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The electromagnetic inclusive responses of polarifdd and®H are thoroughly investigated at the quasi-
elastic peak for squared momentum transfers up to 2 (€&\vithin the plane wave impulse approximation.
Great emphasis is put on the effects in the bound state due to different two- and three-body nuclear forces, and
to the Coulomb interaction as well. A careful analysis of the polarized responses allows one to select possible
experiments for minimizing the model dependence in the extraction of the neutron electromagnetic form
factors. In particular, the relevant role played by the proton in the transverse-longitudinal response of polarized
3He, at low momentum transfer, can be utilized for obtaining valuable information on the proton contribution
to the total polarized response and eventually on the neutron charge form f&€656-28137)03607-§

PACS numbeg): 25.30—c, 24.70+s, 25.10+s, 29.25.Pj

[. INTRODUCTION of the proton contribution, particularly in the transverse-
longitudinal response investigated in the experiments of
The relevance of an accurate knowledge of nucleon eled=efs.[3,4,6. Nevertheless, a suitable choice of the polariza-
tromagnetic(em) form factors is well known, and this fact tion angle can minimize the proton contribution, as discussed
has motivated an impressive amount of experimental worln detail in[8]. It is worth noting thai(i) the inclusion of the
for investigating these observables. A particularly difficultfinal state interaction(FSI), between the knocked out
problem is represented by the extraction of the neutron emucleon and the spectator pdiii) the meson exchange cur-
form factors, since free neutron targets do not exist in naturagents,(iii ) the relativistic corrections, an@ ) the presence of
and therefore one is forced to consider nucleon bound syshe A in the bound state are still open problems for the in-
tems, such as deuterdsee, e.g.[1]) or polarized*He [2]. clusive polarized responses of the three-nucleon system. As
In the latter case, within a naive model, with only a symmet-far as the first topic is concerned, only for unpolarized cross
ric S'wave component in the bound state, the two protonsections are refined calculations including FSI available
have opposite spins and therefore one should expect that th&0,11], exhibiting large FSI effects at very low momentum
em polarized response dHe essentially is the neutron one. transfer [Q%<0.1 (GeVk)?], while at
Unfortunately, the presence of components with other symQ?>0.25 (GeVt)? PWIA calculations are able to give a
metries, e.g., th&' wave, and higher angular momenta, e.g.,good description of the experimental data at the ge peak,
the D wave, prevents the application of the naive picture andoth for the unpolarized longitudinal and transverse response
therefore also the polarizetHe target is plagued by a non- functions[12,13.
negligible proton contribution. In spite of this, many experi- Our aim is to study, within the PWIA, em inclusive po-
mental efforts[3—6] have been carried out with the aim of larized responses of bottHe and®H, at the ge peak, for a
measuring the inclusive response of polarizéde at the wide range of momentum transfer, in order to explore the
guasielastidqe) peak. Though such measurements were afmodel dependence due to the initial state interacti&t)
fected by sizable statistical and systematic uncertainties, &ee alsq6] for the particular case of the corresponding ex-
first estimate of the neutron magnetic form factor atperimeni. We have obtained the spin-dependent spectral
Q?~0.2 (GeVicY [5] was extracted from the transverse po- function from bound-state wave functions, calculated using
larized responsé@with a ~20% accuracy while no informa-  the pair correlated hyperspherical-harmo(iéiH) basis[14]
tion on the charge form factor could be reliably obtaiféfi  and different realistic two- and three-body nuclear forces;
due to the large proton contribution in the transverse-moreover, we have also considered the Coulomb interaction
longitudinal polarized response. In order to improve the acin 3He. After a detailed analysis of the effects of two- and
curacy, in particular for the transverse polarized response, #iree-body interactions on the polarized responses, we have
new generation of inclusive experiments to be performed irsingled out possible experiments for minimizing the model
the near future at TINAF has been planrieée, e.g.[7]).  dependence due to both the nuclear structure and the pres-
On the theoretical side, the inclusive polarized responsesnce of the proton contribution, when neutron form factors
have been analyzed within tipdane wave impulse approxi- are extracted. First of all, we propose a measurement of the
mation (PWIA), by calculating the spin-dependent spectraltransverse-longitudinal polarized responséldé at low mo-
function of 3He [8,9] from realistic wave functions of the mentum transfer, in the range &0?%<0.3 (GeVk)?,
three-nucleon system, pointing out the unpleasant presensénce one could obtain valuable information on the proton
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contribution to this response, just taking advantage of the 2

0 0
proton predominance in this kinematical region. Moreover,a A= —aMontanf{ cosg* R?,(Qz,v){ =5 +tar?7e
measurement of the polarization angle where the proton con- g
tribution to the polarized cross section is vanishing, could 2
give the ratio between the proton contriputipns to thg trgns— - Zﬁing* cosp* R?L/(QZ’V)] , 3
verse response and the transverse-longitudinal one; it will be lgl*v2

