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Effects of spinor distortion and density-dependent form factors upon quasifree16O„e¢ ,e8p¢ …

James J. Kelly
Department of Physics, University of Maryland, College Park, Maryland 20742

~Received 12 May 1999; published 1 September 1999!

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 the16O(eW ,e8pW ) reaction atQ250.8 (GeV/c)2. Spinor
distortion substantially enhances the left-right asymmetry while reducing the ratio between sideways and
longitudinal recoil polarization forp-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 for thes shell than for thep shell. However, both
effects are subject to much larger Gordon ambiguities than comparable nonrelativistic calculations.
@S0556-2813~99!01110-3#

PACS number~s!: 25.30.Dh, 24.10.Jv, 24.70.1s, 27.20.1n
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I. INTRODUCTION

One of the central problems of nuclear physics is to
termine the sensitivity of hadronic properties to the lo
baryonic density. For example, an early hypothesis, m
vated in part by the EMC effect, was that the nucleon cha
radius increases with density. More recently, the qua
meson coupling~QMC! model has been used to study t
density dependence of the nucleon electromagnetic form
tors @1–3# induced by coupling of their constituent quarks
the strong scalar and vector fields within nuclei. Howev
because the predicted effects are relatively small at nor
nuclear densities, it will be very difficult to extract unam
biguous results from measurements of cross sections
single-nucleon knockout from nuclei. Fortunately, recoil p
larization observables are expected to be much less vu
able than cross sections to uncertainties in spectral functi
gauge ambiguities, and off-shell extrapolation of the sing
nucleon current operator@4#. In the one-photon exchang
approximation, the ratio between the longitudinal and cop
nar transverse polarization transfers,PS8/PL8 , for quasifree
kinematics is proportional to the ratio between electric a
magnetic form factors,GE /GM @5#. For largeQ2 and modest
missing momentum, this relationship is relatively insensit
to final-state interactions@6#.

Knockout calculations for quasifree kinematics are gen
ally performed using distorted-wave impulse approximatio
based upon either a relativized Schro¨dinger or a Dirac equa
tion. Recent reviews of nucleon electromagnetic knock
can be found in Refs.@7–9#. Generally there are many dif
ferences between these approaches, including choices o
tical potential, overlap functions, current operator, and tre
ment of electron distortion. We consider differences betw
optical potentials or overlap functions to be superficial b
cause it is always possible to transform a Dirac equation
an equivalent Schro¨dinger equation. Furthermore, althoug
many Schro¨dinger-based calculations@10,11# employ the
McVoy–van Hove@12# nonrelativistic reduction of the elec
tromagnetic current operator, we have shown that the ef
0556-2813/99/60~4!/044609~8!/$15.00 60 0446
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tive momentum approximation permits relativistic curre
operators to be used in relativized Schro¨dinger calculations
without the need of nonrelativistic reduction@7,6#. There-
fore, the most important difference between these approa
is found in the dynamic enhancement of the lower com
nents of Dirac spinors by scalar and vector potentials@13#.
We now extend the effective momentum approximation
include spinor distortion and density-dependent nucle
form factors using a technique based upon that of Heday
Poor et al. @13# and investigate the effects of both boun
state and ejectile spinor distortion on selected observa
for proton knockout. The operator which relates lower a
upper components couples spin and momentum, such
enhancement of the lower components modifies recoil po
ization observables and enhances the left-right asymm
for quasifree knockout. However, we find that spinor dist
tion effects are quite sensitive to variations of the curr
operator arising from the Gordon identity. Although the
operators are equivalent on shell and differences for non
ativistic calculations are usually small, spinor distortion
relativistic calculations can produce substantial variations

We have chosen to employ a coordinate-space repre
tation because that approach provides the most natural m
for exploration of the possible effects of medium modific
tions of nucleon form factors. The effective momentum a
proximation is made to simplify the calculations and
shown to be adequate for modest recoil momenta. We
that substantial medium modification of recoil polarizati
observables is expected, especially fors-shell knockout, us-
ing the form factors from the QMC model.

