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The processeé—H)e(é,e’) and m)e(é,e’n) are theoretically analyzed with the aim to search for sensitivities
in the electric form factor of the neutroGE . Faddeev calculations based on the high-precisidh force
AV18 and using consistent mesonic exchange currents are employed. While the inclusive process is too
insensitive, the semiexclusive one appears promising.
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. INTRODUCTION 3He wave function and rescattering processes have not yet
been estimated.

The experimental knowledge of electromagnetic form fac- In such a situation it is of interest to theoretically investi-
tors of the neutron is of basic interest for testing model orgate electron inducedHe observables with respect to their
finally QCD based predictions. Quite intensive experimentabensitivity toGg . The ideag10] for choosing certain observ-
efforts are planned1] and have been undertaken to extractables are based on plane wave impulse approximation and
these form factors from electron scattering on the deutero@oi/f%‘;tt:]r;a:)é?aerifgéar:'gjggﬂ EIJ?PI:JeS :fi:"jvrgl‘lagn\g& gbf%l;'t

3 - b . ,
[2-9) arld He[6-9). In Ref.[8] the magnetlcEUEro? form instance, Refl11]) that under neglection of FSI and keeping
factor Gy has been extracted from the procesie(e,e’) at only the principalS state an asymmetry based on scattering

q*=0.1 and 0.2 (GeW)*. The analysis of the data relied of 4 polarized electron on 3He target polarized perpendicu-
on precise solutions of theN8 Faddeev equations fotHe  |ar to the(virtual) photon direction is proportional LG, .
and the 3 continuum, thereby using modern nuclear forces|n Ref. [12] inclusive scattering has been investigated under
and consistent mesonic exchange curr¢éM&C’s). The re-  the assumption of PWIA but keeping a fiiHe wave func-
sulting values foiGy, agreed perfectly with results extracted tion with the pessimistic result that the proton contribution
from the cross section ratid(e,e’n)/d(e,e’p) [3]. The ex- overwhelms the signature @ . Note that PWIA in Ref.
perimental data for highey? values have not yet been ana- [12] includes the action of theN toperator within the spec-
lyzed in the same framework because it has to be expectddtor pair of nucleons and thus takes FSI partly into account.
that relativistic corrections will play a significant role and the The question remains: What happens under the full dynam-
theoretical framework for that extension has not yet beerics? Based on the same simple picture one can form a ratio of
settled enough to be reliably applicable. This is an importantwo asymmetries, one with théHe spin perpendicular and
challenge and task for theory. one parallel to the photon direction. That ratio will be pro-
In the case OBE the experiment$6'7] for the process portional tOGE/GRA . In Order to fOCUS maore on the neutron

3He(e,e'n) had the aim to extract the electric form factor of one uses théHe(e,e'n) reaction and measures the knocked
the neutron. The ana|ysis’ however, leaves more questions @ﬂt neutron in coincidence with the scattered electron. Again
reliability open than in the case o6l,. Around g?> the important question arises: Will sensitivity & remain
=0.35 (GeVt)? a first result6] was based on the simple When the full dynamics is taken into account?

assumption that polarizedHe can be considered to be a  We investigate these questions using full fledged Faddeev
polarized neutron. This was later corrected by a Faddeeg@lculations and modern nuclear forces and including MEC’s
calculation[9], however, without taking MEC’s into account. @ Well. We restrict ourselves to a strictly nonrelativistic
Also, relativistic effects in that Faddeev calculation were notireatment even if we go into highef ranges, where relativ-
included, though they might be not negligible. The correc-ity should and will play a role. At least we can get insight
tions induced by final state interactioffsS|) turned out to be  into the importance or decrease of importance of FSI.
substantial and moved the original value towards the region The paper is organized as follows. In Sec. Il we briefly
of G2 values found in the experiments based on a deuteroffView the theoretical framework. Our results for inclusive
target[4,5]. The theoretical analysis of that experiméai scattering and for tht_e se_:mlexcluswe processes are shown in
was also aggravated by a heavy averaging over the exper?—ec- [ll. We summarize in Sec. IV and end with an outlook.
mental conditions. At an even highey? value of g2
=0.67 (GeVt)? the same process was again used under the

same assumption of replaciritsie by a polarized neutronto  The cross section for the proceSsie(e.e’) is given
extract a value ofGE [7]. Corrections coming from a full as[13]

