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Charge-Exchange Effect on the Effective Neutron-Proton Interaction in Mirror Nuclei
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Systematics of the effective neutron-proton interactions in mirror nuclei are discussed.
Magic- and submagic-number effects are clearly indicated. Behavior of the charge-exchange
part of the effective neutron-proton interaction is shown.

Once the charge-exchange part of the effective
n-P interaction is determined, it is possible to ob-
tain an indication of the ordinary potential that
can be tolerated in the presence of charge ex-
change. This question is of major importance in
high-energy n pscatteri-ng. The direct (p, n) re-
action connecting ground states of mirror nuclei
may be used to study the charge-exchange part of
the effective n-P interaction within the nucleus. '
However, difficulties arise in calculating the cor-
rect absolute magnitude of the cross section for
a direct-interaction process. Polarization of the
nucleons in the target nucleus also causes an in-
crease of the effective interaction. The charge-
exchange part can, however, be determined from
a comparison of the effective n-p interactions in
both nuclei of a mirror pair.

This paper deals with the behavior of the effec-
tive n-p interactions in mirror pairs of nuclei. A
qualitative explanation of the trends is given. The
systematics of the charge-exchange part are also
discussed.

The effective n-P interactions I„~ of the last
neutron and proton within the nucleus for all mir-
ror pairs have been calculated with the help of
the l964 Mass TableP The relation used in the
calculation is given below. It was reported in a
previous communication':

I„p(N) Z) =E(II) Z)+E(Ã-1) Z- 1)

-z(x- 1, z) -z(iv, z- 1},

where E(iV, Z) is the binding energy of the nucleus
(iv, z}.

Figure 1 is the plot of I„~ values of the mirror
nuclei versus mass number A. The general pat-
tern of the behavior of n-P interactions in the Z&
and Z) members of these nuclei is almost the
same. n-p interactions of the analog states are
usually greater than those for the corresponding
neutron-excess states except at A =13, 17, 29,
and 41. These four mass numbers are associated
with Z(I)I) = 6, 8, 14, and 20, where a subshell or
a major-shell closure occurs.

It is clear from the Fig. 1 that I„~ for T, =+—,
' nu-

clei is larger when the last neutron is paired than
when not paired. The same character is observed
also for T, =-& nuclei. This is the effect of nn-
and PP-pairing on the n-P interaction. When the
last neutron (proton) is paired with the preceding
neutron (proton), it comes closer to the preceding
neutron (proton) and hence to the last proton (neu-
tron) than when unpaired. Thus a greater I„~ in the
paired case is expected. The analysis by Sherr4
of the second-order Coulomb differences helps
one to better appreciate the above behavior of I„~
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FIG. 1. Plot of effective neutron-proton interaction
energies (I») of mirror nuclei versus mass number.

FIG. 2. Difference of I„& values (EI») in Z and Z
members of mirror pairs versus mass number.
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values in general and the smaller values of I„~ for
T, =-~ nuclei at A=13, 17, 29, and 41, in par-
ticular.

The difference of I„~ values in Z& and Z& mem-
bers of mirror pairs of nuclei is plotted in Fig. 2.
It is very regular in the sense that it exhibits
quite clearly the magic and submagic numbers 6,
8, 14, and 20. The magnitude of I„~ differences
(AI„~) lies in the range of a few keV to more than
one MeV. AI„~ cannot be due to the Coulomb per-
turbation of the wave function of the last proton in
the analog state of the mirror pair. Coulomb per-
turbation increases the radius of the wave function
of the last proton and thereby tends to decrease
the effective n-p interaction in the analog state.
This is contrary to the findings except at the points
of shell or subshell crossings. In order to ex-
plain the excess of I„~ values in the analog state,
one must invoke the hypothesis of the "proton-
potential anomaly'" or one must call this differ-
ence the "charge-exchange part of the effective
n-P interaction. " The presence of a proton-po-
tential anomaly in mirror cases has been ruled
out by Sood and Green. Moreover, it would break
the charge symmetry, but there is no definite ex-
perimental evidence in favor of this, particularly

in light nuclei. "
Under the charge-symmetry hypothesis, which

is particularly valid in mirror nuclei, the wave
function of the last nP pair in the analog state is
identical to that of the last np pair in the neutron-
excess state, except for the fact that the former
is the charge-exchanged wave function of the lat-
ter. Now, if the specific n-P force is dependent
on charge exchange, the charge-exchange process
will affect the effective n-P interactions in the
charge-exchanged state. Thus the excess of I„~ in
the analog state over the other state is only due to
charge exchange.

The above study shows that the summetry ener-
gy, which is proportional to (N —Z)'/A, is not the
same for each member of a mirror pair. This
asymmetry in the diagonal n-P interactions in mir-
ror nuclei is usually ignored in the study of Cou-
lomb-energy shifts. ' Such asymmetry will also
have some influence on the matrix elements of P'
decay of mirror nuclei.
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The nature of the 2 ground states of the light isotopes of cesium is discussed in the frame-
I

work of the unified model. These states are well reproduced by the Nilsson model for oblate
shapes, as well as by the intermediate-coupling version of the unified model.

I. INTRODUCTION

The total angular momentum of the ground states
of Cs"' and Cs"' has been found' to be —,', and the

magnetic dipole moments are p, =+1.43 '.~ and
1.48 p N, respectively. Complementary experi-
mental data' lead to the conclusion that the parity
of these states is even.


