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Lane-consistent, semimicroscopic nucleon-nucleus optical model
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~Received 29 September 2000; published 22 January 2001!

A semimicroscopic, Lane-consistent optical model is established up to 200 MeV for nucleons incident on
spherical and near-spherical nuclei with masses 40<A<209. This model, based on the earlier approach of
Jeukenne, Lejeune, and Mahaux in nuclear matter, is an extension of our previous work@E. Bauge, J. P.
Delaroche, and M. Girod, Phys. Rev. C58, 1118~1998!#. The modulus of the isovector potential is extracted
and compared with measurements and fully microscopic predictions. Good overall descriptions of nucleon
scattering, of transitions to isobaric analog states, and of reaction observables are obtained down to 1 keV.
Those results are discussed in detail.
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I. INTRODUCTION

In recent years, the microscopic and semimicroscopic
proaches to the optical model potential~OMP! have success
fully explained the scattering of nucleons from nuclei of d
verse masses@1–5#, as well as of heavy ion~HI! scattering
@6#. All these approaches have in common the fact that t
rely on folding a nucleon-nucleon (N-N) effective interac-
tion with nuclear structure information describing the targ
nucleus~as well as the projectile nucleus for HI collisions!,
and many rely on Bru¨ckner-Hartree-Fock~BHF! theory @7#
to construct a density-dependent effective interaction fr
realistic free nucleon-nucleon forces. The works of J
kenne, Lejeune, and Mahaux~JLM! @8–11#, upon which the
present approach is based, used this BHF framework to
culate a mass operator in nuclear matter~NM! from the Reid
hard core@12# free N-N interaction. This mass operator ca
be assimilated to the OMP in NM@13#. Once put on the
energy shell, the NM OMP was parametrized@11# in a con-
venient form for energies up to 160 MeV, and can be app
to finite nuclei via the improved local density approximati
~ILDA !. In Ref. @5#, the energy range of the JLM OMP wa
extended to 200 MeV, and the energy variations of the
tential depth were empirically tuned and parametrized, se
rately for proton and neutron projectiles, to reproduce sc
tering and reaction observables for spherical a
quasispherical nuclei between40Ca and209Bi. Thus Ref.@5#
defined a new semimicroscopic~SM! OMP, using a density
dependence very close to that of the original JLM potent
as well as a phenomenologically adjusted energy dep
dence, and gave an optimal choice of the ILDA paramet
In Refs. @14–16#, this SM OMP was extended to perm
nently deformed nuclei in the rare earth region and to s
deformable stable and unstable S and Ar isotopes, res
tively.

However, while the JLM approach is Lane consistent@17#
by definition@Eq. ~10! of Ref. @11##, many comparisons with
experimental data@15,18,19# have shown its isovector com
ponents to be too weak. This weakness may not be surpri
since the asymmetry term of the JLM OMP is obtained
differentiating a symmetric NM BHF calculation with re
spect to the asymmetry parameter. Full calculations of
BHF asymmetric NM have since been performed@20#. How-
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ever, to correct shortcomings in our previous analyses@5#,
we present a new energy-dependent parametrization of
nucleon-nucleus OMP potential depths that is Lane con
tent and features energy-dependent enhancements o
original isovector components@11#. These parametrization
are optimized by comparison between SM OMP predictio
and measurements of nucleon elastic and quasielastic sc
ing and of reaction observables. Again this optimization p
cess defines a new Lane-consistent, SM OMP that uses
NM OMP density dependence of JLM, and separate p
nomenologically tuned energy dependencies for the isosc
and isovector OMP components. This approach of a
OMP guided by theory is similar in spirit to that used
Refs. @21,22#. As in our earlier works@5,14–16#, the input
point proton and neutron radial densities were obtained fr
Hartree-Fock-Bogoliubov~HFB! calculations performed us
ing the finite-range, density-dependent Gogny force.

This paper is organized as follows. In Sec. II, Lane co
sistency is defined and some notation established. Sectio
details the Lane-consistent parametrizations of poten
depth normalizations, as well as specifying the method u
to obtain them. In Sec. IV comparisons between our new
OMP predictions and elastic scattering, quasielastic~QE!
scattering to isobaric analog states~IAS!, and reaction ob-
servables are given. These comparisons are performed
over 30 nuclei identified in Table I, and in Tables 5 and 6
Ref. @5#, so that our SM OMP covers a broad range
masses fromA540 to A5209. Then in Sec. V we discus
the choice of an asymmetry parameter prescription, the
certainties in the energy-dependent potential depth norm
izations, and the sensitivity to the nuclear structure inform
tion contained in the point proton and neutron rad
densities. We also compare our results with those found
ing other approaches.

II. LANE MODEL

In the Lane model@17#, which assumes isospin symmet
in nuclei, the nucleon-nucleus OMP can be decomposed
isoscalar and isovector parts

U5U014
tW•TW

A
U1 , ~1!
©2001 The American Physical Society07-1
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where tW and TW are the isospins of the projectile and targ
nucleus, respectively, andA is the mass of the nucleus. Th
diagonal part ofU in ( tW,TW ) space represents the influence
the isovector potential on elastic scattering, whereas the
diagonalt1T2 part represents the quasielastic (p,n) transi-
tion between the ground state and its associated isobaric
log state. The central potential seen by a scattered neu
~proton! then has the form

Uel5U06
1

2

T0

A
U1 , ~2!

with T05(N2Z)/2, and the (p,n) transition potential reads

UQE5
1

2

~0.5T0!1/2

A
U1 . ~3!

Note that, although the elastic scattering potential is do
nated by the isoscalar OMP components, the QE (p,n) tran-
sition is only sensitive to the asymmetry term of the OM
Thus, to ascertain the quality of a Lane-consistent OMP,
proton and neutron elastic, and (p,n) processes must be an
lyzed simultaneously@23#.

To be consistent with the notations of Refs.@10,11# and
@5#, which use

Uel5U06aŨ1 , ~4!

we defineŨ15 1
4 U1 and a5(N2Z)/A. Equation~3! then

transforms into

UQE52S a

AD 1/2

Ũ1 . ~5!

III. LANE-CONSISTENT SEMIMICROSCOPIC OMP

A. Lane-consistent formulation

In Ref. @5# we optimized the energy variations of the p
tential depth normalization factorslV(E) andlW(E), which
are, respectively, the real and imaginary central poten
components, separately for proton and neutron project
By so doing, the isoscalar~or isovector! components of the
OMP have different potential depths depending on the is
pin of the projectile. Clearly that is not a Lane-consiste
way of specifying the OMP.

