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We suggest using polarized nuclear targetsldfand *He to study nuclear effects in the spin-dependent
structure functiong);(x,Q?). These effects are expected to be enhanced by a factor of 2 as compared to the
unpolarized targets. We predict a significandependence at 16—10 3<x<0.2 of g;a(x,Q%)/g1n(X,Q?)
due to nuclear shadowing and nuclear enhancement. The effect of nuclear shadowiig@at is of an order
of 16% for g% ¥4x,Q?) /g (x,Q?) and 10% forgls_,(x,Q2)/g}:s (x,Q?). By imposing the requirement
that the Bjorken sum rule is satisfied we model the effect of enhancement. We find the effect of enhancement
at x~0.125 (0.15) to be of an order of 20 (55)% fof}s ¥%(x,Q?)/g}s(x,Q%) and 14 (40)% for
g7x_5(x,Q9)/91y (x,Q?), if enhancement occupies the region Gs05<0.2 (0.1=x=<0.2). We predict a 2%
effect in the difference of the scattering cross sections of deep inelastic scattering of an unpolarized projectile
off 7Li with M;=3/2 andM,;=1/2. We also show explicitly that the many-nucleon description of deep
inelastic scattering off Li becomes invalid in the enhancement region 8:65<0.2.

PACS numbeps): 25.10+s, 24.70+s, 25.30--c, 24.85:+p

[. INTRODUCTION guark parton densitieg3—5| and it is absent for the sea
It is now well known that nuclear effects are important in quarks[6].
deep inelastic scatterin@IS) of leptons on nuclear targets. Thus, nuclear shadowing and enhancement are the two
For example, if we consider the ratio of structure functionsphenomena that modify the structure functions of nuclei at
Ra(X,Q) = (F,a(Xx,Q)/A)(F,p(x,Q)/2) as a function ofx, 10 °-10 4<x=0.2-0.25 and produce their nontriviabe-
we can distinguish various regions over the range rtbm pendence. In spite of the potential importance of the nuclear
107°-10* to x=1 and beyond, where different nuclear shadowing and enhancement effects until recently they were
mechanisms govern the particular behavioRa{x,Q). In  ignored in the studies of nuclear effects in polarized nuclear
this paper we will consider only the regior=0.2. structure function$7] and their applications to the Bjorken
For x<0.05 RA(x,Q) is smaller than 1 due to nuclear sum rule for nucle{8].
shadowing. It arises from coherent interactions of the incom- The study of nuclear shadowing provides unique informa-
ing virtual photon with several nucleons of the target nucleugion about the space-time picture of strong interactions and,
in the target rest frame. These interactions occur over thi particular, about the interplay of soft and hard effects. The
distance | .=t;~1/(2myx), see Eg.(1). When I.~ryy uncertainties due to the wave functions of nuclei are small
=1.7 fm, the average internucleon distance in nuclei, thesince the large internucleon distances give the dominant con-
coherence effects become suppressed. This sets the upjbebution.
limit to the region of nuclear shadowing at=0.05. In the Another application of studies on nuclear shadowing ef-
infinite momentum frame the leading twist shadowing can bdects at lowx is related to the neutron spin-dependent struc-
viewed as a depletion of the nuclear parton densities due totare function. As it was pointed out in our original papgf,
spatial overlap of partons belonging to different nucleonswhen one extracts the neutron spin-dependent structure func-
Nuclear shadowing phenomena for the structure functioriion gin(x,Q?) from the *He data, shadowing and enhance-
Foa(x,Q?) and for the nuclear gluon parton density mentshould be taken into consideration. If it is not done, this
Ga(x,Q% have been discussed in the literature for a longMight lead to a misinterpretation of the data.
time. Current data on shadowing fBpA(x,Q?) are consis- We propose to study experimentally effects of nuclear
tent with the Gribov theory1] which relates this phenom- shadowmg and enhancement using polarized nuclefLof
enon to diffraction on protons, for the recent discussion and@nd *He because for these nuclei nuclear shadowing and
references sef]. enhancement are larger by a factor of 2 as compared to the
For x>0.05 up to 0.2—0.28R(x,Q?) first grows and unpolarized targetd].*
becomes larger than 1, then decreases and approaches 1 from
above. The dynamical mechanism of enhancement has not
been understood yet. It is present for the gluon and valencela similar enhancement is present for deuteron targets, though it
is very difficult to observe it experimentally sincgq(x,Q?)
<glp(x,Q2) for small x. For an extensive discussion of scattering
*On leave of absence from The Pennsylvania State University. off polarized deuteron targets sgH].
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Basically, this is because in the case of unpolarized scat- 2y
tering due toN identical exchanges a factorNl/ is present tr=— >~ 5mx >2Ra, D
in the Glauber series, while in the case of polarized scatter- Q™+ Mhi N

ing the exchange generatinga(x,Q?) is not identical to the

rest of the exchanges, leading to a factoNE{(1)!. Hence,

for the case of light nuclei where triple rescatterings can bdhen the incoming virtual photoficould be a real one as
neglected the shadowing effect is enhanced by a factor of 2Vell) reveals its hadronic properties. For example, DIS on
Also it is instructive to consider the limit of large atomic Nuclei displays shadowing, i.e., the effect when the nuclear
numberA. In this case scattering off a polarized valenceStructure funct!on per nucleon |s.smaller than the nucleon
nucleon can contribute tgyA(x,Q2) only if the nucleon is structure function. Throughout this paper we will refer to

near the edge since for the central impact parameters th“e“ase quark.-gluor_l qonﬁguranons as stdtes. .
interaction would be black and, hence, would not contribute If.Eq. (1) is satisfied, then the total phqtoabsorptlon cross
. R section of photons on a nuclear target with the atomic num-

to the spin asymmetry. As a result in this limit one would getberA can be presented as
for small enough that g;a(x, Q%) = A~?3g,n(X,Q?).

Polarized ®He has been used extensively over years. It
seems feasible to reach large values of polarization flria
target as wel[11].

2y — *|h.\|2
In the present paper we calculated nuclear shadowing of 7ya(Q )_% ISau ThiA- (2)
the spin-dependent structure functiog§s *4x,Q?) and
gh¥ ¥%(x,Q?) using an extension of the Gribov theory of
nuclear shadowing in DIEL]. Note that since Eq2) is an effective one, we can think of

Obviously this changes the contribution to the Bjorkenstates|h;) as eigenstates of the scattering matrix, i.e., no
sum rule at smalk. Hence this depletion should be compen-"ondiagonal transitions need to be introduced.
sated by some enhancement such that these two effects do 1© €laborate more on the cross sectiofg ando, , and
not alter the ratio of the integrated nuclear to nucleon nontheir relevance to our problem it is instructive to go to the
singlet spin-dependent structure functiddswhich is deter-  infinite. momentum frame of the target. The spin-dependent
mined by the Bjorken sum rule. We used this as a guidingtructure functior_gl(x,QZ) can be written as a convolution
principle to model the effect of enhancement for the regionVith quark nonsingletAq,s, singletAqs, and gluonAG
0.05 (0.1)£x=<0.2, where enhancement is the dominantPolarized parton densitigd 3]
nuclear effect.

