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Contribution of the pseudoscalar and vector mesons to the nucleont, structure function
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This is the third part of a series of work that we have done in the context of the meson cloud model. In the
first two parts[F. Zamani, Phys. Rev. G8, 3641(1998; F. Zamani and D. Saranchak, Phys. Rev6&
065202(2001] we used pseudoscalar mesons to calculate unpolarized and polarized quark distribution func-
tions along with the nucleon’s, and g, structure functions. Now we have added the vector mesons to the
meson cloud to calculate the polarized quark distribution functionsgasttucture function. The calculation
is performed in the light-cone frame. The dressed nucleon is assumed to be a superposition of the bare nucleon
plus virtual light-cone Fock states of baryon-meson pairs. For bare nucleon we consider both the case of
diquark-quark clustering and the case where there is no quark clustering inside the nucleon. The initial
distributions are evolved. The final results are compared with experimental results and other theoretical

predictions.
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I. INTRODUCTION motion of the partons, to the spin of the proton. In the late

1980s, Altarelli and Rosg64] and Carlitz, Collins, and
Mueller [65] suggested that there is a hard gluonic contribu-
tion to the first moment of, structure function of the proton.
thers followed up on this suggesti(66—68. The objec-

In 1972 Sullivan pointed out the significance of the pionic
structure of the nucleon in high energy procegdésSulli-
van examined the role of the one-pion exchange in dee
inelastic scattering from nucleons. Being the lightest meson,

the pion is expected to paly a dominant role in the nucleon ve here was to see whether there exists a positive gluon

structure. However, this does not exclude the contribution OPoIanzatlon, since this would explain away the rather large

other mesons to the nucleon structure. Therefore, the mep_egatlve sea polarization and rather small contribution of the

. uarks to the spin of the proton. For a period of time there
sonic structure of the nucleon, or the so-called meson clou . L .
I . Was some apparent conflict between chiral invariant ap-
can have contributions not only from the pion but from other

members of the pseudoscalar and vector mesons octets. ﬁ’rﬁoaCh and gauge invariant approach to the calculation of the

T o ontribution of the gluon to the quark polarization. The rea-
recent years there has been an extensive investigation of bo g 9 P

. . n being that in operator product expansion approach,
unpolarized[3-28 and polarized(2,29-33 nucleon struc- \nich is model independent, the hard gluons at twist-2 level
ture using the meson cloud model.

) o . make no contribution to the first moment gf structure
Since late 1980s, there has been a flurry of activities, infynction This apparent problem has been clarified since the
vestigating the spin structure of the nucleon. What started ifyork done in Refs[67,69 and now the general understand-
all were measurements by European Muon Collaboratiolng is that there is a rather significant contribution due to
(EMC), indicating that Only a small fraction of the proton g|uon anoma|y, which is not unexpected in pQCD regime
spin is carried by the spin of the quarfd6,37. In the light  [70]. Therefore, the observed experimental results are super-
of the fact that this was in disagreement with quark rnOdeéosition of the quark and gluon polarizations, and therefore,
prediction, a model which had great success in describing th@ere is no spin crisis. For interested readers there are a num-
gross features of the nucleon, the EMC result caused quite ger of excellent extended paper on this tofi8—8q.
stir in the particle physics community. This resulted in what | Sec. Il we briefly present a light-front representation of
came to be known as the “proton spin crisis” and resulted iflhree-body systems and introduce the two types of wave
considerable amount of both theoretical and experimental infynctions that we will use for core nucleon. This will be
vestigation of the nucleon spin. Since then literally hundredsp|iowed by the formalism for the meson cloud model in Sec.

of papers have been published on this subject. On the expefjy. Results and discussion will be presented in Sec. IV.
mental side, the original experiment by EMC at CERN was

followed by Spin Muon Collaboratio(SMC) [38—4§. Also,
at Stanford Linear Accelerator Cente3LAC) [47-5 and
HERMES Collaboration at Deutsches Elektronen-
Synchrotron DESY) [57—-6Q. Among other things, these ex-
periments have confirmed the original EMC result, the Since the original work by Dirag81] several decades
Bjorken sum rule(BSR) [61,62, but show the violation of ago, there has been an extensive use of light-front frame to
Ellis-Jaffe sum rulg EJSR [63], and what appears to be a study high-energy processes. Referen{82-83 present
rather large negative strange quark polarization. more in depth study of the subject for the interested reader.
The objective of the theoretical work is to find the contri- Now, basic definitions and formalisi®6,87. A four-vector
bution of different sources, i.e., quarks, gluons, and orbitaln light-front frame is defined as

