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Flavor and charge symmetry in the parton distributions of the nucleon
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Recent calculations of charge symmetry violati@SV) in the valence quark distributions of the nucleon
have revealed that the dominant symmetry breaking contribution comes from the mass associated with the
spectator quark system. Assuming that the change in the spectator mass can be treated perturbatively, we
derive a model-independent expression for the shift in the parton distributions of the nucleon. This result is
used to derive a relation between the charge- and flavor-asymmetric contributions to the valence quark distri-
butions in the proton, and to calculate the CSV contribution to the nucleon sea. The CSV contribution to the
Gottfried sum rule is also estimated, and found to be si@0556-28188)02208-7

PACS numbdps): 12.39—x, 13.60.Hb

INTRODUCTION In the next section, we use these results to examine the
changes in the valence quark distribution due tq8Wio-
Recent measurements of the flad—3] and spin[4] lation via color magnetism, and charge symmetry violation
dependence of quark distributions in the nucleon have led twia quark masses and electromagnetism. Combining these
a revival of interest in the soft QCD physics that determinegesults, we obtain a wave-function-independent prediction
the shape and normalization of parton distributipk and  relating the dominant contribution to the CSV valence distri-
has led to a reexamination of some of the fundamental adiution to the well-known difference between theand d
sumptions embodied in the parametrizatipsused to de- valence distributions. In the penultimate section, we estimate
scribe data from high energy experiments. In particular, théhe charge-symmetry violating sea quark distributions, as-
violation of charge symmetry in the valence quark distribu-suming that the dominant CSV effect comes from the mass
tions has been calculated by a number of auth@rsl(Q in and electromagnetic differences of the participating quarks,
the context of quark models, and surprisingly large viola-rather than from the dependence of the quark wave functions
tions, as large as 5-10%, have been found at lagge7]. on charge symmetry, as is the case for the valence quark
Although charge symmetry is assumed in all phenomeno€SV contributions[7]. Additionally, we make simple esti-
logical parton distributions, there is not a great deal of directnates of the contribution of CSV to the Gottfried sum rule.
experimental evidence which justifies this assumption. Thd-inally, we compare our results with those of other authors
strongest upper limit on parton charge symmetry violationand discuss their implications.
(CSV) can be obtained by comparing the structure func-
tion for charged lepton deep inelastic scattering with e QUARK DISTRIBUTIONS FROM QUARK MODELS
structure function measured in neutrino-induced charged cur-
rent reactions. The CCFR group has recently carried out such For the purposes of this paper, we shall adopt the Ade-
a test using the most recent available ddts]. They com- laide method for calculating quark distributions from model
pared their neutrino cross sections on iron with festruc- ~ Wave functiong7]. The starting point for the method is the
ture functions extracted from muon-deuterium measurementgduction of quark distributions to the forfa3]
of the NMC group[1]. In the region 0.£x=<0.3, these re- K
cent experiments can place upper limits of about 6% on par- _ 2 e
ton CSV. For largerx the upper limits are substantially q(x)—Mj (277)3|1P*(k)| (Bq—ka=Mx), (1)
larger, while forx<<0.1 the present data appear to indicate a
substantial violation of charge symmetry. A number of ex-wherex is the Bjorken scaling variablé] is the mass of the
periments have been suggested which would measure diarget,¥ (k) is the light cone wave function for the struck
rectly charge symmetry violation in parton distributigd®]. ~ quark in momentum space, akg is the energy of the struck
In this paper, we combine the approaches of R@fsand  quark. An analogous expression gives the antiquark distribu-
[8] and examine the violation of charge symmetry in thetions
valence and sea quark distributions of the nucleon in a man-
ner independent of the choice of any particular quark model. —
In the following section, we present the formalism used to Q(X)sz (2)3
produce parton distributions from quark model wave func-
tions, and examine the variation of those distributions with  The essence of the Adelaide approach lies in the kine-
small changes in the mass of the system of spectator quarksiatic assumption that the three-quark system can be divided
into the struck quark plus a diquark spectator system, and
that the distribution of masses of the spectator system is suf-
*Current address: Wesleyan College, 4760 Forsyth Road, Macofficiently sharply peaked that the diquark can be thought of as
GA 31204. an on-shell system with a definite mass. This completely

