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Relativistic corrections to the polarized structure functions in the resonance region
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I. INTRODUCTION For g,(x,Q?), there are another two sum rules which are the
Schwinger sum ruld6] in the real photon limit and the
The investigation of the spin-dependent structure funcBurkhardt-Cottinghan{BC) sum rule[7] in the deep inelas-
tions of the proton and neutron and the study of the spiriic scattering region as follows:
crisis have always been of great interigdst 3]. There are two )
important spin-dependent structure functiangx,Q?) and [t o g wnk(k+er)/AM,  Q°=0,
92(x,Q?). Hereg,(x,Q?) is given ag4] I'2(Q )—fo 920, Q7)dx=1 Q200

(4)

91(x,Q%) =g e 2 )2 (Ullz(waz)—o'slz((u,Qz) The DHG and Schwinger sum rules connect the helicity
87 a(1+Q%w%) structure of the cross sections in the inelastic region with the
2\/@ ground-state properties. Sinc_e these sum rules are ba_lsed on
+ U'TS(wan))v (1)  the general principle of physics such as Lorentz invariance,
w gauge invariance, crossing symmetry, causality, and unitar-
ity, they give important grounds for our understanding of
whereM denotes the target nucleon maki§w) is the pho-  hadronic structur¢8]. It should be emphasized that in the
ton flux (energy, and o), 3, and ors represent the trans- decomposition of the antisymmetric hadronic tensor, the sca-
verse photoabsorption cross sections on a polarized nucledar coefficients were chosen by Feynmi&i so thatg, can-
target and the interference cross section between transversels in the scaling limit. Howeveg,, which describes the
and longitudinal currents, respectively. Fay(x,Q?), there  difference between longitudinal and transverse polarized
are two major sum rules: One is the Drell-Hearn-Gerasimowucleons, should manifest itself in the DHG sum rule and the
(DHG) sum rule[5] in the real photon limit and the other is strongQ? dependence of the DHG sum rule can be simply
the sum rule in deep inelastic scatterif@S) as follows: attributed tog, [10].
Because of the sign change of the polarized structure
— wpKk?AM,  Q2=0, function of the proton]'(Q?), from the real photon limit to
(2)  the DIS in the largeQ? limit, it has been speculatd@] that
the DHG sum rule might play an important role in explaining
the experimental data by the European Muon Collaboration
Here « is the anomalous magnetic moment of the nucleon(EmC) [1], which suggest that the spin of the proton is not
z is a positive quantity which is determined for deep inelasticcarried by its valence quarks. To understand how this transi-
scattering, andby,= (Q?+2m,M +m?2)/2M is the threshold  tion occurs will provide us insights into tH@? dependence
energy of pion photoproduction. Another polarized structureof the spin structure function, in particular, for sm&F
function isg,(x,Q% and is given a$4] regions and, thus, the higher twist corrections to the EMC
data. The existing data show that the functib§(Q?)
changes its sign a@?=0.5-1.0 Ge\f, where the baryon
— 01 ©,Q%) + oz 0,Q?) resonances play a dominant rgtel,17. Thus, the investi-
gation of the spin-structure function in the resonance region
2w becomes increasingly important both theoretically and ex-
+——ord 0,07 . 3) per?mentally. So far several exper_imental proposals in this
JQ? region have been approved at continuous Electron Beam Ac-

1
F1(Q2)=f0 gl(X,QZ)dX=[

Z, Q2—>00.

) MK
92(x,Q%) = 872a(1+ Q% w?)
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celerator Facilitf CEBAF) [12]. In addition, the experiments dipolelike Q? dependence of the nucleon elastic form factor.
for testing the DHG sum rule have been already accepted &ecause of this advantage, it has been widely used for the
an important research project both at MAMI in Mainz and atdescription of the hadron propertig23—-29.
SPring-8 in Japan. At MAMI, the 50% polarized photon This paper is organized as follows. In Sec. Il, a brief
beam with energy from 0.14 to 0.8 GeV will be available for introduction of the RHOM is given. The calculation of tran-
a test of the DHG sum rule in 1997. Moreover, by usingsition amplitudes and photoabsorption cross sections will be
a|most 100% po'arized photon beams produced by a |as@‘iven in Sec. lll. Section \Y iS deVOted to Concluding re-
technique, new experimental tests of the DHG sum rule willmarks.
be expected in 1998 at SPring-8.

