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ABSTRACT 

Several experiments have established that quarks exhibit different aspects of .their 
interactions depending on their environment when they are probed. The nonlJOear 
behavior found in nuclei is treated by expanding the many quark nuclear state as a 
series in color singlet multiquark states. The effects found in numerous nuclear target 
experiments can all be described by including the first two terms in this multiquark 
expansion. Comparisons with data [rom deep inelastic scattering by electrons, mnons, 
neutrinos and antineutrinos will be given and also comparisons with dimuon production 
by protons on nuclei will be examined. Dilepton depletion at small target parton 
momentum fraction in proton-nuclcus collisions will also be discussed as an example 
ot this nonlinear behavior. 

1. INTRODUCTION 

Quantum Chromodynamics (QCD) describes the behavior of interacting quarks 
and gluons which carry the quantum number named color in analogy with the three 
primary colors of visiblc light. Calculations havc been done with high predictive power 
for situations with energetic or hard quarks or gluons. Indications are that these 
partons of QeD theory behave differently in different circumstances or environment. 
The surroundings in which a quark finds itself in a nucleus produce distortions of the 
quark distribution fllndions which have not been taken into account in past efforts to 
deduce nucleon structure functions from nuclear target data. The usual approach has 
been to assume that the nucleus of atomic number A is made of A free nucleons; this 
assumption has been proven wrong and the nuclear environment must be accounted 
for before structure functions can be deduced. 

The data of the European Muon Collaboration (EMC) first showed thRt quark!;
 
in nudei behave differently than those in free nucleons;[1] and, this result (the EMC
 
effect) has been corroborated by a number of experiments with both electron and muon
 
beams.[2J A prominant feature of these data is a pronounced reduction in the value of
 
F2· 

I
(Z), the deep inela.stic structnre function per nucleon measured on a nucleus (A), at
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small momentum fraction z < 0./, relative tn the corresponding quantity me...ured on 
deuterium (D.,",.). Except for. > 0.1 F,"(z) very nearly.beh&\·es like and is ?f~en 
...sumed to be equivalent to F, for two free nucleons. The ratIO o( these two quantities, 
F, '(z)/F,"(.), will be ahbreviAted R,(A/D), with the subscript ~lesignaling th.. virtual 
photon thai COli pies to the charge o( the qllark (q). Data on d.lTerent A tRrgets show 
that R,(A/D) < I (or z < 0.1, reaches a RlllXimum with R,(A/D) ~ I near. =0.15, attains 
another pronounced reduction bclow unity n..ar z =0.5 and fin..lly rises.o that It, » I 
u z _ 1. It ,vu shownl31 that parton elTects ..suiting (rom clustering of nucleons to 
(orm color singlet Nq structllres (N =5, 9, ...3.~) gave contrihutions at all values of • 
"er)' much like the observed de,·i.tions of R,(A/D) (rom unity. This approach can he 
justified[41 mathem.tically by expanding the A·nucleon, many quark slate function (ur 
the 3.4 quark system in terms o( color singlet Rlultiquark states 

I+.• (3Aq) >=., 13q > +.J / 5q::- +4" /99 > +..., (I) 

with the expection that all physical effects can be acco\lnted for in. complete expansion 
by appropri..te choice of eoefficient•. We argue the the coefficients o( sllch an expansinn 
can ue interpreted physically. In Ref. 131, lYe used data from N =2 (meson) and N = 3 
(nucleon) quark s)'Otems to gi"e a plausiblc motivation (or the properties of the .q 
system. This led to predictions (or the value and slope of R, at • =OJ and, since 
the parton distributions are consequently rlctermined, we c"n make pr..dictions for 
"arious proccsses (rom them. We shall examine lepton pair production (rom nuclear 
targets and argue that i( the small z behavior o( R, is o( par tonic origin our choice 
of parton distribution (unctions necessarily implies a amall·x depletion o( lepton pair. 
produced on nuclear t'''gets. Similar results (or neutrino experiments with nucle," 
targets likewise (ollow. 

Since the disco"ery o( the Ellie dl'ect, sev..ral dilTerent explan..tions h..ve been 
suggested as the source of these dilTerences between bound and (ree nucleons; it is 
important to examine them all because nucle,,, target data give much o( the input 
(rom which the nucleon .tructure (unctions hue been determined. Although we shall 
stndy the contributions (rom multiquorklJl clusters to the dilTerences between free and 
bound nucleons, we first discuss Ihe other explanlltions 10 rlevel0ll feeling for how they 
are related to our work: (i) The contributions from Fermi motion{lil have been well 
studied, but questions still arc raised. The Fourier transform o( the wave (unction (or 
a nucleon in the nucleus determines the momentum distribution (Fermi rnotion) o( the 
nucleon in a bound state, which in turn distorts the collision kinematics (rom that with 
the nucleon at rest. This produces a rapid rise in the ratio R, (A/ D) at large z because 
the distributions in the denomin..tor of this r.. tio become small coml,..red to those in 
the numerator "s • - I. (ii) Multiquark cluster probabilities can be calculated from 
these same w.,'e (unctions u the o"erlap o( one nucleon with others,161leading to .. 
literal interpretation o( the color singlet I Nq ;- states as real clusters. the behavinr o( 
a particular quark or gluon in such an enl",ged quark system (cluster) will neces...ril.Y 
be different than it is in a single nucleon. (iii) Since pions "re exchanged between 
nucleons in the nucleus, the deep inrl...tic process will occasionally probe pions and 
consequently produce a distortion which must likewise be taken into account./71 The 
data require other elTech also. (iv) The bound state character o( the probed nucleon in 
the nucleus leads to a rescaling o( the definition of the p",ton momentum (raction dis. 
tribution. Numerous eMlier studies o( this specific contribution are summarized in 181 
with the conclusion re"ched that "the nuclear binding anrl the nucleon Fermi moti"n 
in the convolution morlel o( nucleons CAn not expl ..in the EMC errect." (v) Overlapl,inR 
o( the parlon \Va"e (uncti"ns in adjacent nucleons Can occur ..hen the partons h..ve 
very .mall X values,191 but this is what h..ppens when a multiquark cluster is formed. 
Thus, there is consider"ble overl ..p between the dilTerent ..pproaches. (vi) lIypotheti. 
cIlI.Q' resc..ling eITects (or .. hOllnd nuclcon ma.v also contribute in certain kinematic 
reglons./lOl (vii) Also, it has been argued that nucleon correlations contribute to the 

EMC effed.llil We believe that dullers may accounl for the m..jor elTects .. ttriblltecl 
to correlations AS backward production of hdronl in neutrino reactions can be quan· 
titatively described by the present approarh.(12) Actually, most of the ahove eITeds 
are not mutually exclusive; 'La discussed abo"e, in an extended "ersi"n o( the quftrk 
cluster model, "n up..n.ion o( nuclear ohserv..hles in terms of the set of st..tes in Eq. 
(1) m.y be ..ble to account (or all the dat... 

Since the effects (i)-(vii) all have physical basis and some give contribution. ill 
specific kinematic ..gions, it seems important to underst..nd ..II of them to ap/lrecil\te 
their overlap with the cluster picture to see i( our choice of parametrization can indeed 
incorporate the (possihly) different physics in this list. 

The deviation'lll of R,(A/D) (rorn unity were shownl31 to result (rom dilTerences 
in the regions of • in which valence VIz) or ocean O(z) qUllfks in N quark c1uste.. 
make their contributions. We denote by • the scaled momentum fraction, e.g., - = z 
for the 3q nucleon and _ =z/2 (or a 6'1 two nucleon color singlet cluster since a given 
quark can havc a maximum value z =2. For a generic N quark clusler we writel3l 

0,\'(,) .-" A,\'(I - ,1"', 1\.(.) = B,\'''_(I - -j", G.d-) =C.,·{l • -)"', (2) 

for the ocean, "alence, and gluon distributions, respectivdy. The six parameters in Eq. 
(1) were determined (rom norm..lization to N "alence quarks, momentum conserv"ti"n 
constraints, and by examining data for N =2 ()lion) and N = 3 (nudeon) clusters, (rom 
which the ratio of momentum in the ocean to th.t in valence quarks could be fixed 
as independent o( N. With the physically re...onable requirement that CI,\' > h, it is 
logical to take ..., to be approximately in the range II - 13. This led to a ...tis(..clory 
representation o( the data[I,21 for the ratio R,(A/D), 1\& shown in Fig. I, the.e curves 
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th~ Sq clulter in CUd A, 8, C. respectiwely. 
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being charaderized by lhe Ihree parllmeler .els 

,1= ,1(3,9,9, 11), D = B(3.9,10, 11), C = C(3.9.10, 13), (3) 

where Ihe q"anlilies in parenlhe.e••ignify b.I,."b..,..", resp.clively. In Ihe calc"lalion. 
in Sed. II, w••hall generlllize b." lhe geu.ric exponenl of (1-.) for lhe nlldeon vlll.nce 
qUllrk., 10 be be.. = 3 for Ihe • quark llnd be•• = 4 for lhe d qUllrk. Thi. hll. no e1f.rl 
on lhe analy.i. in 131, and minor effecls in lhe following. Thu., lhe conlenl of Eq. (3) 
can be r.wrillen 

A =,1(13,41,9.9. II), H = D([3, l}, 9, 10.11). C =D(l3. 41, 9,10,13), (t) 

,vhere lhe numbers in par.nlh•••••ignify !b.•. b·...I,.",b.:.G<.. The gluon f"nclions will nol 
be required in Ihe following. E~ch of Ih.se lhree sets of valu•• (.4, 8,C) 1.<1 10 valn.s 
of R,(A/V) al z ~ 0 which were le.s Ihan nnily. In num.rical.'·,,)nal;on. the.e lhr•• 
sels of parameler. IIr. specified M (A, D.C) and label approprial. curve. llS in Fig. 1. 
In lh~ dileplon pllir oala comp~ri.on., cun'.' for CllSe A will not b. presenl.d becanse 
ils predielion. are like Iho.e for case B. 

II. DRELL-YAN DILEPTON PRODUCTION DY PROTONS ON NUCLEI 

11 has been poinled ani lhal lhe Ordl- Ylln (DY) proce.s Clln he II good ....nrce 
of informalion on qUllrk and anliqullrk .lrnelme fundion. in nuclei.113,14] For onr 
purpo.es, il i. dear Ihal if nllcleon. in nllclei form qnark c111.1er., Ihere shollid be 
evidence of lhem in qq IInnihilalion 10 leplon pairs in hadron-nucleus collisions. The 
aUlhors of R.f. 1131 have alrelldy noled lhi., and lheir calculalion. IIsed lhe parl"n 
di.lribulions of Car son IIno Haven'l41 which re.u\l.d in enhllncemenl ncar c =o. The 
following calculalions uprJale Ref. .\131 with Ihe parlon dislribution inl,ul from Eq. 
(4) above. This inpul, lIS seen in FIgs, 2 lind 3, produces a deplelion III low zi lhis 
deplelion (oflen referred 10 ILS "Ihadowing") relulh from lhe inlerplay belween nucleon 
and c1usler conlribulions in lhe nuclells. 

We denole z, (Zl' in Fermilab experimenl E772(15J) ILS lhe momenlum frllclion of 
lhe proj.clile (prolan) lhat is carried by lhe annihilaling quark Illnliqllllrkj and z, (z, in 
[151) as lhe momenlum fraelion carried by lhe anliqullrk l'lllarkllhlli Will ILnnihilal.d 
in Ihe largel. The annihillliion produces a pholon of four-momenillm .quared, Q', 
equal 10 lhe mllss squlIred, At', of lhe leplon pair inlo which Ihe pholon decays. The 
double differenlial (OY) cross .eel;on in lhese variables is a sum over III1 qUlLrk f1l1vor. 
4 in lhe proj.elileI13] 

d'!fr 4..0 2 

dz,dz, = iMlLc.'F.(z,.z,). (5). 
where c. is lhe charge in IInils of prolon charge, Q is lhe fine .lruelure con.lanl, M' i. 
lhe .quare of the mlLss of Ihe leplon plLir, and 

F.(z" z,) = q. "(z, Ii. '(z,) + i. "(z, )q.'(z,). (5) 

The qUllrk lanli'lllllrk) di.lribulion. in lhe inri,t.nl proIon (p) or in lhe lar~cl (I) fM 
parlon. lire q.r· .... (z, ... ,) I i.'·«'(c,.w') I. Wilh Ihe lrllnsverse momenlum of lh. IeI" 
Ion pllir al.o negJecled[1511he producl, z,z, = M'/, = T, where' is lhe hlldron.hlldron 
cenler-of·momenlum frllme energ.v squared. We hu. z,' = z, - z, liS lhe frllcli"n of 
lhe maximum possible momenlum for Ihe dileplon plLir. For fixed '1, we form lhe 
ralio of Ihe OY cross seelion per nucleon for lllrgel A divided by lhe correlponding 
quanlily on lllrgel V lind 1'101 lhis ralio, R/II·(A/V) as a funelion of c, 10 compare wilh 

experimenl. In lhi. ralio lhe Q' dependence from QeD r,redominanlly cancel•. In lhe 
largel (A or V), lhe annihillliing pllrlon can be in a nuc eon or II larger qUllrk c1u.ler. 
Thi. probahilily fnr finding lhe neulron and prolon overlllpping 10 form a Sq cluster 
in lhe deuleron will be laken lUI 4"'.161 

