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Effects of spinor distortion and density-dependent form factors upon quasifreelGO(é,e’ﬁ)
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We propose an effective current operator for nucleon electromagnetic knockout that incorporates spinor
distortion and density-dependent nucleon form factors using an effective momentum approximation. This
method can be used in a coordinate-space approach with either relativistic or nonrelativistic optical potentials
and overlap functions. We studied these effects for ]l‘f(é(é,e’ﬁ) reaction atQ?=0.8 (GeVk)?2. Spinor
distortion substantially enhances the left-right asymmetry while reducing the ratio between sideways and
longitudinal recoil polarization fop-shell knockout by about 5% for modest missing momenta. We also find
that the density dependence of nucleon form factors suggested by a quark-meson coupling model reduces the
polarization ratio further. Much larger effects are obtained forgkeell than for thep shell. However, both
effects are subject to much larger Gordon ambiguities than comparable nonrelativistic calculations.
[S0556-28189)01110-3

PACS numbgs): 25.30.Dh, 24.10.Jv, 24.78s, 27.20+n

[. INTRODUCTION tive momentum approximation permits relativistic current
operators to be used in relativized Safirmer calculations
One of the central problems of nuclear physics is to deWwithout the ne_:ed of nonr_elatlwstlc reductidi@,6]. There-
termine the sensitivity of hadronic properties to the localfore, the mostimportant difference between these approaches
baryonic density. For example, an early hypothesis, motiS found |n.the dynam|c enhancement of the lower compo-
vated in part by the EMC effect, was that the nucleon charg&€nts of Dirac spinors by scalar and vector poten{iag.
radius increases with density. More recently, the quark-we now e>§tend t,he effectlve momentum approximation to
meson couplingQMC) model has been used to study themclude spinor distortion and density-dependent nucleon

: . form factors using a technique based upon that of Hedayati-
density dependence of the nucleon electromagnetic form fa%ooret al. [13] a?nd investicgl;ate the effgcts of both bour%ld-
tors[1-3] induced by coupling of their constituent quarks to ‘

. o . state and ejectile spinor distortion on selected observables
the strong scalar and vector fields within nuclei. However ) P

b h dicted eff lativel I for proton knockout. The operator which relates lower and
ecause the predicted effects are relatively small at norma|, o components couples spin and momentum, such that
nuclear densities, it will be very difficult to extract unam-

, : enhancement of the lower components modifies recoil polar-
biguous results from measurements of cross sections fqfation observables and enhances the left-right asymmetry
single-nucleon knockout from nuclei. Fortunately, recoil po-for quasifree knockout. However, we find that spinor distor-
larization observables are expected to be much less vulnefipn effects are quite sensitive to variations of the current
able than cross sections to uncertainties in spectral functiongperator arising from the Gordon identity. Although these
gauge ambiguities, and off-shell extrapolation of the singleoperators are equivalent on shell and differences for nonrel-
nucleon current operatdd]. In the one-photon exchange ativistic calculations are usually small, spinor distortion in
approximation, the ratio between the longitudinal and coplarelativistic calculations can produce substantial variations.
nar transverse polarization transfeRg/P|, for quasifree We have chosen to employ a coordinate-space represen-
kinematics is proportional to the ratio between electric andation because that approach provides the most natural model
magnetic form factorsGe /Gy, [5]. For largeQ? and modest  for exploration of the possible effects of medium modifica-
missing momentum, this relationship is relatively insensitivetions of nucleon form factors. The effective momentum ap-
to final-state interactionis]. proximation is made to simplify the calculations and is
Knockout calculations for quasifree kinematics are genershown to be adequate for modest recoil momenta. We find
ally performed using distorted-wave impulse approximationghat substantial medium modification of recoil polarization
based upon either a relativized Sctirger or a Dirac equa- observables is expected, especially $eshell knockout, us-
tion. Recent reviews of nucleon electromagnetic knockoutng the form factors from the QMC model.
can be found in Refd.7—9]. Generally there are many dif-
ferences between these approaches, including choices of op- Il. MODEL
tical potential, overlap functions, current operator, and treat-
ment of electron distortion. We consider differences between
optical potentials or overlap functions to be superficial be- The derivation of the effective momentum approximation
cause it is always possible to transform a Dirac equation intdor nucleon electromagnetic knockout reactions of the form
an equivalent Schobnger equation. Furthermore, although A(e,e’N)B has been presented in considerable detail, in-
many Schrdinger-based calculationgl0,11] employ the cluding channel coupling in the final state, in R]. Thus,
McVoy—van Hove[12] nonrelativistic reduction of the elec- for the present purposes it suffices to employ a more sche-
tromagnetic current operator, we have shown that the effeanatic notation in which state labels and channel coupling are

