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Neutron scattering in 140,142Ce and strengths of neutrons and protons in collective levels of140Ce

Gang Chen,* Min Li, † J. L. Weil, and M. T. McEllistrem
Department of Physics and Astronomy, University of Kentucky, Lexington, Kentucky 40506

~Received 22 July 1999; revised manuscript received 20 July 2000; published 19 December 2000!

Differential cross sections for 7.5 MeV neutron scattering from140,142Ce 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 the 41

1 level’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 21, 32, and 41 levels excited in140Ce.

DOI: 10.1103/PhysRevC.63.014606 PACS number~s!: 25.40.Dn, 25.40.Fq, 27.60.1j, 28.20.Cz
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I. INTRODUCTION

The goals of this experiment were the determination
the mean neutron scattering fields of the Ce nuclei and
mixture of isospin changesDI 50,1 in transitions from the
ground states of140Ce to collective excited levels. Neutro
scattering strengths to these levels are compared to t
found in electromagnetic excitation, or those found fro
level lifetimes, to assess the isospin mixtures of the tra
tions. These mixtures then indicate the separate roles of
get neutrons and protons in the levels excited. The level
which scattering is observed are presented in Fig. 1; all h
well established spins and parities.

In the case of140Ce82 only valence protons are present,
one can test the application of models which are based on
assumption that the low-lying levels are almost exclusiv
proton excitations. The quasiparticle phonon model~QPM!
@1–4# was successfully used to describe level energies
transition rates in140Ce @3# based on this presumption.

Our experiments determined differential neutron scat
ing cross sections for elastic scattering in both nuclei a
inelastic scattering in140Ce at an incident neutron energy
7.5 MeV. Measurements were carried out at the 7 MV acc
erator laboratory of the University of Kentucky. The elas
scattering cross sections were combined with known@5# total
cross sections over an extended energy range and with
nance energy~eV region! scattering properties@6# to obtain a
satisfactory mean field description of neutron scattering fr
the Ce nuclei. The mean field analysis was carried out wit
both a spherical optical model~SOM! formalism and a
coupled channels~CC! formalism.

The SOM analysis is a simple one, and permits easy
termination of a scattering field appropriate to the nucleus
also permits the inclusion of calculations of cross secti

*Present address: Lightyear Communications, 1901 East P
Parkway, Louisville, KY 40223.
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attributed to compound system formation through the
sorption represented by the imaginary part of the scatte
potential. The CC formalism is designed specifically to a
count for those few excited levels whose scattering chan
are strongly coupled to the elastic scattering channels. T
formalism is used to analyze cross sections for stron
coupled levels in order to determine the direct excitat
amplitudes to those levels. These amplitudes are a prim
focus of this work.

Neutron scattering, as a probe of collective excitati
strengths of nuclei, has the disadvantage of low incident fl
which leads to the need for large scattering samples.
large samples together with the need to have a reason
neutron flux also forces the energy spread in the experim
to be relatively large. But the advantage of neutron scatte
is in the large range of scattering properties available to
sist in determining a high confidence scattering potentia
energy-dependent mean field. That description serves
firm basis for examining inelastic excitation strengths. Co
lomb excitation or electron scattering also provides exc
tion amplitudes, so that when neutron scattering and elec
magnetic excitation are combined to separate isoscalar
isovector excitation amplitudes, or to separate target neu
and proton roles, that separation can be well determined

II. EXPERIMENTAL METHODS

The methods for detecting scattered neutrons are thos
a standard time-of-flight~TOF! detection system. Thes
methods are well described in Ref.@7#, and references
therein. Therefore only a brief overview will be offered her

A. Neutron source and scattering samples

The 7.5 MeV neutrons were produced via th
2H(d,n)3He reaction using a pulsed beam from the Univ
sity of Kentucky 7 MV accelerator. The accelerator opera
with a pulsing frequency of 1.875 MHz and produced
average beam current of 2.5mA with deuteron pulses having
a width of;1 ns. To minimize time spreading of the neutro
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bursts, a deuterium gas cell of 1.1 cm length and 0.8
diameter was employed. The gas cell was isolated from
accelerator vacuum by a 3.5mm thick Mo foil. The gas cell
pressure was 1.9 b, or almost two atmospheres.

