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Proton and pion structure functions in the improved valon model
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The proton structure functions and their moments, at @ and pion structure functions are derived and
analyzed in an improved version of the valon model. Proton structure functions are compared with experiment
data from deep inelastic scattering while pion structure functions are compared to Drell-Yan scattering where
the invariant mass of the produced muon pairs falls in the range<4r5, <8.55 GeVLt? at a fixedQ? of
25 (GeV/®)2. The first two moments for the pion valence structure functio@%t49 (GeV/é)? are also
compared with the results from the other models and experimental data. We conclude that this simple, im-
proved physical picture is relevant as far as the presently attainable experimental data are concerned.
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PACS numbsgs): 13.88:+e, 12.39-x, 13.60.Hb, 14.20.Dh

I. INTRODUCTION erto been applied to the study of the pion.
Unlike the case of nucleons, where data can be obtained

The idea of quark cluster is not a new one. Indeed, thifrom DIS, experimental data for the structure of pions can
idea has been used in the context of a broken S{J(6) only be obtained from the Drell-Yan process in which the
X 0(3) [1]. However, in the valon model, the hadron is en-scattering between a nucleon and a pion produces a lepton
visaged as a bound state of valence quark clusters callgefir from the electromagnetic annihilation of a quark and
valons[2,3]. For example, the bound state ®f consists of antiquark pairs in the colliding hadrons. Data from DIS pro-
a “anti-up” and a “down” valon. These valons thus bear cesses for pions will only be available after 1998.
the quantum numbers of the respective valence quarks. It is In this paper, we investigate the 10@? behavior of the
worth noting that this view can be reconciled with the popu-structure functions of the proton using an improved valon
lar description of hadron structure in terms of partons sincénodel and apply the model to the study of the pion from the
these partons can be considered as the components of valdagell-Yan data. Improvements we have made to the original
which can be “observed” at higher resolutions of the valons.valon model are presented in Sec. Il. In order to reconstruct
Moreover, the valon can be often considered as a “dressedthe structure functions from the moments, the inverse Mellin
valence quark. By assuming the formation of valons as vatransform is discussed in Sec. Ill. In Sec. IV, the moments of
lence quarks undergQ? evolutions in QCD and providing a the structure functions of proton at l0@? are derived from
representation for the hadronic wave function in terms of théhe improved valon model and the structure functions are
valons, Hwa[2] found evidence in the deep inelastic neu-retrieved through the inverse Mellin transform. Derivations
trino scattering data that suggested their existence. FBva of the 7~ total and valence structure function moments are
had also successfully formulated a treatment of the pgw- presented in Secs. V and VI, respectively. The valon distri-
reactions based on the structural analysis of the valons. Hwaution functions ofr~ are derived in Sec. VIl and fitting to
and Zahir[4] applied the model to determine the flavor- the experimental Drell-Yan scattering data and comparison
dependent valon distributions in the nucleons which could bef the first two moments with other sources are carried out in
used as the solution of the bound-state problem. They alsgec. VIII. In Sec. IX, we examine the scale-breaking prop-
inferred the difference between the matter-density andgrty of our improved valon model. We reiterate the main
charge-density distributions, which touches on an importanpoints in the final section.
issue mentioned in Ref5]. The derived parton distributions
and nucleon structure functions, with virtually no arbitrary
assumptions or parameters except in the specification of the Il. IMPROVED VALON MODEL
number of relevant flavors, also agreed with experimental
results at high®?> momentum transfer. Arasf6] has re-
cently applied the valon model to study the contributions o
the constituents of the proton to its spin in deep inelasti

scattering(DIS). Results of the model calculation agree well ! ) ) . . .
gbIS) g modify this notion when the probing energy is low. Physi-

with the European Muon CollaboratidEMC) results[7]. " . .

