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A detailed study of inclusive deep inelastic scatteribgS) from mirror A=3 nuclei at large values of the
Bjorken variablex is presented. The main purpose is to estimate the theoretical uncertainties in the extraction
of the neutron DIS structure function from such nuclear measurements. On the one hand, within models in
which no modification of the bound nucleon structure functions is taken into account, we have investigated the
possible uncertainties arising frofi) charge symmetry breaking terms in the nucleon-nucleon interaction,
finite Q? effects neglected in the Bjorken limiiji ) the role of different prescriptions for the nucleon spectral
function normalization providing baryon number conservation, @ndthe differences between the virtual-
nucleon and light-cone formalisms. Although these effects have not yet been considered in existing analyses,
our conclusion is that all these effects cancel at the levet@P6 for x<0.75, in overall agreement with
previous findings. On the other hand, we have considered several models in which the modification of the
bound nucleon structure functions is accounted for to describe the EMC effect in DIS scattering from nuclei.
It turns out that within these models the cancellation of nuclear effects is expected to occur only at a level of
~3%, leading to an accuracy ef12% in the extraction of the neutron to proton structure function ratio at
x~0.7-0.8. Another consequence of considering a broad range of models of the EMC effect is that the
previously suggested iteration procedure does not improve the accuracy of the extraction of the neutron to
proton structure function ratio.
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I. INTRODUCTION u(x,Q%—0 [corresponding td=5(x,Q?)/F5(x,Q%) —1/4] at
x—1 [3] or from the hard scatteringperturbative QCD
The investigation of deep inelastic scatterildS) of lep-  mechanism, yieldingl(x,Q?)/u(x,Q?)— 1/5[corresponding
tons off the nucleon is an important tool to obtain fundamen+g Fg(x,QZ)/Fg(x,QZ)—>3/7z0.43ﬂ atx—1 [4,5]. Thus ex-
tal information on the structure of quark distributions in the perimental data orF)(x,Q9)/F5(x,Q?) at largex have a
nucleon. In the past years several experiments have beq:{pgh degree of theoretical significance.
performed in order to study the region of small values of the "¢ first extraction of the ratie)(x,Q%)/F8(x,Q?) from

Bjorken variabIeXEQZ/ZM v, which |S dominated by sea the SLAC DISp(e,e’)X and D(e,e’)X data[see[G(a)] and
quarks and gluons. Recently, experiments a_t HEZRA haV?eferences there]nused the West proceduf&], which is
pushed the measurements at larg® a new highQ® do-  paseq on a covariant electron-deuteron scattering formalism

main, while dijet measurements at Tevatron have reached thgi, the interacting nucleon off mass shell and the spectator
kinematics where knowledge of the quark distributions in the,,cleon on mass shell. Such a procedure leads to the so-

nucleon ak=0.6 becomes importaffor a recent discussion ¢gjled West correctionry(y* +d)/[ oo ¥* + P) + Tror( v*
and references s¢]). S _ +n)]<1 in the impulse approximatiofthe numerical value
One of the major uncertainties in largestudies comes  of this ratio is around 0.980—0.985). The application of the
from a poor knowledg_e of tha_al-quark dlst_rlk_)uuon in the \\est procedure has provided a limiting valuel(FB)|, .,
nucleozn. The reason is that it is very difficult to _eXtraCt%1/4,which has been adopted in most of the global fits of
d(x,Q%) from measurements off hydrogen targets: it enters,,ron distribution functionéPDF9 (see, e.g[8—11)). Later
as a correction in case of inclusive electron scattering off th?lz,leg it was pointed out that the West correction leads to a
proton atQ*< Mg, (whereM,y is the mass of th#Vboson,  yiolation of the Gross—Llewellyn-Smitt{baryon charge
while measurements using semi-inclusieet p—e+7~  sym rule, because of the neglect of relativistic corrections in
+X and largeQ? e*+p—v(v)+X scatterings have not the normalization of the deuteron wave function in R&.
reached a sufficient degree of statistical accuracy yet. As Burthermore, it was pointed out i12] that modeling the
result, one has to rely on the extractiondgik,Q?) from the  deuteron wave function with one on-mass-shell and one off-
data involving DIS off the deuteron. mass-shell nucleon without taking into account other degrees
On the theoretical side the predictions for the behavior ofof freedom unavoidably leads to the violation of the energy-
the ratiod(x,Q?)/u(x,Q?) atx—1 vary very significantly. momentum sum rule, which expresses the requirement that
Deviations from the S(6) value d(x,Q?)/u(x,Q?)=0.5 the sum of the light cone fractions carried by all partons add
could come either from nonperturbative effects, which couldup to 1. Then an alternative light-cofeC) formalism was
lead, as suggested first by Feynm@?], to d(x,Q?)/  suggestefl14] which satisfies both the baryon charge and the
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momentum sum rules. Both the virtual-nucleon convolutionis very similar and hence the so-called super-rg2i6|

(VNC) model[12] and the LC formalisn{14] lead to an
enhancement ofF >(x,Q?) at largex as compared to the

SLAC procedure and hence to a further decrease of the ex- SRgpc(X,Q?)=

tracted value of the/p ratio, F5/F5, at largex.
The discovery of the EMC effedtl5] has clearly indi-
cated gross deviations of tHey/F5 ratio from the predic-

tions based on the Fermi motion approximation in the kine-

matical regions at largerelevant for the extraction d¥5/F5

from the deuteron inclusive data. This led immediately to the

conclusion[16] that the value of5/F5 extracted by SLAC

was underestimated. Therefore an approximate procedur

which was argued to depend only marginally on the detail
of the EMC effect{16—18, was suggested for<0.7. The
use of this procedure by the SLAC experimental grpL@)
has confirmed the conclusion of R¢.6], finding that the
value of F3/F5 atx~0.7 may be much closer to the pertur-
bative QCD(PQCD asymptotic value of 3/#0.43.

Over the years a number of further studies of deutero
structure functions have been performed using the VN

model[20] and most of them have adopted the normalizationm

of the deuteron wave function of R€fl2]. Some of these

studies have included also pion degrees of freedom to fix th
momentum sum rule problem. Other studies have considere
off-mass-shell effects in the structure function of the inter-
acting virtual nucleon. Within the latter the issue of the ex-

traction of the ratic=5/F5 was analyzed in Ref21], where
the extracted values for th@p ratio atx=<0.7 turned out to
be very similar to the findings of Refg19,18|.

It should be also mentioned that quite recent analyse
[1,22] of leading and higher twists in proton and deuteronf

DIS data have found that the latter are consistent with
significant enhancement of tllequark distribution at large
with respect to the standard PDF behavioddfi— 0.

The realization that the extraction of the largep ratio

from deuteron DIS data is inherently model dependent ha
led to the suggestion of two new strategies. One is the use of

tagged semi-inclusive processes off the deutd@®,24],
which require the detection of a low-momentum protgn (
<150 MeV/c). The other one is the determination of the
DIS structure functions of mirroA= 3 nuclei[25,26]. In the
former one cartag the momentum of the struck neutron by

detecting the slow recoiling proton; in this way it is possible

to select initial deuteron configurations in which the two

nucleons are far apart, so that the struck nucleon can b
considered as free. In principle, one can use here an anal&

ah i ! ; . . .
Igewatlons of the super-ratio from unity we will also investi-

of the Chew-Low procedure for the study of scattering off
pion [27] and extrapolate the cross section to the neutro

pole. The neutron structure function can then be extracte

directly from the semi-inclusive deuteron cross section with
out significant nuclear model dependefi28,24. In the lat-
ter one tries to exploit the mirror symmetry Af=3 nuclei;

in other words, thanks to charge symmetry, one expects th
the magnitude of the EMC effect ifHe and3H,

F2(x,Q%)  F5(x,Q%)+Fj(x,Q?)
F5(x,Q?) ZF3(x,Q%) +NF3(x,Q?)’
(1)

RéMC(XIQZ)E

Repier(%,Q2)
Renc(%,Q?)
FoH(x,Q%) 2F3(x,Q%)+F5(x,Q%)
T FA(x,Q?) 2FB(x,.Q)+Fi(x,QP)
)

hould be very close to unity regardless of the size of the

MC ratio itself[25,26]. If this is true, then/p ratio could be
extracted directly from the ratio of the measurements of the
%He to 3H DIS structure functions without significant
nuclear modifications. However, it should be pointed out
that, even if charge symmetry were exact, the motion of pro-
tons and neutrons in a nonisosinglet nucléasus say*He)
is somewhat different due to the spin-flavor dependence of
he nuclear force.

The aim of this paper is to perform explicit calculations of
e EMC effect for both®He and®H targets, taking properly
into account the motion of protons and neutrons in mirror
=3 nuclei. We explore in greater details the VNC model
ed in[25,26 in order to analyze the effects @f charge-
symmetry breaking terms in the nucleon-nucled®N) in-
teraction,(ii) finite Q? effects in the impulse approximation,
(iii ) the role of different prescriptions for the nucleon spec-
tral function normalization providing baryon number conser-
vation, and(iv) the role of different PDF sets. Additionally
We compare the predictions of the VNC model and the LC
ormalism in the approximation where no bound nucleon

Fnodification is taken into account. It will be shown that the

inclusion of these additional effects leaves the super-fajio
close to unity within 1% only fox=<0.75, confirming there-
fore the findings of Refd.25] and[26], where deviations of
the order of 2% and 1% were found, respectively.
However, it is well known that the VNC model underes-
timates significantly the EMC effect at large Also, if the
VNC model is adjusted to satisfy the momentum sum rule by
adding pionic degrees of freedom, it leads to a significant

enhancement of the,/qy ratio atx=0.1, where a suppres-
sion is observed experimental[28]. Moreover, the VNC
model is just one of the many models of the EMC effect.
%imilarly the LC formalism without bound nucleon modifi-
tions strongly disagrees with data at largeHence, to
ovide a more conservative estimate of the possible range of

ate carefully various models of the EMC effect which in-
erpret this effect as due to modification of the wave function
of either individual nucleons or two-nucleon correlations. We
will show that the cancellation of the nuclear effects in the

gtuper—ratio(Z) within the broad range of the models consid-

ered occurs only at the level 6£3%, restricting signifi-
cantly (up to ~12%) the accuracy of the extraction of the
freen/p ratio from the ratio of the measurements of ttiée
to *H DIS structure functions.

