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Spin-dependent structure functiog®(x,Q?) andgh(x,Q?) for the proton have been derived at the valency
quark level in a relativistic independent quark model with an effective potential in equally mixed scalar-vector
harmonic form. The level of accuracy of the functional form, so derived at the model scale of@?lolas
been tested through a reasonable verification of the relevant sum rules due to Ellis and Jaffe in the case of
gh(x,Q?) as well as Burkhardt and Cottingham in the cas@%{i,Q?).The twist-2 and the twist-3 compo-
nents ofgh(x,Q?) have also been separated at this level without effecting any fu@ieevolution. But
g0(x,Q?) has been evolved from a reference scal®gf=0.1 GeV* to Q?=10.7 GeVf to find a satisfactory
comparison with the available experimental data.

PACS numbe(s): 13.60.Hb, 12.39.Pn

[. INTRODUCTION quite successful in describing the elastic form factors and
charge radii of nucleon, pion, and K mesons and electromag-
Spin-dependent effects in electron-nucleon deep-inelastinetic polarizability of protor]5,7]. Although there has been
scattering are associated with two measurable polarizeshany different constituent quark models based on various
structure functionggf(x,Q?) and g5(x,Q?) defined in the potentials or bags with more or less equal success in address-
Bjorken limit in a covariant expansion of the antisymmetric ing similar problems in low energy hadronic phenomenol-
part of the relevant hadronic tensor involved in the process?dY; the present model had singular advantage of simplicity
In the naive parton model of the nucleon these structur@nd tractability Ie_ading to closed form solution for various
functions lead to the well known sum rules with important "€leévant expressions with no further free parameters once
implications on the spin structure of the nucleon. Experimen{€y had been fixed at the level of describing the spectros-

tal measurements of longitudinally polarized structure func:COPY @nd static properties of hadrons. In view of this the

tion gE(X,QZ) [1.2] as well as the possible measurementsmouvat'on of the present work has been to extend the model

. licabili h fth lariz r re function
already planned for the transversely polarized structure fun applicability to the study of the polarized structure functions

. b 2 _— . . Ci'nitially in order to establish ultimately the useful link be-
tion g5(x,Q%), have initiated a resurgence of interest d”””gtween the low-energy constituent quark picture of the

the last few years in further theoretical investigation. Starting,cleon with its high energy parton picture as realized from
with the pioneering work of Jaffg3] there has been many geep-inelastic scattering.

attempts to calculate these polarized structure functions theo- Adopting this model for evaluating the spin-dependent
retically using the familiar quark models of hadrons such asstrycture functiongf(x,Q?) andgh(x,Q?); we take a static
the MIT-bag mode[4], which have been successful in de- no gluon approximation for the nucleon. As a result of this
scribing much of the low energy phenomenology. Sinceapproximation we consider the deep-inelastic scattering of
then, much insight into the theoretical description of nucleorelectrons off valency quarks only inside the nucleon. The
structure functions and parton distributions inside themodel solutions for the bound valency quark eigenmodes
nucleon realized at very high energy have been gainegrovide the necessary model input in expressing the quark
through the application of such models in their successivéield operators defining ultimately the electromagnetic cur-
improved versions attempting to meet the inherent inadequaent that appears in the relevant hadronic tensor. This enables
cies. However, the information now available from experi-one to derive the functional forms of the spin dependent
ments in deep-inelastic scattering can provide powerful constructure functions; which is not possible in the naive parton
straints on all such theoretical models adopted to describe thmodel. There is also another advantage of the present model
parton picture of the hadron at high energy scale. Thereforever other constituent quark models such as MIT-bag model
we intend here to derive explicit functional forms of the po-employed earlier for the same in the sense that the explicit
larized structure functiong?(x,Q?) andgf(x,Q?) in an al-  functional forms of the structure functions are obtainable
ternative constituent quark model of relativistic independenhere in solvable closed forms. Therefore study of their be-
guarks confined by an effective equally mixed scalar-vectohavior as functions of the Bjorken variabbe becomes
harmonic potential. The predictive power of this model hasstraightforward and transparent. It is already well known that
been demonstrated successfully in wide ranging low energthe structure functions evaluated in any such constituent
hadronic phenomena such as hadron spectroscopy and statigark model neither show the expected Regge behavior at
hadronic propertieg5], weak and electromagnetic decays of smallx nor do they vanish identically beyond the kinemati-
the light and heavy mesorn$§]. This model has also been cally allowed region irx=1. These problems are simply the
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artifacts of the approximations involved within which such 1 A

