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Neutron transition densities for low lying states in 58Ni obtained
by using 200 MeV inelastic proton scattering
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Differential cross section and analyzing power measurements have been made for 200 MeV inelastic proton
scattering from58Ni. Using the codeLEA, neutron transition densities have been obtained for four 21, one 32,
and five 41 low lying states. Charge transition densities obtained from electron scattering were used in order
to minimize the nuclear structure uncertainty, along with a recent 200 MeV empirical effective interaction.
Two types of calculations have been used in comparison to the data, one in which the neutron transition
densities are obtained by scaling the charge transition densities byN/Z, the other in which the neutron
transition densities are allowed to vary to obtain a best fit to the data. Multipole matrix elements are obtained
and compared to collective model analyses using both intermediate energy protons and pion scattering results.
The radial shapes of the neutron transition densities for the lowest lying 21 and 32 states are compared to
those calculated using the energy density method.@S0556-2813~98!06810-1#
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I. INTRODUCTION

The radial shape and overall strength of both neutron
proton transition densities can be used as an important te
various models of the nucleus. Inelastic electron scatte
for many years has been used to obtain charge trans
densities@1#. Unfortunately, electron scattering cannot
used to obtain neutron transition densities since the elec
interacts only very weakly with neutrons in the nucleu
Therefore, hadron scattering must be employed to ob
neutron transition densities. Until recently, the use of had
scattering to obtain neutron transition densities was plag
by the lack of an adequate hadron-nucleus interaction. W
out such an interaction it is not possible to unfold the eff
of neutron density from the interaction. Recently, Kelly a
co-workers have completed a program aimed at determin
empirical effective interactions for intermediate ener
proton-nucleus scattering@2–8#. These empirical interac
tions, which are obtained from examining states in se
conjugate nuclei such as16O and 40Ca, are then used alon
with charge transition densities obtained from electron s
tering to determine neutron transition densities for a vari
of nuclei. Neutron transition densities have already been
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tained for low lying natural parity states in18O @9#, 30Si @10#,
34S @11#, 48Ca @12#, and88Sr @13#. In this paper we report the
extraction of neutron transition densities for four 21, one
32, and five 41 states in58Ni in a manner similar to Refs
@9–13#.

In Sec. II we will briefly describe the experimental setu
for the inelastic proton scattering measurements. Section
contains a description of the model inputs and fitting pro
dures. Section IV presents the data and the resulting neu
transition densities. Section V summarizes the results
presents the conclusions.

II. EXPERIMENT

The experiment was carried out at the Indiana Univers
Cyclotron Facility ~IUCF! using 199.0 MeV protons polar

e-

,

n,

n, FIG. 1. Excitation energy spectrum for 199.0 MeV spin up pr
tons scattered at 40.0° from58Ni.
2217 © 1998 The American Physical Society
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2218 PRC 58J. LISANTTI et al.
FIG. 2. Cross section and analyzing power data for the 21 state at 1.45 MeV, along with the neutron transition density derived in
work, and the charge transition density from inelastic electron scattering from Ref.@16#. The dashed curves are the result of using a neut
transition density that is obtained by scaling the charge transition density byN/Z. The solid curve is the result of allowing the neutro
transition density to vary to provide a best fit to the data.
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ized in the direction normal to the scattering plane. The s
tered protons were detected by the K600 magnetic spectr
eter @14,15#. The energy resolution for this experiment w
25–30 keV for most of the data taken. A typical spectrum
shown in Fig. 1. Our measurements extend from the ela
peak up to approximately 15 MeV of excitation energy; ho
ever, in this paper we examine states up to an excita
energy of 4.75 MeV, which is the limit of the available ele
tron scattering data on 21, 32, and 41 states@16#.

