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We consider the effect of the transitions>A° andp— A ™" in deep inelastic scattering on polariz&ide on
the extraction of the neutron spin structure functg}(x,Q?). Making the natural assumption that these
transitions are the dominant non-nucleonic contributions to the renormalization of the axial vector coupling
constant in theA=3 system, we find that the effect df increasesy}(x,Q?) by 15-30% in the range 0.2
<x=0.6, where our considerations are applicable and the datg{{arQ?) exist.
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. INTRODUCTION g1(x,Q?) from the data on polarized DIS ofHe will be

, ) , , presented in a separate publication. In the present work, we
Deep inelastic scatteringpIS) of polarized leptons on g ot consider shadowing and antishadowing effects since

polarized targets is used to study the spin structure functions,,; main emphasis is on the region of high

of protons, neutrons, and light nuclei. The spin structure kg the case of polarized DIS, the major contribution

functions carry information about the distribution of the he-comes from the incoherent scattering on the nucleons of the
licity of the target between its constituents. Hence, studies ofy et The nucleon-nucleon tensor force gives rise to sizable
the spin structure functions are aimed at the understanding figher partial waves in bound-state nuclear wave functions,
the spin structure of nucleons and nuclei in terms of th&,staply theD wave in the deuteron ground-state wave func-
underlying degrees of freedom, quarks and gluons. tion as well as theS’ and D waves in the®He and 3H

This work is concerned with the neutron spin structureground-state wave functions. The presence of these partial
function g7(x,Q%). Free neutron targets are not available.waves in the nuclear ground-state wave functions leads to
Instead, polarized deuterium antHe targets are used as spin depolarizatiorfa decrease of the effective polarization
sources of information on the polarized neutron. Consideref the nucleong5]. In particular, in®He the effective polar-
able experimental information on the structure functionization of the neutron is often quoted asz88%, while the
g7(x,Q?) has been obtained so far. The HERMES Collabo-effective polarization of each proton is2.8+0.4% [6].
ration at DESY[1] and the E154 experiment at SLAQ] These values represent the average of calculations with vari-
used a polarizedHe target, while the Spin Muon Collabo- 0us nucleon-nucleon potentials and three-nucleon forces.
ration (SMC) at CERN[3] and the E143 experiment at However, the large error bars are very conservative as they
SLAC [4] used polarized deuterium. In both cases the extrachave been taken to be 3 times the average value of the spread
tion of the neutron structure functiog}(x,Q? from the of the calculated points about the fit to these pofis In

nuclear data required that nuclear effects be taken into a@ur analysis, we prefer to use the actual spread of the calcu-
count. lated values, namely,P,=86+0.8% and P,=—2.8

The nuclear effects which p|ay a role in p0|arized andi 0.15% for the effective pOlarization of the neutron and the

unpolarized DIS on nuclei can be divided into coherent androtons, respectively.
incoherent contributions. Incoherent nuclear effects result The importance of spin depolarization is well established.
from the scattering of the incoming lepton on each individualThis effect was taken into account by the experimental col-
nucleon, nucleon resonance, or virtual meson. They arborations named above when the neutron spin structure
present at all Bjorkerx. function gT(x,QZ) was extracted from the DIS data on po-
Coherent nuclear effects arise from the interaction of thearized deuterium andHe. In order to extract the precise
incoming lepton with two or more nucleons in the target.shape ofg}(x,Q?) one must also account for Fermi motion
They are typically concentrated at low values of Bjorken as well as binding and off-shell effects. For deuterium the
Nuclear shadowing at 10— 10 *<x=<0.05 and antishad- calculations of Ref{7] and for >*He those of Ref[8] suggest
owing at 0.05sx=<0.2 are examples of coherent effects. Anthat simply accounting for spin depolarization is quite a good
analysis of the role of nuclear shadowing and antishadowingpproximation ak=<0.7 andx=<0.9, respectively.
as well as theA—N transitions on the extraction of Until now, other incoherent nuclear effects such as
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nucleon resonances and meson-exchange currents have be v
assumed to play a negligible role in polarized DIS. On the
other hand, one knows that exchange currents involving the
A resonance play a vital role in explaining the observed axial
vector coupling constant otH. Through the generalization
of the Bjorken sum rule to the tri-nucleon system one there-
fore knows thatA must play a role in the spin structure
functions of 3He and®H. In this work we analyze the effect