In this work we will not address all the EMC models
predicting possible deviations from the convolution formula
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at largex. We feel, however, that it is worthwhile to mention do E! 42
at least few of them. An important issue in modeling the — = E—e—477MWﬁV, 3
EMC effect is the possible role of final-state interaction ef- dE.dQ; FEed

fects even in the Bjorken limit. Though these effects are o

absent if the scattering process is formulated directly inwhere nwz%Tr(kzyﬂklyv) is the leptonic tensork;

terms of parton degrees of freedom, the final-state interacE(Ee,El) andk,=(E, ,122) are the four-momenta of the in-

tions may be present in the case of a two-stage descriptiogjdent and scattered electrons, respectively, A is the

where the nucleus is described as a system of hadrons, agfbctromagnetic tensor of the target, viz.,

next the scattering off the parton constituents of the hadrons

is considered. However, it is very difficult to obtain safe

estimates of such an effect, and therefore we have not in- WE"= > (AlJK(Q)|X)(X|I4T(0)|A). (4)
. . . . spin X

cluded it in the present work. Another issue is the polariz-

ab'l'ty of the nucleon intc (1232) cqmpon((]ents, wh|c_h con- Within the covariant impulse approximation one assumes
tributes to three-nucleon forces adding-d0% correction 0 ot the virtual photon interacts with a virtual nucleon and
the binding energy of the three-nucleon system. Conseg fing| hadronic stati consists of the product of the in-
quently, it may be possible that at larg@ne is not measur- elastic y* N interaction and the recoilA— 1)-nucleon sys-

ing only the nucleon structure funption. Note here that in.ter'tem. Based on the Feynman diagram analysis of this scatter-
ference among the scattering dff isobars and nucleons is g tor the electromagnetic nuclear ten$g6] one obtains
known to be relevant for a description of the polariz&d

=3 structure function$29]. The role of theA(1232) com-

ponent effects in the problem of extraction of #%/F5 ratio Wi'=2 f d*pSu(p)WR" . )

deserves a special study, which is beyond the scope of this N

paper. ; ; P ;
The plan of this paper is as follows. In Sec. Il the formal- geefriﬁetgeaglvanant nucleon spectral function in the nucleus is

ism needed to evaluate the nuclear structure functions

F5(x,Q?) within the VNC model and the LC approximation

is presented. All the necessary inputs for a realistic estimate SN(D)ZJ d[pa-11T%(p.[Pa-1]), (6)

of the basic nuclear ingredient, namely, the invariant nucleon

spectral function and its proper normalization, are discusseqi,vherep is the momentum of the virtual nucleoppa_1]

In Sec. lll both the nuclear EMC effect and the super-ratio i”denotes internal variables of the residual on-mass-stell (

mirror A=3 nuclei are evaluated adopting the VNC mOdel—l)-nucIeon system, an@f(p,pa_;) is the covariantA

and the LC approximation, assuming also no modification 0f—>N,(A—1) vertex function combined with the propagator

the bound nucleon structure functions. Section IV is devoteq)f the virtual nucleon. Based on the requirement of baryonic

. . B 2
to estimate the deviations of the super-rafifewc(X,Q°)  number conservatiofid0] the nucleon spectral function is
from unity in several models of the EMC effect, in which nqmalized as follows:

modifications of the bound nucleon structure functions are

considered. The issue of the extraction of ifie ratio from Po— D, Apo

the measurement of the ratio of the mirrAr=3 structure f d"’pAM—SN(p):f d4pM—SN(p)=1. (7)
. . ; ] ) A A

functions is fully analyzed in Sec. V. Our main conclusions

are then summarized in Section V1. To proceed further, we express the electromagnetic tensor

L. BASIC FORMALISM EOR INCLUSIVE DIS through the two invariant structure functiog, andW.:

FROM NUCLEI

- a“q”
v__ 2 v
There exist a number of treatments in the literature. How- Wj""=—Wi(p;-a.Q )( gt )
ever, some of them do larg@? approximations right away, d

do not specify completely a prescription for treating off- sz(pj~q,Q2) P q p;-q
mass-shell effects in the amplitude of virtual photon-nucleon + —Mg—( pj"—q"—qz—)( [ V—qz—)
interaction, etc. Hence we find it necessary in this section to ]

rederive the basic formulas needed for the evaluation of the (8)
nuclear structure functioﬁ’;(x,Qz) within the VNC model

and the LC approach at fini@2. wherej =A,N. Multiplying the left and right sides of Ed5)

In both cases no modification of the bound nucleon struchy k%=k#—q*k,_/q_ (see, e.g.[17,31)),* wherek,_=¢,
ture functions will be considered. We will refer to these ap-—k;, and q_=qy—q,, and considering the limit o&; k;
proximations as convolution approximations. —oo with both Q2 andq fixed, one obtains

A. Virtual-nucleon convolution model

The cross section for the inclusivde,e’) X reaction can INote that~k’f automatically fulfills the current conservatiap J;
be written in the following general form: =0 andk; =0.
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W?(Qz,v)=% J d*pS(p)WH(Q2,w)

X

1 , Mo\ 2
W(1+C055) p,—l—q,F
2
+ P Gies
2M?2

where sins=\Q%|q|, p_=po—Pp,. ¥'=p-q/M, and w?

=(p+q)? Because of the off-shellness of the interacting

nucleon, one hap?# M?. Contracting Eq(5) with the unit
vectorn#=(0,0,0n,) one has

W’f(Qz,v>=§ f d*pSu(p)

p?

2M?2

><[WT<Q2,Vv>+ WS‘(QZ,VV)]- (10)

The inclusive cross sectidi8) can be expressed through the

structure functionV; and W, in a standard way:

do

Oe
dE. dQ.

> )Wi\(Qz,v)}-
(1)

= UMOH[ W5(Q?,v)+ 2 tarf

In case of DIS one introduces the usual scaling functions:

Fi=MW,

Fl=vW,, (12

wherej=A,N. Using Eq.(12) in Egs.(9)—(11) one gets
do

1 2v 6
R — FA X, 2 + —tar?(—e) FA X, 2 },
dE..dQ,, OMott V| 2(X,Q ) M 2 1( Q7)

(13
wherex=Q?/2M v and

FAXQ)=S f dpSu(p)
N

p?

2Mv’

><|FT&,Q2>+ FQ&,Q%], (14)

FAx,Q) =3 f dpSy(P)FN.Q2)
N 14
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where v=(W?+Q?~M?)/2M =1’ +(p>*~M?)/2M and X
=Q?2M7. Note that with such a definition of the argument

of Fj(i,Qz) it is ensured that the cross section is vanishing
below the threshold for theD—e'pn reaction.

1. Nuclear structure function I’—Q(X,QZ)

In this subsection we will discuss the DIS structure func-
tion F’Q(x,Qz) in more detail. Let us introduce the scaling
variables

_ Ap_

My

Ag_
= (16)

and make use of the identity*p=2dp,dp_d?p, ; then,
Eq. (15) can be written as

1
Fé‘(x,Qz)=§E fdmdpfdzpidzsq(p)
N

% FQ&,Q%% 5( 72— AMLA)

| [ Ma i 1+ c086)?| 2+ ay MV 2
M (1+co0sd)?| z+ ay "%
p2
1 .
+ ——sirs)|. 1
VE 17)

The integration ovedp_ can be taken automatically, while
the integration ovep, , which describes the virtuality of the
interacting nucleon, requires knowledge of the invariant
nucleon spectral function. One can proceed, however by, ob-
serving that the virtuality of the interacting nucleon depends
on the structure of the recoil A—1)-nucleon system.
Namely, for the case of two-body breakup the invariant spec-
tral function contains thé(p, —p. o) function with

(MA_1)2+p?

Pro=Ma~ A M /A " 18

whereM{_, is the mass of the recoilind—1 nucleus. In
case of the excitation of the recoil nuclear system into its
continuum, one can use the observation, based on the multi-
nucleon correlation mod¢B3], that for different ranges of

the dominant value op, in Sy(p) depends on whether the
interacting nucleon is in the nuclear mean field or ik, BN,

etc., correlations. Based on this model we can estimate the
integrand in Eq(17) as
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2 2
Ma_1+pT

<p+>:MA_ (A—Z)MA/A

M?+p?

at z=1.2-1.3,

<p+>:MA_MA72_m at z>1.2-1.3 (2N correlation$,

(2M)2+p?
(P+)=Mp—Mp_3— (B=2MAIA

at z>1.7-1.8 (3N correlations,

(19

Using these approximations we can now integrate (E@. over p,. arriving at

14

Fo(x,Q%) =2, J dzdPp, pn(z,pL)F5((X),Q?)
N (v)

where
- Q@
0= oMy
- w2+Q2—-M2
==

1 MA MA
W2=Q2+ > T(p+aq+zq+)+rp+2— pi )

L1 M A
(v)= 5y (P+d-+p-as) =y lPragta.z], (2D

andp, here defined according to Eq4.8) and(19). In Eq.
(20), pn(z,p.) is the one-body density function in the
nucleus, defined as

1 Po—P
pn(zZpL)= Ef dpdp+SN(po,pz,pi)5(z— MA,AZ>

Ma Ma
deposm Po.Po=22~P. |- (22

2. Bjorken limit

Equation (20) allows us to calculate the inelastic
A(e,e’)x reaction in a wide range of values @f, i.e., large

Ma
AM

2
(1+cosé)?

1 .
Z+a + ——sirfs|, 20
1 Q? 2Mm? 20

M(v’))2 p?

where fN(z) is the nucleon light-cone momentum distribu-
tion in the nucleus,

fN(Z)=J d?p, pn(z,Py), (24)

with the baryon charge normalization condition given by Eq.
(27).

Introducing the compact notatioi'® Fg to indicate the
convolution(23) and assumingxactnuclear charge symme-
try, the *He and®H DIS structure functions can be written as

F5"e— S® (2F2+F)) + D@ (2F2—FD),

FM=Se(2F)+F)+Da(2F)-F), (25
where
p n
s (z)szf @
tP(z)—f"
D(Z)EM (26)

2 1

with fP("(z) being the light-cone momentum distribution of
protons(neutron$ in 3He. If D(2)=0 [i.e., fP(2)=f"(2)],
then it is reasonable to expect that the EMC ratbhsn 3He
and ®H are quite close each other, so that the super-f&jio
is close to unity, as observed in RE25]. However, as will

enough that the condition for the closure over final hadronige jllustrated in detail in the next subsection, the spin-flavor
states is achieved and the |mpulse approximation 1Is Va'lddependence of the nuclear for(la/en without any Charge_

Additionally, in DIS the range of the Bjorkexr should cor-
respond to the valence regior>*0.2—-0.3) where shadow-
ing effects are negligible. In the Bjorken limit, whe@?,q
—o and x is kept fixed, Eq.(17) transforms to the usual
convolution formula used by many auth¢25,30,32,34,3p

A A X
F5(x,Q%)= > f dzzf“(Z)FS'(-,Qz), (23
N=1 Jx V4

symmetry and charge-independence breaking teryredd
fP(z)#t"(z). Therefore, wherD(z) #0, the difference in
the proton and neutron structure functifieading to 5
—F0+2F1—F2 in Eq. (25)] can give rise tRete.# Retyc
and correspondingly to deviations of the super-ré2jofrom
unity depending on the size of the EMC effect itsetfis
important to note that the nuclear charge symmetry will not
limit such deviations.
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B. Nuclear density function and LC momentum distribution 1 (Mpa— Mz)z— (ML_1)2
in the VNC model Pmin(Z,E)= > YIYE ’
A