3

(WL (K)[?8(Eq—ks—MX).  (2)
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specifies the kinematics of the problem and allows the quarknd so the change in the distribution can be extracted from
energy appearing in the delta functions of Ed3.and(2) to = measured distributions rather than models. Second, the size
be replaced by the difference between the target mass and tbéthe change is controlled by the diquark mass shift, which
on-shell diquark energy. Since the direct calculation of thesallows us to relate different symmetry-breaking effects to
distributions is not our interest here, we will not reduce thisone another.

expression further, but simply note that the expression for

the quark distribution can be reduced to a single integral over SYMMETRY BREAKING IN THE VALENCE SECTOR

the momentum space wave function of the struck quidtk ] o o

and is guaranteed to have the correct support as a function of In models where confinement is implemented via interac-
xg; regardless of the properties of the wave functions used t§ons which are independent of both spin and flavor, the

evaluate the integral. wave functions of the up and down valence quarks are iden-
tical, leading via Eq(1) to the prediction
SYMMETRY BREAKING d,(x) 1
With the exception of Refl8], the approach to study the U, (X) o ®)

violation of parton distribution symmetries has been to cal-

culate entire distributions in the framework of a given quarkwhereu,(x) andd,(x) are, respectively, the up and down
model and then to compare the results from small variationgalence quark distributions, and the factor of 2 merely ex-
in the model parameters. In Refd] and[14], the depen- presses the relative normalization of the distributions. These
dence of the valence quark distribution on the model waveelations, which relate distributions with different flavors
function and diquark mass parameter has been studied in thwthin the same hadron, are somewhat inappropriately
context of examining charge and flavor symmetry in the vatermed flavor symmetriesl5]. Such symmetries are a con-
lence sector. The dependence of the valence distributions gequence of dynamical assumptions about the nature of con-
the details of the quark wave function was found to be smalfinement in QCD. In this instance, the quark model(§U

in comparison to the effects generated by changes in thepin-isospin symmetry gets broken by the color hyperfine
diquark mass parameter. Similar conclusions were reached interaction, leading to the well-known dominanceugfover
Ref.[9], where charge-symmetry-breaking effects were studd, at largex.

ied using a different approach to connect quark model wave This symmetry breaking has been modeled by Close and
functions to valence distributions. Based on these results, w€homas[14], who considered the spin-flavor correlations in
shall assume that the dominant contribution to the breakinghe SU4) nucleon wave function and the mass splitting of
of parton distribution symmetries is generated not by thespin-1 and spin-0 diquark pairs brought about by the color
changes in struck quark wave functions, but by the changesyperfine interaction. In this picture, the valence distribution
in the kinematic constraints brought about by shifts in thedepends not on the flavor of the struck quark, but rather on
masses of the spectator quark systems and the nucleon itsdlie spin of the spectator diquark system. Explicitly,

This allows a quark-model-independent prediction for the 3 1

change in parton distributions when the symmetry is broken. _ > s=0 Za5=1 _5=1

To see this, begin with Eq1) for the valence qua);k distri- Uy (X) = 2% (x)+ 2% ), d,(X)=0,""(0), ©
bution, and make a small variation in the mass of the spec- ) . )

tator diquark,Mq—M3+ Mgy, where M§ is the diquark where the superscript refers to the spin of the diquark spec-
mass in the symmetric limit, andM is the shift in the tator. In the SW4)-symmetric limit, g5~ °(x) =05~ *(x) and
diquark mass due to symmetry breaking. Expanding(Ey. Ed- (5) is recovered. Color hyperfine effects are included via

to first order in6M, we obtain a Hamiltonian of the form
5q(x)=—|v|f d3K| W, (K)|2 th=vi§>)j a=12 LT TN s 7
SMgM$ , 0 with 3o the spin of quarki, A? the corresponding color
X 8'(M(1=x)+ks—Eq(k)), (3 generator, and =75 MeV is normalized by th&l-A split-