. 3
of A on the extraction of](x,Q?) from g;"%(x,Q?). Triton beta decay Polarized DIS on He-3

H-3 He-3 He-3 He-3

Il. THE ROLE OF A(1232 IN POLARIZED DIS ON 3He FIG. 1. This figure demonstrates the correspondence between
the Feynman diagrams describing the two-body exchange currents

It is well known that exchange currents involvingAa involving the A isobar which appear in calculations of the triton
isobar allow one to account for the 4% discrepancy betweeheta decay and the diagrams involving the A° andp—A™* tran-
the experimental value and theoretical predictions for thesitions which contribute to the polarized DIS Shle.
Gamow-Teller matrix element in triton beta ded&y. It was
observed in Ref[10] that this 4% discrepancy straightfor- . .
wardly translates into the language of DIS on tri-nucleon f (ng(X,QZ)—nge(x,QZ))dx
systems. In particular, calculations with realistic bound-state
wave functions of°H and ®He involving nucleons alone,
underestimate the ratio of the Bjorken sum rules for the tri- :(
nucleon system and for the nucleon by the same amount.

The Bjorken sum rule was derived using the algebra of 0 ) n )
currents[11]. It reads =(P,—2Pp) | (97(x,Q%) —0g1(x,Q%))dx, (4)

4 2
1-3Ps— §PD) | (@07 - g2

1 1
fo (95(x,Q%) —g1(x,Q%)dx= 59a(1+0

o
f)) (1) wherePs andPp are the probabilities of the corresponding
partial waves in the bound-state wave functior’sie. Using

whereg, is the axial vector coupling constant measured inE”:2'8_6i OI.E0083and PPE _.0'05&:0'003 and substituting
the 8 decay of neutrong,= 1.2670+0.0035[12]. The QCD  E£4- (4) into Eq. (3) one obtains
radiative corrections to this sum rule were calculated in per-

turbative QCD using the operator product expansion. They 1 s, ) She )
are denoted by O(ag/).” fo (97 (x,Q%) =gy "(X,Q%))dx
Analogously, one can write for the difference of the spin - =0.916-0.009. (5)
H 3
structure functions ofH and 3He fo (@P(x,Q2) — g(x,Q?))dx

1 3 3 1 a
f (ng(X,QZ)_nge(X,QZ))dXZ 69A|triton(1+o ?S) ,
0 @) In Eq. (5) the errors forP,, and 2P, are not correlated and
therefore have been added in quadrature.

where galuion is the axial vector coupling constant mea- ~ BY comparing Eqs(3) and(5)3one can see t3hat calcula-
sured in the8 decay of tritongpyion=1.211+0.002[13].  tions of the structure functiong;"(x,Q?) and g;"%(x,Q?)

Taking the ratio of Eqs(1) and(2), one obtains based on nucleons alone underestimate the quenching factor
7 in Eq. (3) by about 4%.
_ Galtriton As explained above, it is natural to expect that this dis-
= ga crepancy can be accounted for by including the DIS dia-

grams which correspond to the transitions-A° and p
— A", This corresponds precisely to the two-body exchange
currents involving thel which appear in calculations of the
= =0.956+0.004. Gamow-Teller matrix element for the triton beta decay. Fig-
f (@R(x,Q%) —g7(x,Q?))dx ure 1 demonstrates the correspondence between the interfer-
0 ence diagrams in polarized DIS and the two-body exchange
(3) currents involving aA entering the Gamow-Teller matrix
element calculations.
Note that in Eq.(3) the QCD radiative corrections cancel In Ref. [9] was shown that the contribution of the dia-
exactly. grams of Fig. 1 increases the theoretical prediction of the
On the other hand, calculations with exact wave functionsaxial vector coupling constant of the triton by 4% and makes
of the tri-nucleon system involving only nucleons predictit consistent with the experimental value. By analogy, we
that assume that the contribution of the interference terms,

1 3 3
fo (@21 (x, Q) — g2e(x,Q2)dx

014025-2
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—A%andp—A™, in polarized DIS will make the theoretical tion of the corresponding diagrams to triton beta decay is

prediction of Eq.(5) equal to the experimental value of Eqg. negligible.