In this paper, the optimization process is repeated,
Lane consistency is imposed on the OMP so that the s
energy-dependent potential depth normalization factors
be used not only for the separate neutron and proton ela
scattering, but also for quasielastic (p,n) scattering. For
elastic neutron~proton! scattering, it is convenient to use th
central nuclear component of the OMP in nuclear matter o
given densityr5rn1rp and asymmetrya5(rn2rp)/r,
and which has the form

Uel~E!5lV~E!@V0~Ẽ!6lV1~E!aV1~Ẽ!#

1 ilW~E!@W0~Ẽ!6lW1~E!aW1~Ẽ!#, ~6!
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whereE is the incident projectile energy andẼ5E2Vc is
that energy shifted by the Coulomb potentialVc ~for incom-
ing protons only!. lV , lW , lV1, andlW1 are the real, imagi-
nary, real isovector, and imaginary isovector potential de
normalization factors, respectively. In Eq.~6!, theV0(r,E),
V1(r,E), W0(r,E), and W1(r,E) quantities are calculated
as shown in Sec. II of Ref.@5#. Note that for isovector parts
of the potential, there are two normalization factorslV(W)
andlV1(W1) . So choosing facilitates the generalization of t
present spherical SM OMP to deformed nuclei, for whi
only the lW factor should change significantly because
open channels that would be taken into account explicitly
coupled-channel calculations. To use the approach with fi
nuclei, the ILDA @see Eqs.~24! and ~27! of Ref. @5# which
give the ILDA evaluated at the target position# has been
applied to the NM OMP, folding it with realistic radia
nuclear densities, and obtainingUel(r ,E). As in Ref.@5#, we
use nuclear densities calculated in the HFB framework@24#
with the Gogny D1S effective interaction@25#. With these,
reliable predictions of experimental charge and matter dis
butions@24,26,27# have been found and they were used s
cessfully in our earlier semimicroscopic OMP calculatio
@5,14–16#.

The nuclear central OMP,Uel(r ,E), along with the spin-
orbit ~SO! potential given in Ref.@5#, is then introduced in
the Schro¨dinger equation for elastic scattering of a nucleo
This equation includes relativistic kinematics@28# and is
solved using theECIS @29# code, producing elastic differentia
cross sections (ds/dV), analyzing powers (Ay), spin rota-
tion observables, reaction cross sections (sR), and total cross
sections (sT for incident neutrons only!, which can be com-
pared with experimental data.

The potential for a QE (p,n) transition, derived from Eqs
~4!, ~5!, and~6!, is

UQE~r ,E!52S a~r !

A D 1/2

@lV~E!lV1~E!V1~r ,E!

1 ilW~E!lW1~E!W1~r ,E!#. ~7!

Again, for scattering from a finite nucleus,V0(r ,E),
V1(r ,E), W0(r ,E), andW1(r ,E) are obtained by applying
the ILDA ~using HFB-Gogny nuclear densities! to their
nuclear matter counterpartsV0(r,E), V1(r,E), W0(r,E),
andW1(r,E). For QE scattering thelocal form of the asym-
metry parameter„a(r )5@rn(r )2rp(r )#/r(r )… is used, and
not its averageform @a5(N2Z)/A#. Note that using the
local form might lead to numerical problems in the evalu
tion of the square root in Eq.~7! whenever locallyrp.rn .
In this case the average form of the asymmetry paramete
used. Section V A discusses the implications of the choice
a prescription for evaluatinga.

If E is the energy of the incoming proton thenUQE is
evaluated atE1Q/2, with Q as theQ value of the (p,n) IAS
reaction. In this work, when experimental values ofQ were
not available, the Anderson formula@30# has been used. Th
(p,n) IAS transition potential is then placed in our distorte
wave Born approximation~DWBA! calculations, where the
entrance and exit distorted waves were calculated using
7-2



data

LANE-CONSISTENT, SEMIMICROSCOPIC NUCLEON- . . . PHYSICAL REVIEW C 63 024607
TABLE I. Experimental QE (p,n) scattering database. Horizontal separations correspond to the
displayed in Figs. 5, 6, 7, and 9.

Projectile energy Targets Reference

22.8 MeV 56Fe, 64Ni, 70Zn, 90,96Zr, 117Sn, 208Pb @33#

22.8 MeV 56Fe @34#

22.8 MeV 54,56Fe, 58,61,62,,64Ni, 90,96Zr, 96Mo, 96Ru, 115In, 1172120Sn @35#

22.8 MeV 112,116,124Sn @36#

25.8 MeV 208Pb @37#

26.0 MeV 92Mo @38#

26.0 MeV 104Pd @39#

26.0 MeV 138Ba, 142Nd, 144Sm @40#

30.2 MeV 54,56Fe, 93Nb, 120Sn, 208Pb @41#

35.0 MeV 56Fe, 58Ni @42#

35.3 MeV 112Sn, 116Sn, 124Sn @43#

25.0, 35.0, 45.0 MeV 48Ca, 90Zr, 120Sn, 208Pb @44#

120.0 MeV 90Zr @45#

134.0 MeV 48Ca @46#

135.0 MeV 54Fe, 208Pb @47#

134.0, 160.0 MeV 48Ca @48#

160.0 MeV 90Zr @49#

200.0 MeV 90Zr @50#
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~6! at Ẽ andE1Q for incident protons and neutrons respe
tively, as suggested in Ref.@31#. The SO part of the (p,n)
transition potential is given by the isovector component
the Scheerbaum@32# SO form factor adjusted by the energ
dependent potential depth normalizations factors given
Sec V C of Ref.@5# and calculated atE1Q/2. The entrance
and exit channel SO potential components were calculate
E andE1Q, respectively.

B. Search procedure

The optimization procedure consisted of several passe
which the global (lV andlW) and isovector (lV1 andlW1)
normalizations factors were improved alternatively. The fi
steps were to use OMPs defined by Eq.~6! to reproduce
proton and neutron elastic scattering differential cross s
tions. The results give good first estimates of the isosc
parts of the OMP and they are the essential parts of
elastic scattering potentials used in building the distor
wave functions for the DWBA approach of the QE (p,n)
scattering. Reasonable estimates of the isovector parts o
OMP are obtained in these steps also. After stabilization
the l factors, (p,n) scattering observables were included
the procedure, yielding small adjustments of the global f
tors (lV andlW) and more precise energy dependence of
isovector factors (lV1 and lW1). This procedure was firs
performed in the 20<E<50 MeV energy region~shaded
zone in Fig. 1! where proton and neutron elastic and (p,n)
experimental data were available for nearly the same incid
energies. There are not much (p,n) data below 20 MeV due
to the negativeQ of the (p,n) IAS reaction, and not much
proton elastic data are available below 10 MeV. Convers
02460
-

