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Neutron scattering in 1#%4€e and strengths of neutrons and protons in collective levels of*®Ce
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Differential cross sections for 7.5 MeV neutron scattering fiffh4Ce have been measured and analyzed
in conjunction with previously known total cross sections between 0.5 and 10 MeV and scattering properties
in the very low-energy or resonance region. The differential elastic scattering cross sections, total cross
sections, and resonance-region properties enable us to fix the mean scattering fields, so that the scattering
amplitudes at the nuclear surface are given with confidence. The inelastic scattering cross sections are then
analyzed to extract the excitation strengths of a few collective levels. The level-excitation strengths found in
this neutron scattering analysis provide insight into tiiel@vel’s configuration, and also have been compared
to strengths observed in electron scattering and Coulomb excitation to separate the roles of protons and
neutrons in 2, 37, and 4" levels excited in'*Ce.
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[. INTRODUCTION attributed to compound system formation through the ab-
sorption represented by the imaginary part of the scattering
The goals of this experiment were the determination ofpotential. The CC formalism is designed specifically to ac-
the mean neutron scattering fields of the Ce nuclei and theount for those few excited levels whose scattering channels
mixture of isospin changeAl=0,1 in transitions from the are strongly coupled to the elastic scattering channels. That
ground states of“®Ce to collective excited levels. Neutron formalism is used to analyze cross sections for strongly
scattering strengths to these levels are compared to thoseupled levels in order to determine the direct excitation
found in electromagnetic excitation, or those found fromamplitudes to those levels. These amplitudes are a primary
level lifetimes, to assess the isospin mixtures of the transifocus of this work.
tions. These mixtures then indicate the separate roles of tar- Neutron scattering, as a probe of collective excitation
get neutrons and protons in the levels excited. The levels tetrengths of nuclei, has the disadvantage of low incident flux
which scattering is observed are presented in Fig. 1; all havehich leads to the need for large scattering samples. The
well established spins and parities. large samples together with the need to have a reasonable
In the case of*“Ce;, only valence protons are present, soneutron flux also forces the energy spread in the experiments
one can test the application of models which are based on ttHe be relatively large. But the advantage of neutron scattering
assumption that the low-lying levels are almost exclusivelyis in the large range of scattering properties available to as-
proton excitations. The quasiparticle phonon mo@@PM)  sist in determining a high confidence scattering potential or
[1-4] was successfully used to describe level energies aneinergy-dependent mean field. That description serves as a
transition rates in“*®Ce [3] based on this presumption. firm basis for examining inelastic excitation strengths. Cou-
Our experiments determined differential neutron scatterlomb excitation or electron scattering also provides excita-
ing cross sections for elastic scattering in both nuclei andion amplitudes, so that when neutron scattering and electro-
inelastic scattering in*®Ce at an incident neutron energy of magnetic excitation are combined to separate isoscalar and
7.5 MeV. Measurements were carried out at the 7 MV accelisovector excitation amplitudes, or to separate target neutron
erator laboratory of the University of Kentucky. The elasticand proton roles, that separation can be well determined.
scattering cross sections were combined with knps{riotal
cross sections over an extended energy range and with reso-
nance energyeV region scattering propertig$] to obtain a
satisfactory mean field description of neutron scattering from The methods for detecting scattered neutrons are those of
the Ce nuclei. The mean field analysis was carried out withira standard time-of-flighttTOF) detection system. These
both a spherical optical modglSOM) formalism and a methods are well described in Ref7], and references
coupled channel&CC) formalism. therein. Therefore only a brief overview will be offered here.
The SOM analysis is a simple one, and permits easy de-
termination of a scattering field appropriate to the nucleus. It
also permits the inclusion of calculations of cross sections

Il. EXPERIMENTAL METHODS

A. Neutron source and scattering samples

The 7.5 MeV neutrons were produced via the
2H(d,n)3He reaction using a pulsed beam from the Univer-
*Present address: Lightyear Communications, 1901 East Poirgiity of Kentucky 7 MV accelerator. The accelerator operated

Parkway, Louisville, KY 40223. with a pulsing frequency of 1.875 MHz and produced an
"Present address: Lexmark International, 740 W. New Circleaverage beam current of 2.6A with deuteron pulses having
Road, Lexington, KY 40511. a width of~1 ns. To minimize time spreading of the neutron
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3 2464 TABLE I. The energy dependent real and surface absorptive
potentials for the SOV analyses of 7.5 MeV scattering of neutrons