(3. Taking into account the interference terms in polarized
Note also that the contribution of the DIS diagrams in-DIS on tri-nucleon systems, the spin structure functions of

volving the transitiomA — A is neglected since the contribu- *He and®H can be expressed as

Ad
X

3 y Ady
o2He(x, Q) = f S A anel) G200y, Q%) + f & ATpnly)gE1Y. Q)
X
Ady A Ady At
+ fXVAfnﬁAo,sHew)gz A(xly, Q%)+ fXVApr/sHe(y)gﬁ’ A (xly,Q?),
3 Ady Ady
02M(x,Q?) = j & A an(y)ghxy. Q) + j & A an(y)ghxy. Q7

Ady A0 Ady .
+ f 7AfnﬂAo,3H<y)gQ A(xly, Q%)+ f 7AfpﬁA+,aH<y>gE A (xly,QP), (6)

X X

where Af,spdy) [Afaeu(Y)] Afgsudy) [Afgsu(Y)], In the next section we shall make predictions for spin
Afpaosne(y)  [Afn_aosu(y)], and  Afy a+2neY)  structure functionngHAo(x,Qz) and g?*" (x,Q?) using

[Afp_a+3u(y)] are the spin-dependent light-cone momen-the quark model and estimate the effective polarizations
tum distributions of the neutron, protom—A° and p P..a0 andP, . ,+ using Eq.(3) as a guide.

—A" interference terms in3He (GH), respectively;

— 0 — + H
91~% (x,Q% andgf~* (x,Q?) are the spin structure func- i, INTERFERENCE SPIN STRUCTURE FUNCTIONS
tions of the corresponding interference terms. AND THE EFEECTIVE POLARIZATIONS
In the approximation where Fermi motion and off-shell o ) _
effects are negligible sa\f;sua(y)<d(y—1) [Afisu(y) The contribution to the nuclear spin structure functions
«5(y—1)] we find associated with the\—N and N—A interference terms,
0 + .
gl 74 (x,Q%) and g?* (x,Q?), can be calculated within
3 i -
nge(X’Qz): PngT(x,Q2)+2Png(X,Q2) the framework of the valen(_:e qu_ark _model. Since only va
lence quarks are present in this picture, the model, and
0 - , .
+2P, 20072 (x,Q2) hencg, our pAréedlctlons for thi+mterference spln structure
. functionsg] % (x,Q?) and g}~ (x,Q?) are valid where
+4PpﬁA+g§HA (x,Q?), the valence parton picture is applicable. The following

simple analysis shows that polarized valence quarks domi-
nate over polarized sea quarks@t<5 Ge\? and interme-

SH 2y _ P 2 n 2
91" (X,Q%) =Png1(x,Q%) +2Pp0;(x,Q%) diatex. Using recent parametrizations of spin-dependent par-

_op ngﬂw(x Q?) ton distributions from Refs[14] and[15], one can readily
n—a"S1 ’ check that the contribution of the valence quarks to the spin
—4P, A+gg_’A0(x Q2). ) structure functions of the protorg{) and the neutrondy’) is

larger than the contribution of the sea quarks in the range
0.5<Q?<5 Ge\? and 0.2x=<0.8 by at least a factor of
five. This justifies the use of the valen@nstituenk quark
picture at these values @2 andx.

