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Abstract: We propose a model description for the low Q2 parton distribution functions in nucleons

which allows an accurate fit of the recently measured light sea SU(2) symmetry breaking with just

two parameters. Furthermore, a novel mechanism for generating the primordial gluon density which

is needed to fit experimental data on parton distributions is put forward. Our model is based on an

appropriate interplay between hadronic fluctuations and quark degrees of freedom at the valon scale.

1. Introduction

The structure of hadrons in the framework of

Quantum Chromodynamics can be suitably anal-

ysed by means of parton distribution functions

in the infinite momentum frame. As is well-

known, the foregoing can be obtained from ex-

perimental cross sections in hadron-hadron and

lepton-hadron collisions. Hence, the theoretical

control of such distributions is a crucial issue for

the understanding of the fundamentals of parti-

cle physics.

The internal dynamics of a hadron may then

be investigated when one considers it in terms of

parton distribution functions. Thus, the struc-

ture of a single hadron can be directly connected

to the experimental data from scattering pro-

cesses and, out of these data, improve our knowl-

edge of the dynamics of the microscopic world

underlying each kind of hadron.

Parton distribution functions are interpreted

as the probability density of finding a parton

(quark or gluon) with a fraction of the hadron

momentum when probed by some momentum tr-

ansfer Q2. The Q2 dependence of parton densi-

ties is well described by the DGLAP [1] evolution

equations within perturbative QCD. However, in
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order to have adequate fits to the Deep Inelastic

Scattering (DIS) data, initial (valence-like) dis-

tributions at a low resolution scale must be given

as an input. Although repeatedly addressed in

the literature [2, 3, 4, 5] this fact has not found

a satisfactory explanation and the origin of such

initial distributions is still unclear.

A plan for unveiling the primordial low scale

parton densities should be traced back to the in-

ternal dynamics of the corresponding hadronic

bound state. Put in other words, low scale parton

distributions depend on the confining properties

of QCD, which are expected to give the ultimate

response to the origin of hadrons as bound states

of quarks and gluons. It is worth noting that sea

quark and gluon distributions at a low resolution

scale can be related to the old intrinsic sea idea.

Following [6], intrinsic quarks and gluons exist

over a time scale independent of any probe mo-

mentum and are associated with the bound-state

hadron dynamics. On the other hand, the so-

called extrinsic sea of gluons and quarks have a

purely perturbative origin and their distributions

show the characteristics of bremsstrahlung and

pair production processes leading to the standard

DGLAP perturbative QCD evolution.

These considerations led us to draw a low Q2

picture of hadrons [7] in terms of effective quark

degrees of freedom, interacting among them thr-
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ough sea quarks and gluons. The building blocks

are the so-called valons which are valence quarks

appropriatedly dressed by their extrinsic sea [8].

Within our picture one can represent the hadron

wave function as a superposition of hadron-like

Fock states which we construct by means of a

well-known recombination mechanism [9]. For

example, the proton wave function can be writ-

ten as

|p〉 = a0 |p◦〉+ a1 |p̂◦ g〉+
∑
i

ai |Bi Mi〉 (1.1)

at some low Q2v scale compatible with the valon

picture of the proton. Here |p◦〉 is a pure three
valon state [8] and the following terms are hadronic

quantum fluctuations which emerge from the (non-

perturbative) interaction among the valons. In

particular, the second term includes the leading

non-perturbative gluon distribution which is di-

namically generated in our approach. The hat

is for distinguishing possible differences between

the bare proton in the two different configura-

tions.

Restricting the series to the first term corre-

sponds to the resolution of the old fashioned fits

to experimental DIS data, which resolve just the

structure of the valons themselves. This makes

the following terms crucial to provide a realistic

description of the proton. Through convolution

formulae, these terms give rise to the initial non-

perturbative sea densities generally taken as an

input in phenomenological fits. Therefore, their

role is to provide the low Q2 parton distribu-

tions in the hadron wave-function. In a sense,

they give the nonperturbative binding between

the constituent quarks (valons), necessary to build

the physical hadron.

This representation of the proton wave func-

tion led in a natural way to a d̄/ū asymmetry

in the proton sea which closely describes [10] the

most recent experimental data by the E866 Col-

laboration [11] (see Fig. 1). On the same footing,

in Ref. [7] a s− s̄ asymmetry in the nucleon sea
was calculated, qualitatively agreeing with the

results of the last global analysis of DIS data [12].