pointed out that an estimate of such a polarization angle can
be obtained through a measurement of protons emitted aloryhere e is the scattering anglef* and ¢* are the azi-
the direction of the three-momentum transfer. Finally, futureTuthal and polar angles of the target polarization vector
experiments for measuring the em response of polarize8a, with respect to the direction of the three-momentum
3H could close the chain for obtaining an almost model in-transfer q; Q2=|ﬁ|2— v2. In our analysis, in addition to
dependent extraction of both electric and magnetic neutro@*, another polarization anglg, will be used, defined with
form factors. respect to the direction of the incoming electron beam, i.e.,
The paper is organized as follows: in Sec. I, the inclusivecos8=S,-k; /||, Wherelzl(z) is the three-momentum of the
cross section of polarized electrons by a polarized threeinitial (final) electron. The relation between the polarization
nucleon target will be reported, as well as the nuclear polarangles we have considered is
ized response functions obtained within the PWIA; in Sec.
[ll, the three-nucleon ground-state and the spin-dependent €,C0SB— €,(SiNBsinNd.cosp + C0SBCOH,)
spectral functions we have adopted will be illustrated in de- cos* = | e|
tail; in Sec. IV, the comparison between our results, calcu- q
lated by using different realistic two- and three-body inter- - .
actions, and the most recent experimental values3fée sing* CO%*:MCOSB _(61__5200596)0059
asymmetrieq5,6] will be presented, and em polarized re- €2SIN0e
sponses at the ge peak, for botHe and®H, will be inves-
tigated in detail up t@Q?=2 (GeV/lc)?; in Sec. V, possible where ¢ is the polar angle with respect to /|k;|. In the
experiments for minimizing the model dependence in thecase of coplanar kinematigg.e., $=0°, 180°) one can
extraction of neutron em form factors will be suggested; inhave only¢* =0° or 180°.
Sec. VI conclusions will be drawn. Following [8], the nuclear response functions can be ex-
pressed in terms of aX22 matrix Is’)'w(f),E) representing the
spin-dependent spectral function of a nuclebh,inside a
[l. THE INCLUSIVE CROSS SECTION nucleus with the component of the total angular momentum
AND THE em RESPONSES OF AJ=1/2 NUCLEUS along the polarizatior§, equal toM. The elements of the
In this section the PWIA formalism we have adopted will matrix IsD\'/l(ﬁ,E) are given by
be presented, with a particular emphasis on the em responses
in terms of the spin-dependent spectral function of the three-

)

N > =
body system. P(r,tr’,M(p’E):fgl NP, ¥, [Yane)
First of all, the inclusive cross section of a longitudinally "
polarized electron with helicityn==1 from a J=1/2 Xyl wf(Ail);ﬁ,o’m
nucleus is reported for the sake of completeness. After con-
tracting the em tensors for the electron and for the nuclear XS(E—Ey,_ TEA), )

target,A, the cross section can be cast in terms of the unpo-

larized (Rﬁ, R#) and polarized IR’T*,, R’T*L,) nuclear re- where|;,,) is the ground state of the target nucleus with
sponse functions as followfor a detailed discussion sgg, poIarizationéA, ¢ ) an eigenstate of the spectator sys-
cf. also[9,15)): tem with quantum numbers and interacting through the

same interactiorof the target nucleu$5,0>,\, a plane wave
describing the nucleoN with the spin component, along the

d2o(h) : ucleo he
s 4hA (1)  zaxis, equal ta; E is the missing energy. In a more com-
dQ.dv pact form, ford=1/2, P\ (p,E) can be written as
| N T .
with Pu(p,E)= E{BO,M(|p|:E)+0"[SABl,M(|p|:E)
02\ +p(p-Sa)BYu(|PLE)I}, ®)
S=0 —| R(Q%v) . -
Mot (|q|2 - where the functioBy ,(|p|,E) is the trace oP),(p,E) and
5 yields the wusual unpolarized spectral function, while
n Q—9+tanz& RA(Q, ) @) BY w(|p|,E) andB} (|p|,E) describe the spin structure of
2|q|? 2 the probability distribution of finding a nucleon with a given
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momentum, missing energy and polarization. As a matter ohdopted prescriptionSC1 andCC2 of [17] the longitudinal

fact the effective polarization of a nucleon is given by component of the em current is eliminated in favor of the
. charge component in order to restore the current conserva-
77N:<¢’J<1/2>|SA'lT|l,UJ<1/2>> tion (Coulomb gauge In the actual calculations we have
adopted such an approximation, since we have checked that
=f dE jdﬁTr[éA-&lsT,z(ﬁ,E)] in PWIA it allows for a good description of the accurate
experimental data for the unpolarizé#e longitudinal and

Bg 1,2(|§|,E) transverse responses dp?>0.25 (GeVt)? (see also
’ . [12,13), while the approximation, based on the elimination
3 . -
of the charge component in favor of the longitudinal one
(7) (Weyl gauge, underestimates the longitudinal response at
the top of the ge peakit should be pointed out that the
possible FSI effects are expected to further reduce the re-
§ponse at the top of the ge peqlO], worsening the com-
parison with the dafa It turns out that in the Landau gauge
(i.e., J*—J*+qg*J-q/Q?) the responses are essentially the
same as in the Coulomb one. In the following only the ex-
pressions corresponding to th@C1l prescription are re-
ported, since the numerical results obtained by ugricp

and R?L requires an off-energy-shell em nucleon tensor in’. :
' . . _ slightly differ (see Sec. IY. After a lengthy algebrécf. [8]
the PWIA convolution formulas. In the literature different = o on-energy-shell casene gets(in the following,

recipes for the off-energy-shell em nucleon current have = . s
been proposetsee, e.9[17,18). In particular, in the widely P = [Pl andg=|q])

:47Tf dEf pzdp(BT’1,2(|5|,E)+

In Sec. lll, where more details will be given on the spin-
dependent spectral function, the values®fin He will be
also presented for the different interactions we have used, b
we can anticipate thg®" is about 86—87 %, in line with the
analysis of the world calculations of R¢fl6]. Explicit ex-
pressions for the functiorBg(; ) 1, can be found iri8].

The evaluation of the response functid®®, R}, R%,,

- Emad Q2. v) Pmad Q2.7,E) D o o
RAQ%Y)=7 M:f dEf oE dPB(p.E)(2E,+ »)A{[FY(Q*) 1+ 7[F2(Q%)]%

N=pn Emin pmin(QZ.V,E) qu

- FY(Q)+F5(Q%1?), €)

EmaQ%,7) Pmax Q% v,E) L
REQ% ) =7 3 M ae [ B dpB(p.E)@IFNQY) + FH(QA) 12+ 2pPsia[FY(Q2)]2

N=p,n Enmin Pmin(Q2.v.E) 9Ep

+ 7[F3(Q?)1%), (9)

A N N Emad Q%7) Pmad Q% v.E) ) )
RT’(QZ'V):ZWNEP NX[Fl(QZ)Jer(QZ)]f dEf ——dpi pcosa[BY(p,E)+BY(p,E)]
“~ . .

min Pmin(Q%,»,E) qEp

Q? \ vpcos
x FT(QZ)—F'Z“(QZ)ZM% :HEP —F1(Q*)q|+[B1(p.E)+B}(p,E)cose]
Q%E
XM;( FT(Q2)+F§(Q2)—2M2%}, (10)