The probabilities to find polarizedp, down andstrange
quarks for the octet of baryons, the decuplet of baryon reso-
nances and the interference between octet and decuplet states

L 3 L .
term contribution tog;"(x,Q?) originates due to the sign \ere derived in Ref[16], using SU6) wave functions with
convention

In Eq. (7) P,_0 andP,_ ,+ stand for the effective polar-
ization of the interference transitioms—A° andp—A™ in
3He, respectively. Additional factors of two in front of the
interference terms correspond to the sum of khe A and
A— N transitions. The minus sign in front of the interference

Pna0=Pn_a0ne= = Pps+n, INote that in accordance with the result of RES], we do not

consider the regior>0.8 where binding and Fermi motion effects
Ppoa+=Pp_a+BHe= — Pnoa03y. (80  become important.

014025-3
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energies perturbed by the standard spin-dependent hyperfine 10 1 A0 as

interactiong 17, following earlier work for the nucleofi8]. j g7 % (x,Q%)dx= EBrlH 1+ O(?) . (11
The spin structure functiog,(x,Q?) for the proton and 0

neutron, and the interference terms—~A" and n—A°, . .

within the framework of the valence quark parton model is'ne matrix element8, are defined as

defined as

p—»AJr + 4— 1
» . 254B) % =(A" 8| guy yaut 5 Ay ysdlp.s),
gl(XIQZ):E §AU(X1Q2)+§Ad(X1Q2) ’ (9)

0 4_ 1

where Au(x,Q9)=u'(x,Q%)—-ul(x,Q?) and Ad(x,Q? 25"B] % =(A%s|guytysut gdy ysdins), (12

=d'(x,Q)-d"(x,Q%); u'(x,Q%) [d'(x,Q?)] and

u'(x,Q% [d'(x,Q%] are the probabilities to find the up wheres” is the polarization vector of the nucleon and

(down) quark with helicity parallel and antiparallel, respec- defined as in Ref19].

tively, to the helicity of the target. o Using the representation of the wave functions of the pro-
Using the results of Ref.16] and the definition(9) one  {on neutron, ana in terms of quark fields and the standard

can express thﬁ spinhstrgcturfe functions for thf proton andommutation relationships between the quark fields one can
. + 0
neutron as well as the interference termpssA* andn o o elemerd > andB! 2’ to

0 . -y
—A7, at some initial scal€ as the axial vector coupling constant for the beta deegyp
1 —u~ AT, Decomposing the electromagnetic current in Eq.
95 (x,Qf) = E(GGS(X,QS) ~G,(x,Q))), (()letL:Eto isovector and isoscalar components one can readily

1 A% s|luytysu—dy ysd|p,s)=—2(A " sluy“ysd|n,s),
g?_(X’Qé):TZ(GS(X'QS)_GU(X’QS))Y < | Y Ys Y s |p > < | Y Ys | >

(A%, s|luy*ysu—dy*ysd|n,s)=—2(A",s|luy*ysd|n,s).

nd + \/E
g5 % (x,Q9)= 5 Gu(x.QP). 13
2 It also follows from Ref[16] that
o1 x,Qf)= ge,,(x,Q%), (10

(A" sluy*ysu+dy* ysdlp,s)=0,

whereG4(x,Q3) andG,(x,Q3) are the contributions to the
spin structure functions associated with a pair of spectator (A°,s|uyysu+dy“ysd|n,s)=0. (14)
quarks in the baryon wave function wite=0,=0 andS
=1]=1, respectively. These contributions can be calculated)sing Egs.(12), (13), and(14) one can write
using, for example, the MIT bag model Wit@§=0.23
GeV?, as was done in Ref16]. N . > -

One can also derive a sum rule, analogous to the Bjorken ~ 2s*(B~2 +B[ %)= —§<A+,s|uy“y5d|n,s).
sum rule, which relates in a model-independent way the sum

of the first moments ogEHM(X,QZ) andgTﬁAo(X,Qz) toa

certain axial current matrix element. The derivation is COM-  The commutation relationships between the quark fields
pletely analogous to the one for the Bjorken sum rule. Thateate the latter matrix element to the effective axial vector
is, the operator product expansion or algebra of currents resoypling constant in the reaction, p—u~ A™*, ga(p
lates the commutator of two electromagnetic currents, whose, A + : #

matrix element defines the usual hadronic electromagnetic
tensorW,,, of DIS, to the axial vector current. Sandwiching
this commutator between baryon states and using an unsub-