However, despite the success of the valon model for invesc_:ally, the ability to assomqte _part_ons in the concerned valons

tigating the structure functions of nucleons, it has not hith-2s favored or unfavored distribution depends heavily on how
much we can “observe” and “identify” the types of par-

Partons in the valons are classified either as favdgsd,
for unfavored,G,;, distribution functions in Ref[4]. Al-
hough this picture works in the realm of higd?, that is,
igh probing energy, in deep inelastic scattering, we need to
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tons. The favored distributiorts; describes the structure - 1
function of a quark within a valon of the same flavor while FZ(XN,k):j bNR(x)F(x)dx. 5
the unfavored distributiots ;; describes the structure func- 0

tion of any flavor or quark of a different flavor in the valon. Using Eq.(3), the above expression becomes

In deep inelastic scattering where the probing energy is high;, 9 £0.(9), P

one can resolve the quarks residing within the nucleon. In N—K |
this way, it is plausible to identify favored and unfavored = (X 1) = (N+1)! 2 (-1 (Q?)
distributions. With low probing energies, this identificationis 2 " Kl &b IT(N—K—I)! #ket

not possible and we need to associate a probability with our N_k

interpretation of what we “see” as behaving as a favored or _ (N+1)! (-1) 2

unfavored distribution. i EO T(N—k=ny1 M (KF1+20%.
For processes that are essentially not DIS in nature, for

instance, Drell-Yan scattering, one needs to take on this (6)

probabilistic approach in the classification of favored and _ )
unfavored distributions. This method is reminiscent of aMoreover, as shown in Refl9], the structure function
similar modification in particle production mechanisms inF2(Xnk) is related to the averaged structure function
which one can provide a good description of multiparticleF,(xy ) using the relation
production at 900 GeV by replacing the negative binomial
distribgtion(NBD) with a sum of two different NBDs using Fa(Xn 1) = F2(Xn.i0) + 8(Xn k). 7
a relative weight between thef8].

In the case of the valon model, this implies the following \ynere
mathematical changes to the original valon equations:

Gi—pGi+(1—-p)Gyy, 5(XNK):E(N+1)!(N—k+1)
2 KI(N+2)3(N+3)
Gur—0qGys+(1-0q)Gy, ) e

(—=D)'(k+1)(k+1-1)
[T(N—Kk—1)! Mk+1-2-  (8)

where p and q are the probabilities or weights associated X >
with the respective parton distribution function. These prob- 1=0
abilities or weights should approach unity wh@R is high,
thus reducing to the original valon moddl. Thus, using Eqs(6) and(7), one can always invert the mo-
ments and obtain the averaged structure funcﬁQWN,k)
IIl. RECONSTRUCTION OF STRUCTURE FUNCTION and structure functiofr,(xy ), respectively.
FROM MOMENTS

2
While it is relatively easy to compute theth moment IV. PROTON STRUCTURE FUNCTION AT LOW Q
from the structure functions, the inverse process is not obvi- | et FP(x,Q2) be the structure function of the proton

ous. To do this inversion, we adopt a mathematically rigor++(z Q) pe the corresponding function of a valen and

ous and easy methd@] by Yndurain to invert the moments G vy be the probability that a valom has momentum
and retrieve the structure functions. We define the momentgactiony in the proton. Then,

as
1 P 2 [ X |4y
pn(Q?)= fo Foax, QX" dx=M(n+2Q%),  (2) FP(xQ%)=2 f Gy,p<y)FV(§,Q )7, 9
wheren is the order of the moment. where the summation is taken over the three valons present
As a basis, we have chosen the normalized Bernsteifh the nucleon.
polynomial[11,12 In expression9), we have assumed the following@) the

N | three valons carry all the momentum of the prot6i);at the
Z (=1 kot 3) higher energies, the valons are independently probed, which
<5 I'(N—k—1)! ' is reasonable considering the shortness of interaction time;
(iii) the internal structure of the valon in this model cannot

wherek=0,1,... N, as a weighting function ovex, the  be resolved af,. As such, we expect th&"(z,Q?) be-
fraction of the total proton momentum carried by the partonscomesé(z—1) asQ is extrapolated t&®g [10]. As in Ref.
We introducexy i, the weightedx, defined as [4], A, the QCD dimensional parameter a@g are indepen-
dent of n, the order of the moments of the structure func-
tions.

