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Effects of final state interaction on asymmetries in inclusive scattering of polarized electrons on polarized
3He are investigated using a consistéhte bound state wave function andNZontinuum scattering states.
Significant effects are found, which influence the extraction of the magnetic neutron form factokfromhe
enhancement found experimentally #¢,, near the 3l breakup threshold, which could not be explained in
calculations carried through in plane wave impulse approximation up to now, occurs now also in theory if the
full final state interaction is includediS0556-28188)02301-2

PACS numbes): 13.40.Gp, 13.60.Hb, 21.45bv, 24.70+s

I. INTRODUCTION o(h=+1)—a(h=-1)
A o(h=+D+o(h=—1)’ W

The electromagnetic form factors of the nucleons are of

fundamental interest in nuclear and particle physics. Whilgjepending on the spin direction 8He. These asymmetries
the proton form factors have been determined from elastigre expected to be sensitive to the electromagnetic form fac-
electron-proton scattering over a wide range of momentunors of the neutron. The data have been analyzed so far in
transfers with good accuragy], this is not the case for the plane wave impulse approximatiga1,12 and based on a
neutron, since no free neutron targets exist. One is therefoigngle nucleon current operator. That approximation neglects

forced to extract information on the neutron from electronthe interaction between the nucleon which absorbed the pho-
scattering on light nuclei. Obviously ambiguities arising ton and the two other nucleons.

from nuclear structure and reaction mechanisms should be |t js the aim of this investigation to remove that theoreti-
minimized. So far mainly the deuteron has been used as cal uncertainty and to treat tr%{e bound state wave func-
target[2]. The *He nucleus has also attracted much attentionion and the 3 continuum representing the finaN3scatter-

as an ideal targef3,4]. If one assumes that théHe wave  ing state on an equal footing, using exact solutions of three-
function is spatially symmetric(antisymmetric in spin- pody Faddeev equations based on realisiti¢ forces. Our
isospin space then the spins of the two protons are coupledtheoretical formalism is described in Sec. Il and our results

to zero and the spin ofHe is carried by the neutron alone. in comparison to the data in Sec. IIl. A summary is given in
Under this simplifying assumption a polarizééle nucleus sec. |V.

can be considered to be a polarized neutron. Now this picture
of the 3He wave function, the so-called princip@istate ap-
proximation, is valid to about 92% with respect to its norm.
(This refers to BonrB potential[5], which we use in this In recent article$13—17 we studied elastic and inelastic
article) Motivated by that attractive feature, recently severalelectron scattering orfiHe corresponding to unpolarized ex-
experiments have been performed, where longitudinally poperiments. So far our dynamical picture is a nonrelativistic
larized electrons with helicitieb(==*=1) have been inclu- framework, a single nucleon current operator, and the exact
sively scattered on polarize8He targets[6—10. The aim treatment of realistitNN forces among the three nucleons.
was to measure the asymmetries For the relatively low momentum transfers considered up to
now that picture was quite successful and the final state in-
teraction(FSI) among the three nucleons played a significant
*Present address: Institutrfdernphysik, Fachbereich 5 der Tech- role. Now we apply that dynamical picture to the scattering
nischen Hochschule Darmstadt, D-64289 Darmstadt, Germany. of polarized electrons on polarizetHe targets under inclu-
"Present address: Los Alamos National Laboratory, Theoreticasive conditions. The derivation of the corresponding cross
Division, Los Alamos, NM 87545, section is knowr{18]. However to stay in line with the no-
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tation in our previous articles and to show its extensions wédiadronic current operator. Since we use a nonrelativistic
just mention the new ingredients. In the evaluation of theframework, the argument of th&function in Eqs.(6)—(7) is
cross section the fixed electron polarization in the initial state