II. MODEL

A. Spinor distortion

The derivation of the effective momentum approximati
for nucleon electromagnetic knockout reactions of the fo
A(eW ,e8NW )B has been presented in considerable detail,
cluding channel coupling in the final state, in Ref.@6#. Thus,
for the present purposes it suffices to employ a more sc
matic notation in which state labels and channel coupling
©1999 The American Physical Society09-1



s
e
e

r
rre

n

-

ti

i-
qu

n-
er
pin-

ctor
o-

tro-

rs
nt
s to

ly
ac
red

-

f
out

e
tum
sent
pro-

us-

ng
-
t re-
atic
on
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omitted. The nuclear matrix element has the basic form

J Nm~q!'E d3r NB exp~ i k•rNA!^x (2)~rNB!u

3 Ĵeff
m ~p8,p82q!uf~rNB!&, ~1!

wherep8 is the ejectile momentum,q is the the momentum
transfer,pm5p82q is the missing momentum,rNB is the
separation between the nucleon and the residual nucleuB,
rNA5(mB /mA)rNB is the nucleon position relative to th
barycentric system, andk is the momentum transfer in th
barycentric frame. The overlap between theA andA21 nu-
clei is represented byf, which is often called thebound-
state wave function, while the ejectile distorted wave isx. In
the effective momentum approximation~EMA! we evaluate
the nucleon current operatorĴeff

m (p8,p82q) using momenta
determined by asymptotic kinematics in the laborato
frame, rather than operators, which then reduces the cu
to a matrix that acts upon nucleon spin. Electron distortion
included in the EMA by adjusting the electron momenta a
flux for acceleration by the Coulomb field, such thatq
→qeff , as described in Ref.@6#, but in the interest of nota
tional simplicity we omit the ‘‘eff’’ subscripts onq, k, and
pm because these corrections are small for the kinema
investigated here.

Suppose that a four-component Dirac spinor

C~r !5S c1~r !

c2~r !
D ,

wherec1 andc2 are two-component Pauli spinors for pos
tive and negative energy components, satisfies a Dirac e
tion of the form

@a•p1b~m1S!#C5~E2V!C, ~2!

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

c15D1/2f, ~3a!

D511
S2V

E1m
~3b!

can be obtained from an equivalent Schro¨dinger equation of
the form

@¹21k222m~UC1ULSL•s!#f50, ~4!

where

UC5
E

m FV1
m

E
1

S22V2

2E G1UD, ~5a!

UD5
1

2m F2
1

2r 2D

d

dr
~r 2D8!1

3

4 S D8

D D 2G , ~5b!
04460
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ULS52
1

2m

D8

rD
. ~5c!

D(r ) is known as the Darwin nonlocality factor, andUC and
ULS are central and spin-orbit potentials; the Darwin pote
tial UD is generally quite small. Finally, because the low
component is related to the upper component by the s
orbit coupling

c25
s•p

E1m1S2V
c1 , ~6!

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

Thus, we define an effective current operator as

Ĵeff
m 5L̃c~p8,r !g0GmLb~pm ,r !, ~7!

where the subscriptsb and c denote bound and continuum
~ejectile! nucleons,

La~p,r !5AEa1m

2m S 1

s•p

Ea1m1Sa~r !2Va~r !
D Da

1/2~r !

~8!

represents a distorted spinor foraP$b,c%, andGm represents
the electromagnetic vertex function. Therefore, the elec
nuclear matrix element becomes

J Nm~q!'E d3r NB exp~ i k•rNA!

3^x (2)~rNB!uL̃c~p8,r NB!g0Geff
m ~p8,pm!

3Lb~pm ,r NB!uf~rNB!&, ~9!

where the vertex function and spinor distortion facto
La(p,r ) are evaluated using the EMA. The two-compone
bound-state and distorted waves are obtained as solution
relativized Schro¨dinger equations using either intrinsical
nonrelativistic potentials or potentials derived from Dir
equations. Note that our previous results can be recove
simply by settingS→0 andV→0 in the lower components
of La and by replacingD1/2f by a Woods-Saxon wave func
tion.

Picklesimeret al. @14,15# first investigated the effects o
spinor distortion on response functions for proton knock
using a momentum-space formalism. Several groups@16–18#
investigated the effect of Darwin nonlocality factors for th
ejectile upon spectroscopic factors and missing momen
distributions using coordinate-space methods. Our pre
approach is based upon an effective current operator
posed by Hedayati-Pooret al. @13#, who demonstrated the
importance of potentials in the effective current operator
ing an expansion in powers of (E1m)21. Our previous cal-
culations using the EMA are roughly equivalent to carryi
their ‘‘nonrelativistic’’ expansion to high order while omit
ting potentials. However, the present approach does no
quire such an expansion and is better suited to system
investigation of the effects of spinor distortion and Gord
9-2
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EFFECTS OF SPINOR DISTORTION AND DENSITY- . . . PHYSICAL REVIEW C60 044609
ambiguities in the vertex function. Furthermore, we can a
include channel coupling in final-state interactions using
formalism of Ref.@6# and can include medium modification
of nucleon form factors by evaluating the vertex function
the local density.

