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Spin structure functions for three-nucleon systems: Neutrons and protons
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The relativistic quark model of nucleon and the quark-exchange formalism is used to calculate the spin
structure functiongSSH of He, 2H, neutrons and protons. We consider the quarks to be exchanged at most
between two nucleons. The up and down quarks treated separately and a well behaved polarized distribution is
found by considering energy-momentum conservation properly. The SSHefand *H and convolution
approximation are used to find the SSF of protons and neutrons and the validity of the Bjorken sum rule was
tested. Finally it is shown that the result of our calculation agrees qualitatively well with the available experi-
mental data, i.e., E142, E143, SMC, and recent E154 experinfj&®556-281&8)03002-7

PACS numbg(s): 21.45:+v, 12.39.Ki, 13.60.Hb, 24.85.p

[. INTRODUCTION Several years ago a formalism was developed by Hoodb-
hoy and Jaffe(HJ) [13] to investigate the multiquark ex-

In recent years, there have been a large number of exper¢hange in the nuclear system. This method, which was based
ments on both the polarized deep-inelastic lepton scatteringn the nonrelativistic quark model, was later applied to the
by nucleons and nucldil—4]. In the light of these experi- light nuclei [14] and nuclear mattef6,15] to calculate the
ments the understanding of “nucleon” structure has becomejuark distribution function in nucleons and nudEMC ef-

a hot topic in particle and nuclear physics. fect). The result was encouraging.

These reports have revealed the following striking results: In this article we intend to use the same formalism to
(1) There is a significant difference between the structure otalculate the SSF ofHe and®H nuclei, as well as the SSF
free nucleons and bound nucleofBMC effech [4]. (2) of neutron and proton by using the HJ quark-exchange for-
Quarks carry collectively only a fraction of the nucleon spin, malism and the convolution model.

and the fraction which is carried by tteequark is negative So the paper is organized as following. We begin Sec. Il
and quite larg¢5]. (3) The Bjorken sum rule may have been by introducing various definitions such as the polarized
violated[5]. deep-inelastic cross section, the spin structure function, the

In our previous workg6-8] and [9] we have studied sum rules, etc. In Sec. lll we develop the quark-exchange
points (1) and(2), respectively. But in this article we would formalism to calculate the spin dependent quark momentum
like to examine point number three in more detail theoreti-distribution in three nucleon systems. The momentum distri-
cally. In this context besides the spin structure function ofbution will be written as a sum of direct and exchange parts
the proton, one should calculate the spin structure functiomvith new indices for different flavors and spin polarizations.
(SSH of the neutron as well. Recently, this was obtainedSection 1V is concerned with the relation of the distribution
from deep-inelastic scattering of polarized lepton off polar-function to the probability of removing quarks from the tar-
ized deuteron(SMC [1]), and ®He (E142 and E1543)), get and the explicit calculation of the polarized spin structure
targets. These results together with previous data of EM@unction for various quarks flavor. Finally the numerical re-
group[4] on the proton SSF are being currently used to tessults and the conclusion are presented in Sec. V.
the Bjorken sum rulg5].

Of particular relevance are the experiments of thée Il. POLARIZED NUCLEON STRUCTURE FUNCTION
target, which we intend to consider in this work, since the
He nucleus can be viewed as an effective neutron target. The spin structure function of nucle@n andg,, which
The proton pair in this nucleus are mainlyi8, state, sothe are determined experimentally, are related to the antisym-
proton contribution will be averaged of8] and the SSF of metric part of the hadronic tensor,
3He is mostly due to neutron rather than protons. In the same
way one can argue abodH nucleus and consider it as a
proton.

