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Neutron particle-hole states have been observed in the decay of isobaric analog reso-
nances formed in the reaction *Xe plus proton. Analysis of the on-resonance inelastic
data has given inelastic proton partial widths, spectroscopic factors, spins, and pari-

ties of several of the observed particle-hole states.

We have recently completed an extensive se-
ries of measurements of elastic and inelastic
proton scattering from '**Xe in the bombarding
energy region 9.77 to 12.98 MeV. Analysis of the
elastic-scattering data' shows that well-defined
isobaric analog resonances occur at bombarding
energies of 10.270 (f;,,), 10.874 (p,,,), 11.255
(py1/2), 11.583 (f;,,), and 11.810 MeV (f;,,) and
that the corresponding compound states in *'Cs
are analogs of states in *"Xe formed by addition
of a neutron to the closed N =82 neutron shell in
the configurations indicated above.

Virtually all the inelastic excitation functions
show resonant structure. Many have an even
more distinctive behavior in that they exhibit
sharp peaks at some, but not all, of the analog
resonances described above. These peaks in the
excitation functions are symmetric and typically
have a height which at angles greater than 90° is
10 to 20 times higher than the nearby off-reso-
nance background. In common with other work-
ers who have studied similar nuclei,? we identify
these inelastic transitions as being due to the ex-
citation of neutron particle-hole states in **Xe.
The motivation for this Letter is to show that it
is possible not only to make an identification as
to the nature of these states but also to use the
observed data in conjunction with a simple theory
to extract information about their spins and pari-
ties and to some extent about their configura-
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tions.

The neutron particle-hole states which we wish
to discuss are expected to have configurations in
which the particle is in a level above N =82
(2f7/25 3D 325 3P1/25 2/5,2), and the hole is in a level
below N=82 (2d;,,, 35,,,, 1hy,,,, 2d;,,). The possi-
bility of k,,,, or d;,, hole states will be ignored in
the present analysis because of the high angular
momentum involved in a k,,,, transition and be-
cause these two levels lie further from the Fer-
mi surface in '*Xe. Particle-hole states will
therefore be considered to be populated by the in-
elastic emission of a d;,, or s,,, proton from the
analog state formed in the reaction.

The theoretical expression used in our analy-
sis®is derived from the R-matrix theory as de-
veloped by Lane and Thomas.? We assume that
the single-level approximation is valid and fur-
ther that the background matrix R L, is zero.
This second assumption is equivalent to the as-
sumption that on resonance, the direct contribu-
tion to the inelastic cross section may be neglect-
ed in comparison to the compound contribution.
This assumption is only partially justified since
there is a small but clearly present off-reso-
nance yield in the inelastic excitation functions.
We justify this assumption on the basis that our
fits at backward angles are reasonably good and
that, to our knowledge, no theory which properly
takes account of the direct contribution is avail-
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able. In order to facilitate computation, we have used the J-J coupling scheme® instead of the usual
L-S coupling scheme. We have also replaced the hard-sphere phase usually found in R-matrix formu-
las with a corresponding phase calculated with an optical potential.

For the case of inelastic scattering of protons from spin-zero targets at angle ¢ and bombarding en-

ergy E, our expressjon is
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where E,, I‘p, I', J, and L are, respectively,
the resonant energy, proton elastic partial width,
total width, spin, and orbital angular momentum
of the analog state as obtained from fits to the
elastic scattering data.' The spin and orbital
angular momentum of a given hole state are j,
and ,, respectively, while I is the spin of the
residual nucleus. The phases £j are given by

.=0,.+0 .
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where 6;; and 0j; are the nuclear and Coulomb
phase shifts, respectively, for proton elastic
scattering from the appropriate particle-hole ex-
cited state of the core at the emission energy of
the inelastic protons. These phase shifts were
calculated by code GPMAIN® using the optical
potential deduced from our previous study of
elastic scattering from the ground state of the
core.! T'j;; are the inelastic partial proton
widths, and were the only free parameters in the
data analysis.

In order to calculate spectroscopic factors, it

E, =10.261 MeV(f,,,)

E,=10.869 MeV (p, ,)

| was necessary to estimate single-particle widths

I‘UJ(SP) corresponding to the observed transi-
tions. These were approximately determined by
evaluating the elastic proton partial width of the
isobaric analog of a single neutron state of spin
j and orbital angular momentum / lying below the
observed analog state by an energy equal to the
excitation energy of the final state. This width
is given by the equation’

(sp) _ (sp)
FUJ -r”

o , (+)y, 2
= (k TO/Ep )I<<pnA|VllxpC )",

and was evaluated using code GPMAIN. E,’is
the emission energy of the inelastic protons.
The proton inelastic spectroscopic factors were
evaluated from
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FIG. 1. Fits, indicated by the solid lines, to !*Xe(p, p’) angular distributions. The indicated proton bombarding
energies are those at which the data were measured. The fit shown for the 5.56-MeV resonance is the same for

both of the spin values indicated.
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The data and fits obtained at the f,,,, p,, and
the first f;,, resonances are shown in Fig. 1.

The excitation energy of the state, and the as-
sumed spin value used in obtaining the fit shown,
are indicated. In most cases reasonable fits to
the data were possible with two assumed spin
values. Spin assignments were consequently
made both on the basis of the angular distribution
fits and on the basis of the resonance behavior of
the states at the different analog resonances.