A Emad Q% 7) PmaX Q% v,E) p
Rry (Q%v)=— 2027 2, WFT(QZHF?(QZ)]L ae [ gE 4P| [B1(p.E)+BYp.E)]

min pmin(Q21V1E>
2sir? cosy BY(p,E)
x| Fi@)+ FQ'(Q%%)%JF PN aBl(p.E) +| BY(p.E) + — sirPa
P
VE
XM| FT(Q?%)~ F?(Qz)ﬁ) ] : (1
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where 331(1,2)5 33‘(1’2)11/2 are the functions corresponding to ~ TABLE I. Binding energsies angl probabilities of symmetric
the target nucleus,FY,,, is the Dirac(Paul) nucleon form %I’S » D, E‘nd P V\f/ave; fcl)r H gnd He obtained with different
factor,J\/R(”) the number of protonéneutron$ in the nucle- s (see the text for the legeh

us A, Ep=M?+p? v=\M?+p?+q°+2pqcosa—E,, 3N

Q% =|q|*>~ v?, and r=Q%/4M?.

In Egs.(8)—(11) the integration limits and cesare deter- IS B (MeV) Ps (%) Pg (%) Pp (%) Pp (%)
mined, as usual, by energy conservatif. Avl4 7.683 89.831  1.126 8.967  0.076
RSCv8 7.600 88.920 1.342 9.654 0.084

Avl4 + BR 8.485 89.388  0.928 9.544 0.140
Avl4d + TM 8.485 89.645 0.933 9.261 0.161

Ill. THE THREE-BODY GROUND STATE
IN THE HYPERSPHERICAL-HARMONIC METHOD
AND THE SPIN-DEPENDENT SPECTRAL FUNCTION

He
The spin-dependent spectral functions e and 3H,
‘ IS B (MeV) Ps(%) Ps (%) Pp (%) Pp (%)
Egs.(5) and(6), have been calculated from three-body waveAv14 2 032 80.680 1314 8931 0075

functions obtained using the PHH expansion. This technique
represents a very efficient and accurate method for descrititSCcv8 6.958  88.757  1.550 9610~ 0.083
ing the system, and explicitly includes pair correlation func-Av14 + BR 7.809 89276  1.077 9.509  0.138
tions in order to take into account the short range repulsion‘?“’14 + ™ 7.809  89.526  1.083 9.233 0.158
of the nucleon-nucleonNN) interaction. In the following
the main features of the methd#i4] will be briefly recalled.
The three-nucleon wave function with total angular mo-
mentumJM and total isospinT T, can be written, in the

LS coupling scheme, as

NN potentials and TNI's. In particular we have considered
(i) NN interactions such as the Argonne Av14 interaction
[21] and the Reid soft-corf22] RSCv8 potentialthat rep-
resents the local version of the original one with eight opera-
N¢ tors only, and(ii) the Brazil(BR) three-body forc¢23] and
‘WILZ:.E > D%,y V(iK,D) (12)  the Tucson-Melbourn€TM) one[24]. When the TNI's have
i=13 | a=1 been taken into account, the cutoff parameter was adjusted in
, order to give the triton experimental binding energy
with B(®*H)=8.48 MeV. It should be emphasized that for the
o - - i ke 3He ground state the Coulomb interaction between the two
VoKD =LY, (X)YL (Y)]a [SuSals tam [tatalrT, protons has been included, and this possibility represents a
(13)  typical feature of the variational approaches. In Table I,
) ) . binding energies and probabilities of symmetéic S’, D,
wherex; , y; are the moduli of the Jacobi coordinatestuns ;4 p components ofH and 3He wave functions, corre-
over the three-body channels included in the partial wavgnonging to the interactions we have adopted, are listed. The
decomposition of the wave function, angk(i) are cyclic  jyteractions we considered have sizable differences in their
permutations of (12,3). The total number of channels congictures(e.g., the RSCV8 interaction has a Yukawa-type
sidered isN.. The two-dimensional amplitude®.(xi.¥i)  repulsion at short distances, whereas the Avl4 interaction

are expanded in terms of the PHH basis remains finit¢, and these differences are reflected in the cor-
K, responding three-body wave functions. In particular, the per-
D (x y)=p atla f (x ue @p”atlag g , centages of t_he smgll components are affected py the choice
(XY =p (%) K;KO k(p) <) of the potential, as illustrated, e.g., IRg that varies up to

(14 30% by changing from RSCv8 interaction to Avl4 interac-
tion + three-body forces.

In order to calculateN(fJ,cr;¢//f(A71)|¢I’ZZ>, see Eq.(5),
we Fourier transformed the following overlap:

wherex; = pcos(p) andy;=psin(¢;) are the hyperspherical
variablesK,=/",+L, and (Z)PE“““(QSi) is a hyperspheri-
cal polynomial[20]. The pair correlation function,(x;) are
introduced in order to accelerate the convergence of the ex-
pansion and are determined by tié&l potential as explained

Tk oy — g 12,1027, 1/2,T,
in [14]. The unknown quantities in Eq414) are the hyperra- Gf,zr,p;(y)_<xﬂ' &, 'r”f|‘r”1/2,ﬂ>
dial functions ug(p), which are obtained through the 1 1 1
Rayleigh-Ritz variational principle. _ _ =<§TT12T12 ETZ> E <J12m12§cr jmj>
Convergence and accuracy reached by increasing the /mjm;

number of terms in the expansiofi$2) and (14) are dis-

cussed in14] for realistic NN potentials with and without ><</mjm]-
three-nucleon interactiofTNI) terms included in the Hamil-

tonian of the system. Typically withN.=18 and about 80

hyperradial functions an accuracy of the order of a few kewvhere f=[Ji,, Mz, Sip, Tia, 712, N, Egp] (cf. [25])

is obtained for the binding energy of the system. In the calfépresents the quantum numbers of the two-body wave func-
culations of the spin-dependent spectral function we havéion |#¢(x)), corresponding to the particlés,2) that interact
used three-body wave functions corresponding to a variety ofvith the same potential as in the three-body Hamiltonian;