Up to now, the theoretical description of three nucleon

i
Wﬁv(p’S!Q) = ﬁsuvaﬂqa M SBGl( Vin)

(®He and ®H) SSF have been mainly given in terms of 1/ 5 54 4 2
b - I - vy —p°|G(v,QY)|, (D)
plane-waves impulse approximation and convolution ap- M p-q
proaches by introducing the spin-dependent spectral function
[10-12. through the spin-dependent inelastic form factor, i.e.,

gl(X!Qz)zszel(lez)l gZ(X!QZ)zMVZGZ(XlQZ)-
*Permanent address. 2
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In the scaling limit Q®— o, »—) they will reduce simply here « stands for{P,Ms,M} nucleon states angt de-

10 g,(x) andgy(x) wherex is the Bjorken variable which is  qtes the quark staték,m,,m, ,c}. There is a summation on
defined as the repeated indices, i.e., summation over all values of the
coordinates including integration over momerga.(q) are

the creationannihilation) operators for quarks aw;mﬂs
is the totally antisymmetric nucleon wave function:

Q2
T 2My’

whereM is the mass of nucleon. 1 1

In 1966 a sum rule was derived by Bjorkgh6] which = ¢ _
relates the difference of the first moments of protons and “2*3 31 ‘%% f3
neutrons to the weak coupling constants for neutron decay,

i.e., ga and gy . By including the first order perturbative Z (l/2)s(l/2)c(1/2)(1/25 (12t(1/2) ~(1/2 (1/2)t

quantum chromodynamid€CD) corrections[17] this sum 01 MsMsMs Tms,ms Mg my mMy Fmg mymy

rule is written as .
X5(kl+k2+k3_P)¢(klvk21k3ap)1 (8)

gA aS(QZ) e o
J' (97(x) — g1(x))dx= 1_ - 1 (3 whereg(k;,ky,K3,P) is the nucleon wave function and it is
approximated by a Gaussian distribution, i.e.,

wherea¢(Q?) is the QCD coupling constant. There are also 4\ (3/4)

separate sum rules for the proton and neutron which were d)(lz Ko K 5): ﬂ

derived by Ellis and JafffL8]. By using this assumption that 1R 2

we have the S(B) symmetry and the unpolarized strange

sea, they are given by the following equations: (k§+ k3+k3) b2p2
X exp —b?
2 6
1 (9F—-D)
f 9000 dx= —r—— (1~ ay(Q?), ©
0 T 2)
( Cjnf’r'ﬂzm are the familiar Clebsch-Gordon coefficients and
j gl(x —4Db )(1 a(Q?)) €c,c,04 is the color factor. The normalization @f is chosen
S
such that
whereF andD are the invariant matrix elements of the axial (PMgM+|P’MEM )= 5(P— ﬁ’)‘sMsM’s‘SMTMé (10)

vector curren{18]. The above two integrals have other in-

terpretations in the quark-parton model as well, i.e., and the overall antisymmetrization is provided by

1 (1/@) €cycpcq0
Y= f gl(x)dX— (9 Au+ = Ad+ As) (1-ay(Q?), For quark creation and annihilation operators we have the
(5)  usual fermions anticommutation relations, i.e.,

1 1/1 4 1 qh=s .
:jogg(x)dxzz<§Au+§Ad+§As)(l—aS(Q2)), 10,90} = O (12)

while the nucleon composite operatav® and \®' obey the

where following anticommutation relations:

. (N NEy = 58— N8, (12

=f0[q}<x>—qf(x>]dx (8)
where
which gives the “spin-measures” up, down, and strange NEB=3A® AP s
quarks in the nucleons. Usually the neutron beta decay and V1VaVgl T MiMoty T H3V3
the hypron decay relations,Au—Ad=F+D and 1
—AS=F— (PO .

