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I. INTRODUCTION

The investigation of the spin-dependent structure func-
tions of the proton and neutron and the study of the spin
crisis have always been of great interest@1–3#. There are two
important spin-dependent structure functionsg1(x,Q

2) and
g2(x,Q

2). Hereg1(x,Q
2) is given as@4#

g1~x,Q
2!5

MK

8p2a~11Q2/v2!
S s1/2~v,Q2!2s3/2~v,Q2!

1
2AQ2

v
sTS~v,Q2! D , ~1!

whereM denotes the target nucleon mass,K(v) is the pho-
ton flux ~energy!, ands1/2,3/2 and sTS represent the trans-
verse photoabsorption cross sections on a polarized nucleon
target and the interference cross section between transverse
and longitudinal currents, respectively. Forg1(x,Q

2), there
are two major sum rules: One is the Drell-Hearn-Gerasimov
~DHG! sum rule@5# in the real photon limit and the other is
the sum rule in deep inelastic scattering~DIS! as follows:

G1~Q
2!5E

0

1

g1~x,Q
2!dx5H 2v thk

2/4M , Q250,

z, Q2→`.
~2!

Herek is the anomalous magnetic moment of the nucleon,
z is a positive quantity which is determined for deep inelastic
scattering, andv th5(Q212mpM1mp

2 )/2M is the threshold
energy of pion photoproduction. Another polarized structure
function isg2(x,Q

2) and is given as@4#

g2~x,Q
2!5

MK

8p2a~11Q2/v2! F2s1/2~v,Q2!1s3/2~v,Q2!

1
2v

AQ2
sTS~v,Q2!G . ~3!

For g2(x,Q
2), there are another two sum rules which are the

Schwinger sum rule@6# in the real photon limit and the
Burkhardt-Cottingham~BC! sum rule@7# in the deep inelas-
tic scattering region as follows:

G2~Q
2!5E

0

1

g2~x,Q
2!dx5H v thk~k1eT!/4M , Q250,

0, Q2→`.
~4!

The DHG and Schwinger sum rules connect the helicity
structure of the cross sections in the inelastic region with the
ground-state properties. Since these sum rules are based on
the general principle of physics such as Lorentz invariance,
gauge invariance, crossing symmetry, causality, and unitar-
ity, they give important grounds for our understanding of
hadronic structure@8#. It should be emphasized that in the
decomposition of the antisymmetric hadronic tensor, the sca-
lar coefficients were chosen by Feynman@9# so thatg2 can-
cels in the scaling limit. However,g2, which describes the
difference between longitudinal and transverse polarized
nucleons, should manifest itself in the DHG sum rule and the
strongQ2 dependence of the DHG sum rule can be simply
attributed tog2 @10#.

Because of the sign change of the polarized structure
function of the proton,G1

p(Q2), from the real photon limit to
the DIS in the largeQ2 limit, it has been speculated@3# that
the DHG sum rule might play an important role in explaining
the experimental data by the European Muon Collaboration
~EMC! @1#, which suggest that the spin of the proton is not
carried by its valence quarks. To understand how this transi-
tion occurs will provide us insights into theQ2 dependence
of the spin structure function, in particular, for smallQ2

regions and, thus, the higher twist corrections to the EMC
data. The existing data show that the functionG1

p(Q2)
changes its sign atQ250.5–1.0 GeV2, where the baryon
resonances play a dominant role@11,12#. Thus, the investi-
gation of the spin-structure function in the resonance region
becomes increasingly important both theoretically and ex-
perimentally. So far several experimental proposals in this
region have been approved at continuous Electron Beam Ac-
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celerator Facility~CEBAF! @12#. In addition, the experiments
for testing the DHG sum rule have been already accepted as
an important research project both at MAMI in Mainz and at
SPring-8 in Japan. At MAMI, the 50% polarized photon
beam with energy from 0.14 to 0.8 GeV will be available for
a test of the DHG sum rule in 1997. Moreover, by using
almost 100% polarized photon beams produced by a laser
technique, new experimental tests of the DHG sum rule will
be expected in 1998 at SPring-8.

