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II. W<l~ ptc1lidf'd lhnl. !.he fonnnl.ion of n clf'ronfining medium in IH'nvy ion col
lisions wonld lrnd tu thr suppression of the ./ft/1 signt~l rdntive to the Drrii-Yan 
c:ontinnum 1

• SubsCfJIIf'JJtly such a suppression wns ohsNvcd hy the NA:l8 l:nllaho
tlll.ion n.t. CEHN 2, .1nd in modd sturlics:t-fl the clrdn \\'NC funnel lo ngrcf' with Uw 
dcronfincrnr:nl. prcdidions. This triggered n.n int.rnsiw~ investigation of altcrrmt.iw•, 
more "I:OIIVf'lll.ionlll" supprPssinn mrchnnisms7- 1R, in nrdrr l.n dwck if lhr cxprrimcn
l.al results nmlcl be int.rrpr<'l.rd m; r:vidrncc for f!Hark df'confinemcnt. WhiiP initially 
!.he supprrssion tlll.c nrul Uu~ flT drpcnd<'nee tf'Sulting from the R.itcrnativr nppronr:hrs 
Wf'tr not. in nn:ord with the dnl.a, it is now possible l.o nrcount for the meilSJHcmcnts 
by r:mnhining initial sl.atc glnon sr;ntlcring wil.h rinal sl.atc .1/tf A-bsorption in very 
dense hndronir; rnnl.ter 1r.-IR_ Roth der:onrincmcnl. and absorption need n. cornpfHA
tivr:ly Ja.rgc-Sr;f!lc sysl.crn of high dC'nsity and of n life-time long enough to permit. 
J /riJ melting or hrC'ak-up. WhNc, if al. nil, do the prC'did.ions or the I,\\'() SC:C'na.rios 
differ, a.ml how could fnl.nre exprrimcnts clcr.ide which of l.hc two is appropri<~tc? 
This report will a !.tempt. l.o give smnc first ;md rather qnnlil.ntivc Answers to these 
questions. 

We begin hy sumnmrizing the C'S.<>cnli;,l fcntnres nf !.he dntil to be ncr.nuntcd for 
so far. Present NA:J8 results show tlwl2,19,20 

(i) .J jl/J prudud.ion in ()-lJ, ( )-Cu and S- U collisions is strongly dependent on the <IS
sor:iatcd tranS\'er::;e lmdronie f'nf'rgy n'T; !.his (Jt>pt>mlcnrc in !.nrn Vllrif'S strongly 
with !.he l.rflnsvcrse nuuncntnrn 1'1' of the .T /1/J; 

(ii) ./ftf produdion hy p-lJ collisions docs not show <1 signirie<~nt ET dependence for 
Rny PT; 

(iii) thC' c.onlinullfn (dilepl.ons in lhf' mAss range 1.8- fl.2 CcV, cxduding the .T/1/J 
interval 2.8- 3.f) nr.V) docs not show a signifieant r~·T dcpendenec for n.ny PT; 

(iv) the r<~tio of the .JjtP signn.l to the continnnm is reduced hy more than flO% hC'
twcrn the highest and lowest ET intervals studied. AI. low F;T, the rnl.io afJpeMs 
t.o npproaeh the c-orresponding t•nluC' from p-tJ collisions. Different. nudear tar
gets nne! projed.iles nppt'nr tn rollow a universal pnu.crn as func.tion of ~~·T 1 ,1 2 P; 

(v) the .ljl{J suppression seems to dis<~ppcilr rnr I'T :?: 2-3 GeV; for lnrger l'T, 
thC' rfll,io of high to low ET .!/1/1 events '1s !.he snme as for the corresponding 
continuum c\·cnl.s. 

It will he he rwrt.iculnrl_\' inl.erest.ing t.o sec if thr results (ii) and (iii) ::;urvi\"f' a doser 
scrutiny of !.he presf'nt. dnl.a -or future expr-rinwnl.s \\"il.h higher st.af.isl.ics. 

flow c·fln the t.wo sc·en.1rins <IC:C'.OIIIIf, for this heh<l\"iour? Lrl. us fir::;t. sec how !.he 
o\'etflll.T/1/J Slipprt'ssion is ohl.flincd, Rncl !.hen rdurn tn il.s 1~,. depcnclcncf'. 

