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We utilize the existing next-to-leading-ordéMLO) formalism to calculate the partonic structure of a con-
stituent quark. The structure of any hadron can be obtained thereafter using a convolution method. Such a
procedure is used to generate the structure functions of protons and pions in NLO, neglecting certain correc-
tions to Agep. It is shown that while the constituent quark structure is generated purely perturbatively and
accounts for the most part of the hadronic structure, there is a few percent contribution coming from the
nonperturbative sector in the hadronic structure. This contribution plays the key role in explaining()e SU
symmetry breaking of the nucleon sea and the observed violation of the Gottfried sum rule. These effects are
calculated. We obtained an excellent agreement with the experimental data in a wide rardd ®f%,1] and
Q2?=[0.5,500Q Ge\? for the proton structure function. We have also calculated pion structure and compared
it with the existing data. Again, the model calculations agree rather well with the data from experiment.
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I. INTRODUCTION (@) To evaluate the structure of a CQ in the next-to-
leading-orderNLO) framework of QCD.

Our knowledge of hadronic structure is based on the had- (b) To verify its conformity with the structure function
ron spectroscopy and the deep inelastic scattéidig) data.  data of nucleon and pion for which ample data are available.
In the former picture quarks are massive particles and their (c) To include additional refinements that are needed to
bound states describe the static properties of hadrons. On tlecount for the violation of Gottfried sum rll&SR and the
other hand, the interpretation of DIS data relies upon théinding effect of constituent quarks to form a physical
quarks of QCD Lagrangian with very small mass. The had-hadron.
ronic structure in this picture is intimately connected with the
presence of a large number of partdigsiarks and gluons
Mass is not the only difference between these two types of Il. FORMALISM
quarks; they also differ in other important properties. For
example, the color charge of quark field in QCD Lagrangian
is ill defined and is not gauge invariant, reflecting the color In this subsection we will utilize the extended work done
of gluons in an interacting theory; whereas, color associatedn the development of NLO calculation of moments, to cal-
with a constituent quarkCQ) is a well defined entity. It is culate the structure of a constituent quark. What will follow
shown that[1,2] one can perturbatively dress a QCD La- in the rest of this subsection is not a new next-to-leading-
grangian field to all orders and construct a CQ in conformityorder calculation. However, we find it interesting to explore
with the color confinement. From this point of view a CQ is the existing calculations in the valon framework.
defined as a quasiparticle emerging from the dressing of va- By definition, a CQ is a universal building block for every
lence quark with gluons ang-q pairs in QCD. hadron; that is, the structure of a CQ is common to all had-

Of course, the concept of CQ as an intermediate step beens and is generated perturbatively. Once its structure is
tween the quarks of QCD Lagrangian and hadrons is notalculated, it would be possible, in principle, to calculate the
new. In fact, Altarelli and Cabib3] used this concept in the structure of any hadron. In doing so, we will follow the phi-
context of SU(6)x O(3). Hwa in hiswork used the term losophy that in a DIS experiment at high enou@h it is the
valon for them, elaborated on the concept, and showed itstructure of a CQ which is being probed, and that at suffi-
applications to many physical proces$és In Ref.[2]itis  ciently low value ofQ? this structure cannot be resolved.
suggested that the concept of dressed quark and gluon migihus, a CQ behaves as a valence quark, and a hadron is
be useful in the area of jet physics and heavy quark effectiveiewed as the bound state of its constituent quarks. Under
theory. Despite the ever presence of CQ no one has calcthese criteria, partons of DIS experiments are components of
lated its content and partonic structure without resorting taCQ. The structure function ofld-type CQ at highQ? can be
hadronic data and the process of deconvolution. Thus, theritten as[4]
purpose of this paper is threefold.