Given that (S2V)/2m;20.4 for the bound state, on
finds that the lower components are significantly enhance
the interior. In the present work we investigate the effects
this dynamic enhancement of the lower components of
torted spinors upon observables for nucleon electromagn
knockout. We refer to complete calculations based upon
~9! as SV, while calculations in which scalar and vector p
tentials appear in the lower components of just the bo
state or just the ejectile spinor are identified as SVb or S
respectively. Calculations using free spinors are labe
noSV. In order to minimize superficial differences in m
mentum distributions or optical potentials, we include t
Dirac potentials in both Darwin factors,Db(r ) and Dc(r ),
whether or not those potentials are included in the low
components ofLb or Lc .

For most calculations presented here, we employ
Dirac optical model EDAD1 fitted by Cooperet al. @19# to
proton-nucleus elastic scattering forA>12 and energies be
tween 20 and 1040 MeV and Dirac-Hartree wave functio
obtained from theTIMORA code of Horowitzet al. @20,21#.
These models also provide scalar and vector potentials
the bound state and ejectile. Alternatively, we can use n
relativistic optical models and/or binding potentials and o
tain the necessary distortion factors by exploiting the re
tionship betweenS2V and the spin-orbit potentialULS,
whereby

D~r !5expS 2mE
r

`

dr rU LS~r ! D . ~10!

This procedure has been used by Jin and Onley@17# to com-
pare Darwin factors from a Dirac optical model with an o
tical potential based upon our density-dependent empir
effective interaction~EEI! @22,23#.

B. Vertex functions

The electromagnetic vertex function for a free nucle
can be represented by any of three operators@24,25#.

G1
m5gmGM~Q2!2

Pm

2M
F2~Q2!, ~11a!

G2
m5gmF1~Q2!1 ismn

qn

2M
F2~Q2!, ~11b!

G3
m5

Pm

2M
F1~Q2!1 ismn

qn

2M
GM~Q2!, ~11c!

which are related by the Gordon identity. Hereq5(v,q),
P5(E81E,p81p), andQ25q22v2. AlthoughG2 is argu-
ably the most fundamental because it is defined in term
the Dirac and Pauli form factorsF1 andF2, one often uses
G1 because its matrix elements are simpler to evaluate.
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third form is rarely used but is also equivalent on shell a
hence, is no less fundamental.

Unfortunately, because bound nucleons are not on sh
we require an off-shell extrapolation for which no rigoro
justification exists. Lacking a better alternative, we emp
the de Forest prescription@24# in which the energies of both
initial and final nucleons are placed on shell, based up
effective momenta, while the form factors are evalua
given Q2 from the electron-scattering kinematics. Thus, w
obtain the alternative prescriptions

Ḡ1
m5gmGM~Q2!2

P̄m

2M
F2~Q2!, ~12a!

Ḡ2
m5gmF1~Q2!1 ismn

q̄n

2M
F2~Q2!, ~12b!

Ḡ3
m5

P̄m

2M
F1~Q2!1 ismn

q̄n

2M
GM~Q2!, ~12c!

where

q̄5~E82Ē,q!,

P̄5~E81Ē,2p82q!,

and whereĒ5Am21(p82q)2 is placed on shell based upo
the externally observable momentap8 andq.

Finally, for the present calculations we employ Merge
Meissner-Drechsel~MMD ! form factors @26# and evaluate
the current in the Coulomb gauge by modifying the longi
dinal current to restore current conservation at the one-b
level. The sensitivity of nucleon knockout to alternativ
gauge prescriptions was investigated in Ref.@4#, but without
spinor distortion.

III. RESULTS

Two experiments on the16O(e,e8p) reaction were re-
cently performed at Jefferson Laboratory using quasiperp
dicular kinematics withv5445 MeV andq51000 MeV,
such that Q250.8 (GeV/c)2. Experiment E89-003@27#
measured cross sections and separated theRT and RLT re-
sponse functions forpm&360 MeV/c, while experiment
E89-033 @28# measured helicity-dependent recoil polariz
tion for pm585 and 140 MeV/c. The beam energy wa
2.445 GeV and we include electron distortion in the EMA

The cross section for nucleon knockout can be expres
in the form

d5shs

d« fdVedVN
5s0@11P•s1h~A1P8•s!#, ~13!