In the following section, we determine the

low Q2 non-perturbative gluon distributions in

nucleons, using the model introduced in Ref. [7].

Finally, section 4 is devoted to the conclusions.

Figure 1: Model predictions for d̄/ū (upper) and

d̄ − ū (lower) distributions in the proton evolved up
to Q2 = 54.02 GeV2. Experimental data are taken

from Ref. [11].

2. The model

Following Ref.[7], the non-perturbative sea has a

two-step origin in our model. In the first step a

valon emits a gluon which subsequently decays

into a quark-antiquark pair. In the second, such

quark and antiquark interact with the valons and

give rise to a bound |MB〉 state. The in meson-
baryon parton densities give ultimately the non-

perturbative quark and antiquark proton distri-

butions.

The emission of a gluon out of a valon is a

basic QCD process which can be adequately de-

scribed in terms of the convolution of the initial

valon distribution, v(z), with the Altarelli-Parisi

Pgq(z) and Pqg(z) splitting functions [1]. In this

way, the quark and antiquark initial distributions

are given by [7]

q(x) = q̄(x) = N
α2st(Q

2
v)

(2π)2

∫ 1
x

dy

y

Pqg

(
x

y

)∫ 1
y

dz

z
Pgq

(y
z

)
v(z). (2.1)
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Notice that as the valon distribution does not

depend on Q, the scale dependence in eq. (2.1)

only arises through the strong coupling constant

αst. However, it is fixed by the valon model

scale, namelyQ2=0.64 GeV2. Consequently, pair

creation can be safely evaluated in a perturba-

tive way since (αst/2π)
2 is still sufficiently small.

Now, provided such sea q and q̄ live sufficiently

long, they have a probability to recombine with

the remaining valons. Once recombination is ac-

complished, it can give rise to a (virtual) hadronic

bound state. Since such a situation is in the

realm of confinement, non-perturbative strong in-

teractions are implicitly understood in recombi-

nation. Therefore, the rearrangement of such five

component configuration into a meson - baryon

bound state must be evaluated by means of ef-

fective methods. Assuming that the in-nucleon

meson and baryon formation arises from mecha-

nisms similar to those at work in the production

of real hadrons, we can evaluate the in-proton

meson probability density using the Das-Hwa re-

combination approach [9].

Thus, in our model, the in-nucleon meson

distributions are given by

PMiBi(x) =

∫ 1
0

dy

y

∫ 1
0

dz

z
F (y, z)R(x, y, z) ,

(2.2)

where

F (y, z) = β yv(y) zq̄(z) (1− y − z)a , (2.3)

is the valon-antiquark distribution and R(x, y, z)

= α yzx2 δ
(
1− y+zx

)
is the recombination function

(x, y and z are the momentum fractions of the

in-nucleon meson, the valon and the antiquark

respectively).

Due to momentum conservation, the in- nu-

cleon meson and baryon probability densities are

not independent but correlated by

PMiBi(x) = PBiMi(1 − x) , (2.4)

with an additional correlation in velocity given

by

〈xPMiBi(x)〉
mMi

=
〈xPBiMi(x)〉
mBi

. (2.5)

The above constraint (2.5), which is needed in

order to build a |MiBi〉 bound state, fixes the
exponent a in eq. (2.3) [10].

The hadronic fluctuations so far described

can be interpreted as the origin of the intrinsic

quark-antiquark sea. As a consequence, since the

resulting q̄ and q sea distributions belong to dif-

ferent terms or components in the Fock series,

intrinsic quark and antiquark probability densi-

ties are unequal in a general way.

At this point, one has to decide what fluctu-

ations should be included in the expansion (1.1).

For definitness, consider the proton wave func-

tion. Taking into account mass values and quan-

tum numbers, the main fluctuations of the pro-

ton should be the |π+ n〉, ∣∣π+∆0〉 and |π−∆++〉
virtual states, with probabilities a2π n and a

2
π∆

respectively. Differences between the
∣∣π+∆0〉

and |π−∆++〉 probabilities are given by Clebsh-
Gordan coefficients which ensure the correct glo-

bal isospin of the fluctuation. Thus, we obtain
1
6a
2
π∆ and

1
2a
2
π∆ for

∣∣π+∆0〉 and |π−∆++〉 re-
spectively. On the other hand, the probability

of the |π+ n〉 bound-state is 23a2π n. The coeffi-
cients a2π n and a

2
π∆ are given by (Nαβ)π n and

(Nαβ)π∆ respectively. Their numerical values

result from comparison with experimental data.