Recently, Soffer and Teryadt3] and Li and Dongd 14] Il. RELATIVISTIC HARMONIC OSCILLATOR MODEL
have pointed out that the invgstigati(;n of Qé evozlut_ion of As is well known, the relativistic harmonic oscillator
the polarized structure functiori§ (Q7) andI',(Q%) in the  model was first introduced for the calculation of the proton

resonance region sheds light on the important role of thgqrm factors. In the frame of the RHOM, the three-body
interference cross sectian;s between transverse and longi- system satisfies the equation

tudinal currents, which is presented in the third term in Egs.
(1) and(3). In Ref.[14] the evolution of the structure func- _
tions I';(Q?) andTI'»(Q?) in the finite Q2 region is given 2 Oi—x 2 (x—=%)%+ Vo | ¥(X1,X2,X3)=0, (5)
based on a nonrelativistic model. Moreover, the two sum ' * i

rules for the polarized structure functionof in Eq.(4) are  wherex andV, are the parameter of the harmonic oscillator
also obtained based on the same model. Much of what wghodel and the depth of the potential, respectively. The
know and what we have done about the excited baryon Stat"sﬁuared four-vectors are defined as’-zx(z)—iz and
has been based on a simple nonrelativistic quark modelﬁ_ 2_ 92 |ntroduci h lativistic Jacobi di
[15-18. However, the success of the nonrelativistic quark = - Introducing the relativistic Jacobian coordi-
model in describing the baryon-photon couplings cannot b&at€s
naturally extended to electroproduction amplitudes. In the

3 3

1

nonrelativistic quark model, the charge radius of the proton R=—(X;+Xp+X3), (6)
is too small[18] and the form factors fall off faster than the \/5
dipole form for a largeQ? value. Similar problems also exist
in the calculation of theQ? dependence of the form factors 1 1
=— A= —(X1+Xo— 2X3),

for higher excited baryonsl9]. There are still discrepancies p \/E(Xl_XZ)' /6
between the predictions of the nonrelativistic quark model
and the extracted helicity amplitudg20], though we do not  Eq. (5) can be diagonalized as
have much experimental data on excited baryons. Further 92 2o
experimental study of the properties of resonances is neces- [Hrt0,+0\— 0"~ 0N+ Vo]¥(R,p,\)=0, (7)
sary for the analysis of electroproduction and will be done abvherewz
CEBAF, MAMI, and SPring-8.
To avoid the above problem, in most of the nonrelativistic

=3k. In the center-of-mass frame, the spatial wave
function of the ground state is described by

calculations of the helicity amplitudes and polarized struc- Po=exp —iMR/ \/§)qfim(p,)\), )
ture functions the equal velocity reference fra(@&/F) [21]

is often used inconsistently to calculate the transition helicity Windp, M) =11,-,,¥(v),

amplitudes because in the EVF the proton form factor prefers

the dipole form[21], while the polarized structure function is _|® 12,72

calculated in the lab frame. It is expected that a relativistic V(o) T xR~z (0ot uo)l,

description of baryon states is necessary if one wants to get a ) )
good understanding of th©? dependence of the helicity wherev =(p,\) stands for the two independent variables of

amplitudesA,,, Az, andS,,, and, accordingly, the absorp- ]Ehe systﬁm. AS, st(;essed thLiEESE,]’ in thle dcenter-o;—][nas('js
tion cross Sectionsy,, o, andars. More exact calcula-  12Me, the excited state with the internal degree of freedom

tions of the photoabsorption cross section and prediction§2n Pe expressed as
both for the sum rules and ti@?-dependent evolution of the n,=Nnnn i [Hi,j:x,y,ani(P)Hnj()\)]“PO(Rapa)\)a

polarized structure function¥';(Q?) and I',(Q?) are ur- My Xyizrxyz )
gently required for the forthcoming experiments at CEBAF,
MAMI, and SPring-8. whertngnxnyanx,y,Z is the normalization constant aitlis the

The purpose of this work is to give a relativistic descrip- Hermite polynomial irp and\. Since the timelike excitation
tion for the polarized structure functions and theirimplies the state of imaginary mass, to avoid this catastro-
Q?-dependent evolution in the resonance region based on ghe, we, as in Ref25], restrict ourselves to spacelike exci-
relativistic harmonic oscillator mod¢RHOM). We know  tations only in the center-of-mass frame.
that the relativistic harmonic oscillator model, as first pro-  Moreover, in any arbitrary frame, for a variable we cova-
posed in Refs[22-24 for the study of the proton form riantly have
factor, enables us to take into account the Lorentz contrac-
tion effect of the composite particle wave function. The ef-

