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Introduction 

VVhile it is usually assumed that the light quark (u, d) sea of the nucleon is flavor 

symmetric, this symmetry is not intrinsic to QeD. Indeed, there is strong circumstantial 

evidence that J.P(x) =I=- W( x) in the proton. The evidence is the observed violation of the 

so-called Gottfried Sum Rule l (GSR). The GSR is most simply written as the integral over 

all x of the difference between the F2 (x)* structure function of the proton (p) and neutron 

(n). 

(1a) 

(1 b) 

where 

u~(x) == uP(x) - u;P(x) etc. 

To derive Eq. (1a), isospin symmetry must be assumed, i.e., u~(x) = d~(x), W(x) J."(x), 

etc. 

A recent experiment2 has obtained 

rO.8 
Ff( x) - F2"( x) dx = 0.227 ± 0.007 0.014 , (2) 

xJO.004 

and on using extrapolation to extend the integration over the unmeasured interval find 

t Ff(x) - Ff(x) dx = 0.240 0.016, (3)Jo x 
which is 5.6lT away from the GSR value of one-third, assuming d!' (x) uP ( x). 

The large difference from one-third reported in Ref. 2 has resulted in a great deal of 

attention being focused on the nucleon sea. The various approaches that have been taken 

can be distinguished as follows: 

* The Q2 dependence in all expressions will be suppressed. 
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1. 	Reparameterizing the w(x), "~l(x) distributions so that the measured value of the 

GSR is obtained.3 - 6 

2. 	 Explicit calculation of the contribution of virtual mesons to w(x), ";JP(x).5,7-11 

3. 	 Retaining uP{x) = dP(x) and making u~(x) d~(x) sufficiently singular near x = 0 

that the observed value for the GSR is obtained.6 ,12 

4. Suggestions 	that "nuclear" effects in deuterium, which was necessarily employed as 

a neutron target in Ref. 2, strongly influence the experimental result. It should be 

noted that different authors do not agree on the sign of the effect, though most believe 

it to be small. We will not deal with this issue further. 1O ,13,14 

Because the values of uP{x) and dP{x) are relatively large and are not known to 

sufficient precision, the measurement of Ff(x) - F2n{ x) cannot be used to reliably obtain 

-;t(x) uP( x); hence one must rely on the GSR and settle for an integral over x of the u, d 

sea quark difference. 

On the other hand, the Drell-Yan process with incident nucleons can be made ex­

tremely sensitive to the antiquark distribution of the target. This point has been raised 

in the literature4 ,15 as a procedure to further investigate the physics behind the observed 

GSR violation. The E772 collaboration has already made use of this fact to reanalyze data 

obtained in FNAL E772 and have submitted a paper16 for publication in Phya. Rev. Lett., 

which is attached as Appendix 1 to this proposal. It is easy to show (with reasonable 

assumptions) that, apart from shadowing corrections, the ratio of Drell-Yan yield per nu­

cleon from a target with Z protons and N neutrons compared to the yield from deuterium 

IS 
yp+A 


DY/A 
 (4)=1y:p+D 
DY/2 Zy>O.2 

where XF == Xb - Xt, :Vb is the fraction of momentum carried by the incident quark and Xt 

is the fraction of momentum carried by the target antiquark. 
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In E772 the ratio of the Drell-Yan yield from nuclear targets (C, Ca, Fe, and W) 

compared to deuterium was measured. It was established that there is little A dependence 

in the antiquark structure functions as a function of A apart from shadowing, which occurs 

at the same level as observed in DIS (Appendix 2). Unfortunately, from the point of view 

of Eq. (4), the values of (N - Z)/A are small for all the E772 targets save W, where 

[(N Z)/A]w = 0.195. However, even with this unfavorable situation, it is possible 

to obtain results that are inconsistent with most attempts to date to reconcile the GSR 

violation via the d(x) ::/= uP ( x) route. Table I lists the measured result and compares it to 

various predictions. Questions may be raised about nuclear effects in W, but the obvious 

(lua.litative result is that there is no evidence for d( a::) ::/= u( x) in the data. 

Table I 

~d 

0.040 -0.10 ± 0.077 0.17 0.11 0.065 0.064 

0.071 -0.15 ± 0.071 0.29 0.20 0.080 0.092 

0.120 -0.07 ± 0.067 0.46 0.33 0.085 0.121 

0.168 0.15 ± 0.15 0.68 0.46 0.083 0.144 

0.215 0.31 ± 0.36 0.75 0.58 0.078 0.167 

0.267 0.05 ± 0.86 0.84 0.68 0.073 0.184 

-p 
~ = !!p (:zo)-U1'(:zo) 

d (:zo)+uP(:zo) 

a Ref. 16, Attachment 1 
bRef.4 
eRef.5 

dRef. 6, Distribution Do 
eRef. 6, Distribution D_ 
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Thus, it appears that there is an interesting problem. A large violation of the GSR 

has been established and at present there is no clear support for values of ?(x) > uP(x) 

that are sufficiently large to account for the observed violation. 

