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A STATISTICAL APPROACH FORPOLARIZED PARTON DISTRIBUTIONS�Ja
ques SofferCentre de Physique Théorique, CNRS Luminy Case 90713288 Marseille Cedex 09, Fran
e(Re
eived July 12, 2002)A global next-to-leading order QCD analysis of unpolarized and polar-ized deep-inelasti
 s
attering data is performed with parton distributions
onstru
ted in a statisti
al physi
al pi
ture of the nu
leon. The 
hiralproperties of QCD lead to strong relations between quarks and antiquarksdistributions and the importan
e of the Pauli ex
lusion prin
iple is alsoemphasized. We obtain a good des
ription, in a broad range of x and Q2,of all measured stru
ture fun
tions in terms of very few free parameters.Forth
oming experiments at RHIC�BNL are sensitive tests of the statisti-
al model for the behavior of the �d(x)=�u(x) ratio for x � 0:2 and for themagnitude and sign of ��u(x) and ��d(x).PACS numbers: 13.60.�r, 13.60.Hb, 13.88.+e, 14.20.Dh1. Introdu
tionDeep Inelasti
 S
attering (DIS) of leptons on hadrons has been exten-sively studied, over the last twenty years or so, both theoreti
ally and ex-perimentally, to extra
t the Polarized Parton Distributions (PPD) of thenu
leon. As it is well known, the unpolarized light quarks (u; d) distribu-tions are fairly well determined. Moreover, the data exhibit a 
lear eviden
efor a �avor-asymmetri
 light sea, i.e. �d > �u, whi
h 
an be understood interms of the Pauli ex
lusion prin
iple, based on the fa
t that the proton 
on-tains two u quarks and only one d quark. Larger un
ertainties still persist forthe gluon (G) and the heavy quarks (s; 
) distributions. From the more re-stri
ted amount of data on polarized stru
ture fun
tions, the 
orrespondingpolarized gluon and s quark distributions (�G;�s) are badly 
onstrainedand we just begin to un
over a �avor asymmetry, for the 
orresponding po-larized light sea, namely ��u 6= ��d. Whereas the signs of the polarized light� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3713)



3714 J. Sofferquarks distributions are essentially well established, �u > 0 and �d < 0,this is not the 
ase for ��u and ��d. The obje
tive of this report, essentiallybased on Ref. [1℄, is to 
onstru
t a 
omplete set of polarized parton (all �avorquarks, antiquarks and gluon) distributions and, in parti
ular, we will tryto 
larify this last point on the polarized light sea. Our motivation here isto use the statisti
al approa
h to build up: qi, �qi, �qi, ��qi, G and �G, bymeans of a very small number of free parameters. A �avor separation forthe unpolarized and polarized light sea is automati
ally a
hieved in a waydi
tated by our approa
h.2. Constru
tion of the PPD in the statisti
al approa
hIn the statisti
al approa
h the nu
leon is viewed as a gas of masslesspartons (quarks, antiquarks, gluons) in equilibrium at a given temperaturein a �nite size volume. Like in our earlier works on the subje
t [2℄, wepropose to use a simple des
ription of the parton distributions p(x), at aninput energy s
ale Q20, proportional to�exp �(x�X0p)�x �� 1��1 ; (2.1)the plus sign for quarks and antiquarks, 
orresponds to a Fermi�Dira
 dis-tribution and the minus sign for gluons, 
orresponds to a Bose�Einsteindistribution. Here X0p is a 
onstant whi
h plays the role of the thermody-nami
al potential of the parton p and �x is the universal temperature, whi
his the same for all partons. Sin
e quarks 
arry a spin 1/2, it is natural to
onsider that the basi
 distributions are q�i (x), 
orresponding to a quark of�avor i and heli
ity parallel or antiparallel to the nu
leon heli
ity. This isthe way we will pro
eed. Clearly one has qi = q+i + q�i and �qi = q+i � q�iand similarly for antiquarks and gluons.From the 
hiral stru
ture of QCD, we have two important propertieswhi
h allow to relate quark and antiquark distributions and to restri
t thegluon distribution:� The potential of a quark qhi of heli
ity h is opposite to the potential ofthe 
orresponding antiquark �q�hi of heli
ity �hXh0q = �X�h0�q : (2.2)� The potential of the gluon G is zeroX0G = 0 : (2.3)From well established features of the u and d quark distributions ex-tra
ted from DIS data, we anti
ipate some simple relations between thepotentials:
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an expe
t X+0u +X�0u > X+0d +X�0d ;� �u(x) > 0, therefore X+0u > X�0u ,� �d(x) < 0, therefore X�0d > X+0d .So we expe
t X+0u to be the largest thermodynami
al potential and X+0dthe smallest one. In fa
t, we have found the following orderingX+0u > X�0d � X�0u > X+0d : (2.4)Eq. (2.4) is 
onsistent with the previous determinations of the potentials [2℄.By using Eq. (2.2), this ordering leads immediately to some important
onsequen
es for antiquarks, namely(i) �d(x) > �u(x), the �avor symmetry breaking whi
h also follows fromthe Pauli ex
lusion prin
iple, as re
alled above. This was already 
on�rmedby the violation of the Gottfried sum rule [3, 4℄;(ii) ��u(x) > 0 and ��d(x) < 0, whi
h remain to be 
he
ked and this willbe done in hadroni
 