A. Moments of parton distribution in a CQ

F3(2,0%)=52(Gyu+ Gyu)

+3 +Ggy+ +Ggy+)+-
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where all the functions on the right-hand side are the probwherei, j=q,g; and >N are one- and two-loop anoma-

ability functions for quarks having momentum fractibnfa  lous dimension matrices. The nonsinglet moments in the

U-type CQ atQ?. A similar expression can be written for a NLO are as follows:

D-type CQ. Following Ref{4], we define the singlglS) and

nonsinglet(NS) components of the CQ structure functions as
MNS(N, Q%) =| 1+

4s(Q%) — ay(Q2) ( T m“”“”
f 4 2Bo 2,80

GS=2 (Gq icotGqicd=Gi+(2f-1)Gy, (2

=1 i I 'y /2ﬁ0
i ><( as(Q )) a . ©
f as(Qp)
NS_ _ —G._
G .21 (Gq; 100~ Ga;100) =G~ Cur, @ The anomalous dimension matricad® N, are given by

whereG; is the favored distribution describing the structure (O.DN (0N

" . . . (0,DN _ yqq ng
unction of a quark within a CQ of the same flavor, while the 0% =| 0N (01N (10
unfavored distributions ¢, describes the structure function Ygq Ygg

of any quark of different flavor within the CQ. We have used

f for the number of active flavors. Solving Eqg) and(3)  These matrices govern the moments of the singlet quark and

for G andG;, we get, sector as given by
S 2 2\ AN 728
Gi=5-[GS+(2f-1)GNS), 4 MG(N'QZ)): as(Q) O{pN_i
2 MEN.Q*) ™| | ag(@D) " 25
1 ay(Qf) — as(Q?) ag(Qp)
G .=— GS_GNS. 5 SO—S N_N~N s\~0
u 2f( ) ® x 4ar P-vP- 4
Having expressed all the structure functions of a CQ in terms a(Q?) [ ay(Q?) af-azg,
of G; andG;, we now go to th&N-moment space and define Ry m)
the moments of these distributions as St
N NN
P-Y P+
1 — "
MZ(NaQZ):f XN?ZFz(X,Qz)dX, (6) 2,80+)\T_)\'j }1+{(Q+<—>—)}v (11)
0

) where YN=yUN—_(3,/8,) yON and yON, 4N are one
Mi(N,QZ):f xN1G;(x,Q2)dx, (77 and two-loop anomalous dimension matrices, respectidely.
0 is the unit matrix. Notice that the last term in EL1),
Q... _, means that all subscripts are exchanged. The
where, the subscript stands forS or NS. Due to charge leading-order behavior is obtained from the first term in the
symmetry, in the following, we only write the CQ distribu- square brackets\" denote the eigenvalues of the one-loop

tion for proton. o ~anomalous dimension matrix(ON:
In the NLO approximation the dependence of the running

coupling constantgg, on Q? is given by

N 0)N O)N__ _(O)N O)N_ (O)N
N =20y vy =V (v = Ve )2+ vy vaa .

4 B1in In(P)
2\ o 77 1— These anomalous dimensions ayﬁdi'o’N are calculated up to
aS(Q )N 2 2 ’ . . N
n Q In Q second order imxg and can be found in Refg5,6]. p.; are as
Poln| 32 Bo follows:
with Bo=1/3(33-2 f) and 3,=102—38f/3. The evolution ph =+ (YON ANy N —\N). (13
of parton distributions is controlled by the anomalous dimen-
sions, In Ref.[4], d® is used to denote the leading-order anoma-
T lous dimensions; these are related\to by d% =\"/23,.
YNs= - 7&?’\‘ (ﬁ) PN, In evaluating these moments, we have takeyf
=0.283 Ge\f and A=0.22 GeV, as our initial scales. It

5 seems that evolution of parton distributions from such a low
N2 Ny | Fs) N value ofQ3 is not justified theoretically; we shall take up this
0 4 T 4 issue shortly in Sec. Il C.
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FIG. 1. Moments of partons in a CQ @=8.5, 25, and 120 GEA/ The dashed curve represents the variation of leading-order moments

and the solid curve is that of next-to-leading order.

B. Parton densities in CQ

andd, of the valence quark sectq’/DOF=0.99, with the

In the preceding subsection we outlined how to calculatéta”darg error of order I6. For the sea quark and gluon
the moments. In this subsection we will give the correspond$€ctor,x”/DOF varies between 0.91 and 0.98. Of course, the

ing parton distributions in a CQ.