()

Il. NUCLEAR EFFECTS AT SMALL x IN 01(x,Q%) = T(Cns®Aqns+ Cs®Ags+2n;Cy®AG),
g1a(X,Q?) FOR 'Li 3

As we pointed out in the Introduction the fact that it is
possible to create targets of polariz8d makes this nucleus o —1<Nf 2 . .
a useful tool for studying spin-dependent structure functions‘.’vhere<e )=n; 21,80, ® denotes cgnvolutlon w2|th re-
According to the shell model, nuclear polarization will be SPECt tox. Therefore, nuclear shadowing gia(x,Q°) at
predominantly(87%) due to a single protofl2]. This will small x is due to nuclear shadowing of the spin-dependent

; tructure functions. The recent analysis of the diffractive data
gnhance shadowing and enhancemen.t effects for the pola§f HERA [2] showed that in unpolarized deep inelastic scat-
ized target as compared to the unpolarized one by a factor

A . cfering on nuclei the nuclear shadowing for gluon parton den-
2. An adv_antage“of ”S'”QL.' as compared to’He, i.e., a sities should be larger by a factor of 3 than that for the quark
nucleus with the “valence’(in the sense of the shell modlel

. . arton densities. Namely, at= 102 andQ is of an order of
proton rather than neutron, is that the proton spin-depende

X N ) w GeV, the effective cross section of interaction |bf)
structure functiory; (X, Q) is known with a better accuracy \yith the nucleon in the quark channebs=17 mb, and in

than the ngutron spin-dependent  structure function,g gluon channebrx=50 mb. The notion of the quark
91n(x,Q?). This matters because one can see from the struGhannel is referred to the* interaction with the quark field
ture of our answer that we compute the ratio of nuclear tqsf the target and the gluon channel is referred to the interac-
nucleon spin-dependent structure functions. Thus, in order t§on with the gluon field of the target.
find the nuclear structure function alone, we need to know Hence, we maka natural hypothesithat the strengths of
the nucleon structure function with the best accuracy as posnteractions in the sea quark channel of the unpolarized DIS
sible. ) ) ) . and polarized channels are similar. Since the shadowing in
It was realized a long time ago that if the transition timethe quark channel is characterized by a relatively small av-
of a photon with a four-momentur® into a quark-gluon  erage interaction strength, it is a good approximation to re-
configuration with mas#!y, is larger than the typical inter- pjace the sum over hadronic components of the photon by a
action time, which is of the size of the target, i.e., when  single term with the typical madd,=Q and the cross sec-
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tion onn=0es=17 mb. This choice corresponds to the Per is always longitudinal. We will show that when the target
analysis of shadowing for nuclei with=12 in color screen- is longitudinally polarized withM;=1/2 the discussed ef-
ing models, where the fit to the experimental dataxat fects are suppressed. For the components of the wave func-
~103-10"2, Q?~2-5 GeV required geg=(a?)/{c)  tion of 'Liwith M;=3/2, 1/2,—1/2, —3/2 see Appendix A.
=17 mb(see[9] and references thergirHere the averaging The valence part of the total wave function @fi consists
occurs with the measure of the probability of the correspondef two valence neutrons and one proton in thgyd shell. It
ing configurations|h;) in the photon wave function. The s given by[12]
HERA diffractive ep data lead to a similar value afq;
~14+ 3.5 mb at somewhat smallgrand largerQ?.
A recent global next-to-leading order QCD analyisi8]
of the world data from CERN, SLAC, and DESY has 3 2
showed that the present accuracy of the data is not sufficientxpf’iz_Yz—[wygfzapﬁfzqfffz]— —
to make any qualitative conclusions about the magnitude of V15 V15
the polarization of quonAG(x,sz). Hence, wezwill disre- 1 1
gard the contribution 0fAG4(X,Q%) to g1a(X,Q°) in this T 23— 12y T gy — g, 32y, 112
paper. At the same time we will estimate the amount of \/1_5[\1,92‘1,”2‘1,” 1+ \/1—5[\1,p ARt
nuclear shadowing id G A(x,Q?) for 3He which turns out to
be large and may be possible to investigate at HERA in the ®)
polarizedeN mode.
In the discussed approximation the problem of deep in- ,
elastic scattering of a virtual photon is reduced to scattering 1N€ SUperscripts refer to tiecomponent of the total an-
of an effective hadroniéquark-gluon state. The latter can be 9ular momentum. . . . ] stands for antisymmetrization. Four
treated using the Gribov-Glauber formalism. remaining nucleons occupy thesy}, shell and their wave
Note that due to cross section fluctuations in the incomingunction is trivial. Being in the symmetri§ state they do not
photon the triple scattering term should contéir?), where  contribute to the spin asymmetry. This nuclear wave function
one averages over fluctuations of the size of the projectilecorrectly describes the quantum numbers of the nucleus as

Our assumption that the incoming photon interacts with thejP= (2)~ and predicts the correct value of the magnetic mo-
target through the effective stat&g} means that we have ment of 7Li. In addition to the spin-angular dependence car-
replaced(c®) by ((0%))*/(0)=0cr(c). Since the triple ried by the wave functioif5) we have assumed a simplg
term is numerically small this substitution is of high accu'dependence of the wave functiés)
racy.
Note that differently from the hadron-nucleus scattering,
one has to take into account a nonvanishing longitudinal mo-
mentum g transferred to the target in the transition )
—|hy, gj=(Q*+Mp)/2v~2myx, see, e.g.[14]. W2 _j2cexg| 3r° ©
In our calculation we used the ground-state wave function L= 2 R2
of Li given by the nuclear shell mod¢lL2]. This is cer-
tainly an oversimplified model for théLi wave function.
However, the shadowing effects are mostly determined by, R2=5.7 frr?, which correctly reproduces the e.m. form
the I(_)ng-range part of the wave function and _should not b‘?actor of 7Li.
sensitive to the refmementg of .the wave function. ” In order to calculate the scattering cross section we form
The impulse approximation is certainly more sensitive tothe usual Glauber series for the nuclear profile function and

the degree of the nucleon polarization in the nucleus than tQ - .
) : . Integrate it with the square of the nuclear wave function over
the effects of the Fermi motion, which are small fer

=0.5. So, in the kinematics that we discuss one can write ir';iositipns (.)f the nucleons. We have r)egle_cted the effects of
the impulse approximatiof7] ermi motion of nupleons for shadqwmg since they_are very
small. For the details of the formalism see Appendix B.

We retain the first, second, and third terms of the expan-

g1a(X,Q2) = ppglp(X,QZ) +P,g10(X,Q?), (4)  sion, which corresponds to single, double, and triple scatter-
ing of a projectile off the target. The contribution of the

whereP,, (P,) is polarization of the protofthe neutropin  quadrupole term is negligible since already the triple scatter-
L. ing term gives only a less than 2% contribution. Since it is a

We find that the modification ofj;4(x,Q?) due to the fairly lengthy calculation, we refer the reader to Appendixes
nuclear shadowing cannot be mimicked by any reasonablB and C for details of our calculations of the total cross
variation of P, andP,,, see discussion in Sec. Ill. section of the polarized effective hadronic stgtg with he-

In most of our analyses of this section theomponent of licity + off polarized “Li with M;=3/2 and with M;=
the total angular momentum 8ti, M, is chosen to be 3/2 —3/2, which we named,¥? and o'~ %2.
or —3/2. The axis of quantization is along the virtual photon  Next, using Appendixes B and C, we find the difference
direction. Therefore, target polarization discussed in our paef the cross sections withl ;=3/2 andM ;= —3/2

[\I,S/Z\I, ﬁ/Z\P; 1/2]
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. 13 2 o 13 2
Li32_ _+,3/2 —3/2_ eff
AO’AI —O'X —O'X —1—5A0'p+TSAUn—mal(l—sAcp-i-l—SAO’n)F(X)
Zo-eff 9 4 2
- m 1—5a4+ 15% Aoyt 1—5a6A0'n F(x)+(A0,0.0143+ A0,0.00259(X). !