A. Spinor distortion
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omitted. The nuclear matrix element has the basic form s 1 D’
~ 2urD’

(50)
N ~ 3 T e, (-)
Ja) f dr e expliae ) (X (rne)| D(r) is known as the Darwin nonlocality factor, abif and
- U'S are central and spin-orbit potentials; the Darwin poten-
XJe(p',p" = )| p(ryp)), (D) tial UP is generally quite small. Finally, because the lower
component is related to the upper component by the spin-
wherep’ is the ejectile momentung is the the momentum  orbit coupling
transfer,p,=p’ —q is the missing momentunt,g is the
separation between the nucleon and the residual nu@eus y_= o-p " 6)
rna=(mg/my)ryg is the nucleon position relative to the T E+mtS-voTY
barycentric system, ang is the momentum transfer in the
barycentric frame. The overlap between thandA—1 nu-
clei is represented by, which is often called théound-

we should anticipate that the strong Dirac scalar and vector
potentials can affect the left-right asymmetry and recoil po-
larization observables for nucleon knockout.

state wave functigrwhile the ejectile distorted wave js In Thus, we define an effective current operator as
the effective momentum approximatiéBMA) we evaluate '
the nucleon current operatdt,(p’,p’ —q) using momenta = Ae(p', 1) YT HAp(Pm.T), (7)

determined by asymptotic kinematics in the laboratory
frame, rather than operators, which then reduces the curre|(1
to a matrix that acts upon nucleon spin. Electron distortion is

here the subscripte and ¢ denote bound and continuum
jectile nucleons,

included in the EMA by adjusting the electron momenta and 1
flux for acceleration by the Coulomb field, such that A(p,r)= [Eetm op Dl’z(r)
—est, as described in Ref6], but in the interest of nota- o 2m @
tional simplicity we omit the “eff” subscripts om, &, and Eotm+S,(r) = Ve(r)
pn because these corrections are small for the kinematics 8
investigated here. _ _ represents a distorted spinor fee {b,c}, andT'* represents
Suppose that a four-component Dirac spinor the electromagnetic vertex function. Therefore, the electro-
nuclear matrix element becomes
( 1,0+(I’))
W(r)= : N 3 :
p-(r) J “(Q)%f d°rngexplis: rya)
wherey . andy_ are two-component Pauli spinors for posi- (-) X (n O/ (!
tive and negative energy components, satisfies a Dirac equa- XX () AP re) YT eh(P" P
tion of the form X Ap(Pm:Tne)| &(rng)), 9)
[ p+B(M+S)]¥=(E-V)¥, ) where the vertex function and spinor distortion factors

A ,(p,r) are evaluated using the EMA. The two-component
bound-state and distorted waves are obtained as solutions to
relativized Schrdinger equations using either intrinsically
nonrelativistic potentials or potentials derived from Dirac
W, =DY2gp, (33) equations. Note that our previous results can be recovered
simply by settingS—0 andV—0 in the lower components
of A, and by replacind ¢ by a Woods-Saxon wave func-
+— (3p)  tion.
E+m Picklesimeret al. [14,15 first investigated the effects of
. spinor distortion on response functions for proton knockout
can be obtained from an equivalent S(ﬂir@er equation of using a momentum-space formalism. Several gr(ﬁmﬁsla

with scalar and vector potentiaand V. It is well known
that the upper component

D=1

the form investigated the effect of Darwin nonlocality factors for the
ejectile upon spectroscopic factors and missing momentum
[VZ+K*=2u(US+ UL 0)]¢=0, (4 distributions using coordinate-space methods. Our present
approach is based upon an effective current operator pro-
where posed by Hedayati-Poaet al. [13], who demonstrated the

importance of potentials in the effective current operator us-
ing an expansion in powers oE(+m) ~1. Our previous cal-
culations using the EMA are roughly equivalent to carrying
their “nonrelativistic” expansion to high order while omit-
ting potentials. However, the present approach does not re-
, (5b) quire such an expansion and is better suited to systematic
investigation of the effects of spinor distortion and Gordon

+UP, (5a)