Il. THEORETICAL FRAMEWORK
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wherekg, k' are the energy and direction of the scattered
electrony, , vy, v, vy are kinematical factor®®-, R,

R, R" response functions, and is the helicity of the
initial electron. The asymmetry is defined as

d3o d3o
- dk'dkg|, _, dk'dkg|, . _ vpR"cost* +2ur R™'sin g cose*
B d30' n d30' B ULRL+UTRT ’
didkg|, _, dkidkg|, _ |

@

where the dependence @t and ¢* has been shown explicitly. These angles denote the direction cfHkespin in relation

to the direction of the photorfin contrast to Ref[11] we modified slightly the definition of thR responses.In Ref.[11] it
is shown that in PWIA and under the assumption of keeping only the prin@mihte of the®He wave function that

asymmetry is given as

) 2m
+tarf E(Gﬁl‘))zcose* +|—f' F{VG(cosep* sin g*

Q|

APWIA_ 2 mﬁ 2 Q2
2
q 6
(R 2P 5| G+ 26+

(Note that in Ref[11] PWIA has another meaning compared where in addition to what has been said befoge p,,, E

to Ref.[12]; we neglect all FS).There is a reminder of the
3He wave function, the quantity, which, however, is nu-
merically insignificanf11]. We now replacé ] in the charge
density operator by5¢ . Because of the smallness Bf the
“relativistic correction”

2 ('j 2
(Gl F)~FI- (2 (G}~ F)

GR=F}- @

is mandatory{ Please note a misprint in E(/8) of Ref.[11]:

the square bracket in the denominator should end not before A
but behind taf(®/2).] Our notation for the photon momen-

tum is Q=(,Q) and —Q?=q?=Q?— w2 Regarding Eq.
(3) we see thag* =0° (90°) emphasizesq})? (GEG}).

In the present investigation we shall study the dependence of 90°

A, =A(6*=90°,6* =0°) onG¢ including FSI and MEC's.

®
my

Q2

.
1+2tan’-§

(F)2+2(FP)?)

n»
p, p denote the neutron direction, its momentum (itsnrel-
ativistic) kinetic energy, the magnitude of the relative mo-
mentum of the two undetected protons, and its directibn.
=3 for two undetected protons. Note thdt=1 for the
m)e(é,e’p) reaction.

Now the asymmetry defined in the same manner in rela-
tion to the electron helicities is given as

. fdb(UT/RT,‘l‘UTL/RTLI)
fdb(ULRL‘f'UTRT"FUTTRTT"F UTLRTL) -

(6

We form the ratioA, /A, whereA, (A)) refers to 6*
(0°) andstudy its sensitivity to changes B¢ and
FSI as well as MEC influences. It will also be of interest to

We shall also provide insight into the contributions arisingS€€ the proton contribution to that ratio, which is mostly
from photon absorption on the protons. This extends firsEaused by rescattering. The technical performance in mo-

studies carried through in R€f11], where only FSI effects
were investigated.

The second process we are going to studﬁ(é,e’n).
The sixfold differential cross section is given [dsS]

do

dk’ dkjdp,dE,
2
pmy -
:CUMottpan dp{v R"+vR"+vR™T

+UT|_RTL+ h(UTLrRTL' + (% RT')},

©)

mentum space and the necessarily involved partial wave de-
composition has been described in Ref] and references
therein.

