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We present a comprehensive analysis of the nuclear effects important in deep inelastic scattering on polar-
ized ®He over a wide range of Bjorken 10 “<x=0.8. Effects relevant for the extraction of the neutron spin
structure functiorg’ from the He data are emphasized.
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[. INTRODUCTION work of the convolution approadl®]. In this approximation,
nuclear structure functions are given by the convolution of,

One of the fundamental challenges of particle physics isn general, the off-shell nucleon structure functions with the
to understand the spin structure of protons, neutrons, ankbht-cone nucleon momentum distributions. As a starting
nuclei in terms of their quarks and gluons. The main experipoint, we assume that the structure functions of the struck
mental tool, which is hoped to help answer the question, isiucleon are those of the free and on-mass-shell nucleon and
deep inelastic scatterin@IS) of polarized leptons on polar-  that non-nucleonic degrees of freedom, such as vector me-
ized targets. ] . ) sons and the\ isobar, do not contribute. In the following

The present work is concerned with the spin structurésection we shall relax these assumptions. The spin-dependent
functions g, of the ®He nucleus andy] of the neutron. momentum distributions are given by the probability to find
Since free neutron targets are not available, polarized deuter nucleon with a given light-cone momentum fraction of the
rium and He are used as sources of polarized neutrons. Thaucleus and the helicity of the nucleon aligned along the
SMC experiments at CERNL] and the E1432] and E155 helicity of the nucleus minus the probability that the helici-
[3] experiments at SLAC employed polarized deuterium. Potjes of the nucleon and the nucleus are opposite. In general,
larized *He was used by the HERMES Collaboration atthere is no unique procedure to obtain the light-cone nucleon
DESY [4] and the E154 experiment at SLAG]. . momentum distributions from the nonrelativistic nuclear

Properties of protons and neutrons embedded in nuclei afgaye function. In what follows, we adopt the frequently used
expected to be different from those in free space. In particUzqnyention that the light-cone nucleon momentum distribu-
lar, the neutron spin structure functigf is not equal to the  jo can be obtained from the nuclear spectral function

3He| Spin ﬁstructuri funcU;rgl ) belcz;use of z;varllety of 17_9]. Thusg;"® can be represented as the convolution of
nuclear effects. These effects include spin depolarizatio n p : g
nuclear binding and Fermi motion of nucleons, the off-n[he neutron §,) and proton @) spin structure func

shellness of the nucleons, presence of non-nucleonic degreg ns W't_h the spin-dependent nu_cleon I|ght-cone momentum
of freedom, and nuclear shadowing and antishadowingQ!StributionsAfyane(y), wherey is the ratio of the struck
While each of the above mentioned effects were considere@Ucl€on to nucleus light-cone plus components of the mo-
in detail in the literature, no attempt was made to present f€nta
coherent and complete picture of all of them in the entire
range of Bjorkerx. The aim of this work is to combine all 3he 5 f3dy

o X,Q%)= | —=Af N(xly,Q?
the known results for théHe structure functiorg;"® in the 9. (% QI= | y wandY)91(x/y, Q")
range 10%<x=<0.8 and to assess the importance of the
nuclear effects on the extraction of the neutron structure n 3d—yAf (y)g2(x/y.Q?) 1)
function g/ from the *He data. Ly o oplHe Y91y, L)
Il. SPIN DEPOLARIZATION, NUCLEAR BINDING, AND

FERMI MOTION The motion of the nucleons inside the nuclé&grmi mo-

tion) and their binding are parametrized through the distribu-
The nuclear effects of spin depolarization, binding, andtionsAfy,sye, Which, within the above discussed convention
Fermi motion are traditionally described within the frame- (one variant of the impulse approximatiprcan be readily
calculated using the ground-state wave functiondéé. De-
tailed calculationd7—9] by various groups using different

*Email address: fbissey@in2p3.fr ground-state wave functions dHe came to a similar con-
"Email address: vguzey@physics.adelaide.edu.au clusion thatA fyshe(y) are sharply peaked aroued=1 due
*Email address: strikman@phys.psu.edu to the small average separation energy per nucleon. Thus Eq.
SEmail address: athomas@physics.adelaide.edu.au (1) is often approximated by

0556-2813/2002/66)/06431714)/$20.00 65064317-1 ©2002 The American Physical Society



F. BISSEY, V. GUZEY, M. STRIKMAN, AND A. THOMAS PHYSICAL REVIEW C65 064317

3 0 - T T T T T TTT T T T T T TT1T T rrTrry

9:"(x.Q) =Pygi(x.Q) +2P,gf(x.Q%). (2 I ' ' E

Here P, (P,) are the effective polarizations of the neutron -0.55— —

(proton inside polarized®He, which are defined by 075 _ _

3 o -1E — g, ™ (Conv.) 3

Pn,p_ fo dyAfn,pF’He(Y)- (3) -1.25 ;— —. glee (Eq. (2)) —;

-L5F g =

In the first approximation to the ground-state wave func- _; 75E 3

tion of 3He, only the neutron is polarized, which corresponds 5 3 E

to theSwave type interaction between any pair of the nucle- “E E

ons of *He. In this caseP,=1 andP,=0. Realistic ap- 2B E

proaches to the wave function dHe include also higher o5t ol T L1 i
? 107 10" 10°

partial waves, notably thB andS'’ partial waves, that arise 10

due to the tensor component of the nucleon-nucleon force.

This leads to the depolarization of spin of the neutron and g, 1. The spin structure functiog;"™® obtained with Eq/(4)

polarization of protons i’He. The average of calculations (solid ling) and Eq.(2) (dash-dotted ling The neutron structure

with several models of nucleon-nucleon interactions andynctiong? is shown as a dotted line.

three-nucleon forces can be summarizedPgs-0.86+0.02 ) )

and P,= —0.028+0.004[10]. The calculations of Refg]  the quark meson coupling model is based on the MIT bag

give similar values:P,=0.879 andP,=—0.021 for the model, the range of its validity is bound from above by

separable approximation to the Paris potentREST with ~ ~0.7- Th“32 we apply the results of Refll] at 0.2<x

five channels. We shall use these values Ry and P, ~ =0-7 andQ“<10 GeV-. ,

throughout this paper. One should note that most of the un- The results for the spin structure functign™ at Q2

certainty in the values foP, andP, comes from the uncer- =4 Ge\ are presented in Fig. 1. The solid curve depicts

tainty in theD wave of the®*He wave function. Thus for the g;"® obtained from Eq(4) with Afyay, obtained using the

observables that are especially sensitive to the poorly corPEST potential with five channels. This calculation includes

strainedP,, any theoretical predictions bear an uncertaintyall the nuclear effects discussed so far: spin depolarization,

of at least 10%. An example of such an observable is thé&ermi motion and binding, and off-shell effects. We note that

point where the neutron structure functigh has a zero. on a chosen logarithmic scale along thexis, the results of
Equation (1) explicitly assumes that the nuclear spin Eds-(4) and(1) are indistinguishable and shown by the solid

structure function is given by the convolution with the on- curve. This should be compared to the dash-dotted curve

shell nucleon structure functions. In general, the nucleon§Ptained from Eq(2), which includes the spin depolarization
bound together in a nucleus are subject to off-shell modifi-EECts only. Also, for comparison, the neutron spin structure
. . . 3he function gy is given by the dotted line. The proton and neu-
cations so that the spin structure function @fle, g,™, spin structure functions used in our calculations were
should be expressed in terms of the off-shell nucleon spijpained using the standard, leading order, polarized parton
structure function:g?‘, distributions of Ref[13].
We would like to stress that the smallnuclear effects
3he . [3d ~n ) (10 4<x=0.2), shadowing and antishadowing, were not
9; (x,Q%)= L?AfnﬁHe(y)gl(X/y’Q ) taken into account so far. While we choose to present our
results in Fig. 1 in the region I§<x=<1 and to discuss our
sdy ~5 ) results in the region 10°<x=<0.8 (see belowy, the most
+ fx 7Afp/3He(y)91(X/y’Q ). (4 comprehensive expression for tiele spin structure func-

tion, g;™¢, is discussed in Sec. IV.
In general, bothA fyae and @) in Eq. (4) depend on the As one can see from Fig. 1, the nuclear effects discussed
virtuality of the struck nucleon. However, in the region, @P0ve, among which the most prominent one is ”3“C|e0” spin
where the Fermi motion effect is a small correction ( depolarization, lead to a sizable difference betwggif and