2
n2ac2_ 2 o PV
fect is very essential, since at fini@? range, it provides a (vg+v?)=v 2( M ) ’ (10
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TABLE I. The spatial matrix elemen§ Ng,LP]ymd€*"3|[56,0" Joe) Of the nonrelativistidNR) quark
model and RHOM in the frame. The full matrix elements are obtained by multiplying the entries in this

table by a factor ot~ (/62 ande~(*+«?/6at for the NR and RHOM cases, respectively.

[Ne,LPInms NR RHOM
1
[56,0" ogs 1 .
[70,1 110, 0 0
— H |Ef pfa)
[70,1°] ik __( __)
10\ \/@ @ngf E,
2 1 1 k2 P pf(k2+w2) Efk(()
[56,0'] K —{1—- 1—_) ; 2pr— .
* 6\3a \3f2 f 6af/|  [3Mm2f3 Pr 6af 3af
2 1 (1 k? 2p; (KP+w?)\ Ejwk
[56,2"] _k _{__ SN (R _
o 36a Jef2 | f 3af?] " fem23 7 12af 3af
[70,0" 20, 0 0
2 2
[70,0" o0 k K n Pt Kt 02)— 2E. ok
6V3a 63f* 6J§M$f4a[pf( ©)~ 2B wk]
[7O!T]20p 0 0
, 1 [1 K2 +\F P+ 2t o) 2E- ok
[70,2 1,0, k J6f2 | f 3124 36M%a f4[pf( ) —2E;wK]
3J6a

and note that in the covariant wave function of a state withfirst compute the helicity amplitudes as in REf4]. In this
momentump,,, the argument oH becomes the components paper, we give priority to studying the relativistic effect both

of the spacellke four-vectorsp, —(p- p)IM? P
N,—(p- N)/M? p, for excited states.

Ill. CALCULATION OF HELICITY AMPLITUDES AND
STRUCTURE FUNCTIONS

and 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 20] and in
Ref.[14], since these transition operators could generate the
sum rules for the polarized structure functiofig andT",
both in the real photon limit and in deep inelastic scattering

As shown in Eqgs(1) and(3), to calculate the polarized regions, though it originates from the nonrelativistic reduc
structure functiond’; and I, in the resonance region, we tion of the electromagnetic interaction between photon and

TABLE Il. The spatial matrix elementd Ng,LP]ymd € "2p3|[56,0"1o0s) Of the nonrelativistic(NR)
quark model and RHOM in thg frame. Keys as in Table I.

[Ng,LPTnms NR RHOM
(56,0 Joos 0 0

[70,1 1141, 0 0

[70,1 J1+1y +i\2al3 +i\2al/3 1/f2
[56,0" 1205 0 0

[56,2" 1515 Lk +E/3f3M [k— (prlE;)]

~3

[70,@]2&, 0 0
[70,0"To0, 0 0

[70,2" 1541, 0 0

[70,2 5210 ki3 TE/3f3M [k— (prlEp)]




4144 DONG YU-BING, T. MORII, AND T. YAMANISHI 55

TABLE Ill. The spatial matrix element§ Ng,LP]ymd€'™® "23p3|[56,0" 1os) Of the nonrelativistic(NR)
quark model and RHOM in theg frame. Keys as in Table I.

[Ne,LPInms NR RHOM
[56,@]005 k E; Piw
73 BN
[70,1 1, 0 0
[70,1 100 i@(l kZ) i VaE(E; k2
3 3a \/_f3|\/| M 1_W
PiPs w? | ok(p; py
+Ea(1‘m)+e—a(a+a”
[56,@]205 k 1 k2 Ei 2 1 k2 K 1 Pijw
33| 6a 333, | | T 6af? f 6af?] E;
_Opi [ P pr prleHK)
MZf E; 2 36af
" 18af 6 @ E
[56,2" T2 2k k2 V2E, 3
ﬁ(lﬁ) 3ﬁf3Mi[(f§6afz>k
1 1 k* \ pio  6py " piw
i) 2E v || E
2+k? E;wk\ E ik
% _%Jr pf(;oeaf ! ;Zf)+€f(“’_%—) ]
[70,0' ], 0 d '
[70,0" 1,0, k 1 k2 E; 1 k K piwk?  py K piw
33" 6a 3vaim, || 6af) T BaET MZ||CTE
pi(K*+w?) Efwk) ( pik)H
X| ps— Efl o— &=
[70,2+]20p 0 6af 8}af E;
[70,2" 0 2k k2 E; 3 k2
ﬁ(l_t%_a) } 3J€f3Mi{(l_?+ 6af2)k
] Y Y 2 T
Eif|f 3af MZf E;
pf(k2+ 0)2) Efwk E p|k
x| P 6af 3af | wiE
quarks[11,30. [1 . .
The transverse operator for the electromagnetic interacd,= %0 2 e+ —K- (X pj) fher
tion between quark and photon in the nonrelativistic approxi- @l

