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The determination of transition matrix elements by inelastic proton scattering, for
0"—2" transitions, is investigated in the context of a microscopic description. Calculations
are performed for **S and the exotic nucleus *S. The change of the valence shell model
effective charges is investigated when moving from the sd **S nucleus to *®S. It is shown

that by proton inelastic scattering it is possible to study the shell model structure for

unstable nuclei.

Proton and neutron inelastic scattering are very powerful tools for nuclear
structure studies, since strongly collective states are preferentially excited by these
probes. The isospin composition of these excitations may be investigated through a
comparison of proton and neutron inelastic scattering or alternatively by
comparison of proton or neutron inelastic scattering and electromagnetic excitation
measurements.

Deviations from the hydrodynamic equality between proton and neutron
deformations have been well established in the past, for single closed stable nuclei
(1-2]. With the advent of radioactive beam facilities, it has become possible to
measure neutron and proton multipole transition matrix elements M,, M, and
investigate the evolution of nuclear structure when moving towards the drp lines.

The neutron and proton transition matrix elements are given by the relation :

Mri(p) = J‘pz’r'ff)rl*zdr (1



where p,"® are the neutron (proton) transition densities and A the multipolatity of
the transition.

Proton inelastic scattering data with unstable beams are rather scarce. The
doubly magic nucleus SONi [3] and the unstable two neutron halo nucleus ''Li (4]
were studied by (p,p’) scattering in inverse kinematics. Recently elastic and
inelastic proton scattering on the unstable *%S nucleus was also reported [5]. Since
for S isotopes the excitation energies and the B(E2) values of the first 2* states
have been also measured through coulomb excitation by T. Glasmacher et al. [6], it
was tempting to extract for >°S the M./Mj ratio in order to study the evolution of the
nuclear structure for nuclei approaching the drip lines. This analysis was performed
by J.H. Kelley et al. [S], using an empirical formula established some years ego by
Bemstein et al. [2], for A=2 and 3" transitions.
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where b} and b7 are the proton-proton and proton-neutron interaction strengths and

8 the usual deformation parameters for nuclear excitations Sy and electromagnetic
excitation dem. To extract the nuclear deformation length, the angular distributions
of scattered protons are generally analyzed using the distorted wave Born
approximation or coupled channels with a form factor which assumes either
vibrational or rotational behavior. The optical potentials needed to generate the
entrance and exit channel distorted waves are usually taken from the global analysis
of Becchetti and Greenless and are of Woods-Saxon type [7]. The extracted Mo/M,
ratios for >****%3%S are presented in Table 1. The M./M; ratio for **S is of the order
of 2.1 indicating a significant isovector contribution to the 2* state. However, it is
well known that this prescription suffers from ambiguities and must be calibrated
for each multipolarity using known transitions in nearby nuclei [8]. The validity of
this prescription is even more uncertain in the case of unstable nuclei were often the
neutron and proton density and concomitantly the corresponding potentials have
different root mean square radii.

In this contribution we present calculations of elastic and inelastic scattering
cross sections in a microscopic DWBA approach, in which entrance- and exit-

channel optical potentials as well as transition form factors are calculated



consistently in a folding model using an energy and density dependent interaction.
derived from the nuclear matter calculation of Jeukenne, Lejeune and Mahaux [9],
[10]. The proton and neutron ground state density and transition densities used in
the folding integrals were obtained from shell model calculations.

From the valence shell model point of view the proton and neutron

multipole matrix elements My, M, are constructed from the valence matrix elements

Apand A, by :
M,=(1+C,)A, +C,.4, 3)

M,=C,A, +(1+C,)A,
where C.y are the generalized effective charges due to polarization of the core ( ¢ )
nucleons by the valence (v) nucleons [11]. For the sd shell nuclei when both
protons and neutrons are in the same valence shell it is a good approximation to
assume that Cyp= Cyy and Cup= Cpu. For these nuclei the experimental data are
consistent with an average value of the generalized effective charges of 0.35
although some fluctuations do exist [11].

In Fig.1 the theoretical transition density for the excitation of the 2* state of
S s compared to the experimental transition density distribution obtained from
electron inelastic scattering experiments [12]. The good agreement between theory
and the experimental results gives confidence in the ability of the shell model code
to compute realistic density distributions.