HereAo,=o, "—o, andAc,=o, " —o,  are the differences of thih)-nucleon cross sections with parallel and anti-

parallel helicities for protons and neutrons, respectivelik) = exp(—(q|R) 2/3)=exp(— 176x?) originates from the nonvan-
ishing q;. g(x) has the same origin. It is defing0)=1. Since it is a function ok slower thanF(x), in our numerical
analysis we seg(x) =1 for anyx without any loss of accuracy of our resulB=6 GeV 2 is the slope of theh)-nucleon
elastic cross sectiom;=1.376,a,=0.300, 5= 0.402. Since the triple scattering term has a complicated analytical structure,
we simply give it in a numerical fornithe last term in Eq(7)]. Also note that the denominator of the fourth term in the
expression above is Rf rather than 1/R?+3B). We have omitted B as compared t&®? to get an analytical expression. It
does not change our predictions or numerical results. We point oumhk;i'?’z arises due to the orbital motion of the valence
nucleons, which occupy thepl,, shell.

When the target is longitudinally polarized with ;=1/2 we can find the difference of the cross sections of the polarized
effective statgh) off polarized ‘Li with M ;=1/2 andM ;= —1/2. Using Appendix D we obtain

. 1(13 2 o ~ (13 2
Ll2_ _+12_ _+,-12_~ )= el L N (i —
Ao, Op " 3{15Aap+ 15Aa'n W(R2+38)a1(15A0p+ 15Aa'n)F(X)
20’eﬁ 9. 4. 2.
= | 750 15% | Aopt 1568 on  F(O+ (A0,0.0139r A0,0.00150(x) | ®)

Here ay=4a,— a;=2.633, a,= (16as— a,)/3=0.866, ag Herey=v/(MAE), x=Q%2v, andv=q-P,. Since the spin
=4as— a,=0.424. From Eq(8) one can see tha’tak\i’l’z is of ’Li is 3/2, one has to introduce two different spin-
suppressed by approximately a factor of 3 as compared tdependent structure functiogg” *3x) andg;**qx). Note
Adk¥2  Therefore, the measurementdé2 and the ex-  that the structure functiong3*3x) and g3 ¥{x) are of
traction of the corresponding spin dependent structure fundligher twist and vanish in the Bjorken limit. In the quark
tion is not as feasible as that afr"*? and the correspond- Parton language the spin-dependent structure functions
ing spin dependent structure function. Hence, in our papeds - 1x) andgi?*x) are defined15]
we will make predictions of the amount of shadowing and
enhancement only for polarize.i with M ;=3/2. 3/2 3/ 1 .5 3/2 3/
In deep inelastic scattering experiments one can measure 91 Z(X)EE[QT Z(X)_qi Z(X)]’

the differential cross section of polarized projectiles off the
longitudinally polarized target. The difference of such cross 1
sections off the target polarized along the beam and in the 3212\ = T 3212\ _ o321 1
opposite direction is called polarization asymmetry and it is LY pLai 0= 0], (10
proportional to the corresponding spin-dependent structure
functions. On the other hand, the polarization asymmetry i%vh 32M; 32M; . ' .

. . ; : ere X X)) is defined to be the probabilit
proportional to the differences of the cross sections given b 9 (x) (ql (x)) P Y

Egs. (7) and (8). Therefore, in the Bjorken limit one can o find a quark with momentum fraction and spin up

(down) in a target with spin componem ;. The sum over

write [15] .
quark flavors is assumed.
dot 32 dgt32 We make our predictions of the amount of shadowing and
Ach32e a__Z%A enhancement for the nonsinglet combinations of the spin-
dxdy  dxdy dependent structure functions defined
e*M,E _
=gt YETYXE T, 012 Fix,Q%) =0, ¥ %, Q) ~ 9,% 1%, Q?),
7y 7
L, dok? doh Y2 etMLE - gIA- YA, Q) =g, ¥ Ax,Q%) — g,% ¥ x,Q?),
Agyte (2-y)xg7? Yx).

- = y
dx dy dx dy 27Q*
" 9) 91a-1(x,Q%)=0k(x,Q%) — g1(x,Q?). (11)
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s

When the target is polarized longitudinally with

s T =1/2, we obtain for the ratio of the corresponding nonsinglet
ERL S structure function witA=7 andA=1

5 [

I s az /

S 9IA-7A%,Q%)

14

g1k (x,Q%)
3 Ao','&i'llz—AO'Ee’llz_ 1 y 11
~ Aopy—Ao, 3715

13 |-

12 |
eff

g ~
1-— T % F(x
—(Re+3m) 1

N
: 2oen( 9 L 2 1 k40037 14
09 . - —R? 1—5a'4+ 15% |71 (x)+0.037h(x) |. (14

08 |-

Ll |-

X

Numerically Eq.(14) gives

07 b=

0.025 0.05 0.075 01 0.125 0.15 6.17; 0.2 0.225 0.25
CgRxQY 1 1
FIG. 1. g15-%4x,Q%)/g1a-1(x,Q?) as a function ofx. The gv(x.Qy) 3 15
straight-dashed line is the impulse approximation. The solid lines
are a result of our calculation of shadowing and modeling of en- X[1—-0.372 exp— 176x%) +0.03%y(x)].
hancement, which preserves (15)

These nonsinglet combinations =7 are proportional Comparing Eq(15) with Eq. (13) one can see that the struc-
to Aoy ¥ —A0R*3? (Ack?—Ac§®? by virtue of Eq.  ture functiong,s-Y%(x,Q?) is suppressed by approximately
9. a factor of 3.5 in the regiorx<0.05 as compared to

In  order to get AgR*¥? (AgR*M™)  from g7 %¥4(x,Q?). This makes it difficult to determine the struc-
Ao (AokY2) one should simply substitute the valence ture function in the experiment.

proton by the valence neutron. Therefore, using &g.we Now we can prove our observation that this amount of
obtain for the ratio of the nonsinglet structure functions withshadowing for the polarized structure functions is larger by
A=7 andA=1 for the nuclear target witM ;= 3/2 approximately a factor of 2 than that for the unpolarized one.

In order to do so we first need to find the total scattering
n.s. 3/2 2 cross section of the unpolarized effective hadronic projectile
91a-7 (% Q7) |h) off the polarized ‘Li target with M;=3/2 and M,
g1 (x,Q%) =1/2. We refer the reader to Appendix E for the details of
this calculation. We define the scattering cross section of the

Agg®?— Aoy 11 O eff unpolarized h) off the unpolarized’Li target by
= = X|1-——"—a;F(x)
Aoy,—Aay, 15 m(R?+3B) 1
opa=5 (o)t oR)). (16)
2044 9 2 \15 AT A TTA
— =2 St mag | F(X)+0.016(x) |. (12
mR?\15 15°°/11 32 12 - ;
Here o, and o, are the scattering cross sections of the
o 5 ) unpolarized|h) off the ’Li target with M;=3/2 and M,
SubstitutingR*=5.7 ffnza oe=17 mb,B=6 GeV'*,  —1/2 respectively. Then, using the results of Appendix E,
and numerical values af's we obtain we obtain for the ratio of scattering cross sections of the
unpolarized effective statd) off unpolarized’Li to Ao
gia-7x,Q%) 11 ,
——=—X[1-0.177 —-17 (o
e Q) 15 17077 exe=17eq) 7o = 10099 (x)+0.0072)(x). (17)
€
+0.01(x)]. (13 Equation(17) gives 9.2% shadowing at<0.01. Therefore,

the amount of shadowing in the polarized case is larger by a
This equation is our main result for deep inelastic scatterfactor of 2 than that for the unpolarized case with a high
ing on polarized 'Li. It predicts 16% shadowing off  accuracy.
X ghS¥4x,Q?)/ghs 1(x,Q?) for x<1072 (see the solid Semiquantitatively one can see the origin of this factor of
lines in Fig. 2. 2 from the following idealized argument. Let us assume that
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in ’Li and 3He all nuclear spin is due to the spin of a single
valence nucleon. Then the Glauber expansion for the polar.
ized target reads