where« i(« f) is the initial ~final! electron energy,s0 is the
unpolarized cross section,h is the electron helicity,s indi-
cates the nucleon spin projection upons, P is the induced
polarization,A is the electron analyzing power, andP8 is the
polarization transfer coefficient. Thus, the net polarization
the recoil nucleonP has two contributions of the form
9-3
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JAMES J. KELLY PHYSICAL REVIEW C 60 044609
P5P1hP8, ~14!

where uhu<1 is interpreted as the longitudinal beam pola
ization. We choose to refer recoil polarization to a polari
eter basis in which

ŷ5
ki ^ kf

uki ^ kf u
, ~15a!

x̂5
ŷ^ pN

uŷ^ pNu
, ~15b!

ẑ5 x̂^ ŷ, ~15c!

wherek i(k f) are the initial and final electron momenta a
pN is the ejectile momentum in the laboratory. For coplan
quasiperpendicular kinematics withŷ upwards, it has becom
conventional to assign positive missing momentum to e
tile momenta on the large-angle side ofq, such thatupq
5up2uq.0.

A. Spinor distortion

The effect of spinor distortion upon differential cross se
tions is shown in Fig. 1. These calculations use the EDA

optical potential, Dirac-Hartree wave functions, and theḠ1

FIG. 1. Calculations of the differential cross section f
16O(e,e8p) in quasiperpendicular kinematics with Q2

50.8 (GeV/c)2 using theḠ1 current. Solid curves use the full SV
model, dotted curves show noSV, dashed curves show SVb,
dash-dotted curves show SVc calculations. These calculations
normalized to full subshell occupancy.
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vertex function. Calculations which omit spinor distortio
~noSV! are quite similar to our previous results usin
Woods-Saxon bound-state wave functions and the EEI o
cal model@6#. The primary effect of distortion of the ejectil
spinor is to increase the differential cross section. The
mary effect of distortion of the bound-state spinor is to
crease the left-right asymmetry

ALT~upq!5
s0~2upq!2s0~upq!

s0~2upq!1s0~upq!
. ~16!

This effect is illustrated in Fig. 2, which shows that the e
hancement of the left-right asymmetry increases with m
ing momentum. This quantity provides a particularly use
test of effective current operators because for modest mis
momenta it is relatively insensitive to details of the missi
momentum distribution or to the choice of optical mod
Nevertheless, the structure at large angles is produced
optical-model distortion and hence can be more variable.
effects of spinor distortion are largest for thes shell because
the wave function is peaked where the Dirac potentials
strongest.

The sensitivity of spinor distortion to the choice of verte
function is illustrated in Fig. 3 for the cross section and

Fig. 4 for ALT . The largest effects are obtained withḠ1,
especially for thes shell. Gordon ambiguities inALT are
much larger when spin distortion factors are applied th
those shown in Ref.@4# without them.

To assess the model dependence of the relationship
tween the recoil polarization and nucleon form factor, it
useful to define a polarization ratio as

r xz5Px8/Pz8 , ~17!

nd
re

FIG. 2. Calculations of the left-right asymmetry for16O(e,e8p)
in quasiperpendicular kinematics withQ250.8 (GeV/c)2 using the

Ḡ1 current. Solid curves use the full SV model, dotted curves sh
noSV, dashed curves show SVb, and dash-dotted curves show
calculations.
9-4
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EFFECTS OF SPINOR DISTORTION AND DENSITY- . . . PHYSICAL REVIEW C60 044609
which for a free nucleon at rest is proportional toGE /GM .
We can then comparer xz for a particular model either to a
plane-wave calculation or to a base-line optical-model ca

lation. In Fig. 5 we choseḠ2 without spinor distortion as the
base-line calculation and display ratios betweenr xz with
spinor distortion to that base-line calculation. At the kin
matics of E89-033 we find that the effect of spinor distorti
is approximately a 5% reduction ofr xz for p-shell knockout,
with a 65% Gordon ambiguity, while thes-shell effect is
approximately 10%. The Gordon ambiguity increases rap
with missing momentum, especially for thes shell, and is
much larger with spinor distortion than without.

The roles of bound-state versus ejectile spinor distort
are compared in Fig. 6. It is interesting to note that wher
the bound-state effect was dominant forALT , the ejectile
effect tends to dominate forr xz . Therefore, consistency be
tween these observables, which sample spinor distor
rather differently, provides a stringent test of the effect
current operator. Given that Gordon ambiguities are com
rable in magnitude to the effects predicted by models of
density dependence of nucleon form factors, one must
quire consistency before attempting to infer a medium mo
fication of GE /GM .