IIl. RESULTS

We first regard the proces%l_ﬁ)e(é,e’). Throughout we
use the high precisioNN force Argonne V18 potential
(AV18) [14] together withsm- andp-like MEC's [15] accord-
ing to the Riska prescriptio[iL6]. As a reference model we
take the Hbler parametrization for all electromagnetic form
factors of the nucleongl7]. There are more recent param-
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FIG. 2. Th in Fig. 1 fo=0.2 VE)?.
FIG. 1. R_, Ry, Ry, and Ry, for g?=0.1 (GeVk)?. Full G e same as in Fig. 1 fof'=0.2 (GeVk)

(solid curveg, FSI without MEC (dash-dotted curves full with chosen the initial electron energy to be 11828 MeV and
1.6Gg (dashed curvesand with 0.4¢ (dotted curvep the electron scattering angle as 23.7(15.0)°. There are al-
ways four curves: one is the reference curve with @feas
etrizations, which are based on newer data, fulfill constraintgiven in Ref.[17] and full dynamics and another one with
of pQCD, etc.[18], and which, however, would not change FSI but without MEC's. The two other curves are of full type
the conclusions of our study. Besides the neglect of relativbut Gg is multiplied by 1.6 and 0.4, respectively, is not
istic corrections, the knowledge of the MEC’s might be aaffected by MEC's since we do not include two-body densi-
second concern about theoretical uncertainties. While théies. Its dependence 08¢ is marginal, sinceR, is domi-
NN force chosen has been at least adjusted to the rich set ofited by the proton. Besides into the density operaigr,
NN data, the choice of MEC’s is not constrained in a corre-also enters into the MEC’s, but there only as a difference to
sponding manner. The ones we are using are, however, #te proton form factor. Consequently changeszgf hardly
least in harmony with the continuity equation. Also, oneaffectRr andRy. . Still the both response functions are vis-
might expect that the best knowlike terms are the domi- ibly changed by MEC'sRy. is the only response function
nant ones. Nevertheless, in view of this situation we would?f interest in searching foGg sensitivities. There we see
like to show results without and with inclusion of MEC's. quite a strong effect of MEC’s, which might introduce a
Thus one can see the magnitudes of the shifts caused by ti§ertain theoretical uncertainty. For the MEC’s chosen the
MEC's alone. The calculations including FSI and MEC's =60% changes iS¢ lead to about-8% changes iRy,
will be denoted by “full” in the following. What we call the in its quasielastic peak region arouad=50 MeV. This is
symmetrized plane wave approximati®®WIAS) does not for g>=0.1 (GeVk)2.
include FSI nor MEC's but allows photon absorption on all For g?=0.2 (GeVk)? those changes are larger. They
three nucleons. This can also be expressed as photon absogwrount to*13% in the quasielastic peak region around
tion, say on nucleon 1, but then keeping fully antisymme-=100 MeV. This is highly insufficient to serve as a signa-
trized plane waves in the final state. We show in Figs. 1 andure for GE. The reason for these small changes lies in the
2 the four response functior®® , Ry, Ry, andRy» as a  strong proton contribution as already shown in Réf],
function of the energy transfem. The first (secondl case based, however, on a PWIA calculation. This is now con-
shown in Fig. 1(Fig. 2 corresponds roughly tgq?=0.1 firmed using the full dynamics.
(0.2) (GeVk)2. More precisely, in the two cases we have We performed one calculation for eacff in the peak

TABLE |. Response functions for inclusive scattering and for tyfovalues atw values in the peak
region. The full calculation is compared to calculations without absorption of the photon on the proton. All
responses are given in units of 1/MeV.

g°=0.1 (GeVk)?, w=50 MeV

Full 1.91x10°2 1.07x1072 1.86x10°3 9.68x10° 4
Full (no proton 1.19x10 ® 1.38x10 2 1.35x10°° 1.24x10°4
g°=0.2 (GeVk)?, w=110 MeV
R. Rr Ry Ry
Full 1.04x 102 1.06x 10 2 1.72x10°3 7.82x10°4
Full (no proton 1.81x 10 ® 1.47x10°8 1.42x10°8 1.57x10 4
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2= 02 (GeV/c)? FIG. 4. Comparison of datagRef. [21]) at g°=0.1 and

0.2 (GeVk)? with two full point geometry calculations usirfg]
(dashed curvesand G{ (solid curves, respectively.

