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The differential B-y angular correlation was measured for the cascade Ep = 2.23 Mev and
Ey =0.163 Mev in the decay of Ba!®®, The anisotropy coefficient was found to be a =+0.058

+ 0.023 for B particles with total energy 4mc
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This result is compared with calculations

based on the independent-particle model. The theoretical result is in agreement with experi-

ment only if the ratio gy /g A is negative.

THE existing data on the ratio of the Fermi and
Gamow-Teller B-interaction coupling constants
come from an analysis of ft values in allowed
transitions.! Such an analysis, however, gives
only the absolute value of the ratio. The relative
sign of the coupling constants can be determined
from the shape of the B spectrum in forbidden
transitions only. Thus a calculation of ratios of
matrix elements for the B transitions becomes

a necessary involvement. Morita, Fujita, and
Yamada? analyzed, in calculations based on the
independent particle model, the shape of the for-
bidden B spectra of Fess, Rb87, Tess, and Cs!¥,
They have shown that it agrees only with a nega-
tive gs/gT ratio. This conclusion was confirmed
in a later work by Fujita® in which the same spec-
tra were analyzed with the strong-coupling Bohr-
Mottelson model. Lee—Whiting4 deduced the oppo-
site result (gs/ gr > 0) from a study of the shape
of the B spectrum of RaE. However, Takebe,
Nakamura, and Taketani® have shown that it is im-
possible to determine the sign of 8s /gT from an
analysis of the spectrum shape of RaE.

All these attempts at a determination of the
relative sign of the coupling constants were based
on the assumption that only the scalar and tensor
covariants contribute to the B interaction. It has
recently become apparent that the main covariants
are the vector and axial vector.® Clearly the prob-
lem of the relative sign requires further study.

The relative sign may be determined from data
on B-y angular correlation. Dolginov7 has shown
that the anisotropy coefficient a in the expression
for pB-y angular correlation W(6)=1+a cos? 0
may be expressed as an explicit function of the
coupling-constant ratios (gg/gr or gy/g,) and
certain ratios of B-transition matrix elements.
For example, for AJ =1 first-forbidden B tran-
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sitions the expression for the coefficient a con-
tains only three ratios x, y, and z of matrix
elements:’
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To calculate x and z it is sufficient to assume
that the nuclear levels involved in the B transition
are described by the independent-particle model.
Furthermore, only the angular momentum ! of the.
odd nucleon in the nucleus is needed in the calcula-
tion of x and z. The computation of the third
ratio y requires more detailed assumptions about
the structure of the nucleus. However, as will be
shown below, the uncertainties in y do not pre-
clude the possibility of determining the relative
sign of the ratio of coupling constants. Dolginov’
listed the B decays of In''", Ba!®® cel!4!, and
possibly Hg?® and T1?® as being of interest in
this connection. We measured the differential
B-y angular correlation in the decay of Bal®,
An analysis of the results based on formulas given
by Dolginov shows that the ratio gy/ga is nega-
tive.

The pB-y angular correlation was studied for
the cascade:®

__ ol
2= ClA/cuo

B Y
C(la7) = G — (/7).
The end point energy of the B-spectrum is\2.23
Mev, the energy of the vy -rays is 0.163 Mev.
According to the shell model® Ba'®® has one
fy /2 neutron outside a closed shell of 82 ngutrons
which B-decays into a dg/, proton of La!®, The
transition from the d;/, level to the gy, ground
state of La!®® proceeds via magnetic dipole radia-
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tion with a small admixture (4%) of electric quad-
rupole.10 The structure of the Ba!®® nucleus,
namely (82 + 1) neutrons and an even (56) number
of protons, raises the hope that a description of the
ground state of this nucleus in terms of the inde-
pendent particle model is justified. Existing data
on Coulomb excitation of the 163-kev level of
La!% ! on the lifetime of this state,!? on the multi-
pole order of the vy transition,!? and on the ft
value of the B transition indicate that the 163-kev
level of La!¥ also has a single-particle character.
Bal!¥® was obtained in the cyclotron from the
Bal!3¥(d,p) reaction and was chemically rid of the
other active elements produced simultaneously.
Practically no unwanted radiation was present in
the purified samples. The measuring apparatus
used was the standard type for this kind of experi-
ment; a schematic diagram is given in Fig. 1. The

