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Extraction of electromagnetic neutron form factors through inclusive and exclusive polarized
electron scattering on a polarized®He target
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Data for the inclusive proces@)e(é,e’) have been theoretically analyzed and values for the magnetic and
electric neutron form factors have been extracte@%t 0.1 and 0.2 Ge%¥/c?. Similarly a theoretical analysis
has been carried through for the procglse(é,e’n) and the value of the electric neutron form factor has been
extracted aroun®?=0.4 GeV¥/c?. In both cases the form factor values agree well with the ones extracted
from processes on the deuteron. Our results are based on Faddeev solutions, Nhbtaes, and partially
on the incorporation of mesonic exchange currents.
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I. INTRODUCTION II. EXTRACTION OF THE MAGNETIC FORM FACTOR
OF THE NEUTRON

Besides the deuteron, polarizéHie appears to be a use-  In this section we shall analyze a measurement of

ful target to extract information on the electromagnetic neu-ﬁe(élef) carried through at JLaf10]. We refer to[14] for

tron form factors. This proposal goes back[id and has the detailed theoretical formalism and restrict ourselves to
been emphasized again ). It is based on the fact that the describe only its extensions. That paper will henceforth be
principal S state dominates thHe wave function by more cited as | and equations thereof dy:). In | we used only a
than 90% and in this state the polarization is carried solel\single nucleon current operator. Now we add two-body ex-
by the neutron. Needless to say that the knowledge of thehange current operators. The central Faddeev-like equation
electromagnetic form factors of the neutron is basic to gegiven in Eq.(1.28) is derived under the assumption that the
insight into the distribution of charge and magnetization in-operatorC has the form of1.29). In I this simply meant that
side the neutron. We refer {8—8,9 for experimental and C is a sum of three single particle operators. However, what
theoretical work on that topic extracting information on thereally enters the derivation of E(.28) is, that the operator
neutron form factors. In this paper we would like to give for C can be decomposed into three parts such @étis sym-

the first time all the details about our analysis of the experi/netrical under exchange of particlgg k with j#i#k. The
operatorC has the physical meaning of a component of the

ment[10] on the processHe(e,e’) with the aim to extract ¢ et operator. Thus we can simply add two-body currents,
the magnetic neutron form factaBy, , and analyze a recent \hich naturally decompose in aN3system into three parts
experimen{13] on the processedHe(6,e'n) carried outin  and thereforeC™) in Eq. (1.28) will be now a sum of two
order to extract the electric neutron form factGf, . TheG,  t€rms:

values will be determined @?=0.1 and 0.2 Ge%¥c? and

the G value aroundQ?=0.4 Ge\f/c2. This theoretical cW=c@+c). 1)
analysis will be based on Faddeev solutions for thec8n-

tinuum and the B bound state belonging to the samid 3

Hamiltonian. We shall also use realistiéN forces. For the The first term is the single-nucleon current used in | and
inclusive process we carried through an analysis befbtg Cg(?h is the corresponding component of a two-body current
but now it refers to a new more accurate experinie¢dfand ~ acting on particles 2 and 3. As a consequence there will
also the theory will be improved by including mesonic ex- 9¢cur Now an ?g‘)j't'onal driving term in EqL.28) of the
change currents. The analy$ts] of the exclusive experi- OM (1+1Go) Ceycl Wapiem).

ment by consistent Faddeev solutions for thé®ntinuum The following steps in | concern the part)ial wave repre-
and *He has not been done before to the best of our knowiSentation. Since the spherical componedt& of the two- _
edge. body current operator are tensor operators and behave like

In Sec. Il we shall investigate the inclusive process and if1€ Single nucleon components used in |, the conditions

Sec. Il the exclusive one. We close with an outlook in Sec.(|'36_37) and as a consequence3s) remain _val|d. The
IV symmetry propertiefl.41-44 based on the partial wave de-

composed forms remain also valid for the additional two-
body currents. This follows from their explicit forms as
given in[16]. Then the following expressions leading to the
*Present address: Forschungszentruiicdu Institut for Kern-  final forms of the four response functiofis52—-59 remain
physik (Theorig, D-52425 Jiich, Germany. valid.
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For the two-body currents we follow the Riska prescrip-
tion [17], which via the continuity equation relatBkN forces

and exchange currents in a model independent manner, as it

is often referred to. We choose the AVMNN force model
[18] and restrict ourselves to the dominait and p-like
parts. We refer tg19] for more details and t¢16] for the

partial wave expansion of the two-body currents. In the case

of Bonn B [20], which we also use as anothBiN force
model, we choose standatgt and p-meson exchange cur-

rents augmented by the strong form factors used in Bonn B.
For the proton electromagnetic form factors we took the