=<0.7), one can substitute the off-shell nucleon structurgy” . One finds thagi”e is increased relative tg} by about
functions by their values at some average virtuality. This WS 3or for 10-4<x<0.01. At larger, 0.01<x<0.25 ggHe
= X=U. . y . =Y. v J1

implicitly assumed in Eq(4). .
Off-shell corrections for such a light nucleus 3ide are a?dgg are equal with a few percent accuracy.#0.3 both

not expected to be large. In this work, we use the results fo, " andg} are very small so that while a quantitative com-
3" andgP of Ref.[11], where the off-shell corrections to the parison is possible, it is very sensitive to the details of the

valence quark distributions were estimated using the quarkaculation. However, one can still make f_weakly model-
meson coupling model12]. The inclusion of the valence dependent statement thabat0.45, whereg; is extremely

quarks only sets the lower limit of Bjorker, where the small because it changes sign, the contributiogfbfo giHe
results of Ref[11] are applicable, e.g., 0=0.2. Also, since  becomes at least as important as thag'pf

X
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Also, it is important to assess how well E@) approxi-  were not included in Eq(2) that have also been shown to
mates the complete result of E¢). In the region whergis  play an important role in polarized DIS otHe. These ef-
small, 10 *<x=<0.1, Eq.(2) underestimates Eq4) by less fects include the presence of non-nucleon degrees of freedom
than 1%. However, fox>0.2 the effect of convolution in and nuclear shadowing and antishadowing.

Eq. (4) makesgiHe sizably larger than predicted by E)
(see Fig. 2 emphasizing the largeregion. Thus, ignoring

for a moment the nuclear shadowing and antishadowing ef-  !ll. NON-NUCLEONIC DEGREES OF FREEDOM

. . . 3h Lo .
fects, Eq.(2) gives a very good approximation fgy ™ over The description of the nucleus as a mere collection of
the range 10"<x=<0.1. At largerx, the complete expression protons and neutrons is incomplete. In polarized DIS on the
given in Eq.(4) must be used. trinucleon system, this observation can be illustrated by the

Our conclusion thag;iHe can be approximated well by Eq. following example[17]. The Bjorken sum rul¢18] relates

1+0

(2) only in the region 10*<x=<0.1 is more stringent than the difference of the first moments of the proton and neutron

the earlier result of Ref.7], where the range of the applica- Spin structure functions to the axial vector coupling constant

bility of Eq. (2) is 107 *<x=0.9. As an argument in favor of Of the neutrong decayga, whereg,=1.2670+ 0.0035[19],

the smaller range of the applicability of E@), we can con-

sider the so-called European I>/IFuon Collaborati&iC) ra- ) L

tio for the unpolarized DIS or’He. The deviation of the P n P -~ Qs

EMC ratio from unity is, like the deviation of the prediction fo [91(x.Q%) ~ g1(x,.Q) Jdx= 69A ?” ®)

of Eq.(2) from giHe based on Eq.1), a measure of the Fermi

motion and binding effects. It was shown in REf4] that

the EMC ratio starts to deviate sizably from unityxat0.8. Here the QCD radiative corrections are denoted as

In the work of Ref[15] this happens already for>0.7. “O(ag/m).” This sum rule can be straightforwardly gener-

The convolution approach that forms the basis of Egsalized to the®He-*H system:

(1),(2),(4) implies that the nuclear structure function can be

obtained through convolution with free and on-shell or off-

shell nucleon structure functions. Using a reasonable model(3_ s, ) 346 ) 1 ag

for the virtual photon-off-shell nucleon interaction, it was | [91 (X.Q%) =01 (x,Q")]dX= & galuiton| 1+O| /1,

shown in Ref[16] that the convolution approximation itself (6)

breaks down in the region of relativistic kinematigs: 0.8.

Thusx=0.8 defines the upper limit for the region of Bjorken

x studied in the present work. . . where galiriton IS the axial vector coupling constant of the
,Itis customary to use Eq?2) for the extraction ofy from  triton g decay,galuriton = 1.211+ 0.002[20]. Taking the ratio

nge [3-5]. However, there are other nuclear effects thatof Egs.(6) and(5), one obtains

064317-3
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It has been known for a long time that non-nucleonic
o degrees of freedom, such as pions, vector mesons, the
_ Yaltriton —0.956+0.004. A(1232) isobar, play an important role in the calculation of
fl[ P(x,0%)—g(x,Q?)]dx 9a low-energy observables of nuclear physics. In particular, the
o L9 9il%, analyses of Ref[21] demonstrated that the two-body ex-
(7)  change currents involving &(1232) isobar increase the the-
oretical prediction for the axial vector coupling constant of
Note that the QCD radiative corrections are expected to cantriton by about 4%, which makes it consistent with experi-
cel exactly in Eq. (7). ment. Consequently, exactly the same mechanism must be
Assuming charge symmetry between tAele and ®H  present in case of deep inelastic scattering on polaritéel
ground-state wave functions, one can write the tritdH)(  and 3H. Indeed, as explained in Refgl7,22, the direct
spin structure functiom,(x,Q?) in the form[see Eq(4)] correspondence between the calculations of the Gamow-
Teller matrix element in the trito decay and the Feynman
diagrams of DIS orfHe and>H (see Fig. 1 0f22]) requires
that two-body exchange currents should play an equal role in
both processes. As a result, the presence ohtfire the *He
and ®H wave functions should increase the ratio of EtD)
and make it consistent with E¢7).

o _ The contribution of theA(1232) to gi”e is realized
Combining Egs.(4) and (8) and using the fact that, for through Feynman diagrams involving the nondiagonal inter-

Ja[ 3H(X Qz)_ SHe 214
o g1 (X, g; (x,Q%)]dx

3d ~
giH(X,Q2)=fX%Afn/B‘He(Y)g?(X/y,QZ)

3d -
¥ nyAfp,sHe<y>92<x/y,Q2>. ®

example, ference transitionsi—A® and p—A™. This requires new
0 +
3 ady spin structure functiong]~* andgP~* ", as well as the
f dxf 7Afn/3He(y)§2(X/y,Q2) effective polarizationsP,,_,,o and P,_ ,+. Taking into ac-
0 X

count the interference transitions, the spin structure functions
3 3 .
g, ¢ andg,"” can be written as

3 1 1

- [ dyatumy [ ox@a=p, [ e,
3 3dy ~ 3dy

© g [ty By @+ [ Aty

one obtains the following estimate for the ratio of the nuclear _ o )
to nucleon Bjorken sum rules XQR(x1y, Q%)+ 2P, a0g] "4 +4P, g,

3 3 3
[9:"(x,Q%) —g,"%x,Q?)]dx s, (3dy - ady
fo ng: fx 7Afn/3He(Y)9?(X/Y-Q2) + fx VAfpﬂHe(y)