(15

_ 1 —
(A7, sluy*ysdin,s)=— —=(A" " sluy“ysd|p,s)

tracted dispersion relation for the structure function J3
g1(x,Q?) constrains the integrdlg, (x,Q?)dx. If we choose
the initial state to be a nucleon and the final state to be a _ u s
A(1232) resonance we arrive at the following relationships: =" ﬁz s“ga(p—ATT).  (16)
J’lg’l’HM(X,QZ)dx: EBE’*A+(1+O E)) Combining Eqgs(15), (16), and(11) one obtains the follow-
0 2 w ing sum rule:

014025-4
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1 +
fo @2 (x,.Q) + gl *°(x,Q%)dx

33 %S) ) a9

The sum rule(17) is exact(modulo the QCD radiative
correction$ in the limit of SW6) symmetry. Indeed, in this
case[3G,(x,Q3)dx=1 and the left-hand side of E417)
equals 2/2/9. On the other hangj,(p—A " +)=22/3[20]
and the right-hand side of E¢L7) equals 2/2/9 too.

We also expect that S6) should be a good approxima-
tion for the right-hand side of Eq.l7) because it works
qualitatively well for the form factoCé(O) associated with
the reactiorv, p—u~ A" ". The theoretical analysis of Ref.
[21] of the experimental data from the BNL experim¢ag]
found thatC§(0)=1.22t0.06. This value is close to the
SU(6) prediction,C5(0)=1.15.

In order to successfully apply E¢7) to extract the neu-
tron spin structure functiog}(x,Q?) from the *He data one

gA(pHA**)(HO

needs to address two issues: the effective polarizations of the

interference termsP,_ 5o and P,_,,+ and theQ? and x

dependence of the spin structure functions of the interference

terms, g} 2"(x,Q?) andg? 2" (x,Q?).

The first question can be readily answered using the su
rule (17). Substituting Egs(7) into Eq.(3) and using Eq(5)
one obtains

0.956=0.916+ 2 (P,,_,0+ 2P, _5+)

1 +
fo dx(@) 2", Q%) + g0 (x,Q%)

X T . (18
fo dx(@7(x,Q% —gh(x,Q?))

Note that in the derivation of Eq18) we have assumed that
the QCD radiative corrections of Ed17) cancel exactly
those of Eq.(1). Since Eqs(1) and (18) deal with similar

physical observables—the non-singlet spin-dependent struc-
ture functions—it is natural to assume that the QCD radiative

corrections are the same in Eq$) and (17).

Since we have assumed that the contributions ofrthe
—A%andp—A™ transitions make the theoretical prediction
and the experimental value gf|iton CONsistent, the effec-
tive polarizations of the interference termB,,_ o and
P,_.a+, should be such that E(L8) is satisfied. Thus, using
the sum rulg(17) and Eq.(18) one can write

da
2(P, . p0+2P, y+)=—+3X0.04—————
" P ga(p—AT)

(19

—0.027.

In Eq. (190 we have assumed the 8) value for ga(p
—A*™T), namelyga(p—A**)=22/3.

Therefore, the spin structure functi@i”e(x,Qz) of Eq.
(7) can be written as

PHYSICAL REVIEW D64 014025

9:7(%,Q%) = Pg(x,Q?) +2P,02(X,Q?)

~0.027¢7%°(x,Q?). (20)
We stress that Eq20) is an approximation which neglects
Fermi motion and off-shell effects.

Next we need to know the interference structure function,

grlHAO(x,QZ), as a function ofQ? and x. In Ref. [16]
G«(x,Q?) andG,(x,Q?) which enter Eq(10) were evalu-
ated within the framework of the MIT bag model. Then, in
order to make a comparison to other parameterizations of
polarized quark densities and to spin structure functions, the
QCD evolution from the bag sca©§=0.23 GeV to large

Q? was performed.

