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Calculation of the nucleong, structure function using the meson cloud model
in the light-cone frame
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We calculate polarized quark distribution functions andstructure functions for the nucleon. The calcu-
lation 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 clusterization and the case which there is no quark clusterization inside the nucleon. The
initial distributions are evolved. The final results are compared with other theoretical calculations and experi-
mental observations.
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[. INTRODUCTION larization. The reason being that in operator product expan-
sion (OPB approach, which is model independent, the hard
In the late 1980’s measurements by the European Muogluons at twist-2 level make no contribution to the first mo-
Collaboration(EMC) indicated that only a small fraction of ment of g, structure function This apparent problem has
the proton spin is carried by the spin of the quarkg]. In been clarified 31,33 and now the general understanding is
light of the fact that this was in disagreement with quarkthat there is a rather significant contribution due to gluon
model prediction, a model which had great success in dednomaly, which is not unexpected in PQCD regifdg].
scribing the gross features of the nucleon, the EMC resulf herefore, the observed experimental results are superposi-
caused quite a stir in the particle physics community. Thié_'on of the quark and gluon polarizations and therefore, there

resulted in what came to be known as the “proton spin cri-Is no spin crisis. For interested readers a number of excellent

sis” and resulted in a considerable amount of both theoreti-extended articles on this topic are In Refs2-44. .
In Sec. Il we briefly present a light-front representation of

cal and experimental investigation of the nucleon spin. Sincc?h .
then literally hundreds of papers have been published on thi ree_-body systems_and introduce the two types Of wave
Rinctions that we will use for core nucleon. This will be

subject. On the experimental side, the o_riginal experiment b¥o|lowed by the formalism for the meson cloud model in Sec.
EMC at CERN was followed by the Spln_Muon Collabora- ), "pesyits and discussion will be presented in Sec. IV.
tion (SMC) [3-12], also, at the Stanford Linear Accelerator
Center(SLAC) [13—-2(0 and the HERMES Collaboration at
Deutsches Elektronen-SynchrotrddESY) [21-24. Among
other things, these experiments have confirmed the original
EMC result, the Bjorken sum rulBSR) [25,26], but show Since the original work by Dira¢45] several decades
the violation of Ellis-Jaffe sum rul¢EJSR [27], and what ago, there has been extensive use of light front frame to
appears to be a rather large negative strange quark polarizétudy high-energy processes. Referenpé—49 present
tion. more in depth study of the subject for the interested reader.
On the theory side the investigation of the nucleon spinBasic definitions and a formalism are presented in Refs.
has been very active since the EMC result. The objective i§50,51. A four vector in light front frame is defined as
to find the contribution of different sources, i.e., quarks, glu- N
ons, and orbital motion of the partons, to the spin of the a=(a’,a-,a,), @
proton. In the late 1980'’s, Altarelli and Rog28] and Carl-
itz, Collins, and Muellef29] suggested that there is a hard

gluonic contribution to the first moment gf structure func- separate the center of mass motion of the three auarks in
tion of the proton. Others followed up on this suggestion P d

[30—32. The objective here was to see whether there is Qucleon from their relative motion by transforming their mo-
positive gluon polarization, since this would explain ::1waymenta|01'pZ’|D3 into total and relative momenta as follows:
the rather large negative sea polarization and rather small

II. LIGHT FRONT REPRESENTATION OF THE
NUCLEON

where a®=(a°+a%)/\2 anda, =(a',a?). Following the
relativistic treatment of the nucleon by Terent{&2,53, we

contribution of the quarks to the spin of the proton. For a P=p1+ P2+ ps, (28
period of time there was some apparent conflict between chi- + .
ral invariant approach and gauge invariant approach to the ¢ P1 _P1 P, (2b)

calculation of the contribution of the gluon to the quark po- - p;+p, K Pt

. =(1=&)p1 —€p2i»
*Present address: University of Maryland, College Park, MD

20742. Q. =(1=7)(pP1L+P21)— 7Pz - (20
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Then, the Hamiltonian of the system takes the form