1
P(x,Q%)—g"(x,Q%)]dx -
fo [971(x,Q%) —01(X,Q%)] ><g’l‘(xly,Qz)—ZPHﬂAogﬁHA+—4PpHA+g'{HAO.

T (11)

L 921rL’_’fn 10
Iy o P_F”. (10 . . . . .
The minus sign in front of the interference terms in the ex-
~ 3
Here we wused P,=0.879 and P,=-0.021; I'y pression forglH originates from the sign conventid®,_, 5o
= [sdxg)(x) andT' = [3dxd)(x). =Pn_aoppe=—Pp_a+pn and  Pp a+=Pp avmue
If anything, the off-shell corrections of Refl1] decrease =~ Pn_402y. Note that in general the interference spin
rather than increase the bound nucleon spin structure funstructure functions should be convoluted with the corre-
tions[i.e., (F,—T,)/(T,—T,)<1]. Thus one can immedi- sponding light-cone momentum distributions. However,
Sy p n p n . . . . . .
ately see that the theoretical prediction for the ratio of thd0deling such distributions is beyond the scope of the
Bjorken sum rule for thé=3 andA=1 systemgEq. (10)] present work. Instead, for simplicity, the convolution is ap-
based solely on nucleonic degrees of freedom, underestroximated by the effective polarizatioRs_. yo andPy_ -,
mates the experimental result for the same rfqg. (7)] by~ Just I|ke_ Eq.(2) approximates Eq(.l?. K K
about 3.5%. This demonstrates the need for new nuclear ef- The interference structure functiog$ "~ andgi " , as
fects that are not included in Eq4),(2),(4). well structure functions for the octet of baryons and the de-
cuplet of baryon resonances, can be estimated using the fol-
lowing considerations. Starting from the most general ex-
'Within the formalism of the operator product expansion, @fe  pression for the quark distribution in a baryon, and using the
dependence of moments of DIS structure functions is given byMIT bag model with a spin-dependent hyperfine interaction
target-independent coefficient functions. Hence QCD radiative corbetween the quarks, one can express the proton, neutron, and
rections in Eq.(6) are the same as in E(p). interference structure functions g23]

T,
=(Pn—2Pp)rp_

064317-4
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1 0.814T ,—T,)—0.845T ,—T
02(x,Q3) = 75[6Gx(x,Q9)~ G, (x, Q)] 2(Py_yo+ 2P, )= oAl e” L) =084 7 1n)
Fpr_4rnr
(15
1
gE(X,Q§)=TZ[GS(X,QS)—GU(X,Q?))], Here T, (T',) is the proton(neutron off-shell modified

spin structure function integrated over the interval<0x2

=<0.8. Using the standard parametrization of Hé&f3] and

gnHAozgpﬂA'#: \/—EG (x,Q2) (12 the results for the off-shell corrections of Rgf1], we find
! g “ueon for the necessary combination of the effective polarizations:

HereGg andG, are the contributions associated with scalar 2(Pppot2Pp_5+)=—0.024. (16)
and vector spectator diquarks inside the bag. Note th&6)SU
symmetry of the baryon wave function is implicitly broken
by the hyperfine interaction in Eq12), which means that

Note that Eq.(16) gives a value that is very similar to the
one reported in our original publicatid22].
Equations(11,13,16 enable one to write an explicit ex-

quﬁ GU . . . . . .
Instead of using the MIT bag model to evaluge and pression for thél—_|_e spin structure fu_nctlon, which takes |_nto

n—a0 o qp—A” h ‘ late th account the additional Feynman diagrams corresponding to
G,, and penceg% andg; » WE ChOOosE 1o refate the  y,q nondiagonal interference—A°® andp—A™ transitions
latter togy andg; . Using Eq.(12), one observes that (see Fig. 1 of22]) and which complies with the experimen-

\/_ tal value of the ratio of the Bjorken sum rul€®):
0 + 2V2
gl =gpa :?(gf—4g’l‘). (13 e [2dY - , 3dy
g1 = fx 7Afn/3He(Y)gl(X/yrQ )+ J'x 7Afp/3He(y)

We would like to emphasize that the derivation of E&R3) ~ ) ~ o~ )
does not require S@@) symmetry, which is known to fail X gh(x/y,Q?) —0.014g7(x,Q%) — 4g7(x,Q)].
badly for the nucleon spin structure functions. Also, since the (17

derivation assumes that baryons and their resonances consist
of three constituent quarks, we expect relationslip) to  Note that the last term in E417) should be included only in
hold in the region ofx and Q?, where the distribution of the region 0.Z&x=<0.8.
polarized valence quarks dominates polarized sea quarks and The results of the calculation qﬁHe at Q?=4 Ge\?
gluons. Using the parametrization of REL3], we estimate pased on Eq.(17) are presented in Fig. 2 as a solid
this regiorf to be 0.5<Q?<5 Ge\? and 0.2<x=<0.8. Thev should b 4 € obtained f

In principle, the effective polarizations of the interference “UMVe- M€Y shou € comparse o obtained from

He ;
contributionsP,,_.,o and P,_+ can be calculated using a Ed-(4) (dash-dotted curyeand tog, ™ obtained from Eq(2)
3He wave function that includes the resonance. This is an (dashed ling The neutron spin structure functig is given
involved computational problem. Instead, we chose to finddy the dotted curve.
Pn_a0andP, .+ by requiring that the use of théHe and One can see from Fig. 2 that the presence Ofﬁéh‘?232)
SH structure functions of Eq(11) gives the experimental isobar in the®He wave function works to decreagé"e rela-
ratio of the nuclear to nucleon Bjorken sum rul@s. Sub- tive to the prediction of Eq(4). This decrease is 12% at
stituting Eq.(11) into Eq. (7) yields =0.2 and increases at larger peaking forx~0.46, where
g} changes sign.

1 s AO poAt Equation(17) describes the nuclear effects of the nucleon
fo dxgr = (0+gr " (¥)] spin depolarization and the presence of non-nucleon degrees
—2(Ppn_a0t2Pp_a+) F—T of freedom in the®He ground-state wave function and is
potn based on the convolution formu{4). Since the convolution

T -7 formalism impliesincoherentscattering off nucleons and
=0.956— o_gzle_ (14)  nucleon resonances of the target, coherent nuclear effects
p— I present at small values of Bjorkerare ignored. In the next
section we demonstrate the role played by two coherent ef-
Next, we use Eq(13) to relate the interference structure fects, nuclear shadowing and antishadowing, in DIS on po-
functions to the off-shell modified proton and neutron spinlarized 3He.
structure functions and to obtain

IV. NUCLEAR SHADOWING AND ANTISHADOWING
2The lower limit of applicability of Eq.(13), x=0.2, is chosen At high energies or small Bjorker, the virtual photon
such that fox=0.2 the contribution of the polarized sea quarks andcan interact coherently with several nucleons in the nuclear

gluons tog? andg] is five times smaller than that of the polarized target. This is manifested in a specific behavior of nuclear
valence quarks. structure functions that cannot be accommodated by the con-

064317-5
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volution approximation. In particular, by studying DIS of (20)] was used to estimate the nuclear shadowing correction

muons on a range of unpolarized nuclear targets, the NM® spin structure functions of deuteriufa5], 3He [17,26],

collaboration[24] demonstrated that the ratioF2/(AF3)  ’Li [26], and °LiD [27].

deviates significantly from unity: it is smaller than unity for By definition, the spin structure functiqmi"'e can be ex-