f

in

at

in

t

c-
ar
e
d

the
f

-
e

nt

y,

neutron elastic scattering data are very scarce above 50
MeV. Thus, the complete Lane consistency of our mo
@compliance with Eq.~6! for both proton and neutron elasti
scattering, as well as with Eq.~7! for (p,n) QE scattering#
can only be challenged with experimental data in the 20–
MeV range, which constitutes the energy range of maxim
confidence of our study. For the subsequent passes of
optimization process, we chose smooth functional forms
the energy-dependent normalization factors, and ad
sT(E) andsR(E) observables to the original data set. In th
way we extend the range of this study from 1 keV to 2
MeV. After several cycles~including changes to the initia
function forms! the search has converged and we obtain
the parametrizations of the energy-dependent potential d
normalization factorslV , lW , lV1, andlW1 given next. For
completeness, the elastic scattering and reaction data
have used is the set detailed in Sec. IV A of Ref.@5#, while
the data on QE (p,n) scattering that we have used are list
in Table I.

C. Parametrizations of lV , lW , lV1, and lW1

As a result of the above optimization process, we
parametrizations of the energy-dependent potential de
normalizations. The functional forms were chosen only
reflect the energy variations of the normalization factors a
not according to any specific physical consideration. Th
parametrizations are displayed as curves in Fig. 1.

For the global (lV and lW) factors the functional forms
adopted are similar to those found in Ref.@5#. The normal-
ization of the real global potential depthlV which accounts
for the data set we have used is given by
7-3
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FIG. 1. Energy-dependent potential dept
normalization factorslV , lW , lV1, andlW1, re-
spectively, for ~a! the overall real,~b! overall
imaginary, ~c! real isovector, and~d! imaginary
isovector components of our semimicroscop
OMP. The hatched zones represent the ene
range where the Lane consistency of the OM
can be thoroughly tested by comparison with pr
ton and neutron elastic and QE~p,n! experimental
data.
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lV~E!50.95110.0008 ln~1000E!10.00018@ ln~1000E!#2.

~8!

Above 1 MeV, this formulation produces normalizatio
that are close to those in Eq.~36! of Ref. @5#, but they differ
significantly below 1 MeV. Note, however, that the previo
OMP @5# was not thoroughly tested at low energies. Betwe
1 keV and 200 MeV,lV varies between 0.95 and 0.99, e
hibiting a nearly flat behavior over more than five decade

The optimal normalization of the imaginary potenti
depth,lW , was found to follow

lW~E!5†1.242@11e[(E24.5)/2.9]#21
‡

3@110.06e2[(E214)/3.7]2#@120.09e2[(E280)/78]2#

3F11S E280

400 DQ~E280!G , ~9!

whereQ(x) is the Heaviside step function. The function
form of Eq.~9! is identical to that of Eq.~39! in Ref. @5#, but
some parameter values have changed significantly. The
gest difference lies in the low energy region where
present strength oflW is larger than that given previousl
@5#, improving the accuracy of the present OMP predictio
over those found before@5# below 1 MeV.

The enhancement factor of the real isovector part of
OMP, lV1, is taken as

lV1~E!51.520.65@11e(E21.3)/3#21, ~10!

and the enhancement factor for the imaginary isovec
OMP, lW1, as
02460
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lW1~E!5†1.110.44@11~e(E240)/50.9!4#21
‡

3@120.065e2[(E240)/13]2#

3@120.083e2[(E2200)/80]2#. ~11!

In Fig. 1~c!, lV1(E) is shown to vary smoothly from 1.1
below 1 MeV to 1.5 above 10 MeV. Note thatlV1(E) is
always significantly larger than 1.0. HerelW1(E) @displayed
in Fig. 1~d!# exhibits a plateau near 1.5 below 10 MeV an
decreases to 1.0 at 200 MeV. In the 20–50 MeV regi
where enough data are available to test completely for L
consistency,lW1(E) decreases from nearly 1.5 to 1.2. Th
energy variations oflV1(E) andlW1(E) outside the 20–50
MeV range~represented as hatched zones on Fig. 1! are not
as thoroughly tested as in the region of maximum con
dence, but still reflect the optimization of isovector potent
depth with respect to elastic scattering and reaction data

Finally, the values of the real and imaginary Gauss
rangest r andt i used in the ILDA@Eqs.~24! and~27! of Ref.
@5## were varied to get a unique set of ranges for proton a
neutron elastic scattering, reaction, and QE (p,n) scattering.
As found before@5#, the total (sT) and reaction (sR) cross
sections are most sensitive to variations oft r andt i . The best
compromises on the ILDA ranges we find aret r51.25 fm
and t i51.35 fm. However, we stress that this choice is
global compromise and that different values of the ran
can be found to produce better agreement with the dat
selected cases.

IV. RESULTS

A. Summary of the calculation process

For the sake of clarity, we briefly summarize the details
the calculations that produce the predictions for compari
with experimental data. For elastic scattering, the calcula
7-4
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scheme is almost the same as that described in Sec. V
Ref. @5#. The only differences are the presence of additio
enhancement factorslV1(E) and lW1(E) for the isovector
OMP components in Eq.~6! and our use of the modified
expressions~8! and ~9! for the global potential depths nor
malizationslV(E) and lW(E). Moreover, for the presen
OMP, the energy range of validity spans 1 keV to 200 Me
For QE (p,n) scattering, the (p,n) transition potential, de-
fined by Eq.~7! and calculated atE1Q/2, has been used in
the DWBA framework. The~proton! entrance channel dis
torted wave was calculated at energyẼ and the~neutron! exit
channel wave atE1Q. Unless otherwise stated, the resu
of all calculations shown in this work were performed usi
the above schemes.

B. Elastic proton and neutron scattering, and reaction

Herein we show that the current semimicroscopic OMP
at least as good as that established in Ref.@5# for all of the
elastic scattering and reaction observables. In Fig. 2 we
play the results ofpW 158Ni elastic scattering calculations us
ing the present Lane-consistent semimicroscopic OMP. T
are compared with experimental data for differential cro
sections and analyzing powers. These results compare
also to those given in Fig. 21 of Ref.@5#. Indeed, the results
from the present work are nearly indistinguishable fro
those found previously@5#, both producing good description
of pW 158Ni scattering up to 200 MeV.