Al ia™
-
N
T

ws b A=7

1511g,,

Aop T eff [
AO‘N_l (A—-1) =2 K+, (18 14 1
13 B
Here R? is the radius of the nucleug, is some numerical
factor. Note that in Eq(18) we have kept only the first and
the second terms since the higher terms are small. The factc
A—1 originates fromA—1 ways to couple the valence
nucleon with the other nucleons. Equati¢iB) should be

compared to 1 [
0.9 -—
A—-1 O off F

—=1-——k+ - 1 os | ,";15/118 Li/g,p
Aoy 2 R? ' (19 . t

L2 |

o7 bl L
0.025 0.05 0.075 01 0.125 0.15 0175 0.2 0.225 0.25
X

which describes shadowing in the case of the unpolarizea

target. Hereo, is the total spin-averagejth)-nuclear cross FIG. 2. g12%4x,Q?)/g1_,(x,Q%) as a function ofx. The
section. A—1)/2 comes fromA(A—1)/2 ways to couple straight-dashed line is the impulse approximation. The solid line is
any two nucleons. One can see that in 8¢) the coefficient  a result of our calculation of shadowing and modeling of enhance-
in front of the double scattering term is twice smaller thanment, which preservesR.  The curved-dashed line is
that in Eq.(18). Thus, in the idealized situation of one va- g{'%23%(x,Q?)/g8(x,Q?).
lence nucleon our observation of the enhancement of shad-
owing by a factor of 2 for the polarized target is a conse- o,
guence of a simple counting of pairs. Ao 1-M(x), (21
For 3He this idealization of one valence nucleon is a very Tp

good approximation since almo_st all nuclear spin is carrle(lpen we can present EO) in the form

y the neutron. Consequently, in our calculations we use
the wave function ofHe, where only the neutron is polar-

Ty
ized. 9" ¥ x,Q) _ gl FxQ?) M(0[0.1333
It is interesting to compare the ratio of the nonsinglet ab(x,Q?) gl (x,Q?) ’
structure functions witlA=7 andM ;=3/2 andA=1, given
by Eg. (12), and the ratio of the spin-dependent structure —0.025F(x)+0.002%(x)]. (22
functionsg®? %4 x,Q?) for "Li and a proton. The latter can
be found immediately from Ed7) The first term is the ratio of nonsinglet spin-dependent struc-
ture functions presented by Eq4.2) and (13). Shadowing
7 .

g li¥232y ?) for the ratio g,"*2%%(x,Q?)/g%(x,Q?) is presented by a
BTy curved dotted line in Fig. 2. We used the tabulation of the
91(x%,Q%) spin-dependent structure functiog§s- ,(x,Q32), gP(x,Q3)

i N(x,Q2 = \# from [16] based on the most
Aot 13 2 A andg;(x,Qg) ?‘th 10 Ge rom :
_29A_22 2290 _ Zeﬁ recent analysis of the Spin Muon Collaborati@MC) data.
Aoy 15 15A0,  7(R?+3B) The presence of nuclear shadowing in the spin-dependent
; L2312 2\ i ;
SR RN L IO D ey ity v
“ 15T 1580, X7 LR2| | 15% T 15%
1 7. 7
A A Li 3/2 3/2, 2y "Be3/23/ 2
+ =g T F(x) +| 0.0143 —2"0.002 fo[gl (6,Q%)~ 01 ***1x.Q%) Jdx
15" Aoy, Aoy =
1
X g(x). (20) fo [9h(x,Q%) —g1(x,Q%)]dx
Although experimentally ak<0.05 g;,(x,Q?) is close _9a(A=T) 23
to —g1n(%,Q?), or Aa(p) is close to— Ao(n), we find the ga(A=1)’
effect of this deviation to still be sizable. If we denote this
deviation by some functioM (x) defined by whereg, is the axial coupling constant fgg decay.
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Note that the main difference betweegn(A=7) and peak value of enhancement considerably. We obtained 55%
ga(A=1), i.e., between s ¥%(x,Q?%) andgls ,(x,Q?%), is  shadowing ax=0.15 for the crossover point=0.1, 42%
caused by the orbital motion of valence nucleons, which ocshadowing ak=0.138 for the crossover poirt=0.075, and
cupy the Ipg, shell. This gives the factor 11/#9.73. 20% shadowing atx=0.125 for the crossover poink
Nuclear shadowing at smakl decreases this value by an =0.05.
additional 16%. Addition quenching d&® by a factor ofy, In Fig. 2 we present one of the curves of 15/11
=0.91[17] is caused by higher partial waves in tfei X g5 3%x,Q?)/g}s ,(x,Q?) from Fig. 1. The curved dot-
ground-state wave function as well as admixtures of nonted line is our calculation of shadowing for the

nucleonic degrees of freedom. ratio 15/12¢g;"32%%(x,Q?)/g%(x,Q?). The difference

We suggest to model the~0.1 enhancement so that its petween the solid and dotted lines illustrated that at jow
contribution to R compensates shadowing effect in the shadowing is different fog:s-¥2(x Q?)/g™s 1 (x,Q2) and

Bjorken sum rule. We require that 7L AT . .
(i) enhancement does not affect the regien0.05, where glu ¥ 3/2(X’Q2)/95(X'Q2) due to a nonvanishing difference

shadowing is saturated. bet\/veenglp(g,Qz) and —91a(x,Q%. ,
(i) enhancement is concentrated at9x2=0.05(0.1) and Note tha_t in both figures we have_ not taken into account
compensates shadowingat0.1: the quenching factop,=0.91 determined from thg, mea-
surements. In order to reflect this quenching the ratio
15002 ] gl 3(x,Q%)/g 2., (x,Q%) has to be multiplied byz,
i dx[glL'3/23/2(x,Q2)—nge3/23/?(X,Q2)] =0.91.
0 From Figs. 1 and 2 one can see that there are sizable
0.2 nuclear effects at I0f<x<0.2 in the ratio of the spin-
= dxgh(x,Q0>)—gi(x,Q?)]. (24)  dependent structure functiormgs-33(x,Q?)/g s ,(x,Q?).
0 These effects have a nontrivialdependence: 16% shadow-
ing for 10 4<x=<0.03 and enhancement of an order of 20

The shape of the curve, which describes the enhanceme(®s)os at x~0.125 (0.15), if enhancement occupies the re-
region, deserves a special discussion. We model enhancgion 0.05<x<0.2 (0.:kx<0.2).

ment according to our expectations suggested by experimen-
tal data on thex dependence of the European Muon Collabo-
ration effect. While we know that shadowing extendsxto
~0.05, it is not known where the cross over point from
shadowing to enhancement lies. While equal®g) fixes the It is interesting that our analysis of the spin-dependent

integrated contribution of enhancement, we can only guessycture function of Li 91"' 312 3’2(x,Q2) in a wide range of

how enhancement is distributed aloxgor where it reaches 2>x>10"2 shows how the many-nucleon description of
ﬂ;]e dma?"m”“_‘- Sgce the main conftrlbutlor;] to the_ nuclear7|_i becomes invalid. We shall show that one cannot describe
igO%WIS%S mh q: ( ) cofm(ra]s rom the r.eglck))nx deep inelastic scattering off polarizédli as scattering off a
=0.03-0.05, the variation of the crossover point between, . cleon system. Therefore, one needs to introduce ex-

)t(njtiodr?i ?gr?;(\:o(\)/\./ilndOtistr?gtirﬁga?gzi)g%[ncifriﬁamcl))\l/(ter:r?sctohr:ri- plicitly nonnucleonic degrees of freedom to explain the be-
g gre. e haviorg," #232(x,Q?). Our proof is based on the following

spread of enhancement inand its height. _ -
We model enhancement at normalization poi@f observation. If the many-nucleon description breaks down,