ES ) : . .
d ting. The diquark masses are shifted according to

where quantities with the superscript O are taken in the sym-

metric limit, andEy4(k) is the diquark energy. Changing the M §=l: — } S5nM §=0:EU, (8)
derivative of the delta function to a derivative ¥ using 3 3
kinematics to solve forEg, and neglecting the transverse
momentum of the diquark, one finally obtains so that, from Eq(4),
_ 1 _
d|  2Mg(1—x) BniGly (X) == 300y (X) )

5900~ Mg g — x| @

(1-x)2+(Mg)?
and

As we shall demonstrate in the following, this expression has

two important advantages over explicit model realizations:

2dv(X)_uv(X)
First, as in Ref[8], 8q(x) is determined in terms af®(x), '

Sndy H(x)= 6

(10
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Interestingly, this pattern of symmetry breaking predicts that 0.006 ' ' —
the valence distributions measured in leptoproduction from L et o,
neutron targets are precisely the @\Jsymmetric distribu- - LAMP
tions. 0004
Now we turn our attention to the case of charge symmetry
violation, which relates distributions of opposite isospin in % 45,
targets of opposite isospin. In the charge symmetric limit, &
>

up(x)=dj(x), di(x)=uy(x), (11) 0.000
where, for exampleuP(x) denotes the distribution ofi
quarks in the protond}(x) is the distribution ofd quarks in -0.002 o2 o4 05 08 10
the neutron, and we have analogous definitions for the mi- X

nority quark distributions.

At the quark level, charge symmetry is violated by quark FIG. 1. Diquark mass contribution to charge-symmetry-
mass and electromagnetic effects and is generally expected \@lating quark distributions for minority valence quarks. Curves
the level of 1%. Since both of these effects are isovectorshow x[dj(x) —u;(x)] defined from Eqs(12) and (13). Curves
there is no CSV contribution to the mass of the isoscalafere calculated using the CTEQ4 LQ distribution &°
diquark, and we may write, for the minority quark distribu- =0-49 GeVf. Also shown are model calculations from Refg]

tions, and[9].
o1 1 o1 X (see Ref[9] for an explanation of this poiptThe resulting
dy(x)=q,” () + 7 Jcsvdy” (%), addition to the CSV distribution yields
_ 1 _ &d, (x)=db(x) —uy(x)=0.013 u,(x) —2d,(x)]
Up(x) =05~ ()= 5 Scsvdly H(X), (12)
2 SM d d,(x)
where 60505 1(x) is the change in the quark distribution Moodx
generated by the shift in tHg= =1 diquark masses via Eq.
(4). Since the only difference between the CSV case and the _ N oM du,(x)
flavor/SU4)-symmetry-violating distribution is the value of U, (X) =y (X) —d,(X) = = = — = — (14)
6My, the two distributions are the same up to a normaliza-
tion, so that

where M =—1.3 MeV is the proton-neutron mass differ-

ScaMy ence. The resulting CSV distributiorimultiplied by x) are

Scavtly 1) = ———61¢q> " H(x) shown in Fig. 2 for the CTEQ4 LQ distributions, along with
ShM the CSV contribution to the minority quark distribution
5cvad/2dv(X)—UU(X) [xé&d,(x)] from Fig. 1 (the dash-dotted curve in Fig).2
T T 5My | 6 (13
hf¥ld 0.005 ; ;
—-— 3d(dM=0)
From the bag model, a robust estimate of the isovector LTS T 8d(3M=-1.3 MeV)
diguark mass splitting is —4 MeV [16], yielding 0.003 | ya K uEM=-1.3MeV) |
ScsyM ¢/ M g=0.08. Using the CTEQ4 LQ distributions .

[6] to parametrize the valence distributions, the charge-
symmetry-violating contribution to the minority quark va- 0.001
lence distribution due to the shift in the diquark mass is
shown in Fig. 1. We plot the quantitysd,(x)=x[dP(x)
—u(x)], where the CSV terms are calculated from
Eqg. (13). Also shown are result of bag model calculations
using two different approaches to extract the quark distribu-
tions from model wave functior40]. The reasonable agree-
ment between the analytic result of E4.3) and the two
different model calculations of CSV gives us confidence that -0.005
the model calculations give rather robust predictions of va-

lence quark charge symmetry violation.