4t 2083.3 by the 4%4Le nuclei. See the caption of Table Il for parameter
definitions.
l40Ce
2+ 1592.6 _
V=47.0H+0.01E (0.5<E<3.5 MeV)
47.81-0.2E (3.5<E<10 MeV)
ot —— Wy=4.29+ 0.2 (0.5<E<10 MeV)
142Ce
140 V=144.68+0.1E (0.5<E<5.0 MeV)
. . . 49.18-0.8E (5.0<E<10 MeV)
4 -
FIG. 1. The levels in**®Ce excited strongly in neutron scatter W, 3.69+ 024 (0.5=E=10 MeV)

ing. Excitation energies are given in keV.

bursts, a deuterium gas cell of 1.1 cm length and 0.8 cmyimination capabilities. Such a detector has an energy de-
diameter was employed. The gas cell was isolated from thgeqent efficiency, which was determined by measuring the
accelerator vacuum by a 3.am thick Mo foil. The gas cell  3ngyar distribution of neutrons from the source, and com-
pressure was 1.9 b, or almost two atmospheres. aring detected yields to the well known angular distribu-

Two scattering samples were used. One was a natural d)ﬁ)ns for this source reactidi®]. As in most neutron scatter-
cylinder with a mass of 48.34 g in a thin-walled steel con-jng experiments, the detector's acceptance bias is fixed by
tainer, 2.54 cm diam. by 2:54cm height. The second samplggiing a window on the recoil proton spectrum in the scin-
was isotopically enriched int 2C_e to 94% in the form of ator. This detector was operated in the dynamic biasing
Cgoz povyder encased in a thin-walled pglyethylene CON-mode developed by Brandenberger and Grafij. This
tainer. This sample contained 36.1 g'6fCe; it was on loan  means that the recoil proton pulse height acceptance window
from the Isotopes Distribution Center of Oak Ridge Nationaly 4 dynamically adjusted to correspond to the neutron en-
Laboratory. The natural sample of Ce metal served reasonyrgy heing detected. The neutron energy being detected was
ably well as a'“Ce sample, since its natural abundance ispferred from the flight-time of neutrons from the source
88.4%. The other main constituent in the metal sample Waghrough the scatterer to the detector.
142Ce, with 11.1% abundance. By comparing the elastic scat- The most important contribution to the neutron energy
tering differential cross sections fdf“Ce with those for the spread came from the angular spread of neutrons incident on
natural sample, it was observed that isotopic corrections tghe scattering samples from tRel(d,n)3He reaction, owing
the data for the natural sample would be insignificant forgygely to the size of the sample. Other contributions came
elastic scattering. Two background samples were also' useffom the time dispersion of neutrons in beam pulses, and
One, used as background for tfféCe runs, was a thin- {ime dispersion in the neutron detector. The overall energy
walled steel container of the same size as the container f%rpread in the measurements was 220 keV.
the natural Ce sample The other was a thin-walled polyeth-" The neutron source-to-sample distance was the most criti-
ylene sample containing an amount of water such that thgy| dimension of the detection geometry. Sample position
number of oxygen atoms in both the water and the enricheg|,z5 accurately maintained in spite of frequent sample
CeO, sample were the same.

In spite of the effort to obtain a good oxygen subtraction  tag|E |1. The potential parameter values at 7.5 MeV energy
sample, the scattering from oxygen was so large that it Wagy poth the SOM and SOV calculationé.is the depth of the real
not feasible to obtain good data on excited levels'&Ce. part of the Woods-Saxon potentidl/, is the depth of the surface
The two to one ratio of oxygen to Ce atoms and the largespsorption potentialso is the depth of the spin-orbit potentia®,
oxygen scattering peak badly hindered the amount of data wig the real potential radius in fnRyp is the radius of the surface
could obtain for this nucleus, other than for elastic scatteringabsorption, andRs is the radius of the spin-orbit term. The radii
A natural carbon sample was used as a secondary standait obtained aR,A'. The a’s are the diffusenesses of the respec-
for cross section normalization, since its elastic scatteringive potentials. The potential depths are in MeV and the radii and
cross sections are well knows]. diffusenesses are in fm.