—4 Ge\ according to Eq(24). To obtain it at large?  the following inequality holds:

one has to use the QCD evolution of the spin-dependent i 312 ) 5 . 5

parton densities. However, since the scaling violation be- 01 (x,Q%)#agi(x,Q%) +bgi(x,Q%). (25
tweenQ?=4 GeV? andQ?=10 GeV\ is small we used the

SMC parametrization of the nonsinglet structure functionHerea andb are some numerical factors, which in the im-

g7s_1(x,Q3) from [16] at Q?°=10 Ge\?. Hence, we dis- pulse approximatiofiEq. (4)] are equal to the polarizations

cuss here only the predictions fcg'{;\sf’f(x,Qé) at Q? of the valence proton and neutron. They are also constrained

. HOW THE MANY-NUCLEON DESCRIPTION
BREAKS DOWN

—4-10 Ge\} by the Bjorken sum rule foA=7 system which leads to
Note also that although the parametrization of the parton

densities of 16] is limited by x=0.003, the contribution to l—s(a—b)=gA,7/gA,1=O.91. (26)

the integral from the regiom<<0.003 is very small. There- 11 - -

fore, in our numerical modeling of enhancement in integral
(24) the lower limit of integration wax=0.003. The factora is much larger thai since the neutron con-
Our results are presented in Figs. 1 and 2. The solid line&ribution to the spin of'Li is small. Although corrections to
in Fig. 1 represent three possible scenarios of 15/1the nuclear shell model might change the coefficiengd
)(gg'AS':%/Z(X,QZ)/ng'AS':l(X,QZ) with the crossover pointx b, it will dEflnltE|y not be enough to turn Eq25) into an
=0.05, 0.075, and 0.1 as functions xf Enhancement is equality. _ _
modeled so that both nuclear shadowing and enhancement Sincé  nuclear ~ shadowing ~ for  the  ratio
do not alterR. The choice of the crossover point changes theg," %2 *%(x,Q?)/[ 13/1%P(x,Q?) + 2/1597(x,Q?)] is the
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ized deep inelastic scattering ofLi with M;=3/2 is ex-
pected to break down completely.

=
S
1

-
in

IV. DIFFERENCES IN SCATTERING OF UNPOLARIZED
LEPTONS OFF 7Li WITH M;=3/2 AND M;=1/2

g,L/(13/15g p+2/15g,m

14

As a by-product of our calculations we notice that one can
see in experiment the difference in cross sections of deep
inelastic scattering of unpolarized leptons &ffi polarized
longitudinally with M ;=3/2 andM ;=1/2. Combining Egs.
(E4) and (E6) of Appendix E we obtain

13
L2

L1

o327 U2
A A o 0.102F(x)—0.0154(x), (29

09

O eff

.
03 |-

T R T T T T T T T which suggests a 12% effect>a0.01. Although the quan-
T Toms o0 e o1 o o ows 02 ems  ess tity, which can be measured in experiment, is the ratio of
X

032~ o3 to the unpolarized cross sectier,. Combining

FIG. 3. g5 ¥2%%(x Q?)/[13/15¢°(x,Q?) + 2/15(x,Q?) ] as a  EQs.(28) and(17) we find that aix< 0.01
function of x. The solid line is a result of our calculation of shad-
owing and modeling of enhancement, which preserResThe 32 12
dashed-dotted line is given by E@7). 9a — %A _ 0.0186 29

OA

same as for 15/ 34 x,Q%)/gl5,(x,Q?) with a very
high accuracy, see EGL2), we will make a realistic assump-  rherefore, we predict a 2% effect in the difference of scat-
tion that enhancement is also equal for both ratios. Then ifging cross sections of deep inelastic scattering of unpolar-

we rewrite Eq.(25) in the form ized leptons off’Li with M ;=3/2 andM ;= 1/2. This effect
. is due to the presence of higher partial waves in the wave
g, 32%%(x,Q?) function of “Li. Note that a similar effect was pointed out

[13/15%(x,Q?) +2/1597(x,Q%)] for deuterium[10,18-2Q.

1

+ [a'gP(x,Q?) V. NUCLEAR EFFECTS AT SMALL x IN g;4(x,Q?)
9h(x,Q%) +2/1197(x,Q?) FOR ®He
n b’g?(x,Qz)], 27 Another remarkable nucleus, which suits well for the pur-

pose of studying spin-dependent structure functionsHe.

we can immediately compare its predictions with our predic-NUCIear polarization is carried predominantly by a single

tions for enhancement given by the solid line in Figs. 1 anoPUCIeon’ the neutron, which enhances nuclear effects of

2. In Eq.(27) we used the deuteron spin-dependent structur%?]ag?;vri';g daRSC?:S:ngglrg\?vn\svlg \tl\vl\:ﬁ) t'{cszishg?tma%iffniogp €
function g2(x,Q?)=g8(x,.Q) +gi(x.Q?), a'=15/11l@ . F ' J

“b) andb’ = 15/11b. To obtain the best fit to nuclear shad- our original papef9], where more details and references can

. , o be found.
owing by Eq.(27) we have chosea’=0.90 andb _0'38: Using the modified Gribov-Glauber formalism we pre-
In Fig. 3 we plot the ratio

TLiam 30 , 5 \ ) sented the total cross section of the polarized hadronic state
01 (x,Q%)/[13/159%(x,Q%) +2/15g7(x,Q*)] as a |h) with helicity + on polarized3He with helicity + at x
function ofx. The solid curved line is the same as in Fig. 2. <0.05
The dash-dotted line is given by E@7). The clear incon-

sistency of both proves that inequalit®5) is valid, or that 5 5
one cannot describe the discussed process {ittas with a e s olge 9 ol Toge
many-nucleon system. If the many-nucleon description A" =0n' +20er~ 8m(a+B)  4m(atB)

worked, g;“ 32 ¥(x,Q?) could be approximated quite well , .

by the right-hand side of Eq25). Due to the presence of OeffOn’

enhancement_at 0.05 (0Zx=<0.2 it _is clearly _impos_sible. _ 487%(a+ B)?
Therefore, in order to test the discussed ideas in experi-

ment, one should explore the region of enhancement 0.05

(0.1)=<x=0.2, where the many-nucleon description of polar-where superscripts + and + — stand for parallel and anti-

*

f(x), (30)
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£14-3"S /BN
E1a"S /BN

14 |-
4 x 1 & r & mmsemeem shadowing

9 x9N e impulse approx.
13 | 13
! e the Bjorken sum

rule without shadowing
12 | 12 shadowing +

the Bjorken sum rule

11

09

0.05 0.1 0.15 0.2 0.25 03 0.05 0.1 015 02 0.25 03 0.35 04
X

FIG. 4. 913 3(x,Q9)/g1a-1(X,Q?) as a function ofx. The FIG. 5. 972 3(x,Q%) /g7 (x,Q?) as a function ok. The dashed
straight-dashed line is the impulse approximation. The solid linesine represents nuclear shadowing at smahd enhancement. The

are a result of our calculation of shadowing and modeling of en-solid line is the result of the fit constrained to preserve the Bjorken
hancement, which preserves sum rule.

parallel helicities of the incoming photdthe effective state Unlike "Li. si d that onl | .
h has the same helicityand the target nucleus or the neutron. niike "L, sincé we assumed that only oné nucleon carries

_ 2 ... all nuclear polarization, shadowing is the same for the ratios
Here.a—27 GeV © is the slope of a nuclear one-particle ~; 2 /g 5 3o 2 /g8 ) g
density chosen to reproduce the e.m. form factoflde. B 91 (X,Q)/91(X,Q), 9; (x,Q9)/91(x,Q7) an
=6 GeV 2 is the slope of thgh)-nucleon cross section. 91a-3(X,Q?)/g1N (x,Q?). In Fig. 4 we present three pos-
The function f(x) is a function of x slower than sible scenarios of enhancement, which depend on the cross-

exp(— aqf)_ over point, like in the case ofLi.
This leads to the ratio of the spin-dependent structure We obtained 40% enhancementxat0.15 for the cross-
functions of 3He and a neutrof9] over pointx=0.1, 26% enhancement at=0.138 for the
crossover pointx=0.075 and 14% enhancement at
5 ) =0.125 for the crossover point=0.05.
0.7%x,Q3) it —ox” Tere In Fig. 5 the dash-dotted straight line represents the ratio
n(x.Q2) T -+ 47(a+B) R in the impulse approximation, which includes also higher
91X %o In In partial waves §', D, etc) in the ground-state wave function
o2 of 3He. It corresponds to theindependent ratio of the spin-
— T §(x). (31)  dependent structure functiong7s_5(x,Q?)/g7y (x,Q?)
48m%(a+B)?

