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value of ¢ obtained from (3) differs on the aver-
age from the exact solution obtained numerically
in reference 9 by less than 0.5%, and never differs
by more than 1%. In the same region, ¢’ differs
by less than 2.5% on the average and by not more
than 5% from the exact value of ¢’.

In conclusion it should be noted that any attempt
to derive an extremely accurate approximation of
the Thomas-Fermi function at small and at large
distances from the nucleus is devoid of meaning,
for there Eq. (1) does not correctly indicate the
potential in the atom.

I am indebted to D. A. Kirzhnits for suggestions
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THE production of a star by a Y -quantum through
an intermediate 7-meson pair was investigated in
reference 1. In the present work we consider an
analogous process: a high-energy vy -quantum pro-
duces a proton-antiproton pair one particle of which
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is absorbed in the nucleus, producing a star. The
other particle carries away energy of the order of
the energy of the star. The study is carried out
for the ultra-relativistic region where only small
angles between the momentum of the 7y -quantum
and that of the emitted proton (or antiproton) are
of importance. The strong interaction between the
proton (and antiproton) and the nucleus is ac-
counted for by using the optical model. The nucleus
is regarded as an ideal black body of a given radius,
as far as the proton and antiproton are concerned.
We shall assume that the behavior of nucleons
is described by Dirac’s equation. The anomalous
magnetic moment of the nucleon is not of great
importance for such high energies. Let us assume,
for example, that the proton is absorbed and the
antiproton is emitted to an infinite distance. Dirac’s
equation for such a process can be written as fol-
lows: (h=c=1)

1V —vaEs + m) §o, (1) = 7= (1) €907 (). (1)

where P, E{(py, E;) are the momentum and energy
of the proton (or antiproton). We shall denote the
momentum of a y -quantum of frequency w by Kk,
and its polarization vector by e. The wave function
of the antiproton, which is a free particle in its final
state, is a superposition of a plane wave and of a
wave diffracted on the black nucleus.?

We find the wave function zpp of the proton by
means of the Green’s function® of Eq. (1), under the
condition that the antiproton is at infinity. We ob-
tain the cross section for the process by calculat-
ing the total flux of protons incident upon the nu-
cleus:

do = § i(s))ds | F 2 dp, dks | (27)%;
(s0) = (. () T2 iy (51)),

where k, is the transverse momentum of the
emitted antiproton and F is in the nature of a
nucleon form-factor.* Integration over 8;(8;)
is carried out along a circle with radius R, per-
pendicular to py(p;) and passing through the
center of the nucleus.

We obtain the following expression for the dif-
ferential cross-section of the process, averaged
over possible polarization of the y -quantum:

43 (Es, M) = o5 oo 13 +(0 — EK ()
+ Ex(o— E) E()) (220 (2)

n=ky/m, e=9/(1+77), dn=rdnde,

where K(e¢) and E(e€) are complete elliptic in-
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tegrals of the first and second kind respectively.
It can be seen from Eq. (2) that neff ~ 1, i.e.
deff ~ m/E;. The form-factor F can be deter-
mined from comparison with experiment. At high
energies, the differential cross section for small
angles attains large values.

Integration over E, and 7 can be carried out
only for F =1. We have then

o = (e%/24=%*) (R /m) @ (Mmax),

D@ (Nmax) = S {4K<

0

(3

m \
V1-|-n'2)

" ndn
+E ( Vﬁ?f)} (1402l

If we put Wpgx = « (in general, 7y a5 should be
of the order of unity) we have & () = 97%/8,

0 ~ 10728 cm?. As in the scalar case,! the total
cross section is independent of the y -quantum
energy and is proportional to R/m and not to R?,
since in the effective region for the process, that
ahead of the nucleus, the ¢ -function of the emitted
particle has a shadow and the whole process is de-
termined by the penumbra region.

Equation (2) has been obtained under the assump-
tion that the nuclear radii (R; with respect to pro-
tons and R, with respect to antiprotons) are equal,
Ry = Ry = R. The cross section for the process is
then independent of which particle, the proton or
the antiproton, is free in the final state. If Ry = Ry,
and AR >» 1/m, then the cross section for the proc-
ess with emission of the more strongly interacting
particle is, in the given approximation, exponentially
small (~exp(—aAR), o ~m). The cross section
for the process with emission of the less strongly
interacting particle (the proton) can be obtained
from Eq. (2) by replacing R with 2Ry for Ry > R,
(or with 2Ry for Ry< Ry).
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RECENTLY a number of papers!™ have appeared
in which different modifications of the Overhauser
method are proposed to obtain nuclear polarization
in nonmetals. In particular, these papers discuss
the polarization of the nuclei of paramagnetic atoms
in salts and of the nuclei of donor and acceptor im-
purities in silicon and germanium. The problem is
mainly to obtain a nonequilibrium nuclear polari-
zation thanks to the fast passage effect. In the
present paper we shall be concerned with obtaining
a stationary nuclear polarization.

Let us consider a system consisting of a nucleus
of spin I and an electron located in a magnetic field
of strength H. The system will have 2(2I+ 1)
levels corresponding to two values of the electron
spin component (M), and 21+ 1 values of the
nuclear spin component (m). Assuming the ex-
ternal field to be sufficiently strong ( Zeeman en-
ergy of the electron considerably larger than the
spin-spin interaction energy of the electron with
the nucleus) we get 2I+ 1 transitions in the para-
magnetic-resonance spectrum (selection rules:
AM =+1, Am =0). To evaluate the population of
the levels, we neglect the spin-spin interaction
energy and the Zeeman energy of the nuclear spin,
and we obtain 2I+ 1 pairs of levels with an en-
ergy level difference in each pair equal to 2BH
(see figure).
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We consider the most important case, where
we can neglect for the nuclear spin all interac-
tions except the contact interaction, which is pro-
portional to (S-.I)6(r). In that case we have, for
the relaxation processes involving the nuclear spin,
the selection rule A(M + m) = 0.

Let complete saturation be reached (that is,
let the saturation parameter be equal to unity) for
all 2I+ 1 paramagnetic resonance levels. We
get then Overhauser’s known result, i.e., the de-
gree of polarization is equal to

f=B;(213), 3 =8H/RT, (1)