In Fig. 3 the results ofnW 1208Pb scattering calculation
~including a Coulomb spin-orbit potential@51#! are compared
with experimental data. Again, comparison with the cor
sponding results given in Fig. 15 of Ref.@5# reveals that both
the present OMP and its predecessor account for the ex
mental data very well. The predictions are very similar
one another. But in Fig. 3 we now display differential cro
sections measured at 55, 65, and 75 MeV@52# that were not
available during the optimization process. This illustra
that our OMP does predict measurables well. Finally, in F
4 we compare the results of our OMP calculations with
perimental total cross sections between 1 keV and 200 M
for typical nuclei. The comparison with experimental da
above 1 MeV is very similar to that given in Fig. 9 of Re
@5#. Overall the agreement is very good, with discrepanc
of at most 10%. Below 1 MeV, discrepancies are more s
able, yet the overall shape of the total cross sections is
counted for reasonably well. Calculations of proton and n
tron scattering and of reaction observables on the m
spherical and near-spherical nuclei considered previously@5#
also gave comparable results, showing that the present L
consistent semimicroscopic OMP performs at least as we
its non-Lane-consistent predecessor@5# on the same set o
observables.

C. Quasielastic„p,n… scattering

The QE (p,n) scattering constitutes a strong test of t
isovector component of the OMP since only theV1(r ,E) and
W1(r ,E) components appear in the central (p,n) transition
potential, Eq.~7!. That is evident in Fig. 5 in which we show
02460
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our predictions of QE (p,n) scattering differential cross sec
tions and analyzing powers compared with measured o
for 18 nuclei and at energies near 23 MeV. The predicted
cross sections, displayed in Figs. 5~a! and 5~b!, match both
the shape and amplitude of experimental data for all i
topes. But in detail, we note that, while the forward ang
data are well reproduced by our OMP results, mid- and
back-angle QE scattering cross sections sometimes are
derestimated. That is especially so with112Sn, 115In, and
124Sn. However, coupling to the analog-excited levels~not
included in the present DWBA approach! can be expected to
lower the calculated mid- to back-angle differential cro
sections@53#. In Fig. 5~c!, the calculated analyzing power
are compared with the experimental data. The overall sha
amplitudes, and phases are reproduced reasonably for a
u<70°, but the details as well as the experimental data
backward scattering angles are not well accounted for by
calculations. That is also the case with the purely pheno
enological analysis@33# of the same data.

In Fig. 6 we compare our calculated QE (p,n) differential
cross sections with data at 26, 30, and 35 MeV for vario
target nuclei and clearly our semimicroscopic OMP accou
fairly well for the QE (p,n) reactions. As with the results
given in Fig. 5, the agreement is not perfect. But the essen
features of the experimental data are well described by
model. In Fig. 7 we compare predictions with data@44# taken
from a wide range of target nuclei~from 48Ca to 208Pb) at
proton energies of 25, 35, and 45 MeV. Clearly the ene
dependence of the isovector component of our OMP is w
described in our model, since the calculated angular distr
tions match the experimental data quite well. Again, t
agreement is not perfect, but they are comparable to th
found using a purely phenomenological approach@44#. Simi-
lar QE (p,n) calculations were performed for 49.4 MeV pro
tons incident on93Nb, 120Sn, and 208Pb. The comparisons
with data@41# are similar to those shown above and there
similar conclusions to be drawn.

The angle-integrated QE (p,n) IAS cross sections (sQE)
also were calculated as functions of incident proton ener
In Fig. 8 the results are compared with data for t
208Pb(p,n)208Bi, 91Zr(p,n)91Nb, and 92Mo(p,n)92Tc reac-
tions. For208Pb @Fig. 8~a!#, the agreement is very good from
25 to 50 MeV. In the case of91Zr @Fig. 8~b!#, the calculation
seems to overestimate the data; however, the most re
data set@54# ~shown as triangles! agrees better with our cal
culation, perhaps hinting that older data values are too l
Moreover, looking back at Fig. 7~b! it does not seem to
indicate that the calculated angle-integrated cross sect
overestimate the experimental ones at 25, 35, and 45 M
for the even-even90Zr core. Finally, in Fig. 8~c! we show the
integrated (p,n) IAS cross section for the neighboring92Mo
nucleus. The results are in good agreement with experim
tal data in the 18–26 MeV range.

In Fig. 9 we present a comparison with data of our resu
for energies in excess of 100 MeV. In this energy regime,
Lane consistency of our model could not be tested co
pletely due to the scarcity of neutron elastic scattering d
above 75 MeV. In Fig. 9~a!, 48Ca(p,n) QE scattering differ-
ential cross sections at 135 and 160 MeV are displayed
7-5
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FIG. 2. Predicted scattering cross sections and analyzing powers~solid lines! compared with experimental data~open circles! for
polarized protons incident on58Ni between 10 MeV and 200 MeV. Note that elastic cross sections are presented as ratio to Rutherfo
sections (sRuth). These are offset by factors of 10, while analyzing powers are shifted by 2.
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FIG. 3. Comparison of predicted differential cross sections and analyzing powers with experimental data, for polarized neutrons
from 208Pb between 2 and 155 MeV. Note that the differential cross sections are offset by factors of 10, while analyzing powers ar
by 2. The solid lines represent the results of our calculations~including compound nucleus contributions! and dotted lines represent the dire
interaction components of the differential cross section. The Coulomb SO potential is considered in this analysis.
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FIG. 4. Comparisons between calculated~solid lines! and ex-
perimental~symbols! total cross sections for neutrons incident
40Ca, 90Zr, 120Sn, and208Pb. The dashed line represents calcu
tions performed using nuclear densities obtained though HF1RPA
calculations for208Pb.
02460
both energies the semimicroscopic OMP calculations ove
timate the cross sections at forward scattering angles. Fo
QE 90Zr(p,n) reaction at 120 MeV, the results of which a
shown in Fig. 9~b!, the data are well reproduced by our ca
culations, although at 160 and 200 MeV the predicted
scattering peaks are too large and too narrow. Comparis
performed at 135 MeV for54Fe(p,n) and 208Pb(p,n) QE
scattering@Fig. 9~c!# also show that our OMP calculation
tend to overestimate QE (p,n) scattering at the forward sca
tering angles. Moreover, the structure of calculat
208Pb(p,n) differential cross section exhibits oscillation
that are not evident in the experimental data. But there
only four such data points. In Fig. 9~d! the analyzing powers
for QE (p,n) scattering from48Ca at 134 MeV and from
90Zr at 160 MeV are shown. Given the sensitivity of su
data, our results are quite good in comparison with obse
tion.