Recently, Soffer and Teryaev@13# and Li and Dong@14#
have pointed out that the investigation of theQ2 evolution of
the polarized structure functionsG1(Q

2) andG2(Q
2) in the

resonance region sheds light on the important role of the
interference cross sectionsTS between transverse and longi-
tudinal currents, which is presented in the third term in Eqs.
~1! and ~3!. In Ref. @14# the evolution of the structure func-
tions G1(Q

2) and G2(Q
2) in the finiteQ2 region is given

based on a nonrelativistic model. Moreover, the two sum
rules for the polarized structure function ofG2 in Eq. ~4! are
also obtained based on the same model. Much of what we
know and what we have done about the excited baryon states
has been based on a simple nonrelativistic quark models
@15–18#. However, the success of the nonrelativistic quark
model in describing the baryon-photon couplings cannot be
naturally extended to electroproduction amplitudes. In the
nonrelativistic quark model, the charge radius of the proton
is too small@18# and the form factors fall off faster than the
dipole form for a largeQ2 value. Similar problems also exist
in the calculation of theQ2 dependence of the form factors
for higher excited baryons@19#. There are still discrepancies
between the predictions of the nonrelativistic quark model
and the extracted helicity amplitudes@20#, though we do not
have much experimental data on excited baryons. Further
experimental study of the properties of resonances is neces-
sary for the analysis of electroproduction and will be done at
CEBAF, MAMI, and SPring-8.

To avoid the above problem, in most of the nonrelativistic
calculations of the helicity amplitudes and polarized struc-
ture functions the equal velocity reference frame~EVF! @21#
is often used inconsistently to calculate the transition helicity
amplitudes because in the EVF the proton form factor prefers
the dipole form@21#, while the polarized structure function is
calculated in the lab frame. It is expected that a relativistic
description of baryon states is necessary if one wants to get a
good understanding of theQ2 dependence of the helicity
amplitudesA1/2, A3/2, andS1/2 and, accordingly, the absorp-
tion cross sectionss1/2, s3/2, andsTS. More exact calcula-
tions of the photoabsorption cross section and predictions
both for the sum rules and theQ2-dependent evolution of the
polarized structure functionsG1(Q

2) and G2(Q
2) are ur-

gently required for the forthcoming experiments at CEBAF,
MAMI, and SPring-8.

The purpose of this work is to give a relativistic descrip-
tion for the polarized structure functions and their
Q2-dependent evolution in the resonance region based on a
relativistic harmonic oscillator model~RHOM!. We know
that the relativistic harmonic oscillator model, as first pro-
posed in Refs.@22–24# for the study of the proton form
factor, enables us to take into account the Lorentz contrac-
tion effect of the composite particle wave function. The ef-
fect is very essential, since at finiteQ2 range, it provides a

dipolelikeQ2 dependence of the nucleon elastic form factor.
Because of this advantage, it has been widely used for the
description of the hadron properties@23–29#.

This paper is organized as follows. In Sec. II, a brief
introduction of the RHOM is given. The calculation of tran-
sition amplitudes and photoabsorption cross sections will be
given in Sec. III. Section IV is devoted to concluding re-
marks.