For experimental reasons, we were unable to
measure angular distributions for some of the
inelastic groups. The inelastic transitions cho-
sen for comparison to the theory were those
which exhibited the characteristic “particle-hole”
behavior described above and for which we were
able to measure angular distributions. Since the
direct background was observed to peak at for-
ward angles, only data measured for angles
greater than 90° were used for the fits.

Inferred final spin values, spectroscopic fac-
tors, and particle-hole configurations are shown
in Table I. In this table, E* is the excitation of
the excited state in **Xe. The notation j~! for a
hole configuration indicates that resonant behav-
ior was observed but that an assignment of rela-
tive hole strength was not made. Parentheses
indicate small hole-configuration admixtures.

Entries under I™ are spins of the residual excited
state compatible with fits to the angular distribu-
tions and excitation-function behavior. The spin
values used in the calculations are underlined.
Parentheses indicate that a spin assignment has
low probability. Where two spins are given with-
out parentheses, either assignment is considered
probable. The deduced partial widths are rela-
tively insensitive to the choice of final spin val-
ue. Lj is the particle configuration used for the
fits in the figure. Spy(z) and Spy/(3) are the
spectroscopic factors defined above. The entry
of a particle-hole configuration in this table indi-
cates the presence of resonant behavior. Thus,
for example, the 4.27-MeV transition resonated
at both the f;,, and p,,, compound resonances in-
dicating the presence of both fd~! and (ps~! and
pd™") components in the wave function of the
residual state. In these cases, where more than
one particle component is present, we have ana-
lyzed only the angular distribution at the most
pronounced resonance. The deduced spectroscop-
ic factors in these cases will represent not the
total strength but that part of the strength corre-
sponding to a particular particle configuration.
The relative values of Spy’(z) and Spp’(3) are a
measure of the extent of the admixture of the s, ,
and d;,, holes for a given state. The upper limit

Table I. Particle-hole configurations, spins, and spectroscopic factors of excited states of 1**Xe.

B (Mev) COMPOUND ANALOG RESONANCE r Ly Spp.(l/2) Spp.(3/2)
Ly P3/2 Py /2 t5/2
3.26 £s7+ (ra 1y 37, (57) 5 007 0.03
3.78 (rs71) + ra7l 37, 4 £  0.08 0.87
3.87 (£s71) + ra-1 37, b /2 0.24 0.81
1.06 £s7l + (£a-1) (pa~1) 3" 150 048 0.07
L.15 ra” pi- 27, (37)
y.27 ra~t (ps™) + pa~t 2” Py 006 0.21
4.38 £l (£ah) (37), &~ £, 0.6 0.05
L.Ls ps-l + pd-l 1, 2” P32 0.29 0.21
L.sh ps‘l + pd-l 1, 2” p3/2 0.51 0.13
.71 pstapat  pat (557hH 2 Py 00T 0.06
L.82 pj'l pj'l fa-t 1, (27) f5/2 0.66
Lok pit pat  rs7ls a7l 2" o) 0.1k 0.22
=.10 (ra™hy p3 L £t 2 >
£.15 (£s7h) + a7t 27, 37 %5 /o 0.20 1.60
s.23 (es7ly + at 27, 37 o/ 0.21 0.81
=.5%6 £t 27, 3” 5/ 0.22
5.67 (esh) + a7t 27, 37 £/ 0.09 0.27
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of unity on the spectroscopic factors is exceeded
only for the state at 5.15 MeV. The sums of the
d,,, and s,,, spectroscopic factors at the f,,
resonance are 1.83 and 1.51, respectively. The
sum rule,

%8, i) =2 +1,

where j is the spin of the hole state, indicates
that the sum of the d,,, spectroscopic factors
should be 4.00, and that of the s,,, spectroscopic
factors, 2.00. Only about one-half of the total d,,
hole strength is accounted for, as is expected,
since only 3~ and 4~ spins have been analyzed at
this resonance, and d,,, strength will be present
in 27 and 5~ states. The s,,, sum rule is, as ex-
pected, nearly satisfied. The situation is more
complicated at the p,,, and f,,, resonances since
at the p,,, resonance the data allowed analysis of
only four out of nine particle-hole states, and at
the f;,, resonance, only six out of ten particle-
hole states.
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The static quadrupole moment of the first excited J"=2" state in /Mg was measured
to be @ =—0.243+0.035 b. The experimental technique developed for this measurement
uses the reorientation effect in heavy ion Coulomb excitation and allows accurate deter-
minations of static quadrupole moments to be made, particularly in light nuclei.

The low cross sections encountered in the Cou-
lomb excitation of nuclei with A <40 have until re-
cently prevented measurements of the quadrupole
moments of excited states in this mass region
using the reorientation effect. However, ion
beams provided by tandem accelerators with ter-
minal voltages of about 10 MV have now made

these experiments feasible. The interpretation
of the data on the first excited 2% states in light
even-even nuclei in terms of the reorientation ef-
fect is straightforward in principle, because the
contribution of other low-lying excited states and
of the giant-dipole states® to the population of the
first excited state is altogether less than 1%.
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