leads to an additional term proportional to the heliditypn Q?
top of the usual expression for the electron tensor M+w—Po= €syg 0 — 6my —Ep=E-Ey, (10
L”“VEE u_(k’s’)y”“u(ks)[u_(k’s’)y”u(ks)]* where e is the 3He binding energygneggtive), my the
s nucleon mass, the final total momentih=Q, andE;, the
1 internal 3\ energy related to the quantum numbéts
=~ (KFK' "+ k'K’ — g#7k- k/_*_ihe,uvaﬁkak"g)‘ In evaluating the primed structure functions we can gen-
2 eralize a method proposed fih5]. Let us define
2
- . R— fdf&E Eq (W) AW
That additional last term in Eq2) has been evaluated AB ( IV oo AW 31)
under the condition that the electron masscan be ne- (=) .
glected in relation to its energy. Straightforward contraction (¥ 'm/7'|B|\P3He>
with the hadronic tensor yields the inclusive cross section in
the lab system = Z df (Wad BT W) VS(E—Eq)
dO’ (-
- =omo vLRLFvTRr+Hh(vr Ry +oryRe) ] (¥ rmw AlW3ye)
dk'dkg
3 , _
© =3 | df(WadBTAE-HWE), )
The unprimed terms are the familiar ones for the unpolar- mr
ized setup[17]. The primed terms are kinematical factors x(\P(,m,T,|A|\If3He)
from the electron tensor
=(Wap BTO(E—H)A|W3ye). (11)
_ N2
v = Q +tarf — tang, (4)  We introduced the B HamiltonianH and used the com-
0?2 2 2 pleteness relatiofthe ground state does not contribute, since
E lies in the N continuun). In our case the operatofsand
102 © B are eitherp(Q) or j.1(Q).
vt = E =2 tanz, 5 In terms of Rag the four structure functions can be ex-
Q pressed as
and structure functions related to the hadronic tensor RI=R,,. (12
Rr=3 | df'a(M+0-Py(INJ2=IN 42, (® Rr=Rj i TR iy (13
m 7'
RT':R1+1j+1_RJ—1j—1’ (14)
Rr=— 2 | df'8(M+w—P})2 RgNy(N;+N_;)*].
m’T’ RTL' 2 RqRJ 1P+RJ 1P] (15)

(@)

HereQz(w,@) is the four momentum of the photo®),
the electron scattering anglil the target mass, arfd;, the
total energy of the final state. The summation over all spin
and isospin magnetic quantum numbers and momenta in the
final state is indicated byn’, 7', anddf’. The nuclear ma- where|¥s,dm’) is quantized with respect to thedirection

The 3He state polarized in the directiaft, ¢* is

|\113Hem>9*¢*—2 |Wanem’ )DL (4% ,6%,0), (16)

trix elementsNo andN.., are andD%?) is the WignerD function[19]. This modifies the
(=) - expessmn fofR ag a@s
No=(¥{/ mr | P(Q)[W3pe), 6)
- - ~ R D(l/2 D(l,{z)R " m! s (17)
Ny =(W{o o li-1(Q) [ W), ) ne ™ E 2 ', m CAB;

where| W3y, is the *He ground statd\If(,m, ,) a 3N scat- Wwhere
tering state with the asymptotic quantum numbg&nmn’ 7',

p(@) the electromagnetic hadronic density operator, and
jil(é) the spherical components of the electromagnetic Using

Ragmr.m =(Vapem'|BTS(E—H)A| W3m”).  (18)
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Dl (6%,6% 0D (6%,6%,0

m’,m
_2 _m,*mcll\]_ ! HCll‘]_
—J() 550 —m'm 555 —mm

XDV o 6*,6%,0) (19

and the explicit expressions for tii function

J * gk — 4m * * *
DM,O(d) 10 10)_ 2J+1YJM(0 |¢ )! (20)

we obtain the following expression f@ g

1
RABZE 2 RAB;m/ .m’
m/

1
+ 5 €os 0* (Rag; 172 112~ Rag; - 172 172)

1 . . ok
+ 5 sin 0* (67" Rag; 12— 121 €% Rag;— 1211
(21
where we have chosem= 3. In other words the*He spin
points into the directiord* ¢* .

If the operatorsA and B are different the method pro-
posed in[15] to evaluateR ag.vm' has to be generalized to

1 1
RAB;m"m’:Z_ﬂ_i<\lf3Hem/ BTmA\PSHem">
" (W' |BT e A T
2 \ - oneM B e T A Y e
= 1 rpt (=)
=ﬁ(\P3Hem |B |\I’A m >
1 r"ept (+)
—ﬁ<\P3Hem |B |\I’A m > (22)
We introduced
(Wi m") = e g Al anem) (23
Now
(W3’ BT, 'm”)
= (W) 'm'[B|Waym’)*
1 *
= awNi '
<\I,3Hem A E+iE—HB\I,3Hem>
=(Waum'|AT[WE"m’)* (24)
with
[WEm") = =5 =7 BIWanam'). (25

Therefore we get
1 AT (F) n/ \*
RAB;m”m’:z_ﬂ_i((\I’?’Hem |A |\I’B m >
— (W3’ | BT WS M), (26)
The state$V'dm), defined in Eqs(23) and(25) contain
all the complexity of the interaction among the three nucle-

ons and are evaluated as |i5,17 using the Faddeev
scheme. We get

WG m)=Go(1+P)|Ucm) 27)
with
[Ucm)=(1+1Gq)CV| W3y dm) +tGoP|Ucm). (28)
Here C is either A or B (for instancep or j.;) and we
assumed thah or B can be decomposed as

3
C:Zl c, (29)

Furthert is theNN t matrix, G, the free N propagator,
andP the sum of a cyclic and anticyclic permutation of three
objects. The Faddeev equatiB) has been introduced and
handled numerically before ifl7].