Pf+M?2
2P*

: )

whereM is the mass operator with the interaction teWn

M=M+W, (4a)
Q¢ M3 om
BT R 40
, 97 m;  mj
M=&i-5 " ¢ T1¢ (40

with m;, m,, andm; as the constituent quarks massks.
andM 5 can be rewritten in a more transparent way in terms

of the relative momentg and Q:
Ei=Vag*+mi, E,=\g?+m;, Ez=\Q’+m;,
E1o= Q%+ M5, (59

E;+as E1ot Qs
= , = , (5b)
E,+E, E o+ E;
M:E12+E3, M3:E1+E2, (SC)

whereq=(q;,d;,93) andQ=(Q1,Q,,Qy3).
The wave function of the nucleon can be written as

V=>0xq, (6)

where @, y, and ¢ are the flavor, spin, and momentum
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In Eq. (7a), |A|?+|B|?=1 and in our case, witB=—0.2.
Also, in Eq.(7), u andd represent the up and down flavor.
X" and y with i=1,2,3 represent the Melosh transformed
spin wave function$56], for example,

V,=—(uudy+uduy*®+duuy*)¢,.  (7b)

1
p3__—_ _
X! ﬁ(m 1, (8a)
x”3=i<m—m> (8b)
1 \/E d
x?3=i<m+m—2m>, (80)
J6
x$3=i(2m—m—m>. (80)
J6

The spin wave function of thih quark is

1 0
0)' l:Ri<1)- 9

In Eq. (9), R; are the Melosh matrices

=R

distributions, respectively. We are going to consider two dif-
ferent wave functions for the core nucleon. First, we assume
that the nucleon is a quark-diquark system. In general, the
nucleon state can be a linear combination of the following
spin-isospin diquark stateg0,0), (0,1), (1,0), and (1,2).
However, work done by Closgb4] and Glashow55] sug-
gest that the spin zero diquark state will be the dominant one
and therefore in the following we will only consider linear
combination of spin-isospin diquark statés0) and (0,2).
Therefore, the proton wave function can be written as

A
Wa= S luud i )P i) —udu(x g - X g)

—duu(xf’2¢§2+xﬂg¢ﬁ3>]+%[uud<xﬂl¢ﬁl

+ X2 203 P%) + udu(x g - 2x 2’

+ X%+ duu(—2x g+ X2+ xS ).
(72

For the second case we assume that there is no clusterization
of the quarks inside the nucle¢B0]:
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1 ac—qrQL —ag —cQ.
R ot yoir gt | CQrtade  ac-aQg |t
(103
1 ad+qrQL —aq —dQ
R: - - 1
NP CTN dQr—agr ad—q.Qr
(10b)
1 b Q
R3:—’—b2+QJ2_ _QR b | (100)
where
a=Ms+ M, b=mg+(1-mM, (113
C=m1+§M3, d=m2+(1—§)M3, (11b)
Or=01 102, QL=0:1—i03, (119
Qr=Q:1+iQz, Q=Q;~iQ,. (11d

The functions¢§i and qbf, with i=1,2,3, and¢, are the
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momentum wave functions, which we take to be of the fol-with i+ j#k, and[50]