The values of d(x) and u(x) are intrinsic properties of the nucleon and therefore should 

be measured as precisely as practicable over a broad range in x. It naturally arises in the 

110nperturbative regime that dP(x) > W(x)-for example, from virtual mesons-but that 

approach, while promising, has not yet yielded a quantitative account of the GSR violation. 

We believe that it is important to make a direct measurement of l'(x)/uP(x) to confront 

various models of the structure of the nucleon. In particular, it may be a fruitful way to 

examine the relative contribution of nonperturbative processes on the measured structure 

functions. 

The Proposed Experiment 

We propose to greatly improve the experimental knowledge ofl'(x)/uP(x) via preci­

sion measurement of the ratio of DY yields from protons on protons to protons on deu­

terium. 

(5) 


In addition to being five times more sensitive than our earlier measurement on W, it 

uses the lightest possible nuclei, thereby minimizing any nuclear effects that could obscure 

extraction of the structure function ratios. The left-hand side of Eq. (5) can be measured as 

a function of x with experimental systematic errors that will be, at most, ±1.5%. The range 

in x to be investigated is 0.04 S; x S; 0.3. The upper limit arises because the sea distribution 

is a rapidly falling function of x [- (1 - x)8J. The lower limit arises from the fact that we 

require the DY dilepton pair (p.+p.-) to have a mass appreciably greater (4 GeV) than the 

mass of the "p' (3.69 GeV). Achieving the same level of precision in the (p + p)/(p + D) 

ratio as was obtained in the W / C ratio fixes the ratio [de x) - u( x )]1 [de x) + u( x )1 to the 
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accuracy shown in Table II. At this level of accuracy, all the parameterizations shown in 

Table I would be directly confronted. 

Table II 

Error in :!-u
d+u 

0.040 0.015 

0.072 0.015 

0.120 0.015 

0.168 0.03 

0.215 0.07 

0.267 0.17 

The experiment is proposed to be carried out using essentially the same equipment as 

E772. This setup allowed a high statistics measurement of the ratio of Drell-Yan yield from 

a variety of nuclear targets. The experimental layout used in E772 is shown in Fig. 1. The 

RICH couuter will not be used as muons are sufficiently well selected via their range. The 

three dipoles, SMO, SM12, and SM3, serve as a dimuon spectrometer. The first magnet, 

SMO, serves to open up the small opening angle of low-mass dimuon pairs, SM12 focuses 

high PT muons into the downstream detectors, both SM12 and SM3 are used to measure 

the muon momentum. A hadron absorber (e-13 ) of Cu, C, and CH2 blocks is placed in 

the gap of SM12. In this configuration, the apparatus has an energy resolution of 150 MeV 

at the J /7/J and 200 MeV at the T and z vertex resolution is more than sufficient to reject 

dimuon pairs created in the beam dump. 

The muon trajectories were measured in a variety of drift chambers, proportional and 

multiwire proportional counters. The MWPC chambers at Station 1 used in E772 have 
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been replaced by new drift chambers. A set of scintillator hodoscopes at Stations 1, 2, 3, 

and 4 provide the fast level-1 and level-2 triggers. 

The dimensions of the LD target used in E772 and shown in Fig. 2 are quite suitable 

for our purposes, and we would propose that the LH target be identical. The beam spot 

(8 mm x 2 mm) obtained during E772 running is sufficiently small that the diameter of 

the LD and LH targets could be reduced from 7.62 cm to 5 em if this proves advantageous 

in their construction. The target windows should be kept as thin as was the case in the 

E772 LD target. The targets should be interchangeable into the beam position within 

the 40-s interval between beam spills. Provision for fixing a C target in the form of discs 

should also he provided, as shown in Fig. 2, for the purpose of tune-up and comparison to 

the E772 results. 

By referring to the results of E772, a lower limit on the number of analyzed DY events 

can be determined with confidence. Table III lists the yield of analyzed Drell-Yan events 

per 1012 protons for each of three settings of the magnetic spectrometer. As most of the 

running would be done at the medium field setting, at least 4.5 x 104 analyzed DYevents 

can be projected from each target with 1012 protons/spill and one month of data taking. 

Table III 

# of DYpp* /1012 p # of DypD /1012 pField Setting 

Low 5.4 5 10 

Medium 7.0 3 6 

High 9.5 0.35 0.7 

*The number of proton events is taken to 0.5 the number observed for deuterium. 
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The largest systematic error (±1.5%) in E772 came about from rate dependence in 

t.he muon tracking efficiency. It will be important to achieve a balance between this effect 

and increasing the flux beyond 1012 protons/pulse. 

Since E772 was run, there has been further development of the dimuon spectrometer. 