Forward angle measurements were taken at 8°, 10°,
14°, 15°, and 17.75° using a Faraday cup internal to
spectrometer scattering chamber. Using an external Far
cup and beam dump, measurements were taken from 15
50° in 2.5° steps, and at 55°, 60°, and 65°. The target w
rolled foil of 99.9%58Ni with a thickness of 3.1 mg/cm2. The
beam current on target varied from 1 to 130 nA depend
upon the angle of the spectrometer. The beam current
adjusted so that the live time of the electronics and acqu
tion computer was always larger than 90%. The angle c
bration of the spectrometer was measured by using a c
posite natural C and58Ni target and by measuring th
kinematic crossover of the elastic peak of12C with the 1.45
MeV, 21 state in58Ni. Using this method, the uncertainty i
our laboratory scattering angle is approximately60.1°. The
solid angle of the spectrometer depended on the size of
entrance apertures employed. Two apertures were used
was a 0.93-cm hole giving a solid angle of 0.1
60.001 msr; the other was a rounded slot 2.54 cm on a s
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giving a solid angle of 1.1760.01 msr. Beam polarization
was continuously monitored usingp-d in-beam polarimeters
@17#. Differences between spin up and down polarizati
magnitudes were periodically checked by using ap-4He po-
larimeter which is inserted into the beam line between
injector and main stage cyclotron. The magnitude of the
larization varied from 0.69 to 0.75 throughout the expe
ment.

The normalizations obtained using the information abo
were then used to calculate absolute cross sections and
lyzing powers. Our normalization procedures were chec
by performing an optical model parameter search on the e
tic scattering data obtained during the experiment for58Ni.
These parameters were then used in a deformed op
model calculation usingECIS79to obtain the hadronic defor
mation lengthdH for the 1.45 MeV, 21 state. Previous
work on 58Ni has shown thatdH for this state does not vary
with incident proton beam energy~178–1047 MeV! and that
dH50.8260.04 @18#. The value fordH determined in the
present analysis is 0.84, which lends credence to our abso
cross section measurements.

The energy calibration of the focal plane was determin
by using well-known states as reference energies and fit
the spectra at each angle up to a quadratic term in mom
tum. Using this method, the excitation energies are relia
to 615 keV up to approximately 10 MeV; for the highe
excitation energies, this value is630 keV.
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FIG. 3. Cross section and analyzing power data for the 21 state at 2.77 MeV, figure description the same as Fig. 2.

FIG. 4. Cross section and analyzing power data for the 21 state at 3.04 MeV, figure description the same as Fig. 2.
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TABLE I. Laguerre-Gaussian expansion coefficients for the best-fit neutron transition densitie

an 21
1, 1.45 MeV 22

1, 2.77 MeV 23
1, 3.04 MeV

1 ~4.54060.285!31022 ~2.77360.325!31023 ~1.08660.086!31022

2 ~22.90460.140!31022 ~22.88760.187!31023 ~21.29460.060!31022

3 ~1.64860.075!31022 ~21.23060.080!31023 ~23.59661.520!31024

4 ~21.29360.222!31023 ~4.51660.404!31024 ~5.22560.701!31025

5 ~26.860062.023!31024 ~4.02961.834!31025 ~5.87162.152!31025

6 ~21.47261.015!31024 ~24.08161.057!31025 ~22.44961.118!31025

24
1, 3.26 MeV 31

2, 4.47 MeV 41
1, 2.46 MeV

1 ~2.45660.133!31022 ~2.82960.153!31022 ~1.06660.046!31022

2 ~21.24560.062!31022 ~21.23360.062!31022 ~23.61160.202!31023

3 ~26.18561.664!31024 ~5.54961.160!31024 ~22.73760.413!31024

4 ~4.09660.906!31024 ~6.31366.757!31025 ~5.12662.708!31025

5 ~6.23062.927!31025 ~2.06060.297!31024 ~1.18160.165!31024

6 ~21.79261.427!31025 ~21.05460.189!31024 ~6.03968.217!31026

42
1, 3.62 MeV 43

1, 4.29 MeV 44
1, 4.40MeV

1 ~7.99060.470!31023 ~4.41060.240!31023 ~9.68860.493!31023

2 ~21.96260.129!31023 ~21.11660.089!31023 ~23.09860.159!31023

3 ~23.99060.423!31023 ~25.40761.445!31025 ~28.55460.846!31024

4 ~21.223627.41!31026 ~5.71060.923!31025 ~22.22760.674!31024

5 ~7.45161.790!31025 ~6.94662.366!31026 ~24.01564.214!31025

6 ~2.11560.765!31025 ~27.27161.687!31026 ~21.63461.465!31025

45
1, 4.75 MeV

1 ~1.35460.079!31022

2 ~23.31760.183!31023

3 ~25.94460.599!31024

4 ~28.252639.67!31026

5 ~1.22460.281!31024

6 ~3.86361.241!31025
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III. CALCULATIONS