lowing form:
) ) N
7' =N,i(X; =X ) 11X, (129 ¢2:(M2+,82)3'5' (129
=Ny (X + Xi— 2X0) 51X, 12 Also,
Q? q? m? m5 mj
Xa= + , 13
- B 29E - 0B 2neRl 2n(1-OB  2(1- B, (133
,  (I=n)(1-&BH+ER; , (1=8(1-n)Bi+Ep
Xo=0! 55722 — — +Ql 572 — _
2BaBgméE(L=&)(1—n+én) 2BoBgm(1—n)(1—n+é&n)
BS— B2 mj m5 m3
, 13b
T g e 20 21— 085 20— L (130
, (L-9B+EL-—mBG , (1-HBG+HEL—7)B; Bo— B4
1:%2’82’82 f(1—¢)(1-¢ )' 153232 1— &) (1— _qLQLT
oBam ] BaBagn(1—&)(1—E&n) BaBan(1—En)
mi m5 m3
+ , 13
T 2Bl 2n(1-0p | 2(1- )2 e
XT=X1+X2+X3, (130)
[
and ,B)é)fv;(y K2)= 1 \/mNmBVMF,(yakf)
o 2mly(1—y) mi-MEu(y.k?)
g 1 (136 (14b
to@xpn

whereZ is the probability of the physical nucleon being in

) ) the core stateBQ”M'(y,kf) is the probability amplitude for
In the above equation8g, Bq, andB are confinement scale he physical nucleon with helicity- £ is in a virtual state

parameters anulpi, Ny, andN are normalization constants. consisting of baryorB*(y,IZL), with helicity X, longitudinal
momentumy, and transverse momentuky , and meson

ll. MESON CLOUD MODEL IN LIGHT-CONE FRAME MY (1—y,—K), with helicity ', longitudinal momentum

_ RV 2y _
The meson cloud model has been used extensively in th% y, and transverse momentusik. Viy(y,k1), is the ver

: . . téx function and its explicit form for different baryon-meson
1990’s, mostly to investigate the flavor asymmetry of the . ; . . . . .
, . . airs with their corresponding helicities are listed in the Ap-
nucleon sea. In this approach using the convolution mode

one can decompose the physical nucleon in terms of the co%end.'x' Thg summations in E¢14) include all phyS'C"?‘”y
nucleon and intermediate, virtual meson-baryon stE@s- possible pairs from the pseudoscalar mesons and their corre-

76]. Following the work done by Holtmann, Szczurek andSponding baryons from baryon octet and decuplet. Using

Speth[69] and Speth and Thom4g2], one can write B”B?\A'(y,kf), one can define polarized splitting function in the
following way:

AN

|NT>=Zl’2{|NT>bare+BZME dyck, g (y.k) =3 [ akIgIR, s
>

X [BMy.K)iMM (1-y,—K,) } (149 : - :
o V) Man(=3 | d€IaRa-y kP ash

with The splitting functions must satisfy the equations
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Nue(Y)=ngu(1-Yy), (150  andg} andg] polarized structure functions along with their
first moment in the following way:
and
ag(xX)=Au(x)+Ad(x)+As(x), (183
XNyg) T {(XNgm)={(Ngm)- 15
(Xnyp) +(XNgm) =(Ngwm) (150 20— AU - Ad(X), (185
In Eq. (150, (n) and(xn) are the first and second mo-
ments of the splitting functions. Equatidh5c ensures the Au(X)+Ad(x)—2As(x)
global charge conservation and Efj5d momentum conser- ag(x)= 3 ' (189
vation.
Calculation of the physical polarized quark distributions 1
is similar to the procedure that was followed for unpolarized gh(x)= —< Au(x)+ = Ad(x)+ As(x)), (180
case in Ref[76], with the following modification: To calcu- 2

late the polarized core quark distribution we use the follow-

; ; . 1/1 4 1
ing expression 77 gi(x)= E(§Au(x)+ gAdoo+ §As(x)) , (188
qéo,4x>=$<NT|P;A5(x—xj>|NT>, (168 where
Aq()=[a;()=a,00]+[a;()—a,(x)], (18
=3(NT|P%.8(x—x3)INT). (16b) e e
also
with
1
Fﬁzf gh(x)dx, (199
> x=1, (160 0
I
1
wherex;= &7, x,=n(1—¢£), andxz=1— 7, and PL” is a ri= Jo g1(x)dx, (19b
projection operator that projects guh quark with helicityx
and Eq.(16b) is for symmetrized wave function. where Egs.(199 and (19b) represent the first moment of