Absorption: II ere the ri' pnir int.crnd.s with snmc qij sysl.cm,which may or may 
not yet he n rrnl hnclron, nnd as a rf'sult il. is hrnken llfl, lending tn <1 dl nnd a i:q. 
This cnn fwppt'n nl. fill)" densily, hut. il. is rnnre likely whf'n rnnrf' inf.crMiion pflrl.ncrs 
(qij's) arc prcscnl.. The dmninflnf. hrenk-up read. inn mechanism is 

.1 N + h ~ 11 + t1, (I) 

which requires" r.hreshold enNgy of nhout 600 1\fe\', if the hndron is n 1r. The 
presenr.c of higher nmss mesons would rrdurr this, howcvC'r9 . 

nceonflnrnwnl.: Here it is nnl. nn individual qij pair th"l. causes the cr: hrcak
up; insl.c;,d, if. is l.he cnllcdiw cffed. of thf' ma.n}' ol.her r.olonr chargrs prt>scnt thnt 

screens the hindir1g fnn·c hetwef'n the c nnd the i'. This pht>nomenon sl.ml.s nt a 
spceiric. nil.ica.l df'nsil.y: when the snecning length nf Lhf' Jllf'dium hns fli.l.<~ined a 
nduc whieh makes thr intf'rquark potential so shnr!.-rnnged l.h<1.t ci': hound st<~tcs 
r.NtSC' lo he possibJf'21. 

Roth rncciJ<lnisms hnt•e in common the need for very dense mal.tl"r. Asjnst noted, 
.l/1/J suppression hy drc:nnfinerncnt docs not or.enr nt all unless the energy density 
(is greater thfln some nit.ical vnlne rr. Lattir.e studies suggesl 22 

'" ~ 2 (~eV/frn~, 
nn energy density more Uum ten times higher than th<1l. of normal nudcnr m<~ttcr 
(t ~ 0.15 GeV/fm~), and still a. factor four higher than thnt found inside a. single 
hAdron (( ~ O.fl GcVjrm~). Absorption ean in simplest. form he described hy a .l/1/J 
"snrviva.l" f11nrlion 

S = e-~na, (2) 

where :t' tt~nol.es thf' sp<~l.ifll size of l.h~ a.h::;orhing s:rst,.rn, n lhf' tfensit.y of the sr.nt
tcring centers, ami IT !.he total cross-section for a.ll .l/1/J hrellk-up rcad.ions. For 
normnl nnclenr density (n = 0.17 rm- 3 ) and a l.)·pieal .1/tf-hndron eross-scdion 
fT = 1mb= 0.1 fm - 3 , we get wit.h ;r, ~ 7 fm for the rnclins of a. henvy l.nrgcl. nndcus 
the vfllue S ~ 0.89, i.e., a. snppr('ssion of only I 1 %. Even if we douhlr !.he .1/tf 
hrf'nk-np eross-sedion, Wf' still only hilve 21 %suppression. On !.he nl.hcr hand, a 
small hut. very dense system cnn lrnd l.o mud highrr suppression rntes. For the 
CEilN oxygen nr snlphur runs at high (i;T, l ~ 2 GC'V /fm3 is <1 rcnsonahle energy 
density f'slimate. P<~rtitioned among pions of 0.5 GeV energy enc:h, !.his implies n ~ '' 
pions/frn~. With such n density for " system of the si"l-C or the inc.oming oxygen nu
cleus (;r, ~ 2.5 frn) and with fT = I mh, as hefore, we getS~ 0.37, i.e., mote thnn 
60% suppression. The absorption picture nsed here is ecrl.ainl)' very crudr, but more 
refined formula.tinns 7 - 10 lend to quite simila.r condusions. 

Vlr should note here, however, tlwt surh a drnsil.y implif's eight pions eornprcsscd 
into the volume nf n singiC' pion- a sit.unlion which nmccpl.llflll_y docs nnl, <~ppeM very 
rnrnningful. This is nnl. mcnnl. Ml n nilit:isrn of !.he nhsorpl.ion npprnnf'h ns sneh, but 
rn.ther flS a reminder thni. thf' nature of !.he Ahsorhing maHer :wei !.hilt of !.he scattering 
eentcrs in this approAch must st. ill he dariricd 23 . lladronie mntl.er of sm:h an rxf.remc 
density is ecrtninly not. "cnn\•cnf.ional", and if it is nnl. fl qnnrk-gluon plnsm<~, we must 
still find nnt wh<~t it really ennsists nf. 

J,cl. us nnw turn l.n the transverse rnomrnl.um heh;,viour nf .JjljJ suppression. 
Tlw deeonflncmcnl. <~pprnnc:h cnntflins an inherent momenl.um depend,.nrc, clue to 
the rinile si1.c nnd life-t.irnr of ""Y plasma system prndncrd in nude;,r collisions21 ·2!'i. 