The moments of the CQ structure functidhS?(z,Q?)

are expressed completely in terms@f through the evolu-

tion parametet:

(14

forms (17) and(18) are not unique; rather, they are the most
simple and commonly used forms. We note that the sum rule
reflecting the fact that each CQ contains only one valence
quark is satisfied at all values %

1
Jo Uvarcd(z,Q?)dz=1. (19

Substituting these results into E@d.) completes the evalua-
tion of CQ structure function in NLO. In Fig. 2, we plot

The moments of valence and sea quarks in a CQ are,

M valance/CQ~ M NS( N, Qz) ) (15

1
Msea/CQ:ﬂ(MS_ MNS)r (16)
where MSNS are given by Eqs(9) and (11). It is now
straightforward to evaluat®! qence/co@NdM seacoat anyQ?
or t. These are calculated numerically for a rangeNoht
fixed Q2 ort. In Fig. 1 we present these moments both in the
leading and next-to-leading orders. For every value we
fit the moments by a beta function, which in turn is the
moment of the parton distribution as given below:

ZQuaicd 2,Q%)=az’(1-2)",
ZOsearcdZ,Q?) = azP(1—-2)"[ 1+ nz+ £2°7].

The parameters, b, ¢, a, B, v, 5, andé are functions ofQ?
through the evolution parameterThe same form as in Eq.
(18) is obtained for the gluon distribution in a CQ, only with
different parameter values. The functional forms of these pa-
rameters are polynomials of order 3tiand are given in the
Appendix. The goodness of these fits is checkeg/bynini-
mization procedure. We find that, for all parametar®, c,

17

(18
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C. Discussion Guupip(Y1:Y2,Y3) =1(y1y2)"y36(y1+yo+ys—1),
In Sec. Il A we indicated that our initial scales a@ (21)
=0.283 GeV¥ and A=0.22 GeV. The above value @, _
corresponds to a distance of 0.36 fm which is roughly equal GUp/n=(¥1,¥2) =Ay1Y2 8(y1t+y,—1), (22)

to or slightly less than the radius of a CQ. It may be ObjeCtec%/vherel andq are normalization parameters. After integrating

that such distances are probably too large for a meaningf%ver unwanted momenta, we can arrive at the inclusive dis-
pure perturbative treatment. We note tﬁéf?(z,Qz) has the tribution of individual CQ

property that it becomes(z—1) asQ? is extrapolated to

QS, which is beyond the region of validity. This mathemati- " el

cal boundary condition signifies that the internal structure of Gunp(y)= B(m+Lntm+2)” (1-y) . (23

a CQ cannot be resolved &Y, in the NLO approximation.

Consequently, when this property is applied to E2f), be- 1

low, the structure function of the nucleon becomes directly Gpply) = my”(l—y)zm“, (24)
related toxGegp(X) at those values d@g; that is,Q is the '

leading-order effective value at which the hadron can be con- 1

sidered as consisting of only thréavo) CQ, for baryons Guir(Y)=s———V*(1-Yy)". (25
(mesons We have checked that wh&? approache®3 the Blpu+l,v+1)

quark moments approach unity and the moments of gluoRimijar expression forGy,,- is obtained with the inter-
approach zero. In fact, f@2=0.2839 gluon moments are at change ofu« ». In the above equation8(i,j) is the Euler
the order of 10 and singlet and nonsinglet moments arepeta function. The arguments of this function, as welllas,
0.9992. In fact, our results are only meaningful 15  andq of Egs.(21) and (22), are fixed by the number and

=0.4 GeV. momentum sum rules:
From the theoretical standpoint, bothandQg depend on

