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The circular polarization of the 1.28-MeV gamma ray following the beta decay in Eu"4 was measured by
means of the transmission method. The anisotropy coefficient A was found to be A = —0.21+0.07 which gives
the M2 to Z1 multipolarity admixture as S = —0.07&0.08 (standard deviations). This together with other
information implies the E value for the 1.4-MeV level in Gd"4 is X=1.

I. INTRODUCTION

EVERAL authors' ' have developed the expression
for the angular distribution of right or left circu-

larly polarized photons as a function of ep, ~, the angle
between the direction of the beta and gamma rays.
The probability that a gamma ray with right (p=1)
circular polarization or left (p = —1)circular polarization
is emitted at an angle Op„with respect to the preceding
beta ray is conveniently written as

1(
W(8s~, p) =—

i
1+pA+—cos8ttr i.

2& c )

initial, intermediate, and final states, respectively. The
J'"~'s are the gamma-gamma correlation coeS.cients and
are given in Ref. 1. The (&) refers to P+ emission and

y is the ratio of the Fermi matrix element to the
Gamow-Teller matrix element. This expression shows
that, in general, even if the spin and parity of all three
states is known, the measurement of the circular polar-
ization of the gamma rays following beta decay depends
upon two other parameters, namely the multipolarity
admixture 5 and the nuclear parameter y. In the case of
the 0.57-MeV beta transition in Eu'", it is clear that
y=0 for this unique Gamow-Teller transition.

II. METHOD OF ANALYSISThe term, % is the ratio of the velocity of the beta ray
which precedes the gamma to velocity of light. The co-
efFicient A+ is designated the "anisotropy coefFicient"
and is written

The decay scheme of Eu'" is shotwn in Fig. i. The
method used to analyze the degree of circul:-~r polariza-
tion of the 1.28-MeV gamma ray is the transmission
through magnetized iron which was first suggested by
I undby. 4 This method was chosen over the forward
scattering method described by Schopper' because of
the superior gamma-ray energy resolution possible with
the transmission method. The main difhculty with the
transmission method is that the counting rates are
small. However, due to the presence of competing
gamma radiation in Eu'", it was felt: that the improved
energy resolution outweighed the disadvantage of the
long counting times required ( 20 days).

The diGerence in the beta-gamma coincidence rates
for opposite directions of the magnetic field was meas-
ured. e The standard fast-slow coincidence arrangement

Q ogle Ft(V.'ItfIf)

1+0.684y' [If(If+1)g"'

XLIt(It+1)—I;(I;+1)+2(—0.95y . (1)

Here ) and )' refer to the multipolarity of the gamm, a-
ray transition. The I;, If, and Iff are the spins of the
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I=2 . Therefore, the gamma-ray transition to the
I'=0, I=2+, E=0.123-MeV state could be electric
dipole plus magnetic quadrupole.

Now, the dependence of the anisotropy coefficient on
the multipolarity admixture 8 is not single valued. The
experimental result of A= —0.21&0.07 is consistent
with a value of 8& 1 or with a value of b(&1. Baba and
Bhattacherjee were able to establish the Ei character of
the 1.28-MeV gamma transition. Hence, the large
value of 8 can be excluded.

The assignment E=O to the 1.4-MeV state can be
eliminated due to symmetry conditions. It is further
noted that the assignment K=2 to the 1..4-MeV state
would leave the electric dipole K forbidden while the
magnetic quadrupole is allowed. The result is that the
E1 transition would be retarded which would permit a
large admixture of M2 into the transition. This has
been observed in a similar gamma transition of the
1189-keV level in W'" with a 40%%u~ M2 admixture. '

However, the assignment of K=1 to the 1.4-MeV
level would greatly reduce the JI2 admixture with the
result that M2/E1 should be less than unity by several
orders of magnitude.

9 C. J. Gallagher and J. 0. Rasmussen, Phys. Rev. 112, 1730
(1958).

We note the experimental M2/81 admixture gives
the M2 intensity as 2% or less and consistent with zero
which implies the E value is K= 1. In addition the ab-
normally large logft = 10.1 could be explained by a K= 1
assignment to the 1.4-MeV level. Since the ground state
of Eu"4 is a E=3 state, the beta decay to the 1.4-MeV
level would be a second-order E forbidden transition
and thus would be greatly retarded. Also, the E=2
assignment is not indicated by the ratio of the ft values
for the beta transitions to the 1.72-MeV level and the
1.4-MeV level. A K=2 assignment to 1.4-MeV level
would give this ratio a value of around one while the
experimentally observed ratio is 0.07. On the basis of
the above discussions a tentative assignment of K=1
is given to the 1.4-MeV level.
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The Argonne fast chopper has been used to measure the distribution of the sum of the intensities of transi-
tions having energies between 3.8 and 4.2 MeV in the neutron-capture spectra of 12 neutron resonances of
Us . The pulse-height spectra were observed in a large (8)&6 in. ) NaI(Tl) scintillator. The partial radiation
widths exhibit large fluctuations. If the observed distribution is characterized by a number v of degrees of
freedom, as in the theoretical treatment by Porter and Thomas, a value of v=5.8&2.3 is obtained. This is
in contrast to the previously reported results which range from 1'1 to 90 and is consistent with the predictions
of the simple statistical model for the distribution of the sum of four uncorrelated partial radiation widths.

I, INTRODUCTION

'HE study of the statistical properties of partial
radiation widths for nuclei excited by neutron

capture has been of central interest in slow-neutron
spectroscopy for the last four years. From the various
experiments' ' on a wide range of nuclei, with one

$ Work performed under the auspices of the U. S. Atomic
Energy Commission.' J. Julien, C. Corge, V. D. Huynh, F. Netter, and J. Simic,
J. Phys. Radium 21, 423 (1960).

s F. D. Brooks and J.R. Bird, in Proeeed&tgs of the RPI Eetttrort
Physics Symposium, Troy, New York, ION, edited by M. L.
Yeater (Academic Press Inc. , New York, 1962), p. 109.

'R. E. Chrien, H. H. Bolotin, and H. Palevsky, Phys. Rev.
127, 1680 (1962).

exception clear and consistent conclusions have been
obtained. The distribution that governs the partial
radiation widths for transitions from resonances of a
given spin and parity to a de6nite 6nal state is charac-
terized by large fluctuations about a mean value;
widths with values less than the mean predominate. It
has been customary to analyze experimental data in
terms of the family of x' distributions with v degrees of
freedom, as proposed by Porter and Thomas. ' The
Porter-Thomas distribution, which is in good agree-
ment with data on reduced neutron widths corresponds

4 L. M. Bollinger, R. E. Cotd, R. T. Carpenter, and J.P. Marion,
Phys. Rev. 132, 1640 (1963).' C, E. Porter and R. G. Thomas, Phys. Rev. 104, 483 (1956).