Ad—As=F—D, are taken to extracku, Ad, andAs [and X 8y, O, Aoy~ 59,9, 80,00, |- (13

are used in Eq(5)].
({a,.q,} and{N* NP} as well as their complex conjugates

Ill. POLARIZED QUARK-EXCHANGE FORMALISM are zero, as usual.
As in the previous work§6,8,13—15 we start by making The full calculation of quark-exchange effects become
our nucleon from three quarks: very tedious if all of the three nucleons are allowed to over-

lap simultaneously. But since in th@He and *H nuclei
(small nuclear sizethe nuclear density is on average low,

: 1 P ; o .
aV=AN""0)= — 0), 7 then it should be a good approximation to ignore the quark-
) 1 \/ﬁNzl”z“e'q”lq”zq“?" ) @ exchange among three nucleons simultaneously.
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Before we consider the above approximation let us define

the nucleus model state as follows:
| Ai=8)=(3)~ Vymasnm A Avsl0),  (14)

where the nuclear wave functiog“1“23, which is com-
pletely antisymmetric in the nuclear coordinates, is just the
conventional three-nucleon wave function and will be dis-
cussed in more detail later on. Now we can define the mo-
mentum distribution of a quark with a given flavor and spin
polarizations in the three-nucleon systems as

L (A=3la,9.0A=3)
P A= aa=y

(19

SPIN STRUCTURE FUNCTIONS FOR THREE-NUCLEOD ..
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FIG. 1. (a) The graphical representation of quark one-body op-

b)

erator up to two-nucleon correlatiofb) The omitted three-nucleon
where by the bar sign over we mean omission of the correlation term.

summation onmg,m, and integration ovek in the « indices.

In order to caIcuIatep;(lZ;Ai) it is enough to evaluate L{Z—Lﬂm‘ﬁlﬁﬂ?*:/\/% /\/'% 5%2B2 §3P3 (18
0203 0203
+
(Ai = 3|q;qm“4l = 3> (16) and
Then, the calculation of(.4;=3|.4;=3) would become YiLe2as.P1b2ls
straightforward, i.e., just a summation over M
=3NL AL 2 2 3 3
_ —a\_ 1 — t _ 3NZ02UsNi02‘TsNz1“2”3A/flﬂ2ﬂ3NZlest\/ﬁlpzps
(Ai=3|A=3)= §<Ai—3|qﬂqu|«4i—3>
FANZ_ NP2 g pPe gy
:X* a1a2a3( 5&1315azﬂz5a3ﬁ3 MRy popy  P1P2P3 H1P2P3
waoa, 2 P2 A3 pB2 181
_5#; 2 BlBZﬁS)XﬁlﬁZB3, + ZN:ltlﬂzﬂaN;‘iuzugszzp3Nﬁlsz35 ' (19
where The diagrammatic representation of the above equations is
w1 0yetg Bafinf given in Fig. 1a). The omitted three-body exchanged contri-
En = N N io N o N O bution is displayed in Fig.(b). As we mentioned before, the

(17) summation over all indices will simply raise to the multipli-

cation factor 9.4;=3|.4;=3). By using the following defi-
After doing some algebra, which would be long but not dif- nition in Eq. (8), for Clebsch-Gordon coefficients, i.e.,
ficult, and ignoring the three-body exchanged diagraim

will be discussed later gnone would find the following 1 1
equation for the above expectation val(l. (16)]: D(o,u,v;a;)= Eeclcz%ﬁ 20 . %lz)n?(nl/@
! s,t=0, So S Sa;
N
(Ai=3]q,0,fA4=3) (212t (50