II. LIGHT-FRONT REPRESENTATION
OF THE NUCLEON
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a=(a"a,a,), (1) following we will only consider linear combination of
. _ spin-isospin diquark statg®,0) and (0,1). Therefore, the
wherea®=(a'+a%/\2 anda, =(a', &). Following the rela-  proton wave function can be written as
tivistic treatment of the nucleon by Terent'ev and co-
workers[88,89], we separate the center of mass motion of
the three quarks in nucleon from their relative motion by
transforming their momentga, p,, p; into total and rela-

tive momenta as follows: B
= duu(x*2h? + X3 h)] + Tluudie e+ X2
V

P=p,+ P+ Pa, (2a)

A
W= luudy? i+ X6 - udu g - g
N

_ 2Xp3¢l£3) + udL(Xplqsgl _ 2Xp2¢€2 + Xp3¢€3)
+duu= 27 g+ XL + X)), (72

For the second case we assume that there is no clustering of
the quarks inside the nucled86]:

A _p1tp;
n= pt

&= : (2b)
PL+P;
AL =(1=9p1 —époy, Q=1 =7(pPrL +P21) ~ 73, -
-1 A3 A2 A
(20 v,= —E(UUdX +udw™? + duuy™) ¢,. (7b)
Then, the Hamiltonian of the system takes the form \
A In Eq. (7a), |A?+|B?=1 and in our case, witlB=-0.2.
~ P? +M? Also, in Eq. (7), u andd represent the up and down fla-

Topt 3 vors. x” and i with i=1, 2, 3 represent the Melosh trans-
formed spin wave functiong92], for example,

whereM is the mass operator with the interaction term W: 1

~ P3_ — 8
=M +W, (4a) Xt \,rE(T” 1, (8a)
MZ_ Qzl M% rn% _i

+ =+, (4b) XP==0111-11D, (8b)

Cpl-n) n 1-9 V2
2 2 2
a1 m g 1
Mi= ———+ —+ ——, (40 Mo + -2 , 8c
with my, m,, and mz as the constituent quarks massks.
andM; can be rewritten in a more transparent way in terms N
of the relative momentg and Q, Xl= \Tg(zl” — -1, (8d)
E;=Vo?+ms, E,=\g?+mj, Ez=1Q%+m3 The spin wave function of thigh quark is
E1p= Q7+ M3, (53) 1 0
T=R{,). Ll=R{, ] 9
0 1
Ei+0s Eip+ Qs .
= , , 5b .(9), R ,
E+E, n E,+E, (5b)  In Eq. (9), R are the Melosh matrices
R = 1 (aC‘QRQL ‘aQL‘CQL>
M=Ep+Es M3=E+E, (5¢) a2+ Q7P+ f \cQrtagg ac-q Qg /'’
whereq=(dy, 0, 0a) andQ=(Qy, Qz Qa). (108
The wave function of the nucleon can be written as
W=Dy, (6) - 1 (adHhQL—aq—dqq
(52 2 [32 1 2 - - '
where @, x, and ¢ are the flavor, spin, and momentum Va®+Qlyd*+g \dQr—adk  ad-qQr
distributions, respectively. We are going to consider two (10b)
different wave functions for the core nucleon. First, as-
sume that the nucleon is a quark-diquark system. In gen- 1 b Q
eral, the nucleon state can be a linear combination of the Ry= ——= —Qg b ) (100
following spin-isospin diquark stateg0,0), (0,1), (1,0), b+ Q R
and (1,1). However, work done by Closd90] and \ynere
Glashow and co-workerf91] suggest that the spin-zero
diquark state will be the dominant one and therefore in the a=Ms+gM, b=mg+(1-nM, (119
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c=m+éM;,  d=mp+(1-§Ms, (11b)
Or=01+i02,  QL=01—iqy, (119
Qr=Q1+iQ, QL=0Q;-iQ,. (11d

The functions¢® and ¢)', with i=1,2,3, andé, are the
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In the above equationg,, B, and S are confinement
scale parameters aeri, Ny, and N are normalization
constants.

momentum wave functions, which we take them to be of the

following form:

B = N,i(X; = X ¢5/Xr, (123
1 = Ny (X + X = 2X) /%, (12b)
with i # j #k, and[86]
N
o= (MTIBQ)% (120
Also,
2 2 2 2
Xq= Q1 S+ q. S+ m12+ m; ,
201 -n)BS 29E1-9Bs 2nEB;  2n(1- 9,
m;
P — 13
’ 2(1- 7]),8Q (133
), =gt L= A-OBG+ ¢
2T 2B nE(L - O (1 -+ E7p)
bop _1-90- 7)Bq+ EBS
L2B3B (L= (L= n+ &)
Bo~ my m;
" BLBinl-n+én) 2766 27(1-OF3
mj
P E——— 13b
T A1- R (130
e (1-9B+ &1 - 7B
P22 B nE(1 - H(1 - £7)
, (1-9B5+&1-n)p; 4,0 Bo~B;
2B B - (L -¢n) T a1 -én)
2 2 2
+ M =+ My 5+ M , (130
20¢B8  29(1-9B5 2(1-np;
Xy =X+ X+ X3, (13d)

and

IIl. MESON CLOUD MODEL IN LIGHT-CONE FRAME

Meson cloud model has been used extensively in the
1990s, mostly to investigate the flavor asymmetry of the
nucleon sea. In this approach using the convolution model,
one can decompose the physical nucleon in terms of the core
nucleon and intermediate, virtual meson-baryon states
[2-35. Following the work done by Zollef12], Holtmann,
Szczurek, and Spetl82], and Speth and Thom483], one
can write

|NT> = Zl/z|: |NT>bare+ 2 E dydzklﬁ}é)lt/l/(yv ki)

BM )\’

X|B)\(y! lZL)!M)\/(l _y! - EL)>] 1 (14a)
with
, ImymeVAA - (y, K2
Bem(y, K3) = VI, KL g g

2m\y(1-y) Mi=May(y, ki)

whereZ is the probability of the physical nucleon being in
the core stateﬁgk,;(y, k?) is the probability amplitude for
the physical nucleon with helicity%l-is in a virtual state
consisting of baryorB*(y, k), with helicity \, longitudi-

nal momentury, and transverse momentuky, and me-
son MV(l—y, -k), with helicity \’, longitudinal momen-
tum 1-y and transverse momentunkV\\c(y, k), is the
vertex function and its explicit form for different baryon-
meson pairs with their corresponding helicities are listed
in the Appendix. The summations in EQL4a and (14b)

include all physically possible pairs from the pseudoscalar
and vector mesons and their corresponding baryons from

baryon octet and decuplet. Usirﬁﬁ,\,}(y, k%), one can de-
fine polarized splitting function in the following way:

di | By, K22,
0

nEM/N(Y) = E (159
x/

TABLE |. Parameters used in set 1 and 2. Hexg my, B, and B, are all in GeV, andu, and u, are in nuclear magneton units. Set 1
represents our diquark-quark model, while set 2 represents parameters used by SEB&BTDf

my my Bo By ] Ny N3 Mp Hn
Set 1 0.250 0.210 0.25 0.45 2.8 2.8 2.6 2.82 -1.61
Set 2 0.263 0.263 0.607 0.607 3.5 3.5 3.5 2.81 —-1.66
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Polarized xu-core and xd-core distributions

hen =3 | dRIANL -y K. asb
]

The splitting functions must satisfy the equations

FIG. 1. Polarizedxu-core andxd-core distri-
butions for sets 1 and 2. Set 1 represents a
diquark-quark distribution while in set 2 there is
no quark clustering.

Calculation of the physical polarized quark distributions
is basically the same as what was done in Réis2].
Namely, the polarized core quark distribution can be written
[93] as:

A =S U(NTIP, 8(x - x)|NTY, 16
hera(3) = (L) (150 Geore(X) ;< 1[Pgd(x = xp)INT) (168
and =3(N7|P38(x = x3)INT), (16b)
with
(Xnyg) + (XN = (Ngw) - (15d)
Exizl, (160

In Eq. (15d), (n) and (xn) are the first and second mo-
ments of the splitting functions. Equatigh5c) ensures the
global charge conservation and Efj5d momentum conser-
vation.

wherex;=¢&n, X,=n(1-§), andxz=1-7, and Pqu is a pro-
jection operator that projects ojth quark with helicity\

1.2
c
8 1.0 - — XxaAu, Set-1
g ---------- xAd, Set-1
.g 0.8 4 ——— xas, Set-1
2 ’ —@&— xAuU, Set-2
2 <O xad, Set-2
< 0.6 - XAs, Set-2
8
w .
< 044 FIG. 2. Initial xAu, xAd, andxAs for dressed
x . . .
o nucleon. Set 1 represents a diquark-quark distri-
C . . . . .
8 021 bution while in set 2 there is no quark clustering.
3
X 0.0 R i ahdna ah dn b do o oF T
5 bIEA M Yz
< O Theaiaeaet OO
X 0.2 0.0.0-0°
s
E