1 -
§u>gf/,-(y>v/m<y>, (15
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TABLE Il. The values of the nucleon effective polarization in .
3He, obtained with different ISI'§see the text for the legend Bop(p:E) (fm )

IS P, (%) Py (%)
R
R
Av14 87.37 ~2.57 NN
Av14+Cou 87.30 —2.49 R
==
Av14+Cout+BR 86.65 -2.77 =0
Av14+Cout+TM 87.01 —2.68 *‘:\:::‘::\;:\:\\:\::;\2:::1:::
RSCv8 86.12 ~2.67 ii:\\::;:::\:\::\;;\\\:\:
RSCv8+Cou 86.19 ~2.76 ' "*.\\\:\\§
1 \
U o
xY2 and £¥2 are the spin and isospin functions of the third p (1/fm) 3

particle. The function:gf/j(y) are the overlaps between the
three-body ground state and the two-body wave function
coupled to the third particle spin, isospin, and orbital mo-
mentum eigenfunctions. Once the functicm%r"’j have been
obtained, the evaluation of the functionﬁ%‘(llz)M is per-
formed following the expressions §8].

Before presenting the actual results of these functions for
the case of®He, it is interesting to consider the effective ==
polarization of the nucleorPN, Eq. (7), that represents an
integral property of the three-body wave function. In Table Il
the values ofPN for 3He are listed for the different interac-
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tions we have usefthe corresponding values féH can be " ,..\“& W 20 v
obtained by isospin symmetry once the Coulomb interaction 60 E (MeV)

is disregarded In particular, for the sake of completeness, o (1/fm) ? by
we have also reported the effective polarization correspond-
ing to the case when the Coulomb interaction is switched off
in *He. As pointed out iff16] the differences betweeR"
values can be traced back to the differences in the probabili-
ties of S’ andD waves(see Table)l It is worth noting that
Coulomb potential and TNI effects are small and become
important, in percentage, for the proton effective polariza-
tion, since this quantity is small by itself.

In Figs. 1 and 2, the unpolarized spectral function
BOUXIpl,E) and the functions |BY{)(|p|,E)| and
|B5WX|p|,E)| obtained from the*He wave function corre-
sponding to the Av14 potential modelus the Coulomb in-
teraction are show(in the case of the proton the curve cor- 2
responding to a spectator deuteron is not preséniteldias to o (1/fm)
be pointed out that the introduction of three-body forces does
not sizably change the overall behavior, and produces only ) .
small differences in the values for any giveR,p); these FIG. 1. (@) The proton unpolarized spectral function dfie,
differences could be important in the calculation of tiny ef-°0tained by using the Argonne VNN potential[21] and the Cou-
fects, such as the cross section of exclusive reactions whel@mb interaction (see t§)¢ vs the removal ene_rg)E and the
the proton is detected, since large cancellations occur bdcleon momenturp=|p|. The deuteron channel is not presented.
tween contributions produced by a spectator pair in the ded® The function|Bf,/j, obtained by using the Argonne VNN
teron state and in the continuum. The spin-dependent speRotential[21] and the Coulomb interactiofsee text, vs the re-
tral function was already calculated, without the CoulombMoval energyE and the nucleon momentup=|p. (c) The func-
interaction:(i) in Ref. [8], adopting a variational three-body tion |BS /4, obtained by using the Argonne VINN potential[21]
wave function corresponding to the Reid soft-core interac@"d the Coulomb interactiofsee text, vs the removal energiz
tion [22]; and i) in [9], using a Faddeev wave function and and the nucleon momentup=|p|.
the Paris potentidl26]. The comparison between our results
of Figs. 1 and 2, obtained without three-body forces but with
Gbtained with  Giferen two-bocl rudear Tofce and nolCund O i [BE(.E)| and BB (cl. aiso
Coulomb interaction, illustrates the sensitivity to the choicel@Ple I). Moreover, a smoother behavior is observed in the
of the two-body part of the interaction, showing that thepresent spectral functions, due to the improved accuracy in
gross features remain unchanged. Relevant changes can the description of the bound-state wave functions.
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D (1/fm) 3 80 FIG. 3. (@ The asymmetry of 3He corresponding to
€,=370 MeV, 6,=—91.4°, andB=42.5° vs the energy transfer
v, calculated with different two-body interactions: solid line, Av14
+ Coulomb interaction; dashed line, RSCw8 Coulomb interac-
tion; dotted line, Paris potential without Coulomb interaction, after
[9]; dot-dashed line, the neutron contribution for the Avt4Cou-
lomb interaction case. The nucleon form factors of R2¥] have
been used. The arrow indicates the position of the ge peak, where
one has#* =8.9° andQ?=0.19 (GeVkt)?. The experimental data
are from Ref[5]. (b) The same aga), but for different three-body
interactions: solid line, Avl4+ Coulomb interaction; dashed line,
the Brazil three-body forc€23] has been added to the Avl#
Coulomb interaction; dotted line, the same as the dashed line, but
for the Tucson-Melbourne three-body fork®4]. The three curves
largely overlap for both the total asymmetry and the neutron con-
tribution.

Before analyzing in detail the em polarized responses, let
FIG. 2. () The same as Fig.(d), but for the neutron(b) The  us compare our predictions for the asymmetry>efe, de-
same as Fig. (b), but for the neutron(c) The same as Fig.(®), but  fined by
for the neutron.

