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By comparing structure functions measured in neutrino and charged lepton deep inelastic scattering, one can
test the validity of parton charge symmetry. New experiments allow us to make such tests, which set rather
tight upper limits on parton charge symmetry violati@SV) for intermediate Bjorkerx, but which appear to
show sizable CSV effects at small We show that neither nuclear shadowing nor contributions from strange
and antistrange quark distributions can account for the experimentally observed difference between the two
structure functions. We are therefore forced to consider the possibility of a large CSV effect in the nucleon sea
quark distributions. We discuss the consequences of this effect for other observables, and we propose an
experiment which could detect a large CSV component in the nucleon$@%566-282(99)03507-9

PACS numbsg(s): 13.60.Hb, 11.30.Hv, 12.39.Ki, 13.16g

I. INTRODUCTION desirable to have experiments which separate CSV from
FSV. A few experiments have been already propq4€dL]]

In discussing the strong interaction, it is customary toand could be carried out in the near future.
assume the validity of charge symmetry, which interchanges Recent experiments now allow us for the first time to
protons and neutron&imultaneously interchanging up and make precision tests which could put tight upper limits on
down quarks For example, all phenomenological analysesparton CSV contributions. The NMC measurements of muon
of deep inelastic scattering data in terms of parton distribudeep inelastic scatteringdIS) on deuterium[12] provide
tion functions assume charge symmetry from the beginningvalues for the charged lepton structure functi$(x,Q?).
Our faith in charge symmetry is justified from our experienceln a similarQ? regime the CCFR Collaboratidii3] extract
in nuclear physics, where this symmetry is respected to ¢he structure functionsF5(x,Q?) from neutrino-induced
high degree of precision. Most experimental low-energy testgharge-changing reactions. As we show in Sec. Il, the
of charge symmetry find that it is good to at least 1% in“charge ratio,” which can be constructed from these two
reaction amplitudegl,2]. Until recently such an assumption quantities(plus information about the strange quark distribu-
seemed to be justified, as there was no compelling expertion) can in principle place strong constraints on parton CSV
mental evidence against parton charge symmetry. The quaunistributions. We will show that, for intermediate values
titative evidence which could be extracted from high energy0.1<x=<0.4, the agreement between the two structure func-
experiments, although not particularly precise, was consistions is impressive, and provides the best upper limit to date
tent with charge symmetric parton distributiors. on parton CSV terms. However, the charge ratio shows a

Experimental verification of charge symmetry is difficult, substantial deviation from unity in the regier<0.1, which
partly because the relative charge symmetry violat@8V)  might suggest surprisingly large charge symmetry violation.
effects are expected to be small, requiring high precisiornin a recent Lettef14] we argued that the data supported this
experiments to measure CSV effects, and partly becaussonclusion. However, several important corrections have to
CSV often mixes with parton flavor symmetry violation be applied to the data before any conclusions can be reached.
(FSV). Recent experimental measurements by the Newlhese corrections are especially important for the neutrino
Muon CollaboratioNMC) [4], demonstrating the violation cross sections.
of the Gottfried sum rul€5], have been widely interpreted as  In Sec. Il we discuss the uncertainties involved in the
evidence for what is termed $2) FSV. The measurement analysis of the data. Most corrections have already been ac-
of the ratio of Drell-Yan cross sections in proton-deuteroncounted for in the present experimental analysis. We particu-
and proton-proton scattering, first by the NA51 Collabora-larly focus on two aspects of the neutrino reactions: heavy
tion at CERN[6] and more recently by the E866 experimenttarget corrections and effects due to strange and antistrange
at Fermilab[7], also indicates substantial FSV. However, quark distributions. In Sec. lll we demonstrate that neither of
both of these experiments could in principle be explained bythese effects are sufficient to account for the apparent dis-
sufficiently large CSV effectg8,9], even in the limit of exact crepancy at smak. The charge symmetry violating distribu-
flavor symmetry. In view of these ambiguities in the inter-tions can be obtained from a combination of neutrino
pretation of current experimental data, it would be highlycharged current structure functions, muon structure functions
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and strange quark distributions extracted from dimuon pro'FVNO(X,Qz):x[u(x)+U(x)+d(x)+a(x)+25(x)+2?(x)
duction in neutrino reactions. We construct such a combina- 2

tion and extract the CSV terms. Assuming the validity of the —su(x)— (ﬁ(x)]

experimental data, we find CSV effects on the order of 25%

of the sea quark distributions at lawIn Sec. IV we discuss WNo o — — —

the consequences of such large CSV effects on other obsenF2 (% Q%) =xX[u(x)+u(x)+d(x) +d(x)+2s(x) +2¢(x)
ables. We examine the role played by CSV in the extraction —

of the FSV ratiod/u, in the Gottfried sum rule and in the ~8d(x) = du(x)]

experimental determination of the Weinberg angle &jp. No 5 — — —
In Sec. V we suggest an experiment which could measure tRe s (%, Q%) =x[u(x)+d(x) —u(x) —d(x) +2s(x) — 2¢(x)
substantial CSV suggested by our analysis. —

—du(x)+6d(x)]
Il. COMPARING STRUCTURE FUNCTIONS XF20(x,Q2) =x[u(x) +d(x) — u(x) — d(x) — 25(x) + 2¢(X)
FROM NEUTRINO AND CHARGED .
LEPTON REACTIONS —8d(x)+ du(x)]

Our analysis of parton charge symmetry violation is based
on the “charge ratio,” which we review here. This depends g!No(y 52)— ix u(x) +u(x) +d(x)+d(x)
on the ratio ofF, structure functions extracted from charged 2 18
lepton reactions with those from neutrino charge-changing > 8
reactions. Because neutrino cross sections are so small, at + = (s(X) + (X)) + = (Cc(X)+ (X))
present the structure functions can only be measured for S S
heavy targets such as iron. Furthermore, in order to obtain 4 . 1 .
useful statistics, the data must be integrated over all energies — =(8d(x)+ 8d(x))— = (Su(X)+ du(x))|.
for a givenx and Q? bin. As a result, only certain linear > 5
combinations of neutrino and antineutrino structure functions 2
can be obtained. The process by which we attempt to extract
parton CSV contributions is complicated, and requires inpuHere, and in the following, quark distributions without su-
from several experiments. In this section we review this properscripts denote quark distributions in the proton. From now
cess in detail. on, we will disregard charm quark contributions to the struc-
ture functions. Since phenomenological parton distribution
functions assume the validity of charge symmetry, possible
A. The “charge ratio” and charge symmetry violation CSV effects are folded into the commonly used phenomeno-
Structure functions measured in neutrino and muon deelgical parton distribution functions in a highly non-trivial
inelastic scattering are interpreted in terms of parton distriway. Nevertheless, using the above relations, it is possible to
bution functions. Since the operation of charge symmetnjfest the validity of charge symmetry by building appropriate
maps up quarks to down quarks, and protons to neutrons, dfear combinations or ratios of the measured structure func-
the level of parton distributions, charge symmetry impliestions. One such possibility is to calculate the “charge ratio,”
the equivalence between ggown) quark distributions in the ~Which relates the neutrino structure function to the structure
proton and dowr{up) quark distributions in the neutron. In function measured in charged lepton deep-inelastic scatter-
order to take CSV in the parton distributions into account,ng:
we define the charge symmetry violating distributions as
F5™(x,Q%)

su(x)=uP(x) —d"(x) Re(x,Q%)=
-~ vNo 2\ Y
18F2 (X,Q%) —x(s(x)+s(x))/6
8d(x)=dP(x) —u"(x), D -
S(X) —s(X)
~ 1— aa—_
where the superscripfsandn refer to quark distributions in Q)
the proton and neutron, respectively. The relations for CSV 45u(x) — du(x) — 48d(x) + 5d(x)
in antiquark distributions are analogous. If charge symmetry + — )
were exact then the quantitiési(x) and §d(x) would van- 5Q(x)
ish.