A. Distorted wave calculations

All of the calculations were performed using the codeLEA

~linear expansion analysis! @2–13,19#. Details about this
code can be located in Refs.@2–13#. We will present only
those details of the code that are relevant for our calc
tions. The ground-state charge density~used to generate op
tical potentials! was obtained from Ref.@20# using the
Fourier-Bessel coefficients presesented in Ref.@21#. The
neutron ground-state densities employed are the ground-
charge densities scaled byN/Z. The charge transition dens
ties were obtained from inelastic electron scattering@16,22#
and have also been parametrized as Fourier-Bessel co
cients. The proton transition densities were unfolded fr
the charge transition densities. The knock-on exchange
handled using the zero-range approximation inLEA. The
Cheon rearrangement factor@23# was used in all of the in-
elastic calculations. Coulomb excitation was included in
calculations for all of the excitations. The density depe
dence was incorporated in all of the calculations using
-

ate

ffi-

as

e
-
e

local density approximation which has been shown to
valid for intermediate energy proton scattering@3,8#.

Both the optical and inelastic scattering potentials w
obtained by employing the same empirical effective inter
tion. The interaction used was the PH3 parameter se
listed in Table II of Ref.@8#. This empirical interaction was
obtained by simultaneously fitting both16O and 40Ca 200
MeV data for well-known low lying states and is based
the Paris-Hamburg interaction which has been shown to g
a good description of intermediate energy proton scatte
from 58Ni @24#. The PH3 parameters are similar to the p
rameters given in Ref.@25# which also fit16O and40Ca data
simultaneously at 200 MeV. A recent paper@12# on obtain-
ing neutron transition densities for48Ca using 200 and 318
MeV polarized protons studied the effect of using differe
empirical effective interactions in the extraction of neutr
transition densities. The differences in the neutron transit
densities obtained using the PH3 interaction or the LR3
teraction~Love-Ray, Table II of Ref.@8#! were between 6%
and 18% for the peak of the transition densities and betw
3% and 11% for the integral moments. Reference@12# con-
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FIG. 5. Cross section and analyzing power data for the 21 state at 3.26 MeV, figure description the same as Fig. 2.

FIG. 6. Cross section and analyzing power data for the 32 state at 4.47 MeV, figure description the same as Fig. 2.
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TABLE II. Neutron and proton multipole matrix elements extracted for states in58Ni.

State Mn
a M p

a Mn /M p
a Mn /M p

b Mn /M p
c Mn /M p

d

21
1 24.3760.83 12.51 1.9460.07 1.0760.12 1.2960.05 1.40

22
1 20.08160.102 0.706 20.1160.16

23
1 4.1160.19 3.947 1.0460.05 0.8660.23 0.9560.04

24
1 5.0960.22 5.057 1.0160.04 0.8160.19 0.9660.21

31
2 71.4362.61 48.74 1.4760.05 0.7060.17 0.9560.12 1.39

41
1 232.7610.2 113.46 2.0560.09 0.9160.33 1.1560.37

42
1 97.6967.26 125.14 0.7860.06 0.4660.19

43
1 58.7664.09 96.22 0.6160.04

44
1 134.068.57 107.00 1.2560.08

45
1 170.9610.8 126.26 1.3560.09 0.9860.20

aPresent work, calculated usingLEA, 5% uncertainty assigned toM p for the calculation ofMn /M p .
bReference@18# proton scattering results.
cReference@27# proton scattering results.
dReference@28# pion scattering results.
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cludes that the use of these different interactions does
significantly alter the extracted neutron transition densiti

B. Extraction of neutron transition densities

The radial form of the neutron transition densities,rN(r ),
is represented by the Laguerre-Gaussian expansion~LGE!

rN~r !5xLe2x2
(anLn

L11/2~2x2!, ~1!
ot
.
where x5r /b, with the harmonic oscillator paramet
b52.20 fm for 58Ni; L represents the multipolarity of th
excitation from the ground state (L50). The terms inside
the sum are the Laguerre polynomials with expansion c
ficientsan . It is these expansion coefficients that are var
in order to simultaneously fit the cross section and analyz
power data.

Examination of the charge transition densities shows
some of them oscillate at radii far beyond the edge of
FIG. 7. Cross section and analyzing power data for the 41 state at 2.46 MeV, figure description the same as Fig. 2.
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FIG. 8. Cross section and analyzing power data for the 41 state at 3.62 MeV, figure description the same as Fig. 2.