II. RELATIVISTIC HARMONIC OSCILLATOR MODEL

As is well known, the relativistic harmonic oscillator
model was first introduced for the calculation of the proton
form factors. In the frame of the RHOM, the three-body
system satisfies the equation

S (
i51

3

h i2k̄ (
iÞ j51

3

~xi2xj !
21V0DC~x1 ,x2 ,x3!50, ~5!

wherek̄ andV0 are the parameter of the harmonic oscillator
model and the depth of the potential, respectively. The
squared four-vectors are defined asx25x0

22xW2 and

h5]0
22,W 2. Introducing the relativistic Jacobian coordi-

nates

R5
1

A3
~x11x21x3!, ~6!

r5
1

A2
~x12x2!, l5

1

A6
~x11x222x3!,

Eq. ~5! can be diagonalized as

@hR1hr1hl2v2r22v2l21V0#C~R,r,l!50, ~7!

wherev253k̄. In the center-of-mass frame, the spatial wave
function of the ground state is described by

C05exp~2 iMR/A3!C int~r,l!, ~8!

C int~r,l!5Pv5r,lC~v !,

C~v !5S v

p Dexp$2 1
2v~v0

21vW 2!%,

wherev5(r,l) stands for the two independent variables of
the system. As stressed by Lipes@25#, in the center-of-mass
frame, the excited state with the internal degree of freedom
can be expressed as

Cnxnynz
5Nnxnynz ,l xl yl z

@P i , j5x,y,zHni
~r!Hnj

~l!#C0~R,r,l!,
~9!

whereNnxnynz ,l xl yl z
is the normalization constant andH is the

Hermite polynomial inr andl. Since the timelike excitation
implies the state of imaginary mass, to avoid this catastro-
phe, we, as in Ref.@25#, restrict ourselves to spacelike exci-
tations only in the center-of-mass frame.

Moreover, in any arbitrary frame, for a variable we cova-
riantly have

2~v0
21vW 2!5v222S p•vM D 2, ~10!
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and note that in the covariant wave function of a state with
momentumpm , the argument ofH becomes the components
of the spacelike four-vectorsrm2(p•r)/M2pm and
lm2(p•l)/M2pm for excited states.

III. CALCULATION OF HELICITY AMPLITUDES AND
STRUCTURE FUNCTIONS

As shown in Eqs.~1! and ~3!, to calculate the polarized
structure functionsG1 and G2 in the resonance region, we

first compute the helicity amplitudes as in Ref.@14#. In this
paper, we give priority to studying the relativistic effect both
in the baryon wave function and in the photon wave func-
tion. As for the transverse and longitudinal transition opera-
tors, we still use them as given by Close and Li@30# and in
Ref. @14#, since these transition operators could generate the
sum rules for the polarized structure functionsG1 and G2
both in the real photon limit and in deep inelastic scattering
regions, though it originates from the nonrelativistic reduc
tion of the electromagnetic interaction between photon and

TABLE I. The spatial matrix elementŝ@N6 ,L
p#Nmsueik•r3u@56,01#00s& of the nonrelativistic~NR! quark

model and RHOM in theq frame. The full matrix elements are obtained by multiplying the entries in this

table by a factor ofe2(k2/6a) ande2(k21v2)/6a f for the NR and RHOM cases, respectively.

@N6 ,L
p#Nms NR RHOM

@56,01#00s 1 1
f 2

@70,12#10r 0 0

@70,12#10l 2
ik

A3a
2

iEf

A3a f 3M f
S k2

pfv

Ef
D

@56,01#20s k2

6A3a

1

A3 f 2 F12
1

f S 12
k2

6a f D G1
pf

A3M f
2f 3

F2pf2 pf~k
21v2!

6a f
1
Efkv

3a f G

@56,21#20s 2
k2

3A6a

1

A6 f 2 F1f212
k2

3a f 2G1
2pf

A6M f
2f 3

F2pf S 12
~k21v2!

12a f D1
Efvk

3a f G
@70,01#20r 0 0

@70,01#20l k2

6A3a

k2

6A3 f 4a
1

pf

6A3M f
2f 4a

@pf(k
21v2)22Efvk#

@70,21#20r 0 0

@70,21#20l k2

3A6a

2
1

A6 f 2 F1f212
k2

3 f 2aG1A2

3

pf
6M f

2a f 4
@pf~k

21v2!22Efvk#

TABLE II. The spatial matrix elementŝ@N6 ,L
p#Nmsueik•r3p3

6u@56,01#00s& of the nonrelativistic~NR!
quark model and RHOM in theq frame. Keys as in Table I.