In the quark-parton model the structure functions meaHere, we defined Q(X)=Xq_y qs(a(x) +q(x))—3(s(x)
sured in neutrino, antineutrino and charged lepton DIS on an-s(x))/5, and we have expanded E®) to lowest order in
isoscalar targetNy, are given in terms of the parton distri- small quantities. From Ed3) we see that any deviation of
bution functions and the charge symmetry violating distribu-the charge ratio from unity, at any value xafwould be due
tions defined above bj3] either to CSV effects or to different strange and antistrange
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11— . — . — B. Extracting structure functions from neutrino cross sections

< RC(X,Q2) >

In order to perform tests of parton distributions through,
Jr i i § say, the charge ratio of E¢3), we need the structure func-
1 | tions from neutrino charge-changing reactions on a free pro-
? J[ J[ % %%* $ $ ton and neutron. These are written in terms of parton distri-
* ;
$ * sections for neutrino-induced reactions, we are able to obtain

1 statistically meaningful cross sections only from heavier tar-

gets such as iron. We then have to make the following cor-

0.8 “free” nucleons, averaged over proton and neutron,

L .T.. G FJ.’"iNO(x,QZ), (j=2,3): (i) the nuclear structure functions
X .
the nuclear structure functions need to be corrected for the
FIG. 1. The “charge ratio”R. of Eq. (3) vs x calculated using excess of neutrons in irofisoscalar effecbs (iii) kinematic
CCFR[13] data for neutrino and NM(12] data for muon structure  corrections must be applied to account for heavy quark
v data corrected for h_eavy ta_rget_ effects using correction_s from3) is valid only well above all heavy quark threshgldgv)

charged lepton scattering; solid circles:shadowing corrections  heavy target corrections must be applied, to convert structure

calculated in the “two phase” model. Both statistical and system-fynctions for nuclei to those for free protons and neutrons;
o i . normalized. In order to test charge symmetry, all these cor-
quark distributions. Analogous relations could be obtainedections have to be taken into account. The data have already
using structure functions from antineutrinos, or from a linearyaen corrected for normalization, isoscalar and charm thresh-

% ﬁ butions in Eq.(2). Because of the extremely small cross
rections in order to extract the neutrino structure functions on
10 10 F"F8(x,Q?) must be extracted from the cross sectioiig;
functions. Open triangles: no heavy target corrections; open circleshresholds, particularly charm quark threshold effddés.
atic errors are shown. (v) the neutrino and muon cross sections must be properly
combination of neutrino and antineutrino structure functions 5|4 effects by the CCFR Collaboration in their analyEEs.

For example, we can derive There is a thorough discussion of these points in the thesis by

F4No 2 Seligman[15]. Here we will review how the nuclear struc-
Re(x,Q2)= 2 (%Q% ture functions are extracted from the cross sections, the
o S N ) — heavy target corrections for neutrino reactions, and the role
18 2 (%Q%) = X(s(x)+5(x))/6 of both strange quarks and CSV effects in neutrino structure

functions.

3(8u(X) + du(x) — 8d(x) — 8d(x)) The cross sections for neutrino and antineutrino scattering

+ - 4 on a nuclear target containidgnucleons can be written as

10Q(x) i
do"*A GE[1 _ - -
. 15 (R, Q) = XFEA(x,Q2)

In Eq. (4) F2°(x,Q%) = (F"°(x,Q?) + FENO(X,QZ))/Z is the

. " 2mx
average of the structure functions from neutrino and an- dxdQ 2™
tineutrino reactions; deviations from one in the raRQ(x) &2 - _
depend only on parton CSV contributions, and have no con- + E(F;’VA(X,QZ)IXFE’VA(X,QZ)) . (5

tribution from strange or antistrange quark distributions.

The recent measurement of the structure funcignby | gq. (5) the upper(lowen sign is associated with the neu-
the CCFR CollaboratiofiL3] makes it possible to carry out a tring (antineutring cross section. We have assumed the va-
precise comparison betwe&r(x,Q?) andF5(x,Q?) forthe |idity of the Callan-Gross relation and neglected terms of
first time. The CCFR Collaboration compared the neutrindgrderMxy/2E, and we introduced the variabfe= (1—vy). It
structure functior}(x,Q?) extracted from their data on an would be straightforward to remove these assumptions. With
iron target 13] with F4(x,Q?) measured for the deuteron by a large enough count rate, tieand y dependence of the
the NMC Collaboratio{12]. In the region of intermediate cross sections could be separately measured. By plotting the
values of Bjorkenx (0.1=x<0.4), they found very good measured differential cross sections for fixednd Q? as a
agreement between the two structure functions. Inthis-  function of £, the structure function§, and F3 can be
gion, this allows us to set upper limits of a few percent ondetermined from the slopes and intercepts of the resulting
parton CSV contributions. On the other hand, in the smalktraight lines. The crucial question is, of course, whether the
x-region (x<<0.1), the CCFR group found that the two struc- statistics of the experiment are sufficient for the structure
ture functions differ by as much as 10—-15%. This can bedunctions to be extracted in this way.
seen in Fig. 1 where the “charge ratio” has been obtained by To illustrate this problem we calculated the statistical er-
integrating over the region of overlap @2 of the two ex-  rors in each energy bin. For this calculation, we used the
periments. The open and solid circles in Fig. 1 represent twexperimental determined fluxes, the total and differential
different ways of calculating nuclear shadowing correctionsneutrino and antineutrino cross sections to obtain the ex-
as we will discuss later. pected number of events in a giverQ? and energy bin. We

074021-3



C. BOROS, J. T. LONDERGAN, AND A. W. THOMAS PHYSICAL REVIEW (B9 074021

g 25— ————— Ainf dE A(y)P”(E)

& 2 | :

O il . v

X 45 A =f dE A(Y)P"(E). )

NJ*L‘

S a— Here, the A’s are given by A,(y)=G2/(2mx)(1-y

X [ +y2/2) andAz(y) =G2/(2mx)(y—Yy?/2).

© 050 The individual structure functions for neutrino and an-
) tineutrino reactions are extracted by taking linear combina-
0 | | | 1 tions of the relations in Eq6) and making corrections using

06 02 04 06 08 phenomenological parton distribution functions. For ex-
EZ ample, from Eq.(2) we see that for an isoscalar target,

F;NO(X,Q2)=F;N°(X,Q2) if charge symmetry is valid and
FIG. 2. The differential cross sections for neutriisolid circleg s(x) :E(X)_ Thus we can form linear combinations of the

and antineutrinqopen circlep deep inelastic scattering as a func- terms in Eq.(6) such that these terms cancel and we are left

H H 2__ 2 _ 2__ . . .. .
tion of the variables?=(1-y)? for x=0.03 andQ®=4 Ge\®. |y with the F, structure functions. Similarly, assuming
The solid and dotted lines are the results with and without thecharge symmetry we have

Callan-Gross relation, respectively. The statistical errors are esti-
mated using the experimental fluxes of neutrinos and antineutrinos.

F3 °(x,Q%) — F4(x,Q%) = 2[s(X) ~s(X)].
estimated the statistical errors usidgr=o¢/+/N. In Fig. 2
- Ag=o N J We can then take a linear combination of the terms in(Bx.

v,V 2 g2 2 H H 2
o""(x,Q%,%)/(Gp/2mx) is plotted as a function of*. The  \nich gives this function. If the strange quark distribution is

solid lines are the results using the CTEQ parton distribution,an from a phenomenological model, we can extract a lin-
functions and assuming the validity of the Callan-Gross re-,

. . . . .~ ear combination of th&, structure functions for neutrinos
lation. The dotted lines are the results obtained without using ng antineutrinos on a nuclear target

the qulan-Gross relation. .Here, we “Sed thg parametrization We will discuss how the structure functions are extracted,
of Whitlow [16] for t_he ratio of the_ longitudinal and tran_s- .and particularly the role of CSV and strange quark distribu-
verse photo-absorption cross sections. The current statisti¢s s in this process. However, at this stage we review how
do not allow one to extract the individual structure f“”Ct'OnS'heavy target corrections are calculated, in order to extract the

The error bars represent the expected statistical errors. Ayt re functions for free nucleons from those measured on
order of magnitude more events would be necessary to d%{ heavy nuclear target

crease the statistical errors sufficiently that one could con-
sider extracting the structure functions directly, and system- o _ _
atic errors would further complicate this analysis. C. Heavy target corrections in neutrino reactions