IV. THE em POLARIZED RESPONSES IN 3He AND *H A= A (16)

3
The nuclear responses, for bothle and ®H, have been

obtained by using the spin-dependent spectral functions caft £qs. (2) and(3)], with the most recent data from inclu-
culated from the variational wave functions described in SecCgjve experiments that should be proportional, at the ge peak,
[ll. The results corresponding t6C1 and CC2 prescrip- 3he 3he .
tions for the off-energy-shell em nucleon tensor are esserf® Rr- [5] and Ry, [6]. In Figs. 3 and 4, the results ob-
tially the same for Ry.,, while, in the whole range tained by using different ISI's are shown. In particular, in
0.1=Q2?<2 (GeV/c)? we have investigated, the differences Figs. 3@) and 4a) the theoretical predictions corresponding
for the proton and neutron contributionsRe, are in general t© () the Av14 potential+ Coulomb interactionii) the
less than 2%, except a 3% variation for the negligible neuRSCV8 potentiak Coulomb interaction, andii) the Paris
tron contribution in®H. Therefore in the following we report Potential without the Coulomb interaction, frof®], are
only the results obtained by the prescripti®C1, i.e., by compared with the experimental data; it is worth noting that

using Eqs(8)—(11). for the kinematics of Ref5], whereAyeq Ri',*e, the asym-
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6 isospin symmetry, partially broken by the Coulomb interac-
tion.
The analysis of the polarized responses at the ge peak is
motivated by the expectation of a clear disentangling of the
- nuclear structure from the nucleon form factors. Bele and
< 3H, even if the FSI's are present, Eq40) and(11) can be
< written as follows:
®He, ~2 Q’ P (O 12HP (O2
I S D Ry Q% w) = 5 {2[GR(QM) 1PHE.(Q% )
60 70 80 90 100 110 q
v (MeV) HGRQIPHL(Q% v}, (D)
6 L
i 3
R (Q%v)=—12[2 GRQ)GH(QIHY.(Q% )
<y +GR(QA)GH(QHHT(Q% W], (19
<
3H, ~2 Q’ P 1 2)72 2
o R(Q% )= 505 {[GR QA PTR(Q% )
[ T
_4..,| PP B U S SR SR ST I
60 70 80 90 100 110 +2[Gy(QH P TH(Q% )}, (19
v (MeV)
FIG. 4. (a) The same as Fig.(8), but for §,=70.1°. The ex- RSH, 2 ) =—2[GR(Q?)GP(Q?) 7", ,(Q?
perimental data are from Rd®6]. The arrow indicates the position Q) \/—[ E(QIGMQD T (%)
of the ge peak, where one has=87° andQ?=0.14 (GeVk)2. +2GL(QH)GH(QY) T, (Q%v)], (20)

(b) The same as Fig.(B), but for ,=70.1°.

where the Sachs form factorsGN=F}+F}) and
GN=FN—FY(Q%4M?2), have been introduced. The func-

tions H?,(TL,) and T?,(TL,) in general contain both the
nuclear structure, which within PWIA is described by

Bo 10, and ratios of nucleon form factors, and are defined by

metry does not appreciably change by varying the two-bod
ISI (less than 2% at the ge pgakhile for the kinematics of

Ref. [6], whereAye ¢ Riﬂ?, there is a little bit higher varia-
tion (less than 4% at the ge pealan line with the findings of

the theoretical analysis contained[®). In particular for the
latter kinematics, the differences among the theoretical

curves are smaller than the ones found[&), where the SHe,p(n), ~o

original RSC interaction without the Coulomb potential was o(n) , o Rpqy(Q5w)

considered. Differences are even smaller if we consider the HT’(TL’)(Q )= K P (Q?) '
T/(TL")

effects of three-body forces, as shown in Figd) &nd 4b).
These results are quite reasonable in view of the tiny ISI
effects on the effective polarizations shown in Table Il. One

3
can conclude that at least for low values of momentum trans- ) ) Rle(,ﬁ_n/))(Qz, v)
fer [Q?<0.2 (GeVk)?], changes in the asymmetry due to T;(TLI)(Q V)= Kp(n)—(Qz) (22)
the ISI are small at the qe peak and therefore the model T(TL")

dependence seems to be under control, since it amounts to SHe.p(n) 3H,p(n) o
3-4 %, at most. In Figs. 3 and 4 the neutron contribution towith Ry, 7" andRy, 7, /) the proton(neutron contribution
the total responses is shown separately. From a comparis@g the total responses},<$(,“)=QZJ\/P(”)(GEA(”))leqM and
between such a contribution and the total responses one cgrp(m) _ _ \/sz(n)GE(n)G&(n). It should be stressed that the

. . 3 T
see that the presgnce of the proton, in parucularﬁt#',_l‘?, usefulness of Eqg17) and(18) in the extraction ofG¢ and
represents the major obstacle in the extraction of neutron er@r’:/I is related to the possibility thdﬁ?,m,) be independent

form factors, as already_ pointed out[i8,8,9. . . of nucleon form factors, at least at the qe peak. Within
In what follows we will carry out a systematic investiga- WIA v, the f . N a7 b

tion of the model dependence, due to the ISI and protorﬂa » actually, the uncUongiT,(TL,) and . r ) Pecome

contribution, in the extraction of neutron form factors for independent of nucleon form factors at the ge peak, and even

Q2 up to 2 (GeVt)?, i.e., for a kinematical region relevant @lmost independent aD?. The first feature can be immedi-
for TINAF. Moreover, we will show the corresponding re- ately seen, since at the ge pegk=0, E,~M, and
sults for ®H in order to gain some insight on the possibility »=Q?%2M; thus retaining onlyp-leading terms in Eqg10)
to reduce the model dependence by taking advantage of thend (11) one has, for’He,
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1.4 T T T 0 T T T
g & 7 ] . )
A 1 V_O o7 L ] FIG. 5. (a) The functlons’HT,(TL,)(Q + Vpeal)
- - R R for the neutron in®He [see Eq.(21)] vs Q2
X = [ and the corresponding approximation
t H r 3 3He,
P neu ron ("He) @ | proton (He) ®) FTf'fT”L,)(QZ,vpeaQ [see Eqs(22) and (23)]. Al
Y P Br— -0.14 e the curves have been obtained from the Avit4
0 0.5 1 o 18 2 0 0.5 1 1.5 2 . .
Q¢ [ (GeViel ] Q@ [ (GeVie) ] Coulomb interaction and the nucleon form factors
of Ref. [27]: solid line, H7,(Q? vpeq); dot-
3
N S dashed Iine?—(?L,(Qz,vpeag;gdashed line 7"
i ] i [see Eq.(22)]; dotted Iine,]—'T':?'" [see Eq.(23)].
e e = & L The curves largely overlap and can be hardly
@ [ = [ singled out.(b) The same aga), but for the pro-
Lo 1 %0 s ] ton in ®He. (c) The same aéa), but for the proton
[ = - in 3H. (d) The same a), but for the neutron in
3
proton (°H) ] neutron (CH) H.
. © | . (d)
[o ] ! i 1 " 014 b a0 o | 1
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Q& [ (GeVicY ] Q& [ (GeVic) ]
N SHen Enad @ vpeal _ (Pma @ VpeacE) | y
HTI(QZ-Vpeak)N]: r (Qzaypeak)zz'n'f dE pqul(pyE)+Bz(p:E)C0§a]l (22
Emin pmin(QZ'Vpeak’E)
Emax Q% ¥peal pmax(Qz-Vpeak’E) BN( E)
N 34 N ma; peal 2 P, .
Hr (Q% vpead = Frp, (QZ,Vpeak)=27TJ dE pdp( Bi(p.E)+ —5—sifa|. (23
Emin pmin(QzJ’peak'E)