Inserting Eq.(28) into Eq. (26) we get

1
RAB,m”m’:m(<q}3Hem”|ATGO(1+P)|UBm,>*
—(V3em'|BTGo(1+P)|Um”))
3 AFNENS I\ *
= 55 ((Wapem'|ATGo(1+ P)|Ugm’)

—(V3uam’ |BYTG(1+P)|UmM")). (30

In the last step we used E@9) and the fact that the states to
the left and right ofA" or BT are antisymmetrical.

Further consideration requires a partial wave decomposi-
tion. We introduce our standard basis in momentum space
[20]

1 1
IpanM>=’pq(ls)j(Ag)JJM(tE)TMT>, (31

wherep andq are magnitudes of Jacobi momenta and the set
of discrete quantum numbesscomprises angular momenta,
spins, and isospins for a three-nucleon system. We indicate
the dependence afiM explicitly.

Let us introduce

Spg:mrm =¥ 3uem’ [BHTGo(1+P)|UmM")

1
- i E+ie— p%/m— (3/4m)qg?
X(pgaJM|(1+P)BY|Wsym’)* (pgaM[U,m"),
(32)
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where the sums if¥ include the summation over the mag-
netic quantum numbeWl of the total N angular momentum

J. Equation(30) is then expressed as

3

Rag;mrm = Z_ﬂ(SEA;mrmn_SAB;m”m’)- (33

Since we choose theaxis to lie in the directior{g of the

virtual photon, the density operatpf!) conserves the IS

magnetic quantum numb¢l7], while j ., (j_;) increases

-1
'\I’ SHET

3
=(-1)7" 1’2H<pqajg‘<1+P>jfi

3 (1)
paag— 5 (1+P)jy

1
lI’ 3He§> y
(43

3 -1 31
<anJ— E‘Uj17> =(=17 1’2H< DQQJEU]-HE>,

(decreaseshe magnetic quantum number by 1. This leads to (44)

the following conditions:

(pdaIM|(1+P)p|W3gm)
= om.m(PqaIM|(1+P)p V| Wa,m), (34)

(pgaJM|U,m)= 6y m{PgaIM|U,m), (35
(pqaIM|(1+P)j &) Wayam)
= 8w m=1{PGaIM|(1+P)j 1| Pspem), (36)

(PgaIM|U;

J+1

m)= 6y m-1{PdaJM|U; m). (37)

J+1

As a consequence the only nonzero expressips,m: are

Spp;l/Z 1/2y Spp;— 1/2— 1/2»
S i 1202 S, i- 12— 12
S p—12120 S 12— 12

Spi, 12120 Spj_yi- 1212 (39

wherell is the parity of the statgpqa).
As a consequence of EqR9)—(44),

Sopi— 12— 112= Syp; 172 172 (45)

S i ix12x12=S), ), 712712 (46)
Sj_ pi12-12=S, pi- 1212, (47)
Spi_yi—1212=Spj, ;12— 12 (48)

Further, using Eq(33) one gets
Ropr v212= Ropi- 12— 12= = — 1M Sppaz120 - (49
Rijivpr1e=12=Rj_j 5121

== IMS i eeaz, (50

Ri, pi—1202=Rj_pi12— 112

Now a detailed look into the partial wave decomposed 3

forms[17] reveals the following symmetry properties:

1 D 1
Pad=3 (1+P)p* | Waye— >

(1+P)pV

1
\P3He§ )

(39

=(-17 1’2H<pan%

1 1 1 1
< pgag— 5‘ U,— §> =(-17" 1’2H< pqﬂg’ Up§>,
(40)

(1+P)j Y

1
q,3He§

=(-1)7" 1’2H<pqa5%

1
anJ—E

1+P)j'Y

1
\Ir3He_ E )

(41
1 1
pqaj— E UUj—lE

1 1
=(=17" 1’2H<pqw§uj+l—§>, (42

ey (Szj“; 12— 1/2_8j+1p:* 1/2172)-
(5
The final step is to use Eq&l2)—(15) and(21) to arrive at

RL=Ryp; 12 172, (52

Rr=Rj, i w2t Ry, j - 12— 12 (53
Rr=cos0*(R;, i, 1202 Ry, i, - 12— 12), (59
RTL’: —sin 6* cos ¢*2 RQRJ'_HLP;, 1/2 1/2). (55)

For easier use we display in the Appendix the explicit
expressions for the four structure functiof@)—(55) using
Egs. (32 and (49—(51). The partial wave projected matrix
elements occuring therein are evaluated according to our
standard techniqud43-17.