Since the number of events is so small that individual As is well known, the structure functions measured on
structure functions cannot be extracted from the data, thReavy targets are not equal to those observed for light targets
cross sections in a givenandQ* bin are integrated over all sych as the deuteron. At smalivalues, nuclear shadowing
energies. After this integration is performed, E8) can be  effects play a major role; at large nuclear Fermi motion
written as two linear equations, one for neutrino and thesffects dominate, and at intermediatéEMC” effects play
other for antineutrino events: a significant rolg17]. Such effects have been systematically

measured in charged lepton reactions.
. . In analyzing neutrino scattering data, it is generally as-
N"(x,Q%) =A5F5"%(x,Q%) +A5xF5 %(x,Q%) sumed that heavy target corrections will be the same as those
observed in charged lepton reactiors priori, there is no
reason to assume that neutrino and charged lepton heavy
N”(x,0Q2) = A’ELFe(x,Q2) — A’XF2Fe(x. Q2). target corrections should be |dent|call. Heavy target correc-
(X QY =AzF2 (%, Q%) ~ AxF3 (%, Q%) () tions for neutrinos are generally applied by multiplying the
experimental structure functions at a givervalue by the
quantityR=F'(x,Q?)/F P (x,Q?), the ratio between the,
b N . . . structure function measured on heavy targets and that of the
In Eq. (Q N .(N ) is theznu.mt_)er of neutnn(ﬂntlneytrl.nc) deuteron for charged lepton deep inelastic scattering, at the
events in a giverx and Q™-bin integrated over the incident samex value. However, as is well known, shadowing correc-
neutrino and antineutrino energiés. andA;" (i=2,3) rep-  tions are very muctQ? dependent for smalle@? values
resent the coefficients;(y), of the structure functions mul- (where a considerable part of the available data was jaken
tiplied by the neutrino and antineutrino fluxed,(E) and  and theQ? andx-dependence of the data are strongly corre-
®7(E), respectively, and integrated over all energies lated because of the fixed target nature of these experiments.
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We re-examined heavy target corrections to deep-inelastiratio R, of Eq. (3) between CCFR and NMC data. The result
neutrino scattering, focusing on the differences between neus shown in Fig. 1. The open triangles show the charge ratio
trino and charged lepton scattering and on effects due to thehen no shadowing corrections are used. The open circles
Q2?-dependence of shadowing for moderately la@fe This  show the charge ratio when heavy target shadowing correc-
work will be published elsewhergl8]; here we briefly re- tions from charged lepton reactions are applied to the neu-
view the results of that work. We used a two phase modelrino data, and the solid circles show the result when the
which has been successfully applied to the description ofeutrino shadowing corrections from our two-phase model
shadowing in charged lepton D[39,20. In this approach, are applied. At smalk, using the “correct” neutrino shad-
vector meson dominance is used to describe theQdwir- ~ Owing corrections reduces the deviation of the charge ratio
tual photon oMW interactions, and Pomeron exchange is used’om unity. Nevertheless, the charge ratio is still not compat-
for the approximate scaling region. In generalizing this ap_lble with one at smallk. The uncertainty in the calculated

proach to weak currents, the essential differences in shadowhadowing corrections can be estimated. The model de-

ing between neutrino and charged lepton deep inelastic sca?pribes shadowing in charged lepton DIS for a wide range of

5 ) : 2
tering are: (i) the axial-vector current is only partially x andQ“ values and for different nuclei very well. Changing

conserved, in contrast to the vector current; @ndhe weak pgrameters of the madel, L.e. the vecto_r meson-photop cou-
current couples not only to vector but also to axial vectorpllng constants, by 10% over/underestimates shadowing by

0, i 1 1 0,
mesong21-24, about 10%. Since shadowing corrections are at most 15% of

; . . the structure function the uncertainty in the corrected charge
Partial conservation of the axial vector curréCAC) ratio is about 1.5 percent y 9

requires that the divergence of the axial current does not™ summary, properly accounting for shadowing correc-
vanish but is proportional to the pion field fQ®=0. Thisis ,1¢ i the neutrino structure function decreases, but does

Adlers theo_rem[25], Whlch relates the neutrino cross sec- not resolve, the lowk discrepancy between the CCFR and
tion to the pion cross section on the same targetJ6«0. the NMC data

Thus, for Iosz(wmf,) shadowing in neutrino scattering is
determined by the absorption of pions on the target. For
larger Q%-values the contributions of vector and axial vector
mesons become important. The coupling of the weak current
to the vector and axial vector mesons and that of the electro- In Eq. (6) we showed that, after integrating neutrino
magnetic current to vector mesons are related to each otheharged-current cross sections over all energies, we obtain
by the “Weinberg sum ru|e’f§+:f§l:2f20_ Since the cou- two equations in four unknowns, the structure functiéis

pling of the vector(axial vectoy mesons to the weak current and Fs for neu_trino gnd antineutrino rea_ctions. If the neu-
is twice as large as the coupling to the electro-magnetic c:urt—”nFO and antlgeutrlno str.ucture functions wer(?. equal,
rent, but the structure function is larger by a factorof8/5  F2 -(x,Q%)=F; %(x,Q%), with an analogous relation for
in the neutrino case, we expect that shadowing due to vectofF3 °(x,Q?), then Eq.(6) would provide two linear equa-
meson dominancéVMD) in neutrino reactions is roughly tions in two unknowns. As we discussed previously, several
half of that in charged lepton scattering. corrections need to be applied before we can extract the
For larger Q2 values, shadowing due to Pomeron ex-structure functions on a “free” isoscalar targdly, and
change between the projectile and two or more constituertompare the structure functions to the parton distributions
nucleons dominates. Since the Pomeron-exchange modedéven in Eq.(2). First, since iron is not an isoscalar target we
the interaction between partons in different nucleons and theeed to make corrections for the excess neutrons. Next, we
scattering of thaV takes place on only one parton, this pro- need to estimate the contributions from strange quark distri-
cess is of leading twist order in contrast to the VMD andbutions and charge symmetry violating parton distributions.
pion contributions. The coupling is given by the coupling of Finally, we need to make heavy target corrections as re-
the photon oW to the quarks in the exchanged Pomeron. Itviewed in the preceding section.
changes in the same way as the structure function does in We begin by splitting the neutrino and antineutrino struc-
switching from neutrino to charged lepton scattering. Thusfure functions on iron into isoscalar and non-isoscalar parts.
for large Q? values (=10 Ge\?), shadowing in both cases For a target withZ protons andN=A—Z neutrons we define
should have approximately the same magnitude. In the intethe quantity3=(N—Z)/A:
mediate Q?-region (1<Q?<10 GeV?), where VMD is
relatively important, we expect to see differences between provFe_ 1 [Fy,?p +Fy,7n]_ B [Fy,?p_Fp,in] ®
shadowing in neutrino and charged lepton scattering. We re- : 2-! : 24! : '
call that this is precisely the region where the discrepancy
between CCFR and NMC is significant. There are also
nuclear effects in the deuteron. However, because of the loWhe first term on the right of Eq(8) corresponds to the
density of the deuteron, these drelatively speakingvery  neutrino and antineutrino structure functions on an isoscalar
small and have a negligible effect on the charge ratio. target, Ng. The second terms include corrections arising
We calculated the shadowing corrections to the CCFRrom the non-isoscalarity of the target. In the absence of
neutrino data using the two-phase model of R¢19,20.  CSV, these corrections are basically given by the difference
With this corrected CCFR data, we calculated the chargdetween up and down valence quark distributions and have

D. Strange quark and CSV contributions
to structure functions
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been taken into account in the extraction of the structure 3

functions. However, the non-isoscalarity of the target leads E V(OF ) s=AsF 5 CFRAL Alx FGCFRA

also to CSV corrections. =
We define the sum and difference of the neutrino and

antineutrino structure functions on a tardeas 2 (—1)! AV( 5}_V) —AE]—‘%CFRA AL X]__CCFRA
n,s

E [FVA+ FVA] (12)
These equations provide a system of two linear equations for
the two nuclear structure functionss“FR** and F$CFRA,

