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Inclusive reactions of the type (e,e’), (p,p’), (m,n"),(p,n),
(aHe,tL (dLi,dHe),... provide a basic source of information on
effective NN and NA interactions, reaction mechanisms, and on the
nuclear structure at intermediate energies. Poor knowledge of spin
and isospin components of NN and AN interactions resulted in a
great amount of works [1-6] devoted to charge-exchange reactions.

The aim of this note is to investigate the A-dependence of
integral cross sections of inclusive reactions (p,n)A for TP>0,6
GeV, on the basis of the effective-number approximation [7]
developed for the analysis of the inclusive reactions of'knock—out
clusters (p,pX), which are analogous to process (p,n)A.

In this approximation, based on the condition of completeness
of states of nondetected fragments, the cross section of reaction
A(p,n)AB may be represented in the following form:

do‘“"""A" N 2 dap,pamA"(Bi &) (1)
T:jdﬁtiﬂ(ﬁ)] — s
where [63(&)]’ is t;e momentum distribut;on of nucleons in a

nucleus A participating in the charge-exchange reaction.
The effective number of protons (neutrons) participating in
the process (p,n)A is determined by the integral of the momentum

distribution:

N, = Jd@180 (@))% (2)

A detailed analysis of the properties of effective numbers of
nucleons and clusters was performed in review [7]. The presence of
the momentum of an intranuclear nucleon & among the arguments of
the cross section of charge—exchange on a free nucleon
dap'p’n'A"(ﬁl,ﬁ)/dﬁn points to the necessity of inclusion of
effects of going out of the mass shell. However, in the investi-
gated region of energies Tp>0.6 GeV, the influence of the off-
mass-shell effects may be neglected as the momentum of an incident
nucleon ﬁi and a transferred momentum a obey the conditions

{B 1»P_ and IEI»P , where P_ is the Fermi momentum. The point is
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that the strength of interacticn depends on the momentum of an
incident proton ﬁa and that of an intranuclear nucleon @:
(P:+Qz)’/z. so that the integral correction for the Fermi motion
of nucleons and for their being bound does not exceed 3+5%.
Besides, the off-mass-shell effects slightly influence the
A-dependence of the integral cross section of reaction A(p,n)AB we
are interested in. In this approximation (1) is factorized as=s
follows (8,9]:

do »>
A(p,mAB—~ dop*p*n’A**(pi)

a aa free (3)
n n

and in the approximation of effective numbers the quantity N is of
a simple structure:

N=[alitah @) 1%= (2 [ate (F) £ (b, 2)=(2+ Ty <> | (4)

In formula (4) <> ig the effective factor of absorption, p(;)
is the Bne—nucleon density and fz(b,z) is the Glauber factor of
the absorption.

In ref.[9] it is shown that §°”P(6n) within experimental
errors does not depend on en. Thus, the angular dependences of
cross sections d0°”P[A(p,n)AB]/dQ“ teatify, generally speaking. in
favour of the DWIA or approximation of effective numbers.
Physically, this means that the process takes place on the nucleus
periphery, i.e.in the region where the density of nucleons is

small, and consequently, all NN and AN interactions in the nucleus

are close to free interactions.

More complicated is the A-dependence of cross sections. In
Table 1 we 1list the results of data processing performed in
ref. [4] (Tp=1 GeV, eh:so). From the Table it is seen that ﬁe”p
systematically exceed N’ by about a factor 1.5, which clearly
points to the insufficiency of the approximation of effective num-
bers for the description of integral cross section of the reaction
A(p,n),B.

That situation may be qualitatively understood if we consider
the A-dependence of the quantities A§=ﬁ°ip—ﬁ7. As follows from
Table 1, the quantities Aﬁ grow, on the whole, according to the
law Aa, where a=0.6+ 0.8. If we assume that the effect of going

off mass shell in the cross section dd[p+p->n+A“]/dﬂn is not very

[ ——

large, we may consider expression (3) to be valid for description
of the part of the cross section of reaction (p,n)Awhere a realis-
tic A*" or a A" isobar is generated(see diagram 1). By definition.
diagram 1 contains only the direct charge exchange process. How-
ever, within the developed formalism. the cross section includes
both the direct and exchange terms. The latter physically
corresponds to excitation of the A-isobar in an incident particle
and plays an important role. A similar comment can be made for

diagram 2 discussed below.