The only structure functions depending éh and ¢* are

RTr Eﬁ‘rl co* y (56)
Rri =Ry sin 6*cos ¢*. (57)

Then according to Eq¢1) and (3) the asymmetries are
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_ do/dk’ dkg|y-1— do/dk dkglp-_; rPSm=> fdppz dqef
A= ~ ~ SHe | 'even s,t
do/dk'dk|h=1+ do/dk dkg|p- 1
1.1 11
_ vpRy €0s0* +vry Ry sin 0% cos ¢* 59 X|padhof s3]S=5mit5]T=3
ULRL+UTRT . 1
. L X — -
Putting the angles* between the direction of théHe d)'(pq)\/j(5315to ELEY (64
target spin (n= %) and the directio@ of the virtual photon
to zero one selects the transverse asymmaAfry (propor-
tional toRy/), whereas putting that angle to 90° one gets the
transverse-longitudinal asymmetm; , (proportional to
Rroo). 1
Let us now regard the most simplified picture. We neglect é1(pa)= 5(‘1’“”0(1 12)1/2(0 17212 PA)
all final state interactions, thereby excluding also {ha
breakup channel. Also the antisymmetrization is kept only in —W 1000 v 2721 1222 PA)) (65)

the two-body subsystem described }ﬁ).y Finally we restrict
the 3He wave function to the principas state. In order to

define clearly our notation we start from the matrix elementsand ¥ ,(pa) are the wave function componerfisga|W¥m)
for the symmetrized plane wave impulse approximationdetermined in the Faddeev scheme. Using Etf).and(62)

(PWIAS) the nuclear matrix element§0) and(61) turn into

9

1 .. -
N =— m{M,M3 717573/ (1—Py3)(1+P)j*
PWIAS @(pq 1MoMg 7y 7575 ( 23)( )JI*(Q)

Wl N

Ry=(BF{(0) D70 5.6~
m

X | \I, 3Hem> 0* p*

X(mMymymg Ty 7,75/ €M), (66)
3 .. .
:E(pqmlmzmsﬁTﬂsKl_st)(1+ P)j{1)(Q)
' Ream @@ 2 S 0 0d -5 9)
X|\I’3Hem>0* o - (59) B ! My m’ mm 3
As before we reduced the single nucleon current operator to X{MyMyMg 7y 7o 75| EamM’ ) — Jl—ZGf\ATl)
one term. The subscript 1 indicates the particle number, .
which in our notation is described ly. Now we drop the «(6) Q| S b 456 2 (3)
permutation operatolP, apply P,3, and insert the principal 2my o o mhm siPH 3
S-state approximation. The resulting nuclear matrix elements . ,
are XM+ 1mymg7y 7575 €,m'). (67)

No=/6( 5am1m2m37'17'27'3|P(1)(©)|‘P§:em> 0% g%

(60)
N:E \/€< F;amlmzmsTszTs” (:1)((3)|‘I’§:em>9* ¢ -
(61)
The principalS state is
[ WEm) =] bs)| €am), (62

where|£;m) is the totally antisymmetrical spin-isospin state

—Ol T_l _11 S_1
t=03)T=3/|[571z)°>= 2™

e

=2
gam>_‘/2

(63

and|¢g) is the totally symmetrical space part belonging to

total orbital angular momentuih=0. In terms of our stan-
dard notatior{20] one easily gets

Thereby the single particle current operator has been cho-
sen according td14]. Despite the approximate, not fully
antisymmetrized final state in Eq®0) and(61), we stick to
the summation prescription over all final states in the evalu-
ation of the structure functions, which corresponds to the
fully antisymmetrized final states in EG9):

=5 5 5 [apq 69

6 mimymg 717,73

Then a straightforward evaluation yields
2mN Pmax ~ ~ L. 2.
R=—3~ fo dppzqf dpf dg| ¢ p.a—3 Q

1 - 2 >
X (5[F5“><Q>]2+ §[F(1p)(Q)]2). (69)

2
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2my [ Pmax 2

(] (a2
Rr=—3" |, dppzqfdpf dg|¢s| p.d—3 Q

) 2
X{?"*'Z |Y11(q)|2{[F(1”)((§)]2+2[F(1p)((3)]2}+( [GW(QTP+ 3 [G<p><Q>])f,lN, (70
2m Pmax - 2 ?
=g [\ e[ b @ ad 52 o
2
X —%cosﬂ*)[G (Q)]2|QL (7
2m Pmax ~ ~ - 2 2
RTL,zTN . dppzqf dpf dq¢s(p,q—§Q>
ngg“)@e&z”(é) Imgl cos $* sin 6*. (72
N

The energy conserving delta function givyes,, andq to be

Pmax= VMNE, (73

(4
= §( pzmax_ p2) . (74)

Note thatR, andR; receive contributions from neutrons and protons, whereas due to the priSeipate assumptioR, and
Rt are fed only by the neutron contribution. It results in the asymmetry

Q) Q]

