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Abstract. An improved statistical quark model, with quark energy Is\@ven by a central linear
confining potential, is used to obtain the light sea-quaskrasetry,d/t, and also for the corre-
sponding differencd — U, inside the nucleon. In the model, a temperature paraneseljisted by
recent results obtained for the Gottfried sum rule violatiwith two chemical potentials adjusted
by the valence up and down quark normalizations. The reatdt€ompared with available recent
experimental data.
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We report recent results obtained within a phenomenolbgtatistical quark model
for the quark-sea distribution inside the nucleon. Thisrapph provides an improved
version of a model presented in Ref. [1], where liglaindd quarks have zero mass, with
their levels being generated by a relativistic confining elpdith a linear scalar plus
vector potential. The other parameters in the statisticaleh temperature and chemical
potentials, are adjusted by recent experimental data.

For the motivation of such a phenomenological approach, nsedbserve that in the
actual theories one cannot find a simple explanation foriseiwed light sea-quark dis-
tribution, d/u, inside the nucleon, compatible with the available experital data [2].
For instance, by considering only perturbative QCD and wglsjalitting processes, the
violation of the Gottfried sum rule (GSR) [3] is not repro@dc as the ratid /ubecomes
equal to one, due to the equal probabilities of gluon spligiindd or uu pairs. So, by
following an idea first presented by Field and Feynman [4jas shown that the Pauli
exclusion principle can be considered in statistical metiebbtain different quantities
of 'andd in the nucleon sea[1, 5, 6, 7, 8].

The statistical quark model [1] is parameterized by the erpntal available data,
with a temperature parameter adjusted by the GSR violatidivao chemical potentials
to adjust the valence and d quarks in the nucleon. All individual quarks of the
system, valence and sea quarks, are confined by a centrefiedff@nteraction, with
strengthAq (g stands for the quark flavor) and equal expressions for thiarsaad
vector components [9], given BY(r) = (1+ B)Aqr/2. With this interaction, a single
particle spectrum with energy levess is generated for the confined quarks by the
Schrddinger-like equation, which is derived from the Dieguation. In the present
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TABLE 1. Evolution of the GSR violationlgsg with the temperaturé
(MeV): In the left side we have the results without instargffiects; and, in
the right side, by including instanton effects in the funestal state.

T(MeV) i Mg lesr T(MeV) Mg lesr
90 219 157 0.016 90 193 131 0.030
100 171 110 0.058 100 151 92 0.087
110 127 73 0.142 110 113 63 0.174
120 92 49 0.242 120 83 44  0.264

approach, we assumlg, = Aq = A, with zero current quark masses for theandd
quarks (n,=my = m=0), then, the energy levels are the same for both flavorsireata
by using the confining potential model.

With the actual experimental value for the GSR violation {£¢ obtain

losr= 5 - ESG / 0(x)) dx = 0.11840.012, 1)

for T =104 MeV, uy = 131 MeV anduyg = 76 MeV. In Table 1, we show the evolution
of the GSR violation with the temperature, given in MeV. Aswh, the violation of the
GSR is followed by an increasing in the temperature paraméle results are shown
with and without instanton effects in the ground-state gpéevels, as prescribed in
Ref. [10].
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FIGURE 1. Evolution of the value obtained for the GSR violation witle ttemperature (MeV). The
experimental value is obtained from ref.[2]. By considgrinstanton effects[10], we reproduced the
value oflgsrwith T=104 MeV and chemical potentialg=131 MeV andug=76 MeV. Without instanton
effects, correspondingly we have T=107 MeV with chemicdéptalsp,=136 MeV anduyg=80 MeV.

Next, we incorporate in the model contributions obtainedrfrgluonic splitting pro-
cess, with emission of quark-antiquark pairs. This is a weltied process [11], with
equal chances to originatil or uu pairs. The probability for such particle-antiparticle
pair emissions is given by the Gribov-Lipatov-Altarelliuisi equation [12, 13]. We first
consider a gluon creation from the original quark distridsit and after the splitting of
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the gluons [11, 14]. The gluon splitting processes is represl by the parametes in
the model. The effect resulted by the gluon splitting preesscan be observed in the
upper frame of Fig.2.