Hohler [25] parametrization, which aQ?=0.1 and 0.2
GeV?/c? agrees perfectly with the data.
To theoretically analyze the data frof0] the experi-
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FIG. 1. The averaged asymmetdy;, of Eq. (6) around the
quasielastic peak against thé factor for Q°=0.1 GeV?/c?. The

mental conditions have to be taken into account. The incomsglid curve is a result of a fit. Dashed curves show the experimental

ing electron beam energy wds=778 MeV. The central
electron scattering angles f@*=0.1 and 0.2 Ge¥c? were

bounds forA;, .

0.=24.44° and 35.5°, respectively. The spread in the elecThis ratio is formed out of the averaged cross sections. As a

tron angles were\ ,=+1.6°, andA ¢,=+3.4°. ForQ?
=0.1(0.2) GeV¥/c? or values close to it the virtual photon
energies were chosen between 30—-90 M8U-140 MeV
with a central value of 60 Me\(110 MeV). Each of these

two o ranges were divided into seven bins of length 10

MeV.

The threefold cross section for inclusive scattering has the

well-known form[Eq. (1.3)]

dic

dk’ dk;

= O-MOII{ULRL_l— UTRT+ h(UTL/RTL/ + UTrRT/)}_

)

Here oy is the Mott cross sectiony; are analytically
known kinematical factors and tHe! are inclusive response

consequence one arrives[aee Eq(1.58)]

Aauerage

f dQoyedvT RT cose*+uv7 R sin6* cosg*}

J' dQ(TMOtt{ULRL+ UTRT}

A
g,

4

where dQ) stands for the averagingWe factored off the

0* p*-dependence introducing the response functions with
tilde.) For §*=0° or close to it one focuses AR’ and a
correspondingdr,, which in a plane wave impulse approxi-

functions divided into two groups. The first one is present formation (PWIA) is essentially proportional to},)? [see Eq.
unpolarized electrons, the second one goes with the helicity.77)]. In the actual experiment one has to live wi
h of the electron beam. The primed response functions alsec10° (7.8°) for Q?=0.1(0.2) GeW/c? and the corre-

depend on the orientation of thiHe spin in relation to the
photon direction[see Egs.(1.56—-5%]. The corresponding
angles are denoted I# and¢*. The cross section in E)

was averaged over the 10 MeV wide bins and over the

angular spread around the central electron scattering angles.

In order to perform the averaging a sufficiently fine grid in

sponding¢™ is close to 0 ° or 180°.
The searched for magnetic form factor of the neutron was
parametrized as

Grl\]/I(QZ)E)\Grl:/I(QZNmoder (5

9, andw has been chosen for which the four response funchere G (Q?)|model Was taken fron{25]. In order to keep
tions have been calculated. This required quite a few hunthe computer time below an acceptable limit the averaging
dred solutions of the corresponding Faddeev equations. THeocess was performed only far=1. For the values in the
actual averaging was performed via a Monte Carlo procedurgeighborhood of 1 it was assumed that the changeAfor
based on the response functions known on the grid of eledrom point geometryfixed » and central electron anglet®
tron angles and electron energies. This Monte Carlo procghe averaged case is the same asMerl. Because of the
dure takes into account the finite momentum and angulagmallness of the interval around\ =1 (see below this is

acceptance of the experiment.
The asymmetry is defined as

d3c d3c
_dkdigl,_, didigl,_, o
d3c N d3c '
didkg|, _, dk'dkg|, _ |

highly plausible. In this manner one generated for each

TABLE I. Our results forG}, as a function ofQ?; the uncer-
tainties are statistical and systematic.