A]_-A_ 1 VA_ VA From these structure functions we can calculate the structure

SFT—F"T €) - PP ,
functions for a “free” nucleon target using the heavy target
correction factors described in the previous section. The re-
sulting structure functions¥““FR still contain charge sym-
metry violating contributions and terms proportional to

B s(x) —s(x), as can be seen from E). To relate the mea-

FroFe— FNos p Flo_ E{[j_-ip_]:in]im]:ip_A]:in]}_ sured structure function&;"“ " to the various parton distri-
2 butions, we take the sum and difference of the measured

(10) number densities in Eq$11) and(12) and compare the co-

efficients ofA;(y) (powers ofy). In this way, we see that the

Here, “+” and “ —" refer to the neutrino and antineutrino measured structure functi0n§CCFR, can effectively be

structure functions, respectively. The last three terms of thejentified with a flux weighted average of the neutrino and
right hand side of Eq(10) contain corrections comlng from vNg
antineutrino structure functions, ° andF;

excess heutrons, strange quarks, CSV s # s(x). Cor- on terms arising from CSV effects
recting the data for excess neutrons and for strange quartk

contributions corresponds to subtracting the number of B
events due to the corresponding corrections from the left ~ FCCFR= 7ot (20— 1)AF O~ Z[FP— FMcgy
hand side of Eqs(6): 2

the structure functions!"""® can then be written as

N
YN0 and correc-

2a—1
3 _M[A}—P_A}—in]csv- (13

2 A (8F ), s—Az[}—No“‘(&}_z)csv ?
_ Here, we defined the relative neutrino fluxy, as «
+A3x[]—“N°+ S(FYEsv =P¢¥/(P"+P"). The experimental value at depends on
the incident neutrino and antineutrino energies and is also
3 different for the E744 and E770 experiments. Because of the
_ No N SS kinematical constrainty<1, relative fluxes at energies
-2‘ -1 A 5]: In,s= AZ[]: (9F3)Csu =150 GeV are releva)rqt for smatl Here,a~0.83[13] sgo
N that F5°FR(x,Q?) can be approximately regarded as a neu-
—Agx[f O+ (SF 5Tl trino structure function.
(11) The different contributions t&5“ R can be expressed in
terms of the quark distribution functions:

In Eq. (11), we have calculated corrections to the structure
functions from excess neutrons and strange quarks, and have -[ F5— F]csy
used these to produce the effective number of events on the

left hand side of Eq(11). (6F),s and (6F;)csy refer to x

corrections arising from excess neutrons, strange quark dis- = —[f2'°]csr——[6u(x)+ 5U(x)+ Sd(x)+ 6E(x)]
tributions, because of charge symmetry violation &) 2

#5(x), respectively. The CCFR Collaboration assumed the

validity of charge symmetry, and they also tosk) = s(x) S[AFS—AF ]csy

based on the results of a next to leading ofdérO] analy- 2
sis of dimuon production in neutrino-induced reacti¢2§].

We have left the correction terms coming from CSV and
s(x) #s(x) on the right hand side of Eq6) as these have

been absorbed into the extracted structure functions. Under

the assumption of charge symmetry as(k) =§(x), Eq.
(12) simplifies to

__ ;[5d(x) — 8d(x) = 8u(x) + du(x)]

1 J—
A]—"’Z\‘O= - E[Afg—Afg]cstr X[s(X) —s(x)]. (14
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The second expression in Ed4) is obtained by subtracting strange quark distributions. Their result differs substantially
the F, structure function for neutrinos on protons from thatfrom the strange quark distribution extracted from ELp),
for antineutrinos on protons; from this is subtracted the coras mentioned above.
responding term for neutrons. It depends only on charge In the dimuon data one extracts the strange and anti-
symmetry violation in thevalencequark distributions. The strange quark distributions from the neutrino and an-
last expression in Eq14) is obtained by taking the differ- tineutrino data separately. The analysis performed by the
ence between neutrino and antineutriRg structure func- CCFR Collaboration suggests that, while there is a difference
tions on an isoscalar system. It also depends on valendgetween the strange and antistrange distributions in LO
guark CSV, and has an additional contribution from the dif-analysis[31] they are equal within experimental errors in
ference between strange and antistrange parton distributiondLO [26]. However, since the number of antineutrino events
The first term in Eq.(14) is obtained by averaging thé,  is much smaller than that of the neutrino events, the errors of
structure functions over neutrino and antineutrino reactionsthis analysis are inevitably large.
and taking the difference of the, structure functions mea- Since the dimuon experiments are carried out on an iron
sured on proton and neutron targets. This quantity is fre¢arget, shadowing corrections could modify the extracted
from strange quark effects, and is also sensitive to CSV irstrange quark distribution, and might account for some of the
the sea-quark distributions. discrepancies between the two different determinations of
the strange quark distributions. The CCFR Collaboration
normalized the dimuon cross section to the “single muon”
Il EVIDENCE FOR LARGE CHARGE SYMMETRY cross section and argued that the heavy target correction
VIOLATION IN PARTON SEA QUARK DISTRIBUTIONS should cancel in the ratio. However, the charm producing

The most likely explanation for the discrepancy in the Part of the structure functioR(x,Q?) could be shadowed
smallx region of the charge ratio involves either differencesdifferently from the non-charm producing p‘ﬁng(X’Q_z)’ _
between the strange and antistrange quark distribuf@ns unl_ess charm threshold effects cancel in the shadovymg ratio.
30], or charge symmetry violation. First, we will examine the This could be the case, because vector mesons with higher
role played by the strange and antistrange quark distribuh@sses are involved in the charm producing part, and be-
and antistrange quark distributions are given by a linear cominto account in the Pomeron component as well.
bination of the structure functions measured in neutrino and We  calculated ~ the  shadowing  ratio, R
in muon DIS, as can be seen from E®), (13) and (14): =F3A(x,Q)/F3°(x,Q?), between the structure functions

on a heavy target and on a deuteron target for both the charm
and non-charm producing part of the structure function. We
EFCCFR(X QZ)_3FNMC(X Q?) took charm production threshold effects into account in t_he
6 2 ' 2 ' Pomeron component through the slow rescaling mechanism
1 - 5 B by 2repzlacing Xp by thg rescaled_ variableép=xp(1
= Zx[s(X)+S(X) ]+ =(2a—1)x[s(X)—s(x)]. (15  TM/Q%). Here,x,=x/y; is the fraction of the Pomeron’s
2 6 momentum carried by the struck quak, is the fraction of
the momentum of the nucleon carried by Pomeron rapds

Here, it understood that the neutrino structure functionth® mass of the charm quark. In the VMD component

. cp 2 H
FSCFR is already corrected for heavy target effects. Unde®f F2'(x,.Q) ~we included —the vector ~mesons

— *+ *+ ;
the assumption that(x) =s(x), this relation could be used DH(ggég)’ ?5*913120) ﬁn(:] dthe %malh vlt_acrt]or parrt]ner
to extract the strange quark distribution. However, as is welPAs ( ) 0 S_[ . which describe the lightest coher-

known, the strange quark distribution obtained in this way isent states of thed and cs fluctuations of thew* boson.
inconsistent with the distribution extracted from independenthey have the same coupling " asp™ anda; but have

experiments. much heavier masse@ hecd fluctuations are suppressed by
sir ®..) The total shadowing in the two phase model is the
sum of the contributions from the Pomeron and vector meson
components. While the vector meson component is of higher
The strange quark distribution can be determined directlywist and decreases with increasi@g the Pomeron compo-
from opposite sign dimuon production in deep inelastic neunent dominates at higf?. In the transition region, adding
trino and antineutrino scattering. To leading order in athe two components can lead to double counting. This prob-
charge-changing reaction, the incoming neutritan- lem could in principle be avoided by keeping only the lead-
tineutring emits a muon and a virtu&V boson, which scat- ing twist piece of the Pomeron structure function. Here, we
ters on ans or d (Eora) quark, producing a charrtanti-  adapt the alternative solution of Kwiecinski and Badelek
charm quark which fragments into a charmed hadron. Thel19] and exclude from the Pomeron exchange component
semi-leptonic decay of the charmed hadron produces an ophose final stateX which have masses comparable to the
posite sign muon. The CCFR Collaboration performed a LOelevant vector meson masses. Since the mass of the charmed
[31] and NLO analysig§26] of their dimuon data using the vector mesons 2.5 GeV), we applied a cut aM)Z(
neutrino (antineutring events to extract the strandanti- =6.3 Ge\? in the diffractively produced invariant mass of

