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14 was predicled that the formation of a deconfining medinm in heavy ion col-
lisions would lead to the suppression of the J/i signal relative to the Drell-Yan
conlinmum' . Subsequently such a suppression was ohserved by the NA3S collabo-
ration al CERN?, and in model studies™ % the data were fonnd lo agree with Lhe
deconfinement predictions. ‘This triggered an intensive invesligation of aliernative,
more “conventional” siuppression mechanisms” '8, in order Lo check if the experimen-
{al resulis conld be interpreled as evidence for quark deconfinement. While initially
the suppression rate and the Py dependence resulling from the aliernative approaches
were aob in accord with the data, il is now possible to accounl for the measurements
by combining inilial slate glion sealtering wilh final slate J/t absorplion in very
dense hadrontc matter’*='% Both deconfinement and absorplion need a compara-
tively large-scale syslem of high density and of a life-time long enough to permit
J/¥ melting or break-up. Where, if at all, do the prediclions of the lwo scenarios
differ, and how could Tilnre experiments decide which of Lhe two is appropriate?
This reporl, will altempt Lo give some first and ralher qualitative answers Lo these
questions.

We begin by summarizing Lthe essential features of the dala Lo be acconnted for
so far, Presenl NA38 resnlis show that219.20
(i) J/¥ production in O-1, G-Cu and 8-U eollisions is strongly dependenl. on Lhe as-

sociated transverse hadronic energy Er; this dependence in turn varies strongly

with the Lransverse momentnm Py of the Il
(i) J/3 production by p-U collisions does nol show a significant 7 dependence for

any Pp;

(iii) the coniinnnm (dileplons in the mass range 1.8 - 5.2 GeV, excluding the J/v
irderval 2.8 - 3.6 GeV) does nol show a significant Ep dependence Tor any Pr;

(iv) the ratio of the J/4 signal to the continunn is reduced hy more than 50% be-
tween Lthe highest and lowest By inlervals stadied. Al low Fyp, the ralio appears
to approach the corresponding value from p-U collisions. Different. nuclear tar-
gets and projecliles appear to follow a universal paitern as lunction of fop fAY?,

{v) the J/y suppression scems Lo disappear for I'r > 2 — 3 GeV; lor larger Py,
the ratio of high Lo low Er J/4 events is ihe same as or the corresponding
conlintim events.

H will be be particularly interesting Lo see if Lhe resulls (i) and (ifi) survive a closer

scratiny of Lhe present dala - or future experiments with higher statislics,

Now can the lwo scenarios acconnt for Lhis behavionr? hLel us first sec how the
overall J /4 suppression is obtained, and then return Lo ils P dependence.

Absorption: Tlere the o7 pair inleracts with some qd system,which may or may
nol yet be a real hadron, and as a result il is beoken np, leading Lo a 2§ and a 24,
This ean happen al any density, bul il is more likely when more interaclion pariners
(7q's) arc present. The dominant break-up reaction mechanism is

i+ h— D+ D, (N

which requires a threshold encrgy of abont 600 MeV, if the hadron is a 7. The
presence of higher mass mesons wonld reduce Lhis, however®.

Deconfinement: Iere it is nol an individual g4 paie thal causes the o# break-
up; instead, it is ihe collective effect of the many other colonr charges present that

screens the binding force belween the ¢ and Lhe & ‘This phenomenon starls at a
specific eritical densily: when the screening lenglh of the medium has atiained a
‘alue which makes Lhe inlerguark potential so short-ranged that e bound states
cense Lo be possible?!,

Both mechanisms have in common the need for very dense matier. As just noled,
/1 suppression by deconlinement dees not ocenr al all unless the encrgy densily
¢ is grealer than some critical valne . Lattice studies suggest?? ¢, ~ 2 GeV/fm?,
an energy density more than len times higher than that of normal nuclear matler
(¢ =~ 0.15 GeV/fm?), and still a factor four higher than that found inside a single
hadron (¢ =~ 0.5 GeV/in®). Absorption can in simplest form be described by a J /¢
“survival® funclion