=0.9215. The dotted straight line represeRswithin the

3 impulse approximation corrected to include non-nucleonic
Numerically, for example atx<0.03 g;"%(x,Q3)/  degrees of freedom in the ground-state wave function of

g1n(x,Q3) =0.9, which provides the amount of nuclear shad-3He. It corresponds t@} 5(x,Q%)/gmis (x,Q?%) =0.9634.

owing, which is by a factor of 2 larger than the correspond-The curved dotted line is a result of our calculations of

ing amount for unpolarized structure functions, nuclear shadowing and modeling of enhancement. We as-

Foa—3(X,Q%)/3F ,n(%,Q%)=0.95. sume that the discussed effects contribute multiplicatively,
Exactly as in the case ofLi we model enhancement so which shifts the curved dotted line downward.

that its contribution toR compensates shadowing. We Our predictions  for gl 5(x,Q%)/g1% (x,Q?),

present our results in Figs. 4 and 5. These figures are somg3He 2y /N 2 3H 2y /P 2 ;

what different from the original figure presented fi], E; tr(lz’gol)i(/jgﬁr(lé.Q ) and g, (x.Q7)/g1(x.Q7) are given

where the X dependence. of proton and neutron sp_in- We conclude that similar tdLi, nuclear effects at 10*
dependent structure functions was not properly taken intQ., _ 5 i the ratio of the spin-dependent nuclear structure
account. Here we used the most recent parametrization fro%nctionsg?§;3(x QZ)/QT'NS'(X Q2) are large: shadowing is
[16]. s, o ns, 5 e 5 of an order of 10% for 10*<x=<0.03 and enhancement is
we plot  g1a=3(x,Q7)/91v' (X,Q7)=[91 " (X,Q%)  of an order of 1440)% atx~0.125(0.15), if enhancement
—g9:"(x,Q)1/[97(x,Q%) —g8(x,Q?)] as a function ofx.  occupies the region 0.85x<0.2 (0.:=x<0.2).
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VI. NUCLEAR SHADOWING FOR POLARIZED GLUONS This means that the effect of nuclear shadowing for polarized
FOR °He gluons for3He is of an order of 30%. In the future it may be

As we pointed out in Sec. Il the nuclear shadowing in thepossible to measure this effect at HERA when polarized pro-

. . tons are used.

gluon channel is larger by a factor of three than that in the

qguark channel. Although the contribution of the gluon chan-

nel to the polarized DIS has not received a solid experimen- VII. CONCLUSIONS

tal ground, we still can make a prediction for the amount of

nuclear shadowing for the polarized nuclear gluon parton,

densityAGA(x,Q?). Similarly to Eq.(31) one can estimate

the amount of nuclear shadowing fAIG A(x,Q?) for °He,

We propose to use polarized nuclear targets'ldf and
He for studying nuclear effects in the spin-dependent struc-
ture functionsg;A(x,Q2), where these effects are expected
to be enhanced by a factor of 2 as compared to the unpolar-

see alsd2], ized targets. We predict a significaxntdependence at 10
_, =x=<0.2 due to the effects of nuclear shadowing and en-
AGA(X,Q?) o€ oéﬁ hancement. The effect of nuclear shadowing is of an order of
AG\(x.Q?) ~ 4m(atB) +48772(a+B)2f(X)' 16% for the ratiog]s_,(x,Q%)/g7y (x,Q% and 10% for

32) g7a5(x, Q%791 (x,Q?). By imposing the requirement that
the Bjorken sum rule is satisfied we model the effect

o i of enhancement. We find the effect of enhancement at

Here AGy(x,Q¢) is the polarized nucleon gluon parton den-, _q 125 (0.19 to be of an order of 20(55% for

sity. n.s. 2y /4 N.S. 2
Lo Q1A= 7(X,Q%)/91y (x,Q%) and 14  (40% for
The longitudinal momentum transferred to the nucleus '532:;3(X,Q2)/92§-(X,Q2). We also point out that since the

P 21812 N i H
q)=(Q°+M*)/2v, whereM is some typical mass of had- §iscyssed nuclear effects fitle are quite sizable, one should
ronic fluctuations in the photon wave function, which containigie them into account when extracting the neutron spin-

gluons. In the case of shadowing in the singlet quark an(&iependent structure function frofte data.

gluon channels, the relevant massésan be related to the We predict even larger nuclear shadowing effect for the
B shapes of the corresponding diffractive quarkpolarized gluon densities fotHe.

dair(8,Q% xp 1) and gluongg(B,Q%Xp,t) parton densi- We predict a 2% effect in the difference of scattering
ties. B=x/xp is the fraction of the Pomeron momentum car- cross sections of deep inelastic scattering of unpolarized lep-
ried by the struck quark or gluomxp is the fraction of the tons off “Li longitudinally polarized withM ;=3/2 andM
proton momentum carried by the Pomeron. The recent analy=1/2. As in the deuteron, this effect is attributed to the pres-
ses of the HERA data indicate that for I@§~4 Ge\Pthe  ence of higher partial waves in the wave function’af.

shapes of diffractive quark and gluon parton densities are We also predict a gross deviation from the many-nucleon
very similar[21]. Therefore, at I0\/\Q(2)~4 Ge\?, the typi-  description of deep inelastic scattering &ffi. The effect is

cal masses and the longitudinal momenig relevant for ~ pronounced in the enhancement region=x2-0.05, where
nuclear shadowing in the singlet quark and gluon channel¥/€ suggest studying it experimentally.

are similar, which leads to an expectation of the onset of

nuclear shadowing for similacin the quark and gluon chan- ACKNOWLEDGMENTS

nels. However, with an increase @2 due to the scaling _ - _
violation, the gluon diffractive distribution broadens more ~M.S. would like to thank DESY for the hospitality during
strongly than the quark diffractive distribution, leading to athe time this work was done. We thank D. Crabb, L. Frank-
stronger shift of shadowing to smallerin the gluon case. furt, J. Lichtenstadt, and W. Weise for useful discussions.
Hence’ one may expect that @ZNQ(Z)NA]_ Ge\,2 the satu- This work was Supported in pal’t by the U.S. Department of
ration of nuclear shadowing will occur at similarfor the ~ Energy.

