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Abstract

The study of the cross sections of the knocking out nucleons provides important information
about the asymptotic behaviour of the scattering amplitude. During the interaction of the
incident particle with nucleus, its function is distorted. In this case, we are talking about
those components of the wave function for which the probability of interaction with the
target is small, i.e. during the collision, only a small part of the target is excited (an elastic
collision with only one of its constituent particles). To do this, it is necessary to use the
"point" component of the wave function of the incident particle.
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1. Introduction

The study of the cross sections of the knocking out nucleons provides important
information about the asymptotic behaviour of the scattering amplitude. During
the interaction of the incident particle with nucleus, its function is distorted. In this
case, we are talking about those components of the wave function for which the
probability of interaction with the target is small, i.e. during the collision, only a
small part of the target is excited (an elastic collision with only one of its constituent
particles). To do this, it is necessary to use the "point" component of the wave func-
tion of the incident proton.

In this paper, we consider processes knocking out of neutron by the proton in
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the eikonal approximation with distorted waves. The high-energy or eikonal ap-
proximation is broad and consistent for describing scattering in complex groups,
like scattering in some optical continuum. In this approximation, after the closure
of the power, there is a closure of the projection of the k-direction momentum: pk
= const. This means that the movement in the transverse directions is completely
neglected. In addition, in this approximation, restrictions on any masses and coor-
dinates of particles are not collected, while both the final radius and the recoil are
calculated exactly. Therefore, the high-energy approximation can be used for an-
gular distributions of scattered particles.

2. Scattering matrix equation

The eikonal approximation is often used to describe the scattering of particles by
nuclei. This approximation is applicable if the energy of the incident nucleon is
much greater than the binding energy of individual nucleons in the nucleus. To sim-
plify the many-particle problem, it is assumed that the incident nucleon interacts
with only one nucleon of the nucleus at a time. In this case, the collision can be
regarded as a short impact, during which the forces binding the impacted nucleon
to the nucleus play no role. Thus, during the time of interaction, the impacted nu-
cleon can be considered "free", and the binding forces in the nucleus determine
only the momentum distribution function of nucleons. In the eikonal approxima-
tion, the cross section of any process of interaction of a nucleon with a nucleus is
expressed in terms of the amplitude of the scattering of a nucleon by an individual
nucleon. It is also assumed that the scattering of a nucleon by any nucleon of the
target nucleus is not affected by the presence of other nucleons in the nucleus.

Consider the scattering of a proton p on the nucleus A and the final state, the
proton and neutron are emitted. Final nucleus B = A — 1. The potentials are local,
short-range and weakly singular: 72V (r) - 0 atr — 0.

We make the widely used assumption that the exchange of nucleons between
two nuclei is not taken into account and that the target nucleons are not excited.

We will use the zero-radius approximation [1]. In this approximation, the neu-
tron is emitted at the same point where it interacts with the proton. The need to
introduce a finite interaction radius for calculating exchange processes is more or
less acceptable for calculating direct processes in reactions with the transfer of one
particle.

We choose the wave function of the initial system in the form:

W, = e*™y(J;M;, T;My,), (1)

where k,, = p,,/h is the wave number of the proton, and Y (J; M, T;Mr,) is the in-
ternal wave function of the target nucleus with total momentum J;and isospin T;.
For the wave function of the final state, we have
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Y = eikprpeiknrn(pB(]fM]fTTf). (2)
Here @3 (]fM]fTTf) the wave function of the final nucleus A-1.

The wave functions (1) and (2) have the wrong asymptotic at large distances, but
a good description of the elastic form factors.
The Schrodinger equation for this system has the form:

h? h?
A -
2m, P 2m,
where V(r) = —V,/(1 + exp(r — Ry)/a@) — Woods-Saxon potential, U(r) =
—VOeTOZ/T2 — Gaussian potential,

Ap + V() + U(rp) | P (riry) = E¥(1i1y), (3)

2 2
Pp +Pn

E =
2m,  2my,

— Ecp (4)
and g, —is the binding energy of the neutron in the initial nucleus A.

We will calculate the matrix element of the process using the method of dis-
torted waves [2]. By the method of distorted waves, which takes into account the
finite radius of interaction between particles, we mean the following method for
calculating the matrix element. When the interactions responsible for the rear-
rangement of the system from initial to final are taken the same as in the three-
body problem, and the interactions of the initial and final particles with the corre-
sponding nuclei are described in the optical model approximation, i.e. in the ap-
proximation of the two-body problem. In this case, only elastic scattering by the
complex potential is taken into account.

In the distorted wave approximation, the exact wave function is replaced by
¥ (ri12)

¥ (rir) = (2n )3 dKdr @p(r)n(r) (5)

In the eikonal approximation with distorted waves, the scattering matrix ele-

ment has the foIIowing form [3]

(27T)6
X (kpl(V (1) + Uk ) drdie, dicy,. (6)
Knowing the matrix element (6), for the cross section of the process we obtain:
do 27r 1 ( )5(E e )z
dpydpadp, R (2nh>6 I~ s 1) 2, Pipawr ()

where
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Bifan' = <A = 1LJeM; Ty Jon My T, eiq(TA'l_T");A]iMiTi> (8)

is a factor determined by the structure of the nucleus. Integral (8) is nonzero only
in the case when the law of conservation of the moment of quantity is satisfied,
namely, the vector sum of three moments J¢, J, and Amust be equal to J;, where
Ais the moment of momentum carried away by the neutron. The main feature of
the integrals appearing in expressions (8) is that the interaction potentials and wave
function of the relative movement and distorted waves also depend on the relative
different combinations of variables. Furthermore, they are presented in nucleon
variables. A very important issue is the separation of variables. The possibility of
analytical calculation of integrals over angular variables, as well as over those vari-
ables that are not related to the interaction of particles, depends on this.

4. Conclusion

Formula (7) determines the general scheme for calculating the differential cross
section of the process under consideration. A characteristic feature of the approxi-
mation used is the division of its methodological basis into two main parts. The first
part refers to the theory of nuclear reactions, since it consists in choosing an ap-
proximation for (5) that determines the reaction mechanism. The second part re-
fers to the theory of nuclear structure, which contains information about the spec-
trum of the final nucleus.
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