It is worth noting thatG,,p in Eq. (9) is independent of
Q? since the kinetic states of the valons in the proton should
and an averaged structure functiép aroundxy , defined as  not depend on how much we can reveal of their components

N-k

bMK(x) =

(N+1)!
k!

(4)

1 k+1
= (N,k) —
XN,k Job (x)xdx NT2
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with our probe. HoweverE” depends orQ?, in analogous
manner to theQ?-dependent behavior of structure functions

for hadrons.
We label the two valons in the proton with indicesfor

PHYSICAL REVIEW D 59 074025

GNY2,Q%)=G(z,Q%) ~ Gyi(z,Q?), (15

wheren; is the number of quark flavors.
It is important to note that unlike Ref4], we do not

theu-type andD for thed-type valon. Thus, we can write the denoteGS(z,Q?) andGNS(z,Q?) as summations of the prob-

structure function of théJ valon as

4
F3(2.Q%) = 52(Guu+Gu)

1
+ §Z(Gd/U+GE/U+Gs/U+G§U)! (10)

where all the functions on the right-hand side are the prob-

ability functions for quarks having momentum fractianin
the U valon atQ?. Similarly, for theD valon, we have

D 2 _ 4 _
F5(z,Q%)= §Z(GU/D+GU/D)

1
+ §Z(Gd/DJr GaptGgptGgp). (1)

Applying Eq. (1), the above expression becomes

4
F3(2.Q%)= 52pGi(z.Q)+(1-p)Gur(2.Q%)

+20Gy1(2,Q%)

+2(1-9)G(z.Q?)], (12
1
F3(2.Q0%)=52pGi(z,Q) +(1-p)Gur(2,Q%)

+119G,1(z,Q?)

+11(1-9)G¢(z,Q%)]. 13

The flavor-singletS) and flavor-nonsingletNS) G func-
tions are defined as

G%(2,Q9)=G((2,Q%)+(2n—1)Gy((z,Q?), (14

ability functions of the quarks and antiquarks present with
respect to the all valons present. However, we have adhered
to the usual definition of flavor singlet and nonsinglet in
perturbative QCO10] in Egs.(14) and(15). Inverting, Egs.

(14) and(15) for G; andG,;, we get

1
Gi(z,Q%)= Z—nf[GS(Z,QZ) +(2n—1)G"%z,Q%)],
(16)
Gui(2,Q%) = Zinf(GS—GNS)- (17)

Taking the number of flavorsy;, to be 3 and applying Egs.
(16) and(17) to Egs.(12) and(13), we obtain

FY(2.Q%) = SAG%z.Q)+(3+20-40)CM2,Q?)],
(18

FR(2.Q%) = §02652,09 + (9+ p- 110)CM2,Q?)].
19

The relations between the functions and moments are

Mz(n,Q2)=JOlZ“’ZFz(z,Qz)dz, (20
1

M“(n,QZ):f 2""1G%(z,Q%dz, (21)
0

where @ denotes either a singlé or nonsingletN Stype
valon within the proton, i.ex/P. Making use of Eq(9), the
moment of the proton structure function is

M5(n,Q%) =2 M,p(n)M5(n,Q?)=2M;p(N)M5(n,Q%) +Mp,p(N)M2(n,Q?)