in GE. The strong proton contribution explains the insuffi-
cient sensitivity againsBg .
The measurements of both asymmetries are nevertheless
of great importanceA| has been used recenfl§] to extract
w [MeV] v, as mentioned in the introduction. Pioneering measure-
2 2 ments on the asymmetr, have been performed in Ref.
in ;;Glg AjandA, forg"=0.11and 10.2 (Ge\)”. Curves as [20]. They have been analyzed in REEL], however without
MEC’s and usingF}] instead ofGg in the single nucleon

region dropping all proton electromagnetic form factors ThedenSity operator. The agreement with those data was quite
. X ; ood. More recently the asymmetry given in was
results are shown in Table I. We see tRatis totally domi- J y y y 9 Ha)

. . measured around™ =130 to 140°[21]. We analyzed the
nated by photon absorption on the proton. The reductions fo('jata with calculations of the full tE/pe]. The agreyement was

R+ by switching off the proton contribution are about 87%, _ . 2_ 2 ;
. quite good ag“=0.1 (GeVk)~ but an overshooting of the
while they are much less fd®y/, namely about 27%. Now theory was observed faj?=0.2 (GeVk)2. It has to be re-

i i 0, 0,
in case ofRr . one hgls re_ductlons_of 87/9 and_8_0 Yoot marked that in those calculations sEl| has been used in the
=0.1and 0.2 (GeW)~, which explains the insufficient sen- _. . .

single nucleon density operator. Despite the fact that a strong

I . . n 2 _
S't'.\/'ty aga|n§t Chqnggs "G.E at 2theseq values. We. re proton contribution is present, the changes by going figm
frained from investigating higheg“ values because missing GM are noticeable. We document that in Fid. 4 by compar-
relativistic effects might change the results. There is no neeb0 E : 9- 2 by P

to compare with PWIAS calculations, since they are known"9 the S’ata aq.2=0n.1 and 9'2 (Ge\ﬂ)z [21] W,'th t\;vo full
[19] to be insufficient. calculgtlons USIIjl§1 _and.G , respgctlvely. Usingsg leads
Since for those changes 6#! the shifts inR, andR; are to a slight deterioration in compans&gtc: thé result.
negligible, the changes in the asymme#ty reflect directly Let us now move on to the proce3de(e,e’n) and check
the changes iRy, . This is shown in Fig. 3, which for the whether it is more sensitive tGf. As emphasized before
sake of completeness also includgs We see first of all the our present strictly nonrelativistic framework does not allow
strong shifts caused by the MEC’s. Then around50(100)  reliable predictions at highg? values, say aboveg?
MeV for q?=0.1(0.2)(GeVt)? small modifications ofA,  =0.2 (GeVk)?2. Nevertheless we shall now exhibit results
of about=8(13)% are seen caused by th&0% variations beyond that with the only aim to describe possible trends for

40 80 120 160 200 40 80 120 160 200

TABLE II. Kinematical quantities for quasifree scattering conditions studied in the present work. The
electron beam energy was fixed to 1 GeV. Subscripts “nrl” and “rel” refer to the nonrelativistic and relativ-
istic treatment of kinematics.

q2 @ny| Qi Wrel Qrel Eﬁrlln E?étlnl
[(GeVic)?] (MeV) (MeV/c) (MeV) (MeV/c) (MeV) MeV
0.05 27.0 225.2 26.6 225.2 12.5 12.2
0.10 54.8 320.9 53.2 320.7 31.1 29.7
0.15 83.6 396.2 79.9 3954 50.3 47.2
0.20 113.3 461.6 106.5 459.7 70.1 64.5
0.25 144.2 520.4 133.1 517.4 90.6 81.8
0.30 176.3 575.4 159.7 570.5 112.0 98.9
0.35 209.8 627.7 186.4 620.3 134.4 116.0
0.40 244.9 678.2 213.0 667.4 157.8 132.9
0.45 281.9 727.7 239.6 712.3 182.5 149.7
0.50 321.1 776.6 266.2 755.6 208.6 166.5
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FIG. 5. A| as a function of the neutron energy, for different FIG. 6. A, as a function of the neutron ener@y, for different

g? values. Full(solid), FSI without MEC(dashed, thick ling full g values. Curves and the symbol as in Fig. 5.