For 3H the same _approximations hold, but_ the structure funcﬁ,(TL,)(QzlvpeaQ measured in®H, represent a very good
tionsBy 1 », entering the analogous equations, are the appro- roximation for{" (Q2 )
priate ones for such a nucleus, i.e., they are obtained withotPP /(1L Ppeald-

Coulomb interaction and exchanging the proton with the In \{vhat follows, afterageneral anal_ys.ls.o.f the responses,
we will sketch a possible way for minimizing the model

neutron. dependence just exploiting the above-mentioned features of
. . . N 2 -
In Flg.25, (i) the functions HT,(TL,)(Q +Vpea and the polarized responses,
T-T,(TU)(Q +Vpeay Calculated by using the full PWIA ex-  In Figs. a), 6(b) and 7a), 7(b) our PWIA results of

pressions[cf. Egs. (10), (11), and (21)] and the Galster Ry, andRy., for 3He and®H are shown through the ratios
nlécleon form factors[27l; and (i) their approximations Ry, /G3 and Ry, /G3 [Gp=1/(1+Q?/0.71F], at the ge
j:T'jf+'t,)(Q2, Vpead and F. |:|(‘1,\—‘|_')(Q2!Vpeal) [see Egs.(22) Peak and foQ® up to 2 (GeVt)?. The variations due to the
and (23)] are shown. Since the approximations are O|uitedifferent choices of two- and three-body nuclear forces or to
good, this indicates that, within PWIA, the functions the presence of the Coulomb interaction remain less than
N 2 N 2 ’ , 5-6 % over the whole range G explored. It turns out that
Z;T’%TL];)t(hQ 'Vpela') "’mdeT’f(Tl-t’)(Q ’Vpea‘gl bﬁqco;netlnc.ier?n- ffor 3He the effects due to the Coulomb potential and TNI are
ent ot the nucieon form factors, namely the tactorization of, rger, in percentage, in the proton contribution than in the

the latter quantities out of the nuclear structure is confirme eutron one(cf. also the values of the effective polarization

at a Iarge extent. Therefore, the expectation O.f extractinggio in Table Il, where the same behavior can be found
information on the neutron properties from polarizéde is

3
strengthenedcf. [2], where only the spin-dependent momen- The Coulomb potential negligibly affect®y,, since it
tum distribution was considergdit should be pointed out Yields a different sign effect in the proton and neutron con-
that using different nucleon form factors, such as the Garitributions.

Krumpelmann[28] or the Hoehle[29] ones, the factoriza- In view of the analysis we have carried out, Fig&)@&nd
tion is even better. Moreover, the nuclear structure functions{(c) are of particular interest, since they illustrate the rel-
H$/(TLr)(Q2,Vpea|) and TN,(TLr)(QZ,VpeaQ, have a constant e;/arr:ce of the pré)ton contribution rI;ﬂ-le :;I]r_}d tEe tiny effect
behavior over a wide range @? and this striking feature of the neutron In"H. We can see that while the neutron can

can be of great help in disentangling nucleon form factoré’e safely disregarded ifH (the relative contribution is less

) . . 0, I
from the nuclear structure, as shown in Sec. V. Finally, if Wethan 3%, this fact does not occur for the proton fiie. In

. . . . 3
disregard the effects of the Coulomb for@n effect of the the kinematical interval we have considered, Rxf‘f‘? the
order of a few percent for the neutron #ile) the functions  relative proton contribution ranges between 80%, at low val-
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FIG. 7. (8) The same as Fig.(8), but for °H: solid line, the

2 2y _ 2 . S responseR, obtained from the Av14 interaction; dotted line, the
G =1/(1+Q*</0.71¥]: solid line, th 1> o . )
vs Q° [Go(Q) (1+Q F1: solid line, the responséy same as the solid line, but for RSCv8 potential; dashed line, the

obtained from the Av14+ Coulomb interaction; dot-dashed . . . i
three-body interactioh23,24] has been added to Avl4 interaction

line, the same as the solid line, but without Coulomb interaction . .
(the Brazil[23] and the Tucson-Melbourr@4] three-body interac-

(this line largely overlaps with the solid onedotted line: the . A .
same as the solid line, but for the RSCv8 potential; dashed Iinet,IonS essentially yield the same reshilf) The same at), but for

3 .
the three-body interaction[23,24 has been added to the the responSRTTf(er_Vgeal) [see Eq.(11)]. (c) The same as Fig.
Av14+Coulomb interaction(the Brazil [23] and the Tucson- 6(c), but for neutron in*H. The lines are the same as(@.
Melbourne[24] three-body interactions essentially yield the same

resulty. The nucleon f.f. of Ref[27] have been usedb) The (~10%) dh | bout t i | than th

SHe, 2 ~10%) and has a value about two times larger than the
same a_ia)’ Eﬂigor ;he reSposr:ZETLZ'(Q Vpeal [Sgif q'(zl V1© " \ncertainties due to ISI. The conclusions that can be drawn
T*;f ratiosRy, " (Q7 vpead/ Ry (Q% vpead aNd Ry ™ (Q%vpeald/  from Figs. 6 and 7 are in ordefi) the neutron in*H can be
Ry (Q% vpead VS Q% at the ge peak. The lines are the same assafely disregarded at a level of a few percent; thus a mea-
i 3
in (3. surement oRTt'(TL,) allows one to check PWIA predictions