Overall we believe that the potential depth normalizati
of our semimicroscopic OMP allows for a good, Lan
consistent description of elastic and quasielastic scatte
and of reaction data where the Lane consistency is c
pletely tested~i.e., from 20 to 50 MeV!. For lower energy
proton and neutron scattering and reaction data, our O
also produces observables that closely match. At higher
ergies, while proton and neutron elastic scattering obse
ables are well reproduced, QE (p,n) differential cross sec-
tions seem to be overestimated at forward scattering ang
However, other microscopic approaches@46–49# do not per-
form significantly better than does the present model at m

-
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E. BAUGE, J. P. DELAROCHE, AND M. GIROD PHYSICAL REVIEW C63 024607
FIG. 5. Comparison between predicted~solid
lines! and experimental~symbols! QE (p,n) dif-
ferential cross sections~a!, ~b! and analyzing
powers~c!, for 23 MeV protons incident on54Fe,
56Fe, 58Ni, 61Ni, 62Ni, 64Ni, 70Zn, 90Zr, 96Zr,
96Mo, 96Ru, 112Sn, 115In, 116Sn, 117Sn, 118Sn,
120Sn, and124Sn. Note that the differential cros
sections are offset by powers of 10, while analy
ing powers are shifted by increments of 1.

FIG. 6. Comparison between predicted~solid
lines! and experimental~symbols! QE (p,n) dif-
ferential cross sections for 26 MeV~a!, 30 MeV
~b!, and 35 MeV~c! protons incident on54Fe,
56Fe, 60Ni, 92Mo, 93Nb, 104Pd, 112Sn, 116Sn,
120Sn, 124Sn, 138Ba, 142Nd, 144Sm, and 208Pb.
Note that the differential cross sections are offs
by powers of 10.
024607-8
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FIG. 7. Comparison between predicted~solid lines! and experimental~symbols! QE (p,n) differential cross sections for 25 MeV, 3
MeV, and 45 MeV protons incident on48Ca ~a!, 90Zr ~b!, 120Sn ~c!, and 208Pb ~d!. Note that the differential cross sections are offset
powers of 3.
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dium energy. Moreover, the differences between our pre
tions and medium energy data should not be overemphas
as the adjustments oflV1(E) and lW1(E) that would be
needed to make calculated observables match experimen
well within the estimation of the uncertainties on potent
depth normalization factors as we discuss in the next sec

V. DISCUSSION

A. Choice of a prescription for the asymmetry parameter

First, we discuss the physical implications of the choic
that were made and described in Sec. III. Taking the lo
02460
c-
ed

are
l
n.

s
l

asymmetry parameter asa(r )5(rn2rp)/(rn1rp) for both
the elastic scattering and the QE (p,n) transition potential
can be interpreted as the evaluation of the asymmetry term
the OMP in nuclear matterbeforeproceeding with finite nu-
clei through ILDA. Conversely, the choice of using the a
erage@a5(N2Z/A)# asymmetry parameter corresponds
the case wherea is directly calculated for a finite nucleu
with a given value of isospinT0. However, as noted earlier
the local prescription for the asymmetry parameter can l
to an indeterminate form when locallyrp.rn . Here 54Fe
proved to be an example. In that case thea5(N2Z)/A
prescription for the asymmetry parameter was used.
7-9
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To appraise the effect of using these prescriptions,
show, in Fig. 10, QE (p,n) scattering observables calculate
using the local~solid line! and average~dashed line! pre-
scriptions for the asymmetry parameter, for the case of
MeV polarized protons incident on64Ni. Evidently the pre-
scription used to calculate the asymmetry parameter h
noticeable effect on the OMP and on the attendant pre
tions of observables. The two prescriptions also lead to in
grated cross sections that differ noticeably~12% in the
present case! and slightly different shapes. Nevertheles
both prescriptions do produce reasonable fits to the data,
our preference for the local asymmetry parameter presc
tion is motivated by the fact the local prescription takes in
account more microscopic structure information, such as
difference between proton and neutron densities root m
square~rms! radii. Since the average prescription indeed
sumes a simple scaling between proton and neutron de
distributions, their rms radii are identical.

B. Uncertainties of potential depth normalization factors

In this section, we evaluate the range of the uncertain
associated with the potential depth normalization facto
lV , lW , lV1, andlW1, defined in Eqs.~8!–~11!.

We will focus first on the energy range of maximum co
fidence, i.e., 20–50 MeV. In this region we estimate the
certainty in lV’s and lW’s to be no more than 1.5% an
10%, respectively. This estimate is obtained by compar
the values given from Eqs.~8! and~9! to those inferred from
best fits to individual angular distributions. For the isovec
normalization factorslV1 andlW1, the uncertainties are es
timated to be of the order of 10%. To obtain this value

FIG. 8. Comparison between predicted~solid lines! and experi-
mental ~symbols! QE (p,n) angle-integrated cross sections, f
208Pb ~a!, 91Zr ~b!, and 92Mo targets. Open circles, open squar
solid circles, stars, up triangles, solid squares, and down trian
represent data from@55# ~corrected as in@56#!, @37#, @44#, @57#, @54#,
@55#, and@58#, respectively.
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have performed QE (p,n) calculations for208Pb using not
only the mean-field HF/D1S calculated densities but also
correlated densities obtained through HF1RPA calculations
@59#, the latter again made using the Gogny effective int
action. Note that, since208Pb is a doubly closed shell nucleu
in which no pairing is present, the HF and HFB solutio
coincide. In the inset to Fig. 11, the predicted charge a
point neutron density distributions are shown as dashed~HF!
and dotted @random phae approximation~RPA!# curves.
They are compared with those extracted from measurem
@60,61#. The RPA densities describe the structure data be
but their use alters noticeably the amplitude of the QE d
ferential cross section prediction as is shown in the body
Fig. 11. To get a better agreement for the (p,n) predictions
when using the RPA densities,lV1 andlW1 would have to
be changed by about 10%. The effect of using RPA densi
instead of HF densities on the calculations ofn1208Pb total
cross section is illustrated in Fig. 4~dashed curves!. But the
differences seen in Fig. 4 can be taken into account also
changes of the potential depth normalizations within th
respective uncertainties. The 10% uncertainty on the isov
tor components is viewed as a measure of the effect
changing from a ‘‘good’’ description of the nuclear structu
of 208Pb ~HF calculation! to a ‘‘better’’ one ~RPA calcula-
tion! @59#, and is adopted as our estimate of the uncertain
on the isovector normalization factors.