To complete the calculation of the CSV distributions we £, 2. Charge-symmetry-violating quark distributions for ma-
must include the effect of the proton-neutron mass differjority (su) and minority (8d) valence quarks. Solid curves include
ence. This proceeds in essentially the same manner outlinggfects of botim— p mass difference and diquark mass contribution;
in the last section, with the S|Ight Subtlety that the Variationdot-dashed curve shows minority quark CSV neglectingrthgp
with respect to the target mass should be taken keeping thaass difference. Curves were calculated using the CTEQ LQ dis-
productMx fixed, as the mass is implicit in the definition of tribution atQ?=0.49 Ge\~.

Xchsv(x)

-0.001 1\

-0.003

X

Bj
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As a consequence of the singularities in the CTEQ parampossible that the Gottfried sum rule result arises either from
etrizations, the nucleon mass correction diverges nonintegr&&SV effects or from a combination of flavor symmetry and
bly at x=0; cf. Eq.(4). This reflects the inadequacy of the charge symmetry violation.
diquark spectator approximation in this region, which is In this section we will estimate the magnitude of charge
dominated by states having one or more pairs of sea quarksymmetry violation for sea quarks and the contribution this
At larger x, where the calculation is more reliable, the might make to the Gottfried sum rule. The effect of flavor
nucleon mass correction partially cancels out the change dusymmetry or charge symmetry violation on the sea quark
to the diquark mass shift, a result which can be expected odistributions is complicated by the fact that there are no sum
the basis of Eq(3). In accordance with the results of Refs. rules constraining the normalization of the sea quark distri-
[7-9], the magnitudes of the CSV contribution to the minor- butions. Indeed, in the standard parametrizati@jsat high
ity and majority quark distributions are roughly comparable,momentum scales the total number of sea quarks is infinite, a
so that the smaller minority quark distribution is more sen-fact that has been used to suggest that fractionally small CSV

sitive to CSV than the majority distribution. in the sea may lead to sizable contributions to the Gottfried
sum rule [18]. Since this contribution, regardless of its

CHARGE SYMMETRY VIOLATION source, is independent of the momentum scale at which it is
IN THE NUCLEON SEA measured19], it is amenable to modeling at a relatively low

scale, sayQ?=0.5 Ge\?, where it has been argued that the
There has been much interest in the question of flavohumber of sea quarks in the nucleon is firi2€)].
symmetry violation in the nucleon sea, following the precise
measurement of the Gottfried sum ryl&7] by the NMC
group[1]. The Gottfried sum rule is obtained by integrating
the F, structure functions for lepton-induced deep inelastic The CSV contributions to the sea separate, somewhat ar-
scattering(DIS) on protons and neutrons, tificially, into two classes: strong CSV effects which change
the number of sea quarks in the nucle@md potentially
1dx up un 1 8 . contribute to the Gottfried sum rylend weak CSV effects
Se= fOT[FZ (x)—F27(0)]= §+ §(Pu/p_ un) which change the shape of the sea distributions without al-
tering their normalization. We shall begin by considering the
first of these classes, since the extent to which the Gottfried

SUM RULE CONTRIBUTIONS

+ 3 (Paip=Pam), (19 sum rule violation is a reflection of CSV rather than flavor
symmetry violation may provide an important constraint on
where we define the sea quark probabilities as the second class of CSV contributions. The simplest pertur-
bative estimate of the size of the CSV contribution is ob-
1 tained by modeling the nucleon as a valence state coupled to
Wp= fo uP(x)dx. a small number of states with an additional quark-antiquark
pair,
In deriving Eq.(15 we have used the normalization of the _
valence quark distributions; if we assume parton charge sym- INY=Z{ [Nyad + > Al Nyalala) | (16)
metry, we obtain the “standard” form for the Gottfried sum “
rule,

with Z a normalization,A, the amplitude for finding the
“extra” quark-antiquark pair of flavow=u,d,s, andN,, a