044609-2



EFFECTS OF SPINOR DISTORTION AND DENSITY- ... PHYSICAL REVIEW €D 044609

ambiguities in the vertex function. Furthermore, we can alsahird form is rarely used but is also equivalent on shell and,

include channel coupling in final-state interactions using théhence, is no less fundamental.

formalism of Ref[6] and can include medium modifications ~ Unfortunately, because bound nucleons are not on shell,

of nucleon form factors by evaluating the vertex function atwe require an off-shell extrapolation for which no rigorous

the local density. justification exists. Lacking a better alternative, we employ
Given that 8—V)/2m~ —0.4 for the bound state, one the de Forest prescriptid24] in which the energies of both

finds that the lower components are significantly enhanced imitial and final nucleons are placed on shell, based upon

the interior. In the present work we investigate the effects oeffective momenta, while the form factors are evaluated

this dynamic enhancement of the lower components of disgiven Q? from the electron-scattering kinematics. Thus, we

torted spinors upon observables for nucleon electromagnetimbtain the alternative prescriptions

knockout. We refer to complete calculations based upon Eq.

(9) as SV, while calculations in which scalar and vector po- T . P* )

tentials appear in the lower components of just the bound 1=7*Gu(Q )_WFZ(Q ), (123

state or just the ejectile spinor are identified as SVb or SVc,

respectively. Calculations using free spinors are labeled o a

noSV. In order to minimize superficial differences in mo- ngy“Fl(Qz)Jria’”ZI\;l F,(Q?), (12b

mentum distributions or optical potentials, we include the

Dirac potentials in both Darwin factor&(r) and D.(r), —

whether or not those potentials are included in the lower _M:ﬂ

components of\, or A. 3T 2M
For most calculations presented here, we employ the

Dirac optical model EDAD1 fitted by Coopet al.[19] to ~ Where

proton-nucleus elastic scattering faE=12 and energies be- — —

tween 20 and 1040 MeV and Dirac-Hartree wave functions q=(E'-E,q),

obtained from theriMORA code of Horowitzet al. [20,21. _ _

These models also provide scalar and vector potentials for P=(E'+E,2p’'~q),

the bound state and ejectile. Alternatively, we can use non- — )

relativistic optical models and/or binding potentials and ob-2nd whereE=ym*+(p’—q)“ is placed on shell based upon

tain the necessary distortion factors by exploiting the relathe externally observable momenga andq.

tionship betweenS—V and the spin-orbit potential'S, Finally, for the present calculations we employ Mergell-
whereby Meissner-Drechse{(MMD) form factors[26] and evaluate

the current in the Coulomb gauge by modifying the longitu-
@ dinal current to restore current conservation at the one-body
D(r)=exr( Z,U«j d”ULS(r))- (100 level. The sensitivity of nucleon knockout to alternative
' gauge prescriptions was investigated in Réf, but without
spinor distortion.

a,

2 78
Fi(Q%)+io 5M

Gm(Q?), (129

This procedure has been used by Jin and Oflgyto com-
pare Darwin factors from a Dirac optical model with an op-
tical potential based upon our density-dependent empirical
effective interactionEEI) [22,23. Two experiments on thé®O(e,e’p) reaction were re-
cently performed at Jefferson Laboratory using quasiperpen-
dicular kinematics withw=445 MeV andq=1000 MeV,
The electromagnetic vertex function for a free nucleongych that Q2=0.8 (GeVk)2. Experiment E89-00327]

Ill. RESULTS

B. Vertex functions

can be represented by any of three operad4s25. measured cross sections and separatecRthand R, T re-
pu sponse functions fop,=360 MeV/c, while experiment
FTZYMGM(QZ)_WFZ(QZ), (119  EB89-033[28] measured helicity-dependent recoil polariza-

tion for p,=85 and 140 MeW¢. The beam energy was
2.445 GeV and we include electron distortion in the EMA.

a, The cross section for nucleon knockout can be expressed

P~ Cons L 14P orh(A+P 13
Ph=2 Fi(Q)) HioH - Gy(@Y), (119 ded0,d0y oL TProth(A+Ph o)l (13

wheree;(e;) is the initial (final) electron energyg, is the
which are related by the Gordon identity. Hages (w,q), unpolarized cross sectioh, is the electron helicitys indi-
P=(E'+E,p’+p), andQ?=g?— w? AlthoughT, is argu-  cates the nucleon spin projection upon P is the induced
ably the most fundamental because it is defined in terms gbolarization A is the electron analyzing power, aRd is the
the Dirac and Pauli form factofs; andF,, one often uses polarization transfer coefficient. Thus, the net polarization of
I'y because its matrix elements are simpler to evaluate. Thghe recoil nucleonIl has two contributions of the form
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S T 3 FIG. 2. Calculations of the left-right asymmetry fiO(e,e’p)
. noSy \ in quasiperpendicular kinematics wif=0.8 (GeVk)? using the
o° bad i T I’y current. Solid curves use the full SV model, dotted curves show
20 _10 0 10 20 noSV, dashed curves show SVb, and dash-dotted curves show SVc
0 [deg] calculations.