The analysis within our folding model of the elastic and inelastic scattering
data on **S measured by Fabrici et al. [13] provided a My/M, ratio of the order of
1.0, which is the expected value in the limit where the neutron and proton
deformations are the same and N=Z as this is the case for >2S [5,7], see Tablel. This
result supports the quantitative accuracy of this method to reproduce inelastic
scattering angular distributions with meaningful multipole transition matrix
elements.

For nuclei like **S where the protons and neutrons are in different valence
orbits the generalized effective charges may be different. Indeed, to fit the
B(E2)=|M,|’ = 245.3 e*fm* value for **S obtained by the electromagnetic excitation
measurements by T. Glasmacher et al. [6], it was necessary to modify the effective

charges. A good agreement with the experimental results was obtained assuming



Cop= Can=0.35 and Cyn = Cqp =0.65, where Cpp=0.35 is the usual sd-shell value. For
S the Cen is larger than Cy, because in these shell model calculations the neutron
valence space was truncated to include only the ps» and fy; shell so that the
effective charge has to account for the P32 to fss2, p3s to py and f7; to fs transitions
and because the overall effective charge in the fp shell may be larger, due to the
larger size of the valence fp orbits relative to the size of the sd orbits. With these
new values of the generalized effective charges and with Ap=5.42 and A,= 12.84,
obtained by using harmonic oscillator wave funétions, we obtain from equation (3)
Mo/M,=1.33.

In Fig. 2 and 3 angular distributions for the ground state and the 2* state in
the 38S(p,p’) reaction at 39MeV/nucleon are presented. With the data, folding model
calculations for elastic and inelastic scattering are also presented. The **S neutron
and proton density for the entrance channel potential and transition form factor
calculations were also provided by shell model calculations, with My/My=1.33. The
central optical potential was modified by the introduction of a multiplicative
normalization parameter A, for the imaginary potential. This parameter was varied
smoothly up to Ay, =0.8 to best reproduce the elastic scattering experimental cross
section shown in Fig. 2. The same re-normalization of the entrance channel optical
potential was assumed in the inelastic scattering calculations. The inelastic
scattering angular distribution data in Fig. 3, is rather underestimated by our
calculations, indicating that the assumed M,/M, ratio is not adequate for °°S.
However, since Mp was obtained from electromagnetic excitation measurements,
the only unknown quantity in this (p,p’) inelastic scattering measurement is M, (or
the ratio Ma/Mp). In order to fit the inelastic proton data, the ratio of the multipole
matrix elements had to be changed to My/M,=1.58, which corresponds to an
effective neutron charge of C,;=0.65. This increase of the value of Cy, from 0.35 to
0.65 may also be related to the truncation in the orbitals used for neutrons. With this
new value of the effective neutron charge we obtain a rather reasonable agreement
with the experimental results. However, the M,/M, obtained by our folding model
calculations is rather different to the value obtained by J.H. Kelley et al. [5] by
applying the prescription of Bernstein, Table 1. The origin of this difference is
probably related to the fact that >*S develops an extended neutron skin. This is

shown in Fig. 4 where the ground state and transition density distributions for both



protons and neutrons are shown. In view of these differences between the proton
and neutron density distribution we can speculate that the use of an average
phenomenological potential of Woods-Saxon form to describe elastic and inelastic
scattering is not any mere justified, see also eq. (1.4) and (1.5) in [10].

In this letter we have presented the analysis of proton elastic and inelastic
scattering on %S and **S with a microscopic folding model using an energy- and
density-dependent effective interaction and shell model ground state and transition
densities. Within this model it was possible to investigate the change of the

generalized effective charges for the fd *3S unstable nucleus.
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Figure captions

1) Transition density distributions for the first 2* state of S, The solid line
corresponds to the experimental results obtained by inelastic electron scattering

and the dotted line to the shell model calculations.

2) Angular distribution for the 38S(p,p) elastic scattering measured at 39MeV/u.

The solid line corresponds to folding model calculations.

3) Angular distribution for the 38S(p,p’) inelastic scattering measured at 39MeV/u.
The calculations correspond to two different hypothesis for the shell model

generalized effective charges.

4) Neutron and proton ground state and transition density distributions for 385,
corresponding to the multipole matrix elements which reproduce the

experimental results.
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