In particular, E789 increased the acceptance for low-mass pairs by making a smaller beam 

dump. Hence, we expect considerably more low-mass events than obtained above based 

on the E772 results. The data acquisition system has been upgraded to be ten times faster 

than it was in E772 and thus should be capable of handling the projected higher rates. 

With 50-cm LH and LD targets, 1012 protons/spill, and four weeks of running (2 X 104 

pulses), we find for 1.33 x 104 spills on LH, 0.67 X 104 spills on LD with Duke-Owens 18 

structure functions, more than 200k DY events from each target. They are distributed in 

:1: as shown in Table IV. 

This setup will also see dimuons from J /'if;, 'if;', T(lS), T(2S), and T(3S) decay. In 

Table V we show the yields from the proton target that prevail for the same conditions 

employed in Table IV, except that the J /'if; B.nd T production cross sections are estimated 

from Refs. 20 and 21. 

Table IV 

DY Events (LH) DY Events (LD) 
( x10l) (x10l) 

0.05-0.10 166 194 

0.10-0.15 36 44 

0.15-0.20 3.2 3.7 

0.20-0.25 0.51 0.59 

0.25-0.30 0.15 0.17 
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Table V 

JI 1/J Events 
x103 ) 1'(15) 

0.00-0.05 904 16.2 24 

0.05-0.10 3192 55.9 73 

0.10-0.15 3724 87.8 146 

0.15-0.20 1862 58.5 213 

0.20-0.25 266 21.3 233 

0.25-0.30 3.2 2.5 279 

0.30-0.35 233 

0.35-0.40 180 

0.40-0.45 106 

0.45-0.50 67 

0.50-0.55 33 

The deuterium yields are comparable. Nuclear dependence of J /1/J and l' production 

has been studied in E772 for targets heavier than deuterium,22,23 but no data for the 

p+ pip +- D ratio exist for either J/1/J or 1'. 

Competing Experiments 

A proton DY"experiment to investigate "dP /uP was proposed1 9 at CERN this spring. 

It was quickly approved and ran this summer, a testimony to the perceived importance 

of the subject. The CERN experiment followed a suggestion in Ref. 4 and measures the 
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difference in the DY yield from LH and LD targets. The yield is measured at x F .-...; 0 and 

utilizes the following asymmetry 

(6) 


The quantity ADY is sensitive to the ratio of dP (x) /uP ( x) but also requires specification of 

dP(xd/uP(xt} in the incident proton. The measurement is therefore sensitive to particular 

models of the parton distribution but is not well suited for the extraction ofdP(x)/uP(x). 

The observed yield is centered about Xl = X2 = 0.15, and the experiment proposes to 

collect only 3 x 103 events from each of the LP and LD targets. The reason so few 

events are obtained is because they propose to take only 2 x 109 protons/spill, or some 

2 x 1013 protons/day. We propose to take 1012 protons/spill or more, leading to 1.4 x 1015 

protons/day. We are confident of 2 x 105 analyzed DY events from each target with a 

much more useful span of X F and X2. 

Poncluding Remarks 

We can readily measure d"(x)/uP(x) to the order of 1% accuracy for 0.05:5 x :5 0.15 

and with lesser statistical accuracy out to x ~ 0.3. These measurements would be more 

precise than any existing or other proposed measurements of this quantity. High-statistics 

data on J /.,p and .,p' production, as well as a few thousand T(lS), T(2S), and T(3S) 

events, from Hand D targets will also be obtained. 

The proposed experiment makes use of existing equipment, requires only two months 

of beam time (1 month of setup and checkout, 1 month of data taking). We request that 

FNAL construct the LD and LH ta.rgets consistent with our technical requirements and 

their safety concerns. 
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Ab.tract 

\Ve preleDc &11 analysis of 800 GeV proton·induc:ed Drell· YIA production data from 

iso.calar (IS) tarlel. 2H lAd C, &I1d from W, which hu & large neutron excess. The 

ratio o£ CfoII sectioDi per nucleora, R = #wlll1s. is senaitive to the racio of IAtiquark 

distributioG' for ,arSd Aeutl'ODl ud protOl:l.l, &Ad throup char,e Iymmetr' ) ,he ratio, 

d{:)/i.i(z), of .tructure fanctioca of the protOIl. We fiDei that a 11 clole to unity iA the 

ruge 0.04 S z S 0.27, allowiQl upper limits to be Nt OD the diG uymmetry. AdditiOA&1ly, 

the shape of c:Uft'ereIltial Cl'OII teetiOD, mJI'fI/dz,dm, for 2Bat z, III 0 show. no evidence 

of all uymmetrie 1ft i:A the protCIG. We examine the implicationa of these data for various 

modela of the vialatiCIIIL of tlw Goufried. sum rule i:A deep-iDelutic leptOD. leanerine. 
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ReceDt preciae meuurement •• by the ~e. Muon Collaborat.ion (N~IC)[l]. of the F2 

