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sary to resort to assumptions about the behavior of
the S matrix off the energy shell.

Such assumptions can lead to more detailed pre-
dictions. For example, if the virtual 7~ meson
goes off mainly in the direction of the initial 7~
meson, just as a real 7 meson resulting from
shadow scattering at high energies, then in the
center-of-mass system, the summed K-meson
momentum is directed mainly forward. Similar
assumptions have been used widely by Pais® in
describing the reaction 7 + N— Y + K and others.

The author is deeply grateful to Chou Kuang-
Chao for valuable discussion.

*If the K* and K° have the same parity, then only the.
combined parity IC is conserved in the interaction of Eq. (1).

t1f the Kt and K°-mesons have the same parity and strong
baryon-meson couplings are symmetrical according to Pais,6
then one might introduce a 4-boson coupling to avoid the diffi-
culties. Then for non-derivative couplings, for example,
K (<, m)Kn®, considerations about the isotropy of K~ and K°
in the system A remain valid.
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:[(HUTSISHVILI1 proposed a method for the polar-
ization of ferromagnetic nuclei. We undertook to
apply this method to nuclei of non-ferromagnetic
elements introduced into a ferromagnet. In this
communication we report the results of experi-
ments on the polarization of nuclei of Au!®® in a
gold-iron alloy. A specimen (with 0.3% gold by
weight), made into a disk 0.3 cm in diameter and
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0.01 cm thick, was exposed to thermal neutrons in
a reactor. The activity of the Au!®® nuclei formed
in the specimen was approximately 4 microcurie
during the time of the experiment. After irradia-
tion, the specimen was annealed in vacuo and sol-
dered to the end of a copper “cold pipe,” joined to
copper plates pressed into a potassium-chrome-
alum block. The salt was adiabatically demagne-
tized at initial field and temperature values of
20000 gauss and 1.05°K. The gamma rays were
registered by two scintillation counters with CsI
crystals (diameter 40 mm, height 40 mm).

The Au'®® disintegrates via B decay (2~ — 2%
transition), followed by emission of 411-kev gam-
ma rays (2% — 0% transition). At a temperature
near 0.015°K the anisotropy of this gamma radia-
tion is € =1-N(0)/N(n/2) (where N(0) and
N (7/2) are the readings of the counters placed
parallel and perpendicular to the direction of the
polarizing field of the permanent magnet) was
found to be 3.3%. The magnetization of the speci-
men in the field of the permanent magnet was
~ 0.6 of saturation. The true value of the aniso-
tropy, corresponding to 100%magnetization of the
specimen, was therefore € =3.3/0.6 =5.5%. It
follows from this value of € that the quantity
B = uH/KTI (u is the magnetic moment of Au
I the spin of Au!®® and H the magnetic field on
the Au'®® nucleus) ranges from 0.3 to 0.4, while
the polarization f; of Au!® ranges from 0.25 to
0.35. The values of B and f; were computed
from the values of € by the Tolhoek and Cox for-
mulas.? The indeterminacy in 8 and f; is caused
by the fact that the parameter A, which depends
on the matrix elements of the forbidden Au'®® tran-
sition (2= — 2%), is unknown.

The magnetic moment of Au!® is 0.5 + 0.04
nuclear magnetons.® This, together with a value
B=0.3 to 0.4 measured at T = 0.015°, makes
H = (0.5 to 0.7) x 10° oe.

So strong a field can be apparently explained
only by the presence of a magnetic moment at the
electron shells of the gold atoms in the gold-iron
alloy (unlike the gold atoms in the metallic gold,
which are diamagnetic). This magnetic moment
may be due to an exchange interaction between the
electron shells of the gold and iron atoms in the
alloy, similar to the interaction between the elec-
trons of the iron atoms. However, it is not im-
possible for the gold atoms in the alloy to be para-
magnetic ions having no exchange bonds with the
iron atoms.

It is hoped that the method of introducing nuclei
into ferromagnetic alloys will increase consider-
ably the number of elements capable of polariza-
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tion. In addition, an investigation of the polariza-
tion of nuclei in various alloys may yield informa-
tion on the magnetic properties of the atoms in
these alloys.

The authors express their deep gratitude to
E. K. Zavolski! for interest in the work and for
much valuable advice, and to L. V. Groshev for
a review of the results.
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IN the formation of p-mesic atoms, the p~ me-
sons initially fall into highly excited states. There-
fore, during the cascade transitions into the ground
state, the mesic atom, on the average, passes through
a large number of intermediate states. At lower
levels, the inequality

Au=Ty, (1)

is valid, where Ay} is the distance between fine-
structure levels with the quantum numbers n and
I, but different j (j=1+3), and T'y; is the
width of the corresponding level and is equal to the
sum of the radiative width and the width with re-
spect to Auger transitions (the greater Z, the
greater the values of n for which condition 1 is
satisfied). Physically, inequality (1) signifies that
the time during which the u-mesic atom remains
at a given level is considerably greater than the
time required for a change of the p-meson spin
under the action of the field of the nucleus. This
leads to depolarization of the u~ mesons, if they
were initially polarized. Below, we will estimate
the degree of polarization of the u~ mesons fall-
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ing into the K shell of the mesic atom. In order
not to complicate the question by the necessity of
taking hyperfine structure into account, we limit
ourselves to the considerations of u-mesic atoms
formed with nuclei of zero spin.

Considering radiative or Auger transitions be-
tween levels for which Eq. (1) is satisfied, and re-
membering that these transitions are essentially
dipole transitions, we obtain the following relation
between the average values of o =28 (8 is the
spin operator of the p~ -meson), 0; and 0y, in
the initial and final states:

;2 = le ’ (2)

where

B= 2z + 1) —latla + 1) + %l [ir (1 + 1) +jo (jo + 1) — 2] 3)
[ir(r+1) — bl (4 1) + 3/4)2j2 (j2 + 1) '

The bar over o signifies that the average is
taken firstly over states with given nlj and u
(p is the projection of j), and secondly over all
p for given nlj.

Let us now consider some excited level of the
u-mesic atom with sufficiently large quantum num-
bers nylyjy, for which condition (1) is still satis-
fied. Let 0, be the average value of o at this
level. The successive application of Egs. (2) and
(3) to the cascade transition from the given level
to the K shell leads to a relation between the
average values of the spin in the K shell and @,
with a definite set of intermediate states passed
through by the pu-mesic atom. Averaging over
the various possible cascades by using the formu-
las for the probabilities of radiative! and Auger
transitions, %3 we obtain

;K = pK ;o- (4)

for ok, the average value of ¢ inthe K shell.

Analysis of the result thus obtained indicates
that if ny and ) are large and jy= [, + 4, then
for all practical purposes, Bk = 1. But if under
the same conditions jy=I) — 4, then Bk = 0.

Initially, in the formation of a mesic atom, the
u~ mesons fall into states with large n (n ~ 14,
15) and large I. In these excited states, the sign
of inequality (1) is reversed, owing to Auger tran-
sitions. Therefore, depolarization does not occur
in these states. It does not begin until the p~ me-
son falls to a level at which Eq. (1) holds. This
makes it possible to evaluate @, in the following
way: at the instant at which the polarized u~ me-
son drops into the level with the quantum numbers
ngly, the wave function has the form

Y o 3
¥o= ZI Am A3s Prolym = 21 am Cf,'.'.'{*n'/,’-’/, O tyjim +14- (5)
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