models in general are employed. We are therefore fully WM,,(C],P,S)=4—J d*£e'94(P,9[J,(8),3,(0)]IP,S),
aware of the limitation of our model here lacking in transla- 7 2.1)
tional invariance that leads to the support problem beyond '
the kinematic boundary at=1. However, we find that the
support problem encountered in the present derivation i#hereq is the virtual photon four-momentum arland S
rather minimal since the structure functions falloff very rap-are the four- momentum and spin of the target nucl@uith

idly to zero beyondx=1. Therefore we prefer to postpone P“PM=M2,S“SM= —M? and P#S,=0), respectively. The
considering appropriate Lorentz boosting to our later worksconventional kinematic variabl®? and v (or Q% andx) are
aiming for quantitative precision in the model prediction. defined asQ?=—q?>0 andx=Q?2v; when v=Pq and

Our purpose here is to first realize the structure functions ad<x=<1. Then in the rest frame of the target nucleon one can
the model scale as explicit functions of the Bjorken variablengye p=(M,0,0,0) andgq=(»/M,0,0,/74/M?+Q?). The

x in a closed form so as to provide a model based input fof,,cleon statéP,S) in Eq. (2.1) is normalized as

QCD evolution to the experimentally releva@? region.

Apart from their inadequate behavior beyond the kinematic . 3 ,

boundaries, overall adequacy of these input functions can be (P,S|P",S")=(2m)°2E58*(P—P") b5 - (2.2)
tested through the constraints of the relevant sum rules. If we

extend the first moment integrals beyone 1 to infinity we  However, in a constituent quark model of target nucleon
can analytically evaluate the relevant sum rules due to Elligonsidered usually at rest; the nucleon state is described in
and Jaffe in case 0§7(x,Q“) and due to Burkhardt and terms of its normalized S(6) spin flavor configuration de-

Cottingham in case o§5(x,Q?). In view pf the_fact thatin  noted shortly by| N,S) so that|P,S) in Eq. (2.1) can be
the present model SB) flavor symmetry is retained through expressed as

the quark mass inpun,=my; the neutron structure func-

tions g7(x,Q%) and g5(x,Q?) become identically ze-

ro.Therefore, within these limitations of the present model

the same Ellis Jaffe sum-rule expression also represents the

Bjorken sum rule. These analytical verifications provide aThe electromagnetic current of the target nucleon is taken

useful check of the level of accuracy of the functional formshere in the form

so derived in the model for the structure functigf$x,Q?)

and g8(x,Q?). We can also extract the Wandzura-Wilczek .

(twist-2) component and the twist-3 componentg§{x,Q?) 3,(6=2 eqg(&)vuthg( ), (2.9

at this level. We find a nonzero component of twist-3 which a

is comparable with other model predictions. We then evolve

the gf(x,Q?) from a model scale of lovQ? to the experi- Wheree is the electric charge of the valency quark of flavor

mentally accessibl&? region to compare our predictions g inside the nucleon. It is possible to recast E21) in a

with the available data. more useful forn 3] corresponding to the target nucleon at
The work presented here is organized as follows. In Sedest as

II, we provide the appropriate expression for the hadronic

tensor describing the deep-inelastic electron-nucleon scatter- M [+= i

ing with relevant kinematics from which we extract suitable  W,,(q,S)= ﬂf dt e'qotf d3r1f d3rpe ()

tensor components representing the longitudinally polarized o

structure functiorg)(x,Q?) and transversely polarized struc- XN, S|[J,(X3,1),3,(X2,0) 1IN, S). (2.5

ture functiongb(x,Q?) in the Bjorken limit for the target

nucleon taken at rest. Section Iil provides the relevant mode, expanding the current commutator in E2.5) and tak-

inputs and derives the explicit functional forms of the splning the quark propagator appearing in the expansion as the