Q? (GeVic)? Ghy/Ghy(dipole) Uncertainties
0.1 0.966 +0.014+0.01
0.2 0.962 +0.013+0.01
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FIG. 2. The asymmetrA;, against the energy transfer for FIG. 4. The asymmetrA;, against the energy transfar for

Q?=0.1 GeV¥/c?. The curves describe fulbveragefiBonn B pre-  Q?=0.1 Ge\/c?. The curves describe PWIA point geometry re-
dictions with the single nucleon currefdtashegland with the single  sults with GE=0 (dashed-dotteqd and GE#0 (dotted; full point
nucleon current plus the- andp-MEC (solid). Data are fronj10]. geometry results wittGE=0 (dashedl and GE# 0 (solid). All re-

sults are obtained with the AV18 potential. The single nucleon cur-
\-value theoretical;, values according to the sevenbins.  rent plus ther- andp-MEC is used. Data are frofri0].
The final step is the adjustment of the magnetic form factor
of the neutronGy, . Out of the sevenw-bins three central Having adjustedsy, we can display the dependence of
values in the QFS region were selectéibr Q?=0.1  A; in Figs. 2 and 3 in comparison to the experimental val-
GeV?/c? w=50, 60, 70 MeV, and foQ?=0.2 GeV¥/c?> w  ues. We see an essentially perfect agreement between theory
=100, 110, 120 MeYand an additional averaging was per- and experiment. We also show the theoretical result without
formed MEC'’s but including the full final state interaction. Clearly
the MEC’s provide an important shift and should not be
neglected. Also the final state interaction itself plays a very

< S A S, A 3 important role since the PWIA resulsee Figs. 4 and)Ss
Al . => 2= dw=> Aw,. far off. Note our PWIA neglects all final state interactions.

Sy =13 S =y = The electric form factor of the neutroiGg, is not yet

= = very well known(see Sec. I, but enters into our calcula-

(6)  tion. Its effect is totally negligible as can be seen in Figs. 4
and 5. There we compare;, (for point geometry evaluated

The indices andj refer to the three experimental bins. In the with Gg according tq25] and putting it to zero.

third equality weight factorsv; are introduced, which in the For point geometry we also performed full fledged calcu-

actual performance were taken from the experin{entints  lations based on the AV18IN force [18] and thew- and

related to the unpolarized cross secjion p-like exchange currents according to the Riska prescription
In this manner one arrives at thé> dependence oA,  [17]. Both calculations, for Bonn B and AV18 agree very

which turned out to be rather close to a straight line. This igVell as shown in Figs. 6 and 7. _

depicted in Fig. 1 forQ?=0.1 Ge\#/c? together with the Finally we mention that we also includedr- and

experimental values. The caQf=0.2 Ge\¥/c? is similar. ~ P-€xchange currents with an intermediate(in a static ap-

One reads off tha values leading to th&", values as given proximation. Their effects was very small and lead to an

; n
in Table I. There our results in the units &7 (dipole)  €stimated change @y by less than 2%. _
= 1, /(1+Q%0.71F are shown, where., is the magnetic The data in Figs. 2—7 are radlatlyely corrected. This thor-
moment of the neutron. They were already publisheid.0}. ough procedure was performed with the help of numerous

-2 1 1 1 1 1 1 1 _3
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& &
< -Ar . < 45} .
45 -
5 .
s .
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w [MeV] w [MeV]
FIG. 3. The same as in Fig. 2 f@°=0.2 Ge\#/c?. FIG. 5. The same as in Fig. 4 f@%=0.2 Ge\#/c?.
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QZEI(? 1 %e-l\—/?/izas‘lyr?; nlitrr\ﬁ;' datagsil:lzéte le eg?;?yégﬁ::;{fw Iggults FIG. 8. G}, values extracted from different measurements on the
obt;in.ed with th;a AV18 potentialdashedl ar?d Wit?l the B())lnn B deuteror([27] (), [7] (V). [28] (). [8] (4)] and on°He([[29]
P (0), [10] (X)]. The results of the present analysis were published

potential (solid). In both cases the single nucleon current plus the . . 5 : -
) A previously in[10]. The Q< points of[7,29 are slightly shifted for
- and p-MEC are used. Data are frof0]. clarity.

full fledged Faddeev calculations and will be described in gphoton on a single nucleon. Obviously the diagrams can be
separate papgR6|. generalized by photon absorption processes on two or three

