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Lane-consistent, semimicroscopic nucleon-nucleus optical model
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A semimicroscopic, Lane-consistent optical model is established up to 200 MeV for nucleons incident on
spherical and near-spherical nuclei with masses A46-209. This model, based on the earlier approach of
Jeukenne, Lejeune, and Mahaux in nuclear matter, is an extension of our previousBnvddkuge, J. P.
Delaroche, and M. Girod, Phys. Rev.38, 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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[. INTRODUCTION ever, to correct shortcomings in our previous analy$ds
we present a new energy-dependent parametrization of the
In recent years, the microscopic and semimicroscopic apAucleon-nucleus OMP potential depths that is Lane consis-
proaches to the optical model potenti@MP) have success- tent and features energy-dependent enhancements of the
fully explained the scattering of nucleons from nuclei of di- original isovector componen{d1]. These parametrizations
verse masseil-5|, as well as of heavy iofHI) scattering ~are optimized by comparison between SM OMP predictions
[6]. All these approaches have in common the fact that thegnd measurements of nucleon elastic and quasielastic scatter-
rely on folding a nucleon-nucleor\¢N) effective interac-  Ing and of reaction observables. Again this optimization pro-
tion with nuclear structure information describing the targetcess defines a new Lane-consistent, SM OMP that uses the
nucleus(as well as the projectile nucleus for HI collisigns NM OMP density dependence of JLM, and separate phe-
and many rely on Brekner-Hartree-FockBHF) theory[7] nomenologically tuned energy dependencies for the isoscalar
to construct a density-dependent effective interaction fronfind isovector OMP components. This approach of a SM
realistic free nucleon-nucleon forces. The works of JeuOMP guided by theory is similar in spirit to that used in
kenne, Lejeune, and Maha@3M) [8—11], upon which the Refs.[21,27. As in our earlier workg5,14-14, the input
present approach is based, used this BHF framework to caPoint proton and neutron radial densities were obtained from
culate a mass operator in nuclear matié#) from the Reid ~ Hartree-Fock-BogoliubovHFB) calculations performed us-
hard corg[12] free N-N interaction. This mass operator can ing the finite-range, density-dependent Gogny force.
be assimilated to the OMP in NNIL3]. Once put on the This paper is organized as follows. In Sec. I, Lane con-
energy shell, the NM OMP was parametriddd] in a con-  Sistency is defined and some notation established. Section IlI
venient form for energies up to 160 MeV, and can be appliedletails the Lane-consistent parametrizations of potential
to finite nuclei via the improved local density approximation depth normalizations, as well as specifying the method used
(ILDA). In Ref.[5], the energy range of the JLM OMP was t0 obtain them. In Sec. IV comparisons between our new SM
extended to 200 MeV, and the energy variations of the poOMP predictions and elastic scattering, quasielatf&)
tential depth were empirically tuned and parametrized, sepacattering to isobaric analog stat@AS), and reaction ob-
rately for proton and neutron projectiles, to reproduce scatservables are given. These comparisons are performed for
tering and reaction observables for Spherica| anddver 30 nuclei identified in Table l, and in Tables 5 and 6 of
quasispherical nuclei betweéfiCa and2°Bi. Thus Ref.[5]  Ref. [5], so that our SM OMP covers a broad range of
defined a new SemimicroscomSM) OMP, using a density masses fromA=40 to A=209. Then in Sec. V we discuss
dependence very close to that of the original JLM potentialthe choice of an asymmetry parameter prescription, the un-
as well as a phenomenologically adjusted energy deperpertainties in the energy-dependent potential depth normal-
dence, and gave an optimal choice of the ILDA parametersj_zations, and the sensitivity to the nuclear structure informa-
In Refs.[14-16, this SM OMP was extended to perma- tion contained in the point proton and neutron radial
nent|y deformed nuclei in the rare earth region and to Soﬂgensmes. We also compare our results with those found us-
deformable stable and unstable S and Ar isotopes, respetld other approaches.
tively.
However, while the JLM approach is Lane consis{arr Il. LANE MODEL
by definition[Eq. (10) of Ref.[11]], many comparisons with
experimental dat@l5,18,19 have shown its isovector com- .
ponents to be too weak. This weakness may not be surprisidg
since the asymmetry term of the JLM OMP is obtained byI
differentiating a symmetric NM BHF calculation with re-
spect to the asymmetry parameter. Full calculations of the U=Un+t4
BHF asymmetric NM have since been perforni2d]. How- 0

In the Lane mode]17], which assumes isospin symmetry
nuclei, the nucleon-nucleus OMP can be decomposed into
oscalar and isovector parts
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wheret and T are the isospins of the projectile and targetwhereE is the incident projectile energy arf=E—V, is
nucleus, respectively, amdlis the mass of the nucleus. The that energy shifted by the Coulomb potend&l (for incom-
diagonal part otU in (t,T) space represents the influence of ing protons only. Ay, Ay, Ay1, and\y, are the real, imagi-
the isovector potential on elastic scattering, whereas the offaary, real isovector, and imaginary isovector potential depth
diagonalt, T_ part represents the quasielastig i) transi-  Nnormalization factors, respectively. In E@), the Vo(p,E),

tion between the ground state and its associated isobaric an¥(p,E), Wo(p,E), andW,(p,E) quantities are calculated
log state. The central potential seen by a scattered neutrc@ shown in Sec. Il of Ref5]. Note that for isovector parts

(proton then has the form of the potential, there are two normalization factarg,
and\y;w1)- So choosing facilitates the generalization of the
1T, present spherical SM OMP to deformed nuclei, for which
Ue|=Uot§ Kulv 3 only the \yy factor should change significantly because of

open channels that would be taken into account explicitly in
with To=(N—2)/2, and the p,n) transition potential reads coupled-channel calculations. To use the approach with finite
nuclei, the ILDA[see Eqs(24) and (27) of Ref. [5] which
1 (0.5T)? give the ILDA evaluated at the target positiohas been
Uge=5 —F7 Y- (3 applied to the NM OMP, folding it with realistic radial
nuclear densities, and obtainik,(r,E). As in Ref.[5], we
Note that, although the elastic scattering potential is domilS€ nuclear densities calculated in the HFB framewarq
nated by the isoscalar OMP components, the @Y tran-  With the Gogny D1S effective interactidiz5]. With these,
sition is only sensitive to the asymmetry term of the OMP.reliable predictions of experimental charge and matter distri-
Thus, to ascertain the quality of a Lane-consistent OMP, th®utions[24,26,27 have been found and they were used suc-
proton and neutron elastic, ang, () processes must be ana- cessfully in our earlier semimicroscopic OMP calculations