1 V2 R
A= vT,(—gcose*>[G Q)72 e +orL ?FE”)(Q)G )—cos¢* sin 0*}/

1 >
vL(g[F&”RQ)]Z

2 R 2
+3[FPQI +vT[{[F<”><Q>]2+2[F<P<Q Pe(w QD)+ 3 G<”><Q)12+ [G“’(Q)])'Q| H (75

my

where
(/G (8w/9)f2ma*dpp2qfdbfd&J ¢S[A|5.<i— f213><§]|2|i|2/mﬁlvl,1(a>|2
JemdppPqfdpfdal¢dp.a— (2/3)Q][?
_ 1 /gmdppra(@m)E L dx(1-x) ¢l p.la - (213)Q] -
3 Predp s Ly dxe?p.ld— (2/3G)]
with x=q- Q.

That factora(w,|(5|) is due to the convection current, whose contribution survives soleRyimnd prevents that the
dependence on thiHe wave function drops out. It is typically of the order £) and together witrFi(Q) of neutron and
proton it is negligible in relation to the other term at the momentum tran€feconsidered.

If we insert the explicit expressions for the kinematical factorand use the nonrelativistic approximatiQf~ —(32 we
get

~ (Q2/2m2)tan (O/2)[ V(— QY Q?) +tarf (0/2)(G{)? cos ¢* + (2my /| Q) F{"G(Vcos ¢* sin 6* ]
(FM)2+2(FP)2— (QUAm3){(GIy)2+2(G() 2+ a(6ma/| QI [(FYY) 2+ 2(FP) 2]} 1+ 2 tarf (©/2)]

(77

where we kept { QZ/QZ) under the square root in order to facilitate the comparison to the asymmetry gained by scattering a
polarized electron on a polarized nucleon target. That well-known expression is
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TABLE I. The experimental setup of Ref8—10.

ko S O Pa o WQE QQE '955 ¢6E
(MeV) ©) ) ) (MeV) (MeV)  (MeVic) ©) )
Ref.[8] 370 91.4 42.5 180 91-150 107 460 8.9 180
Ref.[9] 370 70.1 42.5 0 73-97 76 386 88.1 0
Ref.[10] 370 70.1 42.5 0 40-52 76 386 88.1 0

(Q¥2m2)tan(©/2)[ V(— Q2/Q )+tanz(®/2)GZ cos 6* +(2my/|Q|)GeGy cos ¢* sin 6* J[1— (Q2/4mN)]

™ 2—(Q%4m3)Ga[ 1+ 2(1— Q%4m?) Jtart(0®/2)
(78)
|
The numerators in Eq§77) apd(78) are equal except that No' = @(rﬁmimﬁmél(1+tGo)p<”(<§)|\I’sHem>m .
we useF, instead ofGg. Our single nucleon current opera-
tor [14] containsF ;. In the denominator of E(.77), how-
ever, there are also contribut.ions from the proton§ﬁha \/—<pqm1m2m3|(1+tGo)J(1>(Q)|\If3Hem>9* o
and the correction terma resulting from the convection cur- (80)
rent. In 3He the nucleons are moving in contrast to the case
of a fixed single nucleon target. for the ppn-breakup process and by
Regarding the expressidii7) we see that the transverse . .
asymmetry Ay, defined for *=0° is proportional to Nog' = (@qdmimylp™(Q)| W spem) g 4 , (82)
(GS,‘))Z, whereas the transverse-longitudinal asymmetry
A1 defined forg* =90° is proportional ta={"G{; . Will Na1g =(@admimglj P (Q)[Waudm)ge gx . (82

that simple result survive under more realistic conditions?
for the pd-breakup process. Note that we did not antisym-

This is just the aim of our study to learn how a more reahstlcmetrlze the final state except in the two-body subsystem.
3He wave function, the inclusion of antisymmetrization in This leads to the expressuoﬁog)wnhout the facto¥3 andxche
the final state, and the inclusion of final state interactions ermutation operatd®, and theU amplitudes are just given
among the three final nu_c!eor_ls mod_lfles_that simple plptur y the driving term in Eq(28). The corresponding results
and .V\./h.ether these modifications WI|! still leave ssfﬂmentwi” be denoted by PWIA. If on top of that we antisymme-
sensitivity to the value of the magnetic form facBf;’ of iz the final state the result will be denoted by PWIAS
the neutron. This is evaluated using E30) as it is, but thed amplitude

Let us now define the various levels of evaluating the twoss for PWIA . Finally evaluating Eqs(28) and (30) exactly
asymmetries\r, andAr,, . The form(77) based on the prin- - and thus including the final state interaction to all orders and
cipal S state and plane wave impulse approximation withouthetween all three nucleons, as well as including the antisym-

antisymmetrization in the final stafsee Eqs(60)—(61)] will metrization fully will be denoted by full.