Our Gy, values extracted from that inclusive experimentnucleons. This infinite sequence of processes has its alge-
on 3He atQ?=0.1 and 0.2 Ge¥c? and published before in braic counterparts

[10] agree very well with results achieved in recent experi- . . .
ments on the deuterdi,8]. This is shown in Fig. 8 together N=[](1)+](2)+]3)][Wane) + (t1z+ tagt tar)

with other data, _ | o XGo[j(1)+](2)+](3)][Wape)
We refrained from a theoretical analysis of data taken in 5
the same experiment at high®f values[10], since one has o
to expect that relativity will play a non-negligible role. This +2 2 tmnGotkiGoj ()| Wape) + - - - (7)

. . . . i=1 k<l m<n#k<l|
is left to a future investigation.

It is convenient to introduce the notatian =t (ijk
work to put Eq.(7) into the form

)J(1)[Wape) + (1+P)t1Go(1+P)j(1)[Wape)

Ill. EXTRACTION OF THE ELECTRIC FORM FACTOR
OF THE NEUTRON

In this section we shall analyze a measurement of N=(1+P

ﬁe(é,e’n) carried through at MAMI[13] with the aim to +(1+P)t;GoPt1Go(1+P)j(1)|Wape) + - - -. (8)
extractGE . Our theoretical formalism has been described in
[21]. Nevertheless to clearly shed light onto the reactions

going on after the virtual photon has been absorbed we N = _>
would like to lay out the multiple rescatterings and their

summation into a Faddeev-like integral equation. In the lit-

erature erroneously often just the very first few terms are § )

taken into account. In a graphical representation the full . 2 .

photon-induced breakup process is an infinite sum of the™
type shown in Fig. 9. We assumed the absorption of the

5 S

¢
¢
¢
A >
| Q \J |
]

-3
O :
3.5
S l S
Z’ + () + <> + + eee
sk i @) O
sk i + o
FIG. 9. The multiple rescattering series for the process
-5.5 8'0 1(')0 1;0 lio 3He(e,e’'n). The half moon stands for thi#He state, the wavy line
w [MeV] for the photon, horizontal lines for freely propagating nucleons, and
the ovals forNN t matrices. The dots in the third line stand for
FIG. 7. The same as in Fig. 6 f@°=0.2 Ge\#/c?. processes, where the photon is absorbed on the other two nucleons.
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The first term contains no final state interaction and we split TABLE 1. Intervals for the neutron momenta.
off, what we shall call plane wave impulse approximation ,
(PWIA), 0. (deg pn" (MeVic) pn* (MeV/c)
NPWIA= (1)| W30 (9) 39 500.31 598.68
40 507.60 609.08
and call the whole term 41 515.14 619.88
NPWIAS=(1+ P)j 42 522.93 631.15
= J(D[Wspe), (10 43 530.99 642.90
44 539.33 655.18

where S stands for full antisymmetrization. All the additional

terms contain rescattering contributions of increasing order ~ 4° o47.98 668.00
in the NN t operator: 46 556.94 681.43
47 566.24 695.52

Nreseals (14 P)[t,Go+t,GoPt;Go+ - - -] 48 575.91 704.73

. 49 585.95 714.23

X(1+P)j(1)[Wape) 50 596.40 724.04

=(1+P)|U). (11) 51 607.28 734.18

52 618.65 744.66

A more general inspection reveals that 53 630.51 755.50
54 642.90 766.74

[Uy=(1+1t,GoP+1t,GoPt;GoP+ - -) - 651,02 77961
X11Go(1+P)j(1)|V3pe), (12 56 659.38 778.61

57 668.00 784.69

where inside the bracket the operator sequen@gP occurs 58 676.90 790.91
in increasing powers. As an immediate consequence one de- g 686.06 797.24

rives

U)=t,Go(1+P)j(1)|Wsye +t:GoP|U), 13 N - -
|U)=t:Col N e +.GoPIU) (13 Herek’, kg, Pn, Pn, P, P in turn are the unit vector in the

which is the central integral equation for the amplitutde.  direction of the scattered electron, its energy, the unit vector
Via Eq. (11) it provides the whole rescattering amplitudsg  of the knocked out neutron, its momentum, the magnitude of
to the symmetrization (% P)]. This integral equation is of the relative momentum of the undetected two protons and
the Faddeev type because of the typical Faddeev structure Bfally the unit vector pointing into the direction of that rela-
its kernel. The same kernel occurs foN 3cattering pro- tive momentum.