o Sree Dirac propagator under an impulse approximation writ-
sults of our derivation at the model scale of IQ¥ to estab- ten in the zero-mass limit as

lish a reasonable level of accuracy of the functional forms
obtained for the structure functions through analytic verifi-
cation of the relevant sum rules. We also analyze and extract
here twist-2 and twist-3 components g§(x). Finally we
provide here the results of tf@? evolution ofgf(x,Q?) to

experimentally relevant hig)? region in comparison with . . .
thep available )(;ata. Sectiongv is agbrief summgry and concluy/€ can extract the antisymmetric part of the hadronic tensor

|P,S)=[(2m7)%2M 6%(0)]¥3N,S). (2.3

H _ 1 +ikx
“TOSD(X)_ @) f d*kke(ko) 8(k?)e (2.6)

m

sion. in the form
IIl. BASIC FORMALISM W (q,9) =i€,,AM(q,9) 2.7
The hadronic tensor relevant for the process of polarized
deep-inelastic electron-nucleon scattering is given by when
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gZ(X!QZ) = [AOl(qvST) +A30(Q!SL) _Aos(q!SL)]'

A, = S e f d*k K*e(ko) 8(k?) (2.13
(2m)* q d
% J“"dt o (@ +kot Ill. POLARIZED STRUCTURE FUNCTIONS
- The longitudinally polarized structure functian(x,Q?)
and the transversely polarized structure functipiix,Q?)
Xf d3rqd3re 1@l (N, g B7|N,S) for the target nucleon at rest can be obtained in a constituent
quark model at the model scale of some lo@®@?
(2.9 :O(AéCD) by evaluating the relevant tensor components
AM(q,S,) or AM(q,S;) as per the Eqg2.12 and(2.13. In
and doing so, one can express the quark field operatq(s,t)
_ 5 and hencel(r,t) in the form of their possible expansions in
(N,S[B7IN,S)=(N,S|[ 64(r1,) ¥ ¥*4(r 2,0) terms of the bound quark/antiquark eigenmodes derivable in

— - principle from a constituent quark model as
+ (1200 Y7y ig(r,H) 1IN, S).

(2.9) llfq(f,t)zzg: [bng);rg(r)efiEqévt_i_ngq)gz)(r)eiqut],
In polarized electron-nucleon scattering, spin dependent ef- (3.1
fects are related to this antisymmetric pai?); which by
Lorentz invariance and gauge-invariance can be constructeﬁhereﬁg ¢ is antiquark creation operator ahg, is the quark
from scalar functiong;(x,Q?), g»(x,Q?), andgs(x,Q% in  annihilation operator corresponding to flawpin the eigen-
general in the following form: modes ¢) with =(n,k,j) representing the set of all the
Dirac quantum numbers for the complete set of all possible
eigenmodesbqig(r) with their corresponding energy eigen-
valuesE,, obtainable in the model. However, in the actual
S) calculation of the relevant expectation vall¢SB?|NS) in
+[So_ (q P”]gz(x,Qz) Eq. (_2.9) over the nucleon ground statw_lt_h no gluon ap-
v proximation only the ground state positive energy eigen-
modestl)ggo(r) would effectively contribute.
(2.10 Now referring to our specific model of relativistic inde-

pendent quarks with an equally mixed scalar-vector har-
monic potential taken phenomenologically in the fdrnG]

A
W(g,9)=i ew(q—) [S"gl(x,Qz)

S
+M2¥q"ga(x,Q2)}-

Hereg,(x,Q?) is the longitudinally polarized structure func-

tion, whereasg;(x,Q2)+g,(x,Q?) gives the transversely V(1) =(1/2)(1+9%)(ar?+ Vo). (3.2
polarized structure function. Bugt;(x,Q?) does not contrib-

ute to any measurable structure function for which it is ordi-po ground state positive energy eigenmdli(g () is real-
narily omitted in the expansion. However, its role in the. . . ) 0
expansion is essential in the extraction of the correct tens Fed in the following form:

component AN for the measurable structure functions igo(r)/r
91(x,Q?) andg,(x,Q?), which in the Bjorken limit in QCD, . A g,\q
scale tog,(x) andg,(x), respectively. Now comparing Eq. Pgg (1= Jar o-rfg(r)/r | X 3.3
(2.10 with Eq. (2.7) to (2.9) one obtains the relation
here
q* (q-9) W
AM(q,9)= 7)[8{’gl<x,Q2>+ 7= P71 go(x,Q?) .
Uq(r)=Ng(r/roq)e™ ",
(9-9)
+M?——07g5(x,Q%) (211 N, 2
— -r T
fo(r)= )\qroq(r/roq) e 0g (3.4

then evaluating the relevant componentsAdf(q,S) given

in Eq. (2.7 to Eq.(2.9) in the Bjorken limit using the model when with E(’q:(quo—VOIZ), m(;z(qurVo/Z), )‘q:(Eclx

inputs for the target nucleon at rest polarized Iongitudinally+m1), and roq:(a)\q)flm the normalization factoN, is

(L) with Sf=(0,0,0M) or transversely (T) with St give% by

=(0,M,0,0), respectively, we can obtain explicit functional

forms for g;(x,Q?) andg,(x,Q?) in the following manner: 8\,
2

0:(x.Q)=[A%q,S)-A%(q,S)], (212 T Jroq (3Ej+mY)

1

(3.9
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and the quark binding enerdy,=E al, in the ground state is the model in thgu,d) flavor sector, it can be shown that the

derivable from the bound state condition terms in square bracket in EqE.8) and (3.9 would be
independent of flavor and spin quantum numbers so as to be
()\q/a)l’z(Eé—mA):& (3.6 decoupled fromquoc% which can be evaluated for the

. . . target nucleon as
Finally Xg, IN the Eq.(3.3 stands for the Pauli spinorg,

—(0) and y —(1) This would provide necessary and suffi- )
cient modell inputs for the calculation of the required tensorE 2<NSb q£oe(§0)|NS>:5/9 for spin up proton
componentsA*“(q,S).

Now substituting Eq(3.1) in Eq. (2.9) and keeping only =0 for neutron with any spin.
the relevant contributing terms in the expansion of (3.12
(NSBYINS), Eq. (2.9 can be simplified to '

- e No This would lead to the fact that in such a model with(3JU
A*(a,9)=[A17(a,9) +A37(a,9)] (3.7 symmetry the spin dependent structure functigféx,Q?)
when and g5(x,Q?) for neutron would be identically zero. Then
for the target proton with longitudinal polarization and trans-

M verse polarization the relevant tensor components appearing
(9,8 C r.d°r,d*k e(kq) 67( in the Egs.(2.12 and(2.13 can be evaluated in the follow-
i )= 32 alo d3r,d3r,d%k e(kq) 84(K?) in th (2.12 and(2.13 b I d in the foll
(2m)°q ing form.
X 8(ko+dot+Eg)
— A°3=ﬂr dK K[y5(K)+ (2K 2/K2=1)yi(K)]
X[ €(£0) g (1)K y7y° @ (1) e K (712 18wl ) '
(3.9 +(Km—K), (3.13
and 0
30 SM +
A== 7o~ | AKK[2(K/K)yo(K)ya(K)]
M S c 3r.,d3r,d%k (ko) 5*(K2) o
A%’(q,9)= fdr rdk e
2 (2mp iz, o) Tz ° +(KE KD, (3.14

o1_°M [ 200\ (et 271 202
S S AO 187TJK;dKK[yo(K) (K-2K2)y2(K)]

X @ 1K (r1=r) (3.9 +(K:1—>Kr;]), (3.19

whereK = (g+k) is the momentum of the struck quark such where

that |[K|=K>K,,=(|g|—|k|) which can be reasonably as-

sumed to be much less thagq( |g| and|k|) in the Bjorken [~ .

limit. The delta function appearing in Eqé3.8) and (3.9 YO(K)—fO drrgq(r)jo(Kr),

would imply the respective values faf=k as k. =(qq

+Eq) andk_=(qo—Eg). This would lead to certain rel- ®

evant kinematic factors necessary to simplify further Egs. yl(K)=f drrfq(r)jo(Kr). (3.1
(3.8 and(3.9) in the Bjorken limit as 0

