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Charge symmetry for parton distributions can be tested by comparing structure functions from
neutrino and charged lepton deep inelastic scattering. New experiments provide rather tight upper
limits on parton charge symmetry violation (CSV) for intermediatéut suggest CSV effects at small
x. Careful study of several corrections fails to remove this kodiscrepancy. We are thus forced to
consider surprisingly large CSV effects in nucleon sea distributions. [S0031-9007(98)07546-2]

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

In nuclear physics charge symmetry, which interchangepointed out by Ma [6], all these experiments could be
protons and neutrons (simultaneously interchanging up aneixplained by sufficiently large CSV effects, even in the
down quarks), is respected to a high degree of precisionimit of exact flavor symmetry. In view of these ambigui-
Most low-energy tests of charge symmetry find that it isties in the interpretation of experimental data, it would be
good to at least% in reaction amplitudes [1]. Therefore, highly desirable to have experiments which separate CSV
charge symmetry is usually assumed to be valid in disfrom FSV.
cussions of strong interactions. Currently all phenomeno- Charge symmetry implies the equivalence between up
logical analyses describe deep inelastic scattering (DISdown) quark distributions in the proton and down (up)
data using charge symmetric parton distributions. Ungquarks in the neutron. We define charge symmetry
til recently this assumption seemed to be justified, sinceviolating distributions
high-energy experimental data were consistent with parton Su(x) = uP(x) — d"(x),
charge symmetry [2]. o . (1)

Experimental verification of charge symmetry is diffi- dd(x) = dP(x) = u"(x),
cult, partly because charge symmetry violation (CSV) ef\Where the superscriptp and n refer to the proton
fects are expected to be small, and partly because cs@d neutron, respectively (quark distributions without
often mixes with parton flavor symmetry violation (FSV). subscripts will refer to the proton). The relations for CSV

Experimental measurements by the New Muon Collaborall @ntiquark distributions are analogous. ,
In the quark-parton model the structure functions of

tion (NMC) [3] have been widely interpreted as evidence ) . A -
for what is termed SU(2) FSV. Recent measurements dfoNcerm to us, which are measured in neutrino, antineu-
the ratio of Drell-Yan cross sections pp and pD scat-  1N0, and charged lepton DIS on an isoscalar tanggt

tering [4,5] also indicate substantial FSV. However, Psgrsevgti(\g/?nqsi?z]terms of parton distribution functions and

Fy"(x, 02) = x[u(x) + u(x) + d(x) + d(x) + 2s(x) + 2¢(x) — du(x) — 8d(x)],
Fy™(x, 0%) = xlu(x) + a(x) + d(x) + d(x) + 25(x) + 2c(x) — 8d(x) — 8u(x)],

W, a5 _ 2 8 (2)
F,(x,07) = Ex{u(x) + ulx) + dx) + dx) + 5 [s(x) + 5(x)] + g[c(x) + c(x)]

4 _ 1 -
— g[ﬁd(x) + 8d(x)] — 5 [Su(x) + 5u(x)]]'

The best test of CSV to date is the “charge ratio,” whichin Eq. 3), O(x) =2 —,aslax) + g(x)] = 3[s(x) +
relates the neutrino structure function to the structure(x)]/5, and we expand to lowest order in small quan-

function measured in charged lepton DIS tities. A deviationR.(x) # 1, at any value ofx, must
N arise either from CSV effects or fros{x) # s(x).
R(x) = =y F(x) Recent experimental measurements allow a precise com-
wF2 (x) — x[s(x) + 5(x)]/6 parison betweerFs (x, 0%) and F5 (x, 0?). The CCFR
s(x) — 5(x) Collaboration compared the structure functiBfi(x, 02)

=1- 0(x) from their »-Fe data [7] withF3 (x, 0?) from wu-D mea-
_ _ surements by NMC [8]. In the region of intermediate
+ 48ulx) — du(x) — 46d(x) + Sd(x)_ 3) values of Bjorkenx (0.1 = x = 0.4), the two structure