A. Direct measurement of sea quark distributions
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E_N test the effects o6(x)#s(x) in addition to shadowing. In
¥ 1 combining the neutrino and antineutrino events, one mea-
1 0.975 sures a flux-weighted average of the strange and antistrange
r quark distributions. If we define’=N,/(N,+N;), where
0.95 N,=5030N;=1060 («’'~0.83) are the number of neutrino
and antineutrino events of the dimuon production experiment
0.925¢ 1 [26], we have for the measured distributigs(x)*“*
0.91 F 1 _ 1 _
XS*H(X)= Ex[s(x) +s(X)]+ E(Za’ —1)X[s(X)—s(x)].
0.975 (16
0.95 Now, this equation together with E41l5) forms a pair of
0.925 linear equations which can be solved fof s(x) +s(x)] and
0.9 $x[s(x) —s(x)]. In this way we can also test the compatibil-
1072 10" ity of the two experiments. In addition we have the sum rule

X that the nucleon contains no net strangeness,

FIG. 3. Shadowing corrections in th@ charm and(b) non- 1 .
charm producing parts of the neutrino structure function, as a func- J [s(x)—s(x)]dx=0. a7
tion of x, for a fixedQ?=5 Ge\2. The dasheddash-dotteyllines 0

stand for VMD (Pomeron contributions. The solid lines represent ) )
the total shadowing. In the following expressions, we have not enforced the sum

rule requirement on the antistrange quark distributions.
Compatibility of the two experiments requires that physi-

the Pomeron component. Because of lthbt quark compo- . —
nent of the D-mesF:)ns we expect that ttJhe %—meson—r?ucleo%eﬂy acceptable solutions forx[s(x) +5(x)] and 3x[s(x)

total cross sections are comparable to the correspondinlgsf(x)]’ satisfying both Eq(15) and Eq.(,16), can be found.
cross sections of lighter mesons with the same light quark’Sing the experimental valuesr=a ~0'835’ e can
content. We us@rpxn~0,n and opxn~0oyy. The calcu- WflteNﬁ[CS(X)—S(X)]=A(X)/5' where A(x)=gFz~""(x)

lated ratios,R=FA(x,Q?)/F2(x,Q?), are shown in Fig. 3 o2 (X)=s"(x), and 6=(22—1)/[3~0.22. Conse-
for Q2=5 Ge\2 Here FZA: F2D+ 5F\2/Jr 5F£ and 6F\2’ and quently even rather small values fa(x) can lead to large

SF}, the shadowing corrections to the structure functiondifferences betweesands. Note that the value of the rela-

due to vector mesons and Pomeron exchange, respective i'e neutrino flux,«, depends on the incident neutrino en-

are calculated in the two phase model. Since the pion conf'dY- While@~0.83 for smallx, a is somewhat smaller for
ponent is negligible fo?=5 Ge\2, we did not include it. higherx-values. However, smallex would lead to an even

There is no substantial difference in shadowing betweesMallers and would require even larger differences between
the charm producingdp) and non-charm producingh€p) sands.
parts. (The difference is about 2% in the smallregion) In Fig. 4 we show the results obtained fios(x) (open
Note that the shadowing correction itP(x,Q?) decreases circles and xs(x) (solid circleg by solving the resulting
faster with increasing, because the larger masses of thelinear equations, Eq$15) and(16) using the valuest= a’
charmed vector mesons),,, enter in the coherence condi- =0.83. The results are completely unphysical, since the an-
tion 7=(1/M x)(lJr(m\z,/Qz))*l (7 is the lifetime of the tistrange quark distribution is negative, which is not possible
quark antiquark fluctuation, anM is the nucleon mags since the distribution is related to a probability. In Fig. 5 we
compared with the smaller masses of theand a,;. Our  show the corresponding results for the linear combinations
results justify the assumption that shadowing corrections apix[s(x) +s(x)] (solid circle3 and 3x[s(x)—s(x)] (open
proximately cancel in the ratio of dimuon and single muoncircles. The unphysical nature of the solution is demon-
cross sections. strated by the fact thagx[s(x)—s(x)] is larger than

2x[s(x) +s(x)]. We also solved the equations using the val-
uesa=0.83 anda’=1 which corresponds to using a sub-
It would appear that a likely explanation for the deviation sample of the di-muon data containing only neutrino events.
of the charge ratio of Eq.3) from one is due to differences In this case, even theum of the strange and antistrange
between the strange and antistrange quark densities. To tedistributions is negative. This is shown in Fig. 6.
this hypothesis, we combined the data in dimuon production, Thus, our analysis strongly suggests that the remaining
averaged over both neutrino and antineutrino events, with thdiscrepancy betweeRs “"R(x,Q?) andFy™¢(x,Q?) cannot
difference between the structure functions in neutrino ande completely attributed to differences between the strange
charged lepton scatterinideq. (15)]. Note, that in Eq(15  and antistrange quark distributions. In other words, assuming
F%CFRis already corrected for heavy target effects. Thus, weparton charge symmetry the two experiments are incompat-

B. Estimate of parton CSV contribution
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FIG. 4. The strange quark distributiors(x) (open circley and FIG. 6. ix[s(x)+s(x)] (solid circles and ix[s(x)—s(x)]

antistrange distributiorxs(x) (solid circles extracted from the (open circlegas extracted from the CCFR and NMC structure func-
CCFR and NMC structure functions. The difference between thdions and from the dimuon production data usiag= 1.

CCFR neutrino and NMC muon structure functio$5CFR
—3FYMC [see Eq.(15)] is shown as solid triangles. The strange

quark distribution extracted by CCFR in a LO analy&i] is . . o .
shown as solid stars, while that from a NLO analyi&6] is repre- At this point there are two possibilities to explain the low-

sented by the solid line, with a band indicatinglo- uncertainty in X discrepancy observed between the CCFR neutrino and the
the distribution (Inner error band: statistical. Outer error band: sta-NMC muon structure functions. Either one of the experimen-
tistical and systematic added in quadrature. tal structure functiongor the strange quark distributionis
incorrect at lowx, or parton charge symmetry is violated in
ible with each other, even if the antistrange quark distribu-+this region, since we have shown that neither neutrino shad-
tion is allowed to be different from the strange distribution. owing corrections nor an inequality between strange and an-
(Note, that absolutelyo restrictions were placed on the an- tistrange quark distributions can explain this experimental
tistrange quark distribution, aside from the condition thatanomaly. If we include the possibility of parton CSV, then
since it represents a probability density, it must be nonwe can combine the dimuon data for the strange quark dis-
negative) We stress that our conclusion is quite differenttribution, Eqg.(16), with the relation between neutrino and
from that of Brodsky and M433], who suggested that al- muon structure functions, E@15), to obtain the relation
lowing s(x) # s(x) could account for the difference between
the two determinations of the strange quark distribution.
However, they treated the CCFR structure functions as arb
average between the neutrino and the antineutrino structurg

function which corresponds to setting=0.5.