FIG. 1. Schematic diagram of experimental setup. 1,2) photo-
multipliers, 3) magnetic lens spectrometer, 4) fast-coincidence
circuits, 5) amplifiers, 6) slow-coincidence circuits, 7) pulse-
height analyzers, 8) variable-delay lines, 9) sample under study,
10) scaler circuit and electromechanical counters.

electrons were analyzed with a lens spectrometer
of 5% resolution and detected by a photomultiplier
with a plastic scintillator. A similar detector was
used for the y rays. The two counters were ar-
ranged in a fast-slow coincidence circuit. ‘The
resolving time of the coincidence scheme was

2.5 X 107 sec for 100% efficiency in the chosen
range of incident pulse height. The counts of the
B and 7y counters and accidental coincidences
were registered simultaneously with true coinci-
dences. The measurements were performed for
two positions of the y-counter: at 180° and at 90°
with respect to the direction of emission of the B
particle.

The correlation measurements for Ba'®® were
performed for electrons with total energy 4mc?.
Since the half-life of Bal®® is only 85 minutes, the
measurements were performed in 30 series, each
of 2 or 3 hours duration. The results of all series
are consistent within statistical error. The aniso-
tropy coefficient, averaged over all 30 series, is

a={N(z)—N(=/2)}/N (=/2) = 0.058 +0.023,

The indicated error is statistical. Results of con-
trol experiments with Sc* and Sb'?* indicate the
absence of any systematic errors. In the case of
Sc¥ the angular distribution of the 0.89 and 1.12-
Mev 7y rays is isotropic with respect to the B
electron (Eg=0.36 Mev). As result of our meas-
urement we found a = 0.005 + 0.020. In the case
of Sb!# the differential angular correlation for the
cascade Eggnpd = 2.317 Mev, E, = 0.603 Mev was
measured for two values of B -particle energy,
3mc? and 4mc?. The values of a were —0.12
0.03 and —0.34 = 0.03, in agreement with previous
measurements. !

The calculation of the anisotropy coefficient a
was performed for a mixture of vector and axial
vector as well as scalar and tensor covariants. It
was assumed that

gs=—gsi gr=—gr; gv=gv; ga=4ga

where the primed constants refer to parity noncon-
servation. The calculation was performed for a
mixture of magnetic dipole (96%) and electric quad-
rupole (4%) radiations.

The result of the calculation gives a as a func-
tion of the coupling-constant ratios (gS /gT or
gV/g A) and the ratio y of matrix elements. For
the other two ratios of matrix elements numerical
values x=0.7 and z = 0.9 were obtained.
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FIG. 2. Dependence of the anisotropy coefficient on the
ratio of the vector and axial vector interaction coupling con-
stants.

In Fig. 2 the dependence of the coefficient a is
given as a function of gV/ gp for various values
of the parameter y. The horizontal lines give the
experimentally determined limits for a and the
vertical lines give the known limits on |gy /ga |t
Falling within the allowed region, for gy/ga <0,
is the curve for y = —5. For positive gy/gp
there exists no value of y in agreement with
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FIG. 3. Dependence of the anisotropy coefficient on the
ratio of the scalar and tensor interaction coupling constants.

a =0.058. This means that the ratio gy/g, is
negative. It should be noted that varying x and
z between 0.1 and 5 does not lead to values of a

in agreement with experiment for positive gV/ gA -

In Fig. 3 the analogous curves are given for a
mixture of scalar and tensor covariants. In this
case there exist curves in agreement with a posi-
tive or negative ratio gg/gp and no conclusions
are possible.
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