306

of the phase magnetization density, which is assyme-
tric in p-space is small™ In first approximation
equation (7) can be written in the following form:

(8)
Fut) (L g )m
+ Me (E 5%) F=—1J_(c,) —J_(%).

The form of the right hand side of (8) is possible
because of the linearization of the integral J..
The approximations made tg get (8) from (7) are in
any case legitimate if J,,.(E) is much larger than all
the other members containing X in the left hand
side of (7). This condition is realized in the re-
gion of small deviations from homogeneity, of
small frequencies and weak fields. Furthermore,
it is assumed that J (5;) ) £ J.,.(z ). The latter
condition is satisfied in spite of the inequality
f’o >> %, because J, ( ;0) is a quantity assymetric
1n momentum space.

The solution of (8) can be written in the form
(9)

M,
ko,
By =y dr, © it MeEy + v My,

where «, 3 and y are tensors depending only on
the vector p. Neglecting terms of the form
E;0M;/dr;, we get the following equation for the
space density of magnetizatign:
oM

. alM .
i . k B
g TaAMi—c, oror, T L

(10)

|
e (MM,

Note that the approximation JT(E) =§./ Twhich sat-
isfies (3) because of the relation (5), gives the fol-
lowing values for the coefficients cyand c,:
17 )2 : (1].)
Cy == —-:T-\dp -;lnT"-:I“, Ca = 0.
For metallic electrons in a degenerate state, F

differs from zero only for momenta lying on the
Fermi surface, hence:

c1 =Yz (pofm)*7 (pa) = 30,7,

where v, is the electron velocity on the Fermi
surface, and A=v ¢ is the mean free path. In
this case Eq. (10) takes the form

oM 1 (12)
—aT — T Z’o.\AN‘

8 |
+ T[MxH]i“‘ 'U(M — My).
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[Equation (12) is an equation for the magnetiza-
tion density discovered by Dyson2
of electron diffusion in metals.
To finish, let us study the limiting conditions
for which one has to solve Egs. (10) and (12). For
this purpose, let us consider the limiting condi-
tions for the phase magnetization density a. Let
n be the normal,to the surface of the body. Denote
o by oW for pn> 0 and by @) for pn< 0. The
conservation law of the magnetic moment of the
particle during the collision with the swface can
then be written in the form

in his theory

o) (—pn; 0) ==62" (pn: 0). (13)
Here, the zero value of the argument corresponds
to a magnetization of the surface of the body.
From condition (13) it follows that

Sdp(pn);;'(p, 0) =0, (14)
In particular, for the linear approximation of
.]7_(2) mentioned above, the relation (14) gives
(n grad) M=0 which corresponds to the limiting
condition used by Dyson2 when he neglected the
surface relaxation.

*For sake of simplicity, we shall assume a quadratic
dependence of the kinetic energy on the momentum. Gen-
eralization to any case is evident. The derivation of
equation (1) is absolutely identical to the derivation of
the equation for the quantum distribution function-the
density matrix in the mixed representation (see for in-
stance Ref. 1)

** When &, is neglected, Eq. (6) becomes the well known
Bloch3 equation for T, =TQ=U.
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N recent times, evidence for the conservation

of isotopic spin in the interaction of nucleons
with nucleons has been obtained. With the dis-
covery of the antiproton1 , it becomes expedient to
determine the consequences of the conservation of
isotopic spin in the interaction of nucleons with
antinucleons In particular, such calculations can
enable us to check the hypothesis itself of the
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conservation of isotopic spin in the interaction of
nucleons (neutrons =, protons p ) and antinucleons
(antiprotons p, antineutrons n). Let us consider
collisions in which mesons do not occur:

1) p -+ p—>p-+ p (elastic scattering of antiprotons by

protons)

2) p+n—p+n (elastic scattering of antiprotons by
neutrons)

oy T o .
3) p+ p—>n--n(conversionof aproton and antiproton

into a neutron apd antineutron)

4)n-n V>F+ n (elastic Scattering of antineutrons by

neutrons)

T T . . .
) n-p—>n- p (elastic scattering of antineutrons by
protons)

6) n+n— p-- p (conversion of an antineutron and
neutron into an antiproton and
proton).

From charge symmetry, if we neglect electro-
magnetic forces:

Gy == Gy; Oz == G5, O3 = G¢-

Thus only processes 1,2and 3 need be considered.
Keep in mind, that all the particles entering

into the reactions have isotopic spin I'=) and the

following isotopic spin projections, 1'y:

n p n
1/, 1/ 1,

12 ‘2

P
Tt

The nucleon-antinucleon system has, in general,
two isotopic states: T=1and 7'=0. If we de-
note the scattering amplitudes in these states
respectively by f and g, then it is easy to see that
the differential cross sections of reactions 1-3
are expressed in terms of f and g as follows:

or="lf4 g5 ca=|f1% o=1/|f—g|.

Note that f and g are complex functions of the
initial and final momenta of the particles and
their spins. Thus the three cross sections are
expressed in terms of three independent quanti-
ties: the moduli of the amplitudes, |f| and | g|,
and their relative phase. It follows from this, that,
in general, there are no equations linking these
cross sections.

However, in the scattering of antinucleons by
nucleons at high energies, one can consider that
|f-g| <<|f|. This has to do with the fact that
o, is the cross section of a peculiar inelastic
process ( double *‘ overcharging’’). Such an
‘“inelastic’’ process must have a significantly
smaller probability than that of ‘‘genuine’’ inelas-
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tic processes. Considering nucleons and anti-
nucleons as ‘“‘gray’’ bodies ( in particular cases
they will be black bodies ) of radius p~1 0713 cm,
one gets an elastic cross section ( mainly of a
diffraction type) of the order of the inelastic (i.e.,

of the order of the annihilation cross section).
Therefore, from the fact that the process

p tp @ tn embraces a small portion of all the
inelastic processes, it follows that its cross sec-
tion is small compared to the elastic scattering
p +.P ~p +P (p tn-—p +n.), but‘th.is means that
the inequality | f-g| << |f| is satisfied.

On the basis of this result, we obtaino; =0, ,
i.e., the differential cross sections of the elastic
scattering of antiprotons by protons and by neu-
trons are equal. Applying this to the forward
direction, 0°, and recalling the connection be-
tween the imaginary part of the scatterintg ampli-
tude and the total cross section o, , we ind

Gy (/_’+ P) = o (;’—"’ n).

Together with the equality of the elastic cross
sections, this means that the total annihilation
cross sections for the collision of high energy
antiprotons ( antineutrons) with protons and with
neutrons are equal.

In conclusion, I thank L. D. Landau for an
interesting discussion.

Translated by M. Rosen
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N reference 1, the consequences ot the conser-

vation of isotopic spin in the scattering of anti-
nucleons by nucleons were considered. The fact
was used that the charge exchange cross section
for the collision of antinucleons with nucleons is
much less than the cross section for the other
inelastic processes. For the scattering of 7-mesons

and nucleons, there are analogous results, justi-
fied at least for those energies at which inelastic
reactions ( creation of mesons) occur with high
probability.

In the scattering of protons, the following reac-
tions are possible:



