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We reexamine the role of vector meson dominance in nuclear shadowing &®3o¥e find that models
incorporating both vector meson and partonic mechanisms are consistent with both the magnitudeQénd the
slope of the shadowing data.
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There has been renewed interest recently in the problerthe Pomeron N is the mass of the diffractive hadronic
of nuclear shadowing in structure functions at low and interdebrig and xp=x/y is the momentum fraction of the
mediateQ?. In part, this has been prompted by the analysisPomeron carried by the struck quark. The dependen@é;of
of the NuTeV Collaboratior{1] of neutrino-nucleus cross onQ? at largeQ?, in the region where perturbative QCD can
sections and subsequent questions about nuclear shadowibg applied, arises from radiative corrections to the parton
corrections when extracting nucleon quark distributions oristributions in the Pomeradii 7,20, which leads to a weak,
electroweak parametef2—4]. Indeed, shadowing in neu- |ogarithmic, Q> dependence for the shadowing correction
trino scattering has received considerably less attention thag(P)Fé\_ Alone, theP contribution to shadowing would give
in electromagnetic reactions, and currently there are propogs strycture function rati§/F5 that would be almost flat for
als to utilize high intensity neutrino and egtineutrino beamstzz Ge\? [21].
to perform high statistics measurements/b#-nucleus cross On the other hand, the description of shadowing at low
sections at Fermilafb]. A pressing need exists, therefore, to Q? requires a higher-twist mechanism, such as vector meson
understand the differences between nuclear shadowing eftominance(VMD), which can map smoothly onto the pho-
fects in charged lepton and neutrino scatterifiy], espe-  toproduction limit atQ?=0. The VMD model is empirically
cially at low Q2. based on the observation that some aspects of the interaction

An extensive review of both data and models of nuclearnf photons with hadronic systems resemble purely hadronic
shadowing was given recently by Piller and Wefi8¢ Be- interactions[22,23. In QCD language this is understood in

fore one can reliably_ tgcklg—z nuclear cor_rections in NeutrinGgrms of the coupling of the photon to a correlate?qi pair
scattering, however, it is v_|tal to determlng th.e relevant deyyith |ow invariant mass, which may be approximated as a
grees of freedom responsible for shadowing in charged lepgira| vector meson. One can then estimate the amount of
ton scattering, where data are much more copious. The begfagowing in terms of the multiple scattering of the vector

available data on nuclear shadowing, including _t]gé de-  meson using Glauber theofg4]. The corresponding VMD
pendence, are from the New Muon CollaboratigiMC) correction toFé is

[9-11]. We shall concentrate on a model based on a two-
phase picture of nuclear shadowifitR—14, similar to that 2
pioneered by Kwiecinski and Badeldi&5-17, which we SVIFA(x,Q?)= EQ_E
published just before the release of the final NMC datd. 22 A TS
For clarity we briefly review this model.

At high virtuality, the interaction of a photon with a where oy, is the shadowing correction to the vector
nucleus can be efficiently parametrized through a partonigneson-nucleus cross sectidy, is the photon-vector meson
mechanism, involving diffractive scattering through the coupling strengtti22], andM, is the vector meson mass. In
double and t”ple Pomel‘dj‘l.S]. For QZZZ Ge\le, the con- practice’ Only the lowest mass vector mesoﬁs:@o,w,(ﬁ)
tribution to the nuclear structure functid¥; (per nucleod  are important at lowQ?. (Inclusion of higher mass states,
from this mechanism can be written as including continuum contributions, leads to so-called gener-

1A alized vector meson dominance modé%].% The vector
(P)=A 2y_ = P 2 meson propagators in E() lead to a stron@@“ dependence
o F(Q%) jm- Ay fealy)F2(x. Q7. () of 6V)F% at low Q?, which peaks aQ?~1 Ge\?, although
one should note that the nucleon structure function itself also
wherefa(y) is the Pomeronlf) flux, and FE is the effec-  varies rapidly withQ? in this region. ForQ>—0 and fixedx,
tive Pomeron structure functiofl9]. The variabley=x(1 5(V)F2A disappears because of the vanishing of the ﬂé@l
+M2/Q?) is the light-cone momentum fraction carried by Furthermore, since this is a higher twist effect, shadowing in

I\/K‘/ESUVA

f2(Q2+MZ)?’ @
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FIG. 1. Q° variation of the Sn/C structure function ratio in the f,nction ofx [11], compared with the nuclear shadowing model of

model of Ref.[14] for x=0.0125(solid) and x=0.045(dashedl  Ref [14]. The statistical and systematic errors are added in quadra-
The data are from NMC11], with statistical and systematic errors ture.

