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The canection of our tensor momenta with the
density matrix is different from the connection
between the density matrix and the tensor momenta
which were derived by Simon (see the corrections
to Refs. 2 and 3), but when normalized they are
the same. In the particular case when gg=0 and
g, = 0 our expression yields a formula which

differs from Eq. (3.2) of Ref. 3 by several factors.
The distinction basically depends on the difference
in the definition of the tensor momenta. This dis-
tinction does not affect the final results, as
compared with experiment, since a change in the
definition of the tensor momenta must be accomp-
anied by a corresponding change in the derived
matrix element.

An essential factor which is needed under the
summation sign X, as compared with Eq. (3.2) of
Ref. 3, is (-1)~,

In conclusion, we express our gratitude to Prof.
M. A. Markov for his constant inteest in the work.
We also thank L. G. Zastavenko for his advice on
a number of questions concerning the theory of
representations of rotation groups.

* As has been pointed oult in Ref. 5, spherical
harmonics must be preceded by il, otherwise the result

of the action of the inverse time operator will not be
invariant with respect to complex amgular momenta.
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N a previous communication® an effective cross

section was calculated for the scattering of fast
neutrons by a “‘black’” nucleus having the form
of an ellipse of rotation and a zero spin (even-
even nucleus). In the present note these calcula-
tions are generalized to nuclei with spins differ-
ent from zero (odd nuclei). In the adiabatic
approximation the effective cross section is de-
termined by the matrix element

Fun (@ = dogy (@) F (0, Do (0. ()

The amplitude for the scattering of a neutron by a
stationary nucleus is:

kb)?
flo, @)= G h @)

t == kb0 [E2 (1) cos? (P — ) + sin? (@ —@)]'/2,

where &(u) =[22 + (14 22)p21%, z = a/b. The
quantity b is the radius of the largest circular
cross section of the ellipsoid and 2a is the length
of the axis of symmetry. The spherical angles ¢
and ¢ specify the direction of the axis of symmetry
w and the angles 6, ®, the direction of scattering ).
The polar axis of the external coordinate system is
chosen to lie in the direction of the incident beam.
We shall assume a strong coupling between the
motion of the nucleons in the nucleus and the
motion of the nuclear surface2, In this case the
wave functions for the rotational states of the
nucleus ¢, (@) can be represented by the proper
functions of the symmetric top*,

2 (0) = V& 1) /852Dy (@), 3)

where [ is the total nuclear moment, M and K are
the projections onto the external axis and axis of
nuclear symmetry, repsectively, and o =(qy, 0, ¢,)

represents the Eulerian angles which describe the
orientation of the nucleus relative to the external
coordinate system. The rotational states of the
nucleus are given by
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e = (R220) {1 (I + 1) —K(K+ 1)} 4)

1=K,K+11'

To determine the cross section for the excitation
of different rotational states n”one must compute
the corresponding matrix element (1). Employing
Eq. (1) through (3) along with the known relation

for D{“{(a)) we obtain
Fun (@) = fI (@)
2
= ,-(-,)M—KeﬂM—M’)d’%V eI +n@EI+1)

(e— M + M1

M—M
X 2 CrmmCr—kix (x + M —M)!
® .

g

1

dug (w) P M ()

2mn

X S do cos (M — M) o
0

h(t).
t b

t — kb0 V EE(w) costp F sintp. ()

Here C]M' +is the Clebsch-Gordan coefficient and

P, (u) is the associated Legendre polynomlal The
external axis of quantization is chosen to be in the
direction of the incident beam.

The differential cross section for the excitation
of the rotational state ¢, is given by

IK (e) =97 _|_1 :-1 lf;’/i/lwI’(K’ Q) ‘2'

Hence, inserting Eq. (5) into this expression and
employing the known relations for the Clebsch-
Gordan coefficients we find

4 (kb)* g\ 21’ 4-1

ofk (0) = —zpr 2 4 2+ T C1—&)* T (0); 6)
1 —m)!
Ixm(e)=T l/(2K+1)—§;¢Z—))!'
1 or L
X S dyE (w) P () de cos mo—— .
—1 0

The functions I;m(-e) were investigated in Ref. 1

in the study of scattering for even-even nuclei. Be-
cause of the symmetry of the nucleus they are
different from zero only for even %, m in which case,
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1, _=-1

wm ="l -m The functions /

wm (0) oscillate,

roughly speaking, like the function J,(kR6)/(kR6)
wherein the value of 6 for which Imie) =0 de-
pends upon » and m.