Two scattering samples were used. One was a natura
cylinder with a mass of 48.34 g in a thin-walled steel co
tainer, 2.54 cm diam. by 2.5 cm height. The second sam
was isotopically enriched in142Ce to 94% in the form of
CeO2 powder encased in a thin-walled polyethylene co
tainer. This sample contained 36.1 g of142Ce; it was on loan
from the Isotopes Distribution Center of Oak Ridge Nation
Laboratory. The natural sample of Ce metal served reas
ably well as a140Ce sample, since its natural abundance
88.4%. The other main constituent in the metal sample
142Ce, with 11.1% abundance. By comparing the elastic s
tering differential cross sections for142Ce with those for the
natural sample, it was observed that isotopic correction
the data for the natural sample would be insignificant
elastic scattering. Two background samples were also u
One, used as background for thenatCe runs, was a thin-
walled steel container of the same size as the containe
the natural Ce sample The other was a thin-walled polye
ylene sample containing an amount of water such that
number of oxygen atoms in both the water and the enric
CeO2 sample were the same.

In spite of the effort to obtain a good oxygen subtracti
sample, the scattering from oxygen was so large that it
not feasible to obtain good data on excited levels of142Ce.
The two to one ratio of oxygen to Ce atoms and the la
oxygen scattering peak badly hindered the amount of data
could obtain for this nucleus, other than for elastic scatter
A natural carbon sample was used as a secondary stan
for cross section normalization, since its elastic scatter
cross sections are well known@8#.

B. Neutron detection methods

Scattered neutrons were detected with a scintilla
mounted in a large Li2CO3 loaded paraffin shield with Pb
and steel inserts. The detector was set at a distance of 3.
from the scattering sample. The detector and its shield w
mounted on a rotatable carriage centered on the scatte
sample.

The main neutron detector was an 11.5 cm diam. by
cm thick NE-218 liquid scintillator with pulse-shape di

FIG. 1. The levels in140Ce excited strongly in neutron scatte
ing. Excitation energies are given in keV.
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crimination capabilities. Such a detector has an energy
pendent efficiency, which was determined by measuring
angular distribution of neutrons from the source, and co
paring detected yields to the well known angular distrib
tions for this source reaction@9#. As in most neutron scatter
ing experiments, the detector’s acceptance bias is fixed
setting a window on the recoil proton spectrum in the sc
tillator. This detector was operated in the dynamic bias
mode developed by Brandenberger and Grandy@10#. This
means that the recoil proton pulse height acceptance win
was dynamically adjusted to correspond to the neutron
ergy being detected. The neutron energy being detected
inferred from the flight-time of neutrons from the sour
through the scatterer to the detector.

The most important contribution to the neutron ener
spread came from the angular spread of neutrons inciden
the scattering samples from the2H(d,n)3He reaction, owing
largely to the size of the sample. Other contributions ca
from the time dispersion of neutrons in beam pulses, a
time dispersion in the neutron detector. The overall ene
spread in the measurements was 220 keV.

The neutron source-to-sample distance was the most c
cal dimension of the detection geometry. Sample posit
was accurately maintained in spite of frequent sam

TABLE I. The energy dependent real and surface absorp
potentials for the SOV analyses of 7.5 MeV scattering of neutr
by the 140,142Ce nuclei. See the caption of Table II for parame
definitions.

140Ce
V547.0710.01E (0.5<E,3.5 MeV!

47.8120.2E (3.5<E<10 MeV!

Wd54.2910.24E (0.5<E<10 MeV!
142Ce

V544.6810.1E (0.5<E,5.0 MeV!

49.1820.8E (5.0<E<10 MeV!

Wd53.6910.24E (0.5<E<10 MeV!

TABLE II. The potential parameter values at 7.5 MeV ener
for both the SOM and SOV calculations.V is the depth of the rea
part of the Woods-Saxon potential,Wd is the depth of the surface
absorption potential,VSO is the depth of the spin-orbit potential,Rr

is the real potential radius in fm,RWD is the radius of the surface
absorption, andRSO is the radius of the spin-orbit term. The rad
are obtained asRxA

1/3. The a’s are the diffusenesses of the resp
tive potentials. The potential depths are in MeV and the radii a
diffusenesses are in fm.