B. Neutron detection methods V. Wy Vso R Ruwp Rso & awp aso

Scattered neutrons were detected with a scintillatoThe SOM model
mounted in a large LCO; loaded paraffin shield with Pb '%%Ce 489 326 50 124 121 117 062 058 058
and steel inserts. The detector was set at a distance of 3.93HfCe 459 69 55 1.30 1.21 1.06 0.51 0.49 0.37
from the scattering sample. The detector and its shield were
mounted on a rotatable carriage centered on the scatterinthe SOV model
sample. “Cce 463 6.1 50 124 121 1.15 0.59 0.55 0.58
The main neutron detector was an 11.5 cm diam. by 2.34ce 432 55 49 129 123 1.06 052 051 0721
cm thick NE-218 liquid scintillator with pulse-shape dis-
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TABLE Ill. The coupling parameterg!" from neutron scat-
tering and the interaction radii for neutron scattering are shown.
The reducecE2 transition probabilities, which are the same from
both electromagnetic decay rates and from electron scattering an
the coupling strengths extracted from tB¢E2) values and from
neutron inelastic scattering are given also.

pr’ R(fm) B(EL) (€2b)  &°™(fm) 5 (fm)

149ce

2" 0.08 6.428 0.366:0.008 0.66-0.008 0.5%0.04
3” 0.10 6.428 0.26:0.01 0.96:0.03 0.64-0.07
47 0.07 6.428 0.0340.004 0.62-0.04 0.44-0.07

cross section (mby/sr)

changes. The sample position was sighted with a fixed, higt
magnification telescope at 0°, with samples mounted in a
wire harness suspended from a post at a fixed distance fror
the source. The distance from the center of the 1.1 cm lonc
source to the center of the samples was maintained at 8.1 cn.,
repositioning accuracy was 0.6 mm.

The incident neutron fluence was monitored by an 4.0 cm
diam by 5.5 cm thick NE-218 scintillator mounted at a fixed
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FIG. 3. Elastic scattering from*®Ce at 7.5 MeV energy. The
solid curve is a second order vibrational calculation.

location above the reaction plane, at 6.05 m from the neutrogource and at an angle from the incident beam direction of

43.5°.
7000
6500 142Ce C. Yield corrections and uncertainties
5 The yields obtained from peaks in the TOF spectra were
% 6000 ~ extracted with a peak-fitting prografid], and corrected for
2 neutron attenuation and multiple scattering in the sample
§ 5500 with the forced collision Monte Carlo programuLCAT [11].
2 =000 After normalization to the carbon scattering cross sections,
g using the same peak extraction and yield correction proce-
T 4500 4 dures for the carbon scattering yields as for the Ce yields, the
L experimental differential scattering cross sections were ready
4000 - for interpretation via either SOM or CC formalisms.
Uncertainties of the differential scattering cross sections
3500 T T T T arise from several sources.
4 6 8 10 12 Statistical uncertainties are combined with peak fitting un-
7000 certainties using the TOF asymmetric peak fitting program
6500 — 140C SAN12 [7]. These uncertainties are well undern % for the
5 e strong peaks of elastic scattering, but averagetB% for
E 6000 scattering to the  level, + 20% to the 3 level, and+ 30%
S for those to the 4 level.
3 5500 The neutron-fluence monitor yields were very large and
2 5000 well fit; the uncertainty is<+1%. '
g The energy dependence of the main neutron detector ef-
T 4500 - ficiency had an uncertainty aof 0.8%.
° The Monte Carlo corrections for attenuation and multiple
4000 — scattering have< +0.3% uncertainty for elastic scattering,
where large numbers of histories are available. But for in-
3500 T T T T elastic scattering, with smaller numbers of histories in the
0 4 6 8 10 12 Monte Carlo results, the uncertainty was abaut %.
Energy(MeV) The relative uncertainties of the differential elastic scat-

tering yields from the carbon normalization sample were

FIG. 2. Total cross sections for the two Ce isotopes from 0.5 to+0.7%, and the absolute normalization for the angle-
10.0 MeV. The curves are SOV calculations and the data are fronntegrated carbon elastic scattering cross section wa%bo
the ENDF-B/VI compilation of NNDC.

