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Here p_. P, Ee, Ev are the momentum and the total

energy of the positron and antineutrino, respec-
tively; p;» P,» E; » E, are the momenta and total

energies of the emitted neutrons; 6, , is the angle
between p, and pz;do1 and d02 are the element of

solid angle of one of the emitted neutrons and of
the positron, respectively; G and G _ are the di-
mensionless tensor and scalar interaction con-

stants, x is the reciprocal of the deuteron radius
(units have been chosed to give# = ¢ = my=1).

The following momentum and energy conservation
laws are satisfied:

p,—P,—P,— P =0, (3)
Ep+ L, —E —Ey—E,=0.
Here E [, = W+ Mp + Mn, where Mp and Mn are the

mass of the proton and neutron, respectively, and
W is the deuteron binding energy.

In the cross section for process (I) we neglected
the term resulting fromthe interference of the scalar
and tensor interactions. As can be shown by a di-
rect calculation, this term is directly proportional
to the velocity difference of the initial and final
states of the nucleon which absorbs the neutrino
and can therefore be neglected (an error ~ 0.1%
is thus introduced).

From (1) and (2) it can be seen that

(Ey — Ep)?

do (Gs

An estimate of the ratio of the integral cross sec-
tions gives ¢ /o = 10°2. Since (as has been
indicated above ) the energy evolved in the reac-
tion is borne off by the electron, it is possible to
estimate the total cross section of the process
without an exact integration of (1) and (2). For
this estimate we can use certain average values

of the energies and momenta. Then £, = E, ~ E,

where £ is the average energy of a nucleon in
the deuteron and

9% G:ﬁ (5)

PEPS.

cC = GT = 7377 (;"‘P_{_——XT)Z
By substituting in (5) the calculated values G
~ 4 x 10712 (see, forexample, Ref. 2), E=~2

x10%, 7 ~ x~ 87, p, = 1 to 2 (the energy of the
antineutrino must then be £, = 4.2 - 4.6 mev; the
reaction threshold £ = 4.05 mev; the average
energy of the antineutrinos emitted by a reactor* is
2.5 mev) we obtain as an estimate of the total
cross section 0.1 x 10745 = 1 x 10745 cm?.

In conclusion, the author wishes to thank I. S.

Shapiro for suggesting the problem and for valuable
comments.

* For an estimate of the average energy of antineu-
trinos emitted by a nuclear reactor, see Refs, 3 and 4.
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XPERIMENTAL data indicate that the elastic

collisions between high energy 7-mesons (1.4
bev and more) and nucleons are of a markedly dif-
fractive character, i.e, small angle scattering is
prevalent!"%. In Ref. 3 an attempt was made to
analyze the diffraction scattering theoretically.
However, the authors assumed for the nucleonic
model a sphere with sharp boundaries and certain
transparency, an assumption which is usually made
with respect to the nucleus. Inthe case of a
nucleon, nevertheless, there is no cause to choose
such a model. In the present notethe diffraction
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scattering is treated on the basis of general theory,
without any special assumption .as to the nucleonic
model.

We shall take the following relations® as the
basis:

o, =kt 3 @&+ 1) (1—[F,]?, W

I=—p

<0
o‘s=1rk22 @418, —1[%
0
We are neglecting here the spin dependence of
nuclear forces and the change of the charge of
m-mesons in collision with protons®, Here o, is
particle absorption cross section, o _ is the elastic
scattering cross section, % is the wavelength of
the incident particle, 7 [ is the orbital momentum
and B, = exp { 2in,} where 7, is the phase of
scattering.
The differential cross section for elastic scatter-
ing is given by the following expression:

R @

F@)=—"5 3 @ +1)(8;— 1) Py (cos ).

where ;3 isthe scattering angle, dw is the solid
angle element and P (coso) are the Legendre
polynomials.

On the basis of the results of Ref. 6 we assume
that in high energy region the imaginary part of the
scattering amplitude is much larger than the real
part and B is therefore real. This fact greatly
simplifies the phase analysis. If the function
do ;/dw were known sufficiently well from the ex-
perimental data, it would be possible to find a
unique function 8 . In reality the present degree
of precision of the experiments does not allow for
unique phase determination. The experimental re-
sults obtained with high energy accelerators per-
mit, nevertheless, an approximate phase analysis.

