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The possibility of an experimental verification of the existence of transitions between hyper-
fine structure levels in mesic atoms is considered. A convenient method, in the case of

mesic atoms possessing nuclear spins J > Y%,
cession frequency of the mesic atoms.

THE question of the existence of transitions be-
tween the hyperfine structure levels is of great in-
terest in the investigation of the effects of the hy-
perfine structure in p-mesic atoms. In fact, a
theoretical analysis of these effects, which manifest
themselves in the capture of polarized mesons,!™?
is always carried out for the case of isolated mesic
atoms. Actually, however, an experimental verifi-
cation of the predictions of the theory is possible
only when the mesic atoms are produced and
stopped in the medium Yet the presence of the
medium can complicate the situation. Thus, for ex-
ample, while the hyperfine structure states with
F=J+ 1/2 and F=J - 1/2 form in the case of iso-
lated atoms an incoherent mixture, transitions can
occur between them in certain cases in a medium.
In particular, in liquid hydrogen one observes the
phenomenon of meson ‘‘jump’’ from one proton to
another with simultaneous transition into the lower
hfs state.*™® Attention was called in references 7
and 8 to the need of accounting for the influence of
the medium on the hfs effects on other substances.
For example, two types of transitions are possible
in metals, accompanied either by conversion on the
conduction electrons or by magnetic dipole radia-
tion. The expressions for the probabilities of the
corresponding transitions wk and wp have the fol-
lowing form:’
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1t is obvious that if the medium is not a metal, there
will be no transitions of type wg.

In this article we shall touch upon the question of
experimental verification of the existence of the
transitions. One of the methods,® proposed for the
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is shown to be the measurement of the pre-

detection of transitions, consists of investigating
the curvature K of the p-meson decay curve.
Thus, with the A-V interaction universal and in
the presence of transitions in metals having nuclear
magnetic moment uN >0 and Z = 13, the value of
K should be negative if the meson capture takes
place by a separate ‘‘super-shell’’ proton of the nu-
cleus. The preliminary results of an experiment?®
with aluminum have shown that K < 0. However,
the results of this experiment alone cannot be in-
terpreted uniquely in favor of the existence of
transitions, since there is no direct experimental
proof at present of the universality of interaction
in the process p~ +p =n +v, or of the assumption
that meson capture in aluminum is on the ‘‘super-
shell’’ proton of the nucleus. Yet a direct detection
of the transitions would add to the arguments in fa-
vor of interpreting such experiments to mean that
in the process pu~ +p =n + v the constants of the
A and V interactions have different signs.® We
wish to call attention in the present paper to one
possibility of direct experimental verification of
the existence of transitions, consisting of a study of
the polarization of mesons in mesic atoms of a def-
inite type. The suggestion consists essentially of
the following. Estimates of the values of wy and
Wp with the aid of formulas (1) and (2) for dif-
ferent values of Z show that wp (whose value
at small Z in many orders of magnitude smaller
than A, the total meson-absorption probability)
becomes of the same order of magnitude as A
when Zegf = 30. As regards wk, it becomes equal
to A even at small Z. Thus, for aluminum? wg
=4 x10% sec”!, wp =1Xx 10% sec™, and A =1.2
x 108 sec”!.

It is obvious that the existence of transitions
will also affect the magnitude of the polarization
of mesons in mesic atoms of metals, as well as of
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non-metals with Zgff = 30. Therefore the polari-
zation in s' pbstances having different properties but

the same values of nuclear spin J may be different.

A measure of the transition probability will be the
difference between the value of the polarization, ob-
tained experimentally, and that calculated? for iso-
lated mesic atoms.

It would seem best to use for the proposed ex-
periments substances with J = 1/2 and py > 0. Ac-
tually, such mesic atoms can be produced in states
F =1 and F =0. Inthe case of the lower state
F = 0, the mesons become depolarized. The upper
state F =1 ‘‘remembers’’ the spin direction (no
depolarization takes place). Each of the states is
characterized by its own value of g, the gyromag-
netic ratio. If the polarization is determined by
measuring the asymmetry of the decay electrons,®
the curve for the precession of the spins of the
mesic nuclei in a magnetic field, observed in this
case, will be very simple, corresponding to either
F=1 or F=0. Inaddition, since the degree of
polarization P of a meson on the K shell, averaged
over two hfs states, is?

P = 3P, [l +2/(2] 4 1)

(here P, is the degree of polarization of the meson
beam ), the value of P will be greatest for sub-
stances with J = 1/2. Unfortunately, experiments
with such substances cannot be performed in prac-
tice. The point is that among the substances with
J # 0 and small Z, in which the quantities wyi
and A are comparable, there are no metals with
J= 1/2. One might think that phosphorus and silver
would be ‘‘accessible’’ and convenient objects of in-
vestigation. True, both substances have J = 1/2 and
differ greatly in their properties, silver being a
metal and phosphorus not. In the case of phos-
phorus, therefore, the investigated transitions will
play an insignificant role,® owing to the small values
of wyi and wp, whereas for silver they will play
the predominant role. However, results of experi-
ments with phosphorus and silver cannot be inter-
preted uniquely. The reason is that in mesic nu-
clei of silver, with uN < 0, the transitions will be
from the state F =0 to the state F =1. Conse-
quently, in the case of phosphorus and silver, the
experimentally expected precession curves will be-
long to mesic nuclei which are only in the state
F =1, and consequently the value of polarization
will be the same.

It becomes possible to observe the transitions if
substances with J > 1/2 are used and the precession
frequency of the mesic nuclei is measured in the
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experiment instead of the polarization. Actually, in
this case the precession curve observed experi-
mentally® in the absence of transitions will be com-
plex, namely a superposition of spin precessions
mesic nuclei in two hfs states with F # 0. In the
presence of transitions the curve will be simple,
corresponding to the spin precessions of mesic nu-
clei in the lower state only. As is well known, 1
at small values of the polarization P the preces-
sion frequencies can be measured with greater ac-
curacy than the values of P.!! In the method pro-
posed above, it is best to use substances with equal
values of J >Y,, but with different signs of uy;,
such as lithium and beryllium. In the presence of
transitions, such mesic nuclei, being in the lower
state, will precess with different frequencies in
spite of having equal values of J. It must be noted
that the foregoing discussions hold only when wk
and wp are sufficiently large compared with A and
with the probability of the u — e decay. We are
now carrying out experiments with such nuclei for
the purpose of detecting the transitions.
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