FIG. 9. Cross section and analyzing power data for the 41 state at 4.29 MeV, figure description the same as Fig. 2.
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FIG. 10. Cross section and analyzing power data for the 41 state at 4.40 MeV, figure description the same as Fig. 2.

FIG. 11. Cross section and analyzing power data for the 41 state at 4.75 MeV, figure description the same as Fig. 2.
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PRC 58 2225NEUTRON TRANSITION DENSITIES FOR LOW LYING . . .
nuclear surface. These oscillations are small, but may in
ence the shape of the neutron transition densities. To m
mize this effect, for each transition we examined plots
rN(r )r L12 ~which emphasizes the surface! and tried to keep
oscillations at larger as small as possible. The codeLEA

allows for up to 12 expansion coefficients to be varied. Ho
ever, it was observed that beyond six terms oscillations
larger became large and were deemed unphysical. While
terms is less than that used in previous work, for all
present transitions studied it gave the most stable res
More details on the fitting scheme employed are discusse
Ref. @25#.

IV. DATA AND RESULTS

Neutron transition densities have been determined
four 21 states~1.45, 2.77, 3.04, and 3.26 MeV!, one 32 state
~4.47 MeV!, and five 41 states~2.46, 3.62, 4.29, 4.40, an
4.75 MeV!. The Laguerre-Gaussian expansion coefficie
obtained are given in Table I. The uncertainties listed ar
combination of three errors, statistical, incompleteness,
normalization. After the first fit, the data were scaled
15% and refit, then scaled by25% and refit in order to
estimate the effects of uncertainty in the normalization of
data. The incompleteness error is associated with the tru
tion of the Laguerre-Gaussian expansion.

Two calculations are presented in the comparisons to
data for each level. Both calculations employ the PH3 e
pirical effective interaction, along with charge transition de
sities from inelastic electron scattering. The difference
tween the two calculations is in the neutron transiti
densities. The dashed line calculations are where the neu
transition density was obtained by scaling the charge tra
tion density byN/Z. The solid line calculations are when th
neutron density was allowed to vary to fit the data. The
calculations extend to approximately 57° since this is
range in momentum transfer where the electron scatte
data were obtained.

A. 21 states

As shown in Fig. 2, the first 21 state at 1.45 MeV has a
charge transition density that is Gaussian shaped and

FIG. 12. Neutron transition densities for the 21, 1.45 MeV
state. The dots with error bars are from the best fit to the pre
data. The solid line is the result of an energy density calcula
from Ref. @29#.
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tered near 4.2 fm, with a small lobe in the interior. Th
shape is similar to the shape of the transition potential
tained using the collective model. A collective model ana
sis of this state describes the data quite well@26#. The dashed
curve in Fig. 2, which is the result of using a neutron tra
sition density that is scaled by (N/Z) times the charge tran
sition density, describes the overall shape of the cross sec
data, but smaller in magnitude at the smaller scatter
angles. To make up for this cross section deficit, the neu
transition density must be larger than the charge transi
density. The best-fit neutron transition density is cente
near 4.5 fm, and it exhibits an interior positive lobe cente
near 1.7 fm. Figure 2 shows that while the cross section d
are described much better by the best-fit neutron transi
density calculation~solid curve!, the analyzing power data
~especially at the larger angles! are best described by th
scaled neutron transition density calculation~dashed curve!.

Figure 3 presents results for the 21, 2.77 MeV state. This
state is a good example of the overall improvement of
best-fit neutron transition density calculation over the sca
calculation. The charge transition density has a positive l
centered near 3.6 fm and a smaller negative lobe cent
near 1.5 fm. Also, there is smaller oscillation beyond 5 f
Therefore, one would expect the cross section data to ap
quite different from that of the 1.45-MeV surface-peak
transition, and it is. The fitted neutron transition density
similar in shape to the charge transition density, but large
magnitude, especially in the oscillation beyond 5 fm.

The 3.04 MeV state shown in Fig. 4 has a charge tran
tion density shape that is between the 1.45 and 2.77 M
shapes. The largest lobe is positive and centered near 4.1
and there is a negative lobe centered near 1.8 fm. The sc
calculation is similar in shape to the fitted calculation at t
smaller scattering angles, as is expected due to the simila
in the surface peaked lobes. The neutron transition den
has a larger negative interior lobe than the charge transi
density, and this may be reflected in the differences betw
the two calculations in describing the cross section data.