cesse$22], only the driving term is different there. Throughout this paper we use a strictly nonrelativistic no-
An often used approximation for quasielastic processes itation.
the literature is The information orGg magnified by the product wity,

) ) A ESI3 is contained inRy_, as can be explicitly seen working out
N~j(1)|Wape) T123G0j (1)|Wape =N (14  pwwa [15] (see alsg13]). In order to isolate the primed
3tructure functions one forms an asymmefrof the cross
Section with respect to the electron helicitiess =1. One
finds the well-known result

Here antisymmetrization in the final state is neglected an
one rescattering in thEIN t-operatort,; is only allowed for
the two spectator nucleoithich do not absorb the photpn
This amplitude is also sometimes called PWIA, but not in

this paper. f ~ L T
Needless to say that the full amplitude, now supplemented dp(ory R +opRE)

by the proper vector indices for the current operator is iden- - R (17)
tical to the standard form of the nuclear matrix element f dp(v R +vR"+vR"+v7 R™)
N“:<‘P$_)|zi JAD[ W 3. (19 In the experiment two perpendicular polarization axis for
the spin of*He have been chose§; andS, , leading toA,
We refer to[21] for the verification. ~andA, . In an optimal set ugS and S, would be parallel
The sixfold differential cross section for the exclusive and perpendicular to the direction of the virtual photon. Then
process under discussion has the well-known ff23j it is well known from the expression for PWIA that under
6 this approximation
o 2PMN [ s L T T
s e OMotPh 5 dp{v R"+vR +v R
dk’ dkjdpydp, A G
(18

—_ o —,
+ur R™M+h(vr R™ +u R (16) Al Gy
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60 manner{11]. Take the relative momentumof the two un-
detected protons to be zero. Then for fixed valuek'ofp,,

andp,, k{ and therefore), the virtual photon momentum,
follow kinematically. Now only those angles were allowed

= %M b= 80 MeV/c ™, such that the angle betwe€nandp, was smaller or equal to
L 5 p=160 MeV/c 6 °. In our theoretical analysis we also took that experimen-
- | : tally chosen constraint into account. As an example we show
< \

50

in Fig. 10 the allowed region for the neutron angles for given
values of ,=43°, ¢$.=0°, p,=530 MeV/c, and p=0
(solid curve. In reality there is a distribution gf values; see

46 - e 4 Fig. 11 below. Consequently for that region of neutron
u . LT . angles also other events wifh#0 contribute, which belong
172 174 176 178 180 182 184 186 188 to different directions of). This is also shown in Fig. 10. In
$n [deg] the worst case the angle betwe@randp,, can be as large as
o . ) 9 ° for the tails of thep distribution.
FIG. 10. Integration limits fop,, (solid curve for the example Since the energy of the scattered electron has not been

0.=43°, $.=0 °, andp,=530 MeV/c together with the direction
of the photon+. The dashed and dotted curves are fer80 and
160 MeV/c and the corresponding directions of the photon are  d°o

i by X and*. —
given by X an K dp.dp.

measured the cross section reduces to a fivefold one
My , A
ZTUMottpﬁf dkopf dp{vLRL-i-vTRT

Therefore the aim will be to extra& from the measured +urRT+ o R™+h(v R™ + o/ RTHL.

value of that ratio. This is under the assumption Bgt is (19

sufficiently well known. Our contribution in this paper is to

show that the final state interactioRSIl) does not wash out We convert thek; integration into one ovep, take into

the signal forG{ and that taking FSI into account is crucial. account the experimental acceptances and end up with the

We shall now describe the experimental conditions undesummed up cross section

which the data were taken. The electron and neutron detec-

tors covered.a wide range of ang!es. We refef1td,15 fo.r AUEJ R dR’aMOnJ dpnpﬁj . dbnj dpp{v R"

the detailed information and provide here only approximate Ak’ App Apy

values: 40%<6,<60°, —15°<¢.<15°, 35°<0,<65°,

160 °< ¢,<200°. Depending on the electron scattering

angle 6, only neutron momenta within certain cuts were ac-

cepted as shown in Table II. Since the energy of the scattered = f dQ{v, R*+v{R"™+vR""+ v R™

electron was not measuregexcept for excluding pion-

Eroductlorj the o!lrecnon of_ the virtual photon ‘was not +h(UTL,RTL’+UT,RT’)}. (20)
nown. However it was possible to correlate the directions of

the photon and the knocked out neutron in the following In our nonrelativistic formulatiom has the form