@N6 ,L
p#Nms NR RHOM

@56,01#00s 0 0
@70,12#161r 0 0
@70,12#161l 6 iA2a/3 6 iA2a/3 1/f 2

@56,01#20s 0 0
@56,21#261s

6
k

3
6Ef/3f

3Mf @k2 ~pfv/Ef!#

@70,01#20r 0 0
@70,01#20l 0 0
@70,21#261r 0 0
@70,21#261l 7k/3 7Ef/3f

3Mf @k2 ~pfv/Ef!#
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quarks@11,30#.
The transverse operator for the electromagnetic interac-

tion between quark and photon in the nonrelativistic approxi-
mation is@30#

Ht5(
j

H ejrW j•EW j2
ej
2mj

sW j•BW j

2
ej
4mj

sW j•FEW j3
pW j

2mj
2

pW j

2mj
3EW j G J

1(
j, l

1

4M
F sW j

mj
2

sW l

ml
G•~elEW l3pW j2ejEW j3pW l !, ~11!

and the longitudinal currentJ0 is @14#

J05A 1

2vH (
j

S ej1 iej
4mj

2kW•~sW j3pW j !D eikW•rW j
2(

j, l

i

4M S sW j

mj
2

sW l

ml
D •~ejkW3pW le

ikW•rW j2elkW3pW je
ikW•rW l !J ,

~12!

where the electric and magnetic fields are defined as

EW 5 ivA4pA 1

2v
eWexp~2 ikW•rW !,

BW 5 iA4pA 1

2v
eW3kWexp~2 ikW•rW !. ~13!

TABLE III. The spatial matrix elementŝ@N6 ,L
p#Nmsueik•r3p3

zu@56,01#00s& of the nonrelativistic~NR!
quark model and RHOM in theq frame. Keys as in Table I.

@N6 ,L
p#Nms NR RHOM

@56,01#00s
2
k

3
2

Ei
3f3Mi

Sk2 piv

Ei
D

@70,12#10r 0 0
@70,12#10l

2
iA3a

3 S 12
k2

3a D 2
iAaEfEi

A3 f 3MiM f
F12

k2

3a f

1
pipf
EiEf

S 12
v2

3a f D1
vk

6a S piEi
1
pf
Ef

D G
@56,01#20s k

3A3 S 12
k2

6a D Ei

3A3 f 3Mi
H S 2f212

k2

6a f 2D k2S 1f212
k2

6a f 2D pivEi

2
6pf
M f

2f F S k2
piv

Ei
D S 2

pf
2

1
pf~v21k2!

36a f

2
Efvk

18a f D 1
Ef

6 S v2
pik

Ei
D G J

@56,21#20s
2

2k

3A6 S 12
k2

6a D 2
A2Ei

3A3 f 3Mi
H S 32 f2 1

22
k2

6a f 2D k
2S 1f212

k2

3a f 2D piv2Ei
2

6pf
M f

2f F S k2
piv

Ei
D

3S 2
pf
2

1
pf~v21k2!

36a f
2
Efvk

18a f D 1
Ef

6 S v2
pik

Ei
D G J

@70,01#20r 0 0
@70,01#20l k

3A3 S 12
k2

6a D Ei

3A3 f 4Mi
H S 12

k2

6a f D k1
pivk

2

6aEi f
2

pf
M f

2 F S k2
piv

Ei
D

3S pf2 pf~K
21v2!

6a f
1
Efvk

3a f D 2Ef S v2
pik

Ei
D G J

@70,21#20r 0 0
@70,21#20l 2k

3A6 S 12
k2

6a D 2
Ei

3A6 f 3Mi
H S 12

3

f
1

k2

6a f 2D k
2
piv

Ei f
F1f S 12

k2

3a f D 21G2
2pf
M f

2f F S k2
piv

Ei
D

3S pf2 pf~k
21v2!