These initial distributions are calculated at some initialgf(x) andgj(x). Using Eqs(18) and(19) one can calculate
low Q(Z, In order to be able to compare our results withBSR[25,26 and EJSH27]
experiments, we evolve these initial distributions using

Altarelli-Parisi equationg78] to some final highQ?. The Sg=T1—-T7, (209
Altarelli-Parisi equations for polarized distributions §83]
1 5
d (t) S,Ejz—(a3+—a8), (20b)
Grhansx D= —APR0®Adws(xt) (173 12177 V8
for nonsinglet distributions and o _1 °
g S 1 —a3+ﬁa8 : (200
d a(t)
grhasxt=— [AP aqX) ®Ads(X,t) Using Eqs.(188—(18¢) one could write polarized quark dis-

tributions in terms of singlet and nonsinglet distributions:
+2n;AP (X)) ®AG(X,1)], (170

3ag+2ay+3a
d () AU=(\/_8 60 2y (213
thG(X t)— q(x)®Aqs(x t)
V3ag+2a,—3a
+APca(X)®AG(X,1)] (179 ad= V32 5 0 3), (21b)
for singlet distributions. In Eq(17) «g is the QCD running
coupling constanA g, AG are the polarized quark and gluon As= (- ‘/§a8+a0) (210
distribution functions AP’s are the splitting functions, is 3 '
the number of flavors, antdis defined as

IV. RESULTS AND DISCUSSION

dt=In(Q%Q3). (170
In Table | we present the parameters, in energy units of
Having the polarized distribution functions one can calculateGeV, that have been used in E¢83), (12), (16), and(17) to
polarized singlea, and nonsingleta; and ag distributions  calculate quark distribution functions and the proton and
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TABLE I. Parameters used in sets 1 and 2. H&xg my, Bq,
and B, are all in GeV, andu, and u, are in nuclear magneton
units. Set 1 represents our diquark-quark model, while set 2 repre

1.0

sents parameters used by Schlurffd,51]. 081 . ﬁ; 22}}
——- xAs, Set-1

m m n, n, n 61 —e— xAu, Set-2

u ¢« Bo By 1 N2 N3 pp  Mn 08 0 xAd, Set-2

Setl 0.250 0.210 0.25 045 2.8 2.8 2.6 2.821.61 v XAs, Set-2

0.4

Set2 0.263 0.263 0.607 0.607 3.5 3.5 3.5 2.811.66

0.2 1
neutron polarized structure functions. Set 1 represent
diquark-quark distribution dominated by the isoscalar di-
quark for the core nucleon. Set 2 is the parameters used k
Schlumpf [50] and represent symmetrical distribution of
guarks inside the nucleon.

In Fig. 1 we present polarizedu andxd distributions for
the core nucleon. One can see the relative closeness of oo 0z 04 0 0 10
andd, for the diquark-quark distribution which means rather X
small magnitude ofAd for set 1. Having these distributions .
the bare nucleon is dressed up into physical nucleon by in- /G- 2 Initial xAu, xAd, andxAs for dressed nucleon. Set 1
troducing the meson cloud at some initial low momentumrepresents a'dlq_uark-quark distribution while in set 2 there is no
transferred. Figure 2 showsAu, xAd, and xAs distribu- quark clusterization.
tions for set 1 and set 2. A couple of points concerning this _
graph, one is thatd is significantly larger for set 2 com- tors [79,80 to final momentum transferred and compared
pared with that of set 1 and the second point is the smallnes¥ith experimental results. The code uses the modified mini-
of As for both sets which is expected. Figure 3 shows themal subtractionMS) renormalization scheme and calculates
details ofAs distributions which is positive, in contrast with Q evolution to the next-to-leading order of the running cou-
observatior(for example, see Ref18]). However, this is not  pling constant with QCD scale parameter of 0.2 GeV. The
surprising, since we have not introduced any gluon p0|arizaeVO|Ved distributions of Figs. 2—4, respectively, are shown in
tion at this stage. At this point we would like to mention that Figs. 5-7. We have used evolution parameter0.3 and
one can correctly infer that our model does predict asymmehave assumed that there is no initial gluon polarization. With
tries between the strange and antistrange quark distributiothe exception of the expected shift to lowerthe general
However, we have shown in Ref{76] that fé(s(x) features are the same preevolution. For example, in Fig. 3 the
+§(x))dx=0 as it should be for the nucleon. Figure 4 pre- polarized strange quark distributions_peak at ab%."o'z .
sents thexas, xag, andxa, distributions. These initial dis- and peak value of about 0.0022. In Fig. 6 the polarized dis-