(1/2)(112)s~(12)t(1/2)
>< (:I’T\S mS mSle thT ml m[ mt
S, . P

—9y* alazas(uaﬁ:z% B1B2B3 _ PrL2293 ,,81[3253))(31/3233,

e we can explicitly write the five terms in Eqgl7), (18), and
where (19 as
3p2) 32
T T azBy sazf3 — 5) — 5) 5) — 5) 5 — 5]
P L U A LU AL (8 PBS)(W)
3 (. q _ _
Xex;{—ibz k"‘g D(u,02,03;a1)D(p,05,0,,03;B1) 8*2P25%3F3, (21
9b4 3/2 3 . a 62 .
AL Pl 2 3 N el ) 4 e n2t2
NZ"203'/\/:3"203'/\61/‘2#3/\/2;1#2#3]\/(;192/33Ni1P2P3 A(S’n'z) ex 2b K+ 3 ex b 3 exp[~bv7]
XD(@,09,03;a1)D(1,02,03;81)D (1, 12,13} )
XD(p1,m2,13:82)D(p1,p2,p3,23)D(11,p2,p3:83), (22
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ob%\ 32 12 (. § 62 0 ) B
A%lﬂzﬂ/%tzplszpngNﬁslpng50131: A(ﬁf) exp{ o 7b2 k— 6 E) eXF{ - b2§ exd — bzvz]D(,ul TP TR
XD (p1,2,:B82)D(p1.p2.p3:3)D(11.,p2,p3; B3) 5°1P1, (23)
9%\ 372 LG ) i )
Aﬁiﬂzﬂs/\/@szusNameNﬁipzps5a1ﬁ1: A(ﬁ) exp[ —3fk-g+3 ex"[ —b? 5| ext—b%ZID (11, m2, 135 )
XD(pg, 3,1 B2)D(1,p2,p3;a3)D(py,p2,p3; Bs) 841P1, (24

2\ 3/2 JZ .
Nez NP2 NS AP 5“1B1=A(m) exr{—bz exd —b%?ID(uy, p2,3;a2)D(p1, 12,135 82)

MiMoMg  HoM3P1  P1P2P3  M1P2P3 ?
XD(p1,p2.p3:a3)D(p1,p2,p3:B3) 8171, (25)
with
i= PP (B
and

A=8(Pa,~Pp,) 8(Pu, Pay=Pp, Pp,)-

For three nucleons, we use the Jacobi coordinates and the same definition as the one we-diddoefficients in Eq(20),
i.e,

1
A = (1/2)S(1/2) (1/2)(1/2S (1/2)T(1/2) (1/2)(1/12T
D(ay,az,a3;A;) \/ES'ZOlCMSa MSMSICMSH Ms, MSCMTQ MTMT‘CMTH My Mg (26)
s i 1 2 3 1 2 3
to write the nuclear wave function as follows:
x192%=x(P,q)D(ay,az,a3;4)). (27)

Then by assuming the nucleus to be in the rest frame and defining the Fourier transfg(rﬁ,éj, we can write the
expectation values of Eq&21)—(25) between the nucleus wave function as

3b2 3/2 3b2|22
222 ®H 72

XD(ay,az,a3;A4)D(B1, B2, B3 Aj) 892P253Fs3, (29)

X* AN NPL 5aaba saabay Biaba— D(,02,03;a1)D(1,02,02,05; B1)

MOR03  pO,0g3

yreweas L \PL ze  aBa s aBs BB

MO903 o003  HKiMoHK3  P1MoM3  P1P2P3  M1P2P3

27b2 3/2 3 b2|22
8 ex 2

XD(m1,p2,p3:83)D (a1, az,a3;A4)D(B1,B2,B83:A), (29

=1 D(u,05,03;a1)D(1,02,03; B1)D (11,12, 35 2)D(p1, 2. 13 B2)D(p1,p2.p3; s)

Yraweas\f2 AP a@s aBs saapy) BiBaBs
MMy Mpopy P1P2P3 M1P2P3

2707\ 32 12 ., — —
=1 772 ex _7bk D(p1,p2,m;0a2)D(p1,p2, 13 B2)D(p1,p2.p3;23)

XD(pm1,p2,p3;B3)D(ay,az,a3;4)D(B1,B2,B3;A) 8*1P1, (30
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PR LT S Vo Vo S VoV Y
H1MK3  pppps  mpop3  m1P2P307 By
2

3/2
W) eXF{_3b2k2]D(M1,,U~2,,U«3;a’z)D(MZ,Ms,,U«i,Bz)D(M,PLPs;Cfa)

XD(m1,p2,p3;B3)D(ay,az,a3;4)D(B1,B2,B83;A) 8*1F1, (31)

* ajazag gaify N2 /\ﬂgz N3 /\/'63 B1B2B3
X H1Mol3™  Hol3P1”  P1P2P3 Mlpgpgﬁ‘fﬁlx
| 3
2