ollisions at RHIC�BNL (see Se
. 3).Note that, from Eq. (2.4) one has u�(x) � d�(x) whi
h implies�u(x)��d(x) � u(x)� d(x) : (2.5)As a 
onsequen
e of Eq. (2.2), we also have �u+(x) � �d+(x). This leadsobviously to ��u(x)���d(x) � �d(x)� �u(x) (2.6)so the �avor symmetry breaking is almost the same for unpolarized andpolarized antiquark distributions.Let us now 
omplete the des
ription of our parametrization. The smallx region is 
hara
terized by a rapid rise as x! 0 of the distribution, whi
hshould be dominated by a universal di�ra
tive term, �avor and heli
ity in-dependent, 
oming from the Pomeron universality. Therefore, we must adda term of the form ~Ax~b=[exp(x=�x)+1℄, where ~b < 0 and ~A is a normalization
onstant. So for the light quarks q = u, d of heli
ity h = �, at the inputenergy s
ale Q20 = 4GeV2, we takexqh �x;Q20� = AXh0qxbexp h�x�Xh0q� =�xi+ 1 + ~Ax~bexp(x=�x) + 1 ; (2.7)and similarly for the light antiquarksx�qh �x;Q20� = �A(X�h0q )�1x2bexp h�x+X�h0q � =�xi+ 1 + ~Ax~bexp(x=�x) + 1 : (2.8)For the heavy quarks (s; 
), whose unpolarized and polarized distributionsare unknown or poorly known, we take a simple ansatz (see Ref. [1℄). Con-
erning the gluon distribution, as indi
ated above, we use a Bose�Einsteinexpression given by