mation is[30] e 4
—_ I _j_ _ iK-ri _ iK-r
thz e]F]EJ—— Jz<| AM m] ml) (e]kxp|e ! e|k><pe l)]
i

(12

—%5,-' -)j X X EJ—H where the electric and magnetic fields are defined as

|
1 0'] —Iw\/_ —eexr(—lk r)
+ 2 il | (GE<PeE X, (1D

B=iV4m —e>< kexp(—ik-r). (13

and the longitudinal currenl is [14]
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TABLE IV. The spatial matrix element§ Ng,LPTymd€™ "2p;|[56,0" Joes) Of the nonrelativistiNR)
quark model and RHOM in thg frame. Keys as in Table I.

[Ng,LPlnms NR RHOM
[56,0" Joos 0 0

[70,1 ]34, Fival2 Fial2 1/f2

[70,1 J11n Fivalb Tiyal6 1/f2
[56,0" 10 0 0

[56,2" 1215 *k/6 TE/6f2M; [K— (pro/Ey)]
[70,0" 10, 0 0

[70,0" 120, 0 0
[7012+]2i1p 0 0

[70,2" 15210 Fk/3 FE(/3f2M; [k— (psw/Ef)]

To consider the relativistic effect in the photon wave func-stant parameter. In what follows we take=0.16 Ge\.
tion, we simply replace exp(iIZ-F) by expfk-r), where This value is the one used in the work by Koniuk and Isgur
K-r=owt—K-r. [18] which is in agreement with the calculations of photon

In order to calculate the helicity amplitudes ,, Ay, production and baryon spectruf8]. The photon momen-

andS,;,, we have to compute the matrix elements betweeﬁulm l;)and energﬁw_ V‘t’E'Cr g;e deflgedLln thtq tfram? cant. ]
the initial ground state and final excited state for transvers& S0 PE€ Expressedin e fab frame by Lorentz transtormation.

and longitudinal transition operators. First of all, we covari- T T
Ef + M f kL_ Ef - Mf L
V. 2M; VE+M; |

antly boost the wave functions for the ground initial state and K=
f

excited final state to a definite frantee call it theq frame
which is the same as the equal velocity reference frame

(EVF) used in the literaturg21]), as in Refs[23,25,26. In EL+ M, EF—M,
this frame, the momenta and energies of the initial and final w= oM wt— L v K-, (16
states are f F
M q M2 wherek! andw" stand for the photon momentum and energy
pi=— M_fﬁ'zi’ E?:M_;E‘z' (14)  in the lab frame, respectively.
i i

From Tables 1-V, one can find that for elastic proton-

. 2 .
Since the wave functions in Eg&) and (9) for the ground gll'oct)ol\q 'isscz;tit;aer:]ng;/the form factBi(Q") of the proton in the

and excited states represent the wave functions in their
center-of-mass frame for each state, Lorentz transformation 1 Q2
-

for the variables ,6,):) is necessary to boost the wave func- F(Q)= 1+ 022M212 T Bal1+022M21 )
tions to the definiteg frame. The advantage of introducing [1+Q72M7] Gall+Q7/2M"]

the Iqt_fra?e |sh_tk;]at the d'_mal"'x glem?l_mts)l canl ti? ?Xptrﬁsse%omparing them to the results of matrix elements in the
analytically which are displayed in fables 1—V. In INes€ e ativistic guark model, we find in the tables that in the
tables, we list the calculated spatial matrix elements betweeHonrelativistic approximation, the matrix element in the

tbhe g(rjoundhstalt?eHa(l)nl\(jl trI'e eggi_ted bahryon states irthneme o, RHOM will reduce to the one in the nonrelativistic case.
ased on the - In addition, the conventional nonrela- 1 gae the relativistic effect on the polarized structure
tivistic results are also displayed in the tables for Compa”'functionsl“l and I', numerically, we have calculated the

p . X . 1 -
fson. In thf :]ablbesLNG,L Inms representsdthe spg\tlfal V\r/]ave polarized structure functions based on the RHOM, according
unction of the baryonNg, L, p, N, m, ands stand for the i, the method of Ref[14]. The calculated results for the