Instead of using a particular model f@(x,Q?) and
G,(x,Q?) and then performing the QCD evolution, one can
relateggéAO(x,Qz) to gf(x,Q?) andg’(x,Q?) in a model-
independent way. Using E¢10) one can write

g (x,Q9) =012’ (x,Q?)

242
é(g?(x,@)—w?(x,@?)).

(21)

rﬁince Eq.(21) is based solely on the Clebsch-Gordan coef-
[

cients used to construct the nucleon ahavave functions,
it holds regardless of whether the @) symmetry of the
baryon wave functions is broken or not. Equati¢?l)
should be valid at alk andQ? where the picture of nucleons
andA’s being composed of valence quarks holds. No infor-
mation about the dynamics of valence quarks, or information
on G¢(x,Q?) andG,(x,Q?), is needed.

Using Eqg.(21) in Eqg. (20) one can write the following

master equation for the spin structure funct'g;iﬁ'e(x,Qz):
3
9" (%, Q%) =Png1(x,Q%) +2P,g8(x,Q?)

22
— 0.027%_ (9%(x,Q%) —497(x,Q%).
(22)

Equation(22) describesgi“e(x,Qz) as a sum of the contri-
butions from the effective polarizations of the neutron and
proton and the contribution of the interference tefs A
andA—N. As explained above, E¢22) neglects Fermi mo-
tion and off-shell effects, which is expected to be a good
approximation forx<0.8.

IV. EXTRACTION OF g7(x,Q?% FROM 3He DATA

Equation(22) can be used to estimate the role played by a
A in extracting the neutron spin structure functig}(x,Q?)
from the DIS data taken on a polarizetHe target. We
would like to stress that Eq22) was derived using two
following assumptions(i) the A-isobar saturates the exact
QCD sum rule in the leading twidisee Eq.(2)]; (ii) the
higher twist(HT) effects are small. In general, the HT effects

014025-5
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for the nuclear and nucleon structure functions are different.Na -
However, since those effects are just corrections and herew % | [
are concerned with nuclear effects, which are not large them-'é
selves, it is natural to assume that the HT effects are the &

same for, for exampley} andgiHe. That means that the HT
effects cancel in Eq18) and, hence, do not affect E2).
As follows from the discussion in the beginning of Sec. I,
Eq. (22) is valid at 0.2<x=<0.8 and 0.5Q?<5 Ge\?. :
Let us denoteg?exp(x,Qz), the neutron spin structure 07 |
function obtained from Eq22), when the contribution of the [
A is omitted: os |

e

2,"(x,Q")/g,

017X, Q%) = Po@lern (. Q%) +2P,08(x,Q%). (23

Combining Eqgs.(22) and (23) we find the relationship be-
tween the theoretical prediction fgk(x,Q?) when the effect
of the A is present and,,, (x,Q%):

04

03 b

S , 002722 X
91(%,Q%) =| G1exp (X, Q) + P, 5 91(x,Q%) FIG. 2. The ratiogf(x,Q%)/g1ex,(x,Q%) of Eq.(25) for param-
etrizations of the spin-dependent parton densities of R&#§.and
0.0278.2|* [15] atQ?=1 Ge\”. This ratio would be unity if the effect of thi
X| 1+ P. 5 were unimportant.
=0.934(grl‘exp(x,Q2)+O.0178gE(X,Q2)). for the LO “standard” set of the parametrization of Ref.
(24) [14], and
1
One can also represent the result of E2f) in the form of n o (X,Q%)dx=—4.487x 102
; n 2 n 2 glexp 10 )
the ratiog}(x,Q?)/glexs (X, Q?): 0
n 2 p 2 1
(X!Q ) (X!Q ) n 2 - — —2
91—20_934,|_ 0.017891—. (25) 0 01(x,Qp)dx=—4.317< 10 (27)

ggexp(nyz) g?exp(Xsz)

In order to demonstrate the magnitude of the nuclear eftor the LO (iii) set of the parametrization of Refl5]. For

et Sssoiod i 1 we Sho I . 2 h o 1 U PAaTUabon of sdendetpatr st
97(X,Q%)/ g4 (X,Q?) of Eq. (25) as a function ok. ’