V Wd VSO Rr RWD RSO ar aWD aSO

The SOM model
140Ce 48.9 3.26 5.0 1.24 1.21 1.17 0.62 0.58 0.5
142Ce 45.9 6.9 5.5 1.30 1.21 1.06 0.51 0.49 0.3

The SOV model
140Ce 46.3 6.1 5.0 1.24 1.21 1.15 0.59 0.55 0.5
142Ce 43.2 5.5 4.9 1.29 1.23 1.06 0.52 0.51 0.2
6-2
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NEUTRON SCATTERING IN140,142Ce AND . . . PHYSICAL REVIEW C 63 014606
changes. The sample position was sighted with a fixed, h
magnification telescope at 0°, with samples mounted i
wire harness suspended from a post at a fixed distance
the source. The distance from the center of the 1.1 cm l
source to the center of the samples was maintained at 8.1
repositioning accuracy was60.6 mm.

The incident neutron fluence was monitored by an 4.0
diam by 5.5 cm thick NE-218 scintillator mounted at a fix
location above the reaction plane, at 6.05 m from the neu

TABLE III. The coupling parametersb l
n,n8 from neutron scat-

tering and the interaction radii for neutron scattering are sho
The reducedE2 transition probabilities, which are the same fro
both electromagnetic decay rates and from electron scattering
the coupling strengths extracted from theB(E2) values and from
neutron inelastic scattering are given also.

b l
n,n8 R ~fm! B(EL) (e2 bl) dem ~fm! dn,n8 ~fm!

140Ce
21 0.08 6.428 0.3060.008 0.6660.008 0.5160.04
32 0.10 6.428 0.2060.01 0.9060.03 0.6460.07
41

1 0.07 6.428 0.03460.004 0.6260.04 0.4460.07

FIG. 2. Total cross sections for the two Ce isotopes from 0.5
10.0 MeV. The curves are SOV calculations and the data are f
the ENDF-B/VI compilation of NNDC.
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nsource and at an angle from the incident beam direction
43.5°.

C. Yield corrections and uncertainties

The yields obtained from peaks in the TOF spectra w
extracted with a peak-fitting program@7#, and corrected for
neutron attenuation and multiple scattering in the sam
with the forced collision Monte Carlo programMULCAT @11#.
After normalization to the carbon scattering cross sectio
using the same peak extraction and yield correction pro
dures for the carbon scattering yields as for the Ce yields,
experimental differential scattering cross sections were re
for interpretation via either SOM or CC formalisms.

Uncertainties of the differential scattering cross sectio
arise from several sources.

Statistical uncertainties are combined with peak fitting u
certainties using the TOF asymmetric peak fitting progr
SAN12 @7#. These uncertainties are well under61% for the
strong peaks of elastic scattering, but averaged613% for
scattering to the 21

1 level,620% to the 31
2 level, and630%

for those to the 41
1 level.

The neutron-fluence monitor yields were very large a
well fit; the uncertainty is!61%.

The energy dependence of the main neutron detector
ficiency had an uncertainty of60.8%.

The Monte Carlo corrections for attenuation and multip
scattering have,60.3% uncertainty for elastic scattering
where large numbers of histories are available. But for
elastic scattering, with smaller numbers of histories in
Monte Carlo results, the uncertainty was about67%.

The relative uncertainties of the differential elastic sc
tering yields from the carbon normalization sample we
60.7%, and the absolute normalization for the ang
integrated carbon elastic scattering cross section was63%
@9#.

.

nd

o
m

FIG. 3. Elastic scattering from140Ce at 7.5 MeV energy. The
solid curve is a second order vibrational calculation.
6-3
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GANG CHEN, MIN LI, J. L. WEIL, AND M. T. McELLISTREM PHYSICAL REVIEW C63 014606
The total or combined uncertainties are represented by
error bars on the figures. For elastic scattering, errors
smaller than the points shown in Figs. 3 and 4.