The calculalions we shall pre.enl are relevanl for lhe di.cu••ion of the ruull. 
of Fermilab experimenl Ei72!151 whirh <Ielcded Jeplon pairs produced hy (lrolon 
beam. incidenl on various nucl.lIr largels: carbon(;), calcium(Ca), iron(Fe), and 
lung.l.n(W). The re.ulls hll"e be.n pre.enled a' II rlllio rellllive 10 lhe correspond· 
ing yield from deuleron.. Some of our calculalions .howing a deplelion in dileplon 
produclion "I .mall z were pre.enled previously and brief reporls were publi.hed in 
various conference procee<ling•.116,17,181 We hlLve indic.. led lhlLl any pllrlon slruclure 
funclion approll.h which gives small·z .hadowing in deep inelaslic .callering (DIS) 
necessarily give••hadowing in lhe DY process ..1.0. Our re."ll. IIppear.d 10 be in 
conflicl wilh preliminar)'1J 91 re.ulls from E7i2 bul are in c1o.e agreemenl wilh lhe 
fin,,1 experimenl .. , <11\11\. For lhe DY proce••, al v.ry large z, w. find lhal lhe vlll"e 
of R""(A/ D; z, =0) = R, (,1/ V; z =0) for lhe c1u.ler conlribulion unlYi lhe olher eff.d. 
menliuned in Sed. I (e.g., pion.) will modify lhi••omewhal. In our pre.enl clllc,,· 
lalion., we do nol as."me z, is large bul sum over III1 parlon. in Ihe projedile lhlll 
mighl conlribule. Because lhis sum will nol fador lhe same way in lhe numeralor and 
denominalor for DY, lhese Iwo rlllios will be IIpproximalely equlll ralher lhlln eXlldly 
equlll. BUl, III larger z, lhe slronger .lalemenl can be made: If lhere i. d.plelion ncar 
z, = 0 in lhe DIS process, lhere will neces.arily be deplelion in DY produclion for 
.hlldowing of par Ionic origin. 

ln Fig•. 2 and 3, we .how lhe DY ralio. for .pecific z, value. calculal.d u.ing 
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Fig. 2. Dalalnl compar.d wilh Ih.or.lieal cur... for R"de/V) VIZ, ealeulal.d for e d.ftned 
in Eq•. (2) and (4) wilh 8 g;••n b, Ih. duh.d lin•• and C g;.... b, Ih. IOlid lin.. for Ih Iu•• of 
ZI labelled on the CUUtS. Cunci (or C.IC A art the ,arne u thOit (or B for .,.,11In or Z2 < 0.4 and 
dill'er 'er, Iilll. from 8 for l.rs.r z,. In Ih. lUI, w. refer 10 Ih. d..h.d eun.... B(z, = 0.1) and 
B(c, = 0.4). wilh Ih. IOlid cun.. b.ing C(z, =0,3) and C(c, = 0.4). 



Eqs. (2)· (6) f"r cMbon I\nd iron tllrgel •. The dol·cll\Shed line on Fig. 3 was cl\lcull\led 
lind presented by the E772 experimenler. ". the prediclion "f the cluster model b ...ed 
on Iheir assumplions for pAtlon dislribulion. wilhin c1uslers. 

The problem or inlerpretalion of curVes cl\lcull\ted for ditTerenl " value. is Ihe 
.ame for each lArget. We begin wilh Ihe Rode/D).,., cun'es in Fig. 2 and apply Ihe 
same anl\lysis 10 Ihe Fe cll\la in Fig. 3. el\fb..n eonsisls of 6 neulrons and 6 prol"ns 
and we lake Ihe prohl\bilily of c1usler f..rml\lion to be I,· :: 0.1.16) The hehllvior of 
R""(C/D), like any of Ihe R",.(A/D), is such Ihlll for " > 0.1 - 0.2, Ihe value of Ro,' 
increues as '1 increase•. From Ihe informl\lion !\Vailable in 1151. it appear. cerll\in 
thaI Ihe vallie of ., = 0.4 i. Il\rge compllred 10 mo.l of Ihe E772 dl\la. Therefore, 1\ 
number of cllrves for cases B I\nd G fur .everl\l clitTerenl " ~ 0.4 arc shown eompAred 
wilh Ihis dall\. Our presenll\lion neglecls ll,e appropriale weighting of " resulls for 
each " hin beel\use il i. diflicllll 10 deduce the experimenll\l weighling from II 5). 
Forlunalel)" Ihe Iheury ellrves I\r. very insensilive 10 Ihe '·I\Io,e. of " ~ 0.4 in Ihe 
range where preci.ion dl\ta exisls. An excellenl represenll\lion of Ihe dl\ta will follow 
regard I... of Ihe weigh ling function ill Ihe experimenl. The curves c1el\rly predicl 
deplclion of dileplon pl\irs I\t sml\lI '1, I\n eITecl confirmed 1\1 rOllghl)' the two and one 
half .landl\rd de"illl;on le\'el by Ihe lwo slnallest ., dl\la poinls in Fig. 2. We show 
one curve explieill)' for ., = 0.3 becl\use Ihis value el\n be inlerpreled I\S pos.ibly being 
an effeelh'e I\verl\ge. This curve, C(./ = 0.3) is mMe Ihl\n adequ3te I\S a represenlion of 
Ihe dala. However, we emphl\size I\gl\in 1I.l\t whatever Ihe correcl weighting faclor for 
doing an inlegrl\tion on " from 0.05 10 0.4 or l!\Cger, Ihe dala win be wen described by 
quark c1uslers in the nucleus. We lea\'e open the possihilily Ihl\t Ihe I\ddilionl\l effecls 
discussed in Sect. I mighl nol be repre.entecl by the cluster expl\nsion, Eq. (I), I\nd 
whelher I\greemenl wilh Ihe cll\tl\ mighl cloallge. 

Al Ihis poinl, il is useful 10 commenl on Ihe experimenlal dilepton ml\ss distrihu· 
lion. The experimenters!I51 show df1'/dM falling b)' lwo orders of magnilude belween 
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M = 4 and 9 GeV. If one normalizes 10 Ihe cross seclion al any At value in Ihis 
range, Ihen Ihe well. known I/Ar' scaling dependence multiplied by Inln(Q'/Q!) wilh 
Q.' = 4CeV' gives a good represenlation of Ihi. non·resonanl region dala. Theref...e, 
lIny Iheoreliul description of Ihis Drell· Van proce" which is calculaled from 1\ QeD 
based inlerl\ction or parl\melrizl\lion of pl\rlon slruclure fundion. wi1l he consislenl 
wilh Ihe df1'/dM .. M dependence of Ihe dileplon pairs. In particular. quarks I\n<1 ~Iuons 
in nucleons or Iq c1uslers in nuclei wi1llikewise lead 10 Ihi. ume relalive ml\Ss vMll\liun. 

For dell\iled compl\rison of o\lr cl\lculalions of RIII·(A/D) vs " with Ihe data, it 
is imporlanl 10 know Ihe experimenllll s. varialion. Lacking such informalion, we 
Iherefore have examined several I\pprol\ches b""ed on Ihe experiment/lSi which give 
us consislenl I\n.wers. These considerl\lions arc summl\rized e1sewhereI201, and here 
we .imply say Ihl\l curves (or " =0.3 repre.enl 1\ reasonable averl\ge on which 10 bue 
compl\risons o( Iheory wilh experiment. 

Figure 3 shows Ihe dala(15] ,,"d Iheorelical curves for R"rlFe/ D) vs " for severl\l 
" values. We nole in compMing Fig•. 2 I\ncl 3 Ihl\l a. A in«eases,/.• increl\ses I\nd Ihe 
deplelion of e"enIa reldive 10 D becomes more marked. The precise vl\lues for /., cl\n 
nol be predicled ,veil; Ihe vl\lues we used(6,20jMe "'. =0.14, II·. =0.18, /I.. =0.22. There 
are indicl\lions Ihal perhl\ps Ihese probabililles should be larger for hel\vin nuclei as 
Ihe calculalions of Ref. [61 show Ihal probabililie. for Ihe exislence of 9q, I2q, elc., 
,c1u.lers grow wilh A: Ihe efteels of Ihese larger c1usler. arc included in I\n I\pproximl\le 
I\'ay. Our compMisons wilh Ihe calcium and lungslen largel dall\ are similM 10 Ihose 
in Figs. 2 and 3 for carbon I\nd iron I\nd are Iherefure nul included here·120\ 

The compl\ris"n "f Ihe solid Iheory e\lfves in Fig. 3 wilh data for R'JI·(Fe/ D) 
vs " proceed. enclly as discussed for Fig. 2. The dOl·dashed curve is from Ihe 
experimenlal paperl15j where il is represenled as Ihe predicli"n of a qUl\fk cluster 
model based upon parlon dislribulions from (41. The parlon distribulions of 141 were 
bl\sed on crude assnmplions and Iho.e el\rly applicalions did nol pro"ide a slmng leal 
of Ihe ocean and gluon dislribulions. Clearly, ollr curves which are based on a quark 
c1usler model, bul with parlon di.lribulions delermined by a syslemalic approMh 10 
Ihe hl\dron brgel dala, disl\gree markedly wilh Ihe dol·dashed curve. 

We nole a "ery slow lrend for Ihe Iheory curve. 10 show grealer deplclion or 
shadowing as., increases. Conver.ely, for., > o.l.lhereis a .Iow increl\se of R",·(F./ D) 
in Ihe range of dala as " inereues and Ihis increase hecomes dramalie beyond the 
range of dala. These are predielion. of the quark cluster model which can be lested by 
future experiment. Also, we nole IhAl if "'. is increased in the calculalion 100.3, the 
vl\lue of R",.{Fe/D;., = 0) decreue. by 0.4; in Ihe framework of the c1u.ler expl\nsion 
Ihis could I\mount 10 allowing enh,,"ced .hlldowing of Ihe lype discussed by Qiuj9) 10 
exisl belween soil parlons in a cluster and pl\rlons in adjacenl nucleons or clusters . 

[II. NONLINEAR BEHAVIOR PROBED WITH NEUTRINOS 

Neulrino I\nd anlineutrino bel\m eXl,erimenls have bccn used eXlensively to study 
quark momenlum (raclion dislributions in nucleon•. The incidenl " lurns into a 1'
plus a no+ in Ihe reacLion wilh Ihe Il'+ rl\i.ing Ihe negl\tively charged d qUl\rk in a largtol 
nucleon inlo a • qUl\rk, \vilh Ihe possibililY of Ihe produced. quark jet and oulgoing 
1'- heing delecled. From a Ii beam, 1\ ,.+ I\nd \1'- re.ull and Ihe IV- chl\nges a • qlll\fk 
inlo ad qUMk; in Ihis Cl\se, Ihe produced 1'+ I\nd/or Ihe d quark jet would be detected. 
The I\lmosl unl\lnbiguous re.ull of .uch dala is direct information of the d (u) quark 
distribulion in the tArget depending on whether .. (Ii) beams "'ere used. The sm,,11 
momenlum fraclion .ea quark. would lend 10 obscure .ueh a direcl interprelation, bul 
for larger. Ihe valence quark funclion is c1el\n. However. Ihe overall re.ull from datl\ 
.uch a. this, along ,vilh Ihe deep inelll.lie acaUering dllta di.cuaaed In Secl. 1 I\nd 
Ihe lepton pair dala discussed in Secl. 11 is 1\ sel of equalions which can be solved to 



deduced the valence and sea quark distributions. The dilepton cross section is given in 
Eq. (5), depending linearly on both the structure in the projedile and the structure 
o( the target. The data shown in Fig. 1 depends quadratically on the distribution in 
the target while the neutrino dl\ta varies linel\rly with the target distribution. 

However, the experiments we have been describing have all bccn done on nuc1el\f 
targets, especially those with neutrino beams, in order to enhance the crOll secti"ns. 
A. we have sccn, the presence of other quarks di.torts the result relative to the (ree 
nucleon. Therefore, the I\ssumption thAt the nucleus consists o( A (ree nucleons when 
probed by high energy projediles is simply wrong, and those analyses extrl\cting quark 
and antiquark distributions bued on this usumption arc wrong. 

If the neutrino beam experiments I\fe done on nuclei and the behavior o( quarks 
in nuclei is described by the cluster expansion o( E'I. (1). whl\t can be predict,," 
(or the neutrino beAm experiments? The crolS section (or interadions o( nuclei with 
" or ~ beams can be expressedl211 in terms o( struelure (undions in l\Ralogy with 
the discussion (or the reactions In Sects. I and II. The F, structure (unction o( d"ep 
inelastic e1edron or Inuon scattering is given b)· the quark distribution weighted hy the 
quark charge squared. In the" or ~ beam cue, almost directly (r<:>m the discuuions 
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beam data(22j. 

in the previou. paragraph. wel211 can write the analogous F, structur" (uncti<:>n in 
terms o( up, down, strl\nge, and c~arm (_,d, •• e) quark and antiquArk distributions as 

F,(z) =2(D(z) + S(z, + 0(0) + t(z)l. (T) 

F,(z) = 2(U(z) + C(z) + D(z) + ~(z)]. (8) 

When we considerl211that the partons ml\Y be in nucleons or I 89 > clusters, we can 
calculate the I\nalogous rAlio (or th~se struelure (unctions per nucleon in a nucleus A 
to that (or the deuteron. This ratio is 

R•.•(AI D) =I - f., + /.• [8\'(z/2) + 5U,,(z/2)1/(8V(z) + 100,,(z)]. (G) 

In this expression, we adopted the notation o( Eq. (2) (or the valence quark with the 
sea quark distribution given u ON = O~·/5. This rl\tio (rom Eq. (9) is shown plott~d in 
Fig. 4 compared with the CDHSI221 dl\ta; the theoretical curves arc independent o( ", 
f> beam type. These results demonstrate the .ame behavior seen in the other ligures, 
with the shape being especially simill\r to that in Fig. I. 