: . and A—N terms changes the first moment gf(x,Q?) by
The solid curve corresponds to the leading ordeD) ]5% and 4%, respectively.

parametrization of spin-dependent parton densities of Ref. . . i
[14] (“standard” scenarip. The dotted curve corresponds to Equat|on§(24) and(25) can be used in order to re-analyze
the extraction of the neutron spin structure function

the LO parameterization of R€f15] [the (iii ) sefl. The con- g7(x,Q?) from the *He DIS data. Note that only the data

sidered ratio would be unity if the effect of the were un- ) .

important. However, from Fig. 2 one can see that the contriPCiNts withx=0.2 are corrected for the presence of the

butions of the interference termdl—A and A—N, do  'soPar- The results are presented in Figs. :2)’_6-

modify the neutron spin structure functigh,, (x,Q?) it is Figure 3 represents the valuesgif,, (x,Q°) reported by

reduced by approximately 15% at=0.2 and drops signifi- the E154 Collaboratio[2] as full C|rc!e§, with corrgspondlng

cantly forx>0.35. error bars, ar_1d the theoretlcal_pred|ctlon &J(x,Q )_ of Eq.
Using Eq.(24) one can also estimate the change in the(3) as open circlegThe open circles have been shifted to the

first moment ofg’)(x,Q?). Assuming that the effects associ- 9Nt in order to make them legible on the plothe error

ated with theA are present at 02x<0.8 in Eq.(24), one bars are purely statistical uncergamtles &=5 Ge\? for

finds, atQ?=1 Ge\?, each point. The values @ (x,Q?) needed for Eq(24), at

appropriate values of and Q=5 Ge\?, were taken from
1 the data of the SLAC E143 experimg#i]. From Fig. 3 one
f Olexp(X,Q?)dx=—3.954x 102, can see that the effect of tieon the extraction o} (x,Q?)
0 from the *He data is to increase the valuesg{x,Q?) by
. 15% atx=0.24. Atx>0.34, the correction due to theis of
J g7(x,Q?)dx=—3.783x 102 (26) order 20-30 %. However, the error bars for the correspond-
0 ing values ofg‘l‘exp(x,Qz) are so large that it does not seem

014025-6
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2,"x,Q%
g,2x,Q")

02 |-

-03 |-

E154 data at Q=5 GeV>

o | HERMES data

| Lo b L o L o Ve Ve L o L L
. n n . ) e 05 Ll
02 0.3 04 0.5 0.6 0.05 0.1 0.15 02 0.25 03 0.35 04 0.45 0.5

X X

FIG. 3. gexp(x,Q?) of the E154 Collaboration vs the theoreti-  FIG. 5. gj,,, (x,Q?) of the HERMES Collaboration vs the theo-
cally corrected values fog}(x,Q?), as given in Eq(24), as func-  retically corrected values fog}(x,Q?), as given in Eq.(24), as
tions of x at Q?=5 Ge\?. The experimental data points and the functions ofx at Q? correlated withx. The experimental data points
corresponding statistical error bars are presented as full circles arehd the corresponding statistical error bars are presented as full
solid vertical lines, correspondingly. The theoretically correctedcircles and solid vertical lines, correspondingly. The theoretically
values forg(x,Q?) are given by open circle§The open circles corrected values fag](x,Q?) are given by open circle§The open
have been shifted to make them legible. circles have been shifted to make them legible.

sensible to discuss any comparison W'Fh the Qa_ta Hor added in quadrature. Since we do not correct the data at
>0.34, at present. Note, however, that high precision mea- n 24 /N N4 . .
i . <0.2, 97(X,Q9)/97exp (X,Q7) =1 in this region.
surements with the polarizedHe target are planned at . P
. In Figs. 5 and 6 we analogously re-analyze the HERMES
TINAF for the 0.33:x=0.63 region 23] data, Ref[1]. Note that the data points in R¢fl] have not
The information in Fig. 3 is presented in terms of the ratio ' T P