(Pajp=Purp)- three-quark state with the same third component of isospin as
the original three-quark state. Assuming flavor symmetry,

By measurements over the range 0.804<0.8 for muon  the amplitude for creating an extra quark pair of flavors

DIS on proton and deuteron targets, and extrapolation ovediven, in perturbation theory, by

the unmeasured region, the NMC group obtaingd

=0.235+0.026. If one assumes charge symmetry, this result A

implies an asymmetry in the probabilities for finding up and AN~ m 17

down sea quarks in the proton, Qe Tnu

Wl N

SG:

w| K=

Pajp— Pup=0.147+0.039. where M5, is the mass of the four-quark, antiquark state,
and \ is a typical hadronic mass scale determined by the

However, as was pointed out by M#8], we could alterna- Strong coupling constant and the details of the wave func-
tively assume flavor symmetry but not charge symmetry fotion. If charge symmetry is also good, this amplitude is in-

the sea quark distributions, in which case the NMC resulélependent of the flavor of the quark-antiquark pair, so that
would imply the probability for creating a quark-antiquark pair of flavor

IS
Pup— Pun=—0.088£0.023.

)\2
Experimental upper limits on sea quark charge symmetry PN~ (18

cannot at present rule out parton CSV contributions. So it is (Msqa— M nuo®
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TABLE I. Charge-asymmetric contributions to the mass of mul-
tiguark composite systems.m,—my=—2.7 MeV and egy
=4.2 MeV are determined by fitting the neutron-proton and isovec-
tor diquark mass splittings.

Quark content Mcsp
(a) ®)
_ 1 __
. O. otons ressmgt € quark-gluon vertex urlngt e pro-
”3 2(my—mg) +3€en=—4 MeV FIG. 3. Photons dressing th k-gl during th
u . 0 duction of sea quarks. The probability of producing a sea quark pair
uud (my—mg) + 3€em=— 1.3 MeV will depend on the charge of the created quatisand on the quark
uuud 2(my—mg) + egy=—1.2 MeV that initially produced the gluofg).
uudd 0
uuds (my—mg)=—2.7 MeV tribution to the Gottfried sum rule in the flavor-symmetric
u N . . . -
uuds (my—mg) + 2egy=0.1 MeV limit. In a more sophisticated treatment of quark mass gnd
_ (M. — M= — 8.1 MeV electromagnetic effects we expect that the CSV contribution
uuudu (m, md)z_ Ve will be nonzero, but since a contribution to the Gottfried sum
uuddd —(my—my) + 5€em=5.5 MeV rule needs to be odd under the combined operation of flavor
uudss (My—mg) + 3 egy=— 1.3 MeV and charge symmetry, which requires additional charge-

symmetry and flavor-violating effects, the CSV contribution
to the Gottfried sum rule will be suppressed below the natu-
which, apart from Pauli effects which violate the flavor sym-ral scales for CSV effects arising from quark mass differ-
metry we have assumed, is essentially the result of Donoences and electromagnetic ternfiproportional to (n,
ghue and Golowich21]. —mg)/m, and «, respectively.

To incorporate charge symmetry violation into this pic-  Another source for CSV in the sea is the possibility of a
ture requires only an estimate of the mass shift due to quarkharge dependence of the quark gluon coupling constant. By
mass and electromagnetic effects. We parametrize this dilressing the quark-gluon vertex with a photon as in Figs.
ference via a term that counts the number of up and dowm(a) and 3b), the effective quark-gluon coupling fou
quark masses in the composite system, and through the iguarks is different than that fai quarks[22], so that the

clusion of an electromagnetic contribution to the eNnergynrobability of creating ajq pair becomes dependent on both

which we assume is proportional to the sum of the pairwisgye fiayor of the pair created and the flavor of the quark that
products of the charges of the constituents. The quark masgitted the gluon.