IV. CONCLUSION AND DISCUSSION 

The curves in Figs. 1-4 all illustrate consequences o( the existence o( quark clust~ra 
in nuclei. In dilepton production (rom nuclei, u z. increues, the value o( the ratio 
R"dAID) decreases slightly at z,=O and increues considerably at ll\fger z, > 0.2. The 
data" arc not sufficiently precise to study such an effeel in any detail. Performing 
an experiment with enough statistics to allow bins in z, to be plotted would i ..cr~G" 
our knowledge about the behavior o( quarks in nuclei. With qUl\rk clusters (orming 
in nuclei, it is clear that the major part o( the increue in shadowing ncar z = 0 is 
explained by the increase in the number o( pouible quark clusters as the nucleon 
number incr~ases. The values used,!6,201/.· = O.I./r. =0.14./,·, = 0.18,/,,· = 0.22, w"re 
bued on eslimates o( the overlap between nucleons (rom extrapolations in A, and have 
perhaps a 25 per cent error in them. This produces a 0.03 change in the value o(
R",· at z, = 0 (or the heavy nuclei. This uncertainty in / .• might be large enough 
that (or a heavy nucleus like tungsten, /I .. = 0.3 is possible. This uncertainty reflects 
our approximate treatment o( clusters o( 9, 12, etc., quarks in such a nucleus. An· 
other Source o( deviation in the theory value comes (rom the intrinsic uncertainties 
in deducing the struelure (unelions I\nd the resulting (eedback in getting the cluster 
distributions accurately. The uncertainty in /, along with other uncertainties suggests 
the total theory error band on our calculated curves might be such as to be 0.04 . 
0.05 wide in the plotted ratios throughout most o( the z, or 0 range o( the data on 
all the ligures. We note that this 0.04 uncertainty in R'Il" is small compared with the 
differences between our theory curves and the dot·duhed curve given in Fig. 3. We 
believe our curves arc much more representative o( the quark cluster model predictions 
than that presented{15\ by the experimenters. 

In conclusion, these comparisons with deep inelutic scattering, Drell·"ian And 
neutrino beam data supports the usc o( the cluster model u a plausible phenomeno. 
logical description o( the behavior o( quarks in nuclei. Perhaps our analysis is now At 
the stage where we could make a milch stronger statement as to qUl\fks and gluons 
congregatinll into physical color singlet multiquark systems u real entities in nuclei (or 
in a pluma). At any rate, in the past, experimenters have usually treated the nucleus 
as a coiledion o( (ree nucleons when extraeling structure (unctions (rom nuclear target 
data. The cluster model approach provides a tool with which to remove nuclear effects 
and get more rdil\ble parton distributions. 



II I • 

ACKNOWLEDGMENTS 

I would like 10 Ih"nk Prolessor H. C. Mynng and Ihe other University 01 Nr>rlh"n 
Iowa staff lor making Ihis conlerellce a success. Also, I am grateful lor hospilalilY o( 
and discussions with m"ny colleagues, eSI,eci"lIy Drs. U. Sukh"tme, C. E. eMIson, 
J. Qiu, "nd D. Sivers, "I Ihe IIEP Division 01 Argonne N"tion,,1 L"bor"t"ry where 
much of Ihis work was dune. We wonld like 10 "cknowledge the .upl)"rl o( Ihe U. S. 
Deparlmenl of Energy, Division 01 IIigh Energy Ph)'s;,s, conlrad no. W· 7405- EN G·82 
Office of Energy ReseMch (KA·01-0\). 

REFERENCES 

!II See, e.g., J. Ashman IEMC collaborationl et aI., Ph". L<lI. 202D, (1988) 603 "nd 
J. J. Auberl el al., ibid. 123D, (1983) 275. 

[21	 R. G. Arnold el aI., PA". R... L.II. 52, (1984) 727; A. Dodek el aI., PA". R... LeU. 
50, (1983) 1431 Md 51, (1983) 534; G. Bari el aI., PA". L.u. 183D, (1985) 282; 
A. C. Ben"ennli el "I., ilid. 1808, (1987) 483; J. J. Auberl el al.,N.d. PA".D260, 
(1985) 189 and 8212, (1984) 158, 

31 K. E. Lassila and U. P. Sukhalme, PA". LeU. 201lB, (1988) 343 
14 C. E. Carlson, private communicalion; H. Pirner and J. P. Vary, PA". R... L.lI. 