Now we further analyze the one-body density function
pn(z,p.) and the light-cone momentum dis_tributidH(z). with Mp,=A-M+E, and ML_lz Ma_1+E—Epmin. Note
From Egs.(7) and(22) one obtains the following normaliza- that the normalization factaZ, can be different for protons

(32

tion for the one-body density functidi30]: and neutrons, in line with the normalization factor appearing
in Eq. (29).
A A . .
f dzpif dZZpN(Z,DL)=J’ dzzfN(z)=1. (27 For a generic nucleus with>2 the nucleon spectral
0 0 function can be written a&f., e.g.,[33,35)

To construct the one-body density function and subsequently PN(p,E)=P}(p,E)+PY(p,E), (33

the light-cone momentum distribution we have to relate the

invariant spectral functio®y(p) to the nonrelativistic spec- where Pj(p,E) includes the contributions of all the final
tral functionPN(p, E), which represents the joint probability states belonging to the discrete spectrum of the
to find in the nucleus a nucleon with three-momentpm (A—1)-nucleon systentbasically its ground and one-hole
=|p| and removal energ§. Since the latter is defined as state$, while PY(p,E) corresponds to more complex final
E=E,—Ea_,+Ex_; [Ex_; being the(positive excitation configurationg[i.e., the final states of the continuum spec-
energy of the system withA— 1) nucleons measured with trum of the A—1)-nucleon systefn which are mainly one-
respect to its ground state akg (E,_;) the binding energy particle—two-holg1p-2h) states arising from thep22h exci-

of the nucleusA (A—1)], the nucleon spectral function also tations generated in the target ground state by short-range
represents the probability that, after a nucleon with momenand tensoNN correlations. In what follows we will refer to
tum p is removed from the target, the residual PB‘ and PT as the ground and correlated parts of the nucleon

(A—1)-nucleon system is left with excitation ener§§_,.  spectral function, respectively. _
Since the (nonrelativisti¢ nucleon spectral function  The nucleon momentum distribution'(p) can be simply
PN(p,E) is normalized as obtained from the nucleon spectral function by integrating

over the removal energy; thus, E@3) implies thatnN(p)

% % N can be written as the sum of two components related to the
47TL . dEfo dpp*PN(p,E)=1, (28)  ground and correlated parts Bf'(p,E), respectively, viz.,
where E,in=Ea—Ea_41 is the minimum value of the re- nN(p)ij dEPN(p,E):nQ(p)nLnT(p). (34)
moval energy, one has some ambiguity in the relation be- Emin

tweenSy(p) and PN(p,E). Two Ansaze were suggested to o
relate Sy(p) and PN(p,E) which can be considered to rep- Useful parametrizations of the results of many-body calcula-

resent two extremes. In ofi@7,30,3] it is assumed that  tions of n"(p), available for few-nucleon systems, complex
nuclei and nuclear matter, as well as its decomposit8h

M A into nj(p) andn}(p), can be read off from Ref33(b)].
Sn(p)= E'PN(D,E)- (29) As is well known, the calculation oPN(p,E) for A>2
0 requires knowledge of a complete set of wave functions for
(A—1) interacting nucleons. Thus, since the latter ones
should be obtained from many-body calculations using real-
istic models of theNN interaction, the evaluation of
PN(p,E) represents a formidable task. In case’bfe the
nucleon spectral function has been obtained using three-body
Faddee\ 36| or variational[37] wave functions, whereas for
A= the evaluation oPN(p,E) has been performed using
~C . the orthogonal correlated basis appro§88] and perturba-
S(P)=Cn-Pr(p.E), 30 tion expansions of the one-nucleon propagd®®. Since in
this work we are interested in the evaluation of EG§) and
(23) for mirror A=3 nuclei as well as foA>3 nuclei, in
what follows we will adopt the spectral function model of
- " Ref. [33], which was developed for any value @&f and
fN(z)=27M CNJ dEJ dp shown to reproduce in a very satisfactory way the nucleon
E Pmin(z.E) spectral function irfHe and nuclear matter calculated within
many-body approaches using realistic models ofNiin-

In this case the nonrelativistic transition fro®y(p) to
PN(p,E) is straightforward, since in this limit one has
(Ma/Apg)— =1, and hence the renormalization is the
smallest for small nucleon momenta. Anoth&nsatz as-
sumes[35] that renormalization is momentum independent
so that

whereCy can be found from the requirement given by Eq.
(7). In this prescriptionfN(z) reads explicitly as

min

XpPN(p . E) ——— | 37)  teraction.
PP(P.E) JM?+ p? 3 Let us now briefly describe th@onrelativistig nucleon
spectral function adopted in case dfe and *H. For the
wherepin(z,E) is given by former nucleus the ground componeFPﬁ(p,E) is given by
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1.04 ——————1—+——

1.02

'(*He)(°H)

1.00 |

0.98 |

P(*He)/f"(*H),

0.96 L~

FIG. 1. The ratio of the light-cone momentum distribution func-
tions f§,/f3,, (solid line) andf3,/f5, (dashed ling estimated ac-
cording to the results of Ref41].

FIG. 2. The nucleon light-cone momentum distribution’de,
corresponding to the RSC mod@#0] of the NN interaction,
adopted in this work. The dashed and solid lines correspond to the
neutron and proton momentum distributions, respectively. Lines
with open circles correspond to the calculation with the normaliza-
tion scheme of Eq(29) and those without open circles to the nor-
malization scheme of Eq30).

3
P2(p,E)=nb(p) SLE—E{ 1],

Po(p.E)=0, (39

results of Ref[41]. It can clearly be seen that the corrections
to the charge independence in case®die and 3H nuclear
wave functions are typically at the level of 2% —-3%.

Next we want to estimate the uncertainty introduced by
identically vanishing because the residygd system does the above-mentioned normalization procedures, given by
not possess any bound states. In cas€tdf since charge Egs. (29) and (30). In Fig. 2 we report the results of our
symmetry largely holds for the nuclear wave functions ofcalculation of the proton and neutron light-cone momentum
3He and®H, one can write distributions in ®He according to Eqs(30) and (31) (solid
and dashed curves for protons and neutrons, respegtively
and according to Eq$24) and(29) (solid and dashed curves
with circles for protons and neutrons, respectiyely turns
out that the two different normalization prescriptions can
substantially differ at small values of the light-cone fraction
wherenf(p) is the same momentum distribution appearingand this may represent a potential source of uncertainty.
in Eq. (35). The correction functiofR(p), which includes the From Fig. 2 it can be seen also that within each normal-
effects due to charge symmetry and charge independendzation prescriptiorf®(z) # f"(z). Such a difference is driven
breaking terms in theNN (as well asNNN) interaction, by the presence in the three-nucleon wave function of a
turns out to be quite close to unity, namely, within 2% —3% mixed-symmetryS'-wave component as well as BfandD
level of accuracy, as can be estimated from the explicit calwaves arising from the spin-spin, spin-orbit, and tensor terms
culations of3He and3H wave functions carried out in Ref. of the NN interaction, respectively. According to the results
[41] For ng(p) we use the Simp|e parametrization obtainedOf Sophisticated solutions of the three-nucleon ground states

where nf(p) is the proton momentum distribution corre-

. . 3
sponding to the®He to deuteron transition and( e

=5.49 MeV. Note that the ground compone?g(p,E) is

P3(p,E)=R(p)-nd(p) S[E—EL],

P§(p,E)=0, (36)

in Ref. [33(b)] in case of the RSC mod¢#0] of the NN

. . 3 3
interaction. Note thaE{ ™=6.26 MeVv#E(!® because of

the different values of the experimental binding energies o

3He and3H.

both with and without charge symmetfand charge inde-

pendencgbreaking term$41], the probabilities of th&', P,
ndD partial waves areg=1.2%-1.5%,Pp=<0.2%, and
p=7%-9%, depending on the specific model adopted for

the NN (as well asNNN) interaction. Therefore, we do not

L - expect that the dependencefd{z) on the particular nuclear
n,p
model of Ref.[33] and the parametrizations 0'{1“ (P) force model could be significant for the estimate of the de-

corresponding to the RSC interaction. Fitt we follow the  iation of the super-rati¢2) from unity, as is also suggested
same logic of Eq(36) and estimate the correction function e resuits already obtained in REZ5). Finally, we want
R(p) from the calculations of Ref41]. An additional dif-  y gress that our results for the EMC ratib) obtained
ference in the correlated parts may arise from the d'ﬁere”\tzvithin the convolution formula23) for mirror A=3 nuclei

values of the threshold for the three-body ?realﬁm ng' have been positively checked against the corresponding re-
[33]): namely, By, =7.72 and 8.48 MeV in"He and °H, g s of Refs[35] and[26], where the nucleon spectral func-
respec_nvely. ) ) tion obtained from few-body variational techniques in case

In Fig. 1 we report the results for two ratios of light-cone ¢ the RSC potential has been employed; we have found that
momentum distribution functions, namelf, /5, (solid  the differences do not exceed1% in the wholex range of
line) and f5,, /5, (dashed ling estimated according to the interest in this work, viz., 0.3x=<0.9.