'04 T T T T T T

0.0 0.2 04 0.6 0.8 1.0 1.2
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12

c
§ xau, Set-1

S 1.0 A xAd, Set-1

c
o XAU, Set-2

% 0.8 - xAd, Set-2

[ xAu, Set-1
© xad, Set-1
S 061 XAU, Set-2 FIG. 3. Initial xAu and xAd distributions for

g xad, Set-2 dressed nucleon. The line curves include both
g 047 vector and pseudoscalar meson contributions,
;'E while the line-symbol curves include only the
5 0.2 pseudoscalar contribution from ReR]. Set 1
3 represents a diquark-quark distribution but in set
= V¥ H .
_g 0.0 € 2 there is no quark clustering.
©
3 024
x
:% 0.4 . . . . .
= 0.0 0.2 0.4 0.6 0.8 1.0 1.2
X
and Eq.(16b) is for symmetrized wave function. For pseu- d ag(t)

doscalar and vector meson distributions we have used the d_tAG(X’ t)= > [APZ,(X) ® Agg(X, ) + APgg(X)

formulation in Refs[94] and[95], respectively. Using the 7

core quark distribution along with the meson cloud and ® AG(X, 1)] (170
their companion baryons one can obtain the initial quark o ) )
distributions[2]. for singlet distributions. In Eq(17) agis the QCD running

These initial distributions are calculated at some initialcOUPling constanf\q andAG are the polarized quark and
low Q(Z,. In order to be able to compare our results with ex_gluon d'lstrlbutlon functionsAPs are 'the spllttmg func-
periments, we evolve these initial distributions usingtons, f is the number of flavors, andis defined as
DGLAP equations[96-99 to some final highQ? The

— 212
DGLAP equations for polarized distributions g&9] t=In(QQp)- (17d
d ast) Having the polarized distribution functions one can calcu-
d—tAQNs(X, t)= - APL(X) @ Adnsx, ) (178 Jate polarized singletg, and nonsingletas andag, distri-
butions and polarized structure functiogand gj along
for nonsinglet distributions and with their first moment in the following way:
d ag(t _
Ghasx = 23( J[APS (0 ® Aggx, ) + 20 AP0 30 = AUGY +AdG) +As(), (183
an
® AG(x, t)], (17b) az(x) = Au(x) — Ad(x), (18b)
0.006
é 0.005 |
g
c
® 0.004 - xAs, Set-1
2 e A T O
8 T xas, Set:2 FIG. 4. Initial xAs distributions for dressed
5 —8— xas, Set-1 . .
- o nucleon. The line curves include both vector and
S 0003 - XAS, Set-2 . . X X
= pseudoscalar meson contributions, while the line-
-.% symbol curves include only the pseudoscalar con-
2 0.002 tribution from Ref. [2]. Set 1 represents a
g ' diquark-quark distribution but in set 2 there is no
2 quark clustering.
X 0.001 |
g
E
0.000

0.0 0.2 0.4 0.6 0.8
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1.4
£ 121
2 R e
E 10 4 O xa,, Set-1
g ’ ........ Xay, Set-2
3 0 —e— Xxa,, Set-1 FIG. 5. Initial xag distributions for dressed
b 081 ; Q- Xay, Set-2 nucleon. The line curves include both vector and
“2 pseudoscalar meson contributions, while the line-
L 06 symbol curves include only the pseudoscalar con-
2 tribution from Ref. [2]. Set 1 represents a
g o4 diquark-quark distribution but in set 2 there is no
® quark clustering.
2
T 0.2
E
0.0
0.0 0.2 0.4 0.6 0.8 1.0
X
Au(x) + Ad(x) - 2As(x 1
ag(x) = ) Q s ), (180 E:I gi(x)dx, (19b)
V3 0
1/4 1 1 where Eq(19) represents the first moment gfi(x) andgj(x).
Px) = = —Au(x) + ZAd(x) + —As(X ) 18 Using Egs.(18) and(19) one can calculate BSE1,62 and
91 2(9 () + A + GAS(x) (189 EJSR[63]:
. 1<1A 4 o0s s ) S=TP-T7, (209
X) = =| zAu(x) + zAd(x) + =As(x) |, 18¢
91()29()9()9() (1898
54 1 + > (20b)
=—| a —=dag |,
where 1T 7o\ 9 3 8
Agq() =[a;(x) —a,()]+[T;(x) -q,(x)], (18
=5l -t (200
=—| —a —aa |. C
also, Ay 3 3 3
1
FE:I gh(x)dx, (193 Using Egs.(188—(18¢) one could write polarized quark dis-
0 tributions in terms of singlet and nonsinglet distributions:
0.6

Initial xa 8 distribution for dressed nucleon.