the order of the moments; but here, we have assumed that 1 1
they are independent &f. In this way, we have introduced fo Geonl(y)dy=1, % fo yGeon(y)dy=1, (26
some degree of approximation to tkg evolution of the
valence and sea quarks. However, on one hand there aygere CQ-U,D,U and h=p,7 . Numerical values are:
other contributions such as target-mass effects, which ad =0.01, »=0.06,m=0.65, andn=0.35. These parameters
uncertainties to the theoretical predictions of perturbative, o independent dd? and are given in Ref§4] and[7] for
QCD, while on the othe_r hand since we are _dealmg with theproton and pion, respectively. In R¢8], a new set of values
CQ, there are no experimental data to invalidateNande-  for m andn are suggested which differ significantly from the
pendentA assumption. values quoted above. Referen@] uses the CTEQ parton
distributions in the next-to-leading order to fix these param-
ll. HADRONIC STRUCTURE eters. The authors of Ref8] have found yet another set of
values in Ref[9], which differs from those given in Ref!]
) ) and[8]. They attribute these differences to the different the-
So far, the structure of a CQ is calculated in the NLOgretical assumptions. We have tried a range of valuesnfor
framework. In th|S SeCtion we W|” use the COﬂVOlution n, v, andlu, and Checked that the sum ruK%) are Satisfied_
method to calculate the structure functions of proton,gecause of the beta functidthe normalization factorin the
F5(x,Q?), and pion. Let us denote the structure function of agenominator of Eq423)—(25) the number sum rule does not
CQ by F5%z,Q?) and the probability of finding a CQ car- change by changingi andn and we found little sensitivity
rying momentum fractiory of the hadron byG¢on(y). The  on the momentum sum rule. In fact, we have varied both
corresponding structure function of a hadron is obtained bynd n, randomly in the intervaJ0.2, 1.9, and checked it
convolution ofF5$%(z,Q?) andGeon(y), against F5 data. We found very little sensitivity to the
. y choices made. For the data that we shall analyze, these two
h 2y cQl® A2 parameter formulas will prove to be adequate. The differ-
F2(x.Q )_é L dy Geon(y)F2 (y Q ) 20 Ghces between parameters of R&f.and Ref[4] (which we
have adoptedcan be attributed to the different methods of
extracting the parameters. We have calculated the parton dis-
where summation runs over the number of CQ’s in a particutributions from the perturbative QCD, whereas R@&fl has
lar hadron. We note tha(Bcg,h(y) is independent of the na- used CTEQ’'s global fit to extract parton content of the
ture of the probe, and itQ value. In effect,Gcon(y) de-  nucleon.
scribes the wave function of hadron in CQ representation, The form of CQ distribution that is used here does not
containing all the complications due to confinement. Fromexclude other possibilities. However, in our model the quark
the theoretical point of view, this function cannot be evalu-distribution, say, in a proton is described as the convolution
ated accurately. To facilitate phenomenological analysis, folef the CQ distributionG¢qy,, and the quark distribution in
lowing Ref.[4], we assume a simple form for the exclusive the CQ. In the moment form the latter two become the prod-
CQ distribution in proton and pion as follows: uct of their moments. Mathematically, these two moments

A. Constituent quark distribution in hadron

045201-4
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‘ @ Ll (b)
\ Q? =20 GeV? Q=20 GeV?
08 r ' —— Model
— -~ Ref.[22]

1\ xgP

FIG. 3. Parton distributions in
proton andr~ atQ?=20 Ge\ as
a function ofx. Here only pertur-
batively generated partons are pre-
sented.

can be modified without changing the product. That would,constraints, Newton avoided confronting the infinite horde of
of course, modify the originabcq,, and the parton distribu- undefined quantities? Our model is inductive physics. Valons
tion in a CQ. But the parton distribution has a definite mean-or CQ’s are not derived by deductive logic from the first
ing; it is the evolution of a quark a® increases. AtQ principles. In modeling, one finds the simplest way to cap-
=Qq, parton distribution is a delta function, implying that ture the essence of the physics involved. The situation is also
the CQ has no internal structure that can be probed. Oypresent in contemporary physics: we could have asked why
model is to say that the three valence quarks at I)ghe- the Cornell potential for the bound-state problem of quark
come three CQ’s at lowD without anything else. Such a and antiquark does not contain all possible power law terms
physical statement of the model does not permit to redefinbesides the i/and ther terms. The answer is simple: it is
Gcqp Or the parton distribution in a CQ. Our choice of what fits the particle mass spectrum that counts, again in the
Gcqp is sufficient to fit all the data of deep inelastic scatter-simplest way possible that captures the essence of the prob-
ing in the range of interest. It does not mean that a mordéem.