- . . ~been evolved to a commo@?. Thus, in Figs. 5 and 6 the
qf Eq.(29) in F.Ig' 4. The error barsn are szystemaug uncgrtaln values ofQ? andx are correlated. We used the HERMES
ties of experimental values fog;(x,Q°) and g7 (x,Q%)

-
S

=
S

=
()
1
I
(3]
1

:
:

-

£,706Q)/8 10y, "(%,Q°)
£706Q)/g 0y, "(%,Q°)

08 | os L
06 |- 06 |-
04 |- 04 ;
o2 | E154 data at Q’=5 GeV” oz | HERMES data
0|\\\‘\\|||\\\||| AT TR ST S IR SR 0-|||‘|\|||||\\‘\|||‘\\||||\\\lll\\‘\lll‘l\l\ll\l\
0.1 0.2 0.3 04 0.5 0.6 0.05 01 0.15 0.2 025 03 0.35 04 045 0.5
X X
FIG. 4. The ratiog}(x,Q%)/g1ex,(x,Q?) of Eq. (25) as a func- FIG. 6. The ratiog?(x,Q%)/glex,(x,Q%) of Eq. (25) as a func-

tion of x at Q=5 Ge\? for the E154 data. The vertical solid lines tion of x and atQ?, correlated withx for the HERMES data. The
are systematic uncertainties of experimental valuesgﬁtQK,QZ) vertical solid lines are systematic uncertainties of experimental val-
andgh(x,Q?) added in quadrature. ues forg}(x,Q?) andg?(x,Q?) added in quadrature.
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proton data[24] for gﬁ(x,Qz)zin order to use in Eq(24)  ture functionsg]*’(x,Q2) and g?~* " (x,Q?), and effec-

since the values ofx) and(Q®) prespentedz are very close to tive polarizationsP, 50 and P, .+, respectively. A new
0 +

those of Re_f.[l].zln order t(n) havzagl(x,Q ) at exactly the ¢, rule forgl~2°(x,Q?%) andg?~* " (x,Q?) has been de-

same bins iKQ*) as for g7(x,Q“) we have extrapolated

. n—A0 2 p~>A+ 2
P(x,Q?) to the required Q?) using the experimentally jus- rived. We also related; ~ (x,Q%) andgy ™ (x,Q%) to
gflit(ad Qaésumptionq tha'f(?h?a rati?gf(x QZF;IFE(X Qz)y Jis g7(x,Q?) andg?(x,Q?) within the framework of the valence

Q2-independen{25]. The spin-independent structure func- quark model. The connection to the calculations of the triton

fion FP(x,0?) was parametrized using the recent world av_beta decay enabled an estimate of the effective polarizations
1% p2 o g of the interference terms?,,_,,o and P,,_,,+, by requiring
eraged fits foR(x,Q7) [26] andF5(x,Q%) [27]. One can see yhay the generalization of the Bjorken sum rule to the tri-
from Figs. 5 andn6 thazt the contribution of the interferencey,cleon system be consistent with the measured axial vector
terms increaseg;(x,Q“) by about 20%, which is so far coypling constant in th& =3 system. In addition, the higher

within the experimental error bars. twist effects are assumed to be negligible.
Taking the effect of theA into account, we have re-
V. CONCLUSIONS analyzed the neutron spin structure functiglfx,Q?) using

In this work we considered a novel nuclear contributiontN€ data of the E143 and HERMESnexperZim_ents. We found
which affects the extraction of the neutron spin structurdNat, depending omx, the values ofg;(x,Q") increase by

function g7(x,Q?) from the polarized DIS data ofHe. The 15-30%. We also estimated that the first moment of
ditx. e boan Sew (x,Q?) increases by 45 % atQ?=1 Ge\?

Feynman diagrams which describe DIS on polarizeie are ~ 91(% y '

analogous to the diagrams which enter the calculation of the

Gamow-Teller matrix element of the tritium beta decay.

Thus, it is very natural to assume that the diagrams associ- ACKNOWLEDGMENTS
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