Suffir.icnl.ly fils!. r.i: jmirs will, when they leave !.he clcconfining mcdinm, still he dose 
enough together l.o hind f.n a .l/tf. In the ci': rest fr:trne, l.hr c nnd !.he i'- need A time 
of about Tb ~ O.!l fm l.o sepnrnl.c a disl.nnr.e of r,fj.!J ~ O.·l!i fm, the rndius of the .T /1/J. 
ln t.hf' nver<lll pl<1sm.1 rf'sl frame, !.he time To hf'c:nmcs 

ln = ro(l + P2/M' )1
/

2 
J/tb ' (3) 

where 1' clcnol.es !.he momentum of the cC pair. During !.his time, the pair will ha.ve 
t.rn.vellccl fl di::;l.ar]('e 

ro = ro(fl/Af.TJ>J;) ( 1) 
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AW:t)' from its fnrtnnl.inn point, ngAin memmrerl in t.he ovrrnll r:ms. If cif.hrr 

lo 2: t,.,,..m,. (5) 

'" 
ro 2: r,.fa•m", (6) 

wl1ere l,.t,. 6 m11 nnd rpf<~ 6m 11 denote the plnsmA life-time nnd radius, rrspediv('ly, thrn 

the ri' pair can st. ill bind to fnrrn a .! /VJ, Bml henc,e in this case we will not en
counlf'r any suppression. Turnrd n.ronnd, this nrgument nllows us f.n rstirnale the 

plnstnA. si?.c or lifc-f.imP from thr va.lue of I'T above whif"h no supr>ression is ohservrd. 

The data. suggrst. thnl. il. is the plnsmn life-time whir.h is responsible for the Pr hr
luwiour, with lpla.•m" ~ I · 2 frn; def,nilcd calculations account. well for the rnensurcd 
distrihuf.ions3 ~fi. 

.I/ q, s11pprcssi~'n hy a hsorptin11, on the other bane!, has a rnf.her wrAk momentum 
dependence. In fnd., in the nbsence of hadronic resnnnnccs as scnl.trring partners, 

the threshold for rrnrf.ion (1) even implies an increAse of S11pprr:ssion for higher JIT 
of t.hc .Jjq/•. In genrrnl, fnst .1/'if,'s undergo as tnAn,r collisions AS slow ones, and 
hence surfer as rnur.h hrrak·up. Siner the life-t.imr of !.he ahsorhing medium is quite 
lnrge (rnnrh larger f.IHin the lifr-timc of a dcconfining plasrnn wit.h il.s high energ_v 
density), cq.(6) kads l.o nn end of suppression only for \'cry IMge momrntn (f.ypicnlty 

for l'r 2: 10 CcV or morc"'- 10
). Absorption a.lone thus cannot. account for the I'T 

behaviour ohsrrved in high f<,'T nndrnr collisions. 
To obtain a viable alf.rrnA.tive expla.na.tion for .I /l/J suppression, final state ab

sorption has to he r.omhinrd with nn initial state interaction of the pArtons which 
produce the r.i'. pair. Such an interaction is in far.l to be expected, since the l'r 
distribution of Drell- Van pairs in p - A collisions is with increasing A shifted to
wnrds higher l.rnnsvrrsc rnomenta 26 , and such pnirs shnnld not experience nny final 

state intPradinns. In arrord with this, !.he intrgraf.ed cro!'<s-sedion rrf.ains the form 

<T;~r = 11";~1 ', so thnf. wr rrally just hnve a. shift in phase sparr, nnd nnt n net sup

pression. This shift was predid.ed 27' 2R: a. quark in f.fw prnjrrtilr, which f'vcntually 

n.nnihilntcs with nn antiquark in !.he target to form thr IJrell- Yan pnir, can in a nu

clrnr target mulergn rlnst.ir. srntf.ering hf'forc !.he nnnihihtf.ion f.ahs plnr:c. If. is thus 

devial,ed from the hrnm axis, resulting in a shift f.nwnrds higher l'r for the lepton 

pnir. J /~' prndurtion is nssnmrd l.n occur f.hrough glunn fusion, and if the glunns 
also nndNgn such init.inl sf.nf.r scntl.ering in nnd('nr mal.f.rr, !.heir /'T distribution will 
he hrondenrcl as welt, nnd this is in fad uhserved in p- t1 expcrimenf.s 2 rl,.1n. 

The A depcndcncr of the ./ /l/J and Drell- VAn /'T distrilmtions frnm p- A dnta 

now hns to he gcnrrnlized to provide nn Jo;1' deprndrncr in nndear collisions, if it 
is f.o explnin l.hr N 1\.:JR rrsul!.s. To arhir\'e this, nnr rclatrs the nnmhrr of initiAl 
sl.af.c parf.on sc11Hrtings f.o nn crTcdivr numhcr iJ of prof.on-nudron roltisions iT1 p- ,1 
rcadionR. E:<tr.1polaf.ing this picturr to nucl('us-nudens collisions, onr expects a 
lnrgcr iJ and hrnee more 1~,. hroadrning AS thr impnd pnrarndcr decreases, or Rr 
increases. Using a ii from rmrlrnr scatf.ering modrls and fitting the Availnhle p-A dntn 

to fix all pa.rnmetcrs, one thus ohf.ains A predidion for the I'T clistrihution of the J J'if,'s 
from nndcus-nuclf'us roltsions. To drscrihe the ndnal dntn, this now is combined with 
fina.l state nhsorpl.ion in very densr hadronic mAI.ter; the rrsnlf. 15-1 7 

01 grrrs ns wrll 

3 

with the Tll<'I'ISIIrl'd flT nnd (<,'7. hl'hnviour M f.hat from f. he der:onfinemcnt approach. 