lyzed simultaneousl!y23]. [5,14-18. _ _
To be consistent with the notations of Reff$0,11] and The nuclear central OMRJ(r,E), along with the spin-
[5], which use orbit (SO) potential given in Ref[5], is then introduced in
the Schrdinger equation for elastic scattering of a nucleon.
Ug=Up= aDl, (4) This equation includes relativistic kinemati¢28] and is

solved using th&cis[29] code, producing elastic differential
cross sectionsdo/d(}), analyzing powersA,), spin rota-

tion observables, reaction cross sectiomg)( and total cross
sections ¢ for incident neutrons on)y which can be com-

we defineU,;=21U; and a=(N—2Z)/A. Equation(3) then
transforms into

o\ 12 pared with experimental data.
UQEzz(_> 0,. (5 The potential for a QE,n) transition, derived from Egs.
A (4), (5), and(6), is
I1l. LANE-CONSISTENT SEMIMICROSCOPIC OMP a(r) 2
Uge(r,E)=2 T) [MV(E)AV1(E)V4(r,E)

A. Lane-consistent formulation

In Ref.[5] we optimized the energy variations of the po- HIMW(E) w1 (E)Wy(r,E)]. v
tential depth normalization factois,(E) and\(E), which . , .
are, respectively, the real and imaginary central potential AAgain, for scattering from a finite nucleus/o(r,E),
components, separately for proton and neutron projectiles’/1(">E), Wo(r,E), andWy(r,E) are obtained by applying
By so doing, the isoscaldpr isovectoy components of the the ILDA (using HFB-Gogny nuclear densitjeso their
OMP have different potential depths depending on the isos?uclear matter counterparigy(p,E), Vi(p,E), Wo(p,E),
pin of the projectile. Clearly that is not a Lane-consistent2ndWi(p,E). For QE scattering thtecal form of the asym-
way of specifying the OMP. metry parametefa(r) =[pn(r) —pp(r)1/p(r)) is used, and

In this paper, the optimization process is repeated, bufiot its averageform [«=(N—2)/A]. Note that using the
Lane consistency is imposed on the OMP so that the sami@cal form might lead to numerical problems in the evalua-
energy-dependent potential depth normalization factors cafion of the square root in Eq7) whenever locallyp,>p,.
be used not only for the separate neutron and proton elastlf this case the average form of the asymmetry parameter is
scattering, but also for quasielastip,() scattering. For used. Se_zct!on VAdlscus_ses the implications of the choice of
elastic neutroriprotor) scattering, it is convenient to use the & Prescription for evaluating. _ _
central nuclear component of the OMP in nuclear matter of a If E is the energy of the incoming proton théhge is
given densityp:pn+pp and asymmetrya = (pn_ pp)/p, evaluated aE + Q/Z, with Q as theQ value of the (f),n) IAS

and which has the form reaction. In this work, when experimental values(fvere
not available, the Anderson formula0] has been used. The
Ue(E)=M(E)[Vo(E) = Aya(E)aVi(E)] (p,n) IAS transition potential is then placed in our distorted-

5 5 wave Born approximatiotDWBA) calculations, where the
FIAMW(E)[Wo(E) £EA w1 (E)aW(E)], (6) entrance and exit distorted waves were calculated using Eq.
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TABLE |. Experimental QE p,n) scattering database. Horizontal separations correspond to the data
displayed in Figs. 5, 6, 7, and 9.

Projectile energy Targets Reference
22.8 MeV 56Fe, 84Ni, 79zn, 9997y, 117gp, 208pp [33]
22.8 MeV 56Fe [34]
22.8 MeV 54,56‘Fe 58,61,62,,6Ni 90,962r %MO 96Ru 115|n 11771208n [35]
22.8 MeV 112,116,124 [36]
25.8 MeV 20%pp [37]
26.0 MeV Mo [38]
26.0 MeV 104pq [39]
26.0 MeV 138Ba, 1ANd, %Sm [40]
30.2 MeV 545¢e, 9Nb, 120sn, 2%pp [41]
35.0 MeV 56Fe, 58N [42]
35.3 MeV 1125, 1165, 1245 [43]
25.0, 35.0, 45.0 MeV 48Ca, zr, 12%n, 20%pp [44]
120.0 MeV 807Zr [45]
134.0 MeV “Ca [46]
135.0 MeV S4Fe, 2%%pp [47]
134.0, 160.0 MeV 48Ca [48]
160.0 MeV 0zr [49]
200.0 MeV 907r [50]

(6) atE andE+ Q for incident protons and neutrons respec-neutron elastic scattering data are very scarce above 50-70
tively, as suggested in Ref31]. The SO part of the{,n) MeV. Thus, the complete Lane consistency of our model
transition potential is given by the isovector component oflcompliance with Eq(6) for both proton and neutron elastic
the Scheerbaurf82] SO form factor adjusted by the energy- scattering, as well as with Eq7) for (p,n) QE scattering
dependent potential depth normalizations factors given ircan only be challenged with experimental data in the 20-50
Sec V C of Ref[5] and calculated dE+ Q/2. The entrance MeV range, which constitutes the energy range of maximum
and exit channel SO potential components were calculated gbnfidence of our study. For the subsequent passes of the
E andE+Q, respectively. optimization process, we chose smooth functional forms for
the energy-dependent normalization factors, and added
o1(E) andog(E) observables to the original data set. In that
way we extend the range of this study from 1 keV to 200
The optimization procedure consisted of several passes iiev. After several cyclesincluding changes to the initial
which the global § and\y) and isovectorXy; andAwi)  function formg the search has converged and we obtained

normalizations factors were improved alternatively. The firstthe parametrizations of the energy-dependent potential depth
steps were to use OMPs defined by E6) to reproduce . majization factora., Ay, Ay1, and\y; given next. For

proton and neutron elastic scattering differential cross Secéompleteness, the elastic scattering and reaction data we

tions. The results give good first estimates of the isoscalaﬁave used is the set detailed in Sec. IV A of R&f, while

parts of the OMP and they are the essential parts of th : )
elastic scattering potentials used in building the distorte .nengfg Ion QE,n) scattering that we have used are listed

wave functions for the DWBA approach of the QR,()
scattering. Reasonable estimates of the isovector parts of the
OMP are obtained in these steps also. After stabilization of
the \ factors, @,n) scattering observables were included in  As a result of the above optimization process, we get
the procedure, yielding small adjustments of the global facparametrizations of the energy-dependent potential depth
tors (A, and\y) and more precise energy dependence of thenormalizations. The functional forms were chosen only to
isovector factors Xy; and \y;). This procedure was first reflect the energy variations of the normalization factors and
performed in the 2&E<50 MeV energy regionshaded not according to any specific physical consideration. Those
zone in Fig. 1 where proton and neutron elastic anglr) parametrizations are displayed as curves in Fig. 1.
experimental data were available for nearly the same incident For the global §, and\y) factors the functional forms
energies. There are not mucp, () data below 20 MeV due adopted are similar to those found in RES]. The normal-

to the negativeQ of the (p,n) IAS reaction, and not much ization of the real global potential depiy, which accounts
proton elastic data are available below 10 MeV. Converselyfor the data set we have used is given by