6a f
1
Efvk

3a f D 2Ef S v2
pik

Ei
D G J
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To consider the relativistic effect in the photon wave func-
tion, we simply replace exp(2ikW•rW) by exp(ik•r), where
k•r5vt2kW•rW.

In order to calculate the helicity amplitudesA1/2, A3/2,
andS1/2, we have to compute the matrix elements between
the initial ground state and final excited state for transverse
and longitudinal transition operators. First of all, we covari-
antly boost the wave functions for the ground initial state and
excited final state to a definite frame~we call it theq frame
which is the same as the equal velocity reference frame
~EVF! used in the literature@21#!, as in Refs.@23,25,26#. In
this frame, the momenta and energies of the initial and final
states are

pW f52
M f

Mi
pW i5

qW

2
, Ef

25
M f

2

Mi
2Ei

2 . ~14!

Since the wave functions in Eqs.~8! and ~9! for the ground
and excited states represent the wave functions in their
center-of-mass frame for each state, Lorentz transformation
for the variables (rW ,lW ) is necessary to boost the wave func-
tions to the definiteq frame. The advantage of introducing
the q frame is that the matrix elements can be expressed
analytically which are displayed in Tables I–V. In these
tables, we list the calculated spatial matrix elements between
the ground state and the excited baryon states in theq frame
based on the RHOM. In addition, the conventional nonrela-
tivistic results are also displayed in the tables for compari-
son. In the tables,@N6 ,L

p#Nms represents the spatial wave
function of the baryon:N6, L, p, N, m, ands stand for the
SU~6! representation, angular momentum, parity, harmonic
oscillator shell, the third component of the angular momen-
tum, and the symmetry of the state, respectively. In the
tables,Ei , f , pi , f , andMi , f are the energy, momentum, and
mass for initial and final states, respectively. They are de-
fined as

pi52MiAEf
L2M f

2M f
, pf5AM f

~Ef
L2M f !

2
,

Ei , f5AMi , f
2 1pi , f

2 , ~15!

whereEf
L is the energy of the final state in the lab frame. In

the tables,f5Ef
L/M f anda is the harmonic oscillator con-

stant parameter. In what follows we takea50.16 GeV2.
This value is the one used in the work by Koniuk and Isgur
@18# which is in agreement with the calculations of photon
production and baryon spectrum@18#. The photon momen-
tum k and energyv which are defined in theq frame can
also be expressed in the lab frame by Lorentz transformation:

k5AEf
L1M f

2M f
S kL2AEf

L2M f

Ef
l 1M f

vLD ,
v5AEf

L1M f

2M f
S vL2AEf

L2M f

Ef
L1M f

kLD , ~16!

wherekL andvL stand for the photon momentum and energy
in the lab frame, respectively.

From Tables I–V, one can find that for elastic proton-
photon scattering, the form factorF(Q2) of the proton in the
RHOM is given by

F~Q2!5
1

@11Q2/2M2#2
expS 2

Q2

6a@11Q2/2M2# D . ~17!

Comparing them to the results of matrix elements in the
nonrelativistic quark model, we find in the tables that in the
nonrelativistic approximation, the matrix element in the
RHOM will reduce to the one in the nonrelativistic case.

To see the relativistic effect on the polarized structure
functions G1 and G2 numerically, we have calculated the
polarized structure functions based on the RHOM, according
to the method of Ref.@14#. The calculated results for the
polarized structure functionsg1

p,n andg2
p,n are shown in Figs.

1–4, where the nonrelativistic results in the lab frame are
also plotted for comparison. In Figs. 5 and 6, the calculated
helicity amplitudes for the resonancesP33(1232) and
S11(1535) are exhibited because the DHG sum rule is satu-
rated dominantly by the resonanceP33(1232) @3# and fur-
thermore the resonanceS11(1535) is an important state to
test the longitudinal transition amplitude.