0.0035x<0.03-0.07 and is larger than unity for pressed as

0.03-0.0%x=0.2. The depletion of the ratioF%/(AF5) is

called nuclear shadowing, while the enhancement is termed giHeoc s —olls xolly —glty (21)

nuclear antishadowing. Both of the effects break down the yeiHe  TyttHe  ThetHe  TheqoHe

convolution approximation. . : .
Quite often nuclear targets are used in polarized DIS exwhereaglﬁsHe (U;iﬁHe) Is the cross section for the scattering

periments. While these experiments do not reach such lowhen the helicities of the projectile and the nucleus are par-

values ofx as the unpolarized fixed target experiments,allel (antiparalle]. The cross sectionsﬁﬂsHeanda;lﬁg,Hecan
€ e

where nuclear shadowing is important, the antishadowing rése cajculated using the standard Gribov-Glauber multiple

gion is still covered. In the absence of a firm theoreticalscat,[erin formalism. Within this approacls:. ' and
foundation, nuclear shadowing and antishadowing have been 9 ' PP "hes>He

completely ignored in the analysis of the DIS data on p()|ar-0'heﬂ3|_|e receive contributions from the virtual photon scatter-
ized nuclei. The prime motivation of this section is to dem-ing on each nucleon, each pair of nucleons, and all three
onstrate that these two effects are quite significant and daucleons of the target. The first kind of contribution corre-
affect the extraction of the nucleon spin functions from thesponds to incoherent scattering on the nucleons and leads to

nuclear data. giHe as given by Eq(4). The simultaneous, coherent scatter-

T_he physical plctL_Jre of nuclear shadowing in .DIS IS es'ing on pairs of nucleons and all three of them results in the
pecially transparent in the target rest frame. At high energy,

. . 34 34 . .
the incident photon|y* ), interacts with hadronic targets by shadgwmg correction tg; ™, 69,"°. Detailed calculations
fluctuating into hadronic configurationf,), long before it  of 59, are presented in the Appendix. Thus, including the

hits the target: nuclear shadowing correction, the spin structure function of
3He reads
ly*)=2 (W v*)lhy), 18 4. [3dy - ady -
k g, = fx7Afn/aHe(y)92(x/y)+fXVAfp/aHe(y)gE(x/y)

where “k” is a generic label for the momentum and helicity _ ~pio AT Shy o\ N Shy o\ P
of the hadronic fluctuatiom, . Thus the total cross section 0.01491(x) 4900 ]+ a™(x) g1 (x)+ b (x) g3 (x),
for virtual photon-nucleus scattering;;tA, can be presented (22

in the general form i
wherea®" and bs" are functions ofk andQ? and are calcu-

lated using a particular model for nuclear shadowing and a
Utyo*tAzz [(hy] 7’*>|2(’E)k§*' (19  specific form of the®He grou.nd—state wave fl_mction. _

k The present accuracy of fixed target polarized DIS experi-

ments on nuclear targets is not sufficient for dedicated stud-

Here [(h|y*)|? is the probability of the fluctuationy) ies of nuclear shadowing. Thus one can only use information
—|hy); ‘TLOkE* is the |h)-nucleus total cross section. In ob- obtained from unpolarized DIS on nuclei. All of those

taining Eq.(19) from Eq. (18) we assumed that the fluctua- €xPeriments—NMC at CERN, a number of experiments at
tions hy do not mix during the interaction. In general, this is S-AC, BCDMS, and E665 at Fermilab—demonstrated that

not true since various configuratiofis,) contribute to ex- nuclear shadowing at 10<x<0.03-0.07 is followed by

pansion(18), and those states are not eigenstates of the scat®Me antishadowing at 0.03-08%<0.2. It is natural to
tering matrix, i.e., they mix. However, one can replace the2SSume a similar pattern for polarized DIS tte. Thus Eq.
series(18) by an effective statéheg) (for details of the cal- (22) can be generalized as
culation see Appendjxso that Eq(19) simplifies
3He 3dy =n de P
of o tot 91 =f 7Afn/3He(y)gl(x/y)+f 7y AferendY)01(X1y)
O'y*A_|<heff|'y >| ThgA - (20 x X
—0.0149°(x)— 49" (x) 1+ a(x)g"(x) + b(x)gP(x),
Since the effective hadronic fluctuatidéng can interact co- 49100741001+ 209910 b0 g1()
herently with several nucleons of the target, the total scatter- (23

ing cross section on the nucleus is smaller than the sum of herea (b) coincide witha®" (bS" in the nuclear shadowin
the cross sections on individual nucleons, i.e., nuclear shad” nciae wi ! u wing

. tot tot . tot region of Bjorkenx and model antishadowing at larger
owm?O;[akes place andheffA<A‘TheﬁN' This leads 100 o Since the shadowing contribution in E¢R2) breaks the
<Ao .y and to shadowing of the nuclear structure func-equivalence of the theoretical and experimental values for

tions. The approximation by a single effective stitee Eq. the ratio of the nuclear to nucleon Bjorken sum rules, one
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can reinstate the equivalence by a suitable choice of ant{28]. One of the main reasons why we decided to use the
shadowing. Thus we model antishadowing by requiring thatesults of Ref[28] is because this model corresponds to the
Eq.(23) and its®H counterpart give the correct ratio in Eq. leading twist shadowing correction to the nuclear parton den-
(7). Substituting Eq(23) into Eq.(7), we obtain the follow- sities, i.e., nuclear shadowing decreases logarithmically with
ing condition on the functiona andb: Q? according to the QCD evolution equation. We are forced
to use the leading twist model of nuclear shadowing because
in order to model the antishadowing contribution, we will
use the Bjorken sum rule, which is a leading twist result.

Alternatively, if we were not concerned with leading twist
Note that the the lower limit of integrationx=10"%, is  shadowing, we could use another model for nuclear shadow-
somewhat artificial since it is defined by the rangexabv-  ing. For example, the data on inclusive nuclear structure
ered by the parametrizations gf andg of Ref.[13]. The  functions were successfully described within the two-phase
upper limit of integrationx=0.2, is defined by the following model of Refs[29]. This model contains both the leading
consideration. We expect that antishadowing is related to cawist (Pomeron and triple Pomeron exchangasd sublead-
herent interactions with several nucleons of the target, simiing twist (vector mesoncontributions. The latter contribu-
larly to nuclear shadowing. Since the coherence length, tion is required to describe the data at lowand low Q2
~1/(2myx), becomes smaller than the average internucleoivhere higher twist effects are expected to be important.
distancefyy~2 fm, for x>0.2, we do not expect any co- Thys, in applying shadowing corrections to I6@% data
herent effects, including antishadowing, for those values opoints(such as the HERMES data used in our anajysise
X. It is natural to assume that one coherent effstiadow-  should be aware of the higher twist effects, which will make
ing) is compensated by another coherent effadtishadow- predictions less model independent.
ing) in the Bjorken sum rule and in E¢24). Results for the functiora calculated withx,=0.03 and

In general, the functiona andb are independent. In order Xo=0.07 are presented in Fig. 3 @=4 Ge\A. In both
to simplify the modeling ofa and b in the antishadowing cases the amount of nuclear shadowing at smadl quite
region, we assume that they are proportional to each othegmijlar: atx=104, the shadowing correction amounts to
i.e.,a(x).=cb(x), wherec is a constant. Our calculations of 1794, whenx,=0.03, and to 12%, whem,=0.07. These
a angib in the nuclear shadowing regigwherea=a"and  results are consistent with the earlier resuits of Rifz, 26,
b=b*") justify this assumption with high accuracy and en- where the shadowing correction gi”e was of the order

able us to fix the value for the constamtc=57. The value o ,
. . - 10%. Moreover, such a good consistency between the
of the coefficientc reflects the dominance of the effective . . .
T present calculation using the exact wave functiorildé and
polarization of the neutror®,, over that of the protorP,,. ; : . .
Equation(24) determines the net contribution afx) a%d the calculations using a simple Gaussian shape for’
q ave function, where only the neutron was polarized

e B e e b o725, cemonsrtes t hgher parl s end)
) Y q POY-are unimportant in the calculation of the shadowing correc-

nomial form fora(x) andb(x) such that both functions exist tion for polarized3He.