be denoted by PWIAPS. If we include the realistic’He

wave function we denote the result by PWIA. The corre- IIl. RESULTS

sponding structure functions are determined by Ef)

dropping the factor 3, the permutation operalyrand Ug We used the BoniB NN potential[5] and kept its force

andU , should be chosen by E¢R8) without the two terms com.ponents up to total two-nuc-leon angular momengjum
proportional to theNN t matrix t. If one restricts ¥ s,e) to =2 in the treatment of thel8 continuum. The effects of the

the principal S state the results should be identical to thel =3 components stayed below the percentage level. The

structure functions evaluated according to E@9)—(72) eIectromagnguc nucleon form factor_s are frop].
and to the asymmetry from E§Z7). This is a very nontrivial The experimental setup for the spin-dependent asymmetry

check and turned out to be very well fulfilled. can be characte_nzed by the initial electron_ enerky) ( the_
The next improvement of the theory is to keep planeele(:trOn scattering angle), two ar)gles which parametrize
. ! : . the direction of the target polarizatiod(, ¢,) (see Fig. 7 of
waves in the final state but antisymmetrize them correctly f d th d tor. Th
This is achieved using Eq30) and dropping only in théJ Ref.[11], e.g)_, and the measure energy trangie). These
amplitudes of Eq(28) the terms proportional to. This ap- values used in the recent experimefis-10) are summa-
proximation will be denoted by PWIAS. rized in Table I, togeEher with energy transfeas'Q{E.), three-
An intermediate step for including the full final state in- Momentum transfer|Q|qg) and the angles defining the po-
teraction is to keep in the nuclear matrix elements the interlarization with respect to the directio of the three-
action in the pair of nucleons which are spectators to thenomentum transfe(6g oe and ¢QE) at the quasielasti¢QE)
absorption process of the photon on the third nucleon. Thisondition. The asymmetry measured in RE3] near the
approximation is described by the nuclear matrix elements quasielastic kinematics is essentially the transverse asymme-
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FIG. 1. The transverse asymmethy, as a function ofw. The FIG. 2. The transverse-longitudinal asymme#fty,, as a func-
data are from Ref[8]. The six theoretical curves are PWRS tion of w. The data(¢) are from Ref[9] and the dat4®) from

(dashed-dotted PWIA (dotted, PWIAS (short dashed PWIA’ Ref.[10]. Curves as in Fig 1. The PWIASurve rises to the data
(long dashef PWIAS' (dashed-dotted, declined cujyend full point atw=40 MeV
(solid). Note PWIA and PWIAS overlap. '

- ) nucleons PWIA. For lower w's it appears to be somewhat
try A, because of the conditiorg®=0°, and then is ex- 4 high forA;, and again at loww’s near the threshold for
pected to be sensitive to the neutron magnetic form factorg breakup it does not show the quick rise of the one data
Thus hereafter the asymmetry measured in this experimerﬂ)tomt inA;, . However between 50 and 100 MeV it follows
will be referred to as simplr. On the other hand, those e gata forA;,, . Now symmetrizing in addition the final
measured near the quasielastic kinemdt@dsand a lowere state PWIAS, it does not cause a visible change of, ,
region just above the three-body breakup threshd@ are ) v 5yershoots now the data Ak, , for w's below about 70

essentially the transverse-longitudinal asymmeiey, be- ey Finally the full calculation leads again to a strong shift
cause of the conditiod* =90°, and then are expected to be and agrees now quite well with the data for bath, and

sensitive to both of the neutron charge and _magnetic fomATL, . At very low o's it now follows the experimental trend
factors. Hereafter the asymmetry measured in these expetis, Ar_, though still misses the error bar of the last data

mlents VI‘”" be referreld toda;)s S'mpA{TLr’]‘ The_selexperlmen- point to the left. More precise data fét;, ., especially in
tal results were analyzed by recent theoretical WolS12 4,5+ region would be of interest to quantitatively challenge

. . . 3 . .
with realistic "He wave functions and plane wave impulse - hresent day understanding of final state interactions but

approximation. In this article we call that approximr?tion possibly also effects related to the choice of the current op-
PWIA’. In Ref.[8], the neutron magnetic form fact@s, erator.

was extracted based on PWIAvith reasonable agreement  Thoygh the data show still some scatter Agr we would
with experimental data. On the other hand, agreement bge to quantify these results by providingy& for Ar :
tween the PWIA calculations and the measured asymme-
tries in Refs[9,10] is rather poor. The PWIAprediction of [A$F°W(i)—A$fp(i)]2
the asymmetry in the quasielastic region was found to be XZEE ST
large compared to the experimental dd@hat the (1-2.5)c ! [AALD]
level. At the lowerw region[10], the experimental asymme-

try was found to be enhanced in contradiction with PWIA 40, 6.1, 6.3, 3.4 for PWIPS, PWIA, PWIAS. PWIA

calculations. . . PWIAS', and full, respectively. The full calculation de-
Let us now regard our results in comparison to the CXPEIlS cribes the data best and the correct antisymmetrization and
mental data forA;, in Fig. 1 and forA;_, in Fig. 2. We y