IV. CONCLUDING REMARKS

First of all, it should be stressed that the termsTS has an
important role on the prediction of theQ2 evolution of the
polarized structure functions, especially on the structure

TABLE IV. The spatial matrix elementŝ@N6 ,L
p#Nmsueik•r2p1

6u@56,01#00s& of the nonrelativistic~NR!
quark model and RHOM in theq frame. Keys as in Table I.

@N6 ,L
p#Nms NR RHOM

@56,01#00s 0 0
@70,12#161r 7 iAa/2 7 iAa/2 1/f 2

@70,12#161l 7 iAa/6 7 iAa/6 1/f 2

@56,01#20s 0 0
@56,21#261s 7k/6 7Ef/6f

2Mf @k2 ~pfv/Ef!#

@70,01#20r 0 0
@70,01#20l 0 0
@70,21#261r 0 0
@70,21#261l 7k/3 7Ef /3 f

2M f @k2 (pfv/Ef)#
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function g2. The same result has been already addressed in
Ref. @14#. From Eq.~17!, one can find that the inclusion of
relativistic effects both in the wave functions of the photon
and baryon and the correct treatment of boosting would lead
us to the proper description for the nucleon form factor.
Moreover, it should be emphasized that consideration of
relativistic corrections also enables us to get different behav-
iors of theQ2-dependent evolution of the helicity ampli-

tudes. This conclusion can be seen from Figs. 5 and 6. The
differences between the descriptions in the nonrelativistic
calculation and the one in the RHOM for theQ2-dependent
evolution of the helicity amplitudes shown in Figs. 5 and 6
are in agreement with calculations in a light-front framework
@31# given by Capstick and Keister qualitatively. It is ex-
pected that our calculations for the transition amplitudes with
relativistic corrections could be tested in future experiments

TABLE V. The spatial matrix elementŝ@N6 ,L
p#Nmsueik•r2p1

zu@56,01#00s& of the nonrelativistic~NR! quark model and RHOM in the
q frame. Keys as in Table I.

@N6 ,L
p#Nms NR RHOM

@56,01#00s
k

6

Ei
6Mif

3 Fk2 piv

Ei
G

@70,12#10r
iAa

4S 12
k2

6a D iAaEiEf

2 f 3MiM f
F S 12

k2

6a f D S 11
pipf
EiEf

D1
kv

12a f S piEi
1
pf
Ef

D G
@70,12#10l

iAa

12S 11
k2

6a D iAaEiEf

A12f 3MiM f
F S 11

k2

6a f D S 11
pipf
EiEf

D2
kv

3a f S piEi
1
pf
Ef

D G
@56,01#20s

2
k

6A3 S 12
k2

6a D 2
Ei

6A3 f 3Mi
H kS 2f212

k2

6a f 2D 1
vpi
Ei

S 12
1

f
1

k2

6a f 2D
2

6pf
M f

2f F S k2
piv

Ei
D S 2

pf
2

1
pf~k

21v2!

36a f
2
Efvk

18a f D
1
Ef

6 S v2
pik

Ei
D G J

@56,21#20s A6k
18 S 12

k2

6a D Ei

3A6 f 3Mi
H kS 2f212

k2

6a f 2D 2
vpi
2Ei

S 2f212
k2

3a f 2D
2
12pf
M f

2f F S k2
piv

Ei
D S 2

pf
4

1
pf~k

21v2!

72a f
2
Efvk

36a f D
1
Ef

12S v2
pik

Ei
D G J

@70,01#20r k3

72a
EiEf

2

f5MiMf
2 H k3

72a
2

v3pi
72aEi

1
vkpf
36Ef

F S k2
piv

Ei
D2

pf
2Ef

S v2
pik

Ei
D G J

@70,01#20l A3k
9 S 12

k2

24a D Ei

3A3 f 4Mi
H kS 12

k2

24a f D 1
vpik

2

24Eia f
1

pf
M f

2 F S k2
piv

Ei
D

3S pf2 pf~k
21v2!