on the intervalko<x=<0.2 and vanish at the end points. By choosing two different crossover points, we can assess

Nuclear shado_vvmg is followed by some qnﬂshadowmg.the theoretical uncertainty of our modeling of antishadowing.
The crossover point between the two regioggs,is a param- Sincea" in the model with the crossover poist=0.07

e s o M) o OCUpis  nacer regan af he corespondng in e

about,the exact position of the crossover poigt experi- antlshad_owmg region re:_;lches hlghe_r value_s relative to Fhe

mental errors allowk, to be positioned anywhere between model vylthx0=0.03. F_or instance, at its maximum the anti-
0 P yw shadowing correction is of the order 3%, whey+ 0.03, and

0.03 and 0.07. In order to take into account this ambiguity,Of the order 7%, whem,=0.07. These values for the anti-

V:}Z'gpoigﬁ’itg#;%sovrz?Orv\tlzecoorr?gi%ﬂrggi\?vrct)ag:(tge?;ec’\lj;:;ﬁ)?;s_hadowing correction are significantly smaller than those re-
9 ported in Refs[17,26. This discrepancy must have arisen
Xo=0.03 andx,=0.07.

As explained in detail in the Appendix, in calculating the from sh_ghtly dlffer_ent shapes of th_Ede_pendence of ?nt'_

) . e <h <h i shadowing and different parametrizations @} and g7,
shadowing correctionsg, ™ and a>" and b>" entering EqQ.  which enter Eq(24) and determine the magnitude of anti-
(22) we used two versions of the model by Frankfurt a”dshadowing.

Strikman[28]. In this model, the nuclear shadowing correc- gy assumption that nuclear shadowing and antishadow-
tion to the nuclear structure fUnCtid‘T‘Q is inferred USing a |ng compensate each other in the Bjorken sum rule is quite
connection to the proton diffractive structure functibg . strong. However, we do not know how to improve on our

Both structure functionsE’; andFE, enter unpolarized DIS. approximation at the moment since a qualitatively different

However, we still choose to use this model to evaluateapproach is required. In general, all three effects—nuclear
nuclear shadowing in polarized DIS. In principle, if the datashadowing, antishadowing, and theisobar—contribute si-

on polarized electron-proton diffraction existed, one couldmultaneously to the Bjorken sum rule and the relative impor-
readily improve our treatment of nuclear shadowing in po-tance of these effects to the integral could be different from
larized DIS on nuclei, using the formalism developed in Ref.that assumed in this work. For instance, one could neglect

0.2
f10_4dX[a(X) —b(x)1[gh(x) —gi(x)]=0. (29
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FIG. 3. The coefficienta entering Eq.(23)
that describes nuclear shadowing and antishad-
owing corrections. The solid curve corresponds to
Xo=0.03; the dashed curve corresponds xtp
=0.07.
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antishadowing altogether and still have the theoretical prenuclear shadowing and antishadowing. On the chosen scale,
diction for the ratio of the Bjorken sum rules in agreementthe results of the calculations with the two different cross-
with the value extracted from experiment by a suitableover pointsx, are indistinguishable and are shown by the
choice of the effective polarizationB, . 0 and Py ., +. samse solid curve. This should be compared to the calculation
However, our experience from unpolarized DIS on nucleiof nge based on Eq(2) (dashed curveand to the free neu-
suggests that such a scenario is unlikely. tron spin structure functiog? (dotted curve

One should note that our approach to antishadowing The comparison between the solid and the dashed curves
based on the ratio of the Bjorken sum ru[sse Eq(7)] is  is very important and constitutes one of the main results of
the only example of modeling of antishadowing for polarizedthe present work. So far, in the analysis of all experiments on
DIS on nuclei known in the literature. An improvement on DIS on polarized®He—the E142 and E154 experiments at
this approximation would require a major theoretical devel-SLAC and the HERMES experiment at DESY—it was as-
opment in understanding the mechanism of nuclear shadovéumed that theHe spin structure functiogi"'e can be rep-
ing and antishadowing for parton distributions driven by ex-resented well by Eq(2). However, the sizable difference
changes with nonvacuum quantum numbers, i.e., by norbetween the full calculation based on Eg3) and the one
Pomeron exchanges. To approach the solution, one shoulthsed on Eq(2) indicates that it is important to treat all the
possibly start from unpolarized DIS, where baryon and mo+elevant nuclear effects equally carefully. In the nuclear
mentum sum rules give powerful constraints on the shape Osfhadowing region, 10'<x=< 0_03_0_07,giHe based on Eq.
parton distributions in nuclei. In unpolarized DIS on nuclei, (23) is larger than that based on E@). For example, ak
models of antishadowing include the model of RES0], ~ =1072 the difference is 8%. In the antishadowing region,
where antishadowing explained by 'lntroducmg both the0.03—0.07<x<0.2, giHe based on Eq(23) is smaller than
Pomeron and Reggeon exchangéere is only the Pomeron o one predicted by Edq2). The difference can be read off
exchange in the present worlor the virtual photon-nucleon  ¢rom the corresponding curves for the functafrom Fig. 3.

interaction, and the model of R¢B1], where antishadowing  rqr instance, for the calculation with=0.07, the full result
is a consequence of the virtual photon scattering off the plo%

3He ; ;
cloud of the nucleus and nucleon-nucleon correlations in th (3); glt ls()slrgage_zr than tTe apEr(zjmm_ate onde Oft.Eﬁ) (lij .
nuclear wave function. Unfortunately, it is not clear if the ' 7° atx="0.15. SINce nuclear snadowing and antishadowing

baryon number and momentum sum rules are conserved e absent at>0.2, Eq.(23) coincides with Eq(7) in this_
these two models. region and for the comparison between the full calculations

Using our calculations for the coefficienésand b, we and an gpprox_imate one given by E), we refer the reader
present the most comprehensive result for thee spin [ the discussion of Fig. 2.

. 3 . . .
structure functiorg, " based on Eq23) in Fig. 4. The solid V. EXTRACTION OF g} FROM THE 3He DATA
curve includes all of the effects discussed above: nucleon . ) )
spin depolarization, Fermi motion and binding effects, the N the previous section we presented the calculation of the

presence of the\ isobar in the ®He wave function, and spin structure function ofHe, g,"°, which includes the
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i of Eq. (2) (dashed curve and to g] (dotted
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effects of nuclear shadowing and antishadowing, the preseffects of nuclear shadowing and antishadowing andAhe
ence of theA(1232) isobar in the®He wave function, isobar on theg] extracted from the’He data can be repre-
nucleon spin depolarization, Fermi motion and binding, andsented by the ratio aj; based on Eq(25) to g} exp

3
off-shellness of the nucleons. The result'gwlﬁ'e given by Eq.

3
(23) deviates from the approximate expressiondgt® given n D/ n
by Eg. (2), which takes into account only the effect of the 9 _ Pnt91/01 ] 0.014-b(X)]

nucleon spin depolarization. Since E) was used to ex- 91 exp P,+0.056+a(x)
3

tract the neutron spin structure functighl from nge, one

should reanalyse the data using the complete (2§.. In

particular, we present our corrections ¢§ obtained from

DIS on polarized®He by the E154 Collaboration at SLAC b
. are equal to zero fox=0.2.