K= Krﬁ(x)zl(Eqi Mx)|, Then using Eqgs(2.12) and(2.13 we can obtain
~ - 5M [«
COSHK—(MX+Eq)/K, QE(Xsz):E +dK K[y(z)(K)‘F(ZKr;Z/Kz_l)y%(K)
Km
Cosbxcost=— (Mx+E,)/K, . N B
+2(Km/K)yO(K)yl(K)]+(Km_)Km)v
d(cosf, k2 =K dK. (3.10 (3.17)
Finally C,, in Egs.(3.8) and(3.9) stands for
° B,Q1= g | AK KI(L-3KZHKEYEK)
’ + m
=e5(NSb{, ba; €(L0)INS) (3.13) 18mJic,

_ + + K-
whene(Z,) =+ 1 for {, representing spin-up and spin-down 2(Kn/K)Yo(K)Y1(K)T+ (Kiy = Kin).
spinor states respectively. With 8) symmetry assumed in (3.18
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Now using the model solutions fay,(r) andf(r) from Eq.

(3.4), we can obtain

12 -
yO(K):(§> qugququ 12),

pzd

T 1/2 2 2
yl(K>=—(—) (—‘*)rque<—rqu )
2] g
(3.19

Thus one obtains the explicit functional forms f}(x,Q?)

PHYSICAL REVIEW D 61 014002

of the first moment integrals ig?(x,Q?) andgf(x,Q?) can

be extended analytically beyond the physical regiorsk0
<1) to the entire region so as to realize the evaluation of
sum-rule integrald"§(EJ) due to Ellis and Jaff¢9] and
I'S(BC) due to Bukhardt and Cottinghaih0] in an analytic
manner as follows:

+ oo

rp(EJ)=fldx P(x,Q0)=1/2| dx gf(x,Q?
1 ,dxa Q%) _dxgi(x,Q%)

k ) (16 5(5E4+7my) .1
and g5(Xx, in analytically closed forms as = — .
95(x,Q%) ytically 9(3E+m))
2.2 +2 +
$P(x,0?) = SMNGroq Knm B 2K, 1 N .
ne 72 )\g Nq Kﬁrﬁq FS(BC)zJ dx g’z’(x,Qz)zl/Zf dx gh(x,Q2)=0.
0 — o0
(4.2
_rg K[;Z + _
xe toatm +(Kp—Kp) |, (3-20 However, for a numerical evaluation we may take the model
parameters and other required model quantities from its pre-
. , 5MN§r§q 1 oK:  2K*2 vious applicationg5—7] as
92(x.Q) == xgrg; Ny N2 (a,V)=(0.017166 GeV,—0.1375 GeV,
2 iy (m,,myq)=(0.01 GeV,0.01 Gey,
x e Todkm + (KF K1) |, (3.2)
(Eq.N\q)=(0.45129 GeV,0.46129 GgY

where in these final expressioks, = (E,+Mx). (Ng.roq) = (0.64318 GeV?,3.35227 GeV ). (4.3
But since the physical ma$4 of the nucleon in this model is
. . _ realized only after taking into account other possible residual
We have thus obtained analytically in closed forms, ex-effects[5] in a perturbative manner in obtaining the correct
plicit expressions for the polarized structure functionsg, =~ we prefer here to takeE,=iM, where M
p 5 b 2 . g : . q=3Vp P
91(x,Q%) and g5(x,Q°) for the proton as functions of the =0.938GeV is the physical mass of the proton. Then

Bjorken variable x. These functional forms in fact refer to TP(EJ) andT'§(BC) from its exact numerical integration are
the model scale of a lo\@? of the order ofAéCD, which is  obtained as

not explicit in the derivation. Therefore for quantitative com-

IV. RESULTS AND DISCUSSIONS

parison with the available experimental data particularly in ([t o

case ofgf(x,Q?), these results need appropri&@@é evolu- I'Y(E)= fo dx gf(x,Q%)=0.1335, (4.9
tion to experimentally relevant high&? region according to

the QCD evolution equatior{8]. However, before applying 1

Q2 evolution, we would like to discuss certain characteristic I'%(BC)= fo dx g5(x,Q?)=0.0018. 4.9

features of the explicit functional forms obtained in the

model for these structure functions and test their level Ofl"?(EJ) under the analytic integration in E¢.1) gives the
accuracy by attempting a verification of the relevant sum,51ue 0.13499 which is not very different from E.4)
ruies to a reasonable extent even at the model scale of |0YMstifying the extension of the integration limits. This may
Q“. further be compared with the Ellis-Jaffe theoretical predic-