Moving away from the 20–50 MeV energy range
maximum confidence increases the uncertainties as migh
expected. We estimate that outside this range the above
certainties should be multiplied by a factor of 1.5–2.0. F
nally, we stress the existence of correlations between
different potential depth normalization factors. Those cor
lations, which result in part from the imposed Lane cons
tency in Eqs.~6! and ~7!, explain the 1.5–2.0 spread of th
multiplicative factor for normalizations outside the 20–5
MeV region. If the Lane consistency is ignored, then go
agreement with individual data sets can be obtained with
uncertainties in some normalization factors being twice
large, while the uncertainties in the remaining factors do
change. Conversely, by trying to maintain Lane consiste
below 20 MeV and above 50 MeV, the uncertainties can
kept within 1.5 times their maximum confidence values
such changes are performed in a correlated way. Idea
energy-dependent error matrices for the four normalizat
parameters defined by Eqs.~8!–~11!, including the off-
diagonal covariance information, should be presented.
practice, as a result of the uneven sampling of the energy
mass distributions in the experimental data set as well a
the presence of unknown systematic experimental uncert
ties on those data, an automated search on the normaliz
factors is extremely difficult to perform without introducin
biases. Therefore, only the32.0–31.5 ~depending on how
‘‘cleverly’’ one changes the factors! augmentation of the
normalization factor uncertainties is presented here.

C. Sensitivity to nuclear density distributions

In the preceding subsection, we discussed how exp
mental proton and neutron elastic and (p,n) scattering data

es
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LANE-CONSISTENT, SEMIMICROSCOPIC NUCLEON- . . . PHYSICAL REVIEW C 63 024607
FIG. 9. Comparison between predicted~solid lines! and experimental~symbols! QE (p,n) differential cross sections~a!, ~b!, and~c!, and
analyzing powers~d!, for energies above 100 MeV. Note that the differential cross sections are offset by powers of 3, while an
powers are shifted by increments of 2.
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can help narrowing the range of parameters used in
semimicroscopic OMP approach, the emphasis being on
parametrization of the complex,N-N effective interaction.
Now we focus on the nuclear densities used in the O
calculations and on what we may learn about them fr
comparisons between proton and neutron elastic and
(p,n) scattering data and the semimicroscopic OMP pred
tions. More precisely, since proton density information
very well known from electron scattering experimen
@26,27,60#, QE (p,n) scattering by being essentially sens
tive to thern2rp difference@36,37,40,62# indirectly should
probe the neutron density distributions.
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First we compare the nuclear density distributions cal
lated in the HFB framework with experimental observabl
The inset in Fig. 11 displays experimental@60,61# and cal-
culated charge and point neutron radial densities for208Pb.
This figure shows that our HF and HF1RPA @24# calcula-
tions reproduce the charge and neutron radial density di
butions well, yet the HF1RPA calculation exhibits bette
agreement with the data as is expected@59#. To further test
the quality of these nuclear densities, calculated proton
neutron distributions rms radii are compared with their e
perimental counterparts@63# in Table II for some of the iso-
topes included in our experimental database. These com
7-11
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E. BAUGE, J. P. DELAROCHE, AND M. GIROD PHYSICAL REVIEW C63 024607
FIG. 10. Comparison between calculations using the local~solid
line!, average~dashed lines! prescriptions~see text! for the asym-
metry parameter, and experimental data~symbols! for
64Ni( p,n)64Cu QE scattering at 23 MeV. The top panel displa
differential cross section and the bottom panel displays analy
power.

FIG. 11. Comparison between differential cross section calc
tions using HF nuclear densities~dashed lines!, HF1RPA densities
~dotted lines!, and experimental data~symbols! for 208Pb(p,n)208Bi
QE scattering at 45 MeV. The inset displays comparisons betw
calculated and experimental@60,61# point neutron and charge radia
density distributions for208Pb.
02460
sons show that the proton, neutron, and charge distribut
rms radii over the whole range of studied nuclei are w
defined by HFB calculations. Last, we note that the diff
ence between neutron and proton rms radii for the Sn
topes @64# also is well defined by the HFB calculation
Overall the HFB densities used as input to our SM OMP
in such remarkable agreement with the measured charge
neutron radial densities that the good agreement observe
Sec. IV between experimental and predicted elastic
quasielastic scattering cross sections is partially explaine

The next question is the sensitivity of our SM OMP
variations of these densities. We ask if our SM OMP calc
lations help discriminate between any available ‘‘bad
‘‘good,’’ and ‘‘better’’ descriptions of nuclear structure. Fig
ures 4 and 11 provide some insight into this as they rev
the sensitivity of our SM OMP prediction to the density d
ferences between HF and HF1RPA calculations. However
since these differences also can be accounted for by pote
depth normalizations factors within our estimated uncerta
ties, assessing the respective merits of those two nuc
structure approaches using nucleon scattering informatio
the only criterion is obviously not within the capabilities o
our approach. Nevertheless, the above example represe
worst case situation by discriminating between two alrea
good descriptions of nuclear densities.

D. Comparisons with other OMPs

To check the consistency of our OMP with earlier a
proaches to the separation of central nucleon-nucleus O

g

-

en

TABLE II. Comparison between measurements@63# and present
HFB and HF1RPA predictions for neutron, proton, and char
densities rms radii.

^r n
2&1/2 ^r p

2&1/2 ^r ch
2 &1/2

~fm! ~fm! ~fm!

40Ca expt. 3.491 3.392 3.482
40Ca HF 3.368 3.412 3.470

48Ca expt. 3.625 3.396 3.470
48Ca HF 3.579 3.452 3.500

58Ni expt. 3.700 3.686 3.772
58Ni HFB 3.702 3.688 3.758

64Ni expt. 3.912 3.745 3.845
64Ni HFB 3.870 3.788 3.840

90Zr expt. 4.289 4.204 4.280
90Zr HFB 4.267 4.219 4.270

116Sn expt. 4.692 4.546 4.619
116Sn HFB 4.656 4.562 4.610

124Sn expt. 4.851 4.599 4.670
124Sn HFB 4.753 4.619 4.663

208Pb expt. 5.593 5.453 5.503
208Pb HF 5.576 5.442 5.482
208Pb HF1RPA 5.653 5.465 5.515
7-12
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LANE-CONSISTENT, SEMIMICROSCOPIC NUCLEON- . . . PHYSICAL REVIEW C 63 024607
into isoscalar and isovector components we study the res
tive moduli uJ0u anduJ1u of the isoscalar and isovector com
ponents of our SM OMP. They are shown by solid lines
Fig. 12 with shaded uncertainty ranges as specified
Sec.V B. They are compared with OMP predictions@56,65#
shown by the open and solid circles, respectively, for208Pb
as the target. Moreover, isovector volume integrals extrac
from forward angle90Zr(p,n) IAS cross sections measure
at 120, 160, and 200 MeV are shown by the solid squa
@66#, the triangles@67#, and the open squares@68#, respec-
tively. At 200 MeV, uJ1u is extracted from the90Zr Fermi
transition unit cross section of Fig. 29 of Ref.@68# using Eq.
~2.20! of the same paper. We note that in the 120–200 M
range,uJ1u is nearly mass independent. We adopt theuJ1u
values obtained for90Zr because in heavy nuclei the IAS
located near the Gamov-Teller peak and therefore is diffi
to resolve in (p,n) reactions at medium energies. For t
isoscalar component, all three approaches, ours and tho
Refs.@56,65#, produce volume integrals that exhibit the sam
energy dependence. But differences of normalization are
dent from Fig. 12~a!. While these differences remain mode
ate~about 10%! between our approach and that of Ref.@56#,
larger differences exist between the results of our calc
tions and those of Ref.@65#.