Fluctuations like |ρN〉, |ρ∆〉, etc. which could
contribute, for instance, to the d̄− ū asymmetry
in the proton, are far off-shell 1 and can be safely

neglected.

Remarkably, as shown in Ref. [10], this ap-

proach leads to a d̄/ū asymmetry in the proton

which closely describes the experimental data by

the E866 Collaboration [11]. It is also worth not-

ing that this is, at present, the only available

model which can describe equally well the differ-

ence d̄− ū and the ratio d̄/ū as given by the E866
Collaboration (see Fig. 1). Including fluctuations

to Kaon-Hyperon states, |KH〉, a s− s̄ asymme-
try in the proton sea arises [7] which qualitatively

agrees with results from a recent global analysis

of DIS data [12].

3. The primordial sea of gluons

Fluctuations of the proton to
∣∣π0 p〉 and ∣∣π0∆〉

states do not contribute to the intrinsic quark

and antiquark structure. The reason is that the

1Note that these are even more supressed than strange,

|KH〉, fluctuations.
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Figure 2: Diagramatic representation of a proton

fluctuation (upper). Process leading to the genera-

tion of non-perturbative gluons through recombina-

tion (lower).

formation of a π0 in-proton state must be sup-

pressed due to its neutral flavor structure uū−dd̄.
This happens because vq q̄ objects can annihilate

rapidly into a gluon while vq q̄
′ cannot (here q′

represents a quark of flavor different to q’s. See

Fig. 2). Notice also that an unflavored object

like a vq q̄ pair has itself the quantum numbers

of a gluon. Thus, a hypothetical
∣∣π0 p〉 does not

contribute to the sum over |MiBi〉 in the RHS of
eq. (1.1) but to the second term, |p g〉, providing
a source of valence-like gluons in the proton. It

means that, at leading order, only |π±B〉 fluctu-
ations are responsible for the intrinsic sea quark

and antiquark distributions at the low Q2 scale

structure of the nucleon.

Concerning time scales, both |π+n〉 and |p g〉
fluctuations are expected to last approximately

the same. Indeed, the characteristic lifetime of a

|M B〉 fluctuation is proportional to 1/∆E, where
∆E is the energy difference between fluctuation

and proton states in an infinite momentum frame.

Thus, for a |M B〉 state we have

τ|MB〉 '
[
1

2P

(
(mM )

2
T

xM
+
(mB)

2
T

xB
−m2p

)]−1
,

(3.1)

where P is the momentum of the proton in the

infinite momentum frame, mM , mB and mp are

the masses of meson, baryon and proton and xM
and xB are the momentum fractions carried by

the meson and the baryon in the fluctuation.

(mM,B)
2
T represent the square transverse masses

of the virtual hadrons in the fluctuation. As-

suming that the neutral objects (the “would be”

pions) annihilating into non-perturbative gluons

have similar transverse masses we get a similar

result for the |p g〉 lifetime.
Another important point in this approach is

that the shape of the intrinsic gluon coming from

the vq q̄ non-perturbative pairing above described

can be also estimated from the probability den-

sity of the would be in-proton neutral meson.

Since the proposed mechanism involves the mix-

ing of a virtual meson-like object with a gluon via

recombination, we can assume that the momen-

tum distribution of the intrinsic gluon is given

by the virtual meson distribution. Therefore, we

use the recombination formulas for the neutral

pion to compute the shape of the intrinsic gluon

gNP (x,Q2v) = Ppg(x,Q
2
v) ≡ Np

(1− x)12.9
x

∫ x
0

dy

yq̄(y) (y − x)vq/p(y − x) , (3.2)

where q̄(x) is given by eq. (2.1), Np is a normal-

ization constant and vNq(x) is the distribution of

the q-flavored valon in the nucleon given by [8]

vNq(x) =
105

32

√
x(1− x)2 . (3.3)

Here the low scale is fixed by Q2v = 0.64 GeV
2 as

in [8].

An alternative way to have an unflavored

meson-Nucleon fluctuation would arise through

the self-recombination of the q− q̄ pair produced
by the gluon splitting of eq. 2. In this case the

unflavored meson should be a vector meson since

it was originated by a single gluon. However, this

kind of fluctuations consisting of disconnected

M0 and N , are strongly supressed by the OZI

rule.