complicatedG¢qy, is ruled out. It is a subject that can be

revisited in the future when problems arise. At this point our B. Parton distribution in hadrons

formula for the CQ distribution is satisfactory. . o . :

A comment regarding the moments is also in order: The Having specified the parton distributions in the CQ and
definitions of the moments are not arbitrary if we are tothe constituent qu_ark dls_trlbutlon In proton _and pion, it is
attach physical interpretation to the constituent quark distriPOssible to determine various parton distributions in any had-
bution. There are only twt) and oneD in a proton, which on- For proton, we get
impose constrains on the first moment. Also, the sum of the 1dy X
CQ momenta should be 1, which imposes a constraint on the qvallp(Xin)zzf —GU/p(Y)anuu<—,Q2)
second moment. If one writes the valence quark moments as x Y y
a product ofG,, and MNS, thenMNS must have connection 1d «
with QCD evolution to ensure that there is only one valence +J _yGD/p(y)qvaI/D(_in)
quark in every CQ and hence, the constraint becom&s x Y y
=1. With these constraints, one cannot freely redefine mo-
ments of CQ distributionyNS andMS. Yet, there are infinite
number of CQ moments and we have cited only two con-
straints. Does this leave an infinite number of undefined Oseap(X Q2)=2J’1ﬂg (y)q (f QZ)
quantities? The higher moments of the CQ distribution are seabt ™ x y o UpIseallye
affected mainly by the large behavior of proton wave func-
tion, or will affect only the even largex behavior of the 1ﬂ X 52

.. . . . + GD/p(y)QSeaD yQ . (28)
parton distribution. Until one focuses on that region and x Y
finds inconsistency, one chooses the simplest parametriza-
tion. There are similar situations both in classical and conThe above equations represent the contribution of constituent
temporary physics. The question can be turned around amglarks to the sea and the valence quark distributions in pro-
asked why did Newton stop atr?/ law for gravitational ton. In Fig. 3, the CQ contribution to parton distributions in
force? Could he have excluded the possible existencerbf 1/ p and 7~ is shown. Comparison with proton structure func-
terms withn=3,4,5,...? By only citing the existence of two tion data shows that the results fall short of representing the

= uvaI/p(Xr Qz) + dval/p(X:Qz): (27)

045201-5



FIROOZ ARASH AND ALI N. KHORRAMIAN PHYSICAL REVIEW C 67, 045201 (2003

1.2 5
1 Q%= 35 GeV?
4
200 GeV? Y
XU cQ +inh.
0.8 -
\ —-- XU lele)
15 GeV? 3l
£ 06
mw 1=
< 4 GeV? x
0.4 2+
0.2
1 -
0
0.000001 0.00001  0.0001  0.001 0.01 0.1 1
0 1 L1111 1 L1 3311 1 [ A ]
X 0.00001 0.0001 0.001 0.01
FIG. 4. Soft gluon distributionxgs.;, as a function ofx at X

variousQ? values.

FIG. 5. The effect ofnherentcomponent to a sea parton distri-
experimental data by a few perce(®8 %, depending on bution in proton is presented as a functionxofThe dashed-dotted
Q2 andx). This is not surprising, for it is a well established line is the perturbatively generated constituent quarkcontribu-
fact that there are soft gluons in the nucleon. We attributdion. The solid line represents the sum of the two components.
their presence to the fact that constituent quarks are not free
in a hadron, but interact with each other to form the boundhe constituent quark rather than the proton itself. The other
states. At eact? value we have computed the soft gluon contribution is generated nonperturbatively via meson-
contribution using direct comparison with experimental databaryon fluctuation. As we will show, according to our results,