As for the correlated paﬂ??‘(p,E) for *He we adopt the
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C. Light-cone approach whereE, = M?+k? and[32]
In this subsection we discuss the formalism of LC dynam- ,
ics in the approximation where the relevant degrees of free- IM?+p? 5
dom in the nuclear medium are the nucleons only, carrying k= 2(2—2) —M= (43

therefore the total momentum of the nucleus. The structure

function in the LC framework can be represented as followsrpg gpservatiofid3] that the two-nucleon correlations define

[17,3L: the high-momentum tail of the nuclear momentum distribu-
A dz tion at momenta ¥ kg) allows us to replaca™(k) in Eq.
~ 14 H
FA(X.Q2) = f_dz LC(7z 0, JEN((X), Q%) — (42) by a,(A) nyn(k) atk>kg, wherea,(A) characterizes
2(.Q%) Nzl 22 PLpn (2P)F((0.Q) v) the probability to find a two-nucleon correlation in the high-
momentum tail of the nucleon momentum distribution in the

Ma\? ) M(v") ? nucleus A2 Finally in the kinematical range where two-
X m) (1+cosé)?| z+ “q? nucleon correlations dominate the proton-neutron pair, one
can replacenyy(k) by the squared LC wave function
p? | W5 (K)|? of the deuterori32].
+Wsin25, (37 The LC many-nucleon approximation for the nuclear

wave function leads to a prediction for tHe,/F} ratio
where all the quantities on the right-hand si@&HS), except VTVE.'Ch %ualltattrl]vely cgr;trgdllctz the EIMEIZ effect foxrlzo._S. d
pl,(,C(Z,pi), are defined in Sec. Il A1. In the Bjorken limit IS retiects the need fo Include explicitly non-nucieonic de-
. grees of freedom in nuclei in order to explain the EMC ef-
one obtains R oo
fect. In the LC approximation a natural explanation is offered
A radz X by the deformation of the quark wave function in the bound
FA(x,Q)= >, —fklc(z)Fy(—,Qz), (38)  nucleon which will be considered in the Sec. IV D. In the
N=1 Jx 2 z following section we will use the LC model to illustrate the

magnitude of the Fermi motion effects on the super-réjo
wheref©(2) is related top“(z,p, ) according to Eq(24). g per-red)

The quantityp“(z,p,) represents the nucleon LC density
matrix in the nuclear medium. This function satisfies two 'l NUMERICAL ESTIMATES OF THE INELASTIC
sum rules: namely, from baryon charge conservation one has CROSS SECTION

dz To check the reliability of our assumptions in the deriva-
f —d?p, pC(z.p,) =1, (39)  tion of Eq.(20) as well as of the models used for the three-
z nucleon spectral function, we first compare our calculations
with the experimental data at moderate values @f
~2-3 (GeVk)?. At these values 0Q? the nuclear modi-
f dz fication of the valence quark distributiorithe EMC effect

while the momentum sum rule requires

d?p.zpy(z,p1)=1. (40) s expected to be small and thus the comparison with the data
will allow to check the validity of Eqs(20)—(22). Figure 3
presents the comparison of our calculations with the experi-
ental data of Ref[43], where for the nucleon structure
function F’z\'(x,QZ) we have used the parametrization of Ref.
[6] containing also the contribution of nucleon resonances.

: : ._For the evaluation oF’f [see Eq.(14)] we have used the
However, for numerical calculations one can proceed usin

: N_ =N H _
the two following observations. First, in the nonrelativisticg(alatlon Fl__FZ[1+(2MX/V)]/2X(1+R) with _R—O.18.
limit (applicable for 0.7-087z<1.2-1.3 and p, <k The comparison clearly demonstrates that @€) is a good

~200-300 MeVt) the densitypk,c(z, p,) can be related to starting point for the discussion of high®? regime.

L . At larger Q2 the first question we want to address is how
the nonrelativistic nucleon momentum distributio(p) as fast the Bjorken limit is established and how much the

LC M nN nuclear recoil effects accounted for in EG0) are important.
Z, ~1_ ~Mn . 41
PR(ZPle1-p,m (P) 4D The finite Q2 effects are governed by the scale of the target-

Second, within the two-nucleon correlation mofi@g] one ~ Mass corrzectzions~(l2\/|2/2QZ as well as the factors propor-
can relate the high-momentum tail of the nuclear LC densityional toQ“/»* andpi/Q"). In Fig. 4 we compare the results
matrix to the two-nucleon density matrix on the light cone obtained for both the EMC ratio and the super-ratio fofe
[32]: and °H targets atQ?=10 (GeVk)?, calculated within Eq.

(20) and the convolution formulé23). It can clearly be seen

z
Note that the last sum rule is not directly satisfied in the

VNC model, but it can be restored if mesonic degrees o
freedom are explicitly introduced.

In generalpi°(z,p, ) is not known for nuclei withA=3.

prC(z,pL)~an(A) pRi(z,pL)

_ Ei az(A)nnn(k) (42) 2An estimate of,(A) for a variety of nuclei can be found in Ref.
2—-z ' [33].
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FIG. 3. The cross section of inclusiviHe(e,e’)X scattering as a function of energy transierDashed line: inelastic contribution
calculated according to E¢20) and adopting for the nucleon structure function the parametrization of[Rlefwhich includes nucleon
resonances. Dotted line: quasielastic contribution calculated according t§4REfSolid line: total cross section. The experimental data
(solid triangle$ are from Ref[43] and the kinematical conditions are shown in the insets.

that while for the EMC ratio(1) the convolution formula nucleon. To this end we have calculated the super-f&io
works within a 2% —-3% level of accuracy at largein case  via the convolution formuld23) using the proton and neu-
of the super-ratio(2) the differences between the non- tron LC momentum distribution&81) with the normalization
Bjorken and the Bjorken limits cancel out almost completely.procedure given by Eq30). The RSC moddl40] of the NN

The next question is the expected uncertainty on the EMGnteraction adopted in the calculation yiel@s=1.048 and
ratio due to the different normalization procedures of thecp=1_033 for the normalization constants in E§0). We
nucleon spectral function discussed in the previous sectiothave neglected the charge-symmetry breaking effects shown
In Fig. 5 we compare the calculation @"E‘,\:,l% andSRemc in Fig. 1, and we have used different parametrizations of the
performed within the convolution approximation using thenucleon structure function FQ(X,Qz) taken at Q?
two different schemes of normalization given by E(89) =10 (GeVk)?, namely, the GRV sdtll] of PDFs and the
and(30). It can be seen thak2 ), exhibits some sensitivity SLAC fit of Ref.[9]. Both the GRV and SLAC parametriza-
to the choice of the normalization scheme, while the differ-tions are constructed in a such a way that the neutron to
ences in the calculateSRgy,c are well below~1%. proton structure function ratio reaches the “nonperturbative

Next we address the sensitivity of the super-rdpto  prediction” 1/4 asx—1 [see Fig. 6a)]. We have therefore
the particular choice of the PDF parametrization in theapplied to the GRV and SLAC structure functionsahhoc

1.04 1.02 e
1.00 F
1.02 . [
= ~ 098 [
NO (\IO L
:ig 1.00 3‘:% 0.96 |
- & 0.04 |
0.98 - [
0.92 ]
[ ] [ (b) ]
096 bt e e i v i1 090 Lol oy 1y uu by uaty iy,
0.3 0.5 0.7 0.9 0.3 0.5 0.7 0.9
X X

FIG. 4. Thex dependence oRf),c (@) and SReyc (b) for *He and®H targets atQ?=10 (GeVk)?. Dashed and solid lines are the
results obtained using Eq20) calculated without invoking the Bjorken limit and E(3) using the Bjorken limit, respectively. Lines
marked by crosses correspondid target, unmarked lines t8He target. In(a) and(b) the CTEQ set of PDFs from Rdf10] is adopted,
while in (b) the results obtained using the parametrization of R&ffor the nucleon structure functidﬁg(x,QZ) are also reported. The
charge-symmetry breaking effects shown in Fig. 1 are included in the calculations.
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FIG. 5. (8) The EMC ratio[Eq. (1)] in 3He (thin lines and in °H (thick lines vs x at Q=10 (GeVk)?2. (b) The super-rati¢Eq. (2)]
vs x. Dashed and solid lines correspond to the results obtained using the normalization schemeg28) ksl (30), respectively. The
CTEQ set of PDFs from Refl10] has been adopted as input for the nucleon structure funE@{QN,QZ). The charge-symmetry breaking
effects shown in Fig. 1 are not included in the calculations.

modification in the form of a distortion of thé:quark distri- The results obtained for the super-ratl) are shown in
bution limited only at largex (i.e., x=0.7), viz., d(x) Fig. 6(b). It can be clearly seen that the deviation of the
—d(x)+0.1x*(1+x)u(x). Such a modification has been di- super-ratio from unity is smallless than 1%) up to
rectly implemented in the GRV set of PDFs, while in case of=0.75, while it increases rapidly as=0.75 and depends
the SLAC parametrization we have considered the followingstrongly on the large- behavior of then/p ratio. Our con-
replacements:  F5(x,Q%)—F5(x,Q%){1+0.1x*(1+x)/4}  clusion is that the VNC model predicts a deviation of the
and F3(x,Q%)—F3(x,Q%){1+4-0.1x*(1+x)}. In both  super-ratio from unity within 1% only fox<0.75 in overall
cases the/p ratio of the modified structure functions goes agreement with the results of Ref®5,26. Note however

to the “PQCD prediction” 3/70.43 asx—1 [see Fig. that thex shape and the average value of our results for the
6(a)]. Since the proton structure function is dominated atsuper-ratio are closer to the findings of REZ6] (where a
large x by the u-quark distribution, the above-mentioned spectral function similar to the one of the present work is
modification does not change significantly the shape of thedopted and differs from the results of Ref25], where
proton structure function; the effects are larger on the neularger deviationgup to 2%) from unity were found. It is
tron structure function, but by construction they are limitedlikely that the difference is related to the different spectral

in the regionx=0.7 [see Fig. €)]. functions used in the present work and in R&6], since the
0.8 T 1.02 LI I I R R
1.00 F=—
‘0.6 i
3 . 0.98 [
e o
~ 04 X 0.96 |
NO % B
k3 b el
L 02k .
T 0.92 |
(a) T r (b)
0.0 TR TN T T T 090 Lvaliiite,
0.3 0.5 0.7 0.9 0.3 0.5
X X

FIG. 6. (a) Neutron to proton structure function ratieh(x,Q2)/F5(x,Q?) vs the Bjorken variable at Q=10 (GeVk)?2. The solid
circles are the NMC data points as given in Réb]. Thick dashed and solid lines correspond to the GR\ EHtof PDFs and to the SLAC
parametrization of Ref9]. Thin lines are the modified GRV and SLAC fits, as described in the texSuper-ratid Eq. (2)] of the EMC
effects inA=3 mirror nuclei. The meaning of the lines is the same a®jnUsing the CTEQ parametrizatigO] one obtains results very
similar to those reported for the GRV ddtl] of PDFs.
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1.04 11— within the VNC model. Fox=0.75 the EMC ratio increases
[ 1 above unity very sharply; generally speaking, this is related
(o2 L 3He’ 3H h to the facf[ that the nucleon structure funct?on goes to zero as
—~ | x—1, while the nuclear one is nonvanishing because of the
‘© Fermi motion of the nucleons in the nucleus. Moreover, the
X 1.00 [ slope of the rise oRgyc(x,Q?) is larger in3H than in 3He
g : due to the decrease &f5/F5 at x—1. Note also that the
T 0.98 [ . EMC ratio in ®H is sensitive to the modification of tha/u
T ] ratio at largex, whereas the EMC ratio iiHe is not(see Fig.
I ] 7). Thus, forx=0.75 the super-ratidReyc(x,Q?) drops
096 Lo Lo 1w v 1 b a1, below 1 and becomes a rapidly varying functionxokith a
03 04 05 06 07 08 09 remarkable sensitivity to the largeshape of the nucleon
X structure function.
FIG. 7. The EMC ratidEq. (1)] in 3He (thin lines and in 3H Finally the last source of uncertainty we want to consider

