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And among total cross sections o'

3 (o] + of) = 4o?;

(14)
V2el/s 4ol /1 =20t /1 = |V 26t/s — o bt/
VZ2ol/s o 201> o) /*=|VZsl'e —20l2;
cztl/z + 20{;/' >ﬁo’i‘/' =] cg’/’ —26;1/'| .

Analyses of near threshold photoproduction of two
m—mesons in deuterium without deuteron breakup,

yields (here Vlo =0):

s(y+d—d+n+n0)=0o(y+d—d+nt+4n) (15)
and for the total cross sections:

20* (y +d — d 4 70 4 ) (16)

:ct(y—|—d——>d+7r+—|—7c‘).

The inequalities relating the cross sections of
the various processes and Egs. (15) —(16) hold
away from threshold if the # — mesons produced in
reactions (1) and (10) are created with equal
momenta 2 Kl = K2.

The author wishes to thank .M. Shmushkevich
for discussion of the results and for advice given
during the course of this investigation.
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CCORDING to Overhauser?, paramagnetic reso-

nance induces polarization in nuclear matter.

LETTERS TO THE EDITOR

It is shown in Ref. 1 that a substantial nuclear
polarization occurs in metals when the frequency

Qo =uHy/k >kT %, a Qu=pH,|k>1/T,,

(H, and H | are the constant and the high frequency
magnetic field intensities, p is the magnetic moment
of the electron, T'_ is the spin relaxation time ).
The later estlmate however is correct only when
the electron moves in the time T through a homo-
geneous electromagnetic field. At resonance (®
=Q 0), when Q >> kT/%#, this takes place only in
extremely thin metallic foils, of thickness of the
order of the skin depth 8 ~ 10™* to 10°® ecm. So
far?, only such specimens have been polarized
by Overhauser’s method.

In the present article it is shown that it is pos-
sible by means of a high frequency magnetic field
of high intensity

H1>>(87T8e{f /cleI p)H

(Z is the surface impedance of the metal3), to
polarize nuclei in thlck foils at a considerably
larger depth & ¢ ™ 10°2 to 1 cm to which elec-

trons penetrate by diffusion in time Tgp

In order to formulate a consistent theory it is
necessary in this case to solve simultaneously
Maxwell’s equations

0B

1
rotE—————at ; ot Hy = —j, B = H; +} 4nM,

and the kinetic equation for the electron distribu-
N A .
tion operator f (f operates only on spin)

atf+ v - of {eE +%[vﬂ]} @

i o~ o~ (0f af
b ) )
(af/ at) is here the COlllSlOl’l integral for col-
lisions without spin flip, (8[/ o) sp 15 the integral
for collisions with spin flip; & is the spin operator;
v and p are the velocity and momentum of the elec-
tron. Let us write these integrals in the form

(0F 108), = (F — fo) | Ty (071 0t),0y=(F — 1)/ 8,

(to is the time between collisions), where
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_— fo (g0 + wHy) 0 A
fo—( 0 fo(eo—y-Ho)),

f¢=Sf%§/S%§:ﬂmm=4é*”mf+1r*

n .
In order to determine f°, let us compute what such
an equilibrium operator would become for the given

fm the absence of processes which bring about
spin flip (i.e., for Q; =0, T =o0). Evidently
then,

S fdp dp,dp,= & fodp.dp,dp,,
sp\7dp.dp, dp, =0 { fo4Px 4Py 2P:

(e, is the Fermi energy level; dS is an element of
the Fermi surface).

Boundary conditions for the function f at the
metal surface have the form*

7 ‘vn)() =1—@F+af|—va (2)

(n is the internal surface normal, g is the coeffi-
cient for electron reflection from the surface;

apparently, almost always, ¢ = 0).Expanding { in
terms of the operators / 10} and §, it may be

shown that Eq. (1) corresponds to the following
system of equations:

af ofr af
+f1__'m:0,
0
o ™Y ey =Y by, @
s tar vt ap+73+lwl—g+[ 11,
w ‘vn>0 =(1—gq) ;'*‘ qw l—vn’
fllvn>0=(1“'11)fo+qf1]_vn (see Ref. 7),
1 1 1 H, — ds [¢edS (5)
i it R M B
where

j=2ens S frdp,dp,dp, M=yH,(b—w).

It is easily seen that if T =0, ® = Q , Eq.
(4) has a non-trivial solutlon for Q. =0, dependmg
only upon e. But Tsp >> 5 we therefore find our-
selves near the eigenvalue of Eq. (4). Its solution,
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therefore, turns out to be near the corresponding
eigenfunction (independent of r) and slowly vary-
ing as a function of the depth {=nr.