F5 FR(x,Q%) —3F)MC(x,Q%) —xs*#(x)

—~ 0.6+ — : (Za—> (—ﬁ>
) 51 F,com . 3 Fye 5[0 —S(0)]+ ——5—[8d(x) + 5d(x)]
X 04l o} 1/2x(s(x)-§_(x)) (3+58)x
) ® 1/2x(s(x) + $(x)) —[5u(x) +8u(x)]
5(1+ 2a—1)x
02 XA S 0-sd, 0] (8
, 12
1
0 i
IR A . ,
In Eq. (18) we have used the experimental valve ', and
.0.2) * ] we have defined the valence quark CSV terdts,(x)
) : = = 5q(x) — 8q(x). We have neglected the effects of possible
10 10 x  CSV on the extraction o§(x) from the dimuon data, or on
the identification of the structure functions from the neutrino
FIG. 5. x[s(x)+s(x)] (solid circles and 3x[s(x)—s(x)] data. This will be discussed below. Since the discrepancy

(open circleas extracted from the CCFR and NMC structure func-Petween CCFR and NMC data lies primarily in the very
tions and from the dimuon production data. See Fig. 4 for the defiSmallx-region, where the valence quark distribution is much
nition of the other quantities. The strange quark distribution ex-smaller than the sea quark, the charge symmetry violation
tracted by the CCFR Collaboration is shown as a solid line with ashould be predominantly in the sea quark distributions. If we
band indicating= 1o uncertainty. set 5q,(x)=~0 in this region, Eq(18) can be written as
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FIG. 7. Charge symmetry violating distributions(sd(x) FIG. 8. Uncertainty in the extracted parton CSV tex(@d(x)

—du(x))/2 extracted from the CCFR and NMC structure function — Su(x))/2 due to the parametrization used for the dimuon data on
data and the CCFR dimuon production data under the assumptiozharge symmetry violation. Open circles: LO CCFR distribution;
that S(X)zg(x) (solid circles andg(x)go (open circles for o’ solid circles: CTEQ4L parton distributiof85]; solid rectangles:
=0.83, ands(x) =§(x) (solid circles andg(x)avo (open triangles C_:TEQ4D parton distribution; solid tri_a_ngles: NLO CCFR di_str_ibu-
for ' = 1. (For the latter only statistical errors are shoys(x) at tion. Here, except for the most “critical” point, only statistical
Q2=4 Ge\? obtained by the CCFR Collaboration in a NLO analy- €'TOrs are shown.

sis[26] is shown for comparisofsolid curve, with I error bang. . . .
[26] P ® g already include the uncertainty of the dimuon measurement

and most of the parametrizations lie within the experimental
errors of the dimuon datgexcept for LO-CCFRs(x)]. We
note that the magnitude of the observed charge symmetry
violation in the sea quark distributions is independent of
whether we use a pure neutrino or antineutrino structure
~ —(Za; 1)X[S(X) _E(X)]_,_ ;[aa(x)— 5U(x)] function or a Iinear combipatiop of neutrino and antineutrino
structure functions. This is quite different from strange and
antistrange quark effects which are sensitive to the relative
5,8x _ _ X i X . . .
— 2221 8d(x)+ Su(x)]. (190  Weighting of neutrino and antineutrino events in the data
6 sample. Thus, effects due to CSV are independent of the
precise value of the relative neutrino flux,
Since 8~0.06 is quite small, CSV arising from the non-  The CSV effect required to account for the NMC-CCFR
isoscalar nature of the iron target can be neglected, so in tHéiscrepancy is extraordinarily large. It is roughly the same
following we neglect the last term of E(L9). size as the strange quark distribution at smdtompare the
Using the experimental data we find that the left hand sidépen circles in Fig. 7 with the solid line in Fig.).7The
of Eq. (19 is positive. Consequently, the smallest value forcharge symmetry violation necessary to provide agreement

charge svmmetry violation will be obtained if we sgix with the experimental data is about 25% of the light sea
-0 [g34] %n Fig >; we show the magnitude of char?; ;ym_quark distributions fox<<0.1. The level of CSV required is

metry violation needed to satisfy the experimental values iﬁwo. to three orders of magnitudg Iarger than the theoretical
. . ) — estimates of charge symmetry violatif6—39. Note that,
Eq. (19). The open circles are obtained if we &k)=0, . — . ) . .
dith lid circl itf — it if s(x)<s(x) in this region, as suggested in RE83], we
anl t ﬁsm circles raesutdr((j)m settisgx) = (). If we us’e would need an even larger CSV to account for the CCFR-
only the neutrino induced di-muon ever(ise. we seta NMC discrepancy.

=1), the coefficient ok[S(x) ~s(x)], (Sa—3a’—1)/3, is Theoretical calculations suggest thatl(x)~ — du(x)
still positive but smaller in Lnagmtude. Consequently, the[36,3ﬂ. Since those calculations predict a much smaller
influence of the uncertainty is(x) on the extracted CSV is CSV this conclusion is not very compelling. However, since
smaller. This is shown as open triangles in Fig. 7. charge symmetry violation seems to be surprisingly large, it
In obtaining these results, both the structure functions ang reasonable to assume that these distributions have opposite
the strange quark distribution have been integrated over thgigns and reinforce each other. We note that with this sign
overlapping kinematic regionE5 “™" has been corrected for CSV effects also require large flavor symmetry violation.
shadowing effects using the two phase model and we useOne might ask whether such large CSV effects would be
the CTEQAL parametrization faf*# [35]. In Fig. 8 we show  seen in other experiments. For example, CSV in the nucleon
the sensitivity of extracted CSV to the parametrization usegea could contribute to the observed violation of the Gott-
for s##. The uncertainty due to different parametrizationsfried sum rule[8,37,34 and could explain the Fermilab
has been partly taken into account since the calculated erroBrell-Yan experimen{8]. This will be discussed in Sec. IV.

gF%CFR<x,Q2>—3F§MC<X,Q2)—sz<x)
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Clearly, CSV effects of this magnitude need further ex- <) ' ' '
perimental verification. The NuTeV-experiment at Fermilab IE’
[40] is able to operate either with pure neutrino or pure an- = ol 1 ]
tineutrino beams. The extracted structure functions can be.
used to build different linear combinations, proportional to X A i
various combinations of théq's ands-s. This will be useful I-51 5t % g T A
to separate CSV frors-s effects. T
At small x, our results can be summarized by 3 4
— T+ s
8d(x) — su(x) 1(( )+s(X)) l(u(x)+d(x))  E866 o E866
X)—SU(X)=~ =(s(X) +s(X))~ 5| ———— .
2 2 2 no CSV 4 NMC with CSV A NMC
o B 0.5 | L . ]
8d(x) + du(x)~0. (20) 10-2 107

X
From Eg.(2) we note that such a CSV effect would have
little or no effect on theF, structure functions of isoscalar
targets, for either neutrinos or antineutrinos. The major effe
for isoscalar targets would be a significant positive contribu
tion to FSNO(X,QZ) at smallx, and an equally large negative

FIG. 9. Solid circles: the ratial(x)/u(x) vs x, extracted from

C%he Drell-Yan data of FNAL experiment E86F] assuming the

validity of charge symmetry. If CS is violated this ratio corresponds

to (d(x) — 8d(x))/u(x). The result obtained by correcting for CSV

is shown as open circles. The ra%x)/i(x) extracted from the

contribution toF;NO(X,QZ). difference of proton and deuteron structure functions measured by
However, if CSV effects of this magnitude are really the NMC group[4] is shown as solid and open triangles, without

present at smal, then we should include charge symmetry and with CSV, respectively.

violating amplitudes in parton phenomenology from the out-

set, and re-analyze the extraction of all parton distributionsYan cross sections which come from the annihilation of

Given the experimental values=2S/(U+D)~0.5, where duarks of the projectile and antiquarks of the targt]. In

S U andD are the probabilities for strange, up and downthis approximation, the rati&=o?°/(20"") is given by

quarks averaged ovet, and the size of CSV effects sug-

gested by the preceding analysis, we would predict that at dp 4d; n Ry 1 dz U,
smallx, d"(x)~1.251P(x) andu"(x)~0.75dP(x). oPP N U, U, 4 u, U )
20'pp Rl d2
IV. EFFECTS OF PARTON CSV 2| 1+ il
ON OTHER OBSERVABLES u;

If there is substantial CSV, it should also effect otherHere, we introduced the notatiay=q(x;) for the quark
observables. In the following we review the effects whichdistributions &; is the projectilex value andx, refers to the
such large CSV terms might have on three quantities; firsttargej, andR;=d; /u, .
the recent search for parton “flavor symmetry violation” For largexg , which corresponds to largg , the quantity
[FSV] by the Fermilab Drell-Yan experiment E866; second,R; is small; if we ignore it, we have the approximate result
the extraction of the strange quark distribution; and third,
experimental determination of the Weinberg angle&(#ig). oPP 1[ (Ez_ 552)]

