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The Proton-Neutron Interaction and the (p,n)
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University of California
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8. A. Moszkowski
Department of Physics
University of California
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Direct interaction reactions have been treated by a Rumber of authore® from
the point of view of obtaining informetion concerning spins and parities of
excited states of nuclei. The purpose of this note is to point out a newv use
of this type of reaction — a study of the direct interaction itself.

It should be emphasized that the direct interaction referred to is the
effective neut;oﬁ~protcn potential within the nucleus. Recent theoretical
studies indicate that this effective interaction is essentially the long renge
part {distances 2‘10'13 cm) of the actual two-nucleon interaction.? The (p,n)
reactions on mirror nuclei ere a particularly promising source of informeticn
on this effective interaction, as will bg developed below.

Consider as an example, the mirror nucleus resction
¢*3(p,n) - (1)

going to the ground state.d (It can be shown that the (p,n) reactiom is
eqguivalent in the view adopted here for the two cases, doubly closed shells

plue one neutron Or minus one proton. For example, the ground state reactions

» ,
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¢*3(p,0)8"3 ana 5%(p,n)0" showld be twin reactions,”) In the §-3 coupling
shell model, the last neutron in 013 lies beyond doudbly closed neutron and

proton aubshella?

The (p,n) resction is regarded as inwoiving only the neutron
beyond the clz core. The interaction between this extrs-core neutron and the

incident proton is written
A av +v, P | (2)
Q b

where Va and Vb are in generael spin dependent central potentisls and p* iz the
isotopic spin exchange operator. The sntisymmetric wave functions for initial

and finel states appropriate to the resction (1) are

[1> “:f}; (1,2 a(2) vQ1) - l2,2> x(1) v(2)) (3)

[e> = -2 (1,2 2(2) v(2) - [2,1> a(2) v(1)}

N

where |1,2> denotes a stete with nucleon L bound by the 612 core, and nucleon
2 free, and # and v ere isotopic aspin functions corresponding to proton and
asutron states respectively. '

The metrix element of '/ taken between the initial and final states (3) is,

<|Vl» e,z v | 1,2 - ﬂ-,z'lval'z,v (%)

Thus the matrix element ofoyﬂseyaratea igto ﬁvo parts, one of which is & "direct”
matrix element, <V, >, and the other an "exchange” matrix element, <V  >. The
"direct" matrix element refers to the charge exchange proceasAin which the

charge on the incident proton is transferred to the bound neutron. The "exchange"
matrix element refers to the knock-out process in which the incidemt proton is

captuwred, knocking out the extra-core neutron.
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We pay ignore the exchange integral in (4) compered to the direct integral
because of the poor overlap of the bound and free states wave functions on the
one hand and on the other hand, the good overlap of the extra-core meutron waw
fupction in Cl3 with the extra-core proton wave function in Nl3. It is empha-
sized that in mirror nuclei, this overlap argument should be particularly valid,
because, aside from Coulomd distortion, the bound state wave functions that enter
the matrix elements are identical. Anocther way of looking at this is to realize
that the direct integral refers to foéward scattering, vhile the excharige
integral refers to back scattering. We know that if the scetterimg of two
particles interacting through s potential 1selculsted, sey in Born epproxima-
tion, the forward scattering (small momentum transfer) is muchlarger then the
back scattering (large momentum transfer).

In the above approximation therefore, the (p,n) reaction connecting ground
states of mirror nuclei singles out the isotopic spin exéhange peTY Vb |
neutron-proton interaction inside nuclei. Thus a comparison of the experimental

, of the

cross section for this reaction with a detailed theoreticel caleculation of the
cross section ought to provide the potential vb of {2). It s 1mpbrtant to note
that no 6na hees yet succeeded in calculating the correct gbsolute magnitude of
the cross section for & Qirect interaction process. Levinson and Banerjeeé

have given the most complete treatment in {heir study of proton inelastic
scattering from 2, They found it necessary to use a direct interaction with

a strength of more than twice the free gucleon-nucleon potential. These authors
suggested that the increased effective interaction may arise from & polarization
of the nucleons in the target nucleus. fhis effect would of course be absent

in the interectionm (1), if it 1s correct to think of the target nucleus as an

inert core plus one neutron in e well defined state. Moreover the (p,n)
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reaction involves unambiguously a nucleon-nucleon interection ; vhereas inelastic
scattering by direct interaction may proceeﬁ by particle excitation in the
target, or by excitation of a collective state, and these two m&eé are not
necessarily essily ﬂistinguished.7

Thus the {p,n) reactions commecting the ground states.of mirror nuclei am
particularly suited to a rather direct measurement of the effective proton-
neutron mteraeiion in nuclei, or more specificelly the ehargé exchange part

of the intermction.
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