without proton contribution (dash-dotted, thick line PWIAS

(dashed, thin ling PWIAS with the relativistic single nucleon cur- Though we concentrate in this paper on kinematical regions

rent (dotted and PWIAS without proton contributiofdash-dotted, ~which are optimal to extract neutron information, we would

thin line); pure neutron resultfilled squarg. The dashed-dotted also like to use the occasion to point to other regions in

lines occur only fog? from 0.1 to 0.35 (GeW)?. phase space where one can study the reaction mechanism
and thus nuclear dynamics. Therefore we not only show the

the significance of FSI and MEC's. We cannot exclude thahigh energy region of the knocked out neutron but the ob-

these results might change in the future to an unknown ex-

tent, when relativity will be correctly included. ¢?= 0.10 (GeV/c)* ¢®= 0.15 (GeV/c)?
With respect to extracting neutron information, it appearSN T T 71— W0 7T

optimal to choose a breakup configuration where the neutror~ 107° Al 107 b

is knocked out in the direction of the photon. On top one can 3 3 7z

assume that the neutron receives the full photon momentun= 10" [ el 107 P O

and moreover the photon energy equals the final neutron en & 1910 . Lo b ™"

ergy. This is often called the quasifree scattering condition. — 0 10 20 30 40 50 0 20 40 60 80

We choose ten differerg? values as shown in Table II. The Eg ¢?=0.25 (GeV/c)’ ¢?=0.35 (GeV/c)’

related photon energy, its three momentunh®|, and the & 107° LI wrF ] !

c.m. energy of the final three nucleoBS™ (all evaluated £ ;- B

nonrelativistically are also given. For the sake of orienta- % 10

tion, corresponding relativistic values are included as well. < 107 < 10~ 4

The comparlson of these parameters shows already that <§ 10-12 S L R R 10-1 om0 L

the highg? values relativity cannot be neglected. 0 30 60 9 120 0 50 100 130 200
In the following figures, Figs. 5—7, we compare first of all E, [Me\/]

results for PWIAS, full, and calculations with FSI but with-  F|G. 7. The sixfold differential cross section as a function of the
out MEC’s. On top we add the result for the scattering on aneutron energye,, for different g® values. Full(solid, thick line,
free neutron at rest. This is treated fully relativistically andpPWIAS (solid, thin lin@, and full without proton contribution
will be referred to in the figures as the pure neutron result(dash-dottep
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¢°= 0.05 (GeV/c)? ¢°= 0.10 (GeV/c)? 01 F T T s 1]
0.3 , . - ]
B — — 005 4
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= . . L 07— . . . -0.35 — . . :

e s 5'0 o 0 60 120 180 240 0 60 120 180 240

2= 0.20 (GeV /o) E, [MeV]
O T FIG. 9. Aj andA, as a function of the neutron energgy, for

g°=0.4 (GeVk)2. FSI without MEC (dotted, full with -like
MEC only (dasheg, and full with 77- and p-like MEC (solid).

% 0 9 10 105 1m0 flat towards smaller energies. At the higher end of the neu-
¢*= 030 (GeV/o)* tron energy it is close to the pure neutron value €gr
' : ' ] =0.2 (GeVk)? and higher momentum transfers. The effect

i . of MEC is most pronounced at the first bump after the sharp
— rise. PWIAS is drastically different in the region of higher
< N , , ol : ) ; neutron energies, except at the very end, where all curves
05 115 125 135 130 140 150 160 170 coincide. Thus FSI should be taken into account if, because

=035 (GeV /<)’ _d=040 (GQIV/C)Z of experimental reasons, some averaging over neutron ener-