XD(p1,p2:p3;B3)D(ay,az,a3;4)D(B1,B2.B3:A) 61P1, (32

3
D(m1,m2,13;02)D(p1,paz,u3:82)D(p1,p2,p3:a3)

where

© 0 2
_q. 2 2 2 ' _31
=8 x“dx | y<dy| d(cos@)ex 5
0 0 -1 4b

All of the above equations, i.6(28)—(32), have been calculated with the same approximation as the one used[bg]thd

other authorg6,7,15, i.e., a leading order expansion fq(ﬁ,ﬁ). This means that we ignore the Fermi motion in the
three-nucleon systems. But the validity of this approximation has been verified [f8Hand Modarret al.[6]. They have
found that forb<<1 fm it is possible to ignore the variation in the nuclear wave function over the nucleon size distances which
is justified for the low densities and the small nucleon radius. However, in general the Fermi motion is approximately
important forx>0.85[6].

By assumingm;=j and doing some angular momentum algefi] (in order to perform the summation over various
““m’’ values and reduce the number of D coefficients to the &, and § symbols as is discussed in the Appendix and Ref.
[14]), we can calculate the spin polarization momentum density for each flavor as

|x(X,y,co)|2.

Api(K;A) = pji (K A) = pj (KA, (33

where
ApJ(R;Ai):% M jexp( — agk?). (34)

The explicit matrix representation of E(B4) for A, =3He and>H by using the Appendix is as follows:

3 .
_ _h2|2
exp< 2bk)

Apu(K;®H) 0.367 —0.313 1614 —0.028 Z
Apy(K;3H) b? -0.201 0.162 0.601 0.028 exp( - Eb2|22>
Apy(K:®He) | “170553| —0.201 0.162 0.601 0.028 12 : (35
R _ _ _ Zoh2R2
Apy(K:3He) 0.367 0.313 1.612 0.024 exn( - b%k )
exp( — 3b2k?)
[
IV. NUCLEUS STRUCTURE FUNCTION this is not entirely correct, sincé) Ag?(x,Q5:.4)) do not

The polarized momentum distribution for various flavors Vanish forx>1 andx<0, (ii) Eq. (36) is not covariant, and
in each nucleus, E435), can be related to the corresponding (iii) no final state interaction is included. In order to take into

parton distribution at the hadronic sc&}§ according to the account the above requirements and the relativistic correc-
following equation[20]; tions we should rewritdd g!(x,Q5;.4;) as[20]

AQY(x QZA):ﬂf Ap(E.A)ﬁ X— k_+>d|2 (36) AgP(x QZ'A-)Z 1 JA (IZA)& X _k_+)d|2
N0 AT g VA M ' qj (X,Qq ;A (1-x%)2 pj(K; A Y )
(37)

wherem (M) is the quark(nucleor) mass andk, is the
light-cone momentum of initial quarksk{ =ky—k,). But  Now by doing the angular integration we find
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FIG. 2. Comparison of unpolarized nucleon structure function

used in our calculation with corresponding NSF from Re&X?]
(LO).

o

27™ .
MG,V = (5 | ApyRiAkdk (389

Kmin

with
XM 2 )
m + €] —M
kmin(x) = , Y (39)
_1_ X + EO
and
ko= (k2+m?)Y2— ¢, (40)

whereeg is the quark binding energy. The calculation with-
out the above correction has been discussed in PR4i.