added in quadrature.

the VMD model dies off quite rapidly betwee®?~1 and To illustrate theQ? dependence dR over the full range of
10 GeV?, so that forQ?=10 Ge\? it is almost negligible—  x covered in the NMC experiment, Arneod al. [11] pa-
leaving only the diffractive partonic tern#{")F5 . rametrized the Sn/C ratio @&(Sn/C)=a+bInQ? and ex-

The accuracy of the model can be tested by looking fottracted the logarithmic slopds=dR/d In Q? as a function of
deviations from the logarithmiQ? dependence of shadow- x. As illustrated in Fig. 2, the NMC find that the slopes are
ing at low and intermediat®?. Actually, a detailed analysis positive and differ significantly from zero for 0.8
of the Q® dependence of the NMC data, as well as the lower-< (.05, indicating that the amount of shadowing decreases
Q? Fermilab E665 datf26], was performed in Ref$13,14 it increasingQ? [11]. The logarithmic slopé is found to
for various nuclei fromA=2 to A=208(viz, for D, Li, Bé,  gecrease from=0.04 at the smallest value to zero ax
C, Al, Ca, Fe, Sn, Xe, and PbRatios Of_Fslez were cal-  =0.06. The result of the model calculatioh4] is perfectly
culated [13,14 for a range of x(107°<x=<0.1) and cqnpsjstent with the NMC data over the full range>o€ov-

Q? (0.03=Q*=<100 GeV). Subsequent to these analyses,gred, as Fig. 2 demonstrafege also Fig. ®) of Ref.[14]].
Pightpredsti'on data on éﬁ@;ec[j;f]e”dhe_”ﬁe of 'Sdn/dc titrufgtutre In particular, theP-exchange mechanism alone, modified by
unction ratios were publisf . which provided the first 1 ino o factor Q2/(Q2+ Q2) [16,37 to ensure that
detailed evidence concerning tQ¥ dependence of nuclear 5@)':9_)0 asQ?—0, is clearly insufficienf21] to describe

shadowing. o 5 "
the logarithmic slope Q< at low x, whereas the addition of

In Fig. 1 we show the calculated ratiR(Sn/C)=F5"/F5 . .
as a function ofQ? for x=0.0125 (solid curvé and x a VMD component does allow one to describe the data quite

—0.045 (dashedl compared with the NMC datfl1]. The ngl (the shaded region in(_jicates an estimate of the uncer-
overall agreement between the model and the data is clear@iNty in the model calculation ,

excellent. In particular, the observ&gf dependence of the N Summary, the results of2th|s analysis demonstrate that a
ratios is certainly compatible with that indicated by the NMC combination of VMD at lowQ“ to describe the transition to
data. At largeQ? (Q2=10 Ge\?), the Q? dependence is the photoproduction region, with parton recombination, pa-
very weak, as expected from a partonic, leading-twist mechaametrized viaP-exchange, at higiQ? allows one to accu-
nism [14]—see also Refd.27-31]. In the smallesix bins, rately describe shadowing in electromagnetic nuclear struc-
however, theQ? values reach down t@?~1 Ge\?. The ture functions over a large range @?. As well as
data on the C/D and Ca/D ratios analyzed in Ré&#| at  confirming that higher-twist effects are numerically impor-
even smaller x(x=0.0003) extend down to Q? tant at intermediat€®?~1-4 Ge\?, our findings also sug-
~0.05 Ge\. This region is clearly inaccessible to any gest that the two-phase model can serve as an excellent basis
model involving only a partonic mechanism, and it is essenon which to reliably tackle the question of shadowing in
tial to invoke a nonscaling mechanism here, such as vectafeutrino reactions.

meson dominance. One should also note that, even though )

the shadowing corrections may depend stronglyQsn be- We thank M. Arneodo, A. Biilj and M. Szleper for pro-
cause the nucleon structure function itself is rapidly varyingviding the NMC data. This work was supported by the Aus-
at low Q?, the Q? dependence of the ratio will not be as tralian Research Council, and the U.S. Department of Energy
strong as in the absolute structure functions. In any case, th@ontract No. DE-AC05-84ER40150, under which the South-
fact that the two-phase modgl4] describes the NMC data eastern Universities Research AssociatiBiuRA) operates
over such a wide range @? gives one added confidence in the Thomas Jefferson National Accelerator Facilidgffer-
extending this model to neutrino scatterif&]. son Lah.
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