(thick lines as predicted by the convolution formui@3) at Q2  Within the convolution approximations is the difference be-
=10 (GeVk)2 The solid lines correspond to the SLA®] pa-  tween the predictions of the VNC model and the LC formal-
rametrization of the nucleon structure function, while the dashedsm. In Fig. 8 the predictions for the EMC ratio calculated
lines are the results obtained using the modified SLAC fit at large Within the VNC model according to E¢20) and the normal-
as described in the text. The thin dashed and solid lines are almoiation scheme of Eq(29) are compared with the corre-
indistinguishable. sponding ones of the LC approagbee Eq.(37)]. In both
cases we have adopted tﬁé‘ parametrization of Ref.6],
latter uses the VNC model with the same normalizationwhich contains the contribution of nucleon resonances. As
scheme[Eq. (29)] for the nucleon LC momentum distribu- follows from Fig. §a) the LC approximation predicts larger
tion. value of the EMC ratio as compared with the VNC model.
The x shape of the super-ratiSRgyc(x,Q%) shown in  As a result the super-ratio within the LC approximation is
Fig. 6b) can be better understood by looking at Fig. 7,smaller(closer to 1 as compared with the prediction of the
where the EMC ratidRg yc(x,Q?) in the two-mirrorA=3  VNC model. Note also that the effects of nucleon resonances
nuclei is separately reported. It can be seen that the convere still visible in Fig. 8a) for x=0.8, corresponding toV
lution approach predicts a larger deviation from unity®ld <2 GeV atQ2=10 (GeVk)2. Therefore, if one wants to
than in 3He for x=<0.75. This is a direct consequence of theinvestigate only the leading twist of the nucleon structure
higher kinetic energy of the neutrgproton) with respect to  function, one can either limit the range of valuesobr
the proton(neutron in *He (°*H) due to the spin-flavor de- increase sufficiently the value 62
pendence of the nuclear forsee the discussion after Eq.  To sum up this section, we conclude that all the consid-
(25)]. The super-rati®Reyc(x,Q?) is therefore larger than ered uncertainties within the convolution approximation, in
1 up tox=0.75[see Fig. )], but such a deviation from which no nuclear modification of bound nucleons is consid-
unity is small because the EMC ratio itself is predicted to beered, do not yield deviations of the super-ra@pfrom unity
quite small in the two-mirror nucldiless than a 1% effect larger than 1% ak<0.75 (2% atx=<0.8).

1.04 1.02
1.02
— N
o
o . 9
2 1.00 5’%
n:% B
0.98
0.92 -
(b)
0.96 Lo N TR B 1 0.90 U S VT T ST A YT T [ ST SO O YO 1
0.3 . . . 0.3 0.5 0.7 0.9
X X

FIG. 8. (a) The EMC ratio[Eq. (1)] in 3He (thin lines and in 2H (thick lines vs x at Q=10 (GeVk)?2. (b) The super-rati¢Eq. (2)]
vs x. Dashed and solid lines correspond to the results obtained using the VNC model and the LC formalism, respectively. The parametri-
zation of Ref.[6], which includes nucleon resonances, has been adopted as input for the nucleon structure Hy(m,i@’r). The
charge-symmetry breaking effects shown in Fig. 1 are not included in the calculations.
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FIG. 9. The EMC ratidEq. (1)] in “He (a) and >Fe(b) at Q>=10 (GeVk)?2. Open circles are data from Ré&6], while in (b) the solid
squares are from Rdf47]. The solid lines are the results of the convolution form@3), calculated adopting the SLA®] parametrization
of the nucleon structure functidﬁ’g‘(x,Qz) and the model of Ref.33] for the nucleon spectral functiorN(k,E).

IV. MODELS OF THE EMC EFFECT WITH 10. It can clearly be seen that, since the interaction pha
MODIFICATIONS OF THE BOUND NUCLEON pair is more attractive than the one ofa pair, the proton is
STRUCTURE FUNCTION closer to the®H center of mass than the neutron. The corre-

Although within the VNC model and the LC approach the SPOnding root-mean-square radius turns out to te? )
nuclear corrections to the super-ratig) are ~1% atx  =2.5 fmandy(ry)=2.8 fm. As a consequence, the over-
=0.75, it is hardly safe to treat this as an ultimate estimate ofPRiNg probability is larger for @n pair than for ann pair.
the nuclear effects. The VNC model is just one of the manyAs & matter of fact, from Fig. 10 it follows that the partially
models of the EMC effect. Also, literally, the VNC model integrated probability to find &N pair with ryy<1 fm is
predicts the parton densities to violate the momentum sum-40% larger for gpn pair than for ann pair. We stress that
rule (for instance, by~5% for an iron target When this  this is a very important isospin effect in mirrér=3 nuclei.
feature is fixed by adding mesonipionic) degrees of free- Thus in order to draw final conclusion about the size of
dom, one predicts an enhancement of the antiquark distribdhe deviation of the super-ratiSReyc(x,Q?) from unity we
tions in nuclei atx=0.05 which grossly contradicts the should investigate effects beyond those predicted by the con-
Drell-Yan data[28]. It is also well known that the convolu- Volution approach.
tion approximations underestimate significantly the EMC ef-  The discovery of the EMC effect at largehas triggered a
fect at largex (cf., e.g., Refs[17,35 and[46]). Experimental huge theoretical effort which has led to the development of a
data are available for a variety of nuclei and in Fig. 9 we

have limited ourselves to the cases e and *Fe. The 0.5 1111
convolution formula within the VNC model, Eq23), has X ]
been evaluated adopting for the nucleon spectral function - 04 [ 5; 3H .
PN(k,E) the model of Ref[33] and our results turn out to be E [ ) d ]
in agreement with the findings of ReB5]. From Fig. 9 it o3F 8 Eﬁg& .
can clearly be seen that the convolution approach is not able "z 0.2 [ ED: e ]
to reproduce the minimum of the EMC ratio arouxst 0.7 = “r ° ':Ba. ]
as well as the subsequent sharp rise at laxg8lote that the o 0.1 _ \:? oe E
disagreement is even larger within the LC approximation I Y Bm
(see dashed curves in Fig.)16 00 boe® i q
Therefore, it is reasonable to expect that the results of the 0 q 2 3 4 5
convolution approximation for mirroh=3 nuclei can suffer r (fm)
the same drawback. Moreover, it is very important to asses NN

any isospin dependence of the EMC effect in order to extract i 19, The distributiongy(r ) of the relative motion of a
in a reliable way the neutron structure function frée and nn pair (solid circles and of apn pair (open squarésin 2H, as a
®H data. An isospin dependence for the EMC effect is natUfunction of the relative distanceyy between theNN pair. The
rally expected from the differences in the relative motion ofresuits reported correspond to the the Argokii® and UrbandX
pn andnn (pp) pairs in °H (®He). The results obtained for models of theNN and NNN interactions, respectively, obtained
H in Ref.[42] in case of the Argonn&18 + UrbanalX using the Green function Monte Carlo method of Réf2]. The
models of theNN andNNN interactions are reported in Fig. distributions are normalized g§dryngnn(ran) =1.
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large number of modelésee, e.g., Refd48,49,16,4% and Analysis of the data on the EMC effect using E47)
references therejnin this work we will limit ourselves to  (including deuteron andHe data has been carried out in
consider some of these models, which are of interest for aterms of the average nuclear densi§A) in Ref.[46]. The
estimate of the possible deviation of the super-ratioquantitiesa(x,Q?) andB(x,Q?) were fitted to the data; their
SRemc(x,Q?) from unity. We will use the experimental values for various bins can be easily read off from Table 1X
points presented in Fig. 9 in order to constrain as much aef [46]. The nuclear densitp(A) was assumed to be given
pos_sible the paramet_ers_ of these mod_els. Note th_at _the Ky p(A):3A/4TrR2 where R,= \/ng’A, with r » repre-
perimental uncertainties in the EMC ratio firle are signifi- senting the rms electron scatteririgharge radius of the
cantly larger than the corresponding ones’iRe; therefore, nucleus. In particular, the valugg*He)=0.089 fni 3 and
new measurements otHe targets with reduced errors will p(56Fe)=0.117 fm 3 were adopted if46]. We will refer

certainly help in improving our knowledge of the EMC ef- hereafter to Eq(47) as the density model.

fect in light nuclei. Note that the fit in Eq(47) has been done in Ref46]
using charge rather than matter radii of nuclei, which is a
A. Nuclear density model good approximation for larga andZ= N nuclei since in this

It was argued 16,17 that as result of a diluteness of ¢as€
the nuclear systems, the nuclear effects for the deviation of ) ) ) )
the nuclear structure function from the sum of the nucleon <rc,A>=<rmatter,A>+<rc,proton>+<rc,neutron> (48)
structure functions can be treated as a series in the powers of
k?/M2 and e, /M. This approximation holds in a number of and
dynamical models, like the rescaling mo@é8—-50, the six- 5 5 5
quark (6g) cluster mode[51,57, the color screening model (Mattera) > {r¢ protons (& neutron'- (49
(suppression of small size configurations in bound nucleons
[16,17,53, and pion model§54]. Hence in the region of For light isosinglet nuclei Eq48) is expected to hold. How-
small enoughx (i.e., x<0.7), where terms<k*/M* can be ever, the predictions of the density model for light isosinglet
neglected, an approximate factorization should take place, nuclei should have a rather qualitative character since Eq.

(49) does not hold for deuterons and barely holds fortHe

RRc(X,Q%) — 1= B(x,Q?)f(A), (44)  nucleus. Moreover, the step leading from Eg}) and (45)
to Eq. (47) is not justified.
where RE (X, 02) =FA(x, Q) /[ ZF3(x,Q?) We have mentioned above that the density model was
+NFI(x,02)] and proposed in Ref[16] only in case of sufficiently heavy nu-
clei. If we want to apply Eq(47) to mirror A=3 nuclei, the
F(A)or(k2)/M?2 (45) first question is which density we have to use. As already

observed in Fig. 10, the neutrdproton is closer to the’He
; ; o (®H) center of mass than the proténeutron. This means
or to the average virtuality of the nucleon. Equatid#) is in :

a very good agreement with the SLAC data on ghdepen- that the neutror_(prgton) 3hasgmore ki_netic energy th:_;m the
dence of the EMC effect. Numerical estimates using EqsProton(neutron in *He (*H).” According to the RSC inter-

(44) and (45) and realistic deuteron and iron wave functions &ction, the neutron ifHe possesses on average about 25%
lead to[16] kinetic energy more than the proton. Since the deviation of

the EMC ratio from unity may be related to the mean kinetic
F2(x,Q?) 1 FFe(x,Q2) energy of the nucleon and to the derivatives of the nucleon
2\ —1~> -2’ 1 (46 structure functior(cf. [17]), we expect a different EMC ef-
F5(x,Q%) +F5(x,Q?) 4 F2(x,Q?) fect in mirror A=3 nuclei, driven by the spin-flavor depen-
dence of the\ N interactionand by the different quark con-
For A=12 one has approximatelyk?)/M?x({pA(r))  tent of the proton and neutraief. Fig. 6). In case ofA=3
=p(A), wherep(A) is the average nuclear matter density, systems it should be emphasized that what matters ultimately
leading to is the matter size and not the charge radius. The relation
between charge and matter radii fé#le and®H targets dif-
REc(X,Q%) fers from Eq.(48), namely,

Rewc(x,Q?)