For the constituent quark structure function inside thdemrtwe have considered the
model given in Ref. [15]. Such function is extracted fromaisgmptotic form of the pion
wave function. Our assumption that it is not changed indidanucleon. By considering
more realistic pion and nucleon wave functions, it is reabdm to think that one can
diminish further the relevance of explicit gluon contriioums in the model. We verify
how the substructure of the constituent quarks can affectdbults. Such substructure
is obtained from a parametrization presented in Ref. [17}lie structure function of
a valence quark in the pion. The parametrization is alsalddta Refs. [1, 16], in a
convolution model for the constituent quark substructure.
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FIGURE 2. The model results fod/u (upper frame) andl - u (lower frame), as functions of,
compared with data obtained from E866/Towell[2], NuSeavkiz[18] and Na51[19]. Without mass shift,
we obtain the constant dot-dashed-line. With mass-scalisglacementNly/M,=1.25), we obtain the
other two plots: With dashed-line (green) curaes2.1; and, with solid (red) linegs=2.1 ands=0.7.
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As shown, such effect is relevant to obtain a good fittingdferu andd/u (see Fig.2).
In this way, to obtain a better fitting, we need to combine iees ofos (from the gluon
splitting process) with the values of the parametarorresponding to pionic processes
(given by the model of Ref. [17]).

Finally, a simple mathematical trick, based in the Dira&#al distribution, was used
to obtain the shift of the given structure functions, andli@gito obtaind(x)/u(x) ratio
inside the proton. This method implies in a an effective n&sding displacement for
theu andd quarks, which is given bily/M,=1.25. For details, see Ref. [1].

In Fig. 2, with solid (red) line, we show the results obtain®d considering all
the effects: the statistical model, mass shift, gluon sp¢jt and the contribution from
the constituent quark substructure included through thevalation model shown in
Ref. [1]. In the upper frame we show the different contribos to the antiquark ratio
d/u. In the lower frame, we have the correspondihguin the nucleon sea.

As we have used the same confining potential, in the statistiodel we obtain a
constant ratio ird /u (upper frame of Fig.2: point (black) line). The probabiliffect of
gluon emission decreases when the quark substructure s&deoed, corresponding to
os varying from 20 to 22. Indeed, we observed that the probability of gluon emissio
decreases when we consider the quark substructure.

More details of the results for the ratios and differenceshefneutron and proton
structure functions, as well as for the corresponding gsegk distributions are shown
in Ref. [16].

| would like to thank my supervisor, Prof. L. Tomio, for dissions on the project
and for the assistance in this report. | also want to thank. Hiabias Frederico and
Dr. Luis Trevisan for discussions. The project, within a tboate program, is being
supported by a fellowship from Conselho Nacional de Dedemento Cientifico e
Tecnoldgico (CNPq). The collaboration also have partigdpsut from Fundacao de
Amparo a Pesquisa do Estado de Sao Paulo.

REFERENCES

L. A. Trevisan, C. Mirez, L. Tomio and T. Frederico, EuryBhJ. C56, 211 (2008).

R. S. Towell et al., Phys. Rev. &, 052002 (2002).

K. Gottfried, Phys. Rev. Leti.8, 1174 (1967).

R. D. Field and R. P. Feynman, Phys. Re¥5[2590 (1977).

L. A. Trevisan, L. Tomio and T. Frederico, Eur. Phys. 11C351 (1999).

C. Bourrely, F. Buccella, and J. Soffer, Eur. Phy€£ 23 487 (2002); Eur. Phys. J.4T, 327 (2005).

J. Cleymans, R. L. Thews, Z. Phys3C 315 (1988).

E. Mac e E. Ugaz, Z. Phys.43, 655 (1989).

P. L. Ferreira, J. A. Helayel, and N. Zagury, N. Cim53, 215 (1980).

. A. E. Dorokhov, N. I. Kochelev and Yu. A. Zubov, Sov. J. aff® Nucl.23, 522 (1992).

. F.Halzenand A.D. MartiQuarks and Leptons - An Introductory Course in Modern PéetiRhysics

Wiley, 1984, pp. 215.

12. G. Altarelliand G. Parisi, Nucl. Phys. 26, 298 (1977).

13. W. GreinerQuantum ChromodynamicSpringer, 3ed, 2007.

14. H. R. Christiansen and J. Magnin, Phys. Let445, 8 (1998). J. Magnin and H. R. Christiansen,
Phys. Rev. D61, 054006 (2000).

15. T. Frederico and G. Miller, Phys. Rev.9D, 210 (1994).

16. C. Mirez, L.A. Trevisan, T. Frederico, and L. Tomio, ptiep to appear in Nucl. Phys. B, Proceedings.

17. M. Gluck, E. Reya, and I. Schiebein, Eur. Phys. 10313 (1999).

18. FNAL/E866/NuSea Collab, E.A. Hawker et al., Phys. Rett.180, 3715 (1998).

19. Na51 Collab. Phys. Lett.32, 244 (1994).

RBoxNoOkwNE

= O

140



Copyright of AIP Conference Proceedingsis the property of American Institute of Physics and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.



	copyright1: 