(22

2qPP 2 U

A. Flavor symmetry violation in the proton sea
The results of the recent Fermilab Drell-Yan experimentif charge symmetry is valid and, = u,, then we would have
[7] and the comparison of the proton and neutron structur®=1. The experimental values gie>1 at smallx,; from

functions measured by the NMC Collaboratiptl indicate Eq. (22), this could be satisfied if eithe_fz>U2 or 532 was
substantial flavor symmetry violation. However, both experi- —

mental observations could be attributed to charge symmetr?lrge and negative. H0\_Never, the value(in‘(x) extracted .
violation, as pointed out by M§8] (see alsd9]). Further- rom thg existing neutrino anq muon experiments, as dis-
more, both CSV and FSV could be present, as suggested ssed in the preceding section, was large anc_i positive at
our analysis of the CCFR-NMC discrepancy. Therefore, it is allx. The enhancement is on the order of 25% in the small
important to examine the effects of CSV on the interpretationx region where CSV could be important. —
of the Fermilab and NMC experiments. In Fig. 9 the solid circles show the rati(x)/u(x) ex-
First, we discuss the Drell-Yan experiment which mea-tracted from the Drell-Yan experiment if we assume the va-
sures the ratio of the dimuon cross sections from protonlidity of charge symmetry. The open circles in Fig. 9 show
deuteron and proton-proton scattering. Since CSV is signifithe result ford(x)/u(x) if we include the CSV term which
cant in the smallx region, it is a reasonable first was extracted from the CCFR-NMC dafthis is shown in
approximation to keep only the contributions to the Drell-Fig. 7). Inclusion of parton charge symmetry violation sug-
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gested by the CCFR-NMC discrepancy plays an importanviolation, as suggested by the CCFR-NMC discrepancy, con-

role in the extraction of the FSV ratid/u, in the regionx  siderably enhances the FSV ratibu in the regionx<<0.1.
<0.1. The flavor symmetry violation in the sea has to be It is_, interesting to investigate the influence of CSV on the
substantially larger to overcome the CSV term which goes irf3ottfried sum rule. If both CSV and FSV are present the

the opposite direction. In particular, the ratipq)/u(x) does ~ Cottiried sum rule can be expressed as

not approach 1 for smal values. 1 2 _ _ 2 (1 _ _
_We can invert the extracted ratio to obtain the differenceSG=§ - §fo dx{d(x)—u(x)]+ 5]0 dx[46d(x)+ ou(x)].
[(d—ad)—u] (26)
_ _ (d=éd)/u—1 Now, if 5d(x)~ — su(x) we have

(E— 5d)—u=m[(a— 5E)+U]. (23 1 201

(4= odi Se=3- 5] a0 - sd001-ut0) (27

As a rough approximation, we could negleﬁin the sum so that. althou ;
. . S ; , gh the CSV suggested by the CCFR experi-

on the right hand side of Eq23) and keep it in the differ- et goes influence the magnitude of the extracted FSV, it

ence between andu on the left hand side. Far+d one  does not change the experimental value of the Gottfried sum

could use a parametrization. This is exactly the way that rule since the extracted quantities appear in exactly the same
fact the extracted quantity corresponds ®—(sd)—u if ~ SXPeriments.
CSV is present. B. Extraction of strange quark distributions

The differenced—u, can also be extracted from the dif-  The differential cross section for the production of

ference between the proton and n_eutron_structure functiongpposite-sign dimuons, for neutrino and antineutrino deep
measured by the NMC Collaboratigdt] using muon deep inelastic scattering from an isoscalar target, are proportional

inelastic scattering. In this case we have to the quark distributions, the CKM-matrix elements, the
1 3 fragmentation functionD(z) of the struck quark and the
= —d —  (EP(x)—E" weighted average of the semi-leptonic branching ratios of the
5 (U, () = dy (X)) = o (F300 ~ F5(x)) chamed hadroos,
— — 2 Y do(vNg—u~ u*X)
=(d(x)—u(x))— = (8d(x) + 8d(x oK £ - 2
(d(x)—u(x))— 5 (8d(x) + 5d(x)) dedy dz {[u(&)+d(&)— 6u(€)]| Ve
1 _ 2 oyt
_ 6(5U(X)+5U(X)) (24) +2$(§)|VCS| }D(Z)BC(C M X)

(28)

We can make the approximationsq(x)~dq(x) and  For antineutrino scattering the quark distributions should be
8d(x)~— su(x) (the latter may not be a good approxima- eplaced by the corresponding antiquark distributions. In this

tion since we have FSVand obtain equation, ¢ is the rescaling variable defined b§=x(1
+m§/Q2), with m; the mass of the produced charm quark.

1 3 b n The CCFR Collaboration used this expression together with
2 (U, (%)= dy (X)) = o (F2() —F2)(X) the parametrization of the quark distributions extracted from
. o o their structure function data to determine the strange quark

~[(d(x)— 6d(x))—u(x)]. (25)  distributions. The strange quark component of the quark sea

was allowed to have a different magnitude and shape from
Comparing this with Eq(23) we see that, in a first approxi- the non-strange component. These two degrees of freedom
mation, the quantities extracted from the two experiments ara/ere parametrized by two free parameterand «, respec-
the same even if both CSV and FSV are present. However, tively. Further, they treate®, and the mass of the charm
CSV is present, the termd has to be subtracted from the quark,m, as free parameters and performegZaminimi-
measured quantity to obtain the differertte u. zation to find the four free parameters by fitting to d_|str|bu-
We inverted Eq.(25) by dividing both sides byd— &d t|on§ of the measured number densities. We note first, that,
+u=u(r,+1), approximatingd— éd+u on the left hand provujedéu- — dd [see Eqs(2) and(ZQ)], charge symmeiry
. > T = . violation does not effect the extraction of the non-strange
side of Eq.(25) by a parametrization af+u and solving for  parton distributions from the structure function data for small
r,=d(x,)/u(x;). The structure functions and the parton dis- x-values. For an isoscalar target, these distributions can be
tribution are integrated for each data point over the s@fe determined quite accurately, even if charge symmetry is bro-
regions as in the analysis of the charge ratio. The result iken in the manner given by E€R0). However, in extracting
shown in Fig. 9 as solid triangles. If we subtract the contri-the strange quark distribution, charge symmetry violation
bution of CSV from the ratia, we obtain the result shown plays an important role. The distribution extracted by the
as open triangles in Fig. 9. We see that charge symmetr@ CFR Collaboration isotthe strange quark distribution, but
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a linear combination of the true strange quark distribution L L

g
and the term in Eq(28) coming from CSV. Hence, the dis- 2 0.1 a+vs=500GeV .
tribution measured in the experimest FR(x), is related to < T

the “true” strange quark distributios(x) by 4's = 1000 GeV

5 0.05 1
CCFR L [Ved® —
s(x)=s (x)+§ 25u(x). (29
|Vcs| 4‘ $
A .
Since [V ?/[Vcd*~0.05, the error one makes is roughly
two percent, iféu is of the same order of magnitude (), T R T
" 0 02 0.4 0.6 0.8

as the experimental data suggeéti(x) is negative and
hence the true strange quark distribution should be smaller
thalnt'.[hat I(\jleiertmhlr][ed bﬁl CCFR Pegt:]lzctllr:gt(r:lharge fytgn?etry FIG. 10. The forward-backward asymmetry féf production,
Vlfogslt\)/n.t '?he 63[ W?, avefneg ectﬁ a ot er(;:.o?.g t" I0NS;s defined in Eq(34). The solid and open triangles are calculated
0 0 the extraclion of any other parton distribu IOnS’for \/§=500 GeV and\/§= 1000 GeV, respectively. Faosd, the

and we neglect higher order corrections, which could be SIZ\'/alues extracted from the comparison of the NMC and CCFR struc-