Itruct\U'e function in deep-inelutic muon ,catterins (DIS) (rom bydrocen &Dd deuterium 

tarseta shoW' that, 

L
o.. dz 

G:::04 iii (Fl- Fj)- -= 0.227::t: 0.007:: 0.014. 
0.004 z 

.. the Goufried Sum aule (GSa)(2). Auumiftl char,. symmetry, itl violation implies 

d(z) tF u(z) iD the Ie. of the protOll. The NMC result hu Jed to ID&D)" acaiYMI(3-10J 

of the DucleoD teL For the pulpal. of tbe present p.per we aepwate them iDto tbne 

POUpl= 1) mod1!ed Itructure functiOQl[~6] which recoDcile the NMC cia&a wicb. the more 

COD'VCticmal SU(2}l)"D:lZI1ttric lUUCture function aaal,.. by allawiDc l(z) ;. i1(~). 2) 

explicit cabla&_ of the up-dotrra uymmet17 ia the _. arisiq £rom Mull meIOftI [5­

gl, aDel 3) ••'ructure fwlctioll ~[10) wbic:b p:esumee &II SU(2) IJIQIIMcric ... aDd 

utili.. the !Ode ciata to coutn.U:a tile experimeu.call, UAObtenecl resiCIQ ;r S 0.004. 

D( ) _ "",,(2) ii,,(.w) !r1!.l (1).n.a- II-II •
,,,(2) ii,(;r) U,(2) 

A compariloA of DY production from 1B &Del 211 is tbe bett app~icm to this ideal. 

CompariloD of nuclear target. with difFerenc neutl'Oll exc.... is leae le'Miiive, but still 
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very relevant to the iSlue of u)"DUDetry in the nucleon &.Dtiquuk sea. An approximation. 

valid to S 0.02 for the fUlg. of the present experimect iI. 

RA(.:) e 	 6",(%) SIll + r.V - z) )( t!z) - u(z) =:II 1 ... (.V - Z) ~( ) (2) 
ttl$(%) .A. d(z).;. u(%) A Z , 

'Where tt is ihe croa eection per nucleon, IS .t&DciI for ilOlC'Ju. aDd .V, Z &D.d. .-1 refer to 

a heavy tarpt 'With a neutron excesa. Unlike OIS stumm of the GSa 'Which determine an 

intesnJ qUl.Dtit)', the OY proce. fields informatioll about i(z). 

We report here a new &DA1)'siI from Ferm.ilab Experiment £772, .. precilion stud), of 

the A-dependence of dimUCQ productiOD &om 800 GeV protOQ bambardmellt. of nuclear 

tarlet.s{U·13). W. compare Dtell· Y8A pl'OducuOD data from iJoecalu target., 2 H &.Del C, 

to W which haa a large ncutfOll excell. From Eq. 2 ODe h.. Rw{z) .. 1 .... O.183A(.r). 

The rado Ihowa. .•• FiS. 1 wu determined. &om •• oll'UDl ill which dw three tWletl 

wh. compuiq law·A aDd hip..A targetl{14,16]. Evidcce for ahadowiq hu alto bce.u 

reponed. in tbe DY procell &om the praea.t experilDr=.t[ll). Becaw.. W i. lliczU!camly 

shadowinl fador, aSII, 'WU determined. from the ilOlClJar targeta 2B, C, aDd Ce. Next, 
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tor z S 0.1, the pure ahadowiD& contribution to Rw wu calculated usiJ::11 C1 A ::I 6.'1 X ""0111'. 

Thia value .......ubtracted. (rom the experimental ratio to yield Rw plotted. in Fil. 1 as 

open circles. 

Allo shown in Fig. 1 ate calculated valuet of the DY ratio \IIinS Mveral published 

models of the GSa violation. The exact expreation tor the ra.r:.., i. eVl""ated usiAg the 

full DY formula. Dot the approximation of Eq. 2. The structure functioD8 of Ellla 8.Jld 

Stirling!3) (ES), &Dd of Elehtm, Hinchliffe, &Dd QuilliS} (EHQ) have cl(z) ;. tiC.I), the 

Savor uymmetry bein& cietenmned £rom the NMC datL The Kl1mIollO-LoDclerpn{SJ (KL). 

ealcu1ation it hued on Yirtual pion coDtributioCl which DaiunJl, lead to ftavor uffDlDeuy. 

It should. be DOled that KL account for 0. 4~ of tbe aSR. violalioo. via ....quark 

contributioaa. AU calculatioDl ..... peri'ormeci at the meaD kiDematic vah. PYeD in 

Table 1, aimula&iq tM acceptuce of the £772 .pectromet... Structure fu.a.ctioa. nolucioD 

with Q2 ia ema11 iD tM raap of the preteD' data ad wu DO& taka mto KCOum. 