The isovector component of the OMP@shown in Fig.
12~b!# reveals other differences. While the high energy b
havior of the isovector components@65–68# agrees well with
our calculated values and estimated uncertainties, at low
ergy our SM OMP overestimates the isovector compon
specified elsewhere@56# and by a large amount~about 50%
larger in fact!. To reconcile these apparent contradictions o
must remember that comparing volume integrals of OMP
only meaningful when they have comparable radial shap

FIG. 12. Moduli of the isoscalar~a! and isovector~b! compo-
nents of our semimicroscopic OMP~solid lines with shaded uncer
tainties ranges from Sec. V B! compared to those derived from
other approaches@56,65–68#. See text for details.
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The evolution of the radial shapes of our SM OMP for208Pb
is displayed in Fig. 13 for the real isoscalar~a!, imaginary
isoscalar~b!, real isovector~c!, and imaginary isovector~d!
components. Note that the real isovector component~c! is
always much smaller than the real one~a!. But in the vicinity
of 20 MeV, the imaginary isoscalar~b! and isovector~d!
components have comparable depths. This result leads u
reassess the validity of using the DWBA approximation
the present calculations. However, our tests have shown
calculating the QE (p,n) scattering in the coupled-chann
framework instead of the DWBA approximation brings on
negligible corrections to the (p,n) cross sections. Note als
that the influence of isovector components weakens with
creasing energy. Indeed the real isovector component ne
vanishes for energies in excess of 150 MeV and the ima
nary isovector component is essentially flat between 100
200 MeV. In contrast, the imaginary isoscalar compon
grows in importance with increasing energy. Thus the
ovector components of the OMP will have a weak influen
on nucleon scattering between 150 and 200 MeV. Moreo
and in agreement with other findings@69#, at high energy
uJ1u is dominated by the imaginary isovector OMP comp
nent. A third point is that the disagreement between our l
energy isovector volume integrals and those of Ref.@56# is
most likely due to a very strong surface component pres
in the imaginary isovector component of our OMP.

Since the above comparisons do not allow us to be co
pletely conclusive about the quality of our Lane-consist
OMP, we compare the nucleon mean free paths predicte
our approach with those from other work@20#, wherein mean
free paths have been calculated in asymmetric NM by us
an extended Bru¨ckner-Hartree-Fock approach. The sam
quantities are calculated in our approach using the form
given in Ref.@20# and Eq.~6!. The results are displayed i

FIG. 13. Radial shape and energy dependence of the isos
and isovector OMP components for208Pb.
7-13
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E. BAUGE, J. P. DELAROCHE, AND M. GIROD PHYSICAL REVIEW C63 024607
Fig. 14. Comparison of the mean free paths at nuclear
face density (r50.085 fm23) shows that the symmetri
NM mean free paths calculated using our SM OMP ag
very well with those of Ref.@20#. But at the same density fo
high asymmetries (a.0.4), our SM OMP predicts mean fre
paths that are noticeably different. However, within t
range of asymmetries encountered between drip lines in
nite nuclei (a<0.4), the mean free paths from our calcu
tions and from Ref.@20# agree very well up to 150 MeV. It is
not surprising that the two sets of calculations at high asy
metry disagree since the JLM approach@11#, upon which our
SM OMP is based, only uses first order perturbation exp
sion around symmetric NM to evaluate the asymmetry te
of the NM potential whereas the extended BHF calculatio
@20# were made in asymmetric NM.

Our results calculated at the ‘‘interior’’ density (r
50.17 fm23) also can be compared with the BHF me
free paths@20#. At this density, the agreement between t
two calculations, while fairly good at high energy, degrad
with decreasing energies. At low energy the projectile d
not penetrate the target deeply and thus mainly probes
surface of the potential. Conversely, at high energy the p
jectile probes more of the interior of the OMP. Thus the S
OMP parameters optimized at low energy mainly reflect
fects of the NM OMP at ‘‘surface’’ densities while thos
optimized at high energies are more sensitive to the N
OMP at ‘‘interior’’ densities. Both features agree with th
findings of Ref.@20#. The mean free paths shown in Fig. 1
can also be compared with other estimates@70,71#. Our cal-
culations fora50.2 andr50.17 fm23 when compared to
the 208Pb proton mean free paths as calculated atr 50 fm
~Fig. 10 of Ref.@70#! are in good agreement between 1
and 200 MeV.

FIG. 14. Proton~top panels! and neutron~bottom panels! mean
free paths calculated for densities ofr50.085 fm23 ~left panels!
andr50.17 fm23 ~right panels!, and for asymmetry parametersa
ranging from 0.0 to 0.8.
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E. Other remarks

The isovector term in the SO potential has not been st
ied very thoroughly in this work. Nevertheless, compariso
between experimental and calculated analyzing powers
proton elastic~Fig. 2! and neutron elastic~Fig. 3! scattering
exhibit no apparent defects that could be attributed to
isovector SO OMP components. On the other hand,
(p,n) analyzing powers@Figs. 5~c! and 9~d!# are not repro-
duced as well as the corresponding differential cross sect
by our calculations. Nevertheless, the quality of agreem
with data remains comparable to that exhibited in other st
ies @33,46,49,72#. Moreover, our tests have shown that t
(p,n) analyzing powers calculated using the SO transit
potential as described in Sec. III are virtually indistinguis
able from the results of a calculation performed using no
transition potential at all. A weak isospin component in t
SO potential is consistent with other findings@69#. Also, as
expected@33,69,72,73#, the sign of the real isovector compo
nent of our SO potential is opposite that of the central
ovector component. Finally, relativistic approaches@74# in-
dicate that SO potentials near drip lines are considera
different from their stability valley counterparts. Since th
SO components used in our approach have been tested
in selected cases of nuclei off the stability line@15,16#, cau-
tion should be exercised in using these SO components
the more exotic systems.