B. Search procedure

C. Parametrizations of Ay, Ay, Ayq, and Ay,
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FIG. 1. Energy-dependent potential depths
normalization factora.y, Ay, Ayi, andhy., re-
spectively, for(a) the overall real,(b) overall
imaginary, (c) real isovector, andd) imaginary
isovector components of our semimicroscopic
OMP. The hatched zones represent the energy
range where the Lane consistency of the OMP
can be thoroughly tested by comparison with pro-
ton and neutron elastic and Qf,n) experimental

data.
ool v cned v vl ol XX8K ol ol AKX
110‘3 102 10 o 10 10 0'810‘1 1 10 10
E (MeV) E (MeV)
Ay(E)=0.951+0.0008 Irf 100CE) + 0.00018In( 100CE) 1. Awi(E)=[1.1+0.44 1 + (e(E~40)/50.9471-1]
®) X[1—0.06% [(E-40)/13F)
X[1—0.08%[(E-200/80F (11)

Above 1 MeV, this formulation produces normalizations

that are close to those in ECSG) of Ref. [5], but they differ In F|g 1(0), )\Vl(E) is shown to vary Smooth]y from 1.1

significantly below 1 MeV. Note, however, that the previouspelow 1 MeV to 1.5 above 10 MeV. Note that,,(E) is

OMP[5] was not thoroughly tested at low energies. Betweeryjways significantly larger than 1.0. Hexey, (E) [displayed

1 keV and 200 MeV A varies between 0.95 and 0.99, ex- in Fig. 1(d)] exhibits a plateau near 1.5 below 10 MeV and

hlbltlng a nearly flat behavior over more than five decades.decreases to 1.0 at 200 MeV. In the 20-50 MeV region,
The optimal normalization of the imaginary potential \yhere enough data are available to test completely for Lane

depth,\\,, was found to follow consistency\y;(E) decreases from nearly 1.5 to 1.2. The
energy variations oky(E) and\;(E) outside the 20-50
A(E)=[1.24—[1+ el(E-45/291-1] MeV range(represented as hatched zones on Fjcaré not
as thoroughly tested as in the region of maximum confi-
X[140.06e[(E-143.7F 1 —0.0ge~[(E~80)/78F] dence, but still reflect the optimization of isovector potential
£ depth with respect to elastic scattering and reaction data.
— e Finally, the values of the real and imaginary Gaussian
x 1+( 400 )(E 80)} © ranged, andt; used in the ILDA[Egs.(24) and(27) of Ref.

[5]] were varied to get a unique set of ranges for proton and

where ©(x) is the Heaviside step function. The functional N€ULron elastic scattering, reaction, and @En( scattering.
form of Eq.(9) is identical to that of Eq(39) in Ref.[5], but AS found beforeS], the total r) and reaction ¢g) cross
some parameter values have changed significantly. The b@_ectlons are most sensitive to var|at|on$roindti . The best
gest difference lies in the low energy region where thecompromises on the ILDA ranges we find dre=1.25 fm
present strength af,y is larger than that given previously andt;=1.35 fm.. However, we stress that this choice is a
[5], improving the accuracy of the present OMP predictionsglObal compromise and that different values pf the ranges
over those found befors] below 1 MeV. can be found to produce better agreement with the data in
The enhancement factor of the real isovector part of th&€lected cases.
OMP, \y, is taken as
IV. RESULTS

Ayi(E)=1.5-0.691+eE-1373~1 (10 A. Summary of the calculation process

For the sake of clarity, we briefly summarize the details of
and the enhancement factor for the imaginary isovectothe calculations that produce the predictions for comparison
OMP, Ay, as with experimental data. For elastic scattering, the calculation
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scheme is almost the same as that described in Sec. VI @lur predictions of QEf§,n) scattering differential cross sec-
Ref. [5]. The only differences are the presence of additionations and analyzing powers compared with measured ones
enhancement factorsy,(E) and A(E) for the isovector for 18 nuclei and at energies near 23 MeV. The predicted QE
OMP components in Eq6) and our use of the modified cross sections, displayed in Figgaband 5b), match both
expressiong8) and (9) for the global potential depths nor- the shape and amplitude of experimental data for all iso-
malizations\(E) and A (E). Moreover, for the present topes. But in detail, we note that, while the forward angle
OMP, the energy range of validity spans 1 keV to 200 MeV.data are well reproduced by our OMP results, mid- and/or
For QE (p,n) scattering, the §,n) transition potential, de- Pack-angle QE scattering cross sections sometimes are un-
fined by Eq.(7) and calculated @+ Q/2, has been used in derestimated. That is especially so witf*Sn, **9n, and

the DWBA framework. The(proton entrance channel dis- >‘Sn. However, coupling to the analog-excited levilst
torted wave was calculated at ene%yand the(neutron exit included in the present [_)WBA approgatan b_e expepted to
channel wave aE+ Q. Unless otherwise stated, the resultsIower the calculated mid- to back-angle differential cross

of all calculations shown in this work were performed usingseCt'ons[Sg]' In .F'g' S©), thg calculated analyzing powers
the above schemes. are compared with the experimental data. The overall shapes,

amplitudes, and phases are reproduced reasonably for angles
#<70°, but the details as well as the experimental data at
backward scattering angles are not well accounted for by our
Herein we show that the current semimicroscopic OMP iscalculations. That is also the case with the purely phenom-
at least as good as that established in IReffor all of the  enological analysi§33] of the same data.
elastic scattering and reaction observables. In Fig. 2 we dis- In Fig. 6 we compare our calculated Qf, () differential
play the results of+ *®Ni elastic scattering calculations us- Cross sections with data at 26, 30, and 35 MeV for various
ing the present Lane-consistent semimicroscopic OMP. Thetarget nuclei and clearly our semimicroscopic OMP accounts
are compared with experimental data for differential crosdairly well for the QE (p,n) reactions. As with the results
sections and analyzing powers. These results compare wdliven in Fig. 5, the agreement is not perfect. But the essential
also to those given in Fig. 21 of RdB]. Indeed, the results features of the experimental data are well described by the
from the present work are nearly indistinguishable frommodel. In Fig. 7 we compare predictions with dp4d] taken
those found previousl§s], both producing good descriptions from a wide range of target nucléirom “éCa to 2°%Pb) at
of 5+58Ni scattering up to 200 MeV. proton energies of _25, 35, and 45 MeV. Clearly the energy
In Fig. 3 the results ofh+2°%b scattering calculations dependence of the isovector component of our OMP is well
(includiné a Coulomb spin-orbit potentigs1]) are compared dpscnbed in our model,. since the calculated angular Q|str|bu—
tions match the experimental data quite well. Again, the