The ES IDd ElQ .,ruct\1l'e fcmctioaa )'ielei SA u)'IDD!&ry which it entirely inCODli.tent 

with Rw in the raqe s S 0.11. The Kt calculaiion exhibit. a "!DeD. urmmetrr in the 

lea lad iI CGIIIiatIDi witll tM ~lDt dat... Similarly the panOll di.tributicma of ManiD. 

Stubs, aDCl Roberta(10), where .-z) - &(.1) is uaumed, yield R -- 1 ill apeemat with 

the data (calcuJaUOD DOC .hCJW1l). One CIA use Rw in ccmjuctioA with Eq. 2 to at upper: 

limite OIl 6(Jr). Tbae valua(T&ble 1), which include the 2" IlOrmalia..dcm. error lad &D. 

estimate of the ca1eulational error from Eq. 2, are determiAed at the 20' It.atistical error 

level. 
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A different and compLiment&.ry sensitivity of the DY process to the Jla uymme!rY 

h... been applied to earlier data{16.3]. Here Due uses the .shape of the differential crOA 

section venUi z,. Cor a single target. u evidence of difference. bet'llVeen p - p and p - " 

DY production. Tbe p - p procetl i. symm,etric around z, • 0 whereu the p - n process 

is DOt, lead.iD& to an z!' uymmetry eveu for iaoacalar tarleu. Tblt allo.. the ute of aH. 

hence avoidiD., unioreseen nuclea: effeet. which could complicate the pNViOUI analysis. 

Figure 2 compares m'JlltI/u,am for the 2 H data at a mean mass of 8.1S aeV with two 

versiODl of the ES structure fwlctiou, with and withouc the term which &ives che diu 

asymmetry. The caiculatioDl were aormal.iJed to the large-z data witb. a K factor of 1.4S. 

At z,. .. 0 ODe is seDiitive to tbe d/t uymmetry at Z til 0.21. Alain there y no eYideDce 

for the IUppnuiOD of the z,. S 0 croea aectiOD ptedJct.d b, the ES Hftlcture fuDCtiODI 

witt. 1p. ii. Bued OD. the quality of the Ita of Fi,. 2 aD upper Umh lor the llu asymmetry 

b FWD ill Table 1. 

mcond1llioD, from .tudi. of the DY procea we bd DO iDdicatioa do a larp 5t1(2) 

uymmetry iA the antiqurk .. 01 the DUdeoza. Clearly mare prea.. protOD.iDd.uced. 

DY data are Deeded part.icWarlJ to explore the 1'190Jl ~ ~ 0.15. Dina comparilODi 

of hfd.ropa u.cl chNterium tlllet. would maximize the sensitivi'J to J/i and minimize 

pouible complieatioal due to nuclear eft'ecta. 

http:compLiment&.ry
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Table 1. Me&Il val_ or kidnatic variables at each ~ biD. of Fil. 1a &I determined b)' 

the aceept.&.D.ce of t.he £772 spectrometer a.nd the DreU·Ya.n CfOU sectiOD.. The far risht 

column gives the upper limit of A.( z) a.t the 2a st&tiaticai error level. 

~, ~IUI ~u,,(:.t:) 

0.040 0.370 4.N ,. ~9 

0.0;2 0.296 . (S,24 0.21 

0.120 O.lM 7.32 0.22 

O.lea 0.115 8.38 0.11 

0.215 0.152 10.0 1.S 

0.207 0.162 13.1 2.3 

.0.21- -0 a~15 0.' 
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Ficure Caption•. 

Figure 1. Th. ratio Rw !! tS'wltS'rs ..'eZ'S'U.I z,...,.,. The cu.;.rves we calculation. described in 

tbe texti EUi. &Ad Stirlinl (duhed). Eicbten. Hincbllife. &Ild Qu.ig d hu.mano 

lIIldLoacler....e-- ".: ~ ~ 
Ficure 2. Dit.retial Cfca II!Ctioll m'tPtt/tlz,dm(GeVJ x 1\6) Car ~H. The cu.rvts are 

ealc:ulatiOlli ,,"'h the ES Itrueture functiOIll with (lOud) aDd without (daabeci) l/u uym­

metry. 
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A precise measurement of the atomic-mass dependence of dimuon production induced by 800-GeV 
protons is reported. Over 450000 muon pairs with dimuon mass M ~ 4 GeV were recorded from targets 
of 2H, C, Ca, Fe, and W. The ratio of dimuon yield per nucleon for nuclei versus 2H, R - YAIY lH' is 
sensitive to modifications of the antiquark sea in nuclei. No nuclear dependence of this ratio is observed 
over the range of target-quark momentum fraction 0.1 < XI < 0.3. For x, < 0.1 the ratio is slightly less 
than unity for the heavy nuclei. These results are compared with predictions of models of the European 
Muon Collaboration eWect. 