The data and calculation for the 3.26 MeV state are p
sented in Fig. 5. The charge transition density is a posi
Gaussian centered near 4 fm; this is the only structure.
fitted neutron transition density mainly consists of a posit
lobe centered near 3.5 fm; there is also a smaller nega
lobe centered near 1.3 fm.

nt
n

FIG. 13. Neutron transition densities for the 32, 4.47 MeV
state. The dots with error bars are from the best fit to the pre
data. The solid line is the result of an energy density calculat
from Ref. @29#.
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2226 PRC 58J. LISANTTI et al.
In all four cases the fitted calculation best describes
cross section data, particularly the 2.77 MeV state. The fi
calculation also best describes the analyzing power ou
about 35°; beyond that, the scaled calculation does a b
job in describing the data.

B. 32 state

Figure 6 presents results for the only 32 state analyzed
and it is located at 4.47 MeV. The charge transition den
shape consists only of a positive lobe near 4.2 MeV. T
fitted neutron transition density mainly consists of a posit
lobe centered near 4.0 fm with a smaller negative lobe c
tered near 1.6 fm. Again, the cross section data are
described by the fitted calculation. At the smaller angles
analyzing power is described equally well by both calcu
tions; however, as with the 21 states, the larger angle da
are best described by the scaled calculation.

C. 41 states

Five 41 states have been analyzed; these are locate
2.46, 3.62, 4.29, 4.40, and 4.75 MeV. Results for the 2
MeV state are presented in Fig. 7. The charge transition d
sity has a positive lobe centered near 4.4 fm with a sma
negative lobe centered near 2.2 fm. The fitted neutron t
sition density has a positive lobe centered near 4.1 fm wi
much smaller negative lobe centered near 2.1 fm. The c
section data are best described by the fitted calculation.
two calculations for the analyzing power are more similar
each other than they were for the 21 and 32 states; both
describe the data equally well. The magnitude of the posi
lobe for the neutron transition density is about twice as la
as the charge transition density. This is reflected in the
culations for the cross section where the scaled calculatio
much smaller in magnitude than the data.

Results for the 3.62 MeV state are presented in Fig
The positive surface-peaked lobe for the charge transi
density is centered near 4.1 fm with a smaller negative l
centered near 1.8 fm. The fitted neutron transition den
has a large positive lobe located near 4 fm, and incorpora
the error band in the interior, this is the only structure. U
like the other states previously mentioned, the cross sec
data at the smaller angles are best described by the sc
calculation, while the analyzing power data are slightly b
ter described by the fitted calculation.

Figure 9 presents the results for the 4.29 MeV state wh
charge transition density is similar to the 2.46 MeV sta
with a positive surface lobe centered near 4.25 fm with
negative interior lobe located near 2.1 fm. The charge tr
sition density also exhibits a small oscillation beyond 7 f
which may influence the neutron transition density. The
ted neutron transition density is a single positive lobe c
tered near 4.1 fm. Both the cross section and the analy
power data are best reproduced by the fitted calculation.

The 4.40 MeV state results are presented in Fig. 10.
charge transition density surface peaked lobe is centered
4.1 fm, with the much smaller interior lobe being negati
and centered near 2.0 fm. The neutron transition density
a positive surface peaked lobe centered near 3.8 fm wi
negative interior lobe centered near 1.8 fm and about a fa
of 4 larger than the interior lobe of the charge transiti
e
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density. Again, the smaller angle cross section data are b
described by the fitted calculation, while the larger an
analyzing power data are best described by the scaled ca
lation.

The final 41 state analyzed is presented in Fig. 11. T
charge transition density consists of a single surface-pea
lobe centered near 4.0 fm. The fitted neutron transition d
sity is also a single surface-peaked lobe centered near 4.
with a tail extending to larger radii. Again, the cross secti
data are best described by the fitted calculation, while
analyzing power data are described equally well by both c
culations.