FIG. 6. Initial xag distributions for dressed
nucleon. The line curves include both vector and
pseudoscalar meson contributions, while the line-
symbol curves include only the pseudoscalar con-
tribution from Ref. [2]. Set 1 represents a
diquark-quark distribution but in set 2 there is no
quark clustering.
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0.8

0.6 1

0.4 4

0.2

Initial xa o distribution for dressed nucleon.

—— xa,, Set-1
xa,, Set-2
—o— xa,, Set-1
O~ xa,, Set-2

Ad

0.2 0.4

(\3ag + 2a, + 32)
u =

6

_ (Y3ag+2a9- 3a5)

6

_(-\3ag+ay)

A
S 3

0.6 0.8

(21a

(21b

(210

IV. RESULTS AND DISCUSSION

FIG. 7. Initial xay distributions for dressed
nucleon. The line curves include both vector and
pseudoscalar meson contributions, while the line-
symbol curves include only the pseudoscalar con-
tribution from Ref. [2]. Set 1 represents a
diquark-quark distribution but in set 2 there is no
quark clustering.

1.0

quark for the core nucleon. Set 2 is the parameters used by
Schlumpf [86] and represent symmetrical distribution of
quarks inside the nucleon.

In Fig. 1 we present polarizec andxd distributions for
the core nucleon. One can see the relative closenesanid
d, for the diquark-quark distribution, which means rather
small magnitude ofAd for set 1. Having these distributions
the bare nucleon is dressed up into physical nucleon by in-
troducing the meson cloud at some initial low momentum
transferred. Figure 2 showg\u, xAd, andxAs distributions
for sets 1 and 2. Couple of points concerning this graph, one
thatAd is significantly larger for set 2 compared with that of
Set 1 and the second one is the rather smallnesssdbr
both sets which is expected. In Fig. 3 we compare the results

In Table | we present the parameters, in energy units obf the present calculations aAu andxAd with that of Ref.
GeV, that have been used in E@¢$2), (13), (16), and(17) to
calculate quark distribution functions and the proton andpolarization. One can see that there is a noticeable increase
neutron polarized structure functions. Set 1 represents u-quark polarization and a reduction of difference between
diquark-quark distribution dominated by the isoscalar di-sets 1 and 2 compared with that of REZ]. For d quark, at

[2] to show the impact of the vector mesonswoandd quark

10

s 08

c

S

>

o

E 064

@

©

o

<1

X 0.4 -

e

c

©

3

% 021

°

Qo

2

S

5 00
-0.2

XAu, Set-1

................ XAd, Set-1

—————— xau, Set-2

——— xad, Set-2

— e xau, Set-1 FIG. 8. EvolvedxAu and xAd distributions

Qe Set-1 with corrections due to gluon anomaly. The line
Set-2 curves include both vector and pseudoscalar me-
Set-2 son contributions, while the line-symbol curves
AAC-LO include only the pseudoscalar contribution from
AAC-LO Ref.[2]. The symbols AAC-LO and AAC-NLO-1
ﬁﬁg:mtgj have been generated using leading order and

next-to-leading order calculations by AAC group,

respectively (Ref. [101]). Set 1 represents a
diquark-quark distribution but in set 2 there is no
quark clustering.
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0.01

0.00 - s
c FIG. 9. EvolvedxAs distributions with correc-
-% -0.01 A o tions due to gluon anomaly. The line curves in-
2 o » Set-1 clude both vector and pseudoscalar meson contri-
% i L S x4s, Set-2 butions, while the line-symbol curves include
2 -0.02 1 _ »o'___ XAS, get-; only the pseudoscalar contribution from RET].
x YSIR The symbols AAC-LO and AAC-NLO-1 have
E 0,03 o XAS: AAC-NLO-1 beer_l generated using leading order and next-to-
) leading order calculations by AAC group, respec-
u tively (Ref. [101]). Set 1 represents a diquark-

-0.04 quark distribution but in set 2 there is no quark

clustering.
-0.05 T T T . . .