Pq

FIG. 1. Calculations of the differential cross section for vertex function. Calculations which omit spinor distortion
*O(e,e’'p) in quasiperpendicular  kinematics WwithQ®  (noSV) are quite similar to our previous results using
=0.8 (GeVk)? using thel'; current. Solid curves use the full SV Woods-Saxon bound-state wave functions and the EEI opti-
model, dotted curves show noSV, dashed curves show SVb, antal model[6]. The primary effect of distortion of the ejectile
dash-dotted curves show SVc calculations. These calculations aspinor is to increase the differential cross section. The pri-
normalized to full subshell occupancy. mary effect of distortion of the bound-state spinor is to in-

crease the left-right asymmetry

II=P+hP’, (14
A-(6 ):UO(_ﬁpq)_UO(apq) (16)
where|h|<1 is interpreted as the longitudinal beam polar- LA o(— Opg) + 00( Opg)
ization. We choose to refer recoil polarization to a polarim-
eter basis in which This effect is illustrated in Fig. 2, which shows that the en-
Kk ok hancement of the left-right asymmetry increases with miss-
y= i , (159 ing momentum. This quantity provides a particularly useful
| k@Kl test of effective current operators because for modest missing

R momenta it is relatively insensitive to details of the missing
~  Y®pn momentum distribution or to the choice of optical model.
= |A® |’ (15b Nevertheless, the structure at large angles is produced by
YEPN optical-model distortion and hence can be more variable. The
effects of spinor distortion are largest for thshell because
the wave function is peaked where the Dirac potentials are
strongest.
The sensitivity of spinor distortion to the choice of vertex

Z=X®Y, (150

wherek;(k;) are the initial and final electron momenta and
Py is the ejectile momentum in the laboratory. For COpI‘fj‘r‘arfunction is illustrated in Fig. 3 for the cross section and in

guasiperpendicular kinematics wigtupwards, it has become Fig. 4 for A_;. The largest effects are obtained Wﬁl,

conventional to assign positive missing momentum to ejec- . S e
. ) especially for thes shell. Gordon ambiguities i\ 1 are
tile momenta on the large-angle side @f such thaté,

0 - 0.>0 much larger when spin distortion factors are applied than
pram those shown in Ref4] without them.
_ o To assess the model dependence of the relationship be-
A. Spinor distortion tween the recoil polarization and nucleon form factor, it is
The effect of spinor distortion upon differential cross sec-useful to define a polarization ratio as
tions is shown in Fig. 1. These calculations use the EDAD1

optical potential, Dirac-Hartree wave functions, and the M= PP, 17
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- | | | | N in quasiperpendicular kinematics with?=0.8 (GeVk)?. Solid
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10 curves usé'4, dashed curves udg,, and dash-dotted curves usg

-20 -10 0 10 20 _ =
in the full SV model. Dotted curves udg, in the noSV model.
0., [deg]
7. The density dependence of the form factors was estimated
FIG. 3. Calculations of the differential cross section for by scaling each Sachs form factor from the MMD model by
*O(e,e’p) in quasiperpendicular kinematics WithQ®*  the corresponding ratio between QMC form factors at den-

=0.8 (GeVk)2 Solid curves usd’;, dashed curves use,, and sity p and in free space according to
dash-dotted curves um in the full SV model. Dotted curves use

T', in the noSV model. G 2
2 G(Qz,p)=G(Q2) QMC(Q p)

which for a free nucleon at rest is proportional@g /G, . GQMC(QZ)
We can then compare, for a particular model either to a
plane-wave calculation or to a base-line optical-model calcu-
lation. In Fig. 5 we chosé&', without spinor distortion as the
base-line calculation and display ratios betweagn with
spinor distortion to that base-line calculation. At the kine-
matics of E89-033 we find that the effect of spinor distortion
is approximately a 5% reduction of, for p-shell knockout,
with a =5% Gordon ambiguity, while the-shell effect is
approximately 10%. The Gordon ambiguity increases rapidly
with missing momentum, especially for ttgeshell, and is
much larger with spinor distortion than without.