First of all we notice that botlgh(x) andg5(x) are sym-  {ion of I'’(EJ)=0.18 as against its recent experimental
metric functions of the Bjorken variabbe and they do not 5, atQ?=10.7 Ge\? [2]

exhibit Regge behavior at—0 limit. It is also obvious that
they do not vanish identically beyond the physical region for
x=1; thus being plagued with the so called support problem.
These features are common artifacts of such constituent
quark models lacking in translational invariance. Even then,
overlooking the deficiencies in their small and lasgeehav-  Thus we find that both the sum rules due to Ellis-Jaffe as
ior, we can check their correctness otherwise by evaluatingvell as that due to Burkhardt-Cottingham are verified here
their first moment integrals to test the well known sum rules.analytically in a very satisfactory manner. We may also note
Since bothg?(x,Q?) and gb(x,Q?) would falloff very rap-  here that sincg?(x,Q?) in the present model is identically
idly beyondx= 1 and also they are symmetricxinthe limits  zero, the integral in Eq4.1) can also be considered as rep-

I'Y(EJ;EMC)=0.126+0.018,

I'Y(EJ;SMC)=0.142+0.008+0.011. (4.6
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FIG. 2. The calculated model result fgb(x) (solid line),
-0.2 0 oz od 06 0B y g5"(x) (dotted ling, andg,(x) (dot-dashed lingat the reference

x scaleQ2=0.1 (GeVk)2.
FIG. 1. QEZ(X.QZ) (dotted ling at thze model SQaleQZ:Qé twist-3 in the formalism of operator product expansion. Thus
:2617(6((:\/\/2: , QCD evol(;/ed_ gf(hxv%) (fsohdRIme)zat Q°  the structure functiomy8(x,Q?) can be decomposed into a
=10.7(GeVE)® is compared with the data from Refd. 2] twist-2 piece ¢5") and a twist-3 pieceds) as

resenting the Bjorken sum rule expressjdd]. Taking into

p 2\ AWW A 2
account the fact that in this model one fir{@g 952(X,Q%) =03 "(X,Q%) +ga(x,Q%), 4.9
(g ST wr where
OAlOV)= ————~ . P 2
9(3E,+m, 1 0i1(y,Q%)
(3Fq* M) 95" (x,Q3)=—gh(x,Q*) + f dy=—~— (410
we find the model prediction here in conformity with the *
Bjorken sum-rule expression without QCD-radiative correc-g3nq hence
tion as
— 1 gh(y,Q%
1 x,2=pX,2+pX,2—fd—-
FBJ:f dX[gT(X.QZ)_gg(X,QZ)] 92( Q ) gZ( Q ) gl( Q ) « y y
0 (4.11)
= %(gA/gV)- (4.8 The model results for the Wandzura-Wilczgk3] twist-2