' ] gies is needed. The fully relativistic single nucleon current
- inserted into a PWIAS calculation has only a minor effect at
— the high neutron energies, but it changes the results at the
] lower ones aboveg?=0.3 (GeVk)? quite significantly.
For someq? values we dropped artificially the proton con-
tribution by switching off all electromagnetic proton form
factors. This leads to a drastic change in PWIAS and the full
calculation at all energie@xcept the very highest one§he
two smallest q> values are special, especiallg?
=0.05 (GeVt)?, where the full calculation is far away
from the pure neutron result.
En [MGV] In this paper we are mainly concerned with (g effects
in A, . Again we find that the rough overall behavior of the
FIG. 8. The ratioA, /A as a function of the neutron ener@y,  fy|| result is similar for allg? values, except for the two
for different g? values. The thick lines are full with 1GE (solid), lowest ones. At the higla? values oscillations develop as a
full with 0.75G (dashed, and full with 1.255] (dash-dottef The function of the neutron energy and the effect of MEC’s di-
thin lines are the corresponding cases for PWIAS. Filled square i?hinishes. In any case MEC effects are mild and disappear in
the pure neutron result. the high energy region. But FSI remains important forcgll
values, as is obvious by comparing to the PWIAS results.
servables for all neutron energies, where for the lower one®vhile the latter ones reach the pure neutron value at the high
the proton contribution in the photon absorption is very sub-energy end the full curves stay always below that value. The
stantial. This is clearly exhibited by displaying also predic-effect of the relativistic single nucleon current is again
tions where all electromagnetic proton form factors are set tgtrongly noticeable atj?=0.3 (GeVk)? and higher mo-
zero and thus the photon is absorbed only on the neutron. mentum transfers. The proton contribution is quite signifi-
Finally in PWIAS, which is based on a single nucleon cant, as shown in some examples. At the two sipallalues
current, we show also results where the nonrelativistic singlealculations without FSI would obviously be totally mean-
nucleon current is replaced by the fully relativistic one. Thisingless.
idea has been put forward before by Jeschonnek and Don- Figure 7 displays the sixfold differential cross section
nelly [22]. Our way to represent that relativistic current against the neutron energy for a few examples/of/alues.
which is ideal for a straightforward extension of the partialWe see a steep rise at the high neutron energies due to the
wave representation we use up to now is given in the AppenS, t-matrix pole in thepp subsystem near zero subsystem
dix. energy. Since we did not include the Coulomb force the cross
We show the observable=A(#*=0°) in Fig. 5 and section values at the very end might change if that approxi-
A, =A(6*=90°) in Fig. 6. Furthermore as guidance for ex- mation can be avoided in the future. The cross section drops
periments we also provide the sixfold differential cross secquickly by orders of magnitudes going to smalkgy values.
tion in Fig. 7. At the very low energies there is again a rise which is due to
Lets start withA;. Roughly speaking the picture is the photon absorption on the protons, as also shown in the fig-
same for allg? values with the exception of the lowest one. ures. At the very high energy end the proton contribution is
The full result rises quickly from the highest neutron energydying out. It is also clear that in all cases PWIAS is highly
E, and then with some small oscillations remains essentiallynsufficient.

170 180 190

¢°= 0.45 (GeV/c)?

-0.06
-0.1
-0.14

-0.2 — . L . -0.18 s
230 240 250 260 270 265 275 285 295 305 315
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Now we focus on the central issue, namely the sensitivity IV. SUMMARY AND OUTLOOK
: D e
of A, and QfAi /Ay with r_especF to change; B . Since the We performed Faddeev calculations for the processes
cross section drops rapidly with decreasing neutron energ s .
and since only at high energies results of tie Glculations ~~Hé&(€,e’) and "He(e,e’n) based on theNN force AV18
can be used to extract neutron information, we present i@nd consistent MEC's. The asymmetty in the inclusive
Fig. 8 only a high neutron energy range. We show results foprocess turned out to be not sensitive enougBiao allow
choosingGg according to the fixed Hder parametrization its extraction. This is due to the strong proton contribution.
and to the values 1.7 and 0.7%¢. SinceA| is not af-  Our studies were performed gt=0.1 and 0.2 (GeW)?,
fected we display onl, /A in Fig. 8. There are six curves, Wwhich, however, show a tendency for a decrease of the pro-
three for PWIAS and three for the full calculations. As al- ton contribution with increasing four momentum transfer.
ready noticed in the results féx, , we also see that FSI can Thus we cannot rule out that at highagrvaluesA, might be
never be neglected. If one regards, for instance, the range @keful to extracGY. Our nonrelativistic approach does not
about 20 MeV below the hlghest neutron energy, then fora”OW that realm to be entered into re|iab|y_
q”=0.35 (GeVt)? and higher the full dynamics shifts the  The sjtuation is, however, favorable in the neutron knock-
PWIAS results between 10% and 42%. This is comparable to I, n - .
ut process’He(e,e’n) to extractGg information by mea-