§=en7, 2)

where = denoles Lhe spatial size of Lthe absorbing system, n Lhe density of Lhe seat-
tering cenlers, and & the lotal cross-seclion for all J/y break-up reactions. For
normal noclear density (n = 0.17 fm~?) and a typical J/¢-hadron cross-seclion
= 1mb =0.1fm™", we get with z = 7 fm for the radius of a heavy largel nuclens
the value § ~ 0.89, i.c., a suppression of only 11 %. Fven if we double the J/¢
break-up cross-section, we siill only have 21 % suppression. On the other hand, a
stnall but very dense system can lead to much higher suppression rates. For the
CERN oxygen or sulphur runs at high Er, € = 2 GeV/fim® is a reasonable energy
densily estimale. Partilioned among pions of 0.5 GeV energy each, this implies n ~ 1
pions/fm®. With such a density for a system of the size of the incoming oxygen nu-
clens (2 =~ 2.5 ) and with & = | mb, as hefore, we gel § =~ 0.37, i.c., more than
60 % suppression. The absorption picture used here is cerlainly very erude, but more
reflined formulations™ ' lead Lo quite similar conclusions.

We should note here, however, Lhat sich a density implies eight pions compressed
into the volume of a single pion - a situation which conceplnally does nol appear very
meaningful. This is nol meani as a eriticism of the ahsorplion approach as such, bul
rather as a reminder Lhal the nature of the absorbing matter and thal of the scattering
centers in this approach imnst still be clarified?3. Hadronic matter of such an extreme
density is cerlainly not “conveniional”, and il it is notl a quark-gluan plasma, we mnst
still find ont what it really consisis of,

el us now Lurn to Lhe Lransverse momentum behaviour of J/{ suppression,
The deconfinement approach contains an inherent. momenium dependence, due to
the finile size and life-lime of any plasma system produced in nnelear eollisions? 2%,
Suflicienlly lasl e@ pairs will, when they leave the deconfining medinm, still he close
enongh together to hind v a J/4. In the o resl frame, the ¢ and the @ need a Lime
of about 7, = 0.9 fm Lo separate a disiance of vy = 0,45 fmn, the radins of the J /4.
In the overall plasma rest frame, the time m becomes

to =m(l + P/MI ), 3

where P denotes the momentum ol the ¢é pair. During this time, the pair will have
travelled a distance

™ = T'n(P)"MJN;) (4)
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away from its formation poisd, again measurad in Lhe overall ems. I cither

lo 2 ipfunmrx (5)

Qar
Tn 2 Tolaamas (6)

where fpjasma a0t Fpigema denote the plasma life-lirne and radius, respectively, then
the et pair can still hind to form a J/4, and hence in this case we will nol en-
connler any suppression. Turned aronnd, this argument allows us to estimaie the
plasina. size or life-lime from the value of P above which no suppression is observed.
'The dala suggest thal il is the plasma life-time which is responsible for the Pr be-
haviour, with {ayme = | - 2 [m; detailed caleulations account well for the measured
distributions®~ ",

J [ suppression by absorplion, on the other hand, has a raiher weak momentum
dependence. In fact, in the absence of hadronic resonances as scaltering partners,
the threshold for reaction (1) even implies an increase of suppression for higher Py
of the J/¢%. In general, last J/4's undergo as many collisions as slow ones, and
hence sulfer as much break-up. Since the life-time of the ahsorbing medium is gnite
large {much larger than the life-time of a deconfining plasma with ils high encrgy
density), cq.(6) leads to an end of suppression only for very large momenta (Llypically
for Pr = 10 GeV or more®='"), Absorption alone thus cannol account for the Iy
behaviour ohserved in high By nuclear collisions.

To obtain a viable aliernative explanation for J/¥ suppression, final state ab-
sorplion has lo be combined with an initial state interaclion of the partons which
produce the rf pair. Such an inleraction is in facl Lo be cxpecied, since the Pr
distribution of Drell-Yan pairs in p — A collisions is with increasing /A shilied to-
wards higher Lransverse momenta?® ) and such pairs should nol experience any final
slale interactions. In accord with this, the integrated cross-section relains the form
”rfzir = Aﬂ;;‘,‘ so Lhal we rcally just have a shift in phase space, and not a net sup-
pression. ‘Fhis shifl was predicted?”?: a quark in Lthe projectile, which eventualy
annihilates with an antiquasrk in the target Lo form the Drell-Yan pair, can in a nu-
clear targel. wndergo elastic scaltering hefore the annihilation takes ploce. 1 is thus
devialed from the beam axis, resnlting in a shill lowards higher Py for the lepton
pair. J/¢ production is assemed Lo occur through ghion fusion, and il the ghons
also undergo such initial stale scaltering in nuclear matter, their Py distribulion will
be broadened as well, and this is in facl observed in p— A experimenls?™,

