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Shell-model calculations for "0 and "Mg yield predictions of strong state dependence of the isovector

component of nuclear transition strengths, with results for "0being consistent with recent measurements of
m /m+ inelastic scattering ratios.

NUCLEAR STRUCTURE i80, 8Mg; calculated neutron and proton components
of inelastic scattering excitations; estimates of m /7}' cross section ratios;

shell model.

For a complete understanding of nuclear struc-
ture it is necessary to be able to distinguish be-
tween the neutron and proton components of nu-
clear transitions. This problem has been ad-
dressed with conventional nuclear probes by com-
paring the reduced electromagnetic strength of. a
transition in a stable (» &) nucleus to the
strength of the corresponding transition in the
analog (&&Ã) nucleus ' or, alternatively, to the
reduced strengths of the same transition in the
(&&&) nucleus as induced by hadronic probes
such as protons or alphas. The first of these
approaches is complicated by the necessity of
dealing with the (often significant) differences in
the radial wave functions of the protons and neu-
trons in the two different nuclear systems. The
second approach faces the problem of quantitative-
ly relating the reduced strengths of a transition
induced by completely different types of probes.

The new "meson factories" offer a fresh alter-
native approach to this problem via the measure-
ment of the relative cross sections for excitation
of a given nuclear level by the inelastic scatter-
ing of r and m projectiles. The sensitivity of
this measurement to the differences in the neu-
tron and proton components of the transition
comes from the fact that the resonant cross sec-
tions for the interactions of m with protons and

with neutrons are about nine times larger than
for the corresponding interactions of & with neu-
trons and m with protons. Experimental results
of studies on 0 which employ this technique have
recently been published. '

We present here some shell-model predictions
for the isoscalar and isovector, or in other terms
the neutron and proton, components of nuclear

transitions in 0 and Mg. These shell-model
predictions are used, together with the simplest
possible assumptions about the m-nucleus reac-
tion mechanism, to predict the results of w /w'

inelastic scattering cross section ratios. The
results for 0 seem consistent with existing data
and suggest that measurement of additional tran-
sitions in this system should prove very interes-
ting. The results for Mg explain the anomaly
of the phase of the isovector term of the 0~-2~
transition noted in Ref. 1 and predict a striking
difference between the relative neutron-proton
structures of the 0~-2& and 0~-22 transitions.

The shell-model wave functions employed in
the present analysis are obtained from calcula-
tions in which the space of basis vectors is gen-
erated either by the Op&&, 1s,&„and Gd, &, single-
nucleon orbits (a" C-core model" ) or by the
Od, &2, lsd~2, and Od, ~2 orbits (an" 0-core mod-
el"). For A=18, the ' 0-core model provides
only a schematic accounting of the observed level
structure. Accordingly, while such results are
presented for 0, attention is principally focused
upon the results of the C-core model for this
system. For Mg, the 0-core model provides
the appropriate degrees of freedom.

Our procedure is to condense the information
contained in the nuclear wave functions which is
relevant to a transition of angular momentum and

'

isospin rank ~ and &T into the one-body-transi-
tion densities

(0 ill(a, Sa, )z~.&rlllg )
&~ ~ +r ~~'~ (2~+ l) a(2/T'y i) 1~
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where a, annihilates a nucleon in shell-model
orbit j' and a,. creates a nucleon in orbit j, These
matrix elements constitute the many-body com-
ponent for analyses of transition strengths which
employ any desired complexity of formulation of
the nucleonic operators and reaction mechanisms
by which the transition is effected, so long as the
process is one-body in nature. For simplicity
and uniformity, in our present application we
combine the isovector and isoscalar D values into
neutron and proton strength amplitudes A~ and A„
by taking the appropriate sums and differences and
multiplying the resulting D„,~ values by the single-
particle matrix elements of 2l', assuming har-
monic oscillator radial dependence for the single
nucleon states, (The harmonic oscillator param-
eters used for ' 0 and Mg were chosen to re-
produce their respective charge radii, taking into
account the orbit occupations in the model spaces
and making the conventional corrections for finite
nucleon size and relativistic and center-of-mass
effects. )

In terms of the model-space matrix elements
A& and A„, the full proton and neutron matrix ele-
ments M~ and M„are given by

M =A. +A. 5 +A.„5 „,
M„=A.„+A.„5„„+A,p5„p,

(2)

where the &~ account for the coupling of the nu-
cleons b of the model space to the virtual excita-
tions of the core nucleons a. The strength of a
transition induced by a probe which couples to
protons and neutrons, respectively, with strengths
C~ and C„ is given by

B(M) =(2J'+ l) (CqMq+ C„M„) . (3)