the signature we are after, namely the changes of the fuff!t . .
result by modifyingG? by =25%. At the highest neutron suringA, /A;. In contrast to possible expectations FSI cor-

energy these changes start at-32% for g2 rections are mandatory, as documen.ted for se\cérahlutzes
=0.25 (GeVE)? and decrease slightly to-27% at g2 up to the highest one'whlch we s'tgdl.e:ﬁ,zo.S. (Gng) .
=0.50 (GeVt)2. Thus there are even enhancements in the hough .V\./e'entered in the' relat|V|st|c.doma|n with purely
changes of the ratié\, /A against the ones in the variation nonrelativistic Cal(.:ulatlon.s !t appears likely t.hat the FSI ef-
of GI. At the lower g2 values PWIAS results would be fgcts found are .fa|rly realistic. Thgrefore relying oN &on-
totally meaningless. Aj2=0.20 (GeVkt)? those changes in tinuum calculations, whose quality has been tested before-
the ratio increase ta- 42% and at>=0.15 (GeVk)?2 even hand in pure 8l scattering processd¢23], one can extract
to +204%. This drastic increase is, of course, caused by thom such measuremen@g information. There are, how-
smallness of that specific ratio. At the two smallg$values  ever, still theoretical uncertainties related to MEC’s and, of
the sensitivity drops rapidly;-17% atq®=0.1 (GeVk)?  course, relativistic effects.
and +2% atq?=0.05 (GeVE)?. The reason is the strong  As a first step into relativity we used the fully relativistic
contribution of the proton as seen in Fig. 6. Clearly in all single nucleon current operator in a PWIAS calculation and
cases the pure neutron value is far off. found indeed quite significant changes, but fortunately not in
One can use the results presented in Fig. 8 to estimatde high energy end of the neutron spectrum, which is favor-
roughly the error in theGE extraction using only PWIAS. able for theGE extraction.
Regarding, for instance, the casgs=0.3 or 0.35 (GeW)? Improvements in the theoretical framework in the near
and assuming that the experimental value Agr/A; mea-  future are planned.I8 forces will be included, as it is stan-
sured near the high energy end would lie on the PWIASdard by now in pure Bl scattering(see, for instance, Ref.
curve (with GE multiplied by the factor } then for the full  [24]) and further types of MEC’s. Of special interest thereby
calculation to agree with the experimental value one wouldvill be to guarantee consistency to the nuclear forces.
have to increase the} value by 25% and more. Referred to ~ Besides working with standard potential models, the ap-
the pure neutron value, this change would be even bigger. glication of effective field theory concepts in the form of
course, this estimate is very rough since the experimentdihiral perturbation theory appears to be very promising in the
conditions leading to averaging have to be taken into accoud®wW momentum region. This has already started in two-,
and the magnitude of relativistic effects are basically unthree- and four-nucleon systems including the coupling
known, but it clearly shows the need of full calculations for to the photon field. For a recent overview and references
any analysis of such experiments. see Ref[25].
Since the effects of MEC'’s are sometimes substantial, we
investigated the separate contribution of thdike MEC's.
We found that it is by far the dominant one. This is illustrated
in Fig. 9, for the examplg®=0.4 (GeVk)?, which shows This work was supported by the Deutsche Forschungsge-
A andA, . Three curves are displayed, FSI without MEC, meinschaftJ.G) and by the Polish Committee for Scientific
full with 7r-like MEC only, and full with#- andp-like MEC, Research. One of U®V.G.) would like to thank the Founda-
as in Figs. 5 and 6. Clearly thelike MEC contribution is a  tion for Polish Science for the financial support during his
small effect, and therefore our MEC estimate should bestay in Cracow. The numerical calculations have been per-
rather reliable. formed on the Cray T90 of the NIC in'lich, Germany.
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APPENDIX: IMPLEMENTATION OF THE RELATIVISTIC SINGLE NUCLEON CURRENT