The roles of bound-state versus ejectile spinor distortion
are compared in Fig. 6. It is interesting to note that whereas
the bound-state effect was dominant #y;, the ejectile 1.0
effect tends to dominate far,,. Therefore, consistency be-
tween these observables, which sample spinor distortion 05
rather differently, provides a stringent test of the effective L 3
current operator. Given that Gordon ambiguities are compa- o -5 o s 10
rable in magnitude to the effects predicted by models of the 0 [deg]
density dependence of nucleon form factors, one must re- Pq
quire consistency before attempting to infer a medium modi-
fication of Gg /Gy, .

(18
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FIG. 5. Calculations of the polarization ratig, for °0(e,e’p)
in quasiperpendicular kinematics wif=0.8 (GeVk)? are com-

B. Density dependence pared with a base-line calculation using ﬂhgcurrent in the noSV

The possible effects of the density dependence of nucleoffode!- Solid curves usBy, dashed curves udey, and dash-dotted
form factors upon the polarization ratio are illustrated in Fig.curves usel'3 in the full SV model.
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LTt lation with free form factors is about 0.88 fopy,

T ~85 MeV/c. For thes shell the net suppression of, is

L SN about 0.6 ap,,~85 MeV/c and 0.25 at 140 Me\, with

o8 both the relativistic and the density-dependent effects being
c much stronger because higher densities dominate. The ef-

e e B L fects on cross sections aid + are much smaller and omit-

u . ted. These results suggest that an upcoming experif2éht

on “He(e,e’p) should be able to distinguish the density de-

pendence from relativistic effects by measuring bath and

ry; symmetrically about quasifree kinematics.

Y,
L1

V)
<
{11

S

r><Z / <|f><z>c<:2noSV

C. Comparison with momentum-space approach

T

It is useful to compare our coordinate-space approach
with the momentum-space approach developed by Pickles-
! imer, van Orden, and Walladd4,30,13 in which the cur-

L rent matrix element is expressed in the form

©
w
TTTT R
-

|
]

|
o
o
o
>

3

_ - oo J”(q)=f S0 .p)TH(p.p— ) p(p—0),
FIG. 6. Calculations of the polarization ratig, for °0(e,e’p) (2m)
in quasiperpendicular kinematics wi@f=0.8 (GeVk)? using the (19
I', current are compared with a base-line noSV calculation. Solid

curves use the full SV model, dashed curves use SVb, and dasN\-’he_re,q_ is the If’:lborat.ory momentum transfer agdand z,b_
dotted curves use SVec. are initial and final Dirac momentum-space wave functions

for the struck nucleon. This approach avoids the effective
fnomentum approximation, but does not account for target
recoil or include the off-shell extrapolation of the vertex

tors were evaluated at the local densityr yg) and used in function proposed by de I_:orest and custom_arily used to ana-
the coordinate-space current matrix element given by E yze data. Nor does this approach provide for density-

- - - dependent form factors.
(9). We find that at the kinematics of E89-003, for the p o : . .
shell is reduced by an additional factor of about 0.92 when The original calculations by Picklesimer and van Orden

density-dependent form factors are included, so that the né_{s_ed_ an optical potential const_ruct_ed by fc_JIding the_ nonrela-
reduction relative to a standard nonrelativistic DWIA calcu-tVvistic Love-Franey(LF) effective interaction31] with a

simple three-parameter Fermi density distribution 60
and using the prescription of Hynes al.[32] to import this
potential into the momentum representation of the Dirac
equation. We performed a similar calculation by using the
same nonrelativistic optical potential in the Sadfirger
equation and Eq(10) to generate the spinor distortion fac-
N tors. We also used the same bound-state wave functions, ver-
L L S A tex function, and form factors and omitted electron distortion
in order to emulate the van Orden calculation as closely as
possible in our approach. Probably the most important re-
maining differences that might affect this comparison are the
effective momentum approximation in our coordinate-space
et approach and the absence of recoil in the momentum-space
approach, but the relative importance of these aspects of the
calculations is not yet known.
The resulting left-right asymmetries frshell knockout
are compared in Fig. 8 with results provided by van Orden.
L L The van Orden calculation produces very strong oscillations
-10 ~5 0 5 10 in A_ 1 for p,,=300 MeV/c that are absent without spinor
o [deg] distortion. This feature is much weaker in our calculation
Pa using the EDAD1 potential, but when we use the same LF
FIG. 7. Calculations of the polarization ratig, for °O(e,e’p) potential a very strong oscillation that is similar to that of
in quasiperpendicular kinematics wif=0.8 (GeVk)?usingthe van Orden is obtained also. The most important difference
I', current are compared with a base-line noSV calculation. Solidoetween these calculations is the choice of optical model,
curves use the SV model with free form factors while dashed curvewith variations due to vertex function, form factors, density
use the density dependence of QMC form factors. distribution, and electron distortion being much smaller.