4G, (1981) 1376; C. E. Carlson and T. J. Havens, PAy,. Re., LeU. 51, (1983) 261. 
{5}	 A. Bodek and J. L. Rilchie, PA". R...D 23, (1981) 1070 and 24, (1981) 1400. See 

also D. Kusno "nd M. J. Moravesik, PA". R... D 20, (1978) 2734 anc! G. Yen, J. P. 
Vary, A. Harindr"nalh, "nd H. J. Pirner, PA". R... C,42, (1990) 1665 lor eMlier 
'york and relerences. 

61 M. Salo, S. A. Coon, H. J. Pirner, and J. P. Vary, Ph". R... C33, (1986) 1062. 
f7 E. L. Berger and F. Coeslcr, Ann. R••. Nocl. Pori. S.i. 37, (1987) 463; E. L. Derger, 

F. Coesler, and R. D. Wiringa, PA". R... D 20, (1984) 398.
 
8j G. L. Li, K. F. Lin ,and G. E. Drown, Ph". L.u. 2UD, (1988) 531.
 
19 A. n. Mueller and J, Qiu, Nvd. PA". D2GG, (1986) -127; J. Qiu, ibid. D201, (1987) 

746; E. L. Berger Md J. Qiu, Topi.ol Conf. on Nocl..r CAromod,nomiu, Ed. J. Qiu and 
D. Sivers (World Scienlific, Te"neck NJ, 1988) p. 119; L. L. Fr"nkfurl and M. I. 
Slrikm"n, PAy•. Rep. 100 (1988) 235; N. N. Nicoll\ev and V. J. Zakharov, Phy'. Lell. 
55D, (1975) 397. 

!

(101 F. Close el "I., PA". R... D 31, (1985) 1004; F. E. Close, Nocl. PAy,. AH8, (1988)
407c. 

[Ill C. Cioli della Alii and S. Liuti. Ph". LeU. 8225, (1989) 215. 
[12 C. E. Carl.on, K. E. La.sila, and U. P. Sukhatme, Borlw.rd II.dron, from D"p 

Inrlo,li. L.plon S••U.r;n,. preprint WM-90·11S (1990). 
13j A. Ibrindranalh lind J. P. VI\fY, Ph". Rr.. D 34, (1986) 3378. 
14 E. L. Berg.r, Nocl. Ph". B287, (1986) 231; R. P. Bickerslllff, M. C, Birse, and C. 

A. Miller, PA". Rtf. L.II. 53, (1984) 2532 and PA". Rtf. D33, (1986) 3228. 
151 D. M. AIde et "I., Ph,•. Re•. Lrt/. G4, (1990) 2479. 
116 K. E. L"lIilll lind U. P. Sukhalme. Nocr... • nd P.rticl. PA"k, on Ih. Li,AI Con., Ed. 

M Johnson lind L. Kisslinger (World Scientific, NJ 1989) p. 115. 
1171 K. E. L...sila, A. N. Pelridio, C. E. Carloon, and U. P. Sulch"lme, P......din" oflhe 

Amt'MC'on Ph."icof Skid)' oi.i,ion 0/ P.rl.iclc, .ftJ FiclJ. ~/<(!ti"" ., Ria Uniurlilr, Ed. W. 
Bonner and If. E. Miellillen, in pre••. 

(18)	 K. E. Lusil....nd U. P. Sukh"lme, 5 /1•• Sl.dowi", in Dim.on Prodoc'ion, oubmitted 
to PA". Ldt" J990. and S",.II.% SAell i"" ill Di",.o" ProJ.tfi"ft " Proton. 0" l'I..dt'i~ 
submilled 10 Ihe fSIA Inl.rno'i.".1 Cufe.." •• o. 8i,h Ent." PA"i", Sin,oport (1990). 

(191 J. C. Peng, talk pres~nled ..I Ihe LAMPF Worlcshop, N.cl... ond Porlitle Ph,,;., on 
lAc Li,A, Cont, Ed. M. Johnson and L. Kinlinp;er (World Scienlific, NJ 1989) p. 65. 

120}	 K. E. L....i)", U. P. Sukhalme, A. Harindranath, and J. V. V"rr, D;/.~fon Prodoc. 
eio" &, Prolo,.. Oft N.tltl 4,,4 IAt Parto"ic On,i" of Drpldion .1 S".ell ~/o".t,,'.m Fractio"1 
preprint IS.J 4052 submilled to Physical Review 

121} K. E. L....i1a and U. P. f,ukhatme, A.ol." of fAr EMC EUrel in Nnlrino·N.cle.. InleNe· 
liolU, I'd. J,nrnol 0/ Mod. Pl.". At in press. 
U. Abramowicz el 1ll.,Z. PA". C 25, (1984) 29. 1221 