In this appendix we show how the relativistic single nucleon current is used in our calculations, especially in the context of
the 3N system. The relativistic single nucleon current operator has the well-known form
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j“(O)zeE; deJ dr’\[ITO\/%ma(l’s’)[Fly”Jrin(rW(I’—I)V]u(ls)bT(I’s')b(ls),

wherel \/m +12, 14 \/m2+I72 (m is the nucleon magsandb(l’s’) andb(ls) are nucleon creation and annihilation

J. GOLAK et al.
(A1)

operators. It can be rewritten as

j“(0)=e2 ferdr’\/IE;\/E_LJ(I’S’)[Gmy”—FZ(I+I’)“]u(|s)bT(I’s’)b(Is)

—eE fdlfdl XT,N“ LI xbT(17s)b(s). (A2)
ss’
The last form shows a four-componenk2 matrix operator acting on Pauli spinok§. With
(A3)

_\/ﬁ\ﬁ lii+m  flo+m
" Vig Vig V 2m 2m '’

the componentdl*(l,1") are written as
il +A[G+Fo(1+110] o (rrxr) A4

{[Gm_FZ(I 1)1+ [Gyt+Fa(l +|')O]m

rr"’ k |7k
k— _ _ ryk
N AF2(1 Tormytig ey (1 AG o
(P e AGY - i(Tx )" (7 A
io-(1"X1)+ mml( XO’) +(|6+m)|(0'>< ) . (A5)

+AF,—————
Z(lo+m)(l5+m)
Introducing standard Jacobi momerﬁaﬁ the current matrix element between initial and final ¢’ 3N states can be

(A6)

written as
¢M > .

(¢ {M'}ﬁ’|i“<0>|¢Mﬁ>=3fd5fda<so’{M,}|5,ci>N“<l',l><5.d+§7>— 3

wherel’=q+3P',I=q+P—-2P'. PandP’ are the initial and final total I8 momenta, respectively
We choose the laboratory fram@% 5) and denot&)=7'—P="P". Furthermore because of current conservation we can
restrict ourselves only to transverse componentbl'gfand choose the spherical componelts 7= = 1. Then expressions
appearing in Eqs(A4) and (A5) can be evaluated as
- O
(0X1")=(ox0),+5(e%Q).,

".I= li.6-202 "x=Qxq, I,=I'=
q Sq Q gQ 1 _Q q’ T 'r_qT’
2
(oxT),==(axaq),+ 3 (UXQ)T, (A7)
and one can group some terms in E45) together. One ends up with
N=A{ Gy | —2F,l1 L +AG : + : X
T T etm 1+ m 27 (lg+m)(Ig+m) ™ (o+m) ~ (I5+m) (eX Q).
qr - 2 -
io-(QXQ). (A8)

1
FAGH T m)  (prm)

i(QX ), +A2F,———————
In the nonrelativistic limit only the correspondingly reduced first two terms in B®&) remain; the first one is the
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convection current, the second is the spin current. The partial wave decomposition can be carried through by straightforward
extension of the forms given in Réfl9]. As a subtle point we mention that the arguments of the electromagnetic form factors
are not the four-momentum squared of the photon kyst [()?— (I=1")2. This is required in a Hamiltonian formalism where

only the three-momenta are conserved at the vertices and not the four-momenta as in a manifest covariant formalism.
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