P - n_, Diagram 1. This process will for brefity be

P A"
— denoted by (p,n)gN with the emphasis on rea-
................... lity, principal observability of a produced
a1 1 A-isobar whose de-excitation occurs through

decay into a pion and a nucleon.
According to refs. ([9,10] the observed cross section may be
represent by a sum:
dolA(p.n),Bl/da_=d'*’olA(p,n),Bl/de +d"* [A(p,n),Bl/dQ . (5)
the first term corresponds to the approximation of effective
numbers (3) ; the second term can be connected with the process of
exchange of virtual mesons. in which a virtual A-isobar also takes

place (see diagram 2).

P a,_ Diagram 2. In ref. [6] the process descri-

— bed by diagram 2 is called the mesonless

—» s A-isobar de-excitation. We shall denote

this process by (p,n)ZN . thus underlying

—»—that a virtual A-isobar is discharged through

A [
the charge exchange on one of the intranuclear nucleons.

In ref.(9]1 it has been shown that cross section for the
reaction (p,n)zN may also be written in a factorized form:
<2

4 >
A(p,n)AB—A;i ap*p-’ﬂ*A”(pL )
aa daa free .

The relations (3) and (6) indicate that the angular spectra

do
(6)

of neutrons from the charge-exchange channel (p,n)zN coincide in
form with analogous spectra of neutrons from the charge-exchange
channel (p,n)ZN. This result allows us to understand the experi-

mental data from ref. [4], and it also points to the impossibility



of principle of separation of the contribution from the channel
A+nN to the cross section of the charge-exchange reaction from the
contribution of the channel AN+NN on the basis of merely angular
spectra of neutrons.

The above-expounded formalism was applied to compute the
cross section of the reaction A(p,n)B in a quasielastic region of
excitation of a nucleus (i.e. in a high momentum region of sthe
neutron spectrum in which an incident proton either knocks out a
neutron or suffers a charge-exchange on neutrons without excita-
tion of the A-isobar).From Tab. 1 it is seen that also in this
region of excitation of a nucleus, the proposed approach describes
the A-dependence of the integral cross section of reactions
A(p,n)B with a reasonable accuracy.

And finally, in Fig. 1 we present the energy spectrum of
neutrons da[“C(p,n)A]/dQndTn at Tp:l GeV. The experimental data
[4] at en:40 are denoted by triangles, a dashed curve is the
contribution of diagram 1; dotted, diagram 2; and a solid curve is
their sum. The theoretical spectra were calculated for en:o°. As
follows from our analysis, the channel described by diagram 2
improves the 'fit to the data in the A-region which coincides with

the conclusions of ref. [10] devoted to (e,e"),.-
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Our summary of this work is as follows:
1. The process of charge-exchange with excitation of the
A-isobar is shown to be peripherical. An important role of the

channel AN+NN of charge-exchange in reactions A(p,n)AB is

demonstrated.

2. The differential cross sections of charge-exchange on
nuclei, A(p,n)AB (A(p,n)B)), are found to be proportional-to the
cross section of the corresponding process on a free proton
(deuteron), and proportionality factors turn out to equal the
effective numbers N and do not depend on Gn. It is shown that the
angular distribution da[A(p,n)AB]/dOn in the energy region Iﬁ.‘l»PF

is in form the same for the processes (p,n)ZN and (p,n)ZN.

Table 1.The A-dependence of cross sections and effect}ve num-
bers N for reaction A(p,n)AB at szl GeV at en:4° [4] and NCEX for

reaction A(p,n)}B in the quasielastic region.

o it 4 = “exp T
rarget A 2 da[Aég;n)A§l°xP NP N ;exg_;f Nc:x CEX
2c 12 6 162,3%4,8 3,8 3,0 0,84 2,23 1,80
“0 18 8 220,6%11,0 5,2 3,2 2,02 2,72 1,88
271 27 13 255,8%7,5 6,0 4,8 1,15 3,22 3,02
“°ca 40 20 331,5%23,2 7.8 5,9 1,86 3,39 3,41
116

Sn 116 50 554,7+28,0 13,0 8,1 4,88 6,62 5,83
Pb 208 82 588,4+23,8 13,8 9,3 4,51 98,78 6,92
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