tributions evolve using the code of Kumano and coIIabora-tribUtionS of the strange quarks after evolution peak at about
x=0.1 and peak value of about 0.0065, but the total strange

0.0 sy vov e

-0.2 4

Initial xAu, xAd and xAs for dressed nucleon.

0.0025

00020 | —— xAs, Set-1
’ —e— XAs, Set-2

0.0015

0.0010 -

Initial xAs for dressed nucleon.

0.0005

Polarized xu-core and xd-core distributions

0.0000

T T ’
0.0 0.2 04 06 08

X

FIG. 1. Polarizedu-core andkd-core distributions for set 1 and FIG. 3. Initial xAs for dressed nucleon. Set 1 represents a
set 2. Set 1 represents a diquark-quark distribution while in set 2liquark-quark distribution while in set 2 there is no quark cluster-
there is no quark clusterization. ization.
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1.2 0.008
—— xag, Set-1 As. Set-1
—— xAs, Set-
......... xag, Set-1 S 0.006 4 )
09 ——- xag, Set-1 E *— xAs, Set-2
° —e— xa3, Set-2 =
] o xag, Set-2 2
% —v—- xag, Set-2 é’ 0.004 ~
2]
;‘2 0.6 §
1) =
[} Q
% o 0-002
E
0.3
0.000 T T
0.0 0.2 04 0.6 0.8
X
00 o , . : OV eeeee y . .
0.0 0.2 0.4 06 0.8 10 FIG. 6. EvolvedxAs with evolution parametet=0.3. Set 1
X represents a diquark-quark distribution while in set 2 there is no

quark clusterization with no corrections due to gluon anomaly.
FIG. 4. Initial xas, Xag, andxag. Set 1 represents a diquark-

quark distribution while in set 2 there is no quark clusterization. where g is QCD running coupling constant and in our case

e choose as/27=0.048 which relates toQ?, about

guark polarization remains roughly the same at about 0.0lé:lv Ge\2. The results of taking into account E2) are

We know that evolution generates gluon polarization. In Seghown in Figs. 8 and 9. As can be seen in Fig. 8 this effect

1 we getAG=0.66 and in set 2 we getG=1.21. For the clearly results in negative strange sea-quark polarization. In

sake of consistency we renormalize total gluon polarizatior]:- .
. igs. 8 and 9 we also present plots generated by using quark
for both sets to be 2.5. Although this seems to be a rathe g P P g y 99

: oY R . ; distributions parametrized by asymmetry analysis collabora-
high contrlbutlon, Itis not unexpectgd n PQCD b.Ut It ShOUId.tion (AAC) group. AAC has generated their distributions by
be Con3|_dered as absolut_e upper limit as exp'?'”ed by EIIIﬁtting the world experimental data and gives analytical ex-
and Karliner[34]. As mentioned in the Introduction the ex- ressions aD2=1 Ge\2 [84]. The plots in Figs. 8 and 9 are
perimental observation is actually a superposition of quar’generated by evolving the initial AAC distributions using the

and gluon polarization. Taking this into account one can,, ojution parameter=0.1. As can be seen in Fig. 8 both of

write our models overestimate the contribution of theguark to
ag the nucleon polarization. For tteequark set 2 is in reason-
Ag—AQq— Z—AG, (22 ably good agreement with the AAC result. Figure 9 repre-
aa