differencg and eIect.romagnetic energy are then fit to the  a¢ 0w momentum scales, the effective gluon coupling to
mass shifts of the diquark _and nucleon, and th'e results arg quark of flavorf is given by

extrapolated to systems with more quarks. This procedure

clearly neglects a great deal of the physics of these systems, a§f= aS(QZ)[1+e$V(b)], (21
but should be sufficient to provide an estimate of the energy

scales involved. The resulting mass shifts between charg&hereas is the strong coupling constarit=A%/Q?, e is

conjugate systems can then be written the quark charge, and
2
M csp= (Ny=Ng) (My—Mmg) — 62 gy, (19 V(b)zﬁ —1—%—Inb—|n2b 1 (22)

whereN; is the number of quarks plus antiquarks of flafor

in the system in questioS is the change in the sum of the With « the electromagnetic coupling. Rewriting this, we get

products of charges under charge conjugation, engis the

average electromagnetic energy of each quark pair. The mass

shifts that result from this procedure are shown in Table I. \yhere now
Expanding to first order in the symmetry-violating terms

ag=ag+ dag, agZ ag— dag, (23

yields relations between the number of sea quarks of charge ay(Q?)
conjugate flavors in the proton and neutron: Sas= 6 V(b) (24)
2(my—Mgy) — 3 €em is the charge-asymmetric piece of the strong coupling and
U/D=PE/n 1- my asOZ%(ag+ag)-

Assuming that the sea quarks at low momentum scales are

enerated by the valence quarks, we have
. 2(my—my) — 3 €em J Y q
Paip=Pun| 1+ m, PHpOC(Za:-I- ag)ag, Pjnoc(ag-l-Zag)a:,
Pyo=Pgin. (20 Pg*(2ai+ad)ad, Pgo(al+2ad)al, (25

where m,=360 MeV is the constituent quark mass in the from which we obtain, to first order in the CSV terms,
symmetric limit. Remarkably, since the energy required to
make a pair of a particular flavor is the same for both the

. . o . Pun=Pap, Pan=Puy
proton and neutron in this parametrization, there is no con- wne o ap nooue

Sag
1-4—|. (26)
a0
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Since the valence quarks provide a source of flavor asym- 0.01 — '
metry, there is a contribution to the Gottfried sum rule. Us-
ing the CTEQ distributions to calculatey;,=0.365 andA X e 5
=200 MeV, we find the CSV contribution to the Gottfried \ ——- 3
sum rule to be 6.8 104, which is far too small to explain \ == Ssbar
the observed deviation. Similarly, there is a small excess of \\Lm\
strange quarks in the proton over those in the neutron, ac- &
cording to &

x

S —— e ——..

000} T o osE=ss=aeema

das —4
Pgp— Pgn=+2—Pg,~2x10"*, 27

As0

-0.01

0.0 0.2 0.4
Having eliminated the possibility of a large CSV contri- Xy

bution to the Gottfried sum rule, we return briefly to the S o

possibility that the largest part of the sum rule comes from FIG- 4. Charge-symmetry-violating sea quark distributions. The

violation of flavor symmetry, and that the violation of flavor solid, dotted, dashed, and dot-dashed curves jafea=x(uP

symmetry leads to a CSV contribution to the sum as well.—d"), xdd=x(dP—u"), xds=x(sP—s"), and xds=x(s

Combining Eq.(20) with a flavor-asymmetric sea yields —s"), respectively.

where M$ is the charge-symmetric tetraquark mass, and

Jo(X) is the antiquark distribution in the symmetric limit.
(28 For the light quark sea, we have used a tetraquark mass of
1440 MeV, roughly 4 times the constituent quark mass. If, as
using the CTEQ parton distributions. Our estimated CSVimany models assert, pionic effects dominate the sea at these
contribution is still far too small to affect significantly the low scales, this assumption will underestimate the size of the
extraction of the flavor asymmetry. We conclude that theCSV contribution to the light quark sea. For the systems
prospects for a large contribution to the Gottfried sum rulecontaining strange quarks, we have assumed a constituent
from sea quark CSV are extremely slim, at least within thequark mass of 500 MeV. In addition to this correction, there
assumptions in our calculation of charge-symmetry-violatingwill be a correction due the change in the nucleon mass