PACS numbers: 1l.8S.Qk.2S.40.Ve 

The European Muon Collaboration (EMC) observed a 
modification of the quark structure of nucleons bound in 
heavy nuclei by studying the deep-inelastic scattering 
(DIS) of leptons. 1 The original EMC effect has been 
confirmed 2.3 in the region of fractional quark momenta 
0.3 < x < 0.6. The region x::; O. I, however, remains 
a subject of active experimental4

•
s and theoretical6 ac­

tivity. 
After many years of intense effort, there is no con­

sensus on the origin of the EMC effect. Continuum 
dimuon production in high-energy hadron collisions, 
known as the Drell-Yan 7 (DY) process. provides an in­
dependent measure of the modification of the quark 
structure of nuclei. 8 Proton-induced DY production. for 
fractional longitudinal momentum (Feynman x), 
XF 2:. 0.2. is dominated by the quark-antiquark annihila­
tion subprocess 

qp+qt-/+/- • 

where p and t indicate the beam proton and target nu­
cleon. respectively. Although there are large QCD 

corrections to the simple DY electromagnetic vertex, the 
factorization property of the next-to-Ieading-order QCD 
calculation ensures a DY dimuon yield proportional to 
the antiquark content of the target nucleon. <;I Thus 
proton-induced DY production is complementary to DIS 
where both quarks and antiquarks contribute. 

Previous studies of the A dependence of the DY pro­
cess performed at Fermilab and CERN 10,1\ lack the sta­
tistical precision of the nuclear DIS data. In this paper 
we report the results of Fermilab experiment 772, a 
4S0000-event measurement of DY dimuon production 
from nuclei in a kinematic regime that is sensitive to the 
antiquark distribution in the target nuclei. 

Experiment 772 used a modified version of the large 
spectrometer in the Meson East beam line at Fermilab 
which was originally constructed for experiment 605. 12 

The magnetic fields of the three dipole magnets of the 
spectrometer were configured to optimize acceptance for 
three different regions of dimuon mass. The spectrome­
ter was used in a closed-aperture configuration. A thick 
hadron absorber in front of the first active detector per· 
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FIG. I. Acceptance-corrected mass spectra at the three 
spectrometer settings for the 2H target. The solid curves are 
calculations of the Orell-Van cross section, normalized to the 
data. using the structure functions of Eichten et al. (Ref. 14>' 

mitted incident proton intensities of lOll protons per 
second at the high-mass setting and 3 x 10 10 at the low­
mass magnet setting. A total luminosity of 3.5 x 1041 

cm -2/nucleon was recorded. 
The 800-GeV proton beam, 8 mm wide by .s 2 mm 

high at the target, was monitored by position-sensitive rf 
cavities and ion chambers; position stability was typically 
better than I mm. Beam intensity was monitored by two 
secondary-emission detectors and a quarter-wave rf cavi­
ty. Two four-element scintillator telescopes viewing the 
target at 900 monitored the luminosity, the beam duty 
factor. and the data-acquisition live time. 

The dimuon yields were measured for five targets. 2H. 
C. Ca, Fe. and W. Care was taken to achieve a very ac­
curate target-to-target relative normalization. Long­
term drifts were canceled by interchanging the solid tar­
gets with the 2H target every few minutes. The solid 
targets consisted of 7. 28-cm -diam disks 13 distributed 
over a length of 50 cm, the length of the liquid­
deuterium cell. Target thicknesses, ranging from 6% 
(W) to 15% (2H) of an interaction length, were chosen 
to equalize rates in the spectrometer. Elemental assays 
of the targets and beam attenuation were included in the 
luminosity calculation. 

The electronic trigger consisted of a pair of triple 
hodoscope coincidences having the topology of a JI. + JI. ­
pair from the target. This trigger reduced the primary 
background of low-PT muons from the target and beam 
dump. Typically 50 events per second were recorded of 
which -1 was a valid dimuon event from the target. 
Electronic live time was kept above 98%. 

Track reconstruction was performed on a Fermilab 
Advanced Computing Project parallel processor. Track 
reconstruction efficiency averaged -91%; the 
inefficiency was proportional to the instantaneous lumi­

2480 

nosity. Target-to-target rate-dependent corrections in 
reconstruction efficiency were applied. A small contam­
ina lion (- 3%) of random muon coincidences was sub­
tracted by studying like-sign muon pairs. Target-out 
baCkgrounds were measured and found to be negligible. 

106 muon pairs were tracked through a complete 
Monte Carlo simulation of the spectrometer to study the 
acceptance. The acceptance for the solid targets was 
slightly larger than that with the liquid-deuterium cell; a 
correction (0.9%) for this effect was applied to the data. 