0.0 0.2 0.4 0.6 0.8 1.0 1.2

X

small x (i.e., x~0.1), there is slight increase in magnitude Kumano and co-workers[99,10Q to final momentum

of polarization, while for mediunx there is slight decrease transferred and compared with experimental results. The
in polarization. Figure 4 represents comparisonsafuark  code uses the modified minimal subtractidnS) renormal-
polarization. The first point to be made is that all distribu-jzation scheme and calculate®® evolution to the next-
tions are positive, in contrast with the observatisee, for {4 |eading order of the running coupling constant with QCD
example, Ref[53]). However, this is not surprising sinCe€ gcaje parameter of 0.2 GeV. To be consistent we have
we have not introduced any gluon polarization at this stage,sed the same evolution parameter as R2f, namely, t

At this point we would like to mention that one can correctly _ '3 04 have assumed that there is no initvial gluon, polar-

infer that our model does predict asymmetries between thlezation. However, evolution generates gluon polarization. In

strange and antistrange quark distributions. However, Weat 1 we getNG=0.78 and in set 2 we ge¥G=0.76, which

have shown in Ref{3] that fol[S(X)+5(X)]dX20 as it should  are much closer compared to those in Rgf]. For the

be for the nucleon. Finally, in Fig. 4 one can see a significansake of consistency we renormalize total gluon polarization
increase in s-quark polarization and a reduction of differencdor both sets to be 2.5. Although, this seems to be a rather
between sets 1 and 2. Figures 5-7 present the comparisdigh contribution, it is not unexpected in pQCD but it should
of xag, Xag, andxa, of the present work with that of Reff2]. be considered as absolute upper limit as explained by Ellis
One can see the effect of the dominanceuajuark in the  and Karliner[70]. As mentioned in the Introduction, the ex-
quark model; namely, a noticeable increase in all thregerimental observation is actually a superposition of quark
distributions, which is in accord with the results of Fig. 3. and gluon polarizations. Taking this into account, one can
These initial distributions are evolved using the code ofwrite

0.8
xa,, Set-1
06d i/ eeNx | xa,, Set-2 o . .
c —e— xa_, Set-1 FIG. 10. Evolvedxag distributions Wlth cor-
2 s rections due to gluon anomaly. The line curves
5 <O+ Xa,, Set-2 .
,g e xa.AAC-LO |qcIUQe both \{ector ar.ld pseudoscalar meson con-
2 s AAC-NLO-1 tributions, while the line-symbol curves include
> 0.4 0 Xy only the pseudoscalar contribution from REZ].
g The symbols AAC-LO and AAC-NLO-1 have
§ been generated using leading order and next-to-
I leading order calculations by AAC group, respec-
w02 tively (Ref. [101]). Set 1 represents a diquark-
quark distribution but in set 2 there is no quark
clustering.
0.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2
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0.35
0.30 4 xa,, Set-1
........ Xag, Set-2
025 —e— xa,, Set-1 FIG. 11. Evolvedxag distributions with cor-
2 Q- Xag, Set-2 rections due to gluon anomaly. The line curves
,.§ ® xa, AAC-LO include both vector and pseudoscalar meson con-
% 0.20 1 O  Xag, AAC-NLO-1 tributions, while the line-symbol curves include
© only the pseudoscalar contribution from RE].
£ 0151 The symbols AAC-LO and AAC-NLO-1 have
§ been generated using leading order and next-to-
S 010 leading order calculations by AAC group, respec-
w tively (Ref. [101]). Set 1 represents a diquark-
quark distribution but in set 2 there is no quark
0.05 7 4 clustering.
0.00 O ;
0.0 0.2 0.4 0.6 0.8 1.0 1.2

o from Figs. 8 and 9, respectively, that the addition of the
Agq— Ag- ZTAG’ (22)  vector mesons leads to better agreement with observation.

