confirma
tion of the present theory of {3 decay. 

As an independent check of our experimental 
procedure we performed experiments on the (3- y 
circular polarization correlation in the f3 decay of 
Sc46 and Co60 , obtaining results in agreement with 
those of other investigators. 

We are indebted to A. Z. Dolginov for discus
sions and for his continued interest, and to 0. M. 
Saltykovskil, V. V. Andryukevich, and A. V. Kurakin 
for assistance with the apparatus and measurements. 
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