piece g5 and the twist-3 piecejz for proton are shown

We may also point out here that the first momenig8fx) ~ &/0Ng v;nthgg(x,Qz) in Fig. 2. We observe that the sign of
obtained numerically in the present model in E4.5 as g’z’(X'Q ) is almost similar to that 0f3™. The twist-3 part
0.0018 is in good agreement with the analytic result in Eqg,(x,Q?) which is mostly sign reversed in relation ¢§" is
(4.2) and is comparable with the corresponding predictionscomparatively smaller in magnitude and almost vanishing
such as 0.0038 in MIT bag model ar.0009 in a modified beyondx=0.64.
bag model[12]. Although Burkhardt-Cottingham sum rule  Finally we address the question of appropri@teevolu-
has not been proved in QCD, it is considered as most proktion of these structure functions to experimentally relevant
ably true with the analytical support obtained earlier in MIT- higher Q? region. Leaving asidgg(x,Qz) for which appro-
bag model4]. priate evolution equations are so far wantjig], we take up
We now evaluate the structure functiog%(x,Qz) and  the case ogg(x,QZ)_ Since the model scale of lo®? has
95(x,Q?) numerically to show explicitly their behavior as not been explicit in the derived expression, we fix a reference
functions of the Bjorken variabbeat this model scale of low scale of low Q3=0.1Ge\? corresponding to which the
Q2. These are depicted in Figs. 1 and 2, respectively. Wenodel provides saturation of the momentum sum rule by the
find here that the overall support problem is quite minimal.valency quarkg15]. With Aqcp=0.232GeV, the relevant
We also note that like all other modegsh(x,Q?) starts posi-  perturbative expansion parametey(Q32)/2x in leading or-
tive for smallx, changes sign at=x,=0.42, and after pass- der becomes 0.358, which is well within the reasonable limit
ing through a minimum it tends to zero without a secondto justify the applicability of the QCD-perturbation theory at
crossing as in Ref.12]. It is believed that unlikeb(x,Q?), the leading order even at such low reference scale. The im-
95(x,Q?) can have contributions from quark-gluon correla- portant point to note here is that there is no other choice in
tions and quark mass effects persisting to even the I@ge any way for choosing aad hochigher reference sca@é,
limit. These contributions can arise out of local operators ofsince it would require a nonzero initial input of sea quark and
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0.15

1
f dx gf(x,Q%)=0.132661, (4.12
0.025
T which on extrapolation tax=0 as the lower limit yields
o 1
g oos| f dx gf(x,Q?)=0.14426. (4.13
5 0
ol This result is in reasonable agreement with the correspond-
ing experimental value in Eq4.6).
005 ‘ V. CONCLUSION
0.01 0.10 1.00
X Thus within the limitation of the approximations involved
FIG. 3. xg8(x,Q?) (solid line at Q?=10.7 (GeVt)? compared in the present model, we find that we have been able to
with the data from Refg18,19. analytically derive explicit functional forms of the spin-

dependent structure functiorg(x,Q?) and gh(x,Q?) for

gluon constituents for which one does not have any dynamiproton which at the model scale of a I0@” provide a rea-
cal information at this scale. We therefore prefer to evolvesonable test of the well known sum rules in spite of the
the gg(X,QZ) from ngo_l GeV to higherQ? values such inadequacies in their smalland largex behavior. We also
asQ?=10.7 Ge\? at which experimental data are available. extract the twist-3 contribution t@5(x,Q?) at the model

For this we use the standard convolution technique basegcale which is comparatively smaller in magnitude and al-
on the nonsinglet evolution equation due to Altarelli andmost vanishing beyong=0.64. With appropriat€? evolu-
Parisi in its leading ordefLO) [8,16]. We are neither very tion for gf(x,Q?) so derived, we have made a comparison
particular here for a high precision analysis nor would wewith available experimental data. The overall qualitative fea-
claim quantitative significance to our result near the physicatures of the structure functions extracted in the model are
boundary in the variable. Hence we do not attempd? quite encouraging, in spite of a simple valency quark picture
evolution to nonleading order at this stage. Since it is beof the nucleon, to start with. This provides an encouraging
lieved[17] that nonsinglet evolution converges very fast andlink between the low energy description of the proton in the
can remain stable even for small va|ues(@?/AéCD, we model with its high energy behavior in the deep inelastic
expect a reliable interpolation between the reference scak@gion without refixing at all the model parameters, taken
Q5=0.1Ge\ and the experimentally relevant scale@f  from its earlier application.
>>Q3. Our results forgh(x,Q?) andxgf(x,Q?) after evo-
lution is shown in comparison with the available experimen-
tal data in Figs. 1 and 3, respectively. We observe that if we We are thankful to the Institute of Physics, Bhubaneswar,
do not attach much quantitative significance to the result afndia, for providing necessary library and computational fa-
the smallx range neax=0 and at the large range neax cilities for doing this work. One of ugMr. R.N. Mishra
=1, the agreement is quite encouraging. Finally if we com-would like to express his gratitude to the Department of
pute the first moment ofif(x,Q?) corresponding to the Higher Education, Govt. of Orissa, for providing study leave
evolved result aQ?=10.7 GeV we find for this purpose.
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