D. Multipole matrix elements

The multipole matrix elements are defined as

Mn,p5E r tr
n,p~r !r L12dr, ~2!

with r tr
n,p(r ) being the neutron or proton transition dens

andL is the angular momentum transfer and can be use
give an indication of the isospin character of the state.
isoscalar transition hasMn /M p5N/Z: deviation from this
value can then be used to characterize a state as being e
‘‘protonlike’’ ( Mn /M p,N/Z) or ‘‘neutronlike’’ ( Mn /M p
.N/Z). In our analysis the proton transition density is o
tained from electron scattering, while the neutron transit
density is obtained from a best fit to the inelastic prot
scattering data determined in the present work. Table II p
sents our results for the multipole matrix elements along w
the results of collective model analyses from Refs.@18# and
@27#. The last column presents results based on an analys
pion inelastic scattering@28#.

Our values ofMn /M p for the lowest 21, 1.45 MeV; 32,
4.47 MeV; and 41, 2.46 MeV states are larger than tho
obtained using the collective model. The scaled neutron tr
sition density calculations when compared to the cross s
tion data for these three states are all smaller in magnit
than the data at the first maximum. Therefore, one wo
expectMn /M p to be larger than the isoscalarMn /M p value
of N/Z51.07. The pion scattering results~which include
only the 21, 1.45 MeV and 32, 4.47 MeV states! are much
closer to our results for proton scattering. In the remain
states ~where comparisons can be made!, the values of
Mn /M p are in fair agreement~though larger!, and the scaled
calculations are near the best-fit calculations at the first m
mum in the cross section. An earlier microscopic analy
@24# of the 21 states at 1.45, 3.04, and 3.26 MeV and 41

states at 2.46, 3.63, and 4.75 MeV obtained reduced tra
tion probabilitiesB ~EL! for these states that agree with in
elastic electron scattering results@16#. However, in order to
match the cross section data@24#, the calculations, which
assumedrn(r )5N/Zrp(r ), had to be scaled by 1.4 for th
21, 1.45 MeV state, 1.25 for the 41, 2.46 MeV state, and
1.34 for the 41, 4.75 MeV state. It is unclear at this tim
why for some states the scaled cross section calculations
much smaller than the data. It may be that these states
much more neutronlike and are not well represented by
isoscalar assumption implicit in theN/Z scaling procedure.
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E. Comparison with calculations based
on the energy density method

Lombard and Mas have applied the energy den
method in calculating excitation energies, proton and neu
transition probabilities and radial shapes for proton and n
tron transition densities for the lowest lying 21 and 32 states
for nuclei with N or Z520, 28, 50, 82, and 126@29#. They
use transition densities rather than wave functions to
scribe the excitation and constrain them to satisfy a sum r
along with fixing the energies of the isoscalar quadrup
and octupole resonances.

Figures 12 and 13 present our best-fit neutron transi
densities with those calculated by Lombard and Mas. For
21, 1.45 MeV state, the calculated shape is similar to
fitted neutron transition density and even obtains a la
positive interior lobe. The calculation for the 32, 4.47 MeV
state is similar in shape to the fitted neutron transition d
sity, but is smaller in magnitude, and the interior lobe pe
at a larger radius.

V. SUMMARY AND CONCLUSIONS

Data have been obtained for 200 MeV polarized pro
scattering from58Ni covering a large range in both excitatio
energy and scattering angles. Using the codeLEA along with
an empirical effective interaction and charge transition d
sities obtained from electron scattering, neutron transit
densities have been obtained for four 21, one 32, and five
41 low lying states. Two types of calculations have be
performed to compare to the cross section and analy
-
-
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power data. One is where the neutron transition densities
scaled byN/Z to that of the charge transition densities, a
the other is where the neutron transition density is allowed
vary to fit to the data. In all cases except for one state,
fitted calculations best describe the cross section data an
smaller angle analyzing power data. The scaled calcula
generally describes best the large angle analyzing po
data. The peak of the neutron transition density in all ca
except one occurs at the same or smaller radii in compar
to the charge transition density.

Multipole matrix elements have been obtained and th
ratios compared to collective model and pion scatter
analyses. In general, our ratios ofMn /M p are larger than the
collective model analysis. The pion results are larger than
collective model results.

The lowest lying 21 and 32 neutron transition density
shapes were compared to those calculated by using the
ergy density method. These calculations qualitatively
scribe the shapes and size of the extracted neutron trans
densities. It would be interesting to have other model cal
lations of the neutron transition densities to compare to
present results.
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