[5] and the HERMES Collaboration at DES¥]. 9

: : The results of the application of E(6) to g exp€pOIted
Let us denote the neutron structure function obtained frorre)y the E154 and HERMES Collaborations are presented in

3H H 13 ”
g1, using Eq.(2), asg} exp: On the other hand, the “true” Fig. 5. We present calculations for the case, wkga 0.07.
neutron structure functiorgy, should be extracted from Eq. For simplicity we assumed that the functicasndb enter-
(23). First, our analysigsee Fig. 1 and the discussion of it ing Eq.(26) and describing the amount of nuclear shadowing
demonstrates that the off-shell corrections are negligibleand antishadowing do not vary appreciably wi@f. This
Second, as can be seen by comparing the dash-dotted agflabled us to use our results farand b at fixed Q?
dotted curves in Fig. 2, Fermi motion and binding do matter=4 Ge\?, which were presented in the previous section
for x>0.1. Thus in order to extrad from Eq.(23) one  (see Fig. 3 The proton spin structure functigf was evalu-
must deconvolute' th'$ expression, which WOl_J|d .|.nvolve aated at the appropriateandQ? using the parametrization of
number of approximations and would bear a significant theref. [13]. Also note that while the values of and Q2 are
oretical uncertainty. We opt for a simpler option—which pos-correlated for the HERMES data, the E154 Collaboration has
sibly has similar degree of accuracy—of replacing the congyglved their data to the common scaB=5 Ge\’

(26)

Note that the coefficients 0.014 and 0.056 should be set to
zero forx<<0.2 andx>0.8. By definition, the functiona and

volution in Eq.(23) by the effective polarizations: One can see from Fig. 5 that in the region of nuclear
. shadowing, 10*<x=0.07, ignoring nuclear shadowing
0, %= P01+ 2P g5 —0.014 98(x) — 4g7(x)] would lead one to overestimagg . For the lowest« experi-
N o mental data points, this effect is of the order 4%. At larger
+a(x)gy(x) +b(x)gi(x). (29 0.07<x=0.2, the inclusion of nuclear antishadowing in-

_ S o _ creasesg]. For instance, the increase is 7% at
Besides its simplicity, Eq(25) also clearly indicates which  ~0.12-0.13, where the antishadowing correction is maxi-
nuclear effects contribute @,"°. Thus the influence of the mal. The influence of thé isobar on the extraction aj]
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from the ®He data is even larger: the experimental values foigiven by the parametrization of RdfL3]. Note thatg; ob-
g7 should be increased by as much as 15-25 %. tained in Ref[13] was fitted to the experimental data with-
It is also interesting to note that the correction associate@ut the correction associated the isobar and thus corre-
with the presence of thé isobar changes the value of sponds tayj .,,. Figure 6 presentg) based on Eq(26) as a
Bjorken x, whereg] changes sign. Indeed, as can be seemolid curve and the free neutron spin structure funcgibg,
from Eq. (26), g7 is larger thang] ., for x>xo, i.e., 9] as a dashed curve. The two curves corresponth%
changes sign at smaller than g .,,. In order to see the =4 Ge\2.
magnitude of this effect, we analyze Eg6) with g} andg} One can see from Fig. 6 that for a given choicéfand

=_0.01
bn =

-0.01

00 |
FIG. 6. The neutron spin structure functigh

based on Eq(26) (solid curve compared to the
case based on the parametrization of R&f]

T (dashed curve
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shapes ofy] andg!, the presence of tha shifts the point
whereg] changes sign, from 0.46 to 0.43.

The effect of theA on the ratiogy/g] ey, is much more
dramatic. If we formed the ratig}/g} ¢, using the results
presented in Fig. Gi.e., the ratio of the solid and dotted

PHYSICAL REVIEW C 65 064317

timate that the uncertainty in the second term of 2§) and
thus in the position of the point wher€ has a zero, is of the
order 10%.

The terms proportional to 0.056 and 0.014 represent the
correction toA] associated with tha isobar. Both terms are

curves of Fig. 6 its shape would be quite similar to the important for the correct determination Af . The term pro-

tendency presented in Fig. §7/97 exp dips below unity for

portional to 0.056 decreases the absolute valueAbfoy

0.2_sx<0.4 and ri.s.es above unity fq«>0.5. However, thg about 6%. Moreover, ifAiHe is negative, the second term
ratio g1/91 e, exhibits extremely rapid changes from being proportional to 0.014 would work in the same direction of
large and negative to large and positive in the interval O'Adecreasing OrAiHel_ Since the term proportional to 0.014 is

<x<0.5, whereg} changes sign. This effect is not seen in

Fig. 5, where the discrete values gf exp @r€ never close
enough to zero. In the future, experimental studiegg)gxp

always positive, this means that the tigshould turn posi-
tive at lower values ok compared to the situation when the
effect of theA is ignored(see Fig. 6.

near its zero would provide a very sensitive test of our model

for the contribution of the\ isobar togi”e.

VI. A} FROM THE 3®He DATA AT LARGE x

VIl. SUMMARY AND CONCLUSIONS

We presented a comprehensive picture of nuclear effects
relevant for DIS on polarizeHe, over a wide range of

In this section we derive the expression necessary to eXgjorken x, 10 *<x=<0.8. These effects include nuclear

tract the neutron asymmeti] from the 3He data, which
takes into account the presence of thdsobar in theHe

shadowing and antishadowing, nucleon spin depolarization,
Fermi motion and binding, the presence of thasobar in

wave function. This calculation is motivated by the E99-117the *He wave function, and the off-shellness of the nucleons.

experiment that is currently under way at TINABSA)
[32]. Using DIS on polarizecfHe, the neutron asymmetry

A7 will be extracted from théHe asymmetr)AiHe, which is
measured with high accuracy in the langeegion, 0.33<x
=0.63.

The DIS asymmetryAI for any targefT is proportional to
the spin structure function of the targgilf:

T
T F2

_ T
9= 1+ R AL

(27)
whereR=(F;—2xF})/(2xF}) andFy, are inclusive spin-
averaged structure functions. It is assumed in &4) that
the transverse spin asymmetdj, is negligibly small and
that R does not depend on the choice of target.

Applying this definition ofAI to 3He, proton and neutron
targets and substituting into E¢R5), where the terms pro-
portional toa andb were omitted(we are interested in the

large x region, where shadowing and antishadowing are not At small values of Bjorkerx, 10

presenk, one obtains, for the neutron asymme#y,
F;He
0.05
Pn

EP
x| AjHe— ZFTie PpAE< 1-
2

A=

P.Fl 1+

. (28

0.014)
2P,

Provided that the proton asymmet#} is constrained well

For the first time, all the above effects were studied in a
uniform fashion using the ground-state wave function of
3He, which was obtained as a solution of the Faddeev equa-
tion with a separable version of the Paris nucleon-nucleon
potential (PEST) with five channels. It is crucial to include

all relevant nuclear effects for the proper determination of
the neutron spin structure functig] from the *He data. In
particular, we emphasized that the commonly used approxi-

mate expression fcgiHe based on Eq.2) receives important
corrections from the effects associated with nuclear shadow-
ing and antishadowing and the isobar[see Eq(25)]. As a
consequence, the values of the neutron spin structure func-
tion g7 deduced from théHe data by the E154 experiment
at SLAC and the HERMES experiment at DESY should be
corrected. Our results should be also taken into consideration
in analysing the results of future DIS experiments on polar-
ized 3He, such as, for instance, the E99-117 experiment at
TJINAF. Our results are summarized below, starting from the
smallestx.