quark and gluon channels, while at laiQ8, where the QCD

evolution is important, the saturation of nuclear shadowing APPENDIX A: THE GROUND-STATE WAVE FUNCTION

for the gluon channel will occur at smalleithan that for the OF "LiWITH M;,=3/2, 1/2,—1/2, —3/2

quark channel. Since in this paper we consider relatively low U

Q2, we expect that the saturation of nuclear shadowing for The spin ofLi is 3/2. In the shell model the ground-state
the po'arized g|u0ni‘[he ratio AGA(X,QZ)/AGN(X,QZ)] wave function 0f7|_| with the z Component of the total an-
will take place aix similar tox for the polarized quark chan- gular momentunM ;=3/2 is given by[12]

nel [the ratiog,"(x,Q2)/g}(x,Q2)].
Usin =50 mb in Eq.(32) we will find at x<0.01, 3 _ 2 _
g Teff q.(32 P2 [‘I’glz‘l’ﬁlz‘l’n 2] _ _[‘I’S/Z‘I’%/Z‘Pn 12)

where nuclear shadowing for the polarized gluons is ex- ~ Li-7 J15 J15
pected to be saturated,
1 1
Y32y - U2y T g U232, 12
AGA(X,QZ) _0 70 (33) \/E[ p n n ] \/1—5[ p n n ]
AGN(XQY) (A1)
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In order to find the wave function ofLi with M;=1/2
we act upon the wave function wit ;= 3/2 by the lowering
operatorL _ . Using the relations

L. \];,3/2= \/g‘l’ 1/2

L W 1/2_ 2p— 1/2,

L_q,*l/ZZ \/§\P73/2

L_¥3¥2=0, (A2)
we obtain the nuclear wave function wil ;= 1/2
1/2 1 3/2\1, 1/2,\{,.73/2 2 1/2,\1,3/2,\1,73/2
\I,Li—7:\/?5[q,p n *n ]+\/T5[‘Pp n n ]
3 U2y U2ygy — 112 1 — 312y, 312, 1/2
—\/—l—s[q’pz‘l’nz‘l'n ]+\/T5[‘I’p 2w ).
(A3)

In a similar way we obtain the ground-state wave function

of "Li with M;=—1/2

o o 2 )
\PLi]f%:\/TS[\I,S/Zq,n 1/2\I,n 3/2] + \/Ts[qrp 1/2\1,;::/2\1,“ 3/2]
3 —1/2\1,1/2\1,—1/2 1 —3/2\1,3/2\1,—1/2
_\/TS[\Pp n ¥n ]+\/T5[\I,p o
(A4)
and withM ;= —3/2
\I,—slz_i \I,—s/zq,3/zq,—3/2_i p 32 L2y, — 112
Lif7_\/1—5[ p n n ] \/1—5[ p n n ]
1 -1/ 1/ —3/2
_E[\Pp 2’\[/”2'\1/” ]
1 12\q, — L2\g, — 3/2
+E[wp2\yn Ay 82, (A5)

APPENDIX B: SCATTERING OFF POLARIZED ’Li
TARGETS WITH M;=3/2 AND M ;=-3/2. SINGLE AND
DOUBLE SCATTERING

In this appendix we will give detailed calculations of the
total scattering cross section of a polarized incoming hadron

with helicity + off a polarized target of Li with the z com-
ponent of the total angular momentuh;=3/2 andM ;=

PHYSICAL REVIEW C61 014002

nuclear profile functiod A(b) as

oA=2 Ref d2b I A(b). (B1)
Hereb is the impact parameter of the incoming particle with

respect to the center of mass of the target nucleus. The
nuclear profile function can be expanded as a series over

nucleon profile functiond’(b—s;), wheres; is the trans-
verse position of amth nucleon. In the series we will keep
only single, double, and triple terms in accordance with our
observation that higher terms give a negligible contribution
in our case

-

7 7
PAB)=(VE2,| 3 T(B-5)+ > T(b-5)
i= i=1j>i

XT(b-$,)0(z;—z)eUE7)
7
~ Y T(b-s)(b—s)T(b—sp)

i=1>1 k>]
X0 (zj—2)0(z—z)eNE 2| W2 ).
(B2)

Note that the series is averaged with the ground-state wave
function Wil , .
This formula is different from the usual Glauber series.
The exponents account for a nonzepjo The ¢ functions fix
time ordering of elementary scattering processes. The nu-
merical factors in front of the second and third terms are
used because there are two ways to time order a pair of
nucleons and there are six ways to time order three nucleons.
The nucleon profile function is related to the scattering

amplitudef (k)

1
27T|kt

f e (k). (BI)
The scattering amplitude at high energies is predominantly
imaginary

- B/Zktz_ (B4)

f(k s
(k)=7,0€
HereB is the slope of the hadron-nucleon cross sectiorg
the hadron-nucleon cross section.

Combining Egs.(B3) and (B4) we obtain the nucleon
profile function as a function of the nucleon transverse coor-

dinatess;
g

T(b—§)=——e (5%

4B (B5)

We used this expression of the nucleon profile function in

—3/2. WhenM ;=3/2 the target is polarized along the beamseries(B2). We have neglected effects of Fermi motion of
polarization. IfM ;= —3/2 the target is polarized in the di- nucleons in the nucleus since these effects are negligible at

rection opposite to the beam polarization.

x<0.5. Next we will deal with single, double, and triple

We used the modified Glauber-Gribov formalism. In thisterms of this series.

formalism the total nuclear cross sectioR is related to the

Single scatteringWe are computings £ *?, the total
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scattering cross section of a hadronic projectile with heI|C|tyHerea (o ™) is the|h)-proton (nucleon cross section
+ off a target of ‘Li with M ;=3/2. The contribution of four  with parallel spins. In order to obtain EB7) we used the

nonvalence nucleons in thes{, shell is simply 4ro¢. The  equality

contribution of the three valence nucleons is governed by the e

wave function(5). Since each valence nucleon belongs to the o, to, =20,

1ps, shell, its total angular momentum is 3/2. Then, the

spin-angular wave function of a valence nucleon with zhe

component of the total angular momentum=3/2, 1/2,

Ttol T =20g. (B8)

Therefore, the total single scattering contribution is

—1/2 or—3/2 is
13 2
+,312_ ++
3 . . (TA p + — + 60’eff (Bg)
WR*=Y11(0,4)| 1) =~ Vg;n 0e'’[1), 15 157
Note that the last term does not contributeAto’y
1 2 Double scattering Double scattering terms can be of
\F,{,’2=—Y11( 0,4)| 1)+ §Y10( 0,)|1) three origins. We can form a pair by coupling six times non-
V3 valence nucleons, by coupling four times a valence and non-
1 1 valence nucleons, and by coupling three times valence nucle-
= — —=singe'?| | )+ —=cos|1), ons.
V8 b N2 i The contribution of the nonvalence-nonvalence pairs can
be computed analytically without numerical integration
\I’_]'/Z: \/\ 0, 4+ —Y 6, 9 0'2
N Y10(6,4)[ 1) \/— 1-1(0,9)1) e 2 Ex), (810
4 m(R?+3B)
1 1 A . .
— + ———cos6|1)— ——=singe ||}, whereF (x) = exp(— (q;R)%/3)=exp(— 176x*), which origi-
e V8w nates from the nonvanishirgg . Note that since E¢B10) is
spin independent, it does not contrlbuteﬂcr
W32y 0. 1)= /i inoe1?) B6 The contribution of the valence- nonvalence pairs already
N = Ym0 ) )= 8773'” e"’ll). (B requires some numerical integration due to the presence of

nontrivial dependence on coordinates of the wave function of
Here the superscripts stand fog . 6 is the polar angleg is  the valence nucleons. It is
the azimuthal angle),;) and||) are the spin-up and spin-

down nucleon spin states. vap. Ter |13 ottt 2
From Eq.(B6) one can see that a valence nucleon with Ia = m 15%1%p 150‘1“n
m;=3/2 can have only spin up, a valence nucleon with
=1/2 has a 67% probability to have its spin up and a 33% 18
probability to have its spin down, a valence nucleon with T Oeif| Tg01T 15 F(X). (B11)

m;=—1/2 has a 33% probability to have its spin up and a

67% probability to have its spin down, and a valence nucleorrere a; =1.376 andwz=1.795. Although thex dependence

with m;= —3/2 can have only spin down. cannot be found in this case in an analytical form, it is very
Combining this observation with the wave function with close toF(x). That is why we use the santg(x) for the