1 1
=2UP(n)J " 2FY(2,Q%)dz+ DP(n)f 2"?2F2(2,Q%)
0 0

2 1
= §(2UP+ DPYMS+ §[4UP(3+2p—4q)+ DP(9+p—11g9)]MNS, (22)
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where we have replaced ,p(n), theu-type valon distribu-
tion moment, byu”(n) andMp,p(n), the d-type valon dis- 0.5
tribution momentum, by P(n).
Adopting the methods in Ref4], we have 0.4l )
U= B(a+n,a+b+2) 23 ® .3} (7 (B)
(n)= B(a+tla+b+2)’ @3
0.2}
D)= B(b+n,2a+2) o4
(n)—m, (24 0.1
whereB(m,n) is the Euler beta function with parametens 076 0.2 0.2 06 08
andn, and a, b are free parameters used to describe the x

exclusive valon distributions. Furthermore,

MNS(niQZ):qu_dNSS)! (25)

%(Hp)exp(—dfs),
(26)

MS(n Q2)=£(1+ yexp(—d,s)+
! 2 Y +

with

[In(QZIAZ)
s=In T .
In(Qg/A%)

The anomalous dimensions and associated parameters
given as

p=(dns—dgg)/ 6,

o=d,—d_=[(dns— dgg)2+ 4dedQ9]1/2’

(27)

n(n+1) +42
-2 2+n+n?

9" 37m, n(n2—-1)

—-nf  2+n+n?
dog=——= ’
2mn; N(N+1)(n+2)

g -3 1+ 1 . 1
9 Al 12 n(n=1)  (n+1)(n+2)
ne o« 1
18 =)

1
d.= E[dNS"_ dgg+ d],

1
d_= E[dNS"_ dgg_ ],
- (33-2ny)
nf—T. (28)

FIG. 1. Plots of proton structure functioRb(x) versusx at
Q?=8.75 (GeV/@)2. Curve(A) is plotted from the improved va-
lon model with p=0.95,q=0.95. Curve(B) is plotted with p
=1,q=1, which is the original valon model. Both are plotted with
the best fit values 0fQ,=0.75 GeV/é and A=0.65 GeV/é.
Curve (C) is plotted from the original valon model witl@Q,
=0.8 GeV/@ andA=0.65 GeV/é.

Substituting Eqs(23)—(28) into Eqg. (22), and applying the
inverse Mellin transform of Eq(7), the proton structure
functions at particular values @? are evaluated with re-
spect tox, the momentum fraction of the proton. As the
values ofa=0.65 andb=0.35 areQ? independenf4], we
H&ve adopted them here.

Figures 1, 2, and 3 show the comparisons between the
original and improved valon models with experimental data
[13,14 and the respective values pfand g are given. All
the curves marke@®) in these figures match the experimen-
tal data better than whem=1 andg=1. The chosen values
of Qg and A are the best fits. In contrast, the values from
Ref.[4], Q,=0.8 GeV/é and A=0.65 GeV/é,Z do not fit

as well. Furthermore, it can be observed thaand q ap-
proach unity when thé&? gets higher. This is compatible
with our probabilistic approach of the classification of fa-

0.5}
0.4}
X 0.3 (B
ne
0.2}
0.1
oL,
0 0.2 0.4 0.6 0.8

FIG. 2. Plots of proton structure functioRb(x) versusx at
Q?=9 (GeVIc?)2. Curve(A) is plotted from the improved valon
model with p=0.96,g=0.96. Curve(B) is plotted with p=1,
g=1, which is the original valon model. Both are plotted with the
best fit values 0fQ,=0.75 GeV/é and A=0.65 GeV/é. Curve
(C) is plotted from the original valon model withQ,
=0.8 GeV/¢é andA=0.65 GeV/@.
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0.6f ' ' ' ' 1 A similar expression fod-type valons with weights; and x
is
0.5}
o.af 2) FP_=7[(5-57+K)Gi+(1+57—x)Gyl. (3
® 0.3F ¢ B The total structure function moment is

0.2¢ ] - ! 2cU 2

’ MgtaI:MUITr’JO 2" °F_(z,Q%dz
0.1}

! D
ol, . , , ] +'V|D/7rj z"%F’ (2,Q%)dz
0 0.2 0.4 0.6 0.8 0

* —(U™ +D™ )MS+[(4—55+x)U"
FIG. 3. Plots of proton structure functio$(x) againstx at o B
Q?=10.25 (GeV/@)?. Curve(A) is plotted from the improved va- +(4—57+Kk)D™ JMNS, (32
lon model with p=0.96,q=0.96. Curve(B) is plotted with p
=1, q=1, which is the original valon model. Both are plotted with Where we have defined the valon distributions

the best fit values 0fQ,=0.75 GeV/é and A=0.65 GeV/@. _
Curve (C) is plotted from the original valon model witiQ, Um =Myjz (33
=0.8 GeV/é andA=0.65 GeV/é. )

D™ =Mp,,. (34)
vored and unfavored distributions.