B. Density dependence

The possible effects of the density dependence of nuc
form factors upon the polarization ratio are illustrated in F

FIG. 3. Calculations of the differential cross section f
16O(e,e8p) in quasiperpendicular kinematics with Q2

50.8 (GeV/c)2. Solid curves useḠ1, dashed curves useḠ2, and

dash-dotted curves useḠ3 in the full SV model. Dotted curves us

Ḡ2 in the noSV model.
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7. The density dependence of the form factors was estim
by scaling each Sachs form factor from the MMD model
the corresponding ratio between QMC form factors at d
sity r and in free space according to

G~Q2,r!5G~Q2!
GQMC~Q2,r!

GQMC~Q2!
. ~18!

FIG. 4. Calculations of the left-right asymmetry for16O(e,e8p)
in quasiperpendicular kinematics withQ250.8 (GeV/c)2. Solid

curves useḠ1, dashed curves useḠ2, and dash-dotted curves useḠ3

in the full SV model. Dotted curves useḠ2 in the noSV model.

FIG. 5. Calculations of the polarization ratior xz for 16O(eW ,e8pW )
in quasiperpendicular kinematics withQ250.8 (GeV/c)2 are com-

pared with a base-line calculation using theḠ2 current in the noSV

model. Solid curves useḠ1, dashed curves useḠ2, and dash-dotted

curves useḠ3 in the full SV model.
9-5



o
c-

E

e
n
u

ing
ef-

-

e-

ach
les-

ns
ive
get
x
na-

ity-

en
la-

rac
he

-
ver-
on
as

re-
the
ce
ace

f the

en.
ons
r
on
LF
of
ce

del,
ity
er.

oli
as

oli
rve

JAMES J. KELLY PHYSICAL REVIEW C 60 044609
The QMC form factors were computed using a bag radius
0.8 fm by Luet al. @1#. These density-dependent form fa
tors were evaluated at the local densityr(r NB) and used in
the coordinate-space current matrix element given by
~9!. We find that at the kinematics of E89-003,r xz for the p
shell is reduced by an additional factor of about 0.92 wh
density-dependent form factors are included, so that the
reduction relative to a standard nonrelativistic DWIA calc

FIG. 6. Calculations of the polarization ratior xz for 16O(eW ,e8pW )
in quasiperpendicular kinematics withQ250.8 (GeV/c)2 using the

Ḡ2 current are compared with a base-line noSV calculation. S
curves use the full SV model, dashed curves use SVb, and d
dotted curves use SVc.

FIG. 7. Calculations of the polarization ratior xz for 16O(eW ,e8pW )
in quasiperpendicular kinematics withQ250.8 (GeV/c)2 using the

Ḡ2 current are compared with a base-line noSV calculation. S
curves use the SV model with free form factors while dashed cu
use the density dependence of QMC form factors.
04460
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lation with free form factors is about 0.88 forpm
'85 MeV/c. For thes shell the net suppression ofr xz is
about 0.6 atpm'85 MeV/c and 0.25 at 140 MeV/c, with
both the relativistic and the density-dependent effects be
much stronger because higher densities dominate. The
fects on cross sections andALT are much smaller and omit
ted. These results suggest that an upcoming experiment@29#

on 4He(eW ,e8pW ) should be able to distinguish the density d
pendence from relativistic effects by measuring bothALT and
r xz symmetrically about quasifree kinematics.

C. Comparison with momentum-space approach

It is useful to compare our coordinate-space appro
with the momentum-space approach developed by Pick
imer, van Orden, and Wallace@14,30,15# in which the cur-
rent matrix element is expressed in the form

J m~q!5E d3p

~2p!3
c̄ (2)~p8,p!Gm~p,p2q!f~p2q!,

~19!

whereq is the laboratory momentum transfer andf and c
are initial and final Dirac momentum-space wave functio
for the struck nucleon. This approach avoids the effect
momentum approximation, but does not account for tar
recoil or include the off-shell extrapolation of the verte
function proposed by de Forest and customarily used to a
lyze data. Nor does this approach provide for dens
dependent form factors.