The systematic error in the ratio of yields from the 
solid targets versus deuterium is dominated by the uncer­
tainty in the rate dependence 0.5%). acceptance (0.4%). 
deuterium thickness (0.4%), and beam attenuation 
(0.3%). All other contributions are negligible. This re­
sults in a total systematic error in the ratios of less than 
2%. In the figures shown only statistical errors are indi­
cated. 

Acceptance-corrected mass spectra from the three 
spectrometer settings are shown for the 2H target in Fig. 
1. Also shown is a calculation of the DY cross section in 
the leading-log approximation [q (x) - q (x ,M 2)] which 
was normalized to the data. The calculation, which em­
ployed the structure functions (set I) of Eichten el 01.,14 

gives an excellent account of the shape of the DY contin­
uum. Figure 2 shows the Fe/2H ratio as a function of 
dimuon mass, XF. and transverse momentum. It is evi­
dent that the mass regions dominated by quarkonium 
resonances (M.::::;; 4 GeV and 9.::::;; M.::::;; II GeV) have 
very different A dependences than the DY continuum; 
the A dependence of JI"" ",', and Y production will be 
described in a forthcoming publication. The dependence 
on transverse momentum is similar to that seen by 
NA 10 II at 280 Ge V, but significantly less than that ob­
served at 140 GeV. 

Figure 3 shows the ratios of Drell-Yan yield per nu­
cleon for each heavy target versus 2H, YA IY2H' as a 
function of x, for muon pairs with positive XF. Mean 
values of XF and transverse momentum are 0.26 and 0.95 
GeVIe, respectively. The x, ratios are based on mass re­
gions free of contribution from decay of the quarkonium 
states, specifically, 4.::::;; M .s 9 Ge V and M?::. I I Ge V. 
With these cuts the above calculation predicts that the 
fraction of the accepted DY events due to qpqt annihila­
tion is -0.95 at x, -0.05 and -0.75 at x, -0.3. 

No nuclear dependence of the antiquark ratio is ob­
served over the range x, > 0.1. A slight, but experimen­
tally significant, depression of the ratio is seen in the 
heavier targets for x, < 0.1. Figure 3 compares present 
data for W /2H to the F 2 ratio Snl 2H from the EMC. 4 

The lepton-scattering data exhibit a more pronounced 
shadowing at small x,, It is clearly of interest to know 
whether this difference can be understood in terms of 
current models of shadowing.6 It is worth noting that 
Q2?::. 16 GeV 2 for our data, which is significantly larger 
than in DIS. 

Many of the theoretical attempts to calculate the 
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FIG. 2. Ratios of the dimuon yield per nucleon for FePH vs dimuon mass, PT, and x,... The PT and x,.. ratios only include data 
from the pure continuum mass region, 4:s M:s 9 GeV and M~ II GeV. 

EMC effect fall into three general categories: pion­
excess models. quark-cluster models. and rescaling mod­
els. These models can also be used to predict the nuclear 
dependence of DY dimuon production. The acceptance 
of the E772 spectrometer was taken into account in each 
of the following calculations. 

The pion-excess model in its earliest forms 15-17 pre­
dicted a rise in the FfeIF~H ratio at small X, as well as a 
depletion for x, 2: 0.2. The small enhancement in the 
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- EMC Snj2H (DIS) 

Pion Excess 
Quark Cluster 
Rescaling 

FIG. 3. Ratios of the Drell-Yan dimuon yield per nucleon, 
YA!Y1 H• for positive x,... The curves shown for FePH are pre­
dictions of various models of the EMC effect. Also shown are 
the DIS data for SnPH from the EMC (Ref. 4). 

pion cloud surrounding a bound nucleon arises from a 
conjectured attractive p-wave rc-N interaction in nuclear 
matter. The strength of this interaction is often charac­
terized by the Landau-Migdal parameter gO; typical 
values found in the literature range around go-0.6-0.7. 
Figure 3 compares the results of a calculation 18 (using 
the structure functions of Ref. (4) with go -0.6 to the 
present FeJ2H DY data; it is completely inconsistent 
with the data. The pion-excess model of Ref. 17, which 
uses a different pion distribution function. predicts a 
similar enhancement in the antiquark content of nuclei, 
in disagreement with our data. 

Quark-cluster models view the nucleus as composed of 
a combination of ordinary nucleons plus some fraction of 
multiquark (6q, 9q, and higher> clusters formed by the 
overlap of nucleons. The uncertainties in these models 
come from the essentially unknown structure functions 
of multiquark clusters. In the model of Carlson and 
Havens,19 for example, the parton structure functions 
were parametrized according to constituent counting 
rules. The gluon momentum fraction for the 6q cluster 
was constrained to be the same as for the free nucleon. 
This results in a significant enhancement of the sea even 
for a modest 15% 6q-cluster fraction. The calculated 
DY ratio (Fig. 3) is in significant disagreement with the 
present data. An alternate but plausible assumption, 20 

that the sea-to-glue momentum fraction in 6q clusters is 
the same as it is for nucleons, leads to a smaller enhance­
ment of the DY ratio. However, such a calculation is 
still in disagreement with our data. 