SU(B) representation, angular momentum, parity, harmonlcpolarized structure functiorg'" andg?" are shown in Figs.

oscillator shell, the third component of the angular momen'1—4, where the nonrelativistic results in the lab frame are

tum, and the symmetry of the state, respectively. In thealso plotted for comparison. In Figs. 5 and 6, the calculated
tables,E; ¢, p; ¢+, andM; ¢ are the energy, momentum, and

mass for initial and final states, respectively. They are deh elicity amplitudes for the resonanceB;(1232) and
fined as ' P y: y S,1(1535) are exhibited because the DHG sum rule is satu-

rated dominantly by the resonan&g;(1232) [3] and fur-

EL—M, (EF—M)) thermore the resonanc®;(1535) is an important state to
[Ef / f T o ;
pi=—M, IO ps= MfT' test the longitudinal transition amplitude.

Ei,f: m (15) IV. CONCLUDING REMARKS
First of all, it should be stressed that the tesis has an
whereEf is the energy of the final state in the lab frame. Inimportant role on the prediction of th@? evolution of the
the tabIes,szfL/Mf and « is the harmonic oscillator con- polarized structure functions, especially on the structure

17
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TABLE V. The spatial matrix elementd Ng,LP]ymd €' "2p%|[56,0" 1o0s) Of the nonrelativistidNR) quark model and RHOM in the

g frame. Keys as in Table I.

[N61Lp]Nms

[56,0" Joos

[70,1 Ty,

[70,1 J1o

[56,0" 1205

[561T]2%

[70,0' 10,

[7010F]20A

[70,2" 159,

[701T]20A

RHOM

E | Pe

6M;f° E
WeEE([( K\ ppi|, ke (pi P
2f3M;M; 6af EE;] 12af \E; E;

2 8- 22

_— —_— R | — _+_
V12f3M ;M 6af EE; 3afl|E  E

E; 2 L 2 pi 1 K
Tovarem, |\ T T 8af?) T E 1T T 6af?

6p; [( _pi_w)(_ Pr, pi(K3+ w?) Efwk)

YK E 2" 36af  18af
= pik
+€ a)—?i
E, 2 L k? wp; (2 L k?
3063, | | f ~ 6af?] 2E\f * 3af?

12p; piw pr Pi(kK*+0?)  Ejwk
v E T dT T 72af 36af

22l

12 E;
ElEfZ k3 (()Spi
PMMZ | 720 72aE;

-2

Ei W1 k? N wpik2+ Pt K piw
3V3F*M, 24af| " 24E;af  M? =

pf(k2+ (,()2)i Ef&)k) ( Fhk)}]
—Ef|l @

wkpf
36E,

X

Pt T Daat " 12af E,

V2EE? [ K wlp;
f5SM,M?| 720 72aE;

(k_pi_w _&( _ Pk
E | 25\“ E
2 [ [ K, enk® 3pff  pe
3/6F4M, 24af| " 24E;af M7 E

pr pi(k*+w®) Efwk| E pik
N T3 T 72 36t 3@

wkpf
36E,

+
3 E,

function g,. The same result has been already addressed iudes. This conclusion can be seen from Figs. 5 and 6. The
Ref. [14]. From Eq.(17), one can find that the inclusion of differences between the descriptions in the nonrelativistic
relativistic effects both in the wave functions of the photoncalculation and the one in the RHOM for tig¥-dependent
and baryon and the correct treatment of boosting would leadvolution of the helicity amplitudes shown in Figs. 5 and 6
us to the proper description for the nucleon form factor.are in agreement with calculations in a light-front framework
Moreover, it should be emphasized that consideration of31] given by Capstick and Keister qualitatively. It is ex-
relativistic corrections also enables us to get different behavpected that our calculations for the transition amplitudes with
iors of the Q?-dependent evolution of the helicity ampli- relativistic corrections could be tested in future experiments
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Polarized structure function T#(Q2)

0.1 T T T
RHOM —
NR —
0.05 i
0
ri(Q?)
-0.05 7
-0.1 =
-0.15 . - ;
0 . 0.5 1 1.5 2
Q*(GeV?) )
FIG. 1. The calculation for the polarized structure functif(Q?).
Polarized structure function I'}(Q?)
0.1 T T T
RHOM —
NR —
0.05 + T
0

TF(Q?)-0.05

-0.1

-0.15

02
1
Q*(Gev?)