with experlmental_datg. Agaln, comparison with the Corre'agreement is not perfect, but they are comparable to those
sponding results given in Fig. 15 of R¢E] reveals that both found using a purely phenomenological approg&H. Simi-

the present OMP and its predece_ss_or account for t_he_ expetl QE (p.n) calculations were performed for 49.4 MeV pro-
mental data very well. The predictions are very similar to

e ; . : tons incident on®*Nb, *?°Sn, and?°%b. The comparisons
one another. But in Fig. 3 we now display differential cross_ . o
: with data[41] are similar to those shown above and there are
sections measured at 55, 65, and 75 M&¥] that were not . . .
) ; L oo similar conclusions to be drawn.
available during the optimization process. This illustrates The angle-integrated QBp(n) IAS cross sectionsdog)
that our OMP does predict measurables well. Finally, in Fig. 9 9 QE

4 we compare the results of our OMP calculations with ex_also were calculated as functions of mmdgnt proton energy.
In Fig. 8 the results are compared with data for the

perimental total cross sections between 1 keV and 200 Me %% (p,n)29%8i, %Zr(p,n)*™Nb, and ®2Mo(p,n)®2Tc reac-

for typical nuclei. The comparison with experimental datations. For2%pb[Fig. 8(a)], the agreement is very good from

above 1 MeV is very similar to that given in Fig. 9 of Ref. . .
[5]. Overall the agreement is very good, with discrepancieg5 to 50 MeV. In the case ofZr [F_'g‘ 8(b)], the calculation
seems to overestimate the data; however, the most recent

of at most 10%. Below 1 MeV, discrepancies are more siz- ata sef54] (shown as trianglésagrees better with our cal-
able, yet the overall shape of the total cross sections is ag- : wn as triangiesag with o
culation, perhaps hinting that older data values are too low.

counted for reasonably well. Calculations of proton and neu- reover, looking back at Fig. (B) it d ot m t
tron scattering and of reaction observables on the man oreover, looking bacx at Fig. () 1t does not seem to
ndicate that the calculated angle-integrated cross sections

spherical and near-spherical nuclei considered previdasly . .
also gave comparable results, showing that the present Langyﬁrhe:tévjfebleﬁ%ﬁpggelgitna;lc;/ n(ians FE?E] 2350') 3\/5e ;]nodwéltﬁeMeV

consistent semimicroscopic OMP performs at least as well as i : .
its non-Lane-consistent predeces§bl on the same set of integrated p,n) IAS Cross section for the nmghponr?@Mo.
observables nucleus. The results are in good agreement with experimen-

tal data in the 18—26 MeV range.
In Fig. 9 we present a comparison with data of our results
for energies in excess of 100 MeV. In this energy regime, the
The QE (p,n) scattering constitutes a strong test of theLane consistency of our model could not be tested com-
isovector component of the OMP since only #gr,E) and  pletely due to the scarcity of neutron elastic scattering data
W, (r,E) components appear in the centralif) transiton  above 75 MeV. In Fig. @), “Ca(p,n) QE scattering differ-
potential, Eq(7). That is evident in Fig. 5 in which we show ential cross sections at 135 and 160 MeV are displayed. At

B. Elastic proton and neutron scattering, and reaction

C. Quasielastic(p,n) scattering
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FIG. 2. Predicted scattering cross sections and analyzing poiselisl lineg compared with experimental datapen circleg for
polarized protons incident o?Ni between 10 MeV and 200 MeV. Note that elastic cross sections are presented as ratio to Rutherford cross
sections grip- 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 scattered
from 2%%b between 2 and 155 MeV. Note that the differential cross sections are offset by factors of 10, while analyzing powers are shifted
by 2. The solid lines represent the results of our calculatiomtduding compound nucleus contributigrand dotted lines represent the direct
interaction components of the differential cross section. The Coulomb SO potential is considered in this analysis.

both energies the semimicroscopic OMP calculations overes-
timate the cross sections at forward scattering angles. For the
QE °%zr(p,n) reaction at 120 MeV, the results of which are
shown in Fig. 9b), the data are well reproduced by our cal-
culations, although at 160 and 200 MeV the predicted QE
scattering peaks are too large and too narrow. Comparisons
performed at 135 MeV for“Fe(p,n) and 2°®Pb(p,n) QE
scattering[Fig. 9c)] also show that our OMP calculations
tend to overestimate QBEp(n) scattering at the forward scat-
tering angles. Moreover, the structure of calculated
20%pp(p,n) differential cross section exhibits oscillations
that are not evident in the experimental data. But there are
only four such data points. In Fig(® the analyzing powers

for QE (p,n) scattering from*Ca at 134 MeV and from
97r at 160 MeV are shown. Given the sensitivity of such
data, our results are quite good in comparison with observa-
tion.

Overall we believe that the potential depth normalization
of our semimicroscopic OMP allows for a good, Lane-
consistent description of elastic and quasielastic scattering
e and of reaction data where the Lane consistency is com-

10 10 10 1 10 10° pletely tested(i.e., from 20 to 50 MeV. For lower energy

E (MeV) proton and neutron scattering and reaction data, our OMP
also produces observables that closely match. At higher en-
FIG. 4. Comparisons between calculatelid lineg and ex-  €rgies, while proton and neutron elastic scattering observ-

perimental(symbol$ total cross sections for neutrons incident on ables are well reproduced, Q,0) differential cross sec-
40Ca, 997r, 12%3n, and?*®Pb. The dashed line represents calcula-tions seem to be overestimated at forward scattering angles.

tions performed using nuclear densities obtained thoughRIFA ~ However, other microscopic approactidé—49 do not per-
calculations for?°%pb. form significantly better than does the present model at me-

S a—
105L P i

103
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FIG. 5. Comparison between predicteablid
lines) and experimentalsymbolg QE (p,n) dif-
ferential cross sections$a), (b) and analyzing
powers(c), for 23 MeV protons incident oA*Fe,
%Fe, *Ni, ®'Ni, °Ni, *Ni, "°Zn, *°zr, %°zr,
96|V|O, QGRU, llZSn, 115|nl 116S|’1, 117Snl llBSn’
12055, and'?sn. Note that the differential cross
sections are offset by powers of 10, while analyz-
ing powers are shifted by increments of 1.