At resonance (for o = Q), solving the equation,
we obtain:

2

w, 0 = Ll (- E/50, ©

—_ —_— ot

w_r—{—iwyz—T%]—&—Fexp {(—E/84 )

(! Tp) = (a/8) < 1,
where
c(E_+iE)) -

a=—’2‘m__”_VtoTs  Sog =aV Ty Tk ™

(the z-axis ceincides with the direction of the
constant field H . the y-axis lies in the surface of
the metal ), E is the amplitude of the electric
field at the surface of the metal, and the quantity
a is of the order of magnitude of the orbital radius
of the electron rj ™ mvc/ell | in the case of a

strong (r, << vt ) magnetic field #/ parallel to

the surface, and of the order of vt in all other
cases.

It is easy to obtain from formulas (6) the nuclear
polarization P:

P=171{(I+47%s)cth(I+4%y)s—1ycth(s/2)},

[«]® uHo ,—gfseg
T 1+ |of? kT

(I is the magnetic moment qf the nucleus).

Let us note that a slow damping of the magnetic
moment M [ see Egs. (6) and (7)] brings about, ac-
cording to Maxwell’s equations, the appearance of
a slight, though equally slow, damping of E
and H**Thus, in paramagnetic resonance one
should observe the resonance passage of an elec-
tromagnetic wave through the film, whereby the
transmitted wave becomes circularly polarized.

The transmission coefficient K = IEh_l 2/lEmcl2
for a film of thickness d (8 << d << 8,41), is of the

order of magnitude

‘e CTpoHUTL+

c2z T .
2rnd

mece,
Z.Trd H,

27-2
] (n]] 2),

i.e., it can be many times larger than the trans-
mission coefficient away from resonance. It should
be noted that such a selective transparency of a
film occurs at any temperature.

The derivations of the results reported here
will be the subject of a separate article.
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The author is indebted to L. N. Rosentsveig
for discussion of the results of this investigation.

* It is assumed that the electron spin is not flipped
upon reflection. Let us note that Eq. (1) was obtained
in Ref. 4; the operator (df/ at)s , however, was not in-
cluded here. Boundary conditions (13) of that reference
are apparently not realizable in practice.

** The slow damping of M is linked to the fact that
when & << Beff there appears an ‘‘anomalous skin-ef-
fect” for the magnetic moment: an integral relation
appears between M and H,. This does not take place
out of resonance as M ~ 1076 H] ( while at resonance
M~ 107%H ).
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DATA on the position and parameters of nuclear
levels obtained by methods of neutron spec-

troscopy at excitation energies of the order of the
neutron binding energy 1’2 allow the investigation
of the empirical regularities of level behavior with
the aim of checking the predictions of existing
nuclear theories and their improvement. Interesting
work has been done, for example, on the systema-
tics of neutron widths® and on the systematics
of radiation widths* *. The problem of regularities
in the distribution of nuclear levels and in the
fluctuations of adjacent level spacing has not
been discussed in the literature.

LETTERS TO THE EDITOR

For a purely random distribution of the distance
between levels € about its average value D , the
distribution function must be of the form:

W (e) de = exp {—e/ D} de/ D. (1)

It would be more to the point to examine the
data for levels in the same spin state, i.e., for
target nuclei of spin 0 (even-even nuclei). How-
ever, such nuclei have few levels in the range
where the resolution of contemporary methods of
nuclear spectroscopy suffices. Thus it is impos-
sible to exclude the data obtained from nuclei with
odd atomic weight, and consequently with two sets
of nuclear levels, corresponding to i — 1/2 and
i +1/2 (where i is the spin of the target nucleus).
It should be kept in mind that the presence of
two sets of levels corresponding to various spins
of the intermediate nucleus makes the correlation
of various levels positions less obvious.

If the distribution function (1) holds for each
set of levels, then the resulting distribution
function will have the same form with D =d, d,
/(d, +d2 ), (where dl,z are the distances*

between levels in each set).
We made use of experimental data on the level

distribution for: In'!3, In113, Cs!33 Tp159, Hol®5,
Tm169, Hf177, H{179, Tql81 1, U235 % 238 1,

In order to eliminate mistakes in the determina-
tion of € due to ignoring levels because of insuf-
ficient experimental resolution, a curve was
constructed for each element of the increase of the
number of discovered levels with increase of
neutron energy. Levels within a suitable energy
limit were used, so that this increase was ap-
proximately linear.

To increase the statistical certainty of the
experimental distribution of levels for each iso-
tope, the quantity %, =€, /D was calculated,

and the distribution of levels as a function of
% for all the enumerated nuclei was plotted

(Fig. 1). The total number of cases N = 134.
The curve is the distribution (1) normalized to the
area of the histogram.

The level distributions for U 222 (an even-
even nucleus with eleven known levels ) and for
U 235 ( for which D is comparable to the entire
level width) are shown separately.

Comparison of the curve and the histogram allows
the qualitative confirmation of the relatively small
number of closely spaced levels, which may be
interpreted as the result of a “‘repulsion’” of
levels.

To eliminate the possibility that the relatively