Our numerical results along with some experimental and

where a, is QCD running coupling constant and in our theoretical results are presented in Table Il. There are few

case we choosey/27=0.048 which relates taQ? of about points to be made concerning this data. Set 1 even after
4 Ge\A. The results of taking into account Eq2) for introduction of gluon anomaly results in rather small mag-
evolved distributions are shown in Figs. 8-12. To avoidnitude of Ad and positive first moment ofij, which is in
overcrowding the graphs, instead of comparing our workcontrast with observatiofd44,51,53. These are basically
with several experimental data, we compare our work withthe same as those in R¢R]. Similarly, as in Ref[2], set

the best fit to world experimental data by the AAC Group 1 reproduces strange quark polarization and BSR rather
[101]. As expected, the evolution results in the shift of thenicely. For set 2, there is rather a significant difference
distribution peaks to lowex. Also, the inclusion of gluon between the current work and that of REZ]. The results
anomaly leads to a very good agreement of polarizedor Ad and g are much better compared with R¢2].
strange quark distribution with observation as can be seeHowever, that is not the case for BSR, namely, it overes-
in Fig. 9. Since the addition of the vector mesons lead tdimates BSR by even a larger margin. But like set 1, set 2
increase in u-quark polarization, one can see from Figs. 8eproducesAs rather nicely. The important point is that
and 10-12 that set 2 of pseudoscalar leads to the besthen one compares the last four rows of Table Il with
agreement with experimental data fedu, xa;, Xxag, and  other theoretical calculationsows 5 and &, one realizes
Xag, respectively. However, foAd and As, one can see that introduction of meson cloud in relativistic quark

0.6
xa,, Set-1
os4 /N | e Xa,, Set-2
—e— xa,, Set-1
c O Xay, Set-2 FIG. 12. Evolvedxa, distributions with cor-
-% 0.4 - ® xa, AAC-NLO-1 _rections due to gluon anomaly. The line curves
] , AAC-NLO-1 include both vector and pseudoscalar meson con-
% tributions, while the line-symbol curves include
o 034 only the pseudoscalar contribution from Rg].
g The symbols AAC-LO and AAC-NLO-1 have
§ 02 4 been generated using leading order and next-to-
S ’ leading order calculations by AAC group, respec-
w tively (Ref. [101]). Set 1 represents a diquark-
01 4 quark distribution but in set 2 there is no quark
clustering.
0.0 @

0.0 0.2 0.4 0.6 0.8 1.0 1.2
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TABLE II. Comparison of the results of our models with theory and experiment. The first three rows are experimental results corre-

sponding to Refs[52], [53], and[44] respectively. The fourth row corresponds to Ellis-J468] and Bjorken[61,62 sum rules. The fifth
row is simply the nonrelativistic quark parton model prediction. The sixth row corresponds to relativistic quark model calduledioiihe
results of our work are presented in the last six rows.

Au Ad As r? I rP-17
E143(3 Ge\®) 0.83 -0.43 —0.09 0.133 -0.032 0.165
E154(5 Ge\?) 0.122 —0.056 0.168
SMC (5 Ge\®) 0.132 -0.048 0.181
EJSR/BSR 0.167 -0.015 0.182
NRQPM (AG=0) 1.33 -0.33 0
RQPM (AG=0) 1.0 -0.25 0
Set 1(AG=0, Ref.[2]) 1.04 -0.075 0.015 0.228 0.042 0.186
Set 2(AG=0, Ref.[2]) 1.02 -0.199 0.014 0.216 0.013 0.203
Set 1(AG#0, Ref.[2]) 0.917 -0.195 -0.105 0.187 0.002 0.185
Set 2(AG#0, Ref.[2]) 0.951 -0.271 -0.059 0.193 -0.011 0.204
Set 1(AG#0, current work 1.00 -0.187 -0.100 0.208 0.009 0.199
Set 2(AG#0, current work 1.07 -0.324 -0.101 0.213 -0.018 0.231
model results in better agreement with experiment, which 1 . 1 0 Onme YN — Mg A3
once again shows the significance of the role of meson > T > V/m. (A3)

cloud in nucleon structure.

One final comment is that the addition of vector mesons
did not resolve the situation that we faced in Rdf3,3]. _
Namely, in Ref.[3] we calculated thé-, structure function 1 1 gwmee ¢k,
for the nucleon using the same approach as we have done in 2 Ty 0 2 Jymyme (Ad)
the present work. There we showed that a diquark-quark dis-
tribution which is dominated by an isoscalar diquark makes
it possible to have reasonable agreement with experiment. IRor A7, 3K intermediate states we have
contrast with a core nucleon where there is no clusterization