3716 J. SofferxG �x;Q20� = AGxbGexp(x=�x)� 1 ; (2.9)with a vanishing potential and the same temperature �x. It is also reason-able to assume that for very small x, xG(x;Q20) has the same behavior asx�q(x;Q20), so we will take bG = 1 + ~b. Sin
e the normalization 
onstant AGis determined from the momentum sum rule, our gluon distribution has nofree parameter. For the sake of 
ompleteness, we also need to spe
ify thepolarized gluon distribution and we take the parti
ular 
hoi
ex�G �x;Q20� = 0 ; (2.10)
onsistently with Eq. (2.3). To summarize our parametrization involvesa total of eight free parameters�x ; X+0u ; X�0u ; X�0d ; X+0d b ; ~b and ~A : (2.11)These parameters, are determined by a �tting pro
edure des
ribed in Ref. [1℄.3. Experimental tests for unpolarized and polarized DISWe �rst 
onsider �p and ep DIS for whi
h several experiments haveyielded a large number of data points on the stru
ture fun
tion F p2 (x;Q2).We have 
ompared our 
al
ulations with �xed target measurements NMC,BCDMS and E665, whi
h 
over a rather limited kinemati
 region in Q2and also with the data at HERA from the H1 and ZEUS Collaborations.These last data 
over a very large Q2 range, up to Q2 = 104GeV2 or soand probe the very low x region whi
h is dominated by the rising behaviorof the universal di�ra
tive term. We 
ompare our results with the dataon Fig. 1. We also have a very good des
ription of the neutron stru
turefun
tion F n2 (x;Q2) data, as well as for the xF �N3 (x;Q2) stru
ture fun
tion,extra
ted from the high statisti
s �N DIS data from CCFR(see Ref. [1℄).Let us 
ome ba
k to the important question of the �avor asymmetry ofthe light antiquarks. Our determination of �u(x;Q2) and �d(x;Q2) is perfe
tly
onsistent with the violation of the Gottfried sum rule, for whi
h we foundIG = 0:2493 for Q2 = 4GeV2. Nevertheless there remains an open problemwith the x distribution of the ratio �d=�u for x � 0:2, in 
onne
tion with theE866/NuSea Collaboration [5℄. They have released the �nal results 
orre-sponding to the analysis of their full data set of Drell�Yan yields from an800GeV/
 proton beam on hydrogen and deuterium targets and they obtainthe ratio �d=�u, for Q2 = 54GeV2. The errors are large in the high x regionand one way to 
larify the situation is to measure the ratio of the unpolarized
ross se
tions for the produ
tion of W+ and W� in pp 
ollisions, whi
h willdire
tly probe the behavior of the �d(x)=�u(x) ratio. Interesting predi
tions ofthe statisti
al model, whi
h are a

essible at RHIC�BNL, are given in [1℄.
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Fig. 1. F p2 (x;Q2) as fun
tion of Q2 for �xed x, 
(x) = 0:6(ix � 0:4), ix = 1 !x = 0:32, re-binned data H1, ZEUS, E665, NMC, BCDMS. (Presentation of data,
ourtesy of R. Voss).Sin
e our approa
h is based on the dire
t 
onstru
tion of the quark andantiquark distributions of a given heli
ity q�i and �q�i , from the previousresults we immediately obtained �qi and ��qi for ea
h �avor, whi
h enterin the de�nition of the polarized stru
ture fun
tions gp;d;n1 (x;Q2). In Fig. 2we show a data 
ompilation of gp;d;n1 (x;Q2) from di�erent 
urrent experi-

Fig. 2. gp;d;n1 (x;Q2) versus x for di�erent Q2 values, from E155, E154, E143, SMC,HERMES. The 
urves 
orrespond to our model predi
tions at Q2 = 5GeV2.



3718 J. Sofferments on proton, deuterium and helium targets, evolved at a �xed valueQ2 = 5GeV2. The x dependen
e is in fair agreement with our results andwe predi
t, in the small x region, a fast rising behavior for gp1 and a fastde
reasing behavior for gn1 , due to the antiquark 
ontributions. This 
annotbe tested so far, due to the la
k of pre
ise data. Preliminary data withlarge errors from HERMES for ��u(x) � ��d(x) at Q2 = 2:5GeV2, werepresented at this workshop [6℄ and the 
omparison with our model predi
tionis displayed on Fig. 3. Finally, a good �avor separation 
an be a
hieved bymeasuring the parity-violating asymmetry inW� produ
tion at RHIC�BNL.Our predi
tions are shown on Fig. 4. The trend of APVL (W ) 
an be easilyunderstood, for example at ps = 500GeV near y = +1, APVL (W+) � �u=uand APVL (W�) � �d=d, evaluated at x = 0:435. Similarly for near y = �1,APVL (W+) � ���d= �d and APVL (W�) � ���u=�u, evaluated at x = 0:059.

Fig. 3. Ourmodel predi
tion atQ2 =2:5GeV2 
ompared to preliminary datafrom HERMES [6℄. Fig. 4. The parity violating asymmetryAPVL for pp ! W� produ
tion versustheW rapidity atps=350GeV (dashed
urve) and ps=500GeV (solid 
urve).REFERENCES[1℄ C. Bourrely, F. Bu
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