50(x) functions are in very good agreement, giving upper limits
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of afew percent on parton CSV contributions. In the smallaxial current, PCAC requires that shadowing in neutrino
x region, howeverx < 0.1), the two structure functions scattering for low Q> (= m2) is determined by the
differ by as much as 10—15%. This can be seen in Fig. Absorption of pions on the target [11], while at larger
where the “charge ratio” was obtained by integrating overQ? values axial vector mesonsg,( ... for W*) become
the region of overlap iQ? of the two experiments. The important. For the weak vector current one must include
data points in Fig. 1 represent different ways of calculatingzector mesong * .... Since the coupling constants are
nuclear shadowing corrections, as we will discuss. Severaklated byf§+ = f2 = 2f§o and the structure functions

a

corrections must be applied to the data before any concly;y 2 ~ 15_8F5‘ the relative shadowing due to vector

sions may be drawn from this discrepancy. The CCFRyneson dominance in neutrino DIS is roughly half of
Collaboration made a careful study of overall normaliza-that in charged lepton DIS. For large@? values,
tion, charm threshold, and isoscalar correction effects [7]shadowing due to Pomeron exchange (which is of leading
Here we discuss the most important remaining effects, Nuyist) becomes dominant, leading to identical (relative)
clear corrections for neutrinos antkx) # 5(x) effects. shadowing in neutrino and charged lepton DIS.

Heavy target corrections for neutrinos (nuclear Euro- Using this two-phase model, we calculated shadowing
pean Muon Collaboration effect, shadowing, and antishadeorrections to the CCFR and used these corrections in
owing) are generally calculated using correction faCtor%alculating the charge rati®, of Eq. (3). There are also
from charged lepton reactions at the same kinematic vahclear effects in the deuteron. However, because of the
ues. A priori, there is no reason that neutrino and chargeqq,y density of the deuteron, these are (relatively speaking)
lepton heavy target corrections should be identical, €SP&rery small and have a negligible effect on the charge
cially if such corrections depend strongly on the properyatip [19]. We integrated the structure functions above
ties of the exchanged obje_ct (pho_tcvi_?i) used to probe the 0? = 3.2 Ge\2 in the overlapping kinematic region of the
structure of the target. Since this is the case for nucleagyo experiments and used a parametrization of the nuclear
shadowing corrections in the smalh region for small  corrections in charged lepton DIS to correct the data in the
to moderately larg®* values, we reexamined shadowing nonshadowing region. The result is shown in Fig. 1. The
corrections to _neutrino DIS, focusing on th(_e differencesOpen triangles show the charge ratio withmshadowing.
between neutrino and charge lepton scattering and on efhe open circles show the charge ratio with heavy target
fects due to the)* dependence of shadowing. This work ¢orrections taken from charged lepton reactions, and the
will be published elsewhere [9]. We used a two-phasesg|ig circles show the shadowing using our two-phase
model which has been successfully applied to the descrignodel. At smallx, careful consideration of neutrino
tion of shadowing in charged lepton DIS [10]. shadowing corrections decreases, but does not resolve, the

In generalizing this approach to weak currents, subtigow.x discrepancy between the CCFR and NMC data.

differences between shadowing in neutrino and charged The structure functionFSC™ is a flux weighted

lepton DIS arise because of the partial conservation ofyerage betweem and 7 structure functions [7]. This
axial currents (PCAC) and the coupling of the weakpecomes important if charge symmetry is violated or
current to both vector and axial vector mesons. For the () = 5(x). If we define @ = ®,/(®, + ),
where ®, and & are ther and 7 fluxes, respectively,
1.1 et ————— — FSC™R(x, 02) is proportional to
FSC™(x, Q%) = aFj(x,0%) + (1 — a)F](x,07).

(4)

1l $ ﬂ_%%g% %% % This is equal tol[FY(x, 0%) + FL(x,0%)]if « = ! or

<R (x,Q% >

if the two structure functions are equal. The valueaof
ﬁ in the relevant kinematic region is:0.83 in the CCFR
] experiment so to a good approximatisfi“ X (x, 02) can
be regarded as a neutrino structure function.
The most likely explanation for the smalldiscrepancy
in the charge ratio is either from different strange quark
ML L L distributionss(x) # s(x) [12], or from charge symmetry
102 107t violation. First, we examine the role played by the strange
X quark distributions. Assuming charge symmetii,) and
FIG. 1. The “charge ratio’R. of Eq. (3) vs x calculated 5(x) are given by a linear combination of neutrino and

using CCFR [7] data for neutrino and NMC [3] data for muon Muon structure functions,

structure functions. Open triangles: no heavy target corrections FSCFR(y 02) — 3FNMC (¢ 0?) =

open circles:v data corrected for heavy target effects using ¢ *2 x, 0 2 x,0%) =

corrections from charged lepton scattering; solid circles:

shadowing corrections calculated in the “two-phase” model. 1 _ 5 _

Both statistical and systematic errors are shown. Ex[s(x) +500)] + 6 Qa = Dx[s(x) = 5()]. (5)
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Under the assumption(x) = 5(x), this relation could be aging the dimuon data, we used the CTEQA4L parametriza-
used to extract the strange quark distribution. Howevertion for s##(x) [14]. The results are completely unphysi-
as is well knowns(x) obtained in this way is inconsistent cal, since the equations requiféx) < 0. Our analysis
with results extracted from independent experiments.  strongly suggests that requiring charge symmetry, but al-
Opposite sign dimuon production in deep inelasticlowing s(x) # 5(x), cannot resolve the discrepancy be-
v and 7 scattering provides a direct determination oftweenFs ™R (x, 02) andFY™C (x, 0?). The experimental
both s(x) ands(x). The CCFR Collaboration extracted results are incompatible, evervifx) is completely uncon-
s(x) and 5(x) from a next to leading order (NLO) strained [15].
analysis [13] of their dimuon data. The strange and As neither neutrino shadowing corrections nor allowing
antistrange distributions were equal within experimentak(x) # s(x) removes the lows discrepancy, there remain
errors. However, since the number of antineutrino eventsvo possible explanations. Either one of the experimental
is much smaller than that of the neutrino events, the errorstructure functions [os(x)] is incorrect at lowx, or parton
of this analysis are inevitably large. charge symmetry is violated in this region. Assuming the
It appears plausible that the lawdiscrepancy in the possibility of parton CSV, we can combine the dimuon
charge ratio of Eqg. (3) could be accounted for by allow-data fors(x), Eq. (6), with Eqg. (5) to obtain
ing s(x) # s(x). To test this hypothesis we combined the

dimuon production data, averaged overand 7 events, — FSCTR(x, 0%) — 3FAMC(x, 0%) — xs##(x) =
with the structure functions from neutrino and charged
lepton scattering [Eq. (5)]. Definingy’ = N, /(N, + xQ2a — 1) _ 1 - _
N;), where N, = 5030, N; = 1060 (a’ ~ 0.83) are, 3 B0 = 5]+ 5 xldd(x) — dulx)].
respectively, thev and 7 events from the dimuon pro- )
duction experiment [13], the flux-weighted experimental . _
distribution.xs(x)“* from dimuon production is In Eg. (7) we use the experimental value= «'; this
1 equation is valid at smalk, where sea quark distribu-
xstH(x) = Ex[s(x) + 5(x)] tions are much larger than valence quarks, so we make

the simplest assumption, namely tt&f, (x) = dq(x) —
1 / _ dq(x) = 0 [16]. (With the present data we cannot sepa-
" 2 (Qa’ = Dalsx) = 5] (6) rate sea and valence, and this working hypothesis does
Equations (5) and (6) form a pair of linear equationsnot affect the conclusion concerning the size of the charge
which can be solved fos(x) ands(x). We can simulta- symmetry violation.)
neously test the compatibility of the various experiments. The left-hand side of Eq. (7) is positive. Consequently,
In Fig. 2 we show the results obtained far(x) (open the smallest CSV effects will be obtained wher) = 0.
circles) andxs(x) (solid circles) by solving the linear In Fig. 3 we show the CSV effects needed to satisfy
equations, Egs. (5) and (6). Both the structure functhe experimental values in Eq. (7). The open circles are
tions and dimuon data have been integrated ayér> obtained when we sef(x) = 0, and the solid circles
3.2 Ge\2 in the overlapping kinematical regions. In aver- result from setting(x) = s(x). The CSV effect required
to account for the lowe NMC-CCFR discrepancy is

0.5 —— _ extraordinarily large. It is roughly the same size as the
] v T T T
S o2 -
_—
e
e
=]
7
—
X 01 | 1
-0.25r $ A 5/6 F,CCFR - 3 F,NMC ] |§ %
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FIG. 2. xs(x) (open circles) ands(x) (solid circles) extracted 10 10

by combining CCFR and NMC structure functions wittw) X
extracted from dimuon experiments, as given in Egs. (5) angG. 3. Charge symmetry violating distributions extracted
(6). Solid triangles: 2 Fs™ — 3FX™C, Solid line: xs(x)  from the CCFR and NMC structure function data and the CCFR
from a NLO analysis (Ref. [13]); dashed band indicateko dimuon production data under the assumption #ta} = s(x)
uncertainty. (solid circles) andi(x) = 0 (open circles).