The rescaling model assumes that nuclear binding re­
sults in a phenomenon similar to the scaling violation as­
sociated with gluon emission. 21 Comparisons to the 
present 0 Y data are made on the basis of the scale 
change of structure functions f(x"Q 2) - f(x"I;Q 2>, 
where I; - 2 over the Q2 range of our data. The calcula­
tion, shown in Fig. 3, yields a scaling violation similar to 
DIS.5 It approximately fits· the DY data, except in the 

---------------~.........................................._.__.. 
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range XI < 0.1, where the approximations made in this 
model are known to break down. 

In summary, this experiment has shown almost no nu­
clear dependence in the production of continuum dimuon 
pairs. In the context of the DY description of dimuon 
production this implies no modification of the antiquark 
sea in the range 0.1 < XI < 0.3. Models of the EMC 
effect which postulate a significant pion excess or anti­
quark enhancement in multiquark clusters are apparent­
ly ruled out. The Q2 rescaling model is consistent with 
the present data. A slight, but experimentaHy 
significant, depletion of the yield is seen in the heavier 
targets for X, < 0.1. 

We would like to thank J. Boissevain, W.-Y. p. 
Hwang, J. Kapustinsky, D. Sieh. and W. Sondheim for 
their assistance, together with the Fermilab Research 
and Accelerator Divisions. This work was supported by 
the U.S. Department of Energy and the National Sci­
ence Foundation. 

IJ. J. Aubert et al., Phys. Lett. 163B, 275 (t 983). 
2A. Bodek et al .• Phys. Rev. Lett. 50, 1431 (983); 51, 534 

(1983); R. G. Arnold et al., Phys. Rev. Lett. 51,727 (984). 
3G. Bari et aI., Phys. Lett. 1638. 282 (J 985). 
4J. Ashman et al .• Phys. Lett. 8101.603 (988); M. Arneo­

do et al., Phys. Lett. B lll, 493 (1988). 
sT. Sloan, G. Smadja, and R. Voss, Phys. Rep. 161, 47 

(988). 
6L. Frankfurt and M. Strickman, Nucl. Phys. B316, 340 

(989); L. V. Gribov, E. M. Levin, and M. G. Ryskin, Nucl. 

Phys. 8188, 555 (J98l); A. H. Mueller and J. Qiu. Nucl. Phys. 
8168. 427 (1986); E. L. Berger and J. Qiu. Phys. Lett. B 106. 
141 (1988); S. J. Brodsky and H. J. Lu, Phys. Rev. Lett. 64, 
1342 (990). 

7S. D. Drell and T.-M. Van, Phys. Rev. Lett. 15, 316 
(1970). 

sR. P. Bickerstaff et al., Phys. Rev. Lett. 53, 2531 (984); E. 
L. Berger, Nucl. Phys. 8167, 231 (986); M. Ericson and A. 
W. Thomas, Phys. Lett. 148B, 191 (1984). 

9J. Kubar et al .• Nucl. Phys. B175, 251 (1980); G. Altarelli, 
Phys. Rep. 81C, I (1982). 

lOA. Ito et al., Phys. Rev. D 13, 604 (981). 
lip. Bordalo et al., Phys. Lett. B 193, 368 (1987); 193, 373 

(987). 
12J. A. Crittenden et al., Phys. Rev. D 34, 2584 (986); G. 

Moreno, Ph.D. thesis, Centro de Investigacion y de Estudios 
Avanzados, Mexico, 1989 (unpublished). 

I3J. C. Gursky, H. Baer, F. F. Flick, and D. Gallegos, Nucl. 
Instrum. Methods Phys. Res., Sect. A 181, 62 (989). 

14E. Eichten, I. Hinchliffe, K. Lane, and C. Quigg, Rev. Mod. 
Phys. 56,579 (1984); 58, 1065 ([986). 

lSC. H. Llewellyn-Smith. Phys. Lett. 118B, 107 (983). 
16M. Ericson and A. W. Thomas, Phys. Lett. 118B, 112 

(1983). 
I7E. L. Berger, F. Coester, and R. B. Wiringa, Phys. Rev. D 

19, 398 (1984). 
18W_Y. P. Hwang, J. M. Moss, and J. C. Peng, Phys. Rev. D 

38,2785 (988). 
I'C. E. Carlson and T. J. Havens, Phys. Rev. Lett. 51, 261 

(1983). 
20H. J. Pirner and J. P. Vary, Phys. Rev. Lett. 46, 1376 

(198 I). 
21F. E. Close, R. L. Jaffe, R. G. Roberts, and G. G. Ross, 

Phys. Rev. D 31, 1004 (1985). 

--_._--------------------­

2482 