. such as factorizable responses, an almost constant behavior

ues ofQ?, and 40%, at the highest ones. FRy;"® the proton  of 75, (Q2, vpea) and 75, (Q?, vpead, and their equality(ii)
if the small Coulomb effects are disregarded, one can apply

S 3 3 the isospin symmetry in order to identif§t", . ., with
consequence of this limited effeBt,'® and RT'f are nearly P .y y Vo
onal. i 34e VR of Fi q ﬁ,(TL,),obtamed from measurements 3l responses, and
proportional, "_e"RT’ N('f‘“ #p) "Re, » Cl. FIgS. Ga)_ an in this way one could reduce the model dependence in the
7(a); the experimental evidence of this proportionality could gyiraction of neutron form factorsiii) the proton contribu-
be an indication of the smallness of the proton contributioni;n in 3He cannot be neglected, even at high As a final

3
However, even forRT',*e this contribution is not negligible remark, let us note that an experimental observation of a

FIG. 6. (@) The ratio R,"%(Q? vpea)/G2(Q?) [see Eq.(10)]

3
contribution is not as dramatic as in the caseRq'f?. As a
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constant behavior ofﬁ,(TL,)(Qz,vpeak) could give relevant 0 e
information both on the approximation of the nucleon form I ]
factors in the three-nucleon system as the free ones and on i e
the prescriptions for the off-energy-shell em nucleon current.

In the following section we will illustrate how to mini-
mize the model dependence related to the above-mentioned
proton contribution.

(fm)

o TL
e

o

N

T

1

R /KP
TL'

-0.14 -....|....|....|....|....|....|....-
The almost constant behavior of the proton structure func- 02

tion H?L,(Qz,vpeag, shown in Fig. Bb), suggests a possible

way for extracting information on the proton contribution to FIG. 8 The ratio RiHLEf(QZ, boedKPL . with  KP,

34 . ..
Rr0 (Q% vpead- As a matter of fact if we divide theotal — =—2/2GPGE,, vs Q? (see text The solid line represents the

response %:?(szVpeal) by the proton form factors, as- calculation obtained by using in E¢L1) the spin-dependent spec-

p 2 _ P AP tral function corresponding to the Avl#4 Coulomb interaction and
sumed well known, or better bhiTL’(Q ) Z‘EGMG ’ the Galster nucleon form factof27]: dot-dashed line, the ratio

. . A
we obtain, within PWIA, an almost constant termi$(L,) RT':'?”’/K.’;L,, corresponding to the proton contribution, has been

plusa Qz-dependent one, i.gsee Eq(18)] shown as a reference line.

V. THE EXTRACTION OF Gg AND Gy,

[ (GeV/c)® ]

3H
RTL?(QZ, Vpeak)

3
K (QZ ooy Q:H-T—L/(szvpeak) RTT?’“(QZ,vpea,), which is sensitive to the neutron charge
T Tped form factor. It should be pointed out that the results shown in
GR(Q%)GH(Q?) Fig. 8 rely on the factorization of the response, as discussed

H?L,(Qz,vpeak). in Sec. IV, and on the absence of effects such as FSI; there-
fore whether the linear behavior predicted by the PVItA
(24 Eqg. (25] is not observed, essential information on both the
reaction mechanism and the presence of other effects can be

extracted. For instance, a linear behaviorQn and not in
For small values of the momentum transfer, the 3 rQ

Q?-dependent term should be linear@?, due to the pres- Q?, would mean that the variation dR;\5(Q? vpean is

3
ence of the neutron charge form fact@jg, and the almost_ dominated byRT':'?’p, since theQ? dependence of the neu-
constant behavior of the neutron structure function
H?L,(Qz,vpeag; therefore Eq(24) becomes

T 26RQEL(QY

3
tron part inRTT? is always governed b . In this case we
can compare the theoretical calculations of the proton con-
tribution, that are not affected by unknown form factors, with

3
R the experimental data, obtaining constraints Ba's”.
FT)'-’ 2’ pea %ﬁgu*'“sz (25) Therefore, in any case, either the PWIA holds or not, the
3
K3 (Q% Vpear measurement oIRT':?(QZ,vpeaQ at low Q? will yield valu-

able information on the proton, to be used in further steps.
where7(?, , is a constant value. This behavior is confirmed Once we have an experimental estimate of the proton con-
by the direct calculations presented in Fig. 8, where the rati¢ibution  to  the  transverse-longitudinal  response,

3 He, . .
Ry(Q2, vpea) /K, ,(Q?), evaluated within the PWIA, is Ry1s P(Q?,vpead, We could achieve an estimate of proton

. . . 3
plotted for 0..Q?<0.3 (GeVk)?2. This range of momen- contribution to the transverse responge,*?(Q?, vyea), by
tum transfer can be easily understood, since at very low valysing the8 kinematics analyzed ifi8]. The choice of the

ues ofQ? the response vanishes, anc_i theref(_)re we have tBoIarization angles, with cos@=§A'I21/|I21| is suggested by
move from this part|r§:ula:)r.reg|on, wh|Ie-at h'gh ;/alues of (i) the direct connection with the experimental setup and
momentum transft_aGE_/GE is no longer linear inQ“ (see, more important, the low dependence 8§, (see below
e.g., the parametrizations fi17,29). o upon kinematical conditions. It turns out that the proton con-
,The extraction of the proton contribution 10 tripytion to the polarized cross section?(Q? vpean, [CF.
RTT?(QZ,vpea,) should proceed as follows: after measuring Eq. (3)], vanishes when the polarization angl& reaches a
critical value or, see Ed4), when the polarization anglé

SHe, ~2 ;
R, 7 (Q% vyea in the proposed range, one should check )
TL pea -
whether the data exhibit the linear behavior shown in Fig. S,reachesﬁcm,c_ An estimate of such an angle, at the ge peak,

