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Within the framework of the relativistic distorted wave impulse approximatidWIA ), we investigate the
sensitivity of the analyzing power—for exclusive proton knockout from thg,3 2ds,, and s, states in
20%h  at an incident laboratory kinetic energy of 202 MeV, and for coincident coplanar scattering angles
(28.0°, —54.6°)—to different distorting optical potentials, finite-ran@) versus zero-rang€&R) approxi-
mations to the DWIA, as well as medium-modified coupling constants and meson masses. Results are also
compared to the nonrelativistic DWIA predictions based on the Siahger equation. Whereas the nonrela-
tivistic model fails severely, both ZR and FR relativistic DWIA models provide an excellent description of the
data. For the FR predictions, it is necessary to invoke a 20% reductiornaicleon andv-nucleon coupling
constants as well as far-, p-, and w-meson masses, by the nuclear medium. On the other hand, the ZR
predictions suggest that the strong interaction in the nuclear medium is adequately represented by the free
nucleon-nucleon interaction associated with the impulse approximation. We also demonstrate that, although the
analyzing power is relatively insensitive to the use of different relativistic global optical potential parameter
sets, the prominent oscillatory behavior of this observable is largely attributed to distortion of the scattering
wave functions relative to their plane wave values.
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I. INTRODUCTION induced spin observables for eladti and inelasti¢4] scat-
tering, we focus in this paper, on systematic corrections to
Recently, Nevelinget al.[1] reported that both relativistic the DWIA based on the Dirac equation as the underlying
(Dirac equatioh and nonrelativisticSchralinger equation  dynamical equation of motion. Another advantage of consid-
models, based on the distorted wave impulse approximatioaring a relativistic approach is that both real and imaginary

(DWIA), severely fail to reproduce exclusivé,@p) analyz- components of the spin-orbit potential, which are crucial for
ing power data for proton knockout from the,3 and X,  describing analyzing powers farstate knockout in §,2p)
states in2%%Pb, at an incident laboratory kinetic energy of reactions, are directly related to the Lorentz properties of
202 MeV, and for coincident coplanar scattering angledN€sons propagating the strong interaction. This microscopic
(28.0°, —54.6°). For the prediction of energy-sharing crossconnection dogs not exist within the framework of the non-
sections, on the other hand, both dynamical models yiekgelativistic Schrdinger equation, where the spin-orbit inter-
spectroscopic factors that are in good agreement with thosection is usually introduced and adjusted merely to provide a
extracted from ¢,e’p) studies. good phenomenological description of elastic scattering data.
Systematic corrections to the nonrelativistic model—such Motivated by the above considerations, we adopt a rela-
as different kinematic prescriptions for the nucleon-nucleoriivistic framework and study the sensitivity of exclusive ana-
(NN) amplitudes, nonlocal corrections to the scattering wavdyzing powers to distorting optical potentials, finite-range
functions, density-dependent modifications to the fidlé  (FR) versus zero-rang&R) approximations to the DWIA,
scattering amplitudes, as well as the influence of differentis well as nuclear medium modifications to il interac-
scattering and bound state potentials—fail to remedy thdion. As already mentioned, we focus specifically on proton
analyzing power dilemma; and hence, it is not clear how taknockout from the 3,,,, 2ds,, and 2s, states in?°%Pb at
improve existing Schdinger-based analyses. However, suchan incident laboratory kinetic energy of 202 MeV, and for
an exhaustive analysis has not yet been performed within theoincident coplanar scattering angles (28.6°54.6°). Pre-
context of the relativistic DWIA and, hence, improvementsdictions are naturally compared to the corresponding nonrel-
to relativistic models could still prove to be important in ativistic results.
resolving the problem. Capitalizing on the fact that spin is an One of the most challenging problems in nuclear physics
intrinsically relativistic phenomenon, as well as the successs to understand how the properties of the strong interaction
of Dirac phenomenology in describing the properties ofare modified inside nuclear matter. Various theoretical mod-
nuclear matter, nuclear structuf€], as well as proton- els[2,5,6] predict the modification of coupling constants as
well as nucleon and meson masses in normal nuclear matter.
To date, there is no direct experimental evidence supporting
*Present address: Thomas Jefferson National Accelerator Facilityhese predictions. However, the exclusive nature m2(f)
Newport News, Virginia 23606, USA. reactions can be exploited to knock out protons from deep-
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to Iow-.lying single-part!cle states in nuclei, thu.s yielding in- by A(a,a’b)C, whereby an incident protoa knocks out a
formation on the density dependence of tl interaction  poyund protorb from a specific orbital in the target nucles
[7], and hence providing a stringent testing ground for theoresyiting in three particles in the final state, namely, the re-
retical models. In order to extract reliable informationN ;| residual nucleu€ and two outgoing protona’ andb,
medium modifications, it is important to understand the roleyhich are detected in coincidence at coplanar laboratory
of various approximations and _model mgred_lents of thescattering angleon opposite sides of the incident beagy,
DWIA. In particular, an explanation for the failure of the anq4, | respectively. All kinematic quantities are completely
relativistic predictions reported in Rdfl] could possibly be  yatermined by specifying the rest masses of particles
attributed to the use of unreliable relativistic microscopic[wherei = (a, A a’, b, C)], the laboratory kinetic energy
optical potentials for generating the scattering wave funCT ot the incident particlea, the laboratory kinetic energy
tions of the Dirac equatiofsee Sec. )l To assess the valid- T, of the scattered particla’, the laboratory scattering
ity of this conjecture, we study t.he. sensitivity of the an.alyz'anglesea, and @y, and also the binding energy of the proton
ing power to different relativistic distorting potentials. o+ is to be knocked out of the target nucleus
Furthermore, current qualitative arguments suggest that since . o Er approximation to the DWIA, the rellativistic dis-