+ UTRT+ UTTRTT+ UTLRTL+ h(vTL’ RTL, +UT/RT,)}

2myp?

p= . (21
V(K cosb,— py- k' —2my) 2+ 4my(k-+ eane) — 4p2— 3p2— K2+ 2p,-K

Since we shall form asymmetries there is no need to dethe “1” in Eq. (22) denotes the corresponding ratio for the
termine the value of the covered phase space. Usimgor  helicity independent parts do-. It turned out that this latter
the two 3He-spin directions one can form the two asymme-ratio was extremely close to (within less than 0.1%
triesA, ,A, for the L and|| orientations of the’He spin and Before we shall present our results féras a function of
finally their ratioV a parametrization o6t we would like to give some insight

into the functions entering Eq22). For some fixed direc-

tions of k' and p, and some value op, contained in the

A, J dQ (v R™ +upRT), domainQ we define the quantities
= ? = X 1. (22
| JdQ(vTL,RTL’JruT,RT’)H ABEJ dpRj, (23)
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FIG. 11. The magnitudes of thﬁem(p) (solid), A[L'(p) (long
dashett AT (p) (short dashed and AT (p) (dotted amplitudes FIG. 13. The same as in Fig. 12 for the truncapedegion used
of Eq. (23) as a function op. They are all arbitrarily normalized to in the analysis of the experimefit3] and for the response function
1 at their maxima and correspond to the arbitrarily chosen values aR™L',
0,=43°, ¢,=0°, 6,=53.9°, $,=180°, andp,=530 MeVic.

The group of curves peaking at=20 MeV/c (60 MeV/c) refers ) o )
to full FSI (PWIA). tons. The decrease of tHéle wave function with increasing

g explains the PWIA curve in Fig. 12. In case of the sym-
which depend om. For @ we chooseT’ and TL' and 8 metrized PWIAS the photon can also be absorbed by the two

corresponds ta. and|| orientations of the’He spin. Figure ~Protons, which leads tq=p, and the occurrence @ in the

11 tells us that indeed the distribution of tipevalues is  other Jacobi momenturﬁzg as 523=§$%C§. As a conse-
peaked at low values, where the maxima occur at kinetiquence the two additional amplitudes in PWIAS start to con-
energy values of relative motion of the two protons of aboutribute at lowerp, values, which can clearly be seen in Fig.
0.4 MeV. At around 140 MeW the p distribution has es- 12. The curve denoted as FSI23 is based on the final state
sentially vanished. Those curves in Fig. 11 refer to full FSlinteraction among the two final protons. This reduced final
In contrast the corresponding curves for PWIA, also dis-state interaction has apparently a strong effect even near the
played in Fig. 11, show a much widerdistribution, which  gyasijelastic peak. Again including full antisymmetrization in
has intriguing consequences as described below. the final state, but keeping only a first order final state inter-

Next let us choose a fixeld, value,k,=650 MeVlc, and  4ction, leads to strong deviations at low neutron momenta.
again fixed angle®.=40°, ¢.=0°, 0,=49.48°, andé,  Thjs is denoted by FSI23S. Finally the full F@hcluding of
=180° all chosen out of the large domdih In F!g. 12we  course antisymmetrization in the final steieads to a behav-
display the magnitudes of one of the amplitudels , now as  jor, which is similar to FSI23 near the upper endpf but
a function ofp,,. The others are qualitatively similar. We deviates then from all other curves for lowgy values.
compare different approximate treatments of the final state to  Since the experiment under discussion emphasizes the
the full calculation. The pure PWIA drops strongly with de- |argep,, values in accordance with at least approximate qua-
creasingo, . This is a simple consequence of the fact that thesifree scattering conditions, we display in Fig. 13 as an ex-
.3He wave function drops with increasing momenta. (_:hoos'ample the magnitude of one of the fomg amplitudes re-
ing Jacobi momenta as arguments Qfﬁhie wave f_EJ!’ICtIOI’] stricted to the domain seen in the experiment. We see a
the photon momentur@ enters ag|=p,—Q, whereqisthe  coincidence of PWIA and PWIAS in the restricteq inter-
relative momentum of the neutron in relation to the two pro-y5| and a spread of curves for the other predictions. Espe-

cially the FSl is clearly distinct from FSI23. The other three
10-% T T T T T T A amplitudes show a similar behavior but the magnitudes
can be quite differenft15].