The final result is parametrized as this component provides a consistent framework to under-
stand the flavor asymmetry of the nucleon sea. It also com-
XQsor= R(Q?)x 00241 —x)27% (29)  pensates for the shortcoming of perturbatively generated par-

ton densities in reproducing the experimental datdedn In
where, R(Q?) =2.14-6.13+6.17%?—1.812%. In Fig. 4,  order to distinguish these partons from those confined inside
the shape oikgey is presented for a range @? values. the CQ, we will term them amherentpartons. This compo-
Splitting of these gluons could in turn produgeq pairs that  nent is intimately related to the bound state problem, and
can combine with the original constituent quarks and fluctuhence it has a nonperturbative origin. However, for the pro-
ate the baryonic state to a meson-baryon state. This also widless of CQ-»CQ+gluon—q-q, at an initial value ofQ?
break the S(R) symmetry of the sea as we shall see next. =0.65 Ge\f whereay is still small enough, we will calcu-

late it perturbatively. The corresponding splitting functions

C. The role of soft gluon are as follows:
In our model there is no room in the CQ structure for the 41+(1-2)2
breaking of SW2) symmetry of the nucleon sea. But, after Py2)=5 ——, (30

creation ofg-g pair by the soft gluons, these quarks can 3 z

recombine with CQ to fluctuate into meson-nucleon state 1

which breaks the symmetry of the nucleon sea. In what fol- Puo(2)= =[22+ (1+2)2]. (31)
lows we will compute this component, and its contribution to a9 2

the nucleon structure function, and its relevance to the vio-

lation of the Gottfried sum rule. We will follow the prescrip- For the joint probability distribution of the process at hand,
tion of Refs.[10,11]. The above proposed model is similar to We get,

the effective chiral quark theory, in which the relevant de- Ldy «

grees of freedom are constituent quarks, gluons, and Gold- 2\ — 2 ap % [TYY 2

stone bosons. The coupling of pions produces pion cloud o inn(X, Q) = Ginn(X,Q )_N(Zw) fx y qu(y)gs"“(y)dy’

the constituent quark, in which we are interested. The point (32

we would like to make is that, there are two types of sea

quarks and gluons that contribute to the nucleon sea meavhereq;,, is the inherent parton density. The splitting func-
sured in DIS. One type is generated from QCD hard bremstions, and theg;n(X,Q?%) =[0inn(x,Q?)], are those of the
strahlung and gluon splitting. This component is discussed ifeading order, rather than NLO. We do not expect that this
Sec. 1B and is associated with the internal composition ofapproximation will affect the whole structure function, as

045201-6
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FIG. 6. Processes responsible to(8Usymmetry breaking in L
the nucleon sea and violation of Gottfried sum rule. 02
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\

11
val

can be seen from Fig. 5. In the above equatibfiis a factor
depending orQ?, andGcq is the constituent quark distribu-
tion in the proton as given previously. The same process can
also be a source of §B) symmetry breaking of nucleon sea;
namely,Ug.# dseay @nd hence, the violation of the GSR. We 0 0.2 0.4 0.6 0.8 1
will take up this issue in the following section. X

The process is depicted in Fig. 6. Probability to form a
meson-baryon state can be written as in Ret], FIG. 7. Pion valence structure function as a functionxcdt
Q?=5.5 (GeVk)?. Solid curve is the result of the model calcula-
tions and the data points are from REE7].

0.1

ldy (ldz
Pust0= | [ Fryoryzn, @3

whereu . andd, are the valence quark densities in the pion
whereF(y,z) is the joint probability of finding a CQ with at scaleQ%. The coefficients and are due to isospin con-
momentum fractiory, and an inherent quark or antiquark of sideration. Using Eqq17), (18), and(25), we can calculate
momentum fractiorz in the protonR(y,z;x) is the probabil-  various parton distributions in a pion. Those pertinent to Egs.
ity of recombining a CQ of momentury, with an inherent (36) and(37) are
quark of momentunz, to form a meson of momentum frac- ) g
tion x in the proton. For a more general case, the evaluation — _ _ — (X y
of both of these probability functions in discussed in Ref. Ul (X,Q%) = JX GU/ﬂ(y)uvallu(yaQ2>71 (39
[12]. An earlier and pioneering version was proposed in Ref.
[13]. In the present case, these functions are much simpler. B 1 X dy
Guided by the works of Ref§11—13, we can write d?,Ta|(X,Q2)=J GDIW—(y)dvaI/D(yin)T! (39

X

F(y.2)=0yGeop(y)Zam(2)(1-y=2),  (34) T 0

oy b
R(y,z;x)=py®2°8(y+z—1). (39 There are some data on the valence structure functianof