For electromagnetic transitions, C& ——1 and C„
= 0 in uriits of e. %e are concerned here with the
relative differences in the strengths of a given
transition as it is excited by probes with differing
relative values of C~ and C„. To emphasize this,
as opposed to becoming involved with the probe-
specific details of absolute transition strengths,
we deal with normalized strengths such that C~
+ C„' = I, that is, such that a purely isoscalar
transition (one in an N=& nucleus) would have the
same strength value (equal to the electromagnetic
strength) independent of the probe which induced
it. The relevant characteristics of different
probes are then represented solely by the differ-
ence C~ —C„'. For electromagnetic excitation or
decay, C~ —C„'=1, for alpha-induced excitation C~
—C„'=0, and for 7I excitation C~ —C„'=+0.5.

Since the model cores have &=~, ~~„=&„~ and
5» —5„„up to order (&-Z)/&. Hence the com-
plete structure of the core-valence coupling can

be expressed in terms of the conventional model-
space total effective charges e~ = 1+5~ and 8„

The isoscalar effective charge can be easily
established from electromagnetic transition rates
and it is found that &»+ ~~„=O.V +0.1 serves quite
mell for strong &2 and &4 transitions in this re-
gion with these model spaces. There is very
little known, on the other hand, about the empiri-
cal value of the isovector effective change, as is
implied, of course, by the focus of the present
work. Previous comparison of experimental
and calculated B(&2) values and quadrupole mo-
ments has shown that &» «~„. The results to be
presented here have been calculated with the val-
ues 6» —6~„=0.35, although the empirical founda-
tion of this choice of the ratio is weak. Ultimate-
ly, the study of data such as are treated here
should provide a clearer picture of the empirically
correct ratio &~g&~„

Gur calculations for 0 and Mg are presented
in Table I. They are based on the shell-model
values of &~ and &„as therein listed, Eqs. (2) and
(3), and the values of C», C„', and &., just noted.
We show results for the total electromagnetic
strengths B(& ) and the ratios of the v to v'

strengths, B(v )/B(v'), of the alpha-induced to
electromagnetically-induced strengths, B(&)/B('Y),
and of the ratio of total neutron to total proton
transition strengths, (M„/M~) . Other quantities
bearing on the central problem of the relative im-
portance of neutron and proton components in nuc-
lear transitions can be calculated from the &~ and
&„ in a similar fashion. We emphasize that the
various predictions of transition strength ratios
depend not only upon A~ and &„but also upon &~
and &~„.

The C-core calculations for 0 predict domi-
nant neutron components for the Oq-2q and Oq-4q

transitions which, while differing in details, are
consistent with the naive 0-core picture. The
predicted ratios of excitation strengths are rea-
sonably consistent with the various measured
values. The Oq-22, 3 and Oq-3q transitions are pre-
dicted to be dominated by proton excitations,
with the calculated Oq-3q B(v")/B(v') ratio being
close to that observed. The large differences
in the B(w )/B(v') values calculated for these five
states suggest that extending the present experi-
mental results to include the neighboring states
would be of great interest.

Our calculations predict that the Oq-2q and Oq-

4q transitions in Mg have larger proton than
neutron components. The corollary of this result
is that the electromagnetic strengths of these
transitions in Mg are larger than in the proton-
rich mirror nucleus of Mg, Si. While this
might seem surprising at first glance, it is, of
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course, consistent with the simplest shell-model
expectations, in which the lowest 0, 2', and 4
states of Mg are formed by the two proton Ods]2

holes in Si and the analogs in Si by the corre-
sponding two neutron holes. In contrast to the
0~-2q transition, the Oq-22 transition in Mg is
predicted to be dominated by neutron excitations,
with a ~(m )/&(& ) ratio three times bigger than
that of the Oq-2q transition. Since Mg should
present no target difficulties and these lowest
two 2 states are well isolated in energy, the ex-
perimental test of our predictions should be pre-
cise.

We have illustrated in these calculations for
0 and Mg that current theory for the many-

body aspects of nuclear structure predicts ratios
of the neutron and proton components of nuclear
transitions which differ markedly from state to
state and that the analyses of these differences
can yield revealing insight into the natures of the

various diff erent excitations. Comparison with
some of the few existing relevant data suggests
that our theoretical interpretation is correctly
focused, even though at present the empirical
foundation of our assumption for the isovector
effective charge is quite weak. Calculations for
the ratios for inelastic scattering strengths for
m and w' show variations between different ex-
cited states which should be clearly identifiable
with current experimental techniques and pursuit
of this type of experiment-'should, therefore,
prove very rewarding.
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