=a(x,Q)[1+p(A)B(x,Q)].  (47)

Remc(x,Q%)= ,
2 2 2
<rc,3HQ:<rmatter,proton> + <rc,proton> + <rc,neutror*>/21

. . . . . . <r§,3H>:<r2matter,neutror‘>+<r§,proton>+2<r§,neutron>v
Note in passing that such an approximation is definitely not (50)

applicable at very large, since short-range correlations

dominate forx=1 and therefore the reIatidﬁ‘E\Mc(x)ocpA is

expected not to hold anymore. Also one hardly can directly 3n what follows we neglect the small isospin violation driven by
use this approximation for the deuteron since the notion otharge-symmetry breaking effects in the relative motion offthe
average nuclear density is not well defined in this case.  pair in ®He and of thenn pair in °H.
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FIG. 11. (8) The EMC ratio[Eq. (1)] in 3He (thin lines and in *H (thick lines vs x at Q=10 (GeVk)?. (b) The super-ratigEq. (2)]
vs X. The meaning of the lines is the same as in Fig. 7@rthe open and solid circles correspond to the predictions of the density model
(51) for *He and®H, respectively, adopting,(*He)= p,(*H)=0.050 fm 3 andp,(®*He)=p,(®*H)=0.068 fm . In (b) the prediction of
the density model is represented by the open squares.

Where<r2maner,pmwn> and(r2 ,iterneutron are the matter den- #(r2 swerneutroy(CH), the above results correspond to

sities of protons and neutrons file. Thus a relation similar pp(3He)¥ pn(*H)=0.050 fm 3 and Pn(sHe)pr(gH)

to Eg. (48) can be obtained only for the isosinglet com- ~0.068 fm 3.

bination of the *He and °H targets since in this It can be seen from Fig. 11 that the deviation of the EMC

case (ri(gHe+3H),z>=(rfnaner’(protonMeutrm,z)+(r§,proton) ratios from unity is different for’He and>H targets by ap-

+5<rg,neutron>/4’ which coincides with Eq(48) up to the proximately the same amount in percentage, but the density

small term(r2 . ..iron/4- model predicts a deeper EMC effect. Therefore, at variance
In the case ofHe and3H nuclei we need to account for With the VNC model, the deviation of the super-ratio

the fact that it is the difference between the matter radii ofSRemc(X,Q?) from unity can reach a=2% level already

protons and neutrons i#He (or in 3H) that should be con- aroundx=0.7-0.8 in the density model, because the latter

sidered in estimating the different EMC effects for these nuPredicts a larger EMC effect with respect to the VNC for-

clei within the density model. To be able to use the resultgnula. _

of the fit of Ref.[46] one should use for protofneutron Hov:/e_ver, r\}/vedstres's aga:jn mat ‘l?”ﬁ shoullq be vr?r%/‘scareful

. _ 3 e in applying the density model for light nuclei, suc e

dfns'typzp(”)(/'\)_3A/47TRP(“) ,zwhere Ry = Valpm and 3H, since for the lightest nuclei the Fermi momentum

Mo(m) = (" matterproton(neutron) T o, Where the parameter,  distribution is very steep and thedependence of the EMC

accounts for the fact that the fit of R¢#6] is based on the effect may not have the same form as the one for heavy

use of the nuclear charge radius. For estimation purposes Wgclei. Therefore the predictions of the EMC effect fibte

taker = \/<r§p,0wn>+(réneu“o,}:OJ fm. and H targets based on the density model should be consid-
Using these densities one can now estimate the EMC etred for illustrative purposes only.

fects within the density model, modifying E¢47) as fol-

lows:

B. Quark confinement size

P 2 n 2
RBHe %a(l 2ppF2(X, Q) F pnF2(x.Q )>, In Refs.[49,50 it was proposed to explain the EMC ef-
EMC 2F5(x,Q%) + F3(x,Q%) fect at largex via the softening of thévalencé quark distri-
, | 5 o 5 butions in nuclei(i.e., a more efficient gluon radiation in
R ~dl1 2ppF2(X,Q%) + paF3(x,Q%) 5 bound nucleons than in free nucledeaused by an increase
EMC ZFS(X,Q2)+ Fg(x,QZ) ’ of the confinement volume of the quark in a bound nucleon.

One can combine the model [Bf9] with the VNC model by
In Fig. 11 the predictions of the density moddl7) for including in the latter modifications of the structure functions

both the EMC ratio and the super-ratio are reported and conef the virtual nucleons. For simplicity one can neglect the
pared with the results of the VNC model. For proton anddependence of the modification on the nucleon momentum,
neutron matter radii we adopt the value/érzmanenpmmn> treating this effect on average. In this case one can write
=1.75+0.03 fm and \/(rzmattemeutmn}=1.55i0.04 fm, A y
obtained from the results of Ref§55-57. Since in this A 2y _ N 2y A2
simple model we neglect small effects of the isospin viola- F2(x.Q )_szl jx dZZ]N(Z)FZ(z’gA(Q )-Q )
tion which could lead 10 (rf.uerproton # (°HE) (52)
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FIG. 12. The EMC ratidEq. (1)] in “He (a) and *%Fe (b) at Q?=10 (GeVk)?. Experimental points and the solid lines are as in Fig.
9. The dashed lines are the results of the rescaling fortd@acalculated adopting, in Eg53), Aa/\y=1.036 and 1.047 fofHe and®®Fe,
respectively.

where£,(Q?) is the (dynamica) rescaling factor, whos®@®  (GeV/c)?2, implying an upper limit of=8% for the increase
dependence, dictated by PQCD, is given by of the proton charge radiusf. [61]).

Thus, we assume thak f/\y—1) is proportional to the
nuclear density(A) in a such a way that an increase of 6%
is reached only for the heaviest nuclgiamely, atp(A)
=0.15 fm 3); this corresponds ta,/\y=1.036 and 1.047
with A, and\y representing the quark confinement sizes infor ~ *He [p(*He)=0.089 fm 3] and *Fe [p(°%Fe)
the bound and free nucleons, respectively. A changg,of =0.117 fm 3], respectively. In case of the deuteron we as-
with respect to\y may be viewed as a change in the nucleonsume no swellingi.e., A\p /\y=1). The results of the calcu-
size in the nuclear mediurtthis interpretation is usually ref- lations, adopting for the mass scalé in Eq. (53) the value
ereed to as the nucleon swellingn this respect, it should be 0.6 (GeVk)? as in[49,35, are reported in Fig. 12 fotHe
pointed out that{i) in Ref. [58] an increase not larger than and *®Fe and in Fig. 13 for the mirroh= 3 nuclei. It can be
=6% of the proton charge radius is found to be compatibleseen that theQ?-rescaling approachEq. (52)] provides a
with y scaling in®He and®%Fe; (i) the analysis of the Cou- better description of the EMC data at largdor both “He
lomb sum rule(CSR made in Ref[59] suggests an upper and %%Fe than the convolution formul@3). For *He and®H
limit of =10% for the change of the proton charge radius inthe predictions of the rescaling approadorresponding to
>%Fe; (iii ) recently[60] the experimental values of the CSR Nspe/Np=N3u/N,=1.020 and Aspe/Ny=Nsp/\,=1.027,
in '2C and %%Fe have been reanalyzed #)?=0.3 respectively provide a possible mechanism to achieve a

ag(n?)lag(Q?)

2
M , (53)
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2
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1.10 1.04 e e
1.02 | 3
1.05- 1.00_._—_—___.__—\
o o [
o [ C e8|
5% 1.00 ?i§ F
0.96 [
« % [
- 0.94 L
0.95 F
1 0.92 F
(a) 1 r (b)
T N P N T TR T T oo Lo b v vty i1 00y
0.3 0.5 0.7 0.9 0.3 0.5
X X

FIG. 13. (a) The EMC ratio[Eq. (1)] in 3He (thin lines and in 3H (thick lines vs x atQ?=10 (GeVk)?. (b) The super-rati¢Eq. (2)]
vs x. The solid and dashed lines correspond to the convoly@i8nhand rescaling52) formula, respectively. In the latter case the values
N3pe/Np=N3y /Ny =1.020 andhaye/N,=N3y/Np=1.027 are adopted in E¢3).
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=1.5% deviation of the super-rati§Reyc(x,Q%) from 1 TA(z.,,) the momentum distribution of the center-of-mass

already arounck=0.7-0.8. motion of a correlatedIN pair (with the same quark content
of the 6q cluste) as resulting from the spectral function
C. Six-quark clusters model of Ref[33]. In this way we take into account that the

6q bag may be not at rest in the nucleus.

As for F5(£,Q2) we follow a simpleQ?-independent pa-
rametrization proposed in Rg62(a)]| and inspired by quark
scounting rules, viz.,

Another mechanism proposed for the explanation of the
EMC effect is the formation of clusters of sifor more
quarks when twgor more nucleons are overlapping in the
nucleug51,52. This mechanism also provides a softening o
the quark distribution in nuclei, since the phase space avail-
able in a cluster of sixor more quarks is clearly larger than FA(¢&)={a(l— &)Y+
in a nucleon. In what follows we limit ourselves to the case 2
of 6q clusters and we adopt the procedure of RéR] in
order to evaluate thedpcluster contribution to the nuclear where the coefficienta andb can be found in Refl52(a)].
response. Note that the charge factoE(e ) is dlfferent for the various

The main point is to take into account the decomposmon;ypes of @ clusters: namely, 3;e] 2—=4/3,5/3,2 for
(33) of the nucleon spectral function into a grourR) and  [nn],[np],[pp] clusters Therefore, theq6c|uster contribu-

a correlated PY) part. Indeed, since two nucleons can over-tion is different in3He and®H, becausénn] and[ pp] bags
lap only in the correlated paﬁ’l , the modification of the have at least different quark content. Note that an additional
convolution formula(23) due to the possible presence af 6 difference may come from different distributions in[pn]

; eJ-Z)b\/E(l—é)m], (58)

clusters can be written as and[nn],[pp] bags.
A The only remaining parameter is the bag probability
A X Pey in the nucleus. Since the probability for two nucleon
A 2\ N| 2 6q
2(x.Q%) = > f dzzf) Z)FZ( ' ) overlapping is proportional to the nuclear density, we assume

Pgq to be proportional to the densigy(A). We fix the con-

A X stant of proportionality by requiring the best reproduction of
)f dzzf'(z F2< Qz) the EMC data of°®Fe, obtaining in this wayPsq=15% in
iron and Pgq=11% in “He. We assume nocpbag in the

3

+Pe FACY(x,Q2), (54)  deuteron, while for mirrorA=3 nuclei we getPyp (nn)
a =6.4% andP,,;=8.6%. The results of our calculations are
where, following Egs(31) and(33), one has reported in Figs. 14 and 15. It can be seen that the presence

of 6q bags can have an important impact on the possible

f poMC dE difference of the EMC effect irfHe and 3H, leading to a
(z2)=27MCy S E) deviation of the super-ratit2) of =3% already arounck
=(0.7-0.8.
X pPN(p,E) ——r (59
pPi(p, )\/m' D. Color screening model

In inclusiveA(e,e’) X reactions the most significant EMC
effect is observed at~0.5-0.6. This range of corresponds
to high-momentum components of the quark distribution in
the nucleon and therefore the EMC effect is expected to be
mostly sensitive to nucleon wave function configurations
SNE47TJ dEf dpsz (p,E), (56) where three quarks are likely to be close togetHds, 17].
Emin We refer to such small-size configurations of quarks as point-
like configurationgPLCs. It is then assumed that for large
the dominant contribution t&5(x,Q?) is given by PLCs of
A/ZM partons which, due to color screening, weakly interact with
FA%(x,Q2) z f the other nucleons. Note that due to PQCD evolution
F)(x,Q%) at x=0.6, Q>=10 (GeVk)?, is determined by
the nonperturbative nucleon wave functiorxat0.7. Thus it
Q2> (57) is actually assumed that in the nonperturbative nucleon wave
function pointlike configurations dominate xt0.7.