The fact that our fittings give better agreement at @& v, PION VALENCE STRUCTURE FUNCTION MOMENTS

values speaks well for the validity of the improved valon o
model. Thus, it is reasonable to state that our present im- The =~ has two valence quarksl,,ence aNd d,ajence
proved valon model constitues a good modification of thequarks. We define
original valon model in the regime of lo@? [4].

U=Uyalence™ Usea:

V. PION TOTAL STRUCTURE FUNCTION MOMENTS d=d,. +d (35)
valence™ Usea:

Describing thaT—type valon in terms of its parton distri- From Eq.(9) and Ref.[15], the structure function of the
bution functions, — .
U,alence quark can be written as

U _ o~ o~ o~ _ 1 X
F’T__Z(GUIU+GUIU+Gd/U+Gd/U+GSIU+GS/U). uvalence(vaz):j GU/W’(y)GU | /U<_’Q2>
(29) X valence y
X d
RedefiningGy,; as kG;+ (1— )G, while the other distri- +Gp/-(Y)Gy alence/D(_'Qz) }_y
butions asyGs+(1— 5)G;s as in Eq.(1) with « and 7 ’ y y
being the respective weights, EQ9) thus becomes (36)

m A similar expression can also be derived for theuark. The
Fr-=2l(5-57+x)Gi+(1+57- k)Gl (B30 moment for the valenca quark is written as

/U(nsz)—’—MD/ﬂ"(n)M_ /D(n!Qz)

Uyalence

My (nin)ZMU/W*(n)M_

Uyalence Uyalence

Uyalence Uyalence

_ 1 _ 1
~0" (n) fo 16T 5(x,QYdx+ D™ (n) fo NG o(2,Q?)
_ 1 _ 1
YL <n>fO XU G+ (1 £)Gurl(x,Q2)dx+ D (n)fo XY 0Gyr+ (1- ¢)Gr1(2,Q?) dx

= %{(U’T‘+ D™ )MS+[(6{-1)U™ +(5-6¢)D™ M, (37)
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0.08
0.7
0-6¢ * { ] 0.06}
< 0-5] ] a
~o ®
g0.4 ©0.04
70.3 KB
5 =
0.2 0.02
0.1}
0 4] 0 ‘
0 02 02 G 08 7 0 5 10 15 20 25 30

FIG. 4. Comparison of the pion valence structure function FIG. 6. Moments of valence structure functioMs”,encdn)
F7 encdX) result from the improved valon model to data from Plotted against ordem. (A) is plotted atQ?=4.84 (GeV/¢)?, (B)

E615[16] at Q*=25 (GeV/®)2 at 25 (GeV/é)?, and(C) at 49 (GeV/é)2.
where we have done the replacement wheree andr are twoQ?-independent free parameters, simi-
lar to a and b in the case of protony, is the momentum
U ened UG QA =[EGi+ (1= )Gyl (x,Q?), fraction of theu-type valon, andy, belongs to thed-type
valon. The inclusive valon distributions can then be obtained
GUUalence/D(z,QZ):[¢Guf+(1_ ©)G¢1(z,Q?), through the relations
(38)
1
where, as in Eq(1), ¢ and ¢ refer to the respective weights GU/qr(y)If Gupra(y,y2)dy,
or probabilities for the case of the valence distribution func- 0
tion. SinceM;valenC: Mdualence' the following relation is the =y (1-y)B(e+1,7+1) %, (41)
result:
1
MaiencdN,Q%)=2My _  (n,Q?). (39 Gp/r(y)= Jo Gup/(y1,y)dys
VII. VALON DISTRIBUTIONS =Y (1-y)B(r+Lle+1) ™ (42)

