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IN collisions of a nucleon having an energy larger
than 10 Mev with a nucleus, a direct interaction of
the incident nucleon with one of the nucleons of the
nucleus is possible, which leads to the emission of
both nucleons. This process was found experimen-
tally, e.g., in reactions (n, 2n), (p, p'n)"2 and
others. The angular distribution for one of the
produced nucleons and the total cross section for
such processes were calculated by Austern et al.’
and Mamasakhlisov,* who assumed the wave func-
tions of nucleons produced by the reactions to be
plane. ,

We consider here the momentum angular dis-
tribution of the c.m.s. of the two nucleons produced
in a direct interaction of an incident nucleon with a
nucleon of the nucleus in reactions of the type
(n, 2n), (p, 2p), (n,n’p), (p, p'n). The calcu-
lation was carried out under the following assump-
tions: The wave function of the incident nucleon
(ny) is assumed to be plane. The wave function
of the nucleon (n;) inside the nucleus with which
the incident nucleon interacts is based on the shell
model, assuming LS coupling. The interaction be-
tween nucleons Vp . is taken in the form of a rec-
tangular well with radius p,, while yy,, the wave
function of the system of two nucleons which takes
into account the interaction of nucleons in the final
state for p > p,, is assumed to be of the form®

4 = exp (ifp) + ap™ exp (— ifp),

where f is the wave vector of the relative motion
of the nucleon n; and the nucleon n;, and a =

— (@ —if) is the scattering length [o = (Meh™2 )1/2,
where ¢ is the interaction energy of the two nu-
cleons ]. Inside the interaction region ( p<pg)

the radial part of the wave function of the system
of two nucleons is of the form ngl’ = Ap~! sin k'p,
where Kk’ is the wave vector with respect to the
motion of n, and n; inside the potential well.

A and Kk’ are determined from the junction of

the functions ¥{) and ) at the point p = py.
The interaction of emitted nucleons with the resid-
ual nucleus is neglected.
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Under the above assumptions, the differential
cross section for the process under consideration
can be written in the form

ds MoM,,, Ky,
dQ —  (2nh2)?

1
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where M, and M,, are the reduced masses of the
incident nucleon and the system of two nucleons,
kno is the momentum of the incident nucleon, ky,
is the momentum of the c.m.s. of the two nucleons,
sq¢ 1is the spin of the incident nucleon, J; is the
total moment of the original nucleus, |I|? is the
square of the matrix element summed over all
final states, and

I=Vndn, LSy
KnSo | Vign, | 1771, agLaSeJ2T2; Konf2nSend, (2)

where index 1 refers to the original nucleus, index
2 to the final nucleus, sy, is the spin of the system
of the two nucleons, and T is the isotopic spin.

The wave function of nucleon n; is separated
from the wave function of the initial nucleus by
means of the parentage and the Clebsch-Gordan
coefficients. The summation over the magnetic
numbers of the final state is carried out by a
method similar to that of reference 6. For the
case En; = 20 Mev, the basic contribution to the
differential cross section will be due only to the
s wave in the partial-wave expansion of the wave
function of the relative motion of the two emitted
nucleons. From the Pauli principle, the spin
function should be antisymmetric and sy, =0 for
two identical nucleons produced, e.g., as a result
of the reactions (n, 2n) and (p, 2p). For an
event for which two different nucleons are emitted,
Syn May be 0 and 1; consequently, in constructing
the angular distribution, one has to take into ac-
count two possible spin states. After integrating
the matrix element over the variables of the final
nucleus rp, and p, the square of the matrix ele-
ment will be a function of ky,. For a given angle
between k,, and kpg, the value of k,, is related
to the value of the momentum of the recoil nucleus
by the conservation of momentum law. Consequently,
the square of the matrix element must be integrated
over the whole range of variation of ky, with the
kinetic energy of the residual nucleus.

The curves of the angular distribution of the
vector ky, for the reaction Be®(n, 2n)Be® were
calculated numerically. The following data were
used in the calculation: Ep, = 14 Mev, the excita-
tion energy of the Be? nucleus equal to 2.9 Mev,
and € = 70 kev. The integration was carried out
over a range of variation of the kinetic energy of
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FIG. 1

Be® from 0.5 to 2 Mev. The calculated curves of
the angular distribution k,, for p=1x10"3 cm
(curve 1) and p=2.8 x10" ¥ em (curve 2) are
shown in Fig. 1. The histogram of the angular dis-
tribution of the vector k,, obtained experimen-
tally by using nuclear emulsions,” where the re-
action was identified by the particle tracks pro-
duced as a result of the decay of the Ne® nucleon,
is shown in Fig. 2. The peak for small angles was
not found in the experiment. This may possibly be
explained by the fact that we probably omitted those
stars, in which ky, is directed forward with re-
spect to the direction of the incident neutrons and
the kinetic energy of the Be® nucleus is smaller
than 1 Mev, i.e., when the tracks of « particles
produced in the decay of Be® are difficult to ob-
serve in the emulsion. If one constructs the theo-
retical curve of the angular distribution of the vec-
tor ko for the variation of the kinetical energy of
Be® in the range 1 to 2 Mev, then the peak for small
angles disappears (see Fig. 2, solid curve) and an
approximate agreement between the experimental
histogram and the calculated curve can be seen
(curve for p, = 2.8 x 10713 cm),
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FIG. 2

Numerical calculations of the angular distribu-
tion of an event in which a bound bi-neutron is
emitted yield the usual Butler-type curve with a
sharp maximum at 0°, and with first minimum at
30°. Evidently, this curve cannot be compared
with the histogram since, as has been shown
above, it is difficult to observe in the emulsion
events with emission of two neutrons in the for-
ward direction.

In conclusion, the authors would like to express
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their gratitude to S. S. Vasil’ev for discussing the
results, and to V. G. Neudachin for helpful advice
and remarks.
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IT is well known that the experimentally-found
large value of the electromagnetic radius of the
proton on one hand, and the very small depth of
the well of the electrostatic electron-neutron in-
teraction on the other, lead to considerable diffi-
culties in interpretation of these data.

Since it would have been very undesirable to
abandon the idea of charge independence of strong
interactions, the assumption has been proposed
that the usual electrodynamics ceases to be cor-
rect at distances of the order of 107 cm. It
could then be understood why large electromag-
netic dimensions are observed for a proton for a
small depth of the well V(‘,S) of the electrostatic
e-n interaction without abandoning the charge in-
dependence of meson-nucleon interactions.