His dl'ar, howcvN, tlwf. in pAttir:uhn the ii- 1-Jr relntiun is rnther drprndrnt on the 
T11J<~li'<H sc.nf.f.Ning modcl us('rl nnd on thr clctnils of H11' nudcAr gromd.ry. 

Lei. us now look nf. snme r:rur:ial fra.f.urcs in rach sr:cnario. The Hhsorption pic
ture, as inrlicnf.rd, rdil's vrry much on the extrnpolaf.inn of p- A dnta. f.o nudear 
n,Jiisinm>. L~nger l~r \"Aim·s arc rclntrd to more initinl slnf.l' interadinns, And this 

must clearly rrTed also the Drell- Van mntinnnm. This approach therrfure predicts a 

significant brondcning of the Drcll-Ynn flr dist.rihutinn with increasing f~'T, and that 
can cert.a.inly he lrst.ed. Present data. do not seem to show such nn effect, hut the 

cxpcrimcntnl errors so far are probably too large for nny significant test. 
The actual paramcf.risaf.ions15 - 17 of the initial sl.a.tr quark and gluon distribu

tions give a. larger I'T shirt. to gluons than to quarks. This implies tha.t the J /l/1-
l.o-continunm ratio at. high F:r should for la.rgc l'r nnt Approach unity, but become 
laqr;er than one. Agnin prcsrnt errors nrc too large to nllow a test, hut this prediction 
m; well could he r:hrckcd with data of highrr statistics. 

With both these pr('did.ions, we essrnlially test the validity of the rxtrnpolation 
from p - A collisinns to nuf".lens-nudens interactions. It is conceivable thnl in the 

RT range studied, the number of effective nudcon-nudeon collisions dews not vary 

so much; if that is the f".ase, the basis for the r.;., - Pr correlation in th(' ahsorption 
picture becomes incorred. 

On the other hnnrl, if one docs obsrrve a. signilicant Rr drpcndence of the Drcii
Yan Pr distribution in nuden.r collisions, then thC're mny not he much "room" for 
the additional intrinsic flr drprndcncc of the deconfinement picture. lienee a study 
of the F:r dependence of the Drell- Yan spectra is very important for the screening 
approach as well. 

The most crucial f<'a.turc of der.onfincment, however, arises from its nature ns a 
critica.l phenomenon. The .IN' suppression AS function nf the energy density must 

have a. form of the type shown in fig. I. II. lnrgr rAnge of r docs not. lrnd to any 

suppression, and there ill a. critical \'nine f ~ whrrr f.hr supprrssion starts. ll.s a con
sequence, ccnt.rnl nudcus-nndrns collisions hclmv a ceri.Hin hram cnrrgy should not 
show a. redud.inn of thr signnl-l.n·continuum ratin ns T~'r is incrrascd. 1\.hsorptinn, 

however, should orcur nl. all energies a.nd nt A givrn enrrgy inr.rcasr with inc:rras

ing nudrar volume. Thus nt lrast in principlr, ahsnrptinn nnd deronfinernrnt lend 
tn quite dist.inr.t. paf.trrns, schrma.t.irally illustrnt.rd in fig. I. One conf.inuous sup

pression pAtl.crn frnrn p- p collisions l,o high f,'T nudrus-nudcus internet. ions would 
hr rlifficulf. to umh·rsl.nnd in thr dcr.nnfinf'tnent nppronch; n noticeable hrrak in thr 

snpprcssion pattern hrtween p- p, p- A and nndens-nudrus cnllisons wnnld scrm 
to require more t.hnn just absorption in matter of increasing density. 

In conc-lusion: wr dn srem t.o rrarh f. hr. rrgirnr of \·cry drnse nmttrr. To untler
stnnd what Sllf"h rnaUf'r rr:dly consists of, we need mnrr rxperirnental informAtion. 
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F;g. 1: 

.... ' .... ' .... ' - ' - ' - ' --t 
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Ec e 

The sc:hr.mnl.ic drprndrnr(' ,)r Jjl/1 prorlurlion on llu~ initial f'nrrgy drnsitr pro
dm:f'd in I he rnlli~inn, in the clr.<:onrinrmr.nt. (solid linP) ;~nd lhf' nhsnrpl.ion ,1p
proar.h (dashf'd linr). 
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