analyzing powers are ratios of polarized cross sections, di%rted wave transition matrix element is given by
tortion effects on the scattering wave functions effectively

cancel, and hence simple plane wave modgisoring R,
nuclear distortion should be appropriate for studying polar- TLJMJ(SaySa’ 'Sb):f drdr'[ (1 Karc,Sar)
ization phenomend4,8]. This claim, however, has never

been studied quantitatively, within the context of relativistic @Y (" Kpe,Sp) Jinn(Ir=1'])
models, and hence we study this issue by comparing the . R
distorted wave results of the analyzing power to correspond- X[P(r Kan,S2) ® ¢EJMJ(r N1, (D)

ing plane wave predictions for zero scattering potentials. Our

choice of a heavy target nucleuPb, and a relatively low where ® denotes the Kronecker product. The four-

incident energy of 202 MeV, is ideally suited for maximizing component scattering wave functiorzj&(F K s) are solu-

the influence of distortion effects, while still maintaining the 4;0< to the fixed-energy Dirac equation Wllth Ispherical scalar

validity of the impulse approximation, and also avoiding and timelike vector nuclear optical potentials:

complications associated with the inclusion of recoil correc-l/l(ﬂ(re k..., is the relativistic scattering wave function of
1RaAYa.

tions in the relativistic Dirac equatidf®,10]. A : . . "
In principle, a FR approximation is more sophisticatedthe incident particlea, with outgoing boundary conditions

than a ZR approximation to the DWIA. However, in practice, [indicated by the superscript-)], whereka, is the momen-
FR predictions are subject to numerical errors due to exterfm of particlea in the (a+A) center-of-mass system asg
sive computational procedurdgompared to ZR calcula- is the spin projection of particla with respect td,, as the
tions). In this paper, we study the sensitivity of the analyzingz-quantization axisy!~)(r kic ,s;) is the adjoint relativistic
power to b_oth FR and ZR approximations. The only eXiStingscattering wave function for particle[j = (a’,b)] with
study in this regard was done by Ikebgtd] for the knock-  incoming boundary conditionndicated by the superscript
out of 1ds,, and 1ds, protorTs from4f’C_a at |nC|dent energies (—)], where ch is the momentum of particlg in the (j
of 200 MeV and 300 MeV; no definite conclusion could be +C) center-of-mass system, asglis the spin projection of
drawn as to which model gives a consistently better descrip- 7 =~ - - o .
tion of the data. For the case of a nucleus with a largeParticle] with respect tckjc as thez-quantization axis. The
radius, such ag%®Pb, we expect more pronounced differ- bound state proton wave functiop?sy (1) with single-
ences between ZR and FR predictions. For estimating thparticle quantum numbets J, andM;, is obtained via self-
influence of nuclear-medium modifications of tNé\ inter-  consistent solution to the Dirac-Hartree field equations of
action on the analyzing power, we adopt the Brown-Rhoguantum hadrodynamid4.3]. In addition, we adopt the im-
scaling conjecture[5] which attributes nuclear-medium pulse approximation which assumes that the form ofNhe
modifications of coupling constants, as well as nucleon andcattering matrix in the nuclear medium is the same as that
meson masses, to partial restoration of chiral symmetry. Arfor free NN scattering: the antisymmetrizedN scattering
additional aim of this paper is to identify whether the ana-p iy tan(Ir=r"]), is parametrized in terms of five Lor-
lyzing power is an observable that demonstrates a preferenggy; invariantgscalar, pseudoscalar, vector, axial-vector, and
for the Schrdinger or Dirac equation as the underlying dy- tensoy. In principle, theNN t matrix can be obtained via

namical equation. solution of the Bethe-Salpeter equation, where the on-shell
NN amplitudes are matrix elements of thisnatrix. How-