III. MEAN FIELD DETERMINATION

The scattering potential was represented with the us
Woods-Saxon form factor for the real potential, and with t
surface-peaked Woods-Saxon derivative form factor for
imaginary or absorptive potential@12#. Since 140Ce is
semimagic, the nuclei140Ce and 142Ce are expected to b
spherical, and hence the scattering field should be re
sented as spherical. This also means that direct coupling
tween elastic and inelastic scattering to low-lying collect
levels would most likely be vibrational, with the first-orde
vibrational model~FOV! appropriate for the expected rela
tively weak coupling near magic numbers. But the FOV do
not contain the modifications to the elastic scattering res
ing from the direct coupling to excited levels. Therefore,
obtain the modest modifications of elastic scattering cau
by coupling, all CC analyses in this work were done in t
second order vibrational model~SOV!.

The analyses were begun with the simpler SOM mode
obtain approximate values for potential strengths and ge
etries. The SOM calculations were carried out with the co
puter codeOPSTAT-M, a modified form of the originalOPSTAT

code developed at Ohio University@13#. This original direct
elastic scattering plus compound system cross sections
was here modified toOPSTAT-M to include the important
level-width and resonance-resonance correlations require
provide correct statistical or compound system cross s
tions. The code includes compound system calculations
all excited levels known, and accommodates unresolved fi

FIG. 4. Elastic scattering at 7.5 MeV from142Ce. The solid
curve is an SOV calculation. The triangle points at small angles
taken from 140Ce data, since at small angles the oxygen peak
scured the142Ce peak. The angular distributions for the two nuc
were equivalent at angles forward of 90°.
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states. The modified code has been extensively tested ag
other reliable compound system reaction codes.

Extensive work has been done evaluating mean fields
neutron scattering@7,14# in other nuclei. These prior analy
ses have included dispersion corrections@15,16# to the real
scattering potentials which result from the presence of
absorptive potential. With these corrections one determin
real potential which extends to negative neutron energie
represent the bound single particle energies as well as
positive energy scattering amplitudes. The resulting poten
strengths at low positive energies have weak energy de
dencies, which gradually strengthen into the usual negat
approximately linear energy dependence as the neutron
ergy increases@7,17,18#.

The first task in fixing the SOV potential as a function
energy is representing total cross sections as a functio
energy over a rather wide range, as well as scattering p
erties at very low, or resonance neutron energies@6#. Since
the methods used for obtaining neutron scattering poten
have been described many times@7,17–19#, only the results
are presented here. The real and absorptive potential pa
eters are presented as a function of neutron energy in Tab
The application of those potentials at the scattering energ
this experiment, 7.5 MeV, provided the parameters given
the SOV model in Table II. The SOM parameters, det
mined first, are also in Table II. The potential geometr
given in Table II were used for both models throughout t
full energy range of Table I.

These potentials enabled the representations of the
cross sections produced in Fig. 2. The resonance energy
tering properties include thes-wave resonance-average
strength functions0 as well as the scattering length extrap
lated to zero energy, calledR8. The parameterR8 fixes the
potential scattering away from resonances at very low en
gies, whiles0 is a resonance averaged property related
marily to the absorptive properties of the scattering poten
at low energies. For140Ce, calculations gives051.37 and
R855.9 fm. The corresponding measured values ares0
51.160.3 and 5.760.2 fm, respectively@6#. The scatter-
ing potential must also represent the elastic scattering at
energy of this experiment, as shown in Figs. 3 and 4.

IV. DIRECT COUPLING—EXCITED LEVELS

Once the mean scattering field, as presented in Tabl
and II, is well fixed it can be used as a basis for describ
inelastic scattering through the coupling between the ela
and inelastic scattering channels. All calculations of dir
inelastic scattering were done with theECIS79 version of
Raynal’s coupled channels code@20#. This version of the
code has been extensively tested through comparisons
other coupled channels codes.

Inelastic scattering cross sections to collective levels h
two incoherent components. The interesting one comes f
direct coupling between scattering channels, and the oth
from decay of a compound system formed by neutron
sorption, providing relatively weak cross section compone
compared to that of direct coupling. Direct coupling calcu

re
-

i
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NEUTRON SCATTERING IN140,142Ce AND . . . PHYSICAL REVIEW C 63 014606
tions were done for the levels of Fig. 1; the SOV was us
for all couplings.