Xg

able[42,43. ture function are used. The errors are the errorsafand do not
include the errors of thgV experiment.
C. Determination of sir?(6y)
It might appear that the precision measurement of d()';’\(l:o G2
sir’(6y,) from neutrino deep-inelastic scattering, carried out —= Z—{au[u(x)+d(x)— 8d(x)]x
by the CCFR Collaboratiofd4], rules out the possibility of dxd@ 27X
Iargg Ccsv |n.the parton sea distributions. Satf&8] hgs +ag[u(x) +d(x)— su(x)]x
previously pointed out that the measurement of(dip) is
sensitive to possible CSV effects in parton distributions. +by[u(x)+d(x)— 8d(x)]x
If charge symmetry is valid the ratio of the differences of L .
neutrino and antineutrino neutral-current and charged-current +bglu(x)+d(x)— su(x)]x}. (31
cross sections is given by the Paschos-Wolfenstein relation
[45] Here, we defineda;=12+r#(1—y)? and b;=12(1—y)?
W wNg +r? with f=u,d and the couplings of the quarks
R-= Ine " 9Ne }_sz(e | (30) to the neutral-currents are |,=1/2—2/3sirf(6y),
) W ry=—2/3sirf(6y) and  l4=—1/2+1/3sirf(6y),r4

g g
cc rcec =1/3sirf(6y,), respectively. The antineutrino cross section

can be obtained by interchanging quarks with antiquarks in
A ' , Eqg. (31). We immediately see that the difference between
sif(6y) and obtained the value _§(_”9W):0-2255 neutrino and antineutrino neutral-current cross sections is
+0.0018(staty- 0.0010(syst)[44] which is in very good oy sensitive to CSV in valence quark distributions. Thus
agreement with the standard model prediction of 0.223Ghe |arge CSV effects in the nucleon sea quark distributions,
+0.0004 based on measured Z, W and top mai@#8sThe  gyggested by the CCFR-NMC discrepancy, do not influence

precision of this result puts strong constraints on CSV e measurement of &fv,,) based on the Paschos-
parton distributions. However, since the measurement ofygifenstein relation.

sir?(6y,,) based on the Paschos-Wolfenstein relation is only
sensitive to CSV irvalencequark distributions, the substan-
tial charge symmetry violation in sea-quark distributions V- TEST OF PARTON CSV FROM W PRODUCTION
found in this analysis does not contradict the precision mea- AT HADRON COLLIDERS
surement of sif(6y). _ Clearly, it is important that the charge symmetry violating
This can be seen as follows. The difference between thaIb —
0

The CCFR Collaboration used this relation to extract

neutrino and antineutrino charged-current cross sections | stributions,d and §u, enter with different weights in any

) ) S servable. Otherwise effects due to CSV are not measur-
proportional to the difference betweéif andF; and to the  gpje. |n this connection we also note that most of the mea-
sum ofxF3; andxF3;. We see that these linear combinationssured physical observables are proportional tostmarather
of the structure functions are only sensitive #g(x) than thedifferenceof the charge symmetry violating quark

—48q(x), i.e., CSV invalencequark distributiondsee Eq. distributions. Howeversd and Su are weighted with the
2]. charges of the quarks in electromagnetic interactions, such as
The neutral-current neutrino cross sections on an isodeep inelastic scattering with charged leptons and Drell-Yan
scalar target, omitting second generation quark contributiongrocesses. In fact, a comparison between charged lepton and
is given by neutrino induced structure functions was necessary to detect
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CSV as we have shown in this paper. We also discussed ttmould be carried out at RHIC and LHC. Vigdp46] origi-
implications of CSV on the Drell-Yan process. In the follow- nally suggested that asymmetry\MWtboson production could
ing, we show thatW-boson production in proton deuteron be used as a test of parton charge symmetry.

collisions can also be used to test the CSV found in this The cross sections fopD—W*X and pD—W~X are
paper, if we define a suitable observable. Such measuremergiaen by

d _ _ _ _
é(pD*WJFX)”{U(Xl)[U(Xz) +d(Xp) — SU(X2) ]+ d(X1)[U(Xp) +d(X,) — 8d(x,) ]} cos O

+{U(x1)S(X2) + S(x1)[U(Xp) + d(Xp) — 8d(xp) ]}sir? O (32

d — _ _ —
é(pDHW_X%{d(Xl)[U(Xz) +d(xz) — 8d(x2) 1+ U(xp)[U(X) + d(X2) — Su(xz) T} cos O

+{U(x1)S(%z) + S(X1)[U(Xp) + d(Xz) — 8d(x,) 1} sir? O (33)

We note that the Cabibbo favored terms in the sum ofMfeandW ™ cross sections are invariant under the interchange of
X1 and x,, if charge symmetry is valid. However, the Cabibbo suppressed part of the sum contains terms which are not
invariant undewx,; < X,, even if charge symmetry is a good symmetry. Thus, if we define the forward-backward asymmetry as

do \ W' do\W do \ W' do \W

(d_x,:) (Xg)+ d_x,:) (XF)_(d_XF) (_XF)_(d_XF) (—Xp)

Alxe)= do \ W' do\W° do \ W' do\W° , 39
(d_XF) (Xg) + d_XF) (Xg) + d_XF) (=Xg)+ d_XF) (—=Xg)

we see that it will be proportional to charge symmetry violating terms and terms containing strange quarks. Asg&xjming
=s(x) the numerator of Eq34), A(do/dxg)(Xg) is given by

d _ _ _ _
A(d—;) (xp) ={—[u(xy) 8u(Xz) + d(X1) 8d(X5) + U(X1) SU(X5) +d(X;) 5d(X,)] cOF O

+5(x1)[d(X,) + d(x2) — 8d(X) — 6d(x2) ] SIN? O} — (X1 %p). (39)

In the following, we usesu~ —&d, as suggested by our €nce between the up and down valence quark distributions.
analysis, and note that as the charge symmetry violating disTh(? second term is sensitive to CSV in valence quark distri-
tribution is of the same order of magnitude as the strang®utions. However, iféd~— éu for valence quarks, as sug-
quark distribution, terms proportional to €@, can be ne- gested by theoretical consideratidds], the second term of

glected. Further, we make the approximatiodg(x,) Ed-(36) is approximately d(x,) —u(x;)]5d(x;) and is only
~ 8q(x,) for x,=0.1 anddq(x,)~0 for largex,. We then non-zero if we haV(_a FSV. Further, #d(x,) is positive for
obtain largex;, as theoretical calculations sugg€37,3§ then the
second term will contribute positively to the asymmetry,
dor sinced—u>0, so that it would enhance any asymmetry ex-
—)(xF)={[u(x1)+U(x1)—d(x1)—a(x1)]5a(x2) pected on the basis of CSV in the sea quark distributions
dxe suggested by the NMC-CCFR data.
We calculated the expected asymmetkyx;) foL Js
=500 GeV andy/s=1000 GeV using the values d ex-
(36) tracted in Sec. Il. The results are shown in Fig. 10. The error
bars represent the errors associated withand do not in-
For largexg, the forward-backward asymmetfgue to the  cjude the errors of th&V experiment. In the calculation, we
first term in Eq.(36)] is proportional tosd times the differ-  retained all terms in Eq.33). The result obtained by using

A

+[Bu(x)U(Xp) + 8d(x1)d(x,) ]} cog O .
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the approximation in Eq(36) differs only by a few percent butions. The CSV amplitudes necessary to obtain agreement
from the full calculation. We predict considerable asymme-with experiment are extremely large—they are of the same
tries for largexg . order of magnitude as the strange quark distributions, or
roughly 25% the size of the nonstrange sea quark distribu-
VI. CONCLUSIONS tions at smallx. Such CSV contributions are surprisingly
_ _ ) ) _ large: at least two orders of magnitude greater than theoret-
In conclusion, we have examined in detail the discrepancyca| predictions of charge symmetry violation. We discussed
at smallx between the CCFR neutrino and NMC muon struc-heijr influence on other observables, such as the FSV ratio
ture functions. Assuming that both the structure functionsneasured recently in a proton deuteron Drell-Yan experi-
and strange quark distributions have been accurately detefrent, on the Gottfried sum rule and on the experimental
mined in this region, we explored the possible reasons fofetermination of the Weinberg angle &,. We showed
this discrepancy. First, we re-examined the shadowing colhat such large CSV effects could be tested by measuring
rections to neutrino deep inelastic scattering and concludegsymmemes i'W boson production at hadron colliders such

that shadowing cannot account for more than half of théss RHIC or LHC. Such experiments could detect sea quark
difference between the CCFR and NMC structure functionscsy effects, if they were really as large as is suggested by

Next, we compared two determinations of the strange quarkyrrent experiments.

distributions: the “direct” method, obtained by measuring

opposite sign dimuon production from neutrino and an-
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