24a f
1
Efvk

12a f D 2Ef S v2
pik

Ei
D G J

@70,21#20r A2k3

72a

A2EiEf
3

f 5MiM f
2 H k3

72a
2

v3pi
72aEi

1
vkpf
36Ef

F S k2
piv

Ei
D2

pf
2Ef

S v2
pik

Ei
D G J

@70,21#20l A6k
9 S 12

k2

24a D 2Ei

3A6 f 4Mi
H kS 12

k2

24a f D 1
vpik

2

24Eia f
2
3pf
M f

2 F S k2
piv
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FIG. 1. The calculation for the polarized structure functionG1
p(Q2).

FIG. 2. The calculation for the polarized structure functionG1
n(Q2).

FIG. 3. The calculation for the polarized structure functionG2
p(Q2).
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FIG. 4. The calculation for the polarized structure functionG2
n(Q2).

FIG. 5. The calculation for the helicity amplitudesA1/2(Q
2) andA3/2(Q

2) of P33(1232) in units of GeV21/2.

FIG. 6. The calculation for the helicity amplitudeS1/2(Q
2) of S11(1535) on the proton target in units of GeV21/2.
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at CEBAF, MAMI, and SPring-8.
From the above observation, we can see that the relativ-

istic effect works to shift the crossing point, i.e., zero in the
polarized structure functionG1

p(Q2), from 0.45 to around
‘1.0 GeV2 compared to the calculation with the nonrelativ-
istic model@14#. Moreover, the calculated polarized structure
functionG2

p(Q2) has no crossing point: The polarized struc-
ture function G2

p(Q2) decreases from a positive value
~around 0.16! at Q250 to zero at the DIS region, and is
always positive in the finiteQ2 region. This result are in
agreement with theQ2 dependence of the sum rule of
G2(Q

2) derived in Ref.@13#, while it is not the case for the
nonrelativistic model@14#. It is very interesting to see if fu-
ture experiments confirm or rule out the existence of the
crossing point inG2

p(Q2). In addition, the sum rule values for
the proton and neutron calculated with the RHOM is a little
smaller than the values in the nonrelativistic approximation,
and theQ2 evolution in the RHOM is slower than that in
nonrelativistic calculations. We hope that all the differences
between the two models could be tested in forthcoming ex-
periments at CEBAF, MAMI, and SPring-8.

It should be pointed out that our calculation in this paper
is preliminary. Here, only contributions from the resonances
to the polarized structure functions are considered. In the
works of Li @32#, it has been stressed that nonresonance con-
tributions will increase with the increasing of the momentum
transferQ2 and that at moderateQ2 the sum rule of the
polarized structure functions is not sufficiently satisfied by

the resonance contributions alone. Therefore, the quantitative
prediction for theQ2 evolution of the polarized structure
functions in the finiteQ2 range should include both contri-
butions from resonances and nonresonances. It has been
proved@32# that consideration of the resonances would give
us better agreement with the Ellis-Jaffe sum rule and the
Bjorken sum rule simultaneously at largeQ2. It means that
the effect of the DHG sum rule should be taken into account
in extracting the sum rules of the polarized structure func-
tions from the data in the DIS range and the study of the
polarized structure functions in the resonance region is im-
portant.

Finally, it should be mentioned that some other effects,
such as the configuration mixing effect, nonperturbative
QCD effect including instanton effects, etc., are not in-
cluded. Full relativistic calculations using a relativistic
Hamiltonian are also advisable. The study of the polarized
spin-structure functions with the baryon current matrix ele-
ments in a light-front framework@31# is another interesting
topic. A more sophisticated study on these subjects will be
given in our future works.
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