. ; . . . the treatment of the full final state interaction is required to
display six theoretical curves. The most naive prediction

PWIA(PS lies within the error bars for four of the six data achieve quantitative insight. Note that the often used plane

points forA¢, in Fig. 1. In case oAy, shown in Fig. 2 that \g:\r/]? impulse approximation, here called PV/Ii insuffi-
prediction is essentially zero and clearly disagrees with the The aim of the experiments were to achieve information

data. Replacing the principa-state approximation ofHe on the magnetic neutron form factor. Therefore the influence
by the full expression, called PWIA, causes a visible change

, of the badly known electric form factor of the neutr@y"
for Ar. at IOW-wS and a much larger one fdkr,. . Now for r in our nonrelativistic formF{" should be known. We
As. one deviates even stronger from the data. Apparently’ " _ VS 1 o :
Ry. is more sensitive to théHe wave function thamy . restrict our investigation té, and in addition to I)DWI,QPS
Symmetrizing the final state using PWIAS has a small effecnd PWIAS. As an extreme assumption we Bl to zero,
for A1 but a big one oMy . It risesAq,, for smallw's  the effect onA7, was negligible(below 1%. We expect that
qualitatively similar to what happens in the data but misse$his remains true even for the full calculation and therefore
the data arounadb=60—70 MeV. A strong move occurs by We expect that the specific choice k'-)f“) will not influence
keeping the final state interaction among the two spectatasignificantly the extraction of information daf\jl‘) from Aq/ .

(83

The sum runs over the six data points. They are 4.2, 4.1,
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FIG. 3. The dependence of the transverse asymmsitryn the FIG. 5. The transversal structure functiBa, as a function ofo
full calculation on the strength factdr multiplied to the neutron in the full calculation for various strength factofs f=1.3 (long
magnetic form factorG(} from [21]. f=0.7 (short-dashed f  dasheg} f=1 (solid), f=0.7 (short dashex andf=0 (dotted.
=0.85 (dotted, f=1 (solid), f=1.15 (dashed-dotted andf=1.3

(long-dashej} Comparison to data froif8]. spread inf for Xﬁmﬁ— 1. This is=6.6%. Clearly more precise

. . data would be very welcome to improve on the accuracy of
We add the remark that this extreme assumption puts y P y

Ary =0 for PWIA(PS, of course. Obviously the data are eXt_:_?]tétln%sl'r;}‘glrm?]tgt\ gfrihoﬂu;s theoretical uncertainty in our
different from zero and\; / receives contributions from in- b y y

gredients, which go beyond that most simplistic picture. This"’maIySIS is that we do not take MECs into account. Their

: I uantitative contribution remains to be investigated. In a
can already be seen comparing PWP& and PWIA in Fig. q , ,
2. The difference is just the replacement of the principal study [22] based on the GFMC method thel” and TT

state 3He wave function by the realistic one. Apparently the interference Euclidean response functions ‘bfe at |Q)
S'- andD-state pieces contribute very stronglyAe,, . This =300 MeVic have been determined. They show a depen-
was noticed before ifil1]. dence on two-body currents. Not shown is their effect on the

Being free of that dependence ﬁ,ﬁn) for Aq/, we now physical responses nor any comparison with data. It also re-

altered the neutron magnetic form factor byl5% and mains to be seen whether different choicesNdfl forces

+30% and achieved the results, for the full calculation diS-COUId change the results. For inclusive scattering without po-

played in Fig. 3. Clearly- 30% changes lie outside the bulk Ia_r|_zat|on we fqund only avery \_Neak dependefite]. Sim-

of the data and als&: 15% changes are not acceptable givenplncIeOI calculations "eep"?g qnlymax=1 NN forpe compo-
the data. One can quantify these studies and extract the Og_ents, now for the polgrlzatmn case, also did not show a
timal f factor multiplying the neutron magnetic form factor e;l):endfence on th? ch0|c|e of T‘N forcel.d lik

G{V of [21] such thaty? is minimal. This study was per- or future experimental work we would like to propose to

formed for the full calculation. We display the resulting IseparattﬁRT,f ant(:] Rro - Thet sensﬁxty_of;w to ?Mt ('js.
in Fig. 4 and extract the optimal factor to be 1. As a o 9¢€r than for the asymme . This Is demonstrated in

measure of the accuracy of extracting that value we take thggéiﬁ '&;c;rﬂgﬁtri';o?hz th%df/ ?33&8?/;?;;%;”/\&!' Czlgfli’rl]aet('jon'

now as
25 T T T T T 2

x“(Ryr,Ar)
or i} > [RE(AT)(f=1)~RE(AD)(F=1.3]? .