The ratios of asymmetries for point geometries inside the
domain() vary very much and depend extremely strongly on
the treatment of the finalN\B state. One more or less arbi-
trarily chosen case is displayed in Fig. 14. We see the ratio
for PWIA, PWIAS, FSI23, FSI, and an additional case, FSIn.
In the latter case we put the electric form factor of the pro-
ton, GE, to zero (the contribution ofG}, is insignificant
[15]). This has been done to demonstrate the presence and
importance of the photon absorption on the two protons.

10-%
9
=
© " 10-%
£

S—10°%

0 100 200 300 400 500 600 . . . .
P [MeV/d] Corresponding curves drawn for other point geometries in-
side the domain) show dramatic variationfl5]. Conse-
FIG. 12. FSI effects in the integrated response funcBdn quently averaging over asymmetries related to point geom-
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0 T T T T T T T 0.06 T T T T
________ Bwia —— 0058
SE Ry 0.056
; . FSI23 —-—- 0.054
— 10 - 0.052
SN & 005
> s} — 0.048
’ 0.046 -
20 . - 0.044 F
__"“_ _______ 0.042
o5 L R it el ] ] ] ] 0.04
510 520 530 540 550 560 570 580 590 600 0.3 0.35 0.4 0.45 0.5 0.55
Pn [MeV/d] Q* [(GeV/o)')
FIG. 14. RatiosV for point geometry k;=650 MeVic, 6, FIG. 16. Extractedsg values for different treatment of the final

=40°, 0,=49.48°, #/=1.12°, ¢1=88.88°, |Q|=549.61 state.
MeV/c) for various treatments of the final state agaipst

o ) _ ~additional information for the reader. This average takes into
etries is not advisable. Instead summing up cross sectiong.ount uncertainties of both, model dependencétband
first as in Eq{(20) and then forming asymmetries is what has experimental errors.
to be done. ) ) Instead of relying on the specific function@? depen-

Let us now show our results for the ratio of asymmetriesyance as given by the Gari-kmpelmann parametrization
given in Eq.(22). We parametrizéSg by multiplying three 54} \ye restrict ourselves to show in Fig. 18 dBg value at
models forGg by a factor\. We choose the ones by Gari- Q2=0.4 Ge\?/c?, which is the center of th&? domain cov-
Krumpelmann[24]. Figure 15 shows various theoretical ra- oraq in the experiment. Thus our final result for FSL.
tios V against\ in comparison to the experimental value of =0.052+0.0038 atQ?=0.40 Ge¥/c?, is added in Fig. 18

oxo (" ) . . . , .
VEP=(—7.26-1.14)%(12,13. The largesi-value results 1, ye ones extracted from processes on the deuteron. There
for FSI, followed by leAShthen PWIA and finally FSI23. s 5 fair agreement. Also added is another result achieved at
The four results foGg=A\ - Gg|modeiare plotted in Fig. 16 in  \jaM| [4] at a higherQ? value. No FSI corrections have
the range ofQ? values touched in that experiment. This re- been taken into account in that case.
fers to one of the three models. The others are very similar. |t js astonishing that PWIASand PWIA are relatively
Finally we show in Fig. 17G¢ as extracted through FSI and ¢lose to the value based on FSI. This is due to an accidental
including the spread caused by the experimental error. Sizonspiracy. The slower decrease in thedistribution for
perimposed on the spread caused by the experimental errpsy/IA(S) shown in Fig. 11 causes smaller energies of the
we see small variations due to the three different choices Oif,cattered electrons than for FSI. As a consequence the