. o The suppression of PLCs in a bound nucleon is assumed
where Bz(u2d4,u3d3,~u4d2):(I[nn],[r]p],[pp]) identifies to be the prgain source of the EMC effect in inclusive DIS
the type of @ cluster,f#(z. ) is the light-cone momentum [16,17. Note that this suppression does not lead to a notice-
distribution describing the center-of-mass motion of tig 6 aple change in the average characteristics of the nucleon in
cluster in the nuclear medium, aﬁcf(g,QZ) is the structure nuclei[16]. To calculate the change of the probability of a
function of the & cluster. Following Ref[62], we adopt for PLC in a bound nucleon, one can use a perturbation series

with i=0,1. In Eq.(54), Pgq is the probability to have a
six-quark cluster in the nucleus) is the normalization of
the correlated part of the nucleon spectral function, viz.,

while F5®%(x,Q?) is given by

X Zc.mTB(Zc.m)ﬁ2< 27
c.m.
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FIG. 14. The EMC ratidEq. (1)] in “He (a) and *%Fe (b) at Q?=10 (GeVk)?. Experimental points and the solid lines are as in Fig.
9. The dotted lines are the results of thg Bag formula(54), calculated adoptin@®e,=11% and 15% for'He and®®Fe, respectively.

over a small parametek, which controls the corrections to tances(besides nucleon spin and isogpand the inner vari-
the description of the nucleus as a system of undeformedblesy; andy;, wherey; characterizes the quark-gluon con-
nucleons. This parameter is taken to be the ratio of the chafiguration in theith nucleon[16,17,53.

acteristic energies for nucleons and nuclei: In the nonrelativistic theory of the nucleus the inter-
nucleon interactioV(R;; ,y;,Y;) is averaged over at; and
= (Ua) 1 59 Vi and the Schmdinger equation is solved for the nonrela-
AE,| 10’ tivistic potentialU(R;;), which is related to/(R;; ,y;,y;j) as
follows:
where (U,) is the average potential energy per nucleon,
(Up)|as1~—40 MeV, and AE,~M*—-M~0.6-1 GeV N _ _
is the typical energy for nucleon excitations within the U(R;) " yzy_ 5 (n(yD) dn(y))
nucleus. A
The task now is to calculate the deformation of the quark X|V(Rij Yi,Yj Vi ,yj)|¢N(yi)¢N(§,j>>, (60)

wave function in the bound nucleon due to suppression of

the probability of PLCs in a bound nucleon and then to acwhere ¢\ (y;) is the free nucleon wave function. Using for
count for it in the calculation OFQ(X,QZ). To this end we the unperturbed nuclear wave function the solution of the
consider a model, in which the interaction between nucleonSchralinger equation with U(R;;), one can treat {

is described by a Schdinger equation with a potential —V)/(E;—E,), as a small parameter to calculate the depen-
V(R;j,Yi.Yy;) which depends both on the internucleon dis-dence of the probability to find a nucleon in a PLC on the

1.10

FIG. 15. (a) The EMC ratio[Eq. (1)] in 3He (thin lines and in 3H (thick lines vs x atQ?=10 (GeVk)?. (b) The super-rati¢Eq. (2)]
vs x. The solid and dotted lines correspond to the convolut8) and 6 bag (54) formula, respectively. In the latter case the values
Plppi(inn) = 6-4% andP,; =8.6% are adopted.

024001-17



M. M. SARGSIAN, S. SIMULA, AND M. I. STRIKMAN PHYSICAL REVIEW C 66, 024001 (2002

115 T T T T T
4
110 (a) He ]
«_ 1.05 [ ] o
(s} (¢}
1.00 paegr————————=—==
EREY S S— =
I
0.95
0.90 [ N
0.85-"'I"""""""""'

0.3 04 05 0.6 07 0.8 09

X X

FIG. 16. The EMC ratio irfHe (a) and *Fe (b) at Q=10 (GeVk)?. Open circles are data from R&46], while in (b) the solid squares
are from Ref[47]. The dashed lines are the results of E2j) calculated adopting the parametrization of the nucleon structure function
Fg‘(x,Qz) of Ref.[6], including nucleon resonances, and the model of R3] for the nucleon spectral functid®V(k,E). The shaded area
corresponds to the prediction of the color screening model wii=0.6 GeV (lower solid curvé andAE=1 GeV (upper solid curve

momentum of the nucleon inside the nucleus. The quantity To estimate the suppression factor for large Fermi mo-
E; introduced above is the energy of an intermediate excitednenta when the interacting nucleon belongs to nucleonic
nucleon state. Such a calculation allows to estimate the sumorrelations, we use the same form(#d), in which nowy
pression of the probability to find a PLC in a bound nucleonis defined through the virtuality of the interacting nucleon in
as compared to the similar probability for a free nucleon. Inmany-nucleon correlations as follows:

the DIS cross section the PLC suppression can be repre-

sented as a suppression facja p?) which is multiplicative M2—M?2

to the nucleon structure functid?ig‘(&),Qz) in the LC con- T MAE,’
volution formula(37), viz. [16],

M2 M2+p?
L — M5=2(-—J——-R_; : (63
AT (1) i
1 where M;~jM and Mg~(j—1)M are the masses of the
T [1+(p2IM+2€0)/AEA? (61D j-nucleon correlation and recoif { 1)-nucleon system.

In Fig. 16 we present the comparison of the predictions of
whereAE,=(E;— Ey)~M* —M andp is the momentum of the color screening model with the EMC data ftie and
the bound nucleon in the light cone. %Fe targets. The shaded area is defined by the valies
The x dependence of the suppression effect is based o 0.6 GeV (lower solid curve and AE=1 GeV (upper
the assumption that the PLC contribution in the nucleorsolid curve.
wave function is negligible at<0.3 and gives the dominant ~ In Fig. 17 our results obtained fofHe and *H nuclei
contribution atx=0.5[16,31]. We use a simple linear fit to assuming the same range of valuesAdE are presented. If
describe thex dependence between these two valuescof one assumes thatE is the same for all nuclei, then even
[31]. Using Eq.(61) for large A at x=0.5 when Fermi mo- though we have large uncertainties for the EMC r4tiee
tion effects are small one can obtain an estimateRgrin  Figs. 17a) and 17b)], the nuclear effects largely cancel out
Eq. (1) for large A as follows: in the super-ratiq2) [see Fig. 1%)]. However, the assump-
U tion thatAE is independent of the specific nucleus is a clear
4(Up oversimplification, since the bound nucleon excitatioiN
R0 |05~ 7a(P?) =1+ AE ~0.7-08, (62  (qrrelations does depend on the isospin of kH¢ pair. In-
deed, as is shown in Fig. 10, one has more attraction in
where(Up)~—40 MeV. Since{U,)~{pa(r)) for A=12, isosinglet than in the isovector pairs and the spatial distribu-
the model predicts also tiiedependence of the EMC effect, tions for different isospin states may substantially differ.
which is consistent with the datidl7]. However, for the Therefore, one can expect thAE is smaller in isotriplet
lightest nuclei where the Fermi momentum distribution isstates as compared to the isosinglet cases. To estimate the
very steep, thed dependence due to the nuclear density isupper limit of uncertaintieglue to the expected isospin de-
rather oversimplified. The correct estimation requires thegpendence of bound nucleon excitation, we decompose the
convolution of Eq.(61) with the structure function of a NN correlation into an isosinglet and an isotriplet contribu-
bound nucleon in Eq€37) and (38). tion. Then we assume for isotriplet states the minimal value

024001-18



NEUTRON STRUCTURE FUNCTION AND INCLUSI¥E . .. PHYSICAL REVIEW C 66, 024001 (2002

.3 — ar
1] L
105 [ He /. 1o0sf
o s’ [aY] B
o - A o :
X 1.00 e’ X 1.00f
T o5 1 T oesf
(a) r
0.00 L lauur, T 0.90 Lo
0.3 0.5 0.7 0.9
X
1.04 e — L1 —
1.02 L i
o L
q 1 00 A
> L ]
g 0.98 | NS g .98 | \
% SN % I
0.96 |- . 0.96 |- .
(c) Y (d)
094 Lo 001y AP A 094 Lo vt v vty vt vty .
0.3 0.5 0.7 0.9 0.3 0.5 0.7 0.9
X X

FIG. 17. The EMC ratio irfHe (a) and in®H (b) vs x atQ?=10 (GeVk)?. The super-ratipEq. (2)] vs x (c),(d). In (a)—(c) the dashed
curves correspond to the LC formaligii7) using for the nucleon structure function the parametrization of [Bé&fwhich includes nucleon
resonances. Ifa)—(c) the shaded areas correspond to the predictions of the color screening model for isospin-independent &&lues of
namely, forAE=0.6 GeV (lower) [upper for(c)] solid curves andAE=1 GeV (uppe) [lower for (c)] solid curves. In(c) the dotted line
corresponds to the prediction of the isospin-dependent screening model described in thedg#belthin and thick solid curves correspond
to the predictions of the screening model within the quark-diquark picture, when only the valence quarks and the quarks in the diquark are
suppressed, respectively.

of AE=0.6 GeV, whereas for isosinglet states we assume V. EXTRACTION OF THE n/p RATIO

no suppression at all. The prediction of this approximation is

shown as th? dotted curve in Fig. (& address the issue of the extraction of the neutron to proton
The isospin dependence of the EMC effect emerges natus—tructure function ratich(x,Qz)/Fg(x,QZ) from the mea-

ra]ly also in the quark-dlquark model of the nucleon. W|th|n surements of the ratio of the mirrév=3 structure functions,
this model one expects a different degree of suppression fodefined as

valence quark and quarks in the diquark. In Fig(dlave

have presented the predictions of the color screening model

within the quark-diquark picture, in which we have consid- F;He(X,QZ)
ered two extreme cases: the first one when the suppression Re(x,Q?)= ol
occurs only for the valence quarkhin solid curve and the F,7(x,Q%)
second one when only the quarks in the diquark are sup-

pressed(thick solid curve. To estimate the extent of the o Eq.(2) one gets

suppression we assumAE~M,—M=0.3 GeV which
roughly corresponds to the quark helicity-flip excitation in
the nucleon.