4077



VOLUME 81, NUMBER 19 PHYSICAL REVIEW LETTERS 9 MVEMBER 1998

strange quark distribution at small This CSV term is  [5] E866-Collaboration, E. A. Hawkegt al., Phys. Rev. Lett.

roughly 25% of the light sea quark distributions for< 80, 3715 (1998).

0.1, and the sign giveg” (x) > u"(x) andd" (x) > " (x). [6] B.-Q. Ma, Phys. Lett. B274, 433 (1992); B.-Q. Ma, A.W.
Clearly, CSV effects of this magnitude need further _ Schaumlfer, and W. Greiner, Phys. Rev4l 51 (1993).

experimental verification. It is hard to imagine how such [7] E;f'?écggalgo(rfggyj W.G. Seligmaet al., Phys. Rev.

large CSV effects are compatible with the h.lgh precision [8] NMC-Collaboration, M. Arneodet al., Nucl. Phys.B483

of charge symmetry measured at low energies. The level 3 (1997).

of CSV required is surprising, as it is at Iegst 2 orders of [9] C. Boros, J.T. Londergan, and A.W. Thomas, e-print

magnitude larger than theoretical CSV estimates [17,18]." * hep-ph/9804411.

We will discuss the implications of such a large violation of [10] J. Kwiecinski and B. Badelek, Phys. Lett. B08 508

charge symmetry in a subsequent paper [19]. Theoretical ~ (1988); W. Melnitchouk and A. W. Thomas, Phys. Lett. B

considerations suggest that/(x) = —d&u(x) [17]; with 317, 437 (1993); Phys. Rev. 62, 3373 (1995).

this sign CSV effects also require large flavor symmetry{11] B.Z. Kopeliovich and P. Marage, Int. J. Mod. Phys3,

violation. If CSV effects of this magnitude are really 1513 (1993).

present, then one must include charge symmetry violatingt2] W. Melnitchouk and M. Malheiro, Phys. Rev. &5, 431

quark distributions in phenomenological models from the ~ (1997); X. Ji and J. Tang, Phys. Lett. 352, 182 (1995);

outset, and reanalyze the extraction of parton distributions. Xéglgog;nf?féggj Szczurek, and J. Speth, Nucl. Phys.
This work was supported in part by the Australian R?'Lls] CCFR-Collaboration, A. O. Bazarket al., Z. Phys. C65,

search Council, and by the National Science Foundatio 189 (1995).

under Research Contract No. NSF-PHY9722706. One qfi4] 1. Laj et al., Phys. Rev. D65, 1280 (1997).

the authors (J. T.L.) wishes to thank the Special Resear%%] Brodsky and Ma [S.J. Brodsky and B.Q. Ma, Phys.

Centre for the Subatomic Structure of Matter for its hos- Lett. B 381, 317 (1996)] suggested that allowingx) #

pitality during the period when this work was carried out. 5(x) could account for the difference between the two

determinations of the strange quark distribution. The

authors assumed = 1 in Eq. (5) anda’ = 1 in Eg. (6);

experimentallye = a’ = 0.83.

[1] G.A. Miller, B.M.K. Nefkens, and I. Slaus, Phys. Rep. [16] An additional CSV term arises when the neutrino data

194, 1 (1990); E. M. Henley and G.A. Miller, iMesons are corrected for the excess neutrons in Fe. We do not
in Nuclei, edited by M. Rho and D. H. Wilkinson (North- include this as it is proportional to the small neutron
Holland, Amsterdam, 1979). excess in iron; it is considered in Ref. [19].

[2] J.T. Londergan and A.W. Thomas, ifrogress in [17] E. Rodionov, A.W. Thomas, and J.T. Londergan, Mod.
Particle and Nuclear Physicsedited by A. Faessler Phys. Lett. A9, 1799 (1994); C.J. Benesh and J.T.
(Elsevier Science, Amsterdam, 1998), Vol. 41, p. 49. Londergan, Phys. Rev. &8, 1218 (1998).

[3] NMC-Collaboration, P. Amaudruet al., Phys. Rev. Lett. [18] E. Sather, Phys. Lett. B74, 433 (1992); C.J. Benesh and
66, 2712 (1991); Phys. Lett. R95 159 (1992). T. Goldman, Phys. Rev. 65, 441 (1997).

[4] NA51-Collaboration, A. Balditet al., Phys. Lett. B332 [19] C. Boros, J.T. Londergan, and A.W. Thomas, e-print
244 (1994). hep-ph/9810220.

4078