Il. RELATIVISTIC DISTORTED WAVE IMPULSE ever, the complexity 'of this approach gives I|m|_ted physical

APPROXIMATION insight into the resulting amplitudes. An alternative approach

is to fit the amplitudes directly with some phenomenological
Both ZR and FR approximations to the relativistic DWIA form, rather than generating thenatrix from a microscopic
have been discussed in detail in Rdfkl,12, respectively. interaction. Although the microscopic approach is certainly
We briefly describe the main ingredients of these models. Fomore fundamental, the advantage of phenomenological fits
notational purposes, we denote an exclusipg§) reaction lies in their simple analytical form, which allows them to be
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conveniently incorporated in calculations requiring tie t  Ref.[1]. Furthermore, the validity of the impulse approxima-
matrix as input. TheNN t matrix employed in this paper is tion, to generate microscopip optical potentials at energies
based on the relativistic meson-exchange model described lower than 100 MeV, is questionable. Hence, in this paper we
Ref. [14], the so-called relativistic Horowitz-Love-Franey consider only global Dirac optical potentials, as opposed to
(HLF) model, whereby the direct and exchange contributionsnicroscopictp optical potentials, for obtaining the scattering
to the amplitudes are parametrized separately in terms of wave functions of the Dirac equation.

number of Yukawa-type meson exchanges in first-order Born For studying medium effects on tHéN interaction, we
approximation. The parameters of this interaction, namelymake use of the scaling relations proposed by Brown and
the meson masses, meson-nucleon coupling constants, aRého [5], and also applied by Kreiet al. [15] to (p,2p)

the cutoff parameters, have been adjusted to reproduce theactions, namely,

free NN elastic scattering observables.

Adopting a much simpler ZR approximation, namely, m; my o mg
m, m, m, @
~ N ~ > > o P ®
tan([F =) =tun(T2 65M) S(r—r") 2
NN NNU T eff » Veff ’ . %
go’N ng _
the relativistic distorted wave transition matrix element in O X 6)

Eq. (1) reduces to

where the medium-modified and free meson masses are de-

noted bym* andm;, withi e (o,p, ), respectively. Meson-

nucleon coupling constants, with and without nuclear-
— s - medium modifications, are denoted b}, andg.y, where

@Y1 Kpc,Sp) Tun(TEE 05" j e (o,0), respectively. A J

> - - The spin observable of interest, the analyzing po

X['/’(H(r’kaA’Sa)@¢EJMJ(r)]' ®) is defineg as YA PORE

TLJMJ(Sa 1Sar 1Sb) = f dF[Z(i)(FIEa’C 153’)

whereT2P and 65 represent the effective two-body labora- Tr(To, T

tory kinetic energy and effective center-of-mass scattering y_Wv (6)
angles, respectively. r(TTh)
As already mentioned, a FR approximation to the DWIA

o o -~ "“whereo is the usual Pauli matrix, and thex2 matrix T is
is inherently more sophisticated than a ZR approximation oy

. : . : . ‘given b
However, in practice, the numerical evaluation of the S|x-g y
dimensional FR transition matrix elements, given by &g, TSa=H128q=+12  Sa=—1/25=+112
is nontrivial and subject to numerical uncertainties. On the 7= Y L) @)
. . . . Sa=+1/25,=-1/2 Sq=—112s,=—1/12|>
other hand, for the ZR approximation, the three-dimensional T3 T3

integrand given by Eq(3) ensures numerical stability and
rapid convergencdéand hence faster computational time wheres,=* 3 ands, = * 3 refer to the spin projections of
Another advantage of the ZR approximation is that one camparticlesa anda’ along theRaA=i and Ra,czgf quantiza-
directly employ experim_epta}NN scattering amplitudes, gon axes, respectively, and the axis is defined byk,a
rather than rely on a relativistic meson-exchange model; and -~ . Sa.Sa/
hence, one is insensitive to uncertainties associated with in>_—< I_(a’_c' The matrix elementd ;™ are related. Fo the re!a-
terpolations and/or extrapolations of the limited meson-iVistic (p,2p) ZR-DWIA and FR-DWIA transition matrix
exchange parameter sets. In this paper, we compare FR afMentsTi v (Sa,Sa’ ,Sy), defined by Eqgs(1) and(3), re-
ZR predictions of the analyzing power. spectively, via