[9].
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10000 states. The modified code has been extensively tested against
other reliable compound system reaction codes.
Extensive work has been done evaluating mean fields for
neutron scatteringj7,14] in other nuclei. These prior analy-
142C ses have included dispersion correcti¢hs,16 to the real
1000 e scattering potentials which result from the presence of an
absorptive potential. With these corrections one determines a
real potential which extends to negative neutron energies to
represent the bound single particle energies as well as the
100 positive energy scattering amplitudes. The resulting potential
° strengths at low positive energies have weak energy depen-
dencies, which gradually strengthen into the usual negative,
approximately linear energy dependence as the neutron en-
@ ergy increasef7,17,18.
10 4 The first task in fixing the SOV potential as a function of
energy is representing total cross sections as a function of
| | | | | | | | energy over a rather wide range, as well as scattering prop-
0 20 40 B0 80 100 120 140 160 180 erties at very low, or resonance neutron ener¢@dsSince
Angle (deg) the methods useq for obtaini_ng neutron scattering potentials
c.m. have been described many tin&17—-19, only the results
FIG. 4. Elastic scattering at 7.5 MeV froff%Ce. The solid are presented here. The real and absorptive potential param-
curve is an SOV calculation. The triangle points at small angles ar€t€rs are presented as a function of neutron energy in Table .
taken from*4%Ce data, since at small angles the oxygen peak ob” he application of those potentials at the scattering energy of
scured the'“?Ce peak. The angular distributions for the two nuclei this experiment, 7.5 MeV, provided the parameters given for
were equivalent at angles forward of 90°. the SOV model in Table Il. The SOM parameters, deter-
mined first, are also in Table Il. The potential geometries
The total or combined uncertainties are represented by thgiven in Table Il were used for both models throughout the
error bars on the figures. For elastic scattering, errors artll energy range of Table I.

cross section(mb/sr)

smaller than the points shown in Figs. 3 and 4. These potentials enabled the representations of the total
cross sections produced in Fig. 2. The resonance energy scat-
IIl. MEAN FIELD DETERMINATION tering properties include the-wave resonance-averaged

strength functiors, as well as the scattering length extrapo-
The scattering potential was represented with the usuahted to zero energy, called’. The parameteR’ fixes the
Woods-Saxon form factor for the real potential, and with thepotential scattering away from resonances at very low ener-
Surface-peaked Woods-Saxon derivative form factor for th%ies, Wh”esO is a resonance averaged property related pri_
imaginary or absorptive potentidl12]. Since **®Ce is  marily to the absorptive properties of the scattering potential
semimaygic, the nuclet*®Ce and***Ce are expected to be at low energies. Fot*®Ce, calculations gives,=1.37 and
sented as spherical. This also means that direct coupling be=1 1+0.3 and 5.70.2 fm, respectivel[6]. The scatter-

tween elastic and inelastic scattering to low-lying collectivejng potential must also represent the elastic scattering at the

vibrational model(FOV) appropriate for the expected rela-
tively weak coupling near magic numbers. But the FOV does
not contain the modifications to the elastic scattering result-
ing from the direct coupling to excited levels. Therefore, to
obtain the modest modifications of elastic scattering caused Once the mean scattering field, as presented in Tables |
by coupling, all CC analyses in this work were done in theand I, is well fixed it can be used as a basis for describing
second order vibrational modésQOV). inelastic scattering through the coupling between the elastic
The analyses were begun with the simpler SOM model, t@nd inelastic scattering channels. All calculations of direct
obtain approximate values for potential strengths and geominelastic scattering were done with theeis79 version of
etries. The SOM calculations were carried out with the com-Raynal’'s coupled channels cod20]. This version of the
puter codeoPSTAT-M, a modified form of the originabPSTAT ~ code has been extensively tested through comparisons with
code developed at Ohio Universit§3]. This original direct  other coupled channels codes.
elastic scattering plus compound system cross sections code Inelastic scattering cross sections to collective levels have
was here modified t@PSTAT-M to include the important two incoherent components. The interesting one comes from
level-width and resonance-resonance correlations required @iirect coupling between scattering channels, and the other is
provide correct statistical or compound system cross sedrom decay of a compound system formed by neutron ab-
tions. The code includes compound system calculations fogsorption, providing relatively weak cross section components
all excited levels known, and accommodates unresolved finalompared to that of direct coupling. Direct coupling calcula-

IV. DIRECT COUPLING—EXCITED LEVELS
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c.m. FIG. 6. Inelastic scattering to the Jevel of *Ce, with anE3
FIG. 5. Inelastic scattering to the;2level of *4%Ce, with an SOV calculation.
SOV calculation.