FIG. 6. Comparison between predicteablid
lines) and experimentalsymbolg QE (p,n) dif-
ferential cross sections for 26 Mef@), 30 MeV
(b), and 35 MeV(c) protons incident or®Fe,
56Fe’ GONi, 92M0, 93Nb, 104Pd, 1128n, 1163n’
1205y, 124gn, 1383, 143Nd, *‘Sm, and 2°%Pb.
Note that the differential cross sections are offset
by powers of 10.
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FIG. 7. Comparison between predictemblid lineg and experimentaisymbols QE (p,n) differential cross sections for 25 MeV, 35
MeV, and 45 MeV protons incident offCa (a), °%zr (b), *2%Sn (c), and 2°%Pb (d). Note that the differential cross sections are offset by
powers of 3.

dium energy. Moreover, the differences between our predicasymmetry parameter ag(r)=(p,— pp)/(pn+pp) for both
tions and medium energy data should not be overemphasizede elastic scattering and the QR,f) transition potential
as the adjustments ofy,(E) and \,(E) that would be can be interpreted as the evaluation of the asymmetry term of
needed to make calculated observables match experiment afee OMP in nuclear mattdseforeproceeding with finite nu-
well within the estimation of the uncertainties on potentialclei through ILDA. Conversely, the choice of using the av-
depth normalization factors as we discuss in the next sectiorerage[ «=(N—2Z/A)] asymmetry parameter corresponds to
the case wherer is directly calculated for a finite nucleus
V. DISCUSSION with a given value of isospii,. However, as noted earlier,
the local prescription for the asymmetry parameter can lead
to an indeterminate form when locally,>p,. Here **Fe
First, we discuss the physical implications of the choicegproved to be an example. In that case the (N—2Z)/A
that were made and described in Sec. Ill. Taking the locaprescription for the asymmetry parameter was used.

A. Choice of a prescription for the asymmetry parameter

024607-9
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' 2‘oé|:‘,b'(b'n'>'zbs'B'i Y have performed QEp,n) calculations for?°%b using not
’ only the mean-field HF/D1S calculated densities but also the
correlated densities obtained through -HRPA calculations
[59], the latter again made using the Gogny effective inter-
action. Note that, sinc&”®Pb is a doubly closed shell nucleus
in which no pairing is present, the HF and HFB solutions
coincide. In the inset to Fig. 11, the predicted charge and
point neutron density distributions are shown as daghiéd
and dotted[random phae approximatiofRPA)] curves.
They are compared with those extracted from measurements
[60,61). The RPA densities describe the structure data better,
but their use alters noticeably the amplitude of the QE dif-
L ferential cross section prediction as is shown in the body of
Fig. 11. To get a better agreement for thier() predictions
when using the RPA densities,;; and\y; would have to
F be changed by about 10%. The effect of using RPA densities
2 L instead of HF densities on the calculationsnof 2°%Pb total
A cross section is illustrated in Fig.(dashed curvegsBut the
E (MeV) % 30 differences seen in Fig. 4 can be taken into account also by
changes of the potential depth normalizations within their
FIG. 8. Comparison between predictemlid line9 and experi-  respective uncertainties. The 10% uncertainty on the isovec-
mental (symbol3 QE (p,n) angle-integrated cross sections, for tor components is viewed as a measure of the effect of
208pp (@), %1zr (b), and *Mo targets. Open circles, open square, changing from a “good” description of the nuclear structure
solid circles, stars, up triangles, solid squares, and down trianglesf 2°%b (HF calculation to a “better” one (RPA calcula-
represent data froffb5] (corrected as if56]), [37], [44], [57],[54],  tion) [59], and is adopted as our estimate of the uncertainties
[55], and[58], respectively. on the isovector normalization factors.
Moving away from the 20-50 MeV energy range of
To appraise the effect of using these prescriptions, wenaximum confidence increases the uncertainties as might be
show, in Fig. 10, QE§,n) scattering observables calculated expected. We estimate that outside this range the above un-
using the local(solid line) and averagddashed ling pre-  certainties should be multiplied by a factor of 1.5-2.0. Fi-
scriptions for the asymmetry parameter, for the case of 2®ally, we stress the existence of correlations between the
MeV polarized protons incident offNi. Evidently the pre- different potential depth normalization factors. Those corre-
scription used to calculate the asymmetry parameter has lations, which result in part from the imposed Lane consis-
noticeable effect on the OMP and on the attendant predictency in Egs.(6) and(7), explain the 1.5-2.0 spread of the
tions of observables. The two prescriptions also lead to intemultiplicative factor for normalizations outside the 20-50
grated cross sections that differ noticealili2% in the MeV region. If the Lane consistency is ignored, then good
present cageand slightly different shapes. Nevertheless,agreement with individual data sets can be obtained with the
both prescriptions do produce reasonable fits to the data, anthcertainties in some normalization factors being twice as
our preference for the local asymmetry parameter prescrigarge, while the uncertainties in the remaining factors do not
tion is motivated by the fact the local prescription takes intochange. Conversely, by trying to maintain Lane consistency
account more microscopic structure information, such as theelow 20 MeV and above 50 MeV, the uncertainties can be
difference between proton and neutron densities root meakept within 1.5 times their maximum confidence values if
square(rms) radii. Since the average prescription indeed assuch changes are performed in a correlated way. Ideally,
sumes a simple scaling between proton and neutron densignergy-dependent error matrices for the four normalization

o

S lanbed ool @b bds b bl

o

Gee (Mb)
> o
R RRRRAE
- i
-
&l
<
-
NI AR

distributions, their rms radii are identical. parameters defined by EQq$8)—(11), including the off-
diagonal covariance information, should be presented. In
B. Uncertainties of potential depth normalization factors practice, as a result of the uneven sampling of the energy and

mass distributions in the experimental data set as well as to
the presence of unknown systematic experimental uncertain-
ties on those data, an automated search on the normalization

In this section, we evaluate the range of the uncertaintie
associated with the potential depth normalization factors

Av, Mw, Ay, andAy,, defined in Eqs(8)—(11). factors is extremely difficult to perform without introducing

We will focus first on the energy range of maximum con- . T ;
fidence, i.e., 20—50 MeV. In this region we estimate the un_blases. Therefore, only the 2.0-x1.5 (depending on how