As follows from Figs. 17c) and 17d) all these approxi-
mations produce at most a 2% —3% deviation in the super-
ratio (2) aroundx=0.7-0.8, which may be considered as an
upper limit of the uncertainties due to the EMC effect in and correspondingly the uncertainty on the extractgura-
mirror A=3 nuclei within the color screening model. tio is given by

We now use the the results of the previous sections to

(64)

Fg(Xan) _ ZSREMC(XIQZ)_RF(X:QZ)
FO(%,Q%)  2Re(X,Q%)— SRemc(x,Q%)’

(65

A(F3IFY _ 3SRemc(%,.Q*) Re(x,Q%) \/[MSREMC)
FO/FE  [2Re(x,Q%) — SRemc(X, QA [28Remc(X, Q%) — Re(X,Q?)] SRemc

2
+[A(RF)

2
R } . (66)
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FIG. 18. The expected accuracy for the extraction of the neutron FIG. 19. The neutron to proton ratféh(x,Q?)/F5(x,Q?) vsx at
to proton ratioF5(x,Q%)/F5(x,Q?%) vsx atQ?=10 (GeVk)2 The  Q?=10 (GeVk)2. The solid circles are the NMC data points as
lower and upper shaded areas correspond to the CTEQ and modjiven in Ref.[45]. The solid line represents the DL parametrization
fied CTEQ parametrization described in the text. The solid circle§63] of then/p ratio. The open squares are the results of the extrac-
are the NMC data points as given in Rpf5]. tion of then/p ratio adopting the the convolution formu{23) as
described in the text. The error bars are calculated via(&&).

One can easily see that in the RHS of E86) the quan-  depends on the assumed validity of the VNC model in the
tity in front of the square root provides a factor 6f4 atx  considered range of values »f To check how well the it-
=0.7; thus, even a small uncertainty in the super-ratio isration procedure will work in case of other models of the
largely amplified in Eq.(66), yielding a non-negligible un- EMC effect, we have considered the following two ex-
certainty in the extracted/p ratio at largex. Following Ref.  amples.

[25], the total experimental error in the DIS cross section First, let us consider in Eq65) the nuclear structure
ratio of 3H and ®He is likely to be<1%. Therefore in Eq. function ratioR¢(x,Q?) which results from the use of the
(66) we assume thak (Re)/Re=1% and from the results of Modified SLAC parametrization d¥3(x,Q?) and the inclu-
the previous sections we consider thetSReyc)/SRewe  Sion of the effects of pos_3|bleq6bags within the VNC
=3% forx=0.6, leading to a total uncertainty ef12% in ~ Model. Then we apply the iteration procedure assuming for
the extracted/p ratio already ak=0.7. In Fig. 18 we have the super-ratiosSReyvc(x,Q%) the convolution calculation
reported thex dependence of the expected accuracy for thé%rrespgndlng to the Donnachie-Landsh@.) fit [63] of
extraction of the ratid=5(x,Q?)/F5(x,Q?), and the shaded F2(x,Q7), which provides an/p ratio equal to 1/3 ax
areas include the combination of all the effects discusseg—’l' Figure 19 demonstrates that a consistency Is achieved
above. Moreover, we have used the CTED] set of PDFs etween then/p ratio used as .the input ar;d the extracted
(lower shaded argand the modified CTEQ parametrization one. However ' for the calculauon. dt.F(X'Q ) we started
(upper shaded argaobtained from the CTEQ one as de- from the modified SLAC parametrization which goes to 3/7

. . . . asx—1.
scribed in Sec. lll, in order to reproducerdp ratio ap-

. . In the second example we calculate the nuclear structure
proaching 3/7 ak—1. Figure 18 demonstrates that althoughfunction ratio Re(x,Q?) using the modified CTEQ param-

mirror A=3 measurements will significantly improve the ex- etrization within the LC approximation, adopting the color

isting accuracy of the neutron structure functions at latge screening model for the EMC effeconly with valence

they may not provide a@ separation for the two predictions quark suppression in the quark-diquark picjufEo do the

of the n/p ratio having limiting values of 1/4 and 3/7 &t jteration we start with the super-rati$Rg yc(x,Q?) calcu-

—1. lated within the LC approximation without EMC effects us-
In Refs. [25,26 it was suggested that, once the ratioing the CTEQ parametrization for the nucleon structure func-

Re(x,Q?) is measured, one can employ an iterative procetion. Figure 20 demonstrates that the iteration diverges

dure to extract the/p ratio which can almost eliminate the already at values of (=0.7) smaller than the ones obtained

effects of the dependence of the super-ratiog yc(x,Q?) in [26], where only the VNC model was used. Below

on the largex behavior of the specific structure function in- =0.7 the iteration procedure converges to a value ohtige

put (see Fig. 6 Namely, after extracting tha/p ratio as-  ratio which differs from the “exact” ongused inRe(x,Q?)]

suming a particular calculation &Rgyc, one can use the exactly by the amount of the EMC effect which is imple-

extracted neutron structure function to get a new estimate ghented in the calculation ®¢(x,Q%).

SRemc, Which can then be employed for a further extrac- B_oth examples illustrate that the iterative proced_ure can-

tion of then/p ratio. Such a procedure can be iterated until"Ot improve the accuracy of the extraction of til ratio as

convergence is achieved and self-consistent solutions for tHeStimated in Fig. 18.

extractedr)/F5 and the super-ratiRgyc are obtained. In

Ref. [26] the numerical estimate of the iteration procedure

was performed within the VNC model and a good conver- In conclusion, we have performed a detailed theoretical

gence was achieved forup to =0.8. However, this result investigation of the EMC effect ifHe and®H targets. First,

VI. CONCLUSIONS
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07 rr—r—rr—rr—rr—rrrrre possible modifications of the bound nucleons in nuclei, like
— L ] (i) a change in the quark confinement siaecluding swell-
‘T 06 M ] ing), (ii) the possible presence of clusters of six quarks, and
< ) | (iii ) the suppression of pointlike configurations due to color
‘:LN 05 [ ] screening. Our main result is that one cannot exclude the
- i ] possibility that the cancellation of the nuclear effects in the
& o4l h super-ratio may occur only at a level 8f3%, resulting in a
C{ r ] significant uncertaintyup to ~12% for x~0.7—0.8) in the
= oal h extraction of the fre@/p ratio from the ratio of the measure-
T ] ments of the*He and *H DIS structure functions. Such an
N P T T P TR T TR uncertainty is comparable to the18% difference between
0.3 0.5 0.7 0.9 then/p predictions having limiting values of 3/7 and 1/4 at

X x—1, which characterize the PQCD and Feynman models.
Another consequence of the use of a broad range of models
FIG. 20. Thex dependence of neutron to proton structure func-tor the EMC effect is that the iteration procedure cannot in
tion ratiosF,, /F,,. The thick solid curve corresponds to thép general improve the accuracy of the extractéd ratio.
ratio used to calculat® . The thin solid curve is the ratio used as = ; is, however, important to note that despite such restric-

input for the iteration procedure. The dashed curves correspond tﬁons the mirrorA=3 measurements will provide an unprec-
the extracted ratio obtained after subsequent iterations. ) . )
edented accuracy in the extraction of the neutron DIS struc

we have considered first the convolution approximationture function. Thus such measurements are very much

within the VNC model and the LC approach. The differencesvelcomed. It is, however, very important to complement
in the motion of protons and neutrons in mirdde=3 nuclei, ~ them with the measurements of semi-inclusive processes off

resulting from the spin-flavor dependence of the nucleafh® deuteron, in which the momentum of the struck nucleon

force, have been taken into account. We have investigatel§ tagged by detecting the recoiling one. Imposing the kine-
various sources of uncertainties in the estimate of the supefatical condition that the detected momentum be lqw (
ratio of the EMC effects in mirroA=3 nuclei, like: (i) =150 MeVlc), which means that the nucleons in the deu-
charge-symmetry breaking terms in the nucleon-nucleon int€ron are initially far aparf17,23,24, it is possible to mini-
teraction;(ii) finite Q2 corrections to the Bjorken limittiii ) mize significantly the nuclear effgcts. Furtherm.ore, all the
the role of different prescriptions to relate the invariantunwanted nuclear effects can be isolated by using the same
nucleon spectral function to the nonrelativistic one, required@action for the extraction of the proton structure function by
to ensure baryon number conservatiiu) the role of thex detectlr)g'slow recoiling neutrons and comparing Fhe results
shape of parton distribution functions; afw the differences ~With existing hydrogen data, as well as by performing tighter
between the VNC model and the light-cone formalism. cuts on_the momentum of the spectator proton and then ex-
Within convolution approach, in which no modification of trapolating to the neutron pole.
the bound nucleon is considered, the deviation of the super-
ratio (2) from unity is predicted to stay within 1% only for
x=0.75, in close agreement with R¢R6] and in overall The authors gratefully acknowledge Steven Pieper for
agreement with Ref.25] [which by the way neglect the ef- supplying them with the results of the Green function Monte
fects (i)—(iv)], where 1% deviations were found from an Carlo method of Ref[42]. M.M.S. gratefully acknowledges
average value of the super-ratio equaktd.01. a contract from Jefferson Lab under which this work was
We have further argued that the previous estimate cannefone. The Thomas Jefferson National Accelerator Facility
be considered as definitive for the purpose of extraction ofJefferson Lapis operated by the Southeastern Universities
the F5/FJ ratio, since it is derived using just one of the many Research AssociatiaURA) under U.S. DOE Contract No.
models of the EMC effect, which has in particular a numberDE-AC05-84ER40150. This work is supported also by DOE
of problems in describing the nuclear data: namely, the ungrants under Contract Nos. DE-FG02-93ER-40771 and DE-
derestimation of the EMC effect at=0.6. Hence we have FGO02-01ER41172. We are grateful to the Institute for
provided a detailed analysis of the super-ratio within a broadNuclear TheorySeattle for the hospitality during the course
range of models of the EMC effect, which take into accountof this study.
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