Another topic that has not been fully developed so far
this paper is the OMP at low energies (E,1 MeV). While
Fig. 4 gives a good idea of the quality of predictions at lo
energy, further tests are needed to assess the validity of
SM OMP in this energy range. One such test is the comp
son between experimental and calculated values for the
tential scattering radius (R8) and thes- andp-wave neutron
strength functions (S0 andS1) in the keV region. This com-
parison was performed for many of the target nuclei stud
here, and we have found thatR8, S0, and S1 experimental
values@75# are well predicted by our SM OMP analyses. F
example, in the Sn region whereS0 is very weak, theS0
values calculated with our SM OMP agree with the mag
tude of experimentalS0 values. Other calculations@76#
strongly overestimate theseS0 values. Moreover, ourS0 cal-
culations predict a very slow decrease ofS0 with increasing
Sn mass @S0(112Sn)50.41131024, S0(124Sn)50.391
31024], a trend more in agreement with the data than is
increasing trend exhibited by other OMP calculations@75#.
Note that the only OMP study@77# that accounts forS0 de-
tails with the Sn isotopes does so by using unusually la
imaginary isovector terms; qualitatively agreeing with t
strong imaginary isovector enhancement present in
study. For theR8 and S1 observables, both the previou
OMP study @75# and our SM OMP produce equally goo
descriptions of experimental results.

The last question that we discuss is the peculiar cas
40Ca. For neutrons incident on40Ca between 10 and 20
MeV, the calculated neutron elastic differential cross s
tions tend to underestimate the experimental data at b
ward angles. While the change of imaginary potential de
needed to account for the data is well within our uncertai
7-14
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LANE-CONSISTENT, SEMIMICROSCOPIC NUCLEON- . . . PHYSICAL REVIEW C 63 024607
range, it is puzzling that this self-conjugate nucleus is not
excellent example for our Lane-consistent model. Note th
special case was made@5# for low energy (E,20 MeV)
neutron scattering from this nucleus and tentatively att
uted to double-shell closure effects. In the present contex
possible explanation could be an ambiguity in the bala
between the imaginary isoscalar and isovector OMP com
nents for 10<E<20 MeV. A way to remove this ambiguity
would be to completely test the isovector terms of our S
OMP @i.e., testing proton and neutron elastic and (p,n) scat-
tering at the same time# between 10 and 20 MeV. Howeve
this is a difficult task since at low energy, compound~p,n!
contributions can become so important that comparis
with data may be very dependent on compound nucleus
rameters. Another possible explanation involves char
symmetry breaking@78–80#, but such a study is outside th
scope of this work.

VI. SUMMARY AND CONCLUSIONS

We have specified a new spherical, Lane-consist
semimicroscopic OMP built upon the density dependence
the JLM @11# NM OMP and energy-dependent potent
depth normalizations factors that are adjusted phenom
logically and parametrized separately for the real isosca
real isovector, imaginary isoscalar, and imaginary isovec
components of the OMP. This adjustment is performed
order to maximize the agreement between calculated
measured proton and neutron elastic scattering, QE (p,n)
scattering, and reaction observables. To achieve that, th
ovector components of the OMP were renormalized b
sizable factor~of the order of 1.5!. The other key ingredien
for building OMPs for finite nuclei is the description o
nuclear densities used in the ILDA. In this work radi
nuclear densities calculated in the HFB or HF1RPA frame-
work, with Gogny’s D1S force, have been used with succe
Together, the nuclear structure information calculated w
D1S and the revised NM OMP linked by the ILDA cons
tute what we designate as the JLMB~JLM1Bruyères!
model.

We have shown that the JLMB OMP can account fo
wide range of nucleon scattering and reaction observab
over the energy range from 1 keV to 200 MeV, and f
spherical and near-spherical target nuclei from40Ca to 209Bi.
The good agreement between calculated and measured
(p,n) scattering cross sections shows that the strength
the isovector components of our OMP are of the right m
nitude. Note that accounting simultaneously for the pro
and neutron elastic and (p,n) cross sections constitutes
very stringent test for a Lane-consistent OMP@23#. Note also
that the JLMB potential, which involves no more adjust
parameters than did our previous one@5#, passes this test.

The large renormalization~about 1.5! of the isovector
components necessary for the construction of a La
consistent, JLM-based OMP which accounts for proton a
neutron elastic and QE (p,n) observables confirms the pre
sumption @15,18,19# that the isovector components of th
02460
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original JLM OMP are too weak. In the process, t
strengths of the isovector components of the JLMB OM
have been determined, between 20 and 50 MeV, within t
uncertainties of 11.5% and 20% for the real and imagin
components, respectively. The above uncertainties may
reduced when model-independent neutron density meas
ments are available from experiments such as of parity v
lating electron scattering measurements@81#. With those we
could disentangle the uncertainties related to the mo
dependent nuclear densities used in our approach from
intrinsic to the folding interaction itself.

QE (p,n) scattering calculations using the JLMB mod
have been shown to be sensitive to the nuclear structure
formation of the proton and neutron densitiesrp and rn ,
thus creating a link between experimental nucleon scatte
observables and nuclear structure information. Likewise
descriptions of nuclear structure~HFB and HF1RPA calcu-
lations with Gogny D1S force! used in the JLMB OMP have
been shown to be accurate representations of the radial
ton and neutron distributions as may be inferred from da

Comparisons with other OMPs, on the basis of volum
integrals, mostly are inconclusive due to the strong influe
of the different radial shapes exhibited by the OMPs
evaluate. Yet considering the size of uncertainties, a se
quantitative agreement is observed between our predict
and moduli extracted from other approaches. On the o
hand, calculated nucleon mean free paths@20,70# are in good
agreement with the JLMB OMP predictions. More precise
for densities and asymmetry parameters that can be pro
by scattering a nucleon off a nucleus within the drip line
the agreement between the JLMB mean free paths and t
of Ref. @20# is very good. This is encouraging if the JLMB
OMP is to be used in applications that demand nuclear d
far from stability~i.e., accelerator driven systems!, since this
comparison shows that for nuclei between drip lines
JLMB OMP isovector central components are well ca
brated. These results also suggest that it would be usefu
extend the BHF calculation in asymmetric nuclear mat
@20# in a similar way to what was done with the original JLM
approach. The added advantage is that such would be c
pletely microscopic and so comparable with other studies
nucleon-nucleus elastic scattering that do not use phen
enological additions@1–4#.

Finally, extending this spherical SM OMP study, in
systematic manner, to deformed and deformable nu
should be quite straightforward as this extension has alre
been tested for the SM OMP@5#, for rigid rotators@14#, and
for soft deformable, stable and unstable nuclei@15,16#.
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