) _ [15], which can serve as a check for the proposed model.
Here, we tak@=Db=1 reflecting that the two CQ's in meson pefining valence structure function af~ as

share its momentum almost equally. The exporist fixed
for thenandA* " states, using the data from E866 experi- T T T

i Fval XUyq deal' (41)
ment[14], and the mass ratio af to n. They turn out to be
approximately 18 and 13, respectivefy.and p are the nor-
malization constants, also fixed by data. We recognize th
the discussion leading to Eq&4) and (35) and fixing the
parameters are based on a phenomenological ansatz. The an- )
satz and the parameters of E484) and (35 seem to be D. Asymmetry of the nucleon sea and the Gottfried sum rule

working remarkably well, and further effects that might be of  There are experimental evidencdd44,16 that the

a\{\/e present the results of our calculation fef, in Fig. 7,
along with the experimental data @ around 6 Ge\[2].

hadronic origin need not be larger than_a few percent. Gottfried integral,
Now it is possible to evaluafey, andd,, quarks, associ- . q 1 21
ated with the formation of meson stafdd]: :f P/ N ax_ 1 _f TN T
Se= | [FE00—F300] S =3~ 3 | d4d00—T0],
— 1dy 1 —[x (42)
dM(X!Qz):f N, Pﬂ'*n(y)_}_gperAo(y)}dﬂ'(_!Qz)!
x Y y

is less thart, which is the value expected in the simple quark
model. The NMC Collaboratiofil6] result atQ?=4 Ge\? is
1 rid Ss=0.235+0.026, which is significantly smaller thag
— 2y_ gy P _ — X 52 3 There are several explanations for this observed violation of
uM(XvQ ) T A**(y)uw vQ ’ ( 7)

2)xy y the (GSR. Among them are flavor asymmetry of the nucleon

(36)
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FIG. 8. The ratiod/u and the differenc&l—u as a function ofx. The solid line in the model calculation and the dotted line is the
prediction of CTEQ4M 22]. Data are from Ref[18].

sea, that iSlges# dsea [17,18, isospin symmetry breaking f0-345 -
between proton and neutron, and Pauli blocking, among oth- 0op (A1) =0.085, (44)
ers. One of these explanations fits well within our model.

It was proposed by Eichten, Inchliffe, and Quigi], to be compared with the experimental value of 0.068

that valence quark fluctuates into a quark and a pion. Thia h . . s
explanation fits very well in our model. In other words, a +0-0106. For the entire range x we get [gdx(d—u)

nucleon can fluctuate into a meson-nucleon state. The idea i§0-103. The corresponding experimentally extrapolated
appealing to us and in our model it can be calculated ratheYlue is 0.1-0.018, which is in excellent agreement with our
easily. According to our model, after a pairioherent g,  calculations. AQ=7.35 GeV, this givess;=0.264. In Fig.
is created, ai can couple to @-type CQ to form an inter- 8, d(x) —u(x) andd/u in the proton are shown as a function
mediater~ =Du, while theu quark combines with the other of x at Q=7.35 GeV along with the measured results.
two U-type CQ’s to form aA* ™. This is the lowestuu
fluctuation. Similarly, add can fluctuate into ther " n state. E. Proton structure function F§
Since theA™ ™ state is more massive than thestate, the . .

We are now in a position to present the results for the

probability of dd fluctuation will dominate oveuu fluctua- proton structure functio2. In Egs.(17) and(18) we pre-

tion, which naturally leads to an excessdd pairs overuu  sented the form of parton distributions in a CQ. Using those
in the proton sea. This process is depicted in Fig. 6. relations, along with the numerical values given in the Ap-
To summarize, there are three sources that contribute fgendix, the structure function of the CQ is obtained via Eq.
the sea partons in the proton. Constituent quarks of the prq1). The shape of CQ distributions in the proton is provided
ton, the mesonic cloud of the CQ, and the splitting of softyy Egs.(23) and(24). Now, all the ingredients are in place to
gluon. The combined contribution to the ratio @fu is as  calculateF from Eq.(20). In Fig. 9 the results are shown at

follows: many values ofQ?. As it is evident from Fig. 4, sole use of
CQ structure to reconstruct tif€) data is not enough. The
d EM +Emh+ cQ CQ contribution falls a few percent short .of represgnting the.
o TSP (43 actual data. However, as mentioned earlier, there is an addi-
proton ~M © Tinh+CQ tional contribution from thénherentpartons toF5, which is