All SOV direct coupling calculations include also th
weak compound absorption cross sections, or compo
nucleus cross sections. These compound cross section c
lations are approximated inECIS79with parameters which are
set to reproduce the SOM calculated inelastic scattering c
sections, particularly for the unnatural parity states. It is u
ful to note that after the mean fields have been determin
the compound system calculations have no free parame
The unnatural parity states have negligible coupling to e
tic scattering, so their cross sections are entirely compo
nucleus ~i.e., nuclear absorption! cross sections. Thus th
only free parameter in a CC calculation for a particular le
is the strength of the coupling to that scattering amplitud

140Ce inelastic excitations.Measurements and calcula
tions are presented in Fig. 5 for the 21

1 level of 140Ce, and in
Fig. 6 for the 31

2 level. As can be seen, the calculated ang
lar distributions reflect the data quite well. The calculatio
are normalized to the data through determination of the c
pling parameterbl . The actual coupling strength is given b
the productblR, whereR is the interaction radius. Since th
~vibrational! coupling terms are obtained as derivatives
the real part of the scattering potential, it is the real rad
which enters the coupling strength.

The 41
1 level of 140Ce is of special interest because it

strongly excited in our scattering experiment, and becaus
the character of that excitation. Many low-lying levels of th
nucleus are successfully represented in the QPM model.
model represents the 41

1 level entirely in terms of quasipar
ticle states, rather than as a level including significant mu
phonon amplitudes.

Our representation of excitation of the 41
1 level is shown

FIG. 5. Inelastic scattering to the 21
1 level of 140Ce, with an

SOV calculation.
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in Fig. 7. The dot-dash curve lying well below the expe
mental measurements would represent double phonon e
tation, with a phonon strength implied by excitation of th
21

1 level. We see that this is completely inadequate to rep
sent the measured excitation strength. The dash-double
curve represents a mixture of a one phonon 41 excitation

FIG. 6. Inelastic scattering to the 32 level of 140Ce, with anE3
SOV calculation.

FIG. 7. Scattering to the 41
1 level of 140Ce. The dot-dash curve

is a two-phononE2 excitation, with the 21 strength of Fig. 3 as the
coupling strength for both phonons. The dash-double-dot curve
mixed calculation, dominated by a single stepE4 excitation and a
10% admixture of two-phononE2 amplitude. The solid curve is a
single stepE4 excitation.
6-5
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GANG CHEN, MIN LI, J. L. WEIL, AND M. T. McELLISTREM PHYSICAL REVIEW C63 014606
with just a few percent of double phonon amplitude. A
amount of double-phonon excitation mixed into the 41

1 am-
plitude destroys the fit to the data. The solid curve is the o
satisfactory representation of all of the data; it arises from
pure E4, one phonon amplitude, the amplitude we wou
expect for a two-quasiparticle excitation. This calculati
provides an excellent representation of the data, and tend
confirm that the QPM model provides the best representa
for this nucleus. Also of note is that theE4 amplitude is
unusually strong. This is consistent with the mixed two p
ticle configurations presented@3# by W. Kim et al. The sev-
eral two particle configurations could tend to give collect
ity to this excitation stronger than that normally observed
scattering to 41 levels. The scattering cross section to th
level is approximately double that found in scattering to1

levels of nearby nuclei.

V. ISOSPIN MIXTURES IN TRANSITIONS
TO COLLECTIVE EXCITATIONS

The proton and neutron excitation roles in individual c
lective levels can be separated by comparing the strengt
exciting those levels by two different hadrons, or by o
hadron and electromagnetic excitation. Several levels
140Ce have been excited in electron scattering@3#, and the
present experiment reveals the different strengths with wh
they are excited in neutron scattering. The comparison, th
of excitation strengths as observed in the electron scatte
experiment and in this neutron scattering experiment w
provide some information about the separate proton and
tron roles in a few levels of140Ce.

The one condition leading to probe independence of
citation is that both neutrons and protons of the target nu
participate in the collective excitations with equal streng
on a per proton and per neutron basis. In that case, the e
tation strengths, inferred from neutron and electron scat
ing, on a per nucleon basis, would be identical. Thus a
departure from equality of matrix elements for different pr
jectiles immediately means that protons and neutrons are
volved in the excited level unequally.