We shall turn now to the most complete experi-
mental data available on the scattering of 1.4 bev

7-mesons bzl nucleons®. The other experimental
results"?'* are in satisfactory agreement with the
results of Ref. 3. Estimating the cross sections,
its authors referred a part of the observed elastic
scattering to processes directly connected with
the absorption of pions. Indeed, as the result of
the 7-meson capture and the following decay of the
compound system a noncoherent, almost isotfopic
elastic scattering should take place, which should
be regarded as inelastic collision, contrary to the
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Angular distribution of the diffraction scattering of
m-mesons by a nucleon in the center-of-mass system
according to Ref. 3. The solid theoretical curve cal-

culated according to Eq. (2) and (6).

diffraction scattering. This division is not com-
pletely unambiguous. We shall note, however,

that the number of elastic nondiffractive collis-
sions found by the authors of Ref. 3 is in good
agreement with the value obtained from the statisti-
cal theory?, According to the predictions of the
statistical theory, the inelastic scattering prac-
tically disappears at high energies (4.5 bev). The
cross section found for the inelastic and elastic
collisions in Ref. 3 are: ¢ =926.7 1.3 mbn

=7.3 £1.0 mbn. The ratio as/ac changes

from 0.33 to 0.23. The angular distribution for the
diffractive scattering was obtained as well (Fig.
1). In order to analyze the obtained data, we shall
proceed as follows: for sufficiently large energies
it is possible to pass over to integration in Egs.

(1) and (2):

and o
S

fe<) (o)
o, =7c);2§ 2a,(2—a)d; o, — ,;ﬁzg 21a%dl; ®)
(1] 0
© .
(9 =—ik 5 laJ, (19) di, @)
0

where a, =1~ B, and J (l9) is the Bessel func-

tion of order zero.
We shall make the simplest assumption, namely,
we shall put &, = o exp (-x-212/R?) where the
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values o and R have to be determined from ex-

periment. Substituting the function a, into Eq. (3)
we obtain:

o2 (5)

ol 4
%= R (5 —1); o =T R,
The values of  and R corresponding to the ex-
perimental results h% within the following limits:
from R =0.86 x 10" ¢m and o= 0.74 to R = 0.74
x 10°!® and o= 0.99. The values, corresponding
to the mean values of o and o , are R = 0.8
c
x 10712 and o= 0.85. Furthermore, substituting the
function a, into Eq. (4), we can calculate the func-
tion f( ¢ ):
¢ .__k'.‘l?/Rz
1@ =x{ alg@)e Ldl
0

(6)

o

R* ¢ _ ., R
=aTSe yJO(STy>_ydy=
0

== (xR?/2X) exp{— 92R? 4%2}.

The angular distribution do/dw is determined by
the function | f(8)|2. The angular distribution
calculated according to the formula (6) using the
values = 2.7 x 10°** ¢, R = 0.8 x 10713 cm and
o= 0.9, which correspond to o,=28 mbn and o,
=81 mbn, is given in Fig. 1. The experimental
data fit satisfactorily the theoretical curve.

The value Z, =1 - IBI\Z, the physical meaning
of which is the * sticking probability ’* of particle,
is of interest:

Z,=ae IR 2 __ @R (7

where p =% I. We shall note that for p = 0 the
value of Z is close to unity for a wide interval of

values of d. Thus, even for a.= 0.73 Zp=0 = 0.93.

The mean square value of the impact parameter
[averaged over the function (7)] is:

=—z"/z=]/1—a/8 (8)
Pep = (p?) —) R.

The values p , satisfying the experimental data are
contained in the interval (0.8 — 0.9) x 1073 cm.
We shall note that, contrary to what is maintained
in Ref. 3, the fact that the nucleon cannot be re-
garded as a black body does not imply that the
statistical theory of multiple production is not

applicable.

The function (7) gives the probability of in-
elastic scattering taking place for the impact para-
meter p. The inelastic scattering can be treated on
the basis of the statistical theory, tood. It is of
interest to perform a similar analysis for nucleon-
nucleon collisions.
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BESIDES the normal decay scheme of the A°-

particle
A0 — p 4 7-, (1)

the following decay scheme is possible:

Al — p . (2)

It is known from.the experimental data that the
spin of the »~ -meson is zero and therefore the
spin of the Ao-particle must be half-integral. In
the present work the influence of the spin of A°-
particle upon the shape of the y - quanta spectrum
is investigated.