06 08
0.5 4 —— XAu, Set-1

” xad, Set-1

5 ——- xAs, Set-1 ‘ 05 — X85, Set-1

3 % —e— xAu, Set-2 o xag, Set-1

= -0 xAd, Set-2 2 — . xa,, Set-1

2 o ——

B s —v-- XAs, Set-2 < TN —e— xa, Set2

S ixo 4 \\ w0 Xag, Set-2

£ 021 o 041 A\ —v—- Xa,, Set2

3 3 7 5

5 01+ 2 ‘V.v

el .

2 o oo 02+ N\

2 S S N
0.1 DOO 8\

& " \\
0.2 . — . - 1 0.0 T T T y
0.0 0.2 0.4 06 08 10 0.0 02 04 06 08 10
X X

FIG. 5. EvolvedxAu, xAd, andxAs distributions with evolu- FIG. 7. Evolvedxaz, xag, andxa, with evolution parameter

tion parameter t 0.3. Set 1 represents a diquark-quark distribution=0.3. Set 1 represents a diquark-quark distribution while in set 2
while in set 2 there is no quark clusterization with no correctionsthere is no quark clusterization with no corrections due to gluon
due to gluon anomaly. anomaly.

065202-6



CALCULATION OF THE NUCLEONg; STRUCTURE .. .. PHYSICAL REVIEW C 63 065202

08 TABLE Il. Comparison of the results of our models with theory
— xAu, Set-1 and experiment. The first three rows are experimental results corre-
_ Xg 22:11 sponding to Refs[18,17,9, respectively. The fourth row corre-
2 o6 — .~ xAu, Set2 sponds to Ellis-Jaff¢27] and Bjorken[25,26 sum rules. Row five
% - - zﬁd, get»Z is simply the nonrelativistic quark parton model prediction. The
5 / N XNSJ' Aitg-LO sixth row corresponds to relativistic qugrk model calculatiB8.
S 4 = xAd AAC-LO The results of our work are presented in the last four rows.
K 4 xas, AAC-LO
2 ©  xAu, AAC-NLO-1 Au Ad As rP r" rP—rn
3 o xAd, AAC-NLO-1 1 1 11
Ed 0z v xAs, AAC-NLO-1 E143 (3 GeV¥) 0.83 —0.43 —0.09 0.133-0.032 0.165
3 E154 (5 GeV) 0.122 —0.056 0.168
B SMC (5 GeV) 0.132 -0.048 0.181
S o oo | EJSR/BSR 0.167-0.015 0.182
g NRQPM (AG=0) 1.33 —0.33 O
e i RQPM AG=0) 1.0 -0.25 0
024 Set 1 AG=0) 1.04 —0.075 0.015 0.228 0.042 0.186

00 02 o4 os os 0 Set2 AG=0)  1.02 —0.199 0.014 0.216 0.013 0.203
x Set1(G#0) 0.917-0.195-0.105 0.187 0.002 0.185

FIG. 8. EvolvedxAu, xAd, andxAs distributions. Set 1 repre- Set 2 AG#0) 0.951-0.271 —0.059 0.193-0.011 0.204
sents diquark-quark distribution while in set 2 there is no quark
clusterization with corrections due to gluon anomaly. AAC-LO and
AAC-NLO-1 plots have been generated using leading order angbolarization and BSR rather nicely. Set 2 reproduces a more
next-to-leaing order calculations of quark distributions by AAC reasonableAd and first moment 0@2 but somewhat over-
group, respectivelyRef. [84]). estimates BSR. The important point is that when one com-