) . ) . “cleverly” one changes the factorsaugmentation of the
certainty |n)\\_,s and )‘.WS to be no more than 1.5% an(_j normali;/ation factor Sncertainties is prgsented here.
10%, respectively. This estimate is obtained by comparing
the values given from Eq$8) and(9) to those inferred from
best fits to individual angular distributions. For the isovector
normalization factora.; andAy, the uncertainties are es- In the preceding subsection, we discussed how experi-
timated to be of the order of 10%. To obtain this value wemental proton and neutron elastic anmr{) scattering data

C. Sensitivity to nuclear density distributions

024607-10
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FIG. 9. Comparison between predict@lid lineg and experimentalsymbolg QE (p,n) differential cross section®), (b), and(c), and
analyzing powergd), for energies above 100 MeV. Note that the differential cross sections are offset by powers of 3, while analyzing
powers are shifted by increments of 2.

can help narrowing the range of parameters used in our First we compare the nuclear density distributions calcu-
semimicroscopic OMP approach, the emphasis being on thiated in the HFB framework with experimental observables.
parametrization of the compleX-N effective interaction. The inset in Fig. 11 displays experimen{&0,61 and cal-
Now we focus on the nuclear densities used in the OMReulated charge and point neutron radial densities?f8Pb.
calculations and on what we may learn about them fronilhis figure shows that our HF and HRPA [24] calcula-
comparisons between proton and neutron elastic and Qfons reproduce the charge and neutron radial density distri-
(p,n) scattering data and the semimicroscopic OMP predicbutions well, yet the HFRPA calculation exhibits better
tions. More precisely, since proton density information isagreement with the data as is expecigfl]. To further test
very well known from electron scattering experimentsthe quality of these nuclear densities, calculated proton and
[26,27,6Q, QE (p,n) scattering by being essentially sensi- neutron distributions rms radii are compared with their ex-
tive to thep,— p,, difference[36,37,40,62 indirectly should  perimental counterpar{$3] in Table Il for some of the iso-
probe the neutron density distributions. topes included in our experimental database. These compari-

024607-11



E. BAUGE, J. P. DELAROCHE, AND M. GIROD

PHYSICAL REVIEW ®G3 024607

10 L L B e e T3 TABLE Il. Comparison between measureme@3] and present
. 23 MeV 64Ni(p,n)64Cu 3 HFB_gnd HFFRP_A predictions for neutron, proton, and charge
& . densities rms radii.
% a= (0,—pp)/ (Pn+p5)
E b Ny a=(N-2)/A R (- S (e
% : ] (fm) (fm) (fm)
s | | 40Ca expt. 3.491 3.392 3.482
o , . *%Ca HF 3.368 3.412 3.470
0 30 60 90 120 150 180
Ocm. (deg) “%Ca expt. 3.625 3.396 3.470
1T N e e N B e e s *%Ca HF 3.579 3.452 3.500
os [ 7 8N expt. 3.700 3.686 3.772
g < /‘\ 1 8Ni HFB 3.702 3.688 3.758
@ L ‘e ]
© TN ; .
Sof ! NG : SN expt. 3.912 3.745 3.845
B \/ 1 Ni HFB 3.870 3.788 3.840
—-0.5 —
i 1 90Zr expt. 4.289 4.204 4.280
e T T T B R 9%zr HFB 4.267 4.219 4.270
0 30 60 90 120 150 180
Ocm (deg) 1165 expt. 4.692 4.546 4.619
11650 HFB 4.656 4.562 4.610
FIG. 10. Comparison between calculations using the |gslid "
line), average(dashed lingsprescriptions(see texk for the asym- “Sh expt. 4.851 4.599 4.670
metry parameter, and experimental datésymbolg for 12%Sn HFB 4.753 4.619 4.663
84Ni(p,n)®*Cu QE scattering at 23 MeV. The top panel displays ™,
differential cross section and the bottom panel displays analyzing 208Pb expt. 5593 5453 5.503
power. %Pb HF 5.576 5.442 5.482
208ph HF+RPA 5.653 5.465 5.515

sons show that the proton, neutron, and charge distributions
rms radii over the whole range of studied nuclei are well

T T ‘ T T ‘ T T T T
45 MeV "'ﬁjﬁpp(p,nSf‘f"Bi

" ™pp radial densities |

— Exp.
------- HF +RPA
----HF

i defined by HFB calculations. Last, we note that the differ-
1 ence between neutron and proton rms radii for the Sn iso-
i topes[64] also is well defined by the HFB calculations.

1 Overall the HFB densities used as input to our SM OMP are

1 in such remarkable agreement with the measured charge and
neutron radial densities that the good agreement observed in
Sec. IV between experimental and predicted elastic and

quasielastic scattering cross sections is partially explained.

do /dQ (mb/sr)

! 4
Ra

.
dius%fm) !

Ocm, (deg)

The next question is the sensitivity of our SM OMP to
variations of these densities. We ask if our SM OMP calcu-
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 reveal
the sensitivity of our SM OMP prediction to the density dif-
ferences between HF and HHRPA calculations. However,
since these differences also can be accounted for by potential
depth normalizations factors within our estimated uncertain-
ties, assessing the respective merits of those two nuclear
structure approaches using nucleon scattering information as
the only criterionis obviously not within the capabilities of
our approach. Nevertheless, the above example represents a
worst case situation by discriminating between two already

FIG. 11. Comparison between differential cross section calculagood descriptions of nuclear densities.

tions using HF nuclear densitiédashed lines HF+RPA densities
(dotted line$, and experimental dat@ymbol$ for 2°%Pb(p,n)2°Bi
QE scattering at 45 MeV. The inset displays comparisons between
calculated and experimen{d0,61] point neutron and charge radial
density distributions for%%Pb.
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FIG. 12. Moduli of the isoscalafa) and isovectorb) compo- rm e

nents of our semimicroscopic OMRolid lines with shaded uncer- FIG. 13. Radial shape and energy dependence of the isoscalar
tainties ranges from Sec. V)Bcompared to those derived from and isovector OMP components f8¥Pb.
other approachg$6,65-68. See text for details.