We assume a simple form for the exclusive valon distri- . . .
P Using conservation of momentum, one can determine

bution from the following sum rules:
GUpra-(Y1.Y2) = ay1y;8(y1+y2—1), (40) .
f Gui»-(yody:1=1,
1.4} 0
1.2
0.08
1 L
X 0.8 0.06¢
% 0.6 =
0.4} B 0.04¢
EB
0.271
0.02r
Ot
% 0
] . o 0 5 10 15 20 25 30
FIG. 5. Comparison of the pion structure functida® (x). (A) n
and (B) are the total and valence structure functions from the im- -
proved valon model, respectivelyC), (D), and (E) are the total, FIG. 7. Moments of the total structure functiolgy,,,(n) plot-
valence, and sea structure functions from the parametrizations aéd against orden. (A) is plotted atQ?=4.84 (GeV/€)?, (B) at
E615[16], respectively. 25 (GeV/®)?, and(C) at 49 (GeV/@)2.
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TABLE |. Calculated first and second moments of the total pion TABLE Ill. Comparisons of the calculated moments of total
structure functions aQ?=4.84 (GeV/@)?, 25 (GeV/@)?, and  pion structure functions from our improved valon model with lattice
49 (GeV/®)2. QCD [20] calculations aQ?=4.84 (GeV/@)?.

Moment Q%=4.84 (GeV/@)? 25 (GeVId)?> 49 (GeV/®)? Moment First Second
First 0.58 0.52 0.50 Lattice QCD 0.66:0.08 0.23:0.06
Second 0.25 0.19 0.17 Improved valon model 0.58 0.25
L Gi+ Gy —(1=s+1)Gi+(1-r+9)Gyy,
fo Gp/a-(y2)dy,=1. (43 ! !

then we can equate the coefficients of the term&jnand
A simple calculation yields the moments of the valon distri-Gur to unity, givingr =s. Thus, by assuming the invariance

bution functions as of the total distribution, namely, favored and unfavored, for
valence quarksU valons, andD valons, we can eliminate
U™ (n)= B(e+n,7+1) some of thAe f[ee parameters through the relatigrse,
B(e+1,7+1)’ xk=mn, and k= »n. Moreover, if we allow the values of,
k, andk to vary, we observe that the valuesfx, andx
D™ (n)= B(7+n,e+ 1). 4y approximately equélConsequently we may lef= ¢
B(r+1le+1) =k=7np=k=7 and scan values off with the values

0.90,0.95,0.98,1.0. The last case reduces to the original valon
Since the valon distribution functions a@¥ independent, model.
the free parametersand = can be obtained phenomenologi-  The results are
cally using just inputs at one particul@? value.
€=0.01,
VIIl. RELATING PION STRUCTURE FUNCTIONS
TO EXPERIMENTAL DATA 7=0.08,

We obtain the best fit values df,7,Qq,A, ¢, @, &, 7, K,

andy by looking for a combination o&¢ and r that produces
the closest results to the parametrization of the E615 collabo-

Qu=0.90 GeV/é,

ration [16] for x=0.4. Considerations are made f@, A=0.70 GeVI,
=0.70, 0.75, 0.80, 0.85, and 0.90 Ge¥/and A=0.50,
0.55, 0.60, 0.65, and 0.70 GeV/Equationg32), (37), and {=¢=Kk=n=Kk=7=0.98. (45)

(39) and the inverse Mellin transform are used to obtain the

structure function curves of every possible combination. Figure 4 shows the comparison between the valence struc-
Note that three sets of parametétse!, {«, 7}, and{x,7}  ture function curve plotted from these results and the experi-
are introduced to modify the favored and unfavored distribumental data from the E615 collaboratiofi6] at Q?