The original calculations by Picklesimer and van Ord
used an optical potential constructed by folding the nonre
tivistic Love-Franey~LF! effective interaction@31# with a
simple three-parameter Fermi density distribution for16O
and using the prescription of Hyneset al. @32# to import this
potential into the momentum representation of the Di
equation. We performed a similar calculation by using t
same nonrelativistic optical potential in the Schro¨dinger
equation and Eq.~10! to generate the spinor distortion fac
tors. We also used the same bound-state wave functions,
tex function, and form factors and omitted electron distorti
in order to emulate the van Orden calculation as closely
possible in our approach. Probably the most important
maining differences that might affect this comparison are
effective momentum approximation in our coordinate-spa
approach and the absence of recoil in the momentum-sp
approach, but the relative importance of these aspects o
calculations is not yet known.

The resulting left-right asymmetries forp-shell knockout
are compared in Fig. 8 with results provided by van Ord
The van Orden calculation produces very strong oscillati
in ALT for pm*300 MeV/c that are absent without spino
distortion. This feature is much weaker in our calculati
using the EDAD1 potential, but when we use the same
potential a very strong oscillation that is similar to that
van Orden is obtained also. The most important differen
between these calculations is the choice of optical mo
with variations due to vertex function, form factors, dens
distribution, and electron distortion being much small

d
h-

d
s

9-6
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EFFECTS OF SPINOR DISTORTION AND DENSITY- . . . PHYSICAL REVIEW C60 044609
Hence, we also include calculations using the EEI interac
or the EDAD1 optical potential in our standard SV mod
and find an oscillation of intermediate amplitude using
EEI potential. Although we favor the EEI or EDAD1 poten
tials, which give much better descriptions of proto
scattering data for these energies@33–35#, we must also rec-
ognize thatALT for large pm , where the cross section ha
fallen by several decades, is probably sensitive to many
certain aspects or approximations in these models. Othe
fects which become important at largepm include ground-
state correlations, channel coupling, two-body currents,
off-shell extrapolation. Furthermore, gauge and Gordon a
biguities affect both models and are larger than the diff
ences between them. Therefore, the relatively good ag
ment between these two approaches suggests that
effective momentum approximation is adequate for mod
pm . Nevertheless, the EMA is not an essential part of
coordinate-space approach and can be eliminated with s
cient computational investment should the need arise.

IV. CONCLUSIONS

We have proposed an effective current operator
nucleon electromagnetic knockout that incorporates sp

FIG. 8. Calculations of the left-right asymmetry for16O(e,e8p)
in quasiperpendicular kinematics withQ250.8 (GeV/c)2. Solid
curves show results provided by van Orden while dashed cu
show our calculations with similar input. EMA calculations usin

Ḡ2 in the SV model with the EEI or EDAD1 potentials are shown
dash-dotted or dotted curves, respectively.
,

,

,
8,
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distortion by Dirac scalar and vector potentials using
effective momentum approximation. This operator can
used with either relativistic or nonrelativistic optical pote
tials and overlap functions, permitting a systematic inve
gation of the effects of dynamical enhancement of low
components and of ambiguities in the off-shell vertex fun
tion. This method can also be used to investigate poss
effects of the density dependence in nucleon form facto
The coordinate-space approach provides a more na
model for investigation of the possible effects of mediu
modifications of nucleon form factors than does t
momentum-space approach.

We used this method to study relativistic and densi

dependent effects upon quasifree16O(eW ,e8pW ) reactions at
Q250.8 (GeV/c)2, kinematics relevant to two recent ex
periments at Jefferson Laboratory. We find that spinor d
tortion significantly enhances the left-right asymmetryALT ,
but that the magnitude of this enhancement is subject t
larger Gordon ambiguity than comparable nonrelativistic c
culations. Similarly, the polarization ratior xz5Px8/Pz8 for
p-shell knockout is reduced by about 5% with a65% Gor-
don ambiguity at the kinematics of experiment E89-033,
the Gordon ambiguity again increases more rapidly w
missing momentum than in nonrelativistic calculation
These effects are stronger for thes shell than for thep shell.
The most important relativistic effect forALT comes from the
bound-state spinor while the dominant relativistic effect
r xz is contributed by the ejectile spinor; hence, consisten
between these quantities should provide a stringent tes
analyses which seek to extract a medium-modified form f
tor ratio GE /GM from quasifree (eW ,e8pW ) data.

We estimated the possible medium modification ofr xz
using a recent calculation of density-dependent nucleon f
factors based upon a quark-meson coupling model. For m
estpm one might expect an additional 8% reduction inr xz for
p-shell proton knockout from16O, while much larger effects
are expected fors-shell knockout. Therefore, the quasifre
4He(eW ,e8pW ) reaction should provide a decisive measurem
of the nucleon form factor ratio in the nuclear interior.
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