M;=3/2, Eq.(5), we obtain the contribution of the three whole double scattering term.

valence nucleons to the cross section The contribution of the three valence-valence pairs is
quite bulky partially due to the fact that we would like to
13 2 e ; }
+32_ 5+ 2 present it in its natural form, which keeps track of the nu
Op 15 p + 15 + O off - (B?)

merical factors in the wave functia®)

1

20—eff 9 4 _ _ —
O'X'3/2=—m(1—5a40'; 15a60' 15a60'++)F(X)— > :I_—,:_>a40'n++0',:r +E(9a4(0'; oy toy o)
+ Ft ot gt gt +1_6 oty gttt
9a5(0' o, toy, oy ) 9 as(oy, "oy toy on )
41 16
+1—5(§a40:+0; +9a’5(0'++ o) T tol o )+§a50_++ - ) F(x). (B12

Here a,=0.300, #5=0.181, ag=0.402.
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Combining all three contributions we find the double-scattering term of the total scattering cross section of the projectile
with helicity + off “Li with M;=1/2

9 o 13 2 18 12
+32_ _ 7 eff _ eff - ++, < ++ -© -4
(N 477(R2+3B) X) ﬂ-(R2+3B)|:15a10'p +15a10'n +O'eff 150(1"’ 1561’3) F(X)
20¢¢( 9 4 2 9 _ 11 _ _
_E(Ea4‘7;++1_5a60';++EQG‘T:Jr)F(X)_ 5 1—5a40:+0: 1—5(§a4((r; ot + ;+ )
t—ag(ottotttot ot )+ — et gttt -I—i E ++ +—+f gttt gt
g s(op oy o On 9a5(0'p on o, O, 15| g %4%n On 9a5(0'n op o Op
16
+§asa:+a:‘) F(x) (B13)

In order to find the total scattering cross section on polar- In order to find the triple scattering term on polarizéd
ized ‘Li with M,;=—3/2, o5 %2, one should simply with M;=-3/2, o."~%? one should simply switch plus
switch plus and minus signs in the second place in all theand minus signs in the formula above.

formulas above.

APPENDIX D: SCATTERING OFF POLARIZED ’Li

. U
APPENDIX C: SCATTERING OFF POLARIZED Li TARGETS WITH M,=1/2 AND M ,=—1/2.

TARGETS WITH M;=3/2 AND M;=-3/2. TRIPLE

ATTERIN . . S . .
sC G In this appendix we will give detailed calculations of the

The contribution of the triple scattering term mTki is  total scattering cross section of a polarized incoming hadron
only 1.6% of the single scattering term and dq is only  with helicity + off a polarized target of Li with the z com-
0.7% of the single scattering term. To compute its contribuponent of the total angular momentulkh;=1/2 andM ;=
tion we can combine three nonvalence nucleons, two nonva-1/2. Following the steps of the Glauber-Gribov formalism
lence and one valence nucleon, two valence and one nonvdescribed in Appendix B, we will present the single, double,
lence nucleon, and three valence nucleons. Due to thgnd triple scattering terms.
smallness and complexity of the triple scattering contribution  Single scatteringThe total single scattering contribution
we will give it in a numerical form and only the part of it, s a sum of the valence contribution and a simple nonvalence
which contributes tCAa'k' contribution Lb'ef'f

+,3/12__ ++ ++
ok 32=(0.0143 * +0.00255 *). (C1) GX’”2=1—2(§US++%03_ +1£5 20:++%0:_)
+ 60y (D1)

Due to cross section fluctuations in the incoming photon, the

scattering formalism requires that the triple scattering term

should contair{c®), where one averages over fluctuations of

the size of the projectile. Our assumption that the incoming Double scatteringAs in the case oM ;=23/2, the double
photon interacts with the target through the effective statescattering term originates from the three possible ways to
|[h) means that we have replacdd?® by ((¢?))%/(s)  form nucleon-nucleon pairs. Similarly to the calculation
=02 o). given in Appendix B we combine all three contributions in

In Eg. (C1) g(x) is a function ofx slower thanF(x),
definedg(0)=1. In our numerical analysis we sgfx)=1
for any x without any loss of accuracy of our results.

order to find the double scattering term of the total scattering
cross section of the projectile with helicity off “Li with
M;=1/2
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9 o2 o 13(1 4 2 (1 4
+,112 eff eff +- ++ +- ++
He= — — - —| = += +—l= + =
A 2 72138 7 m(R2+3B) [15(30110,, 3%2% |7 15(3%1%n T 3%2%n )
18 20¢[9(1 . 8 L T R
+ oot 1—5a1+ 1—5a3) F(X)—m 1—5(§a40'p +§a5creﬁ+ g ¥s59p +1—5 340 +§a50p
21 4 1 [9/1 16
+ 15 5(140;74- §a50;+) F(x)— —WRz[l—s (§a4+ 3(15) oy oy T+ §a5(0:+0;++0§70§7)
4 ++ _+- 1 ++ _+- +- _++
+ IR I + 1—5a4(0'p o, to, oy ) F(X). (D2)
|
I:%I‘Fi'-Sc;-l= 1376, (12:1.002, a3= 1795, a4=O.300, (273 O.ilz 2 Oeff c B Oeff
Triple scattering As it was explained before in Appendix  * 7ef 28 m(R*+3B) m(R?+3B)
C the triple scattering term is very small. Its 0.8% contribu-
tion to the total cross section of the unpolarizédl off ‘Li i)’ 1_2 E _ et &% 3_2
: X ; o X| zgart szaz |5 F(X) agt opas
with M ;= 1/2 gives a small correction to 11% contribution to 15 15°°)7 ~R?\ 15 15
shadowing due to the double scattering term. Therefore, we 12 1
will not give the_ gnalytical exp_ression (_)f the triple term but + —016> ZF(x)+0.0063(x). (E3)
rather will take it into account in numerical results presented 15 7
in Appendix E.

The last term is the triple scattering term. After having sub-
stituted all numerical factors we obtain

APPENDIX E: UNPOLARIZED SCATTERING o re2
OFF POLARIZED ’Li TARGETS WITH M;=3/2 Tow 1-0.0922 +0.0061(x). (E4

OR —3/2 AND M;=1/2 OR —1/2
) ) ) _ The scattering cross section of the unpolarifgdoff the
In this appendix we will present the total scattering cross7|j target with M ;= — 3/2 is the same.

section of the unpolarized hadronic projectite off a target Similarly to the above calculations and using Appendix
of “Li with M;=3/2 and 1/2. We define the cross section off D, we can present the ra’[ia—i’z/?o-eﬁ for the target with
Li with M;=3/2 as M;=1/2
U%\IZ 9 O eff O eff
o L van, a1 ian, san 7 28 2 FO)= 2
Op :E(O'A’ t+op )=§(0A’ +or 7). (ED Teff m(R°+3B) m(R°+3B)
><12 +33 1F Oeit [ 9 +72
_ , , 15t 5% 7P~ 5| g5t 1595
Using our results of Appendixes B and C and the relation
12 1
+ —a6) ~F(x)+0.0083)(x). (E5)
AR 15°°)7
op tOop =0,
Numerically, this ratio is
++ ++ 0',%\/2 2
oy ton =0, (E2 - =1-0.106% 7%+ 0.0083)(x). (E6)
eff

, We used Eqs(E4) and (E6) to find the scattering cross
we obtain for the ratiary 4704, whose deviation from 1  section of the unpolarized projectile off an unpolarizéd

describes nuclear shadowing, target.
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