_ ) ) calculated in Eq(32). Adding this component represents the
NUSea Collaboration at FermiLab, E866 experiment, hagjata rather well as can be seen from Fig. 9. The data points
published its resultgl4], for the integral ofd—u andd/uat  are from Ref[20]. For the purpose of comparing our results
Q=7.35 GeV. With the procedure described, we have calcuwith other calculations, we have also included in Fig. 9, the
lated these values at the sa@eand for the same range 8f GRV’s NLO results[21], as well as the prediction of
that is,x=[0.02,0.35. The result of the model is CTEQ4M [22]. Notice that we have taken the number of

045201-8
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FIG. 9. Proton structure functidd§ as a function ok calculated using the model and compared with the data from[B@iffor different
Q? values. The dot-dot-dashed line is the prediction of GRV Rf] and the dashed line is that of CTEQ4M, REg#2].
active flavors to be three fop?<5 Ge\? and four, other- IV. SUMMARY AND CONCLUSION
wise. In Fig. 10, the gluon distribution predicted by the
model is presented along with those from R¢g£d,22. The
data points are from Ref23].

In this paper we have used the notion of constituent quark
as a well-defined entity being common to all hadrons. Its
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APPENDIX

In this appendix we will give the functional form of pa-
rameters of Eqs(17) and (18) in terms of the evolution
parametert. This will completely determine partonic struc-
ture of CQ and their evolution. The results are valid for three
. and four flavors, although the flavor number is not explicitly

present but they have entered in through the calculation of
—— Model ‘\\ moments. As we explained in the text, we have taken the
CTEQ4M [22]

o number of flavors to be three f@?<5 Ge\? and four for
T i':v [21] \ higherQ? values.
. \

xg(x,Q%)

0.01

|
0.001 \ (1) Valence quark in CQEq. (17)]:
|

. a=—0.1512+1.783— 1.145%+0.2168°,

T T b=1.460- 1.13%+0.4712— 0.0843,

c=—1.031+1.03%—0.023%+0.0075°.
FIG. 10. The gluon distribution in proton as a functionxoét .

Q2=20Ge\2. We have also shown the predictions of GRv (2 Sea quark in CQEq. (18)]:

(dashed-dotted lineand CTEQ4M(dashed ling The data points

— 2_ 3
are fromH1 Collaboration. «=0.070-0.213+0.241°-0.080%,

— 2_ 3
structure can be calculated perturbatively to all orders in $=0.336-1.703+1.493"-0.458",
QCD. A CQ receives its own structure by dressing a valence B 2 3
guark with gluon andj-q pairs in QCD. We have calculated y=—20.526-57.493—-46.892°+ 12.057",
its structure function in the next-to-leading-order framework. _ . 2 3
Considering a hadron as the bound states of these constituent 7=3.187-9.141+10.000°~3.308",
quarks, we have used the convolution theorem to extract the _ _ 2 3
hadronic structure functions for proton and pion. Besides the ¢ 7.914+19.171~18.023°+5.27%°,
CQ structure contribution to the hadrons, there is also a non- A= 1.023+0.124 — 2.30&2+ 1.96&3
perturbative contribution. This component is small, being ' ' ' ' '

only a few percent. But it is crucial in providing a framework (3) Gluon in CQ[Eq. (19)]:
to understand and explain the violation of the Gottfried sum

rule and the excess dfoveru in the nucleon sea. A mecha- a=0.826-1.643+1.856°—0.564°,
nism is devised for this purpose and necessary calculations

are performed. We have presented the results and compared B=0.328-1.363+0.950%~0.242°2,
them with all the available and relevant data, as well as with

the work of others. We found that our results are in good y=—0.482+1.528 - 0.223~0.0233,

agreement with the experimental data.
7=0.480-3.386+4.616%— 1.44%3,
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