M. M. YAZDANPANAH AND M. MODARRES

0.1p

FIG. 3. gi”e(x), our calculation(full curves and E154 experi-
ment[3] (full box). Dashed H=0.7 fm) and dotted =1.0 fm)
curves are without quark-exchange effect, respectively. Heavy
dashed curve is Kaptaet al. (KUCSK) result.

only thes-channel partial wave and we take them from Refs.
[13,23 (it has been calculated by solving Faddeev equation
and the result is comparable with those of R&6]) since
the d-channel contribution is very small due to the centrifu-
gal barrier(the mixed symmetrg’-channel andi-channels
account for about 1-2 % and 5-9 %, respectively, as has
been discussed in more detail in R€fE3,14,23—-2% and it
tends to reduce nucleon overlap in excess of the nucleon-
nucleon short-range repulsion. However the contributions of
the different components ofHe and ®H wave functions to
their charge density distribution have been investigated by
Friar et al. [23] and it indicates that it is a good approxima-
tion to ignore such components. So because our results are
not very sensitive to théd parameter, we can absorb this
effect by changind.

Now we are in a position to calculatg,(x;*He) and

can be written as follows:

1
G06A) =52 A (x,Q51A). (41)

V. RESULTS AND DISCUSSION

In order to do the numeric calculation fgr(x;.4;), we

first fix €, and the quark mass by using the unpolarized E

nucleon structure functiodNSPH according to Eqs(37)—
(40) [but by omittingA and A4; from these equations and

considering a Gaussian approximation ;ﬁ(p(l?) with param-
eterb]. Then we fit the above nucleon structure function to
the recent NSF which have been given in REf2] at
Q§:4 GeV? [we use the leading-order evolution formalism
(LO)]. The comparison of our NSF with LO is given in Fig.
2. We find that NSF ignot) very sensitive tom (e; and
0.7 fm=b=1fm) as is seen from Fig. 2. However, we chose
the values ofy=215 MeV,b=0.8 fm, andm=180 MeV
(the nearest fit to LD

We consider®He and 3H wave functions §) to have

Figs. 3 and 4 for various values of theparameter. Since, to

1.2

0
0.01

FIG. 4. gi“(x), our calculation(full curves, and SMC experi-
ment[1] (full box).
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12 0.1

b=17.0

Itx)
9'tx)

0.01 0.1 1

0.1 1

X
FIG. 5. g}(x), our calculatior(full curves, SMC experimenf1]

(full box), and E143 experimeii2] (full triangle). FIG. 6. g7(x), our calculation(full curves, HERMES[3] (full
circle), E154 experiment3] (full box), and E142 experimen]
a |arge extentgHe (3H) can be regarded as a neutrquo_ (fU” triangle). The results of Glok et al. [29] and Kaptariet al.
ton) target, we also present the data points from E@EMC) [10] are shown by GRSV and KUCSK, respectively. Dashed curve
experiments in Fig. 34) as well. In Fig. 3 we also give SSF epresentsHe result of Fig. 3.
3 ; -~
Oof He W|thouthqua[]k exchaktlge EﬁeCt fb'; 0-75‘(‘0' 1.0hfm. | (tzased on fitting and the appropriate spectral function, re-
ne can see that the quark-exchange effect brings the ca cy ectively, are also displayexigb(x) is displayed in Fig. 7
lation closer the experimental data. The heavy dashed cury ' Lo . . P
in Fig. 3 stands for the calculation of Kaptagt al. and the work of Gehrmann and Stirlifg0] is also given for

(KUCSK), [10]. We should mention here that the authors 0fcc_>mparison. It_ is seen that our results are in good agreement
Ref.[10] have used the free SSF of neutron and proton fromWlth Fhe expenr_nent_al data. In order to sese the gﬁegt of con-
various experimenté.e., E142, E143, and SMQo calculate  Volution approximation we also present tg'*(x) in Fig. 6.
the SSF of°He. Consequently their result depends on theirThe up and down quark SSF functions in the proton are
spectral functions as well as the parametrization of SSF ogiven in Figs. 8 and 9.
nucleons at smalk values. Table | shows the comparison afuP, AdP, '}, andT'}
However, in order to see how the SSF of proton and neuwith the corresponding experiments. It is seen that we get an
tron would look like without nuclear structure effect, we cal- overall agreement with the various experiments. From this
culate them by using the convolution approximation accordtable it is possible to obtain a value for the Bjorken sum rule,
ing to Ref.[27]. In this respect we write Eqg. (3). Doing so, one obtain§}—T"7=0.20297-0.0335,
which can be compared with the experimental prediction of
_ X the SMC groupl®—I'!=0.20+0.05=0.04.
qu”(x,Qg,Ai)=a% f Aqf(TA'Q(Z)’N> Fria (Y4)dY In conclusion the ;pin-dependent inelastic electron scat-
' (42)  tering from polarized*He and *H were studied. This was