In Fig. 3 we display the intrinsic gluon dis-

tribution at the valon scale, given by eq. (3.2),

as compared to the initial gluon distribution of

the GRV-94 HO [2] parametrization at Q2 = 0.4

GeV2 and the intrinsic gluon distribution calcu-

lated in a Monte Carlo based model of the pro-

ton [5].

4. Conclusion

In this paper we have analysed some important
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Figure 3: Non-perturbative gluon distribution pre-

dicted by the model at Q2v ' 0.64 GeV2 (solid line)
compared to the valence gluon distribution given by

the model of Ref. [5] at Q20 ∼ 1 GeV2 (dashed line)
and the initial GRV-94 HO gluon distribution [2] at

Q20 = 0.4 GeV
2 (point line). Model curves were nor-

malized to the value of the integral over x of the

GRV-HO gluon distribution.

consequences of making a hadronic Fock state

expansion of the nucleon wave-function out of a

novel mechanism for generating the cloud. We

have shown that within such scheme it is possi-

ble to generate not only non-perturbative quark-

antiquark distributions but also the gluon sea

needed at the low Q2 starting scale for DGLAP

evolution.

A remarkable feature of the approach is that

neutral meson fluctuations are here inhibited and,

in turn, non-perturbative gluons take place. The

reason is that neutral unflavored structures like

the initial vq q̄ objects, are more likely to recom-

bine rapidly into a gluon than into a hadron,

in contrast to the charged structures like vq q̄
′

which cannot do so. Thus, the hypothetical cloud

of virtual fluctuations like
∣∣p π0〉 does not con-

tribute to the sum over |BiMi〉 in the RHS of
eq. (1.1) but to the second term, |p g〉, providing
a source of valence-like gluons in the proton. It

means that, at leading order, only |B π±〉 fluctu-
ations are responsible for the intrinsic sea quark

and antiquark distributions at the low Q2 scale

structure of the nucleon.

Within our model, not only intrinsic quarks

and antiquarks but also gluons are generated thr-

ough quantum fluctuations. When the nucleon

fluctuates into a neutral structure plus the nu-

cleon itself, the neutral structure has the quan-

tum numbers of a gluon and is responsible for

the non-perturbative, valence-like, gluon sea. In

a similar fashion, one can investigate the primor-

dial sea of the pion; see Ref. [13] for details.

Concluding, we have proposed a possible sce-

nario for the origin of the valence-like sea quark

and gluon distributions nedeed at the low (input)

scale in order to describe the experimental DIS

data.

Acknowledgments

H.R.C. would like to acknowledge the Organizing

Comitee of the Conference for financial support.

J.M. is partially supported by COLCIENCIAS,

under Contract No. 242-99.

References

[1] G. Altarelli and G. Parisi, Nucl. Phys. B126,

298 (1977); Yu. L. Dokshitzer, Sov. Phys. JETP

46 (1977) 641; V.N. Gribov and L.N. Lipatov,

Sov.J. Nucl. Phys. 15 (1972) 428.

[2] M. Glück, E. Reya and A. Vogt, Z. Phys. C53,

127 (1992), C67, 433 (1995).

[3] J. Botts et al., Phys. Lett. B304, 159 (1993);

H.L. Lai et al., Phys. Rev. D51, 4763 (1995).

[4] A.D. Martin, W.J. Stirling and R.G. Roberts,

Phys. Lett. B354, 155 (1995).

[5] A. Edin and G. Ingelman, Phys. Lett. B432,

402 (1998).

[6] S.J. Brodsky, C. Peterson and N. Sakai, Phys.

Rev. D23, 2745 (1981).

[7] H.R. Christiansen and J. Magnin, Phys. Lett.

B445, 8 (1998).

[8] R.C. Hwa, Phys. Rev. D22, 1593 (1980).

[9] K.P. Das and R.C. Hwa, Phys. Lett B68, 459

(1977).

[10] J. Magnin and H.R. Christiansen, Phys. Rev.

D61, 054006 (2000).

[11] E.A. Hawker et al., Phys. Rev. Lett. 80, 3715

(1998); J.C. Peng et al., Phys. Rev. D58,

092004 (1998).

[12] V. Barone, C. Pascaud and F. Zomer, Eur.

Phys. J. C12 (2000) 243.

[13] H.R. Christiansen, J. Magnin, hep-ph/0003088.

5

http://xxx.lanl.gov/abs/hep-ph/0