in Fig. 7. The dot-dash curve lying well below the experi-

tions were done for the levels of Fig. 1; the SOV was used€ntal measurements would represent double phonon exci-
for all couplings. ta+t|on, with a phonon st.re_ngth implied l:_)y excitation of the
All SOV direct coupling calculations include also the 2, level. We see that th_ls is completely inadequate to repre-
weak compound absorption cross sections, or compoun@e”t the measured exqtaﬂon strength. The dash.-do_uble-dot
nucleus cross sections. These compound cross section cal@irve represents a mixture of a one phonon excitation
lations are approximated &Ecis7owith parameters which are
set to reproduce the SOM calculated inelastic scattering cros
sections, particularly for the unnatural parity states. It is use- 149Ce- SOV for 4+ state
ful to note that after the mean fields have been determined .
the compound system calculations have no free parameter:
The unnatural parity states have negligible coupling to elas- __
tic scattering, so their cross sections are entirely compouncc\?
nucleus(i.e., nuclear absorptigncross sections. Thus the €
only free parameter in a CC calculation for a particular level = 100 -
is the strength of the coupling to that scattering amplitude. §
1%ce inelastic excitationsMeasurements and calcula- T
tions are presented in Fig. 5 for thg Zevel of 1*%Ce, andin &
Fig. 6 for the 3 level. As can be seen, the calculated angu- 9
lar distributions reflect the data quite well. The calculations g
are normalized to the data through determination of the cou- —
pling parametep, . The actual coupling strength is given by 0.10 4 T
the productB, R, whereR is the interaction radius. Since the ~—
(vibrationa) coupling terms are obtained as derivatives of - -
the real part of the scattering potential, it is the real radius
which enters the coupling strength. 0
The 4 level of 1*Ce is of special interest because it is
strongly excited in our scattering experiment, and because o. Anglec.m.(deg)
the character of that excitation. Many low-lying levels of that
nucleus are successfully represented in the QPM model. Thig
model represents the;4level entirely in terms of quasipar- ¢oypling strength for both phonons. The dash-double-dot curve is a
ticle States, rather than as a level inCIUding Signiﬁcant multimixed Ca|cu|ation, dominated by a Sing|e SE@ excitation and a

phonon amplitudes. 10% admixture of two-phonoE2 amplitude. The solid curve is a
Our representation of excitation of thg 4evel is shown  single stepE4 excitation.

10.00

m

20 40 60 80 100 120 140 160

FIG. 7. Scattering to the 4 level of 1*Ce. The dot-dash curve
a two-phonorE2 excitation, with the 2 strength of Fig. 3 as the
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with just a few percent of double phonon amplitude. Any TABLE IV. Matrix element ratios for excitation of levels in
amount of double-phonon excitation mixed into thﬁ am- 149%Ce. Thes, values are coupling strengths determined in neutron
plitude destroys the fit to the data. The solid curve is the Onbﬁcattering divided by those determined in electron scattering. The
satisfactory representation of all of the data; it arises from &St column presents the matrix elements per nucleon for target
pure E4, one phonon amplitude, the amplitude we woulgheutrons divided by those for target protons. Th_e departure o_f these
expect for a two-quasiparticle excitation. This calculation@loS from 1 reflects the departure from isospin symmetry in the
provides an excellent representation of the data, and tends f&C'tation of these collective levels.

confirm that the QPM model provides the best representation

. . . . N/Z 9, M,/M M, /M )/ (N/Z
for this nucleus. Also of note is that tHe4 amplitude is ! nfMp (Mo /Mp)I(N/Z)
unusually strong. This is consistent with the mixed two par-4°Ce
ticle configurations presentéd] by W. Kim et al. The sev- 2+ 141 0.720.06 0.40-0.26 0.28-0.19
eral two particle configurations could tend to give collectiv-3- 141 0.7%0.08 0.139% <0.34
ity to this excitation stronger than that normally observed |n41r 141 072012 0135, <05

scattering to 4 levels. The scattering cross section to this
level is approximately double that found in scattering to 4
levels of nearby nuclei.