FIG. 2. The calculation for the polarized structure functif{Q?).

o Polarized structure function I'%(Q?)
.. T T T

RHOM —

0.15

0.1

T5(Q?) 0.05

0.1 ' ' .
1
Q*(GeV?)

FIG. 3. The calculation for the polarized structure functi(Q?).

15 2
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Polarized structure function I'3(Q?)
0.2 T T T

RHOM —

0.15

0.1

T2(Q2) 0.05

-0.06

0.1
1
Q*(GeV?)

FIG. 4. The calculation for the polarized structure functii{Q?).

Helicity amplitudes(A, /2, As/2) for A(1230)

0 T T T T T T T
RHOM Ay/3 - .-
RHOM Ag/p —omn -
-0.05 Ceve e NR Ay e
NR As/p .

0.35 |- e

04 L )
0.8
Q@*(Gev?)

FIG. 5. The calculation for the helicity amplitudés,(Q?) andAg(Q?) of P33(1232) in units of GeV 2

Longitudinal helicity amplitude(S$)/2) for N(1535)

02 T T T T T T T
RHOM S/, —
AR
0.15 .
0.1F |

0 0.2 04 0.6 0.8 1 1.2 1.4
Q2(Cev?)

FIG. 6. The calculation for the helicity amplitud,(Q?) of S;;(1535) on the proton target in units of GeV?
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at CEBAF, MAMI, and SPring-8. the resonance contributions alone. Therefore, the quantitative
From the above observation, we can see that the relatiprediction for theQ? evolution of the polarized structure
istic effect works to shift the crossing point, i.e., zero in thefunctions in the finiteQ? range should include both contri-
polarized structure functiod’§(Q?), from 0.45 to around butions from resonances and nonresonances. It has been
‘1.0 GeV? compared to the calculation with the nonrelativ- proved[32] that consideration of the resonances would give
istic model[14]. Moreover, the calculated polarized structureus better agreement with the Ellis-Jaffe sum rule and the
function I'5(Q?) has no crossing point: The polarized struc- Bjorken sum rule simultaneously at lar@?. It means that
ture function FB(QZ) decreases from a positive value the effeCtIOf the DHG sum rule should be taken into account
(around 0.15 at Q=0 to zero at the DIS region, and is IN extracting the sum rules of the polarized structure func-
always positive in the finiteQ? region. This result are in tions from the data in the DIS range and the study of the
agreement with theQ? dependence of the sum rule of Polarized structure functions in the resonance region is im-
I',(Q?) derived in Ref[13], while it is not the case for the Portant. _
nonrelativistic mode[14]. It is very interesting to see if fu-  Finally, it should be mentioned that some other effects,
ture experiments confirm or rule out the existence of theuch as the configuration mixing effect, nonperturbative
crossing point i"2(Q?2). In addition, the sum rule values for QCD effect including instanton effects, etc., are not in-
the proton and neutron calculated with the RHOM is a litlecluded.  Full relativistic calculations using a relativistic

smaller than the values in the nonrelativistic approximationamiltonian are also advisable. The study of the polarized

and theQ? evolution in the RHOM is slower than that in spin-structure functions with the baryon current matrix ele-

nonrelativistic calculations. We hope that all the differenced"ents In a "ght'ffor.“ _frameworkSl] is another Interesting
between the two models could be tested in forthcoming expp'c' A more sophisticated study on these subjects will be
periments at CEBAF, MAMI, and SPring-8. given in our future works.

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- One of the authorg§Y.B.D.) wishes to acknowledge sup-
tributions will increase with the increasing of the momentumport from the JSPS of Japan. He also thanks the physics
transferQ? and that at moderat®? the sum rule of the members of the Faculty of Human Development, Kobe Uni-
polarized structure functions is not sufficiently satisfied byversity, for their kind hospitality during this work.
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