wherefN,Ai(yAi) are the Fermi gas nucleon distributions in 017

each nuclei anda is the nuclear asymmetrj27] (when I
j=1/2, a=1). Next we expandAq}(x/y4,Q5:N) of Eq. o.0sl

(42) aroundx/(y ) with (y4)=1+ ‘€/M, and by taking

. . | b=0.7
into account this fact thafN,Ai(yAi) are narrow around 30_06_ .y ¥ \
e 2 !
(Y.4,), we can write[ 28] é} i o y \
L /
X 5 ) 0.04 6=7.0 /
Aqgj| 7—,Qq:N | =Ad](x,Qp; Aj). (43) i GS , \
<yAi> i g \
— 0.02} e 1
For e, the average removal energy of the nucleon in the i * “u \
nucleus, we use value 6f26 MeV corresponding t¢He L =1 N
and *H nuclei[27]. ive e o1 g
The comparison of numeric calculation of SSF for protons ’ ’ X '

and neutrons with the corresponding experimental data are
given in Figs. 5 and 6. The results of @luet al. [29] and FIG. 7. xgf(x), our calculation(full curves, SMC experiment
Kaptariet al. [10] by using the NLO radiative parton model [1] (full box), and Gehrmann and Stirlin@0] (dashed curve
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FIG. 8. As in Fig. 7 but forxAu(x). FIG. 9. As in Fig. 7 but forxAd(x).

done by defining a model for nuclei which takes into accountions properly. Better calculations can be done by consider-
the quark-exchange structure in a constituent picture. We cafd the two-nucleon spectral function rather than the simple
state that the quark-exchange effect are not negligible angonvolution model in order to calculate the SSF of protons
they should be observable in both unpolarized and polarize@nd neutrons. The effect of possible excitations of a nucleon
deep inelastic scattering from nuclei. Our results show that0 @A can be built in above model calculations. However, a
3He and®H nuclei are indeed good neutron and proton spinMore sophisticated calculat_lon is needed to check the mag-
targets(for 0.7 fm<b<1.0 fm). However, our result should nitude of these effects. Finally we have found that the
be considered as quantitative because of the variation of p&resent data og}"(x,Q?) are in agreement with the model
rameterb introduced in our model. So we can argue thatdeveloped by us. These suggest that the quarks are account-
further investigation on the polarized deep-inelastic cros@ble for about half the nucleon spin.

section can reveal more information about quark structure of

neutrons and protor{both experimentally and theoretically APPENDIX

The model we developed here can be extended to other nu- The results of the ‘fn’’ sums for various terms in the text
clei by taking into account the short range nucleon correlaare as follows. For Eq.21):

|
D(u,0,03;a1)D(1,02,05,03;81)D (@1, as,a5;4)D(B1, B2, Ba; Aj) 892P2593F5

1/2 1/2 S 2 ‘7 12 1//2
12 s, 12

=61 ' Osg0s.s Os. Os. g 12S]| —m— — . 1
M SS 9551 s,s) Osgs;, % [1/2)7 5] msﬂ MS| mS#+MS| 2 12 S
1/2 1/2 T 2 /72 12 1//5
12 t; 1

XSmO 81 By 20 [V2PIT]| —me —My m+My L
wom 7 o ' o : 12 12 T

For Eq.(22):

TABLE |. The comparison of various quantities explained in E&$.and (6) with experimental data.