measured scattering properties. The uncertainties associated
with inferred strengths for neutron scattering and electron
V. ISOSPIN MIXTURES IN TRANSITIONS scattering[?] are presented in Tables Ill and IV. _
TO COLLECTIVE EXCITATIONS Compmmg theseS values enableg us to extract the ratios
M, /N divided byM,/Z, or the relative importance of neu-
The proton and neutron excitation roles in individual col-trons and protons in the nuclear excitatidvh, denotes the
lective levels can be separated by comparing the strength efatrix element for all neutrons in the target, whilk, is the
exciting those levels by two different hadrons, or by onesame for target protonsl andZ are the numbers of neutrons
hadron and electromagnetic excitation. Several levels ofnd protons, respectively. Thé values are the coupling
140Ce have been excited in electron scatteri@y and the strengths on a per nucleon basis. Thus in electromagnetic
present experiment reveals the different strengths with whiclexcitation, the parameter yield8™=M »/Z. By convention,
they are excited in neutron scattering. The comparison, thenhe reduced electromagnetic transition {&E2)= (e Mp)z,
of excitation strengths as observed in the electron scatteringr example, so that bothl , andM, have the dimension of
experiment and in this neutron scattering experiment willlength, as does. The value o as interaction radius for the
provide some information about the separate proton and newiectron scattering experiment®s~6 fm [3], but by focus-

. 4 ’ .
tron roles in a few levels of“Ce. , ing on the full coupling strengthg®™ and 5™"', differences
The one condition leading to probe independence of ex:

et in the interaction radii for different experiments do not affect
citation is that both neutrons an_d p_rotons_of the target nuclgi, o strength comparisons.
participate in the collective excitations with equal strengths. For neutron scattering, we determine
on a per proton and per neutron basis. In that case, the exci-
tation strengths, inferred from neutron and electron scatter-
ing, on a per nucleon basis, would be identical. Thus any
departure from equality of matrix elements for different pro- o XnpMpt xnaMp
jectiles immediately means that protons and neutrons are in- o T xnoZt xaN
. K p nn

volved in the excited level unequally.

According to calculations made in the QPM, excitations ) . . .
in neutron-magict“%Ce can be treated as nearly pure protonWherexy, is a dimensionless parameter reflecting the effec-
excitations for the purposes of electron scattefidy Thus  tive, relative np interaction strength ang, is one reflecting
in this neutron Scattering experiment, we m|ght expect théhe nn interaction Strength. Only ratios of these parameters
matrix elements obtained from our experiment to be ratheill actually be important in the probe comparisons we
different than those obtained from electron scattering. Adnake. Several previous studig22,23 have introduced this
noted in earlier paper§19,21] and above, the coupling Method of separating the excitation roles of neutrons and
strengths which determine the inelastic scattering matrix elProtons in collective levels through probe independent exci-
ements are scaled according to the Coup"ng expansion p@tlon Strengths. The above equation characterizes these
rameterBR= 6. The results from the electron scattering ex- S€parate roles in terms of the matrix elements for target pro-
periments cited3], and our inelastic scattering strengths ton excitations i) and target neutron excitationdlg) for
give the & values of Table Il for a few collective excited the specific case of neutron scattering.
levels of 4%Ce. Bernsteinet al. and authors cited there[23], have com-

The uncertainty of the extraction 88" is principally that piled interactio_n stre.ngt.h ratios for several hadronic projeg-
of the cross section measured in the electron scattering mebles as a function of incident energy. They note that the ratio
surements, since the mean field through which the electromé = Xnp/Xnn=3.0 is valid fo’r nucleon energies below about
move is quite well determined. The mean field for neutron50 MeV. The ratioss, = ™" /5°™ for the several levels of
scattering is also well determined when one fits the many**®Ce are then determined as
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xMp+M, xr+Mq /M, VI. SUMMARY

o= x:Z+N IMp/2)= x:+N/Z
Our results for**®Ce strongly support the general conclu-

The & ratios given in Table IV enable us to limit the sizes sion [3] that in theN=82 nuclei the 4 level, though with
of the excitation matrix elements for protons and neutrons ogubstantial collective strength, is almost exclusively a two-
a per nucleon basis, as shown in the last column of Table IVguasiparticle level. The strong excitation of thg #evel in
Not surprisingly, the excitations observed'itfCe are domi-  our neutron scattering experiment could be consistent with
nated by proton excitations; target neutron strengths argonstructive interference amongst the three particle configu-
small but present for the,2level. They are less than 1/3 and rations attributed to the levg8]. Our determinations of ma-
1/2 those of protons for the;3and 4 levels respectively. trix elements for neutrons and protokk, and M,, for 2"
Protons dominate thesé®Ce excitations, as projected in the and 3 levels show that the excited levels are dominated, as

QPM model. expected, by proton excitations.
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