The scalar and vector scattering potentials employed in
the relativistic FR-DWIA calculations reported in Réfl] SaSal _
are microscopic in the sense that they are generated by fold- TG M?’ . Toom,(SarSar Sp)- ®
ing the NN t matrix, based on the HLF model, with the
appropriate Lorentz densities via the approximation. An Ill. RESULTS
attractive feature of thgp approximation is self-consistency,
that is, the HLF model is used for generating both scattering In this section we investigate the sensitivity of the analyz-
amplitudes and optical potentials. However, for the kine-ing power—for the knockout of protons from thes;3,
matic region of interest to this paper, we consider it inappro2ds,, and s, states in?°®Pb, at an incident energy of 202
priate to employ microscopip optical potentials, the reason MeV, and for coincident coplanar scattering angles (28.0°,
being that HLF parameter sets only exist at 135 MeV and-54.6°)—to distorting optical potentials, FR versus ZR ap-
200 MeV, whereas optical potentials for the outgoing protongroximations to the relativistic DWIA, as well as to medium-
are required at energies ranging between 24 and 170 MeVhodified coupling constants and meson masses. We also
Thus, enforcing self-consistency would involve large, andcompare our relativistic results to nonrelativistic DWIA pre-
relatively crude, interpolations/extrapolations, leading to in-dictions. Unless otherwise specified, all DWIA predictions
accurate predictions of the analyzing power, as evidenced iare based on the energy-dependent mass-independent global
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331/2 Although these results are not displayed, we found that the
0.6 analyzing powers are relatively insensitive to different global
04| optical potentials, with differences between parameter sets
) being smaller than the experimental statistical error.
A 0.2 For the reaction kinematics of interestN amplitudes
Yy oo} need to be evaluated al%’~180 MeV and 65"~60°
—02} (where c.m. is center of mgsdut the closest HLF param-
) . . eter sets exist at 135 MeV and 200 MeV. To improve the
'°°‘1°o 120 140 160 180 accuracy of our FR predictions, we have generated a new
2d HLF parameter set at 180 MeV by fitting to the experimental
08 ' §/2 NN amplitudes[14]. We have checked the validity of the
HLF parameter set by comparing ZR calculations based on
04} . the HLF model to corresponding calculations based directly
on the experimental amplitudes: the predictpg?p) analyz-
Ay 0.0r T ing powers are identical.
-04} i Next, we compare relativistic FR to relativistic ZR pre-
dictions, excluding medium modifications to thi interac-
=0. L L L tion. In Fig. 1, we see that the ZR predictigsolid line)
qoo 120 140 160 180 almost perfectly describes the data for knockout from the
3sy», and Mg, states: recall that previous relativistic and
0.5 nonrelativistic models fail to reproduce these dgth For
03} . the 3s;/, state, the relativistic FR resultlot-dashed lingis
0.1} i consistently shifted above the data. Nevertheless, the relativ-
A istic FR prediction still provides a qualitative description of
y =01 T the data. For knockout from thedg, and s, states, both
=03} 1 relativistic ZR and FR models describe the data reasonably
‘°°§ , ; ; well.
00 120 140 160 180 We also compare our relativistic calculations to nonrela-

