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Evidence for Substantial Charge Symmetry Violation in Parton Distributions
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Charge symmetry for parton distributions can be tested by comparing structure functions from

neutrino and chargedlepton deep inelastic scattering. New experimentsprovide rather tight upper

limits on partonchargesymmetryviolation (CSV) for intermediate� , but suggestCSV effectsat small

� . Carefulstudyof severalcorrectionsfails to removethis low-� discrepancy. We arethus forcedto

considersurprisinglylargeCSV effectsin nucleonseadistributions. [S0031-9007(98)07546-2]

PACSnumbers:13.60.Hb,11.30.Hv,12.39.Ki, 13.15.+g

In nuclearphysicschargesymmetry,whichinterchanges

protonsandneutrons(simultaneouslyinterchangingupand

down quarks),is respectedto a high degreeof precision.

Most low-energytestsof chargesymmetryfind that it is

goodto at least in reactionamplitudes[1]. Therefore,

chargesymmetryis usually assumedto be valid in dis-

cussionsof stronginteractions. Currentlyall phenomeno-

logical analysesdescribedeepinelastic scattering(DIS)

data using chargesymmetric parton distributions. Un-

til recently this assumptionseemedto be justified, since

high-energyexperimentaldatawereconsistentwith parton

chargesymmetry[2].

Experimentalverification of chargesymmetryis diffi-

cult, partly becausechargesymmetryviolation (CSV) ef-

fects are expectedto be small, and partly becauseCSV

oftenmixeswith partonflavor symmetryviolation (FSV).

Experimentalmeasurementsby theNew Muon Collabora-

tion (NMC) [3] havebeenwidely interpretedasevidence

for what is termedSU(2) FSV. Recentmeasurementsof

the ratio of Drell-Yan crosssectionsin and scat-

tering [4,5] also indicatesubstantialFSV. However,as

pointed out by Ma [6], all theseexperimentscould be

explainedby sufficiently large CSV effects,even in the

limit of exactflavor symmetry. In view of theseambigui-

ties in the interpretationof experimentaldata,it would be

highly desirableto haveexperimentswhich separateCSV

from FSV.

Chargesymmetryimplies the equivalencebetweenup

(down) quark distributionsin the proton and down (up)

quarks in the neutron. We define charge symmetry

violating distributions (1)

where the superscripts and refer to the proton

and neutron, respectively (quark distributions without

subscriptswill referto theproton). Therelationsfor CSV

in antiquarkdistributionsareanalogous.

In the quark-partonmodel the structurefunctions of

concernto us, which are measuredin neutrino,antineu-

trino, and chargedlepton DIS on an isoscalartarget ,

are given in terms of parton distribution functions and

CSV terms[2]

(2)

Thebesttestof CSVto dateis the“chargeratio,” which

relates the neutrino structure function to the structure

functionmeasuredin chargedleptonDIS

(3)

In Eq. (3),

, and we expandto lowest order in small quan-

tities. A deviation
, at any value of , must

ariseeitherfrom CSV effectsor from
.

Recentexperimentalmeasurementsallowaprecisecom-

parisonbetween
and

. The CCFR

Collaborationcomparedthe structurefunction

from their -Fe data[7] with
from -D mea-

surementsby NMC [8]. In the region of intermediate

valuesof Bjorken (
), the two structure

functionsarein very goodagreement,giving upperlimits

0031-9007 98 81(19) 4075(4)$15.00 © 1998 TheAmericanPhysicalSociety
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Abstract
¨

We
©

analyzethe non-perturbativestructureof the strangeseaof the nucleonwithin a mesoncloud picture. In a low Q
ª 2
«approach

¬
in which the nucleon is viewed as a three valon bound state,we evaluatethe probability distribution of an

in-nucleon


Kaon-Hyperonpair in termsof splitting functionsandrecombination.Theresultingkaonandhyperonprobability

densities
®

areconvolutedwith suitablestrangedistributionsinsidethe mesonandbaryonin order to obtainnon-perturbative

contributions
¯

to the strangeseaof the nucleon.We find a structuredstrange anti-strange
¬

asymmetry,displayinga clear

excess
°

of quarks anti-quarks for large small momentumfractions. 1998
±

ElsevierScienceB.V. All rights reserved.

1.
²

Motivation
According
³

to the Quark Parton Model, with its
subsequent
´

improvementscoming from Quantum
Chromodynamics,
µ

it is known that hadronsarebuilt
up¶ from a fixed number of valencequarks plus a
fluctuating
·

numberof gluonsandseaquarkanti-quark
pairs.
¸

As themomentumscalerisesup, thenucleon’s
sea´ is mainly perturbativelygeneratedand conse-
quently
¹

quarksandanti-quarkshavethe sameproba-
bility
º

andmomentumdistributions.However,a small
fraction
·

of the seamay be associatedwith non-per-
turbative
»

processesraisingthe possibility of generat-
ing
¼

unequal
½

quark
¹

and anti-quarkdistributions.For
instance,
¼

a non-perturbativeq¾ -q¾ asymmetry
¿

in the
charmed
À

seaof the nucleoncould play an important
roleÁ in explainingtheexcessof eventsat large xÂ and¿

1 E-mail: hugo@cat.cbpf.br2
Ã

E-mail:
Ä

jmagnin@lafex.cbpf.br

Q
Å 2
Æ

in
¼

eÇ pÈ neutral
É

andchargedcurrentdeepinelastic
scattering
´

1 , asseenat HERA by H1 2 andZEUS
3
Ê

. Regardingthe strangenucleon’ssea,the present
status
´

of the experimentaldatadoesnot excludethe
possibility
¸

of asymmetricsË and¿ sË distributions.
Ì

Ac-
tually,
»

it is an importantquestionrelatedto current
experimental
Í

research.Recently,the CCFRCollabo-
ration
Á

hasanalyzedthe strangequarkdistribution in
nucleons
É

allowing explicitly for s xË s xË distri
Ì

-
butions
º

4 see also the CTEQ analyses 5 . Al-
though
»

the analysisof CCFR seemsto indicate a
rather
Á

small asymmetry,the error bars are still too
large
Î

to be conclusive, leaving enough place to
conjecture
À

aboutsizeableunequal sË and¿ sË distribu
Ì

-
tions
»

seediscussionin Refs. 6,7 . Most recently,
the
»

E866Collaboration 8 hasmeasureda large u½ -dÏasymmetry
¿

in the nucleonwhich may be succesfully
accomodated
¿

in theframeworkof apioncloudmodel.
The
Ð

questionof a non-perturbativeasymmetryin
the
»

nucleonseahasbeenaddressedby a numberof
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Ñ
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Ò

$
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