5( 2(my—my) — 5 €em
5csvSG=§( - (Paip— Pup)~—0.0012,

q

effects. introduced by CSV, which is calculated in the same fashion
as the analogous contribution for the valence quarks. The
WEAK CHARGE SYMMETRY VIOLATION IN THE SEA values of the CSV-induced mass shifts for strange and non-

) ) strange tetraquarks are listed in Table I, and the resulting
Since we have been unable to produce a mechanism fetsy sea distributions are shown in Fig. 4.
generating a CSV distribution whose integral is significantly  jyst as in the case of the valence distributions, the large
different from zero, we are led to investigate the possibilitygntrioution to sea quark asymmetries at very smait a
of weak charge symmetry breaking, where the shapes of thesnsequence of the singular form of the parton distributions
sea distributions in the neutron and proton are different, buf, this region, and indicates the breakdown of the tetraquark
their normalizations remain the same. By analogy with the icture have used here. At larger the relative size ofd

CSV effects in the valence distributions, we shall proceed b>P —
postulating that the four spectator partons can be assumed @Y€r du reflects the fact that the tetraquark spectator lzas

belong to a tetraquark, and that the mass of the recoiling=0 when ad is struck, so that there is no tetraquark mass
tetraquark can be assumed to be approximately constant wigift to partially cancel the nucleon mass shift, as is the case
a value roughly equal to the sum of the constituent quarkvhenu is struck. For the strange CSV distributions, a similar
masses. Since there is a greater variety of states available ¢gancellation occurs for the spectator tetraquark whers an
the four-spectator-parton system, this assumption is muchuark is struck, but since this cancellation depends sensi-
less certain than the analogous assumption in the valenggvely on the parameters chosen in Table I, we conclude that
case, but it will allow for an exploration of the magnitudes this result may be highly model dependent and therefore un-
involved in the problem. trustworthy. In general, we do not find surprisingly large
The basic argument proceeds as in the case of the valeneentributions for any of the sea quark distributions.
distributions, by calculating the shift in the tetraquark mass
produced by the symmetry-violating interactions and ex- SUMMARY

panding to get In this paper, we have used the Adelaide approach to

N APy D calculating quark model parton distributions to calculate the
2a(x)=0"(x) ~q"(x) effect of CSV on the parton distributions of the proton. For

d 2M9(1-x) _ the valence quarks, we verify in a model-independent fash-
0 a°x)|, (29 ion the anomalously large CSV effects observed in the mi-
7) nority valence quark distribution by several authprs-9],

= M —
Tdx M2(1-x)2+(M
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and we relate these distributions to the difference betweefind that the charge-symmetry-violating distributions are ex-
theu andd valence distributions. Since there are little data totremely small, and highly unlikely to make significant con-
constrain the size of the CSV distributions, proposed tests afibutions to any observable.
CSV [12] will provide a sensitive test of the physics con-  Note added in proofA result similar to ours may be
tained in QCD-inspired models of the nucleon. obtained by first integrating over the delta function in Eq.
Addltlona"y, we have made estimates of the size of CSV(]_), and then neg|ecting the transverse momentum inzthe
effects in the nucleon sea. First, we assume a strong vioIatiogbmponent of the quark current. The expression for the CSV
of charge symmetry, which would alter the value of sumyistripution is identical to Eq4), except that the derivative
rules which assume charge s_ym_metry. For the Gofctfrledl SUMow only acts onq(x). The corresponding change in the
rule, there are no CSV contributions unless there is a simulcgy contribution to the minority valence quark distribution

taneous violation of flavor symmetry in either the sea Orig 5 2504 reduction from our result. We thank A. W. Thomas
valence quarks. In either case, we estimate that the CSY,, bringing this possibility to our attention.

contributions to the Gottfried sum rule are much smaller than

are suggested by experiment. We have also estimated the The authors wish to acknowledge support from NSF Re-
weak CSV contribution to the nucleon sea, using methodsearch Contract No. PHY-9722706, and to D. Murdock for
similar to the valence quark CSV calculations. Again, weassistance in producing the figures.
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