Q?(GeV?) AuP AdP rp I
Our calculation
4 0.7911-0.126 —0.4272-0.075 0.1526:0.024 —0.050970.0095
SMC 10 1.0 0.19+0.14 —0.57£0.22£0.11 0.136:0.011+0.11
E143 3 0.12720.004+0.010
E142 2 —0.022+0.011
E154 5 —0.037+0.004+0.010

HERMES 25 —0.037£0.013+0.011
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D(1,02,03;01)D(14,0,03;: 80D (1,142, 3 22)D(p1. 2, 33 B2)D(p1.p2.p3s r3)
XD(pm1,p2,p3:B3)D (a1, az,a3;4)D(B1,B2,B3;A)

S 1/2 1/2 1/2 1/2 S

172 s 1/2 s; 1/2 172

1/2 1/2 S 172 s, 1/2

12 12 S 2
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o[ T 12 U2\ (U2 12 T
12 t, 12| t; 12 1
12 12 T )\ 12 t, 112

1/2 1/2 T
4
X Sy 811041830y 20 (VAT —mp —My me+My,

For Eq.(23):
Dy, p2,1;@2)D(py, 2, B2)D(p1,p2.p3;a3)D(11,p2,p3: B2)D(ay,az,a3;4)D(B1, By, Bs; A) 6911

= Omy 05,5 Os;s; SSES (—1)%2* szt Sc St ms ~Ms 1213 S]] S 1V 5,1 Y] 551V SIS [ S]
o Su S|

12 12 S
><W(1/2,S,1/2,S’;1/2,S)W(Sk,1/2,1/2$3;1/2,1/2W(S,sé,1/2,1/252,1/2)(_MS Mg o)
12 12 s\ [ S S S
y S 12 12
—Mg— Mg— 0
Wk S 12 12

X O Bty By 2 (= 1) TN 2R T T It YA T[T T)
Ao k'l

172 1/2
><W(1/2,T,1/2,T';1/2,7)W(Tk,1/2,1/2t3;1/2,1/2)W(T,t§,1/2,1/212,1/2)(_MT_ Mo Z)
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« T 12 1/2 12 t, 12
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For Eq.(24):

Dy, 2,13, 02)D (o, g, 145 B2)D (1,020,035 @3)D(p1,p2,p3; B3)D( @y, @, a3, 4)D( By, B2, Ba; Ap) 841P1

1

= O _m! Os;s! 5,5 Sgs (—1)3¢SmetMs (17213 S]¥Y S 1Y SIS I SIW(1/28,1/28 ;112 W
w Sy ]

1/2 172 S 1/2 172 S
X (S,1/2,1/284;1/2,112W(S,,1/2,1/28,;1/2,1/2W(5,5,1/2,125,1/2)| ~Ms Mg 0| -m— me 0
i i w w
s s S
x| S M2 AR s sy D (— DT M 2 TV T T CT L]
S 12 12) v T,

XW(1/2,5,1/2,5";1/12,S)W(S,,1/2,1/255;1/12,1/12QW(S,1/2,1/285;1/2,1/12QW(S,5,1/2,1/25,1/2)
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/2 1/2 S\[ 1/12 1/2 S S S/k2 8/'2
1 1 ! ’ ’
X\ - Ms Ms 0/\—-mg— mg 0 S 5mr;ml—5t1t15tst3
' ! ® ® S 1/2 1/2 "

X 2 (=) me t Mg 23 TV T YT T 1L 7]

TLT,

XW(1/2,T,1/2T";1/2, IW(Ty, 1/2,1/215,1/2,1/2W(T,,1/2,1/21,;1/2,1/2W(T, T\, 1/2,1/2T,,1/2)

1/2  1/2 1/2  1/2 7 T/k /

X T 1/2 1/2
-My My 0O/\—m— m— 0

' ' peooe T 1/2 1/2

In the above equations, we sbts= 1/2, My = 1/2 or — 1/2 (for 3He and ®H nuclei), m5;=i1/2 (for two quark
polarizations, andmtf 1/2 or — 1/2 (for up and down quarks
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