determine the parameter k in (4), we also plotted at each temperature curves of
AR(j?%), from which we could, knowing the absolute valu?s of AR and j, obtain
the value of 1 and then find k using the values of ¢ 2) given in [10] (neg-

lecting the change of o(2) with changing polarization of the pump). As seen
from the figure, there is good agreement between the experimental and the theo-
retical results.

In the experiments aimed at observing the optical orientation for TPA in
In3b, performed at B0°K, a negative result was obtained, due apparently to the
smallness of the ratio Tsp/T (Tsp is the time of spin relaxation) at the indi-

sp> OY

determining t from the AR(j?) curve and knowing the sensitivity of the measur-

ing system. We obtalned Tgp © 10710 sec.

The authors thank V.K. Subashiev for numerous discussions.

cated temperature. We can therefore only estimate the upper bound of T
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In a number of comparisons of the experimental energies of u-mesic transi-
tions with the theoretical ones it is necessary to introduce corrections for
the polarizability of the nucleus in the muon field [1]. There are as yet no
simple and sufficiently reliable methods for calculating such corrections. In
nonrelativistic perturbation theory, the correction that must be added to the
energy of a u-mesic atomiec level with quantum numbers n, &4, and m to account
for the polarizability of the nucleus is given by

<0,nfm{AVia,i><ayi | AV|0,n¥m>

AEPOL - _ 3 . (1)
@# ol Ea - Eo+‘i ~ €ne
where the perfturbing potential is
1% s ez o
AV = - - F| <Ol - 2| 0>, 1
k Irk—p‘ | k [Tk_ﬁl' (1)



la>, 1>, E,» and &; in (1) and (1') are the states and energies of the nucleus
and the muon, respectively, while fk and p are the radius vectors of the nu-
cleons in the nucleus and of the muon. Such a calculation calls for knowledge
of the nuclear excited states and for summation both over the states of the dis-
crete and over the continuous spectra. Usually the main contribution to the
correction is made by the integral over the continuous spectrum of the inter-
mediate states. In some papers (cf., e.g., [2, 3]), calculations of this type
were made for different approximations and nuclear models. As a rule, the ac-
curacy of the results is low and the error amounts to about 100%.

We wish to note here that the dipole-polarization correction to the energy
of u-mesic atomic levels with £ > 1 can be calculated with the ald of a simpler

adiabatic approximation by using the potential Vp01(p) = (=1/2)oe2/p" for the
the polarization interaction between the muon and the nucleus (p > R, R is the
dimension of the nucleus, and o is the coefficient of static dipole polariz-
ability of the nucleus). It can be shown rigorously that for not too heavy
nuclei, so long as the orbit of the muon in the state |n, 2 > 1| lies outside
the nuclei, the characteristic energy 10 - 20 MeV of the nuclear dipole transi-
tions is much higher than the characteristic energy of the u-mesic atomic tran-
sitions. Neglecting in the denominator of (1) the energy €~ €0 in compari-

son with the energy Ea - EO (adiabatic approximation) and confining ourselves
in the sum to the dipole interaction term, we can derive the formula [4]

=112
Edip _ 1 2 |¢ngm(P)'d3

=-gast [ %, (2)
pol 2 p2 R pt

where ¢n£m(3) is the muon wave function. o is usually calculated from the for-
mula [5]
a = 3,5A%/3.110742 cnm3,

(3)

where A is the atomic weight. Formula (3) yields for nuclel with A > 20 values
of o that coincide with the experimental ones within 10 - 30%'). The table
lists the corrections for the golarizaQ%lity to the _energies of the S, P, and D
levels of the u-mesic atoms u?°Neio, M 'Cazo, and w?"%Pbgs, obtained from (2)
and (3). 'The wave functions of the muon for a point nucleus, given in (2), are
those for a point-like nucleus. Such an approximation does not affect the cor-
rections to the P and D levels of the u-mesic atoms u2°Ne,;o and u*°Cazo. The
corrections obtained with a rough allowance for the influence of the non-point-
like nature of the nucleus (one-parameter variational approximation) on the
wave function are given in the table 1in parentheses. The table lists also the
corrections for the monopole, dipole, and quadrupole polarizabilities, as cal-
culated in [2]. A comparison of the correctlons calculated in the adiabatic
approximation with the corrections that take deviation from adiabaticity into
account shows agreement within 20% for levels with £ > 1. In the adisbatic ap-
pol
dip
in lieu of (3) the experimental values of a. As to the corrections to the S
levels, the discrepancies amount to a factor 1 - 4. As seen from the table, the
corrections for the monopole and quadrupole polarizabilities cannot be neglected

proximation we can obtain more reliable values for the corrections AE by using

1)Actually, the o calculated in this manner is compared with the integral
(1/27m)fo(E)/E2dE, where ¢ is the total cross section for the photosbsorption
by the nucleus. Certain data [6] indicate that the coefficient 3.5 in (3)
should be decreased to 2.5 - 3.

Ly



. e -
ne | AEDST . ev | AETDY, evial[AEDST, evi2)|AELS, evi2)
1S -12 (- 1D -8,0 p?%Ne,, -20 -3,7

25 -14 -1,00 ~03 -0.6

2P - 0,032 -0,027 - -3,2-102

3D -4,8-10-¢ -4,4-10"4 - -

15 -110 (-77) -94 pt%Ca,, - 40 -35

25 -13 1 -11 -5 -4

2P -13 -11 -0,018 -0.2

3D - 0,025 -0,023 - -10-3

1§ -620 (-480)| -800 u?°%Pb.,  _3000 - 1000

28 -360 -100 -600 - 120

2P -860 (-650)] -1730 -100 | - 400

3D - 87 -62 - -40

for heavy u-mesic atoms. Formula (2) greatly exaggerates the upper limit (by a
factor of 10) of the corrections to the S levels of the lightest u-mesic atoms
(A < 2) when the characteristic energies of the u-mesic atomic transitions
amount to V10 - 100 MeV. In this case it 1s necessary to take into account the
production of u“u+ pairs in the intermediate state. The foregoing procedure

can be used with very slight modifications to calculate the corrections for
the polarizability of g%ons (kaons, etec.) to the energy levels of p-mesic atoms
and other exotic atoms®/.

In conclusion, the authors thank S.F. Semenko for useful discussions.
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NOTE

For technical reasons, the balance of the Russian version of Volume 16, Number 11 will
be published in Volume 16, Number 12 of the translation.

2)‘I‘he corrections for the pion polarizability were calculated in the adla-
batic approximation in [7, 8].
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