The A dependence of the J/y and Drell-Yan Iy distributions from p — A daia
now has to be generalized to provide an Fyp dependence in nuclear collisions, if it
is Lo explain the NAJS resulis. 'Fo achieve this, one relates the number of initial
stale partun scatlerings to an elfeclive pumber & of proton-nucleon collisions in p— A
reactions. Extrapolaling this picture to nocleus-nuclens collisions, one expects a
larger 7 and hence more Iy broadening as Lhe impact parameter decreases, or Fp
increases. Using a # frorn nuclear scatiering models and fitling the available p— A data
to fix afl parameters, one thus oblains a prediclion for the 7% distribution of the J/4's
from nucleus-nuclens collsions. ‘Yo describe the actual dala, this now is combined with
final state absorplion in very dense hadronic matter; the resolt!® =17 agrees as well

3

with the measured Iy and Ep behaviour as thal from the deconfinerent approach.
H is clear, however, thal in parlicular the & — Fy relalion is rather dependent on Lhe
nuclear seatiering model nsed and on the detsils of the nuclear geometry.

Lel us now look at some crucial features in each scenario. The abhsorption pic-
ture, as indicaled, relies very much on the extrapolation of p — A data to nuclear
collisions. Larger Ep values arc relaled to more inilial slale interactions, and this
must clearly elfect also the Drell-Yan continnum. ‘This approach therefore predicls a
signilicant broadening of the Drell-Yan Pr distribution with increasing £y, and that
can certainly be tesied. Present dala do nol seem Lo show such an ellect, but the
experimental errors so far are probably too large for any significant test.

The actual parametrisations' =17 of the initial state quark and gluon distribu-
tions give a larger P shill Lo gluons than to quarks. This implies ihal the J/¢-
to-continunm ratio al high Fr should for large Py nol appreach unily, bul become
larger than one. Again present errors are too large to allow a tesl, but this prediction
as well could be checked with data of higher statistics.

With both these predictions, we essenlially test the validity of the extrapolalion
from p — A collisions to nuclens-nuclens interactions. 14 is conecivable that in the
i range studicd, the number of effective nucleon-nucleon collisions does nol vary
so much; il thal is the case, the basis for the Er — P correlalion in the absorption
picture becomes incorrect.

On the other hand, if one docs observe a significanl By dependence of the Drell-
Yan P disiribution in nuclear collisions, then there may not be much “room” for
the additional intrinsic Pp dependence of the deconflinement picture. llence a stody
of the Er dependence of the Drell-Yan spectra is very important for the screening
approach as well.

The most crncial feature of deconfinement, however, arises from its nature as a
critical phenomenon. ‘The .J/y suppression as funclion of the energy density must
have a form of the type shown in fig. 1. A large range of ¢ does not lead Lo any
suppression, and there is a critical valoe ¢, where the suppresston staris. As a con-
sequence, ceatral nucleus-nucleus collisions below a cerlain heam energy should nol
show a reduclion of the signal-lo-continnum ratie as FEr is increased. Absorplion,
however, should ocenr al all energies and at a given cnergy increase with increas-
ing nuelear volume, Thas at least in principle, absorplion and deconfinement lead
o quite distinct palterns, schematically illusiraled in fig. 1. One continuons sap-
pression patlern from p — p collisions lo kigh Fr nuclens-nuclens interaciions wonld
be dificult to understand in the decorfinement approach; a noticeable hreak in the
suppression patiern between p — p, p — A and nuclens-muclens collisons would scem
to require more than just absorplion in matier of increasing densitly.

In conclusion: we do seem Lo reach Lhe regime of very dense malter. To under-
sland what such matter really consists of, we need more experimental information,
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Fig. b The schematic dependence of J/y production on the initial energy densily pro-
dneed in the collision, in the deconfinement (solid line) and the ahsorplion ap-
proach (dashed line).