T. (MeV) tivistic (dashed line in Fig. 1IDWIA predictions, excluding
a medium modifications of theNN interaction recently re-
FIG. 1. Analyzing powers plotted as a function of the kinetic Ported in Ref[1]: the nonrelativistic Schidinger-based cal-
energy T, for the knockout of protons from thes3,, 2ds,, and ~ culations are based on the computer COBREEDEE by
2ds, states in?%%Pb, at an incident energy of 202 MeV, and for Chant and Roo§17]. With the exception of thed,, it is
coincident coplanar scattering angles (28.6°54.6°). The differ-  clearly seen that the relativistic Z@Rolid line) and FR(dot-
ent line types represent the following calculations: relativistic ZR-dashed ling predictions in Fig. 1 are consistently superior
DWIA (solid line), relativistic plane wavédotted ling, nonrelativ-  compared to the corresponding nonrelativistic calculations.
istic DWIA (dashed ling and relativistic FR-DWIA(dot-dashed  This suggests that the Dirac equation is the most appropriate
line): all calculations exclude medium-modified coupling constantsdynamical equation for the description of analyzing powers.
and meson masses. The data are from Réf. The latter statement is confirmed by similar claims for inclu-
sive quasielastic proton-nucleus scatteridgl8] as well as
Dirac optical potential parameter set which has been conelastic proton-nucleus scatterifi]. Our results for exclu-
strained by?°%Pb(p,p) elastic scattering data for incident sive proton knockout provide one more compelling argument
proton energies between 21 MeV and 1040 MeV; that is, wdor using relativistic dynamics for the description of polar-
consider the parameter set “EDAI fit” fof°%Pb in Ref.[16].  ization phenomena in nuclear physics. Note, however, that
First, we display the influence of relativistic nuclear dis- for the knockout of protons from thepl,, and Ips, states in
tortion effects by comparing relativistic ZR-DWIA predic- 1?0 and the 15, and 1ds, states in*’Ca at 200 MeV, both
tions to corresponding plane wave predictiofwgth zero  relativistic and nonrelativistic DWIA models describe ana-
scattering potentialsfor knockout from all three states: in lyzing power data equally we[l12], and there is no prefer-
Fig. 1, the solid line indicates the relativistic distorted waveence to relativistic dynamics.
result and the dotted line represents the relativistic plane Although the f,2p) reaction of interest is mainly surface
wave result. We see that the prominent oscillatory structur@eaked, radial localizatiofradial contribution of the reaction
of the analyzing powers is mostly attributed to distortions ofto DWIA cross sectiop argumentg1] suggest thas-state
the scattering wave functions. This clearly illustrates the im-knockout exhibits a larger contribution from the nuclear in-
portance of nuclear distortion on the analyzing power, thugerior than thed states, and, hencs;state knockout is more
refuting, for the first time, qualitative claims that spin ob- susceptible to nuclear medium modifications of Wi inter-
servables(being ratios of cross sectionare insensitive to  action. Thus, the inclusion of nuclear medium effects offers
nuclear distortion effects. In addition, we have also investithe possibility to improve the relativistic FR-DWIA predic-
gated the sensitivity of the analyzing powers to a variety oftion of the 35,,, analyzing power. We now study the sensi-
different global Dirac optical potential parameter sgt6].  tivity of the analyzing power to values of=y [see
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FIG. 2. Analyzing powers plotted as a function of the kinetic
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180

energyT, for the knockout of protons from thes3,, 2ds,, and
2d, states in®*®b, at an incident energy of 202 MeV, and for 2dg, states in?°%b, at an incident energy of 202 MeV, and for
coincident coplanar scattering angles (28.6°54.6°). The differ-
ent line types represent the following calculations: relativistic ZR-ent line types represent the following calculations: relativistic FR-
DWIA excluding medium-modified coupling constants and mesonDWIA excluding medium-modified coupling constants and meson
massessolid line), relativistic ZR-DWIA with a 10% reduction of
the medium-modified coupling constants and meson massade medium-modified coupling constants and meson masses
(dashed ling and relativistic ZR-DWIA with a 20% reduction of (dashed ling and relativistic FR-DWIA with a 20% reduction of

the medium-modified coupling constants and meson mddséed
line). The data are from Ref1].
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energyT,: for the knockout of protons from thes3,, 2ds,, and

coincident coplanar scattering angles (28.6°54.6°). The differ-

massegsolid line), relativistic FR-DWIA with a 10% reduction of

the medium-modified coupling constants and meson mddsésd
line). The data are from Ref1].

Egs.(4) and(5)] less than unity for both relativistic ZR and face and, hence, the nuclear medium modifications are ex-
relativistic FR approximations; that is, we assume that thepected to play a relatively minor role. The corresponding
effect of the nuclear medium is to reduce values of therelativistic FR-DWIA predictions are shown in Fig. 3.

masses and coupling constants of certain mesons relative to Although not displayed, we have already established that
their corresponding free values. Note that, in principle, thevalues of¢é= y<<0.8 fail to reproduce the analyzing powers
coupling constants and meson masses are independent quésrboth ZR and FR approximations. For the FR calculations,
tities, and hence there is no fundamental reason tofset we see that a reduction of meson masses and coupling con-
= x. The latter equality is only assumed for simplicity, so asstants by between 10%lashed ling and 20%(dotted ling

to get a feeling for the sensitivity of observables to changegonsistently improves the predictions for knockout from alll
in the relevant coupling constants and meson masses. In Figtates: the agreement with the;3 analyzing power is par-