4<x=<0.2, gi“e is af-
fected by nuclear shadowing and antishadowing as well as
nucleon spin depolarization effedisee Eq.(23)]. As a re-
sult, the deviation from the approximate expressiongfzﬂe
given by Eq.(2) could be as large as 8% at10"3. This
requires a 4% decrease of the lowrstalues forg reported

by the E154 and HERMES experiments. The effect of the

antishadowing correction tgi“e is somewhat smaller and
works in the opposite direction: the experimental values for
the extractedy] should be increased. For instance, the in-
crease is 7% at=0.13. Note, however, that our treatment of
antishadowing is model dependent and our predictions for

by the experimental data, the largest theoretical uncertaintthe amount of antishadowin@nd shadowing ax close to

(which is of the order 10%in Eq. (28) comes from the
uncertainty in the proton spin polarizatidt),. Thus we es-

Xg) depend crucially on the choice gf, the crossover point
between the nuclear shadowing and antishadowing regions.
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At larger x, 0.2<x=<0.8, the three principal nuclear ef- shown by an arrow next to the nuclear wave function. Since
fects are the nucleon spin depolarization, the presence of thhe helicities of the nucleons need not be aligned with the
A(1232) resonance in théHe wave function, and Fermi helicity of the target, there are sums over helicities of the
motion and binding effects. The effect of tie works to  nucleons(symbolized bys,, s,, ands; in the superscripis
decreascglHe For example, the decrease is of the order 12%lhe subscripts on thE’s (i, j, andk) are designed to dis-
atx=0.2. The modification caused by tieis very signifi-  tinguish between the neutrons and protons. Positions of the
cant atx~0.46, whereg] (in the particular parametrization nucleons with respect to the center of the nucleus are given
of Ref.[13]) is expected to change sigfor example, pre- by transverser(,) and longitudinal ) coordinates. The
dictions for the shape af; were derived in Refl33] within  factorse'@(%~%) take into account the nonzero longitudinal
the MIT bag model In the region 0.2x<0.8, the E154 and momentum transferred to the nuclegg=2myx, wheremy
HERMES values fog} should be increased by as much asis the nucleon mass.

15-25%. Also, the effect associated with theis expected Using time reversal one can show that efunctions in

to increase the neutron DIS asymme&y, which will be  the double scattering terms of Eé2) can be substituted by
measured by the E99-117 experiment at TINAF. As a resulty/2 and that the product of tw® functions in the triple

the trueg should change sign at lower o scattering term can be substituted by 1/6. In addition, choos-
The data files with the results presented in this work aréng the normalization of théHe wave function such that, for
available on request from V. Guzey. example, the first nucleon is the neutrmith coordinates
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APPENDIX: NUCLEAR SHADOWING sy p 2 Y i91(zo—21)
IN POLARIZED DIS ON 3He (b= )T (b =rpr e ]
In order to estimate nuclear shadowing in polarized DIS + 3
on 3He we use the standard Gribov-Glauber multiple scat-
tering formalism(for a pedagogical review of the method,
see Ref[34]). The cross section fdn.s>He scattering[see xFLS2(5—FpL)FLS3(B—Fp,l)e‘qu(zn—zp’)
Egs. (19),(20),(21)] with parallel helicities ah AHer €an be

expressed through the nuclear profile funct[b;ié

r(b-ry)

S1.55,53

\P;H -
(A3)

ULT 3=2 Re deFngb), (A1) Eac.h spin-dependent nucleon profille function is rglated to
H the spin-dependert.¢-nucleon scattering cross section’

whereb is a vector of the impact parameter, the distance® and the slopd (whose value is discussed lgter

between the projectile and the center of the nucleus in the oS
plane transverse to the direction of the projectile. The nuclear s (r )_ Inp e~ ~r2/(2B) (A4)
profile functionl’l;eis obtained as a series over nucleon spin- LT 4B '

dependent profile functionE;(b—r;,) averaged with the
ground-state wave function oHe,

Iyl (v, IE 2 Tlb=ri,) 2 >

7] 1.8 ah = |E (o3 Py+20)PS)

X (b1 )T 2(b—r],)@ (2~ 7)€ 2)

Combining Egs. (A1),(A3),(A4) one obtains for the
hes~He spin-dependent scattering cross section

> (20’T SlchSZPSlSZ + ojsla'T SzPslsz)

3
. I - 87B

+ > X TMb-R)rb-r) e

i#]#K $1,55,53 1

TS]_ TSZ TS3 515253
- - +— P 4

XI(B-110)0(2,-2)0 (24 2) BB 5, s, 1 0 0 e o)

i (zi—z) |\ ! (A5)
x el 2w ). (A2)

The helicity of the virtual photon is denoted by the first Here theP’s are projection operators onto one or several
arrow in the superscripts; the helicity of the target nucleus iswucleons of*He with particular helicities. The cross section
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for heg -3He scattering with antiparallel helicitias, * s, is R L
eff 9 _ . P o her>He o.=> (11 d3ri[|\Ifl grn,T;rp,sl;rp,,sz)l2
obtained from Eq(A5) by inverting the helicity of the target. 1.5, [ H
Next we introduce cross sectiodsr and o,
L — W] (P LTSt 522
O'rT],TpE Oeff T EAUn'p’ . -
x e~ Un=ro) B cosq (2, - z,),
1 1
Onp=0cf— EAUn*p' (AB)

q)p:;;, Hd3Fi[|\If;Han,sl;Fp,T;Fp,,sz)|2
Here we do not distinguish between the spin-averaged cross 1

sections for protons and neutrons, iy is the same for the e e 5

interaction with protons and neutrons. =Wy, (rnsS1irp 13T ,82) ]
Using Egs(A5),(A6) the difference between the; -*He o

scattering cross sections with parallel and antiparallel helici- X e*(rni*rpi)2/(4B)Cosq”(zn_Zp)

ties,AcrheﬁsHe, can be presented in the form

3 [T v sty 16y DP

S I——
Ao-heff?’He_O-heffA UheﬂA

O off N - -
=Pal o+ 2PpA 0y~ 7 p (Aot Ady®y) —| W) (ST, Ly, DI

o X e*(FpL*Fp’i)z’(43)cosq||(zp—zp,). (A8)

+————Ao,. A7
487%(aspg B)? 7 (A7)

) ) . Here B=6 GeV 2 is the slope of the elementary
Several remarks concerning H#7) are in order here. First, p_. _nucleon scattering cross section. The used value for the
P, andP are effective proton and neutron spin polarizationssjope B requires discussion. It should be noted that, within
defined by Eq(3). We useP,=0.879 andP,= —0.021. Sec-  the framework of Ref[28], the elementaryhyg -nucleon
ond, the nuclear shadowing correctionde, A, Which is  scattering cross section is proportional to the diffractive
given by the third and fourth terms of E¢A7), is deter-  electron-proton DIS cross section. THB$s in fact the slope
mined by the effective spin-averaged cross seatign This  of the diffractive electron-proton DIS cross section. The
cross section defines the strength of the interaction with ZEUS  Collaboration  measurement  givesB=7.2
pair of nucleons of the nuclear target, which determines the-1.1 GeV 2 [35] in the HERA kinematics. Sinc& de-
size of nuclear shadowing. The shapergf; as a function of creases slowly with decreasing energy, a slightly smaller
x atQ?>=4 Ge\? is shown in Fig. 2 of Ref[28] (note that  value forB, B=6 GeV 2, seems to be more appropriate for
we madifiedo i for x>0.01 so that it vanishes ap=0.03  the kinematics of fixed target experiments on polarized DIS
or xo=0.07). For instanceres~15 mb atx=10 3. As dis-  on nuclear targets.
cussed in Sec. IV, we made an assumption thatis the For the ground-state wave function 8He we used the
same as the effective cross section for sea quarks, which wase obtained by solving the Faddeev equations with the
determined in the analysis of unpolarized DIS on nucleiPEST two-nucleon interaction potential including five chan-
within the framework on the approa¢®8]. This means that nels[9].
we assume that the strenghs of nuclear shadowing in inpo- Using the relation between the spin structure function