The QMC form factors were computed using a bag radius o
0.8 fm by Luet al. [1]. These density-dependent form fac-

———
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distortion by Dirac scalar and vector potentials using the
effective momentum approximation. This operator can be
used with either relativistic or nonrelativistic optical poten-
tials and overlap functions, permitting a systematic investi-
gation of the effects of dynamical enhancement of lower
components and of ambiguities in the off-shell vertex func-
tion. This method can also be used to investigate possible
effects of the density dependence in nucleon form factors.
The coordinate-space approach provides a more natural
model for investigation of the possible effects of medium
modifications of nucleon form factors than does the
momentum-space approach.

We used this method to study relativistic and density-

dependent effects upon quasifré@O(é,e’f)) reactions at
Q?=0.8 (GeVk)?, kinematics relevant to two recent ex-

100 200 300 400 periments at Jefferson Laboratory. We find that spinor dis-
[MeV/c] tortion significantly enhances the left-right asymmetyy;,
P . . . ;
i ] ) but that the magnitude of this enhancement is subject to a
FIG. 8. Calculations of the left-right asymmetry fiO(e,e’p) larger Gordon ambiguity than comparable nonrelativistic cal-

(@)

. . . X : o > .
in quasiperpendicular kinematics witg"=0.8 (GeVE)~. Solid o 5iqng. Similarly, the polarization ratio,,= P,/P, for

curves show results provided by van Orden while dashed Curvef’)-shell knockout is reduced by about 5% with 5% Gor-

show our calculations with similar input. EMA calculations using don ambiguity at the kinematics of experiment E89-033, but
FZ in the SV model with the EEI or EDAD1 potentials are shown asthe Gordon amblgwty again increases more rapldly ,\Nlth
dash-dotted or dotted curves, respectively. missing momentum than in nonrelativistic calculations.

These effects are stronger for thehell than for thep shell.

Hence, we also inc_Iude calcullatic.)ns using the EEI interactioq.he most important relativistic effect fédy, 1 comes from the
or the EDAD1 optical potential in our standard SV mOderound-state spinor while the dominant relativistic effect for

and find an oscillation of intermediate amplitude using the

EEI potential. Although we favor the EEI or EDAD1 poten- [:))gt\l\?egﬂnmglsjéedugﬁtti?igsefr?ct;&el dsplrr(;?/ir(;j:?(;fr,incoennstlsttee‘:tcgf
tials, which give much better descriptions of proton- 9 P 9

scattering data for these energi@8—35, we must also rec- analyses which seek to extract a medium-modified form fac-

ognize thatA, ; for large p,,, where the cross section has tOr ratio Ge/Gy from quasifree ¢,e'p) data.

fallen by several decades, is probably sensitive to many un- We estimated the possible medium modificationrof
certain aspects or approximations in these models. Other efiSing & recent calculation of density-dependent nucleon form
fects which become important at largg, include ground- ~ factors based upon a quark-meson coupling model. For mod-
state correlations, channel coupling, two-body currents, an§StPm One might expect an additional 8% reductiorr jnfor
off-shell extrapolation. Furthermore, gauge and Gordon amP-shell proton knockout fromt®0, while much larger effects
biguities affect both models and are larger than the differ2re expected fos-shell knockout. Therefore, the quasifree
ences between them. Therefore, the relatively good agree'He(e,e’p) reaction should provide a decisive measurement
ment between these two approaches suggests that tleéthe nucleon form factor ratio in the nuclear interior.
effective momentum approximation is adequate for modest

Pm- Nevertheless, the EMA is not an essential part of the

coordinate-space approach and can be eliminated with suffi- ACKNOWLEDGMENTS

cient computational investment should the need arise. .
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