2, we display relativistic ZR-DWIA results foré=y
€(0.9,0.8) corresponding to reductions of the meson masseserved for the nonrelativistic distorted wave predictions re-
and coupling constants by 10fdashed lingand 20%(dot-

ticularly impressive. Similar qualitative behavior was ob-

ported in Ref[1], where the inclusion of empirical density-
ted ling, respectively; results excluding medium modifica- dependent correction

to the analyzing power shifts

tions are indicated by the solid line. The choice of values forpredictions closer to the data. In addition, by analyzing the
¢ and y is motivated by the fact that the proton-knockout “effective polarization” for proton knockout fromt0 and
reactions of interest are mainly localized in the nuclear sur#*°Ca at 200 MeV within the framework of the nonrelativistic
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DWIA, Krein et al. [15] also reported on similar evidence  In this paper we have demonstrated the superiority of the
for the modification of meson masses and coupling constant&lativistic Dirac equation, as compared to the nonrelativistic
by the nuclear medium. On the other hand, relativistic ZRSchralinger equation, for the description of the exclusive
predictions without medium_effect_s give a better descriptiortf),zp) analyzing powers, for proton knockout froffePb at

of the data: a 20% reduction fails to reproduce tr&,3 500 Mev, within the context of the DWIA. It is essential to
a_m_alyzmg power. I.n gene_ral, oneé can conclude that bqth rf:"lac'heck the consistency of the latter claim for the knockout of
tivistic FR predictions with medium effects and relativistic rotons from2%8b at higher energies. Indeed, such experi-

ZR calculations excluding medium effects give a satisfactor .
d o - ments are being planned at the Research Center for Nuclear
escription of the data. In order to make more definite state-

ments on the importance of nuclear-medium effects forPhyS.ICS n Osaka, Japan. BOth relativistic ZR and F_R_ap—
(p.2p) reactions, one needs to measure and interpret Conp_rommatmns' to the DWIA provide an excellent degc_rlptlon
plete sets of spin observables, as opposed to only the analy2f the analyzing power data. On one hand, the relativistic ZR
ing power: this will be studied in a future paper. Also, one Predictions suggest that the scattering matrixNo¥ scatter-
needs to consider the knockout of protons from deeper lyindd in the nuclear medium is adequately represented by the
states in2%%Pb, where the contribution from the nuclear in- corresponding matrix for freBIN scattering and, hence it is

terior is more substantial. not necessary to consider nuclear-medium modifications to
the NN interaction. On the other hand, the relativistic FR
IV. SUMMARY AND CONCLUSIONS results suggest that a 10—20 % reduction of meson-coupling

_ S constants and meson masses by the nuclear medium is essen-
wave description for exclusive proton knockout from the ang 2, analyzing powers. In order to extract more conclu-
312, 2d3,, and Ay, states in**Pb, at an incident energy  sjve information regarding the influence of the nuclear me-
of 202 MeV, and for coincident coplanar scattering anglejjum on the properties of the strong interaction, it is neces-
(28.00, _5460) Previous relativistic and nonrelativistic sary to Study Comp|ete sets of po'arization transfer
models fail to describe the analyzing power fos;3- and  observables for the exclusive knockout of protons from
2d3- knockout[1]. Exhaustive corrections to the nonrela- deeper-lying states in a variety of nuclei.
tivistic model fail to resolve the dilemma. On the other hand, We have also established that the ana]yzing power is rela-
this is the first time that such systematic analyses have nowely insensitive to different global Dirac optical potential
been performed within the context of the relativistic DWIA. parameter sets. In addition, by comparing relativistic ZR-
We have identified two possible reasons for the failure of thepwIA predictions to corresponding plane wave predictions
relativistic FR-DWIA predictions reported in Reffl]. First  (zero scattering potentialsve have demonstrated the impor-
of aII, for the reaction kinematics of interest, the miCl’OSCOpiCtance of distorting potentia|s for describing the osci”atory
optical potentials generated via ttip approach were not pehavior of the analyzing powers; thus refuting qualitative
refined enough. Second, the influence of density-dependegtguments that spin observables are insensitive to nuclear
corrections to théNN interaction was previously not consid- (istortion effects.
ered, and thus previous relativistic FR-DWIA predicti¢h$
implicitly underestimated an important ingredient of the the-
oretical treatment. ACKNOWLEDGMENTS
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