2 >

Ge models.z For the central values aroun®”  yhson-direction deviates more strongly in caseSoffrom
=04 .Ge\F/c. that model dependﬁnlce 1S to';ally negligible. 9o ° than for FSI. This leads to a strongly modified contri-
This figure d|splays our result fogg in theQ range cov- - ution (fdQvT/RT')l for PWIAS in comparison to using
i“?d by Ithe exp2e£|men(; basted (t)ndthfe functional form of Gtalr'FSI. In addition because of the lacking FSI there are smaller

r?mae mr?nn[ d]/ f“? dex racte dr0||”n Qn?l_ i’fp?”me?‘a protonic contributions. This together, as a detailed investiga-
?’;ﬁngr(‘t‘lzes[ft)' Wht(elrse vc\)/(;ufT;/netetaI?e ‘Zot'hne gve(reagemo; tietion shows[15], yields the accidental result, that PWIAS is
highest and lowest values in Fig. 17. The other numbers ircl:IOSe to the full result. The fact that PWI3) yields an un-
Table Il are corresponding averages for the various approxi-

mate treatments of theNsfinal state and are given only as

0.065 T T T T

0 T T T T T T T

- — PWIA
2R PWIAS ]
I et FSI23
Al TSNSl FSI -1
i
Sk ‘;\ —
= 0.04 i
-10
0.035 L L L 1
a2k 0.3 0.35 0.4 0.45 0.5 0.55
Q* [(GeV/e)’]

.14 | 1 1 1 1 1 1
04 045 05 055 06 065 07 075 08
A FIG. 17. The extracteds¢ for full FSI. The three separated

curves correspond to the thraevalues from Fig. 15. The smaller
FIG. 15. Theoretical ratio¥ against\ in comparison to the spread of curves is due to the three different parametrizations of
experimental value including its error. GR| model-
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TABLE Ill. Extracted averagedsg values(see text obtained 0.1 T T T T
for different assumptions about the final state. The line “FSI” con-
tains our “best” G¢ values according to the full treatment of the 0.075 k- 4
final state interaction. Th&? dependence is modeled after Gari- CI)
Krumpelmann[24]. The uncertainties arise from the spread in the . X
form factor parametrization and the experimental error. GRS CI) 7
Q% [(GeVic)?] 0.025 | -
0.30 0.35 0.40
PWIA  0.0441-0.0035 0.046%0.0038 0.04840.0038 0 | . . |
PWIAS 0.0455-0.0035 0.048€:0.0038 0.04990.0038 0 0.15 0.3 0.45 0.6 0.75
FSI23  0.0406-0.0035 0.04280.0037  0.0446: 0.0038 Q* [GeV? /]
FSI 0.0474-0.0036  0.0492:0.0038 0.052€:0.0038 n w3 .
Q2 [(GeVic)?] FIG. 18. G¢ values extracted frontHe [this work (X), [4]
0.45 0.50 0.55 (d)] and from processes on the deuteff®] (¢ ), [6] (O)]. The
: ' ' Q? range covered in experimeft3] is indicated by a bold hori-
PWIA  0.0500-0.0039 0.05120.0043 0.05230.0049 zontal line.
PWIAS 0.0515-0.0038 0.0522:0.0043 0.053%0.0049
FSI23  0.0466:0.0038 0.04720.0043 0.04820.0048  Our values forGy, and GE agree well with the values ex-
FSI 0.0536:0.0039 0.055€:0.0044 0.056% 0.0050 tracted from processes on the deuteron.

realistic result could be verified by measuring thdistribu-
tion for the response functions.
Our present result leaves room for improvement. The efthe 3N Hamiltonian. In the case of photon-induced processes
fect of MEC's like in Sec. Il is still to be explored and due to & corresponding verification of robustness against inter-
the relatively highQ? value one cannot exclude that relativ- changes oNN forces and consistent MEC's is still missing.
istic effects might be noticeable. This is left to future inves- 1 NiS refers not only to theN system but to thel system as

tigations.

IV. SUMMARY AND OUTLOOK

We have extracted from two measurement§He(é,e’)

and We(é,e'n) the magnetic and electric neutron form fac-
tors at certairQ? values. Our results are based on consisten
Faddeev solutions for theN3continuum and the I8 bound

From N scattering it is known that the most modern data-
equivalentNN forces lead in nearly all cases to results, which
are very close together. We consider this robustness to be an
important insight which gives confidence to those choices of

well. Also generally accepted and feasible relativistic formal-

isms have still to be worked out.
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