The evolution of the radial shapes of our SM OMP f8#b
into isoscalar and isovector components we study the respefs displayed in Fig. 13 for the real isoscal@), imaginary
tive moduli|J,| and|J,| of the isoscalar and isovector com- isoscalar(b), real isovector(c), and imaginary isovecto(d)
ponents of our SM OMP. They are shown by solid lines incomponents. Note that the real isovector comporienis
Fig. 12 with shaded uncertainty ranges as specified imlways much smaller than the real diag But in the vicinity
Sec.V B. They are compared with OMP predictidb§,65  of 20 MeV, the imaginary isoscaldb) and isovector(d)
shown by the open and solid circles, respectively,¥Pb  components have comparable depths. This result leads us to
as the target. Moreover, isovector volume integrals extractetkassess the validity of using the DWBA approximation for
from forward angle®°Zr(p,n) IAS cross sections measured the present calculations. However, our tests have shown that
at 120, 160, and 200 MeV are shown by the solid squaresalculating the QE [§,n) scattering in the coupled-channel
[66], the triangled67], and the open squar¢88], respec- framework instead of the DWBA approximation brings only
tively. At 200 MeV, |J,| is extracted from the’®Zr Fermi  negligible corrections to thep(n) cross sections. Note also
transition unit cross section of Fig. 29 of RE88] using Eq.  that the influence of isovector components weakens with in-
(2.20 of the same paper. We note that in the 120—200 Me\treasing energy. Indeed the real isovector component nearly
range,|J,| is nearly mass independent. We adopt tBg  vanishes for energies in excess of 150 MeV and the imagi-
values obtained foP%Zr because in heavy nuclei the IAS is nary isovector component is essentially flat between 100 and
located near the Gamov-Teller peak and therefore is difficul200 MeV. In contrast, the imaginary isoscalar component
to resolve in p,n) reactions at medium energies. For thegrows in importance with increasing energy. Thus the is-
isoscalar component, all three approaches, ours and those @fector components of the OMP will have a weak influence
Refs.[56,65, produce volume integrals that exhibit the sameon nucleon scattering between 150 and 200 MeV. Moreover
energy dependence. But differences of normalization are evand in agreement with other finding69], at high energy
dent from Fig. 12a). While these differences remain moder- |J,| is dominated by the imaginary isovector OMP compo-
ate (about 10% between our approach and that of Ré&fb], nent. A third point is that the disagreement between our low
larger differences exist between the results of our calculaenergy isovector volume integrals and those of R&6] is
tions and those of Ref65]. most likely due to a very strong surface component present

The isovector component of the OMRhown in Fig. in the imaginary isovector component of our OMP.

12(b)] reveals other differences. While the high energy be- Since the above comparisons do not allow us to be com-
havior of the isovector componerj85—68 agrees well with  pletely conclusive about the quality of our Lane-consistent
our calculated values and estimated uncertainties, at low e®MP, we compare the nucleon mean free paths predicted in
ergy our SM OMP overestimates the isovector componenbur approach with those from other wdrk0], wherein mean
specified elsewhergb6] and by a large amourfabout 50%  free paths have been calculated in asymmetric NM by using
larger in facj. To reconcile these apparent contradictions onean extended Bitkner-Hartree-Fock approach. The same
must remember that comparing volume integrals of OMPs igjuantities are calculated in our approach using the formula
only meaningful when they have comparable radial shapegiven in Ref.[20] and Eq.(6). The results are displayed in
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o = 0.085 fm™|

E. Other remarks

i_'lllll\llll\\\lll\\l
ki 4

0=0.17 fm™ |

The isovector term in the SO potential has not been stud-
ied very thoroughly in this work. Nevertheless, comparisons
between experimental and calculated analyzing powers for
proton elastiqFig. 2) and neutron elastig-ig. 3) scattering
exhibit no apparent defects that could be attributed to the
isovector SO OMP components. On the other hand, QE
(p,n) analyzing powergFigs. 5c) and 9d)] are not repro-
duced as well as the corresponding differential cross sections
by our calculations. Nevertheless, the quality of agreement
with data remains comparable to that exhibited in other stud-
ies [33,46,49,72 Moreover, our tests have shown that the
(p,n) analyzing powers calculated using the SO transition
potential as described in Sec. Il are virtually indistinguish-

10 R =

1 crn v b b 1 e b b e by
0 50 100 150 200 0 50 100 150 200

p = 0.085 fm™]

.;\HI‘I:‘I}\\IIII\\\III\\I_

cacoo [/
oNbre® [/ .

=
e able from the results of a calculation performed using no SO
e transition potential at all. A weak isospin component in the
SO potential is consistent with other finding39]. Also, as
ploe b bonbon] o o lnn Lo nlon s 0 expected33,69,72,73 the sign of the real isovector compo-
E (MeV) E (MeV) nent of our SO potential is opposite that of the central is-

ovector component. Finally, relativistic approach&d] in-

FIG. 14. Proton(top panels and neutron(bottom panelsmean
free paths calculated for densities @£0.085 fm 2 (left panel$
andp=0.17 fm 2 (right panel$, and for asymmetry parametets
ranging from 0.0 to 0.8.

dicate that SO potentials near drip lines are considerably
different from their stability valley counterparts. Since the
SO components used in our approach have been tested only
in selected cases of nuclei off the stability lifk5,16], cau-

tion should be exercised in using these SO components with
Fig. 14. Comparison of the mean free paths at nuclear suithe more exotic systems.
face density 6=0.085 fm ) shows that the symmetric Another topic that has not been fully developed so far in
NM mean free paths calculated using our SM OMP agredhis paper is the OMP at low energieE<<1 MeV). While
very well with those of Ref[20]. But at the same density for Fig. 4 gives a good idea of the quality of predictions at low
high asymmetriesd¢>0.4), our SM OMP predicts mean free energy, further tests are needed to assess the validity of our
paths that are noticeably different. However, within theSM OMP in this energy range. One such test is the compari-
range of asymmetries encountered between drip lines in fison between experimental and calculated values for the po-
nite nuclei (@=<0.4), the mean free paths from our calcula- tential scattering radiusR’) and thes- and p-wave neutron
tions and from Ref[20] agree very well up to 150 MeV. Itis strength functions$, andS,) in the keV region. This com-
not surprising that the two sets of calculations at high asymparison was performed for many of the target nuclei studied
metry disagree since the JLM approdth], upon which our  here, and we have found th&, Sy, andS; experimental
SM OMP is based, only uses first order perturbation expanvalues[75] are well predicted by our SM OMP analyses. For
sion around symmetric NM to evaluate the asymmetry termexample, in the Sn region whe®, is very weak, theS,
of the NM potential whereas the extended BHF calculationy/alues calculated with our SM OMP agree with the magni-
[20] were made in asymmetric NM. tude of experimentalS, values. Other calculation§76]