= — , 84
5k i i [RU(AD) (f=1)T?
= ok o | wherei runs over thew values, in which we carried out the
4 calculations. We fingy?(Ry/) =3.1 andy?(A7/)=2.3. Thus

Rt/ has a stronger dependence on the magnetic neutron form

5 ) ) " 7 factor (modified by the strength factdr) thanA+, . For the
. . sake of curiosity Fig. 5 also includes the results putting
0 1 | 1 1 1 _ _
06 07 08 09 1 L1 12 13 14 G’=0 (f=0).
f
IV. SUMMARY

FIG. 4. The y? from Eg. (83) for Ay, as a function of the
strength factorf from Fig. 3. A parabola is fitted to the calculated _ Inclusive scattering of polarized electrons on polarized
values denoted b ). The valuey?;,+1 is shown as dashed hori- 3He has been evaluated taking the final state interaction fully
zontal line and provides a spread &f = +6.6%. into account. RealistiblN forces have been used and thé 3
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bound state and theNBcontinuum are evaluated consistently optimized the choice o&{ to the data, with the result that
solving the corresponding Faddeev equations. A formalismhe factorf=1 for the choice of Gari-Krmpelmann param-
proposed inf15], which is ideal for inclusive processes and etrization was best. This appears to agree with preliminary
avoids the tedious direct integration of over all final stateresylts achieved in electron scattering on the deutg26h
configurations, has been generalized to handle new types of | the case ofA;,, the full calculation shows now the
structure functions composed of different current compoenhancement near theN3 breakup threshold, which is
nents. present in the data and which was not provided by the plane
The most simple picture of polarizetHe to be a polar-  wave impulse approximation used up to now. For both ob-
ized neutron target fails quantitatively for the energy andservablesA;, and A, more precise data would be very
momentum transfers considered. That picture relies on th@elcome in order to probe the theoretical assumptions more
assumption, that the princip8lstate is by far dominant. This stringently and to extract more accurate informatiomﬁ ]
is not at all true for the transverse-longitudinal asymmetry A" ore thorough investigation @, with respect to the
At , which receives important contributions from the re- .ntripution of the proton and théHe wave function com-

maining pieces of théHe wave function, but also for the honent is planned. Because of lack of computer time it could
transverse asymmet#;, , where the results change signifi- i pe included in this study.

cantly when the principab-state apprqximation is replaced  \ye would also like to point out that data fB%, andRy
by the full and correcfHe wave function. _ would be more sensitive to electromagnetic nucleon form
We also find that the often used plane-wave impulse apfactors than the asymmetries. From the theoretical point of

proximation (here denoted by PWIA is insufficient. I yiew mesonic exchange currents should be added and the

for the pair of nucleons which are spectators to the single
nucleon photon absorption of the third nucleon. This is quite
insufficient for At and Ar_,. The correct antisymmetriza-
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APPENDIX

We show explicit expression for the four structure functions:

R =R p12 117= — p IMS,p.1/2 172

= 3| i L 11+F> D L 1U1
= a2 M Ere—pam= @) | PAeT 5 (1P Wanes || pAaT 51Uy5 ) 1,

Rr=Rjr1jr112 12T Rjt1j+1-12-12= — p IM(Sj11j 112 12T Sjraj+1-12-12)

(1+P)jyY

__3, i 1 1 we LV 1, 1
=7 M4 Exie—pm—(3am?| |\ P9I 2 me=5 | | PAaT5|Uj— 3

1\* 3 1
\P3He§ pqajz Ujlz . (Al)

3 i (1
+| Pgad 5| (1+P)j}

We see thaR, and Ry are independent of théHe target polarization:

Rr=c0s 0" (Rj1j+11212~ Rj+1j+1-12-120=— - cos 0% IM(Sj 1411212~ Sjr1j+1-12-172)
= 0*3|i = L 1@ wae =) Sy, -1
—eost T IM L e e—ptm—(am)qz| | PA*T 2| (1P Ve 5 | | PAad 5 U; 75

(1+P)jY

3 1\* 3 1
_ pqajz \I,3He§ pqaji Ujlz ,
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. _ 3
Ry =—sin 6* cos¢*2 RER; 1,12 120 = —Sin 6* cos ¢* ;Im(S;jo1,2_1,2—Sj+1p_1,2 19
3 | i 1 1 1+ pyily 1\* 1 U 1
- ; m Etie— p2/m_(3/4rn)q2 pqajz (1+ )]1 3He E pqajz pz

1
 E—ie—p2/m—(3/4m)q?

sin 6* cos ¢*. (A2)
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