According to calculations made in the QPM, excitatio
in neutron-magic140Ce can be treated as nearly pure prot
excitations for the purposes of electron scattering@3#. Thus
in this neutron scattering experiment, we might expect
matrix elements obtained from our experiment to be rat
different than those obtained from electron scattering.
noted in earlier papers@19,21# and above, the coupling
strengths which determine the inelastic scattering matrix
ements are scaled according to the coupling expansion
rameterbR[d. The results from the electron scattering e
periments cited@3#, and our inelastic scattering strengt
give thed values of Table III for a few collective excite
levels of 140Ce.

The uncertainty of the extraction ofdem is principally that
of the cross section measured in the electron scattering m
surements, since the mean field through which the elect
move is quite well determined. The mean field for neutr
scattering is also well determined when one fits the m
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measured scattering properties. The uncertainties assoc
with inferred strengths for neutron scattering and elect
scattering@3# are presented in Tables III and IV.

Combining thesed values enables us to extract the rati
Mn /N divided byM p /Z, or the relative importance of neu
trons and protons in the nuclear excitation.Mn denotes the
matrix element for all neutrons in the target, whileM p is the
same for target protons.N andZ are the numbers of neutron
and protons, respectively. Thed values are the coupling
strengths on a per nucleon basis. Thus in electromagn
excitation, the parameter yieldsdem5M p /Z. By convention,
the reduced electromagnetic transition rateB(E2)5(eMp)2,
for example, so that bothM p andMn have the dimension o
length, as doesd. The value ofR as interaction radius for the
electron scattering experiment isR'6 fm @3#, but by focus-
ing on the full coupling strengthsdem anddn,n8, differences
in the interaction radii for different experiments do not affe
the strength comparisons.

For neutron scattering, we determine

dn,n85
xnpM p1xnnMn

xnpZ1xnnN
,

wherexnp is a dimensionless parameter reflecting the eff
tive, relative np interaction strength andxnn is one reflecting
the nn interaction strength. Only ratios of these parame
will actually be important in the probe comparisons w
make. Several previous studies@22,23# have introduced this
method of separating the excitation roles of neutrons
protons in collective levels through probe independent ex
tation strengths. The above equation characterizes th
separate roles in terms of the matrix elements for target p
ton excitations (M p) and target neutron excitations (Mn) for
the specific case of neutron scattering.

Bernsteinet al. and authors cited therein@23#, have com-
piled interaction strength ratios for several hadronic proj
tiles as a function of incident energy. They note that the ra
x r[xnp /xnn53.0 is valid for nucleon energies below abo
50 MeV. The ratiosd r[dn,n8/dem for the several levels of
140Ce are then determined as

TABLE IV. Matrix element ratios for excitation of levels in
140Ce. Thed r values are coupling strengths determined in neut
scattering divided by those determined in electron scattering.
last column presents the matrix elements per nucleon for ta
neutrons divided by those for target protons. The departure of th
ratios from 1 reflects the departure from isospin symmetry in
excitation of these collective levels.

N/Z d r Mn /M p (Mn /M p)/(N/Z)

140Ce
21 1.41 0.7760.06 0.4060.26 0.2860.19
32 1.41 0.7160.08 0.1320.13

10.37 <0.34

41
1 1.41 0.7160.12 0.1320.13

1.53 <0.5
6-6
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d r5
x rM p1Mn

x rZ1N
/~M p /Z!5

x r1Mn /M p

x r1N/Z
.

Thed ratios given in Table IV enable us to limit the size
of the excitation matrix elements for protons and neutrons
a per nucleon basis, as shown in the last column of Table
Not surprisingly, the excitations observed in140Ce are domi-
nated by proton excitations; target neutron strengths
small but present for the 21

1 level. They are less than 1/3 an
1/2 those of protons for the 31

2 and 41
1 levels respectively.

Protons dominate these140Ce excitations, as projected in th
QPM model.
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VI. SUMMARY

Our results for140Ce strongly support the general concl
sion @3# that in theN582 nuclei the 41

1 level, though with
substantial collective strength, is almost exclusively a tw
quasiparticle level. The strong excitation of the 41

1 level in
our neutron scattering experiment could be consistent w
constructive interference amongst the three particle confi
rations attributed to the level@3#. Our determinations of ma
trix elements for neutrons and protonsMn and M p , for 21

and 32 levels show that the excited levels are dominated
expected, by proton excitations.
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