of quarks, the calculate#, structure function consistently

undershoots the observation rather significantly in the me- 1 3 famee™ K (ymy + mg)
- ; ; . ——+=, 0 - = ,  (AD)
dium to highx range. However, for the polarized case, with 2 2 2.2 YA ymyme
and without the vector mesons, the results are mixed for both
sets. However, what all these works have in common is that
how the meson cloud can be used to gain insight through the
polarized and unpolarized structures of the nucleon. }H +} 0
2 2’
APPENDIX , y fume (Y + Mg)(ymy = mg) + K2 (ymy + 2mg)
The explicit form of the vertex functio’yy-(y, k%), used 2\6 VMY Myme ’
in Eq. (14b) is (AB)
Vine(y, K2) = [TyeMie)PVink (v, K2), (A1)
whereT'yg(M2,p) is the vertex form factor and is param- 1_) .
etrized by the exponential function of the invariant mass 2 2’
My of the intermediate baryon-meson state: i
M8 y % fumee "k, [(ymy + mg)? - 3mg(ymy + 2mg) + k|
’/— / L]
Tye(M%g) = e Mg mR/AYe. (A2) 2\6 yMg\ymymg
(A7)
where Ay g are free parameters which are determined by
fitting experimental data. In the following we present the
explicit form of V/}X(y, k%) for intermediate helicity 1 3 fume€2? K&
states of pseudoscalar meson and baryon states, calculated > Ty B > T (A8)
by Holtmann and co-worker§32,33. For intermediate Ve YVYMTe
statesN7, N7, 2K, and AK the vertex functions are For Np, Nw, 2K", AK" intermediate states we have

055202-10
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! + ! +1
2 2
Inmee”? Ky — fygy 26" k my
V2 (1-y)ymymg \Yymymg
(A9)
1 N 1 0
2 T2
» Onms RS+ Mmg(1-y)? -y s
2 2(1 -y)my\ymymg 2
L Yy = me) (Y’ — (g + mg + )+ m + )
ymy\ymymg
(A10)
1 N 1 1
2 T2
Oumee ¢ vk, = s Kimg
+ fymsy 267 )
V2 (1-y)ymymg \Yymymg
(A11)
1 1 ‘1
2 2
% OnvBY My — Mg
V2 Jymymg
i \5ki = (my + mg)(L = y)(ymy = mg)
NMBY ;
(1 =y)\ymymg
(A12)
1 1 0
2 T2

_ Onme€ Pk (my-mg)  fvee™?
2 My YMyme 2
K@+ YDA~ y(mg + g + mgy) + g + K]
y(1-y)myymymg ’

(A13)
1 1 . K
L ML
27 "2 MY (L -y)\ymymg
(A14)
Finally, for Ap,>'K" we have
1 f +2i¢ k
. §' +1 - NMBE J_/ ,
2 2 2 y(1-y)Nymymg
(A15)

PHYSICAL REVIEW C 68, 055202(2003

1 3 faumpeh® K, m
- ————, (A16)
2 V2 (1-y)\ymymg

1 3 _1 fame Mumg(1 = y)? =y,
2 2 (L-y)hymumg

(A17)

1 1 +1 famee" Kk, [k = 2(1 -y)mg]

~ H + H 1
2 2N6 y(1 ‘Y)mB\/ymNmB
(A18)
1 frams MK + mg(L1 —y)(ymy — mg)]
-——+=, 0 - = ]
2 \6 (1 -y)mg\ymymg
(A19)

ot fawee KDy, - 2mymg(1 -y)]
, 2\3 (1-y)mg\ymymg
(A20)

1 1

—— == +1
2 2

J frwge™” 21 —y)mgk +mymiy® - (1 - y)*mg
2\3 Y(1 - y)mg\ymyme

(A21)

1 1 0 fNMBe_i¢kLmM[yrrN_(1_y)mB]
2’ \6 (1-y)mg\ymymg
(A22)

1 1 fumee 2 K2 my
2’ 2\5 (1-y)mg\ymymg’
(A23)

1 3 famge K mg(1 -
= -2 4q Inwe 1 mg( Y)’ (A24)
22 2 yVymymg

=5 00 (A25)

57T -1 0. (A26)

In the above equations we have used the notation 1/2
— N, N\, whereh and N\’ are the helicities of the baryon
and meson, respectively.is the longitudinal momentum

055202-11
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fraction of the baryon andp is the angle between the

baryon’s transverse momentum and that of the nucleonI34 7 GeV? | f 0 47=31.25 GeV? , and f2

onme and fyug are the couplmg constants which we
choose [12,32,102 as ¢ ﬂnp/477 13.6, gp0/47r 0.84,

PHYSICAL REVIEW C 68, 055202(2003
2
fp - p+l 4T
p/471' 0.
Other coupling constants are related to these ones through

/47=10.85 GeV?,

92,/4m=8.1, p e

the quark mode[32,102,103.
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