tions for the valence quarks, thé valon, and theD valon, =25 (GeV/€)?. Comparison of total and valence structure
respectively. In each case, we assume a transformation of tdnctions with the theoretical parametrization of the E615
form Collaboration[16] at Q?=25 (GeV/€)? is also made and
shown in Fig. 5.
Gi—rGi+(1-1)Gys, Gui—sGy+(1—9)Gy, Figures 6 and 7 show the moments calculatedQat
=4.84, 25, and 49 (GeV#? for the valence and total pion
where{r,s} is the appropriate set of parameters. However, ifstructure functions, respectively. Tables I, Il, Ill, and IV dis-

we impose the additional condition that the total distribution,play our values for the first two moments of the total and
namely, G+ G, for each type of quark or valon remain valence structure functions as compared to other sources.
unchanged in the process so that Our calculated moments and their structure functions ap-
pear to agree with the experimental data well. These results
TABLE Il. Calculated first and second moments of the valenceagain testify the relevance of the physical idea behind the
pion structure functions aQ?=4.84 (GeV/€)?, 25 (GeV/€)?,  improved valon model.
and 49 (GeV/g)2.

2_ 2 2 2
Moment Q=484 (GeVi)® 25 (GeVIc)* 49 (GeVic) 2In earlier simulations, we perform an elaborate fitting of the

First 0.56 0.47 0.44 model without this assumption. For those parameters that we have
Second 0.25 0.18 0.17 randomly attempted, our best fit values @fp,K,n,;{, and;y are
found to be very closed to each other.
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TABLE IV. Comparisons of the calculated moments of valence
pion structure functions from our improved valon model with that
from lattice QCD [20] and the Nambu-Jona-Lasinio model
[21-23 calculations and experimertl7—-19 data at Q2=49
(GeVIcd)?2. 1.5}

Moment First Second

Lattice QCD 0.46:0.07 0.18-0.05
NJL model 0.41 0.16

Experiment 0.46:0.02 0.16-0.01 0.5¢
Improved valon model 0.44 0.17

IX. SCALE-BREAKING EFFECTS ’ x

We examine the scale-breaking effects of the pion total F!G- 8. Curves of pion total structure Euncticﬁﬂ,;m(x) versus
structure function. As scale breaking is expected to steepeh (&) IS Fé'oztted at Q*=4 (GeV/c)? and (B) at Q
the structure function at high regions for the highe? ~ — 200 (GeVic)®. The rest of the curves areQ

— e&y H 2
data, the trends exhibited at higp? values are specifically =10, 25, 50, 100, 200‘. 3.00' and 400 (GeYfe The higher the
noted. of a curve, the closer it is tB).

We would expect the free parameters 5, k, andz to  structure functions of nucleons to the extent of setting up
be Q? dependent, though we do not know how they varyparametrizations of parton distributions. We have shown that
with Q2 without new experimental data. However, if we as- the improved valon model can describe DIS data of proton at

. 2
sume on the contrary that these parameters¥rindepen- 0w Q“ very well.

dent, we can perform the simulations at vari@&and look This improved valon model is also applied to Drell-Yan

at their variation in their structure functions. Figure 8 shows3cattering, from \.Nh'Ch the structurg'functlons of pion are

the total structure functions at differe@?, with the Q2 estlmated. Our flttlngs_ of the modified structure function

faling within the range of 4 (GeVR)? and equations to the existing data are good and the cglculated

500 (GeV/@)2. At high QZ, scale breaking is not observed first and seco_nd moments also compare favorably with some
) ’ other theoretical calculations and experimental data.

?;%Jhe difference between the structure functions dimin- We predict that the dip at around=0.05 exists for the
' pion valence structure function %=25 (GeV/&)2. This
X. CONCLUSIONS can onl_y be verified after the DIS data} for pio_ns are available
later this year. Last, we conduct an interesting examination
In general, the valon model bridges the gap between then the scale-breaking property of this model under the as-
bound-state and scattering problems of the hadron. The origsumption that our fitted quark distribution functions weights
nal model has been shown to be successful in describing there Q2 independent.
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