, . — tan be obtained by measuring the protons knocked out along
and in the positive case one can deternﬁrﬁ’eL, , to be com- L -

d with th tical dicti F th ) N he direction ofq, since at the ge peak protons should be
pare WL eoretica pre 3':;'0”32' rom the expernmenta, ,itted preferably along such a direction. It is worth noting
value ofH-‘FL, , one obtamsRTL,’p(Q ' Vpeal OVEr the whole  that an exclusive measurement of protons is much easier than
range of Q% and singles out the neutron contribution the one of neutrons, and moreover row data are sufficient for
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120 e VI. CONCLUSION

In this paper we have presented the results of our inves-
tigation on the em inclusive responses of polariZett and

2 I | 3H, within the PWIA. We have calculated the spin-
@’ 60} 3He - dependent spectral functiof®] of the three-nucleon system,
] ] from bound-state wave functions, obtained using the pair
0 =50° : correlated hyperspherical-harmonic expanditd]. Differ-
A ]

] ent realistic two- and three-body nuclear forces, suckilas
el A TP AT the Argonne v14 potential and the RSCv8 one, &ndthe
0 05 T 15 2 Brazil and Tucson-Melbourne three-nucleon interactions,
¢ [ (Gevie) ] have been considered; moreover, the Coulomb interaction
FIG. 9. The polarization anglg., where the proton contri- has been taken into account in the ease3ldta. Ther_l we
bution to the polarized cross section e, at the ge peak, van- have evaluated the transverse—longl'FudlnaI polarized re-
ishes, vsQ? [see Eq(3)]: solid line, Avl4+ Coulomb interaction; SPONSe and the transverse one, focusing at the ge peak, for
dashed line, Av14+ Coulomb interaction+ three-body forces; Q° Up to 2 (GeVt)?. The detailed analysis of th@* be-
dotted line, RSCv8+ Coulomb interactiorithe Brazil[23] and the ~ havior of the inclusive responses has allowed @Gheo in-
Tucson-Melbourn¢24] three-body interactions yield essentially the vestigate the model dependence upon the initial state inter-
same resuljs The nucleon form factor27] have been used. action and (ii) to suggest possible experiments for

3
determining the proton contribution &,'5(Q? vpea) and

R.?:'e(Qz,vpeaQ, which represents one of the major obstacles
in the experimental extraction of the neutron form factors.
The model dependence upon two- and three-nucleon interac-
) o tions and the Coulomb potential as well, amounts to a few
changes sign. After determlgnxg,itic atthe ge peak, one can percent; for*He the Coulomb and TNI effects are more rel-
OEta'” the corregpondlngﬁ , see Eq.(4), and finally evant for the proton contribution than the neutron one, as in
R P(Q?, pean /R TP(Q2, vpead  from  the  equation  the case of the effective polarization.

AP(QZ,vpea,)zo, see Eq(3). It should be pointed out that The presence of the proton affects quite differently the
the measurement Britic IS reIa’Fed to a ratio of response Polarized responses, since Rl?l;le(QZ,VpeaQ it is ~10%,
functions, and therefore, even in the presence of other ef- =~ 35, ) )

fects, the PWIA prediction should represent a good approxiVhile in Ry, (Q%,vpeq) it ranges between 80%, at low val-
mation: furthermore, it turns out th#,;. does not sizably ues of Q% and 40%, at the highest ones. This proton pre-
vary as a function ofQ? (at most a few percentwhile dominance can be turned to. our edvantage, since the. PWIA
0. does. In Fig. 9, the anglBq is shown for different Predicts a linear behavior in Q* for the ratio
ISI's, at a scattering anglé,=50°. It should be pointed out RTT?(QZ,vpeagl[—z\/ﬁGﬁA(Qz)GE(Qz)] at low momentum

that an error of+1° on the measurement @;;. produces transfer, 0.£Q%<0.3 (GeVk)?2. Therefore a comparison
3

. 3 . . - 3 .
an uncertainty of the order 5% on the rai},*"/R;{"*  with the experimental data can yieR""*" or, at least, defi-
while an error of£2° produces an uncertainty of the order nite information on the proton contribution, e.g., on the pres-

3 H 1 L
12%. Even a large uncertainty &,°® does not prevent the €nce of factorization and/or FSI's.

estimatingB.iic, Since one has only to determine the polar-
ization angle where the polarized resporrSé(Qz,vpeaQ

3
extraction of the neutron magnetic form factor, sil‘libfe‘e’p The proton contribution t&;}'° can be measured from the
3 3
is small, of the order of 10% of the total response, as shownmatio Ry P(Q2, vpean! Ry P(Q?, vpeq)) Obtained through an
in Fig. 6(c). accurate determination of the polarization angdgic,

In conclusion, through an estimate ST%P' from the  Where the proton contribution to the polarized cross section,
see Eq/(3), is vanishing. The PWIA prediction of this angle
5 could be used as a reliable guideline for the experimental
of RT,e'p, from Beiic, ONe can obtain the neutron contribu- measurements, sincB.;ic depends upon the ratio of re-
sponses, possibly less sensitive to various effects, such as the
. 3pen,~3Hen . i FSI, than each response separately.
the ratioR; ;" /Ry, ™" one can obtain the ratiGg/Gy, , as- The proposed measurements could allow the extraction of
suming that the function%(%_, andHQ, are equal, as in the the neutron contribution to the total responses and therefore
case of the PWIA; moreover, introducing a theoretical pre-an estimate of the ratiGg/Gy, . If one introduces theoretical
diction forH;,(TL,) one could extradGE andGy, separately. calculations of the nuclear structure functid1$,(TL,), one
Finally a measurement of the polarizd could give the  could even obtaifG? and GY, separately. Finally, it should
possibility of an almost model-independent extraction ofpe pointed out that a measurement of the em inclusive re-
both the neutron form factors, since the structure functiongponses of polarizedH could give the possibility to check
Hq., and H7, could be estimated throughy, , and 7%,,  more directly the reaction mechanism, namely the factoriza-
disregarding the Coulomb effects. tion at the ge peakessential for extracting the neutron form

3
low Q? behavior of the total responﬁerff’, and an estimate

3 3
tion to the total responsé, s andR,*®, respectively. From
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