|al’ized and polarized DIS on nuclei are the same. Thll’d, th%iHe and the difference of the cross Sectioﬂsl-h 3He [See
eff

nuclear shadowing correction due to triple scattering, give . ;
by the last term in EqLA7), is small. As discussed in Sec. IV, rEq' (21)_]’ one can find the T,?eSt complete expression for the
our numerical analysis demonstrated that the calculationsH€ SPin structure functiog,™ [see Eqs(22),(23)],

with the exact(including higher partial wavesand highly
simplified (where only the neutron is polarized/ave func- . sdy 3
tions of 3He give very close results for the nuclear shadow- nge:f — Afene(Y) 9] (X1y)
ing correction. Thus, to estimate the triple scattering contri- x Y
bution, it is safe to use a simple Gaussian ansatz forHe 3
ground-state wave function withsp.=27 GeV ? and as- + f
sume that only the neutron is polarizédi7]. Fourth, the
main effect of nuclear shadowing comes from the double sh n sh p
scattering termgproportional to®, and® ;) which need to Fam00g100 +bTH(x) g1 (%), (A9)
be carefully evaluated.

The functions®, and®, are defined as where

dy ~ ~ ~n
7Afp/3He(y)gE(x/y) —0.0149%(x) —497(x)]

X
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2

O eff O eff
ash(x,Q%)= — —— P+
x.Q9 4mB " 4872 (asyet B)?
sh 2y _ T eff
b®"(x,Q%) 47TBCI)p. (A10)

PHYSICAL REVIEW C65 064317

In Eqg. (A9), we replaced the single scattering terms propor-
tional to P, and P,, by their generalization in terms of the
convolution with the off-shell nucleon structure functions.
Also, the effects associated with the presence ofthgobar
were included.

[1] SMC Collaboration, B. Adevat al, Phys. Lett. B302 533
(1993; D. Adams et al, ibid. 357, 248 (1995; 396, 338
(1997; B. Adevaet al, Phys. Rev. D68, 112001(1998.

[2] E143 Collaboration, K. Abeet al, Phys. Lett. B364, 61
(1999; K. Abe et al, Phys. Rev. Lett75, 25 (1995; Phys.
Rev. D58, 112003(1998.

[3] E155 Collaboration, P. L. Anthongt al, Phys. Lett. B463
339(1999; P. L. Anthonyet al,, ibid. 493 19 (2000.

[4] HERMES Collaboration, K. Ackerstafét al., Phys. Lett. B
404, 383(1997.

[5] E154 Collaboration, K. Abeet al, Phys. Lett. B404, 377

(1997; K. Abe et al, ibid. 405 180(1997; Phys. Rev. Lett.

79, 26 (1997.

[6] R. L. Jaffe, inRelativistic Dynamics and Quark-Nuclear Phys-

ics, edited by M. B. Johnson and A. Picklesing¥iley, New
York, 1986.

[18] J. D. Bjorken, Phys. Re148 1467(1966.

[19] Particle Data Group, C. Cast al., Eur. Phys. J. G, 1(1998.

[20] B. Budick, Jiansheng Chen, and Hong Lin, Phys. Rev. I61t.
2630(199).

[21] T.-Y. Saito Y. Wu, S. Ishikawa, and T. Sasakawa, Phys. Lett. B
242 12(1990; J. Carlson, D. Riska, R. Schiavilla, and R. B.
Wiringa, Phys. Rev. G4, 619 (1991).

[22] C. Boros, V. Guzey, M. Strikman, and A. W. Thomas, Phys.
Rev. D64, 014025(2002).

[23] F. E. Close and A. W. Thomas, Phys. Lett2B2 227 (1988;

C. Boros and A. W. Thomas, Phys. ReveD, 074017(1999.

[24] NMC Collaboration, P. Amaudruet al., Nucl. Phys.B441, 3
(1999; M. Arneodoet al, ibid. B441, 12 (1995.

[25] J. Edelmann, G. Piller, and W. Wiese, Z. Phys387, 129
(1997; Phys. Rev. (57, 3392(1998.

[7] C. Ciofi degli Atti, S. Scopetta, E. Pace, and G. Salme, Phys.[26] V. Guzey and M. Strikman, Phys. Rev.61, 014002(1999.

Rev. C48, R968(1993.
[8] R.-W. Schulze and P. U. Sauer, Phys. Rev&:38 (1993.
[9] F. Bissey, A. W. Thomas, and |. R. Afnan, Phys. Rev6€
024004(2001).

[10] J. L. Friar, B. F. Gibson, G. L. Payne, A. M. Bernstein, and T.

E. Chupp, Phys. Rev. @2, 2310(1990.

[27] V. Guzey, Phys. Rev. €4, 045201(2001.

[28] L. Frankfurt and M. Strikman, Eur. Phys. J.54293(1999.

[29] W. Melnitchouk and A. W. Thomas, Phys. Lett. 87, 437
(1993; Phys. Rev. G52, 3373(1995; J. Kwiecinski and B.
Badelek, Phys. Lett. 208 508(1988.

[30] S. J. Brodsky and H. J. Lu, Phys. Rev. Lé#, 1342(1990.

[11] F. M. Steffens, K. Tsushima, A. W. Thomas, and K. Saito, [31] W. Melnitchouk and A. W. Thomas, Phys. Rev. 47, 3783

Phys. Lett. B447, 233(1999.
[12] P. A. M. Guichon, Phys. Lett. 00, 235 (1988; P. A. M.

Guichon, K. Saito, E. Rodionov, and A. W. Thomas, Nucl.

Phys.A601, 349(1996.

[13] M. Gluck, E. Reya, M. Stratmann, and W. Wogelsang, Phys.

Rev. D63, 094005(2001).
[14] I. R. Afnanet al, Phys. Lett. B493 36 (2000.
[15] M. M. Sargsian, S. Simula, and M. .
nucl-th/0105052.

[16] G. Piller, W. Melnitchouk, and A. W. Thomas, Phys. Rev. C

54, 894(1996.
[17] L. Frankfurt, V. Guzey, and M. Strikman, Phys. Lett.381,
379(1996.

(1993. The original publications on the subject include C. H.
Llewellyn Smith, Phys. Lett128B, 107 (1983; M. Ericson
and A. W. Thomasbid. 128B, 112 (1983.

[32] Proposal of the E-99-117 experiment at TINAF “Precision

measurement of the neutron asymmeifyat largexg; using
TINAF at 6 GeV,” Z.-E. Meziani, J.-P. Chen, and P. Souder,
spokepersons.

Strikman, [33] A. W. Schreiber, A. I. Signal, and A. W. Thomas, Phys. Rev. D

44, 2653(1991); F. M. Steffens, H. Holtmann, and A. W. Tho-
mas, Phys. Lett. B58 139(1995.

[34] T. H. Bauer, R. D. Spital, and D. R. Yennie, Rev. Mod. Phys.

50, 261(1978; 51, 407E) (1979.

[35] ZEUS Collaboration, Eur. Phys. J. T 81 (1998.

064317-14