For [“=1 Ea. (6) becomes the differential cross
section for scattering without an energy exchange,
viz., _
4(kbY ) 20+ 1

1K
ok (0) = 2z 1 (CrRr—x PI%,, (9).
m

(7)
We see that this differential elastic cross section
for neutron scattering by nonspherical nuclei with
spin different from zero (K %= 0) does not pass
through zero for scatterlnp,r angles 6 < 1. This is
understandable since the cross section given by
F.q. (7) is represented by a sum of cross sections
which correspond to transitions between states
with different projections of /, i.e., M before, ¥~
after scattering. On the other hand, thereis the
exceptional case of an even-even nucleus with

[ = K = 0 where the angular distribution for elastic
scattering has a zero similar to the cross section
for elastic scattering by the diffraction of fast
neutrons by a spherical nucleus. Actually, for

[ =K = 0 Eq. (6) shows that the cross section for
exciting the state ¢-of an even-even nucleus is

4 (kb
TS

m=—1’ ’

in agreement with the result of Ref. 1. From this

o, (0) =

l’m

" equation we see that the cross section for elastic

scattering is

4 (hb)s

T2k

6, (0) = 12, ().

The differential cross section for scattering into
the direction Q with the excitation of different
nuclear rotational states is given by

2| @)t
',M,

It is convenient to represent this cross section in
another form (see Ref. 1):

1
oK (0)= 57 D\ do | £ (0, e, (@) 1
IM

1
IK JE S —
s O =277,

(o}

Employing this equation with Egs. (2) and (3) we
find

o'X (6)

— o Z;q (—yM—kg om0 g doD, (0)] f (@, Q) |2

Furthermore, it is easily seen that,
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2( —M=KCR L mCT ki Do (@) =1, (8)

hence,
o (6)

=~72_T (ib‘ §dy.&2(u 2Sd<p [—J%t—)]z=o's(6). 9)
o 0

Thus, the differential scattering cross section

o, (6) does not depend on the initial state of the
nucleus, i.e., on the index I, K. Graphs of the
function o_(6) for different degrees of nuclear de-
formation and different neutron energies have been
published L.

The integrated cross section o = [dQo_(6), does
not depend on the energy (in agreement with the
results of Ref. 1) and has the form

1
o, = mh? g du? ().
0

The dependmce of o_ on the degree of nuclear de-
formation was considered in Ref. 1.

The total cross section for all scattering proces-
ses is specified by the imaginary part of the
amplitude for elastic scattering evaluated at 6=0,
i.e.,

IK _ 4 1 TMR (Q)
oy K2’+12" m fimg ( ,00

This reduces with the use of Eq. (5) to the total

1
cross section 0£K= o, = 27b? [ du&u) = 2g. The

0
cross section for capture is 0, =0, = 0_ = 68.
Thus, the total neutron scattering cross section
and absorption cross section do not depend on the
initial state of the nucleus either.

It is easy to see that for the case of spherical
nuclei the above formulas reduce to the formulas
given by the diffraction of neutrons'by ‘‘black”
spherical nuclei.

The author expresses his gratitude to B. T.
Geilikman and V. M. Strutinski for many vauable
discussions.

* Because of the reflection symmetry of the nucleus,
the wave function (3) has to be symmetrized corre-
spondingly2, However, for our purposes we can use
the nonsymmetric expression.
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NALYSIS of the structure of the present

quantum theory of fields indicates its inappli-
cability to distances of the order of'fi/)\ ~ 10-13
—10"**cm!. Consequently, for those quantum-
electrodynamic processes where momenta (real
or virtual ) of the order of A play a role, devia-
tions from the usual formulas are to be expected.
For the evaluation of these deviations in the
integrals which appear in the determination of
radiative corrections (integrals over virtual
momenta ) one can restrict the upper limit of in-
tegration to A . Since these integrals converge
for momenta ~ m, then the deviations should be
of the order of m2/ )t(z), where m is the mass of the
chaged particle. This is why the deviations for
the magnetic moment of the electron appear only
in the third order radiative correction, viz.,
«3(a=e?/%c) 2. Inthe case of the heavier
p-meson, the finiteness of A affects the first
radiation correction (~ «) and one expects a dif-
ferent value than predicted by Schwinger’s formula.
If one assumes that the /- meson is devoid of any
specific interactions which are greater than the
electromagetic one, then the problem can be
treated as one in pure electrodynamics.

For the determination of the magnitude of the
change in the radiative correction to the magnetic
moment of the p-meson (a change which is de-
pendent upon the flmteness of )\0) we shall con-
sider, as is customary®+#4, the vertex portion of the
scattering matrix of the third order A, The