Our results calculated at the “interior” densityp( strongly overestimate theSy values. Moreover, oug, cal-
=0.17 fm %) also can be compared with the BHF meanculations predict a very slow decreaseSgfwith increasing
free pathg20]. At this density, the agreement between theSn mass [Sy(}1%Sn)=0.411x10%, Sy(*?*Sn)=0.391
two calculations, while fairly good at high energy, degradesx 10 ], a trend more in agreement with the data than is the
with decreasing energies. At low energy the projectile doesncreasing trend exhibited by other OMP calculati¢ms].
not penetrate the target deeply and thus mainly probes theote that the only OMP studly77] that accounts fo, de-
surface of the potential. Conversely, at high energy the protails with the Sn isotopes does so by using unusually large
jectile probes more of the interior of the OMP. Thus the SMimaginary isovector terms; qualitatively agreeing with the
OMP parameters optimized at low energy mainly reflect efstrong imaginary isovector enhancement present in our
fects of the NM OMP at “surface” densities while those study. For theR’ and S; observables, both the previous
optimized at high energies are more sensitive to the NMOMP study[75] and our SM OMP produce equally good
OMP at “interior” densities. Both features agree with the descriptions of experimental results.
findings of Ref.[20]. The mean free paths shown in Fig. 14  The last question that we discuss is the peculiar case of
can also be compared with other estimdi®®,71]. Our cal-  “°Ca. For neutrons incident ofi°Ca between 10 and 20
culations fora=0.2 andp=0.17 fm * when compared to MeV, the calculated neutron elastic differential cross sec-
the 2%%Pb proton mean free paths as calculated-ad fm  tions tend to underestimate the experimental data at back-
(Fig. 10 of Ref.[70]) are in good agreement between 100ward angles. While the change of imaginary potential depth
and 200 MeV. needed to account for the data is well within our uncertainty
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range, it is puzzling that this self-conjugate nucleus is not amriginal JLM OMP are too weak. In the process, the
excellent example for our Lane-consistent model. Note that atrengths of the isovector components of the JLMB OMP
special case was madé&] for low energy E<20 MeV) have been determined, between 20 and 50 MeV, within total
neutron scattering from this nucleus and tentatively attrib-uncertainties of 11.5% and 20% for the real and imaginary
uted to double-shell closure effects. In the present context, @omponents, respectively. The above uncertainties may be
possible explanation could be an ambiguity in the balanceeduced when model-independent neutron density measure-
between the imaginary isoscalar and isovector OMP compaments are available from experiments such as of parity vio-
nents for 16cE<20 MeV. A way to remove this ambiguity lating electron scattering measureme@s]. With those we
would be to completely test the isovector terms of our SMcould disentangle the uncertainties related to the model-
OMP[i.e., testing proton and neutron elastic apgn) scat- dependent nuclear densities used in our approach from any
tering at the same timeetween 10 and 20 MeV. However, intrinsic to the folding interaction itself.

this is a difficult task since at low energy, compoulpudn) QE (p,n) scattering calculations using the JLMB model
contributions can become so important that comparisonbave been shown to be sensitive to the nuclear structure in-
with data may be very dependent on compound nucleus pdermation of the proton and neutron densitigs and p,,,
rameters. Another possible explanation involves chargethus creating a link between experimental nucleon scattering
symmetry breaking78—80, but such a study is outside the observables and nuclear structure information. Likewise the

scope of this work. descriptions of nuclear structufelFB and HFRPA calcu-
lations with Gogny D1S forgeused in the JLMB OMP have
VL. SUMMARY AND CONCLUSIONS been shown to be accurate representations of the radial pro-

N . . ton and neutron distributions as may be inferred from data.

We have specified a new spherical, Lane-consistent, comparisons with other OMPs, on the basis of volume
semimicroscopic OMP built upon the density dependence ofytegrals, mostly are inconclusive due to the strong influence
the JLM [11] NM OMP and energy-dependent potential of the different radial shapes exhibited by the OMPs we
depth normalizations factors that are adjusted phenomengyajuate. Yet considering the size of uncertainties, a semi-
logically and parametrized separately for the real isoscalagyantitative agreement is observed between our predictions
real isovector, imaginary isoscalar, and imaginary isovectognd moduli extracted from other approaches. On the other
components of the OMP. This adjustment is performed imand, calculated nucleon mean free pdf& 70 are in good
order to maximize the agreement t_)etween c_:alculated anggreement with the JLMB OMP predictions. More precisely,
measured proton and neutron elastic scattering, @B)(  for densities and asymmetry parameters that can be probed
scattering, and reaction observables. To achieve t_hat, the igy scattering a nucleon off a nucleus within the drip lines,
ovector components of the OMP were renormalized by ahe agreement between the JLMB mean free paths and those
S|Zab|e faCtor(Of the Ol’del’ Of 15 The Othel’ key ingredient Of Ref [20] is Very good_ Th|s is encouraging if the JLMB
for building OMPs for finite nuclei is the description of OMP is to be used in applications that demand nuclear data
nuclear densities used in the ILDA. In this work radial far from stability(i.e., accelerator driven systemsince this
nuclear densities calculated in the HFB or HRPA frame- comparison shows that for nuclei between drip lines the
work, with Gogny’s D1S force, have been used with successj MB OMP isovector central components are well cali-
Together, the nuclear structure information calculated withprated. These results also suggest that it would be useful to
D1S and the revised NM OMP linked by the ILDA consti- extend the BHF calculation in asymmetric nuclear matter
tute what we designate as the JLMBLM+Bruyees  [20]in a similar way to what was done with the original JLM
model. approach. The added advantage is that such would be com-

We have shown that the JLMB OMP can account for apjetely microscopic and so comparable with other studies of
wide range of nucleon scattering and reaction observablegycleon-nucleus elastic scattering that do not use phenom-
over the energy range from 1 keV to 200 MeV, and forenological addition§1—4].
spherical and near-spherical target nuclei frifi@ia to 2°°Bi. Finally, extending this spherical SM OMP study, in a
The good agreement between calculated and measured Qstematic manner, to deformed and deformable nuclei
(p,n) scattering cross sections shows that the strengths afould be quite straightforward as this extension has already
the isovector components of our OMP are of the right magpeen tested for the SM OMPB], for rigid rotators[14], and

nitude. Note that accounting simultaneously for the protorfor soft deformable, stable and unstable nufld,16).
and neutron elastic andp(n) cross sections constitutes a

very stringent test for a Lanefcon_sistent OMB]. Note a_Iso ACKNOWLEDGMENTS
that the JLMB potential, which involves no more adjusted
parameters than did our previous dig, passes this test. We wish to express our gratitude J. Dechaage S. Peu

The large renormalizatiotabout 1.3 of the isovector for providing us with the RPA densities shown in this paper.
components necessary for the construction of a LaneWe are indebted to Professor J. Rapaport for his useful in-
consistent, JLM-based OMP which accounts for proton andight pertinent to |§,n) reactions at medium energies. Fi-
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