) ) ~ pares the last two rows of Table Il with other theoretical
sents high resolution plots for strange quark d'St”bUt'Onscalculations(NRQPM and RQPM rowsone realizes that
Again, for this case set 2 is in reasonable agreement with thytroduction of meson cloud in relativistic quark model re-
next-to-leading order calculation of the AAC group. Our nu-gits in better agreement with experiment which once again
merical results along with some experimental and theoreticalp,gws the significance of the role of meson cloud in nucleon
results are presented in Table Il. There are a few points to bgcture.
made concerning this data. Set 1 even after the introduction one final comment is that in Refi76] we calculated the
of gluon anomaly results in rather small magnitudeAaf £ girycture function for the nucleon using the same ap-
and positive first moment afy, which is in contrast with  proach as we have done in the present work. There we
observatior{9,17,18. However, it reproduces strange quark showed that a diquark-quark distribution which is dominated

by a spin-0 diquark makes it possible to have reasonable

001 agreement with experiment. In contrast with a core nucleon
where there is no clusterization of quarks, and calcul&tgd
structure function consistently undershoots observation
rather significantly in the medium to highrange. However,
in this case although the results are mixed for both sets, it
seems that set 2 is in better agreement with experiment.
Therefore, for a diquark-quark model to consistently de-
— Xxi:’ 2:; scribe polarized and unpolarized cases, one may have to in-

o xAs AACLO clude the effects of a spin-1 diquark. What is common be-
4 xAs, AAC-NLO-1 tween the previous work and the present one is, once again,
the important role of meson cloud in nucleon.

0.00 4

-0.02 4

Evolved xAs distribution

-0.03 4

APPENDIX

The explicit form of the vertex functiok’\)-(y,k?) used
0.0 02 04 0s 08 10 in Eq. (14b) is

X

-0.04

FIG. 9. EvolvedxAs distributions. Set 1 represents a diquark- Vl}‘,\jl‘,;(y,kf)= |FMB(MfAB)|2V{,\},}:"(y,kf), (A1)
quark distribution while in set 2 there is no quark clusterization
with corrections due to gluon anomaly. AAC-LO and AAC-NLO-1 ’ . )
plots have been generated using leading order and next-to-leadinnere I'ys(My,g) is the vertex form factor and is param-
order calculations of quark distributions by AAC group, respec-€trized by the exponential function of the invariant mass
tively (Ref.[84]). Mug of the intermediate baryon-meson state
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Tya(MZg)=e Mis~m)/Aje, (A2)

where\ g are free parameters which are determined by f

PHYSICAL REVIEW C 63 065202

ting experimental data. In the following we present the ex-

plicit form of V32" (y,k?), for intermediate helicity states of

pseudoscalar meson and baryon states. The complete list
be found in the original work presented in R€i89,72. For
intermediate stateNl7, N7z, 2K, and AK the vertex func-
tions are

1 1 Onme YMy— Mg
——+3, 0 _—
it 2 2 2 \Jymymg
1 1 e’ Kk
S o InmB L , (Ad)
can 2 2 2 Vymymg

and the following represent those farr,>* K intermediate
states:

1 3 etk (ymy+m
42 MY L (ymy B), (A5)
2 2 2\2 yNymymg
E +E Inme (YMy+mg)?(ymy—mg) +k? (ymy+2mg) (A6)
2 2’ 2\6 yMg\ymymg ,
1 1 Inmee ¢ ki [(ymy+mg)?—3mg(ymy+2mg) +Kk? ] (A7)
S ,
2 2 2\/g ymgvymymg
1 3 e ¢ K2
=2 Y L (A8)
2 2V2  yJymymg

In the above equations we have used the notatior-N2A ',

where\ and\’ are the helicities of the baryon and meson,

respectively.y is the longitudinal momentum fraction of the baryon andis the angle between the baryon’s transverse
momentum and that of the nucleogyz are the coupling constants which we cho¢5&,69 gfmopzls.G andgmeW
=10.85 GeV 2. Other coupling constants are related to these two through the quark peSc&1,82.
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