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Charmonium suppression in lead-lead collisions: Is there a break in thel/ cross section?
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In the framework of a model based on nuclear absorption plus comover interaction, we comphte the
distribution of theJ/ in PbPb collisions at SPS and compare it with available NA50 data. Our analysis
suggests that the existence of new physisconfinement phase transitjoim the regionE;=<100 GeV is
unlikely and that signals of new physics should rather be searched in the regld00 GeV. TheEt
dependence of th& ¢ transverse momentum has been computed. At IBsgie turns out to be much flatter in
the comover approach than in a phase transition framework. Estimates &fyth®uppression at RHIC and
LHC energies are also give[50556-28139)01001-§

PACS numbes): 25.75.Dw, 12.38.Mh, 24.8%.p

I. INTRODUCTION values of the parameters which were determined in Faf.
from the best fit to the rati®R(Et) in pA, SU, and PbPb
The 1995 data from the NA50 Collaboratiph] show an  collisions. The plan of the paper is the following. In Sec. Il
anomalous)/ ¢ suppression, i.e., a suppression larger tharwe describe the model. In Sec. Il we compute Eredistri-
the one expected in a nuclear absorption model. This moddlutions of minimum biaDY and J/¢ and compare them
describes thel/ s suppression both in proton-nucleus inter- With available data. In Sec. IV we compute the rafi(Er)
actions and in nucleus-nucleus interactions with a light pro@nd compare it with the NASQ data. In Sec. V we compute
jectile [1]. Following the original proposal of Ref2], the theEr dependence of the averagi of the J/ ¢ and compare
anomalous)/ suppression has been interpreted as a signdf With recent NA50 data. Section VI contains our conclu-
of a deconfining phase transitig8—6]. However, an expla- Sions and prospects at higher energies.
nation by a more conventional mechanism, namely, the in-

teraction of thel/ ¢ (or the c?pair) with comovers, is also Il. THE MODEL

possible[7-10. Our model is formulated in a conventional framework

collaboration[11], is the presence of a break in the ratio f7—10] based on two different mechanisms Jijs suppres-

R(E;) of J/¢ over Drell-Yan DY) cross sections aE; sion: nuclear absorption of the pre-resonat pair with
~55 GeV. It has been argudd2,6] that this break is a nucleons of the colliding nuclei and absorption by comoving

signal of deconfinement—although there is no general Conpartons or hadrons produced in the collision. For complete-

sensus on this pointl3,3—§. It is, however, fully recog- ness we recall its main ingredients.

) : ' ' T ' Nuclear absorption.In nucleus-nucleus collisions, the
nized that a break in th# s cross section would rule out any survival probability of thed/y at impact parameted and
conventional model, such as the one based on comover iz, o erse positios is given by[15,9]
teraction.(Other approaches tt ¢y suppression can be found '
in Ref.[14].) ab

At present, the evidence for this break is weakened by the” 10,8)
presence of fluctuations in the rafR{E) [see Eq.(16) for

a precise definitiohat large values oE+ [11], which are {1—exd —ATA(S)oapdH{1—exd —BTg(b—5S)oapd}
generally regarded as spurious. Also, it is hecessary to assess= 2 .
whether this break, if confirmed, is due to a genuine break in TapsABTa(S) T(b—S)

the J/ 4 cross section or rather to fluctuations in they and @)

DY ones. Of course, a definitive answer to these questions
can only come from data. However, in view of the interest ofHere Taey(b)=/">dzpa@(b,z) are the nuclear profile
the subject, it is important to examine the available data in dunctions normalized to unity. The nuclear densities
theoretical framework in order to gain some insight on thesgag)(b,2z) are determined from a three-parameter Fermi dis-
questions, while waiting for a complete analysis of the 199@ribution with parameters given in Refl6]. [In Ref. [9] a
NA5Q data, and above all, for the 1998 results. different parametrization of the nuclear density is used; this
The aim of the present work is to perform such an analyintroduces differences ifR(E) of less than 4% in PbPb
sis in the framework of a model based on nuclear absorptionollisions] For the absorptive cross section we tadgys
plus comover interaction. This work is a continuation of the=6.7-7.3 mb, consistent with a fit to the proton-nucleus data
one in Ref.[9]. We use the same formalism and the samg5]. Note thatS?*=1 for o4, 0.
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Absorption by comoversThis absorption is due to the knowledge of theE+-b correlation functiorP(E,b). In the
interaction of thecc pair (or of the J/¢ itself) in the dense following we proceed to calculate these two quantities.
medium produced in a nucleus-nucleus collision—which re- Density of comoverdt is commonly assumed in the lit-
sults in the production of BD pair. TheJ/y survival prob- ~ €rature that the density of comovers is proportional to that of

ability is given by[5,9] participating (or woundedl nucleons[5,20]. This is the so-

called wounded nucleon mod€WNM); for a review see

NS(b,s) Ref. [21]. In asymmetric systems and, in particular, pi
Sco(b,s)=exp{—UCON§°(b,s)In(yN—f) collisions, this model provides a reasonable description of

the data but only for the average multiplicity—or yt~0.
At y*>0 (y* <0) it overestimategunderestimatgsthe mul-
. (2) tiplicity. For symmetricAA collisions, the model seems to be
valid in a broader rapidity rangéThis can be understood
co . N . .. from the arguments in Ref22]; see p. 26. However, for
Here Ny (b, ) '2 the initial dgnsﬂy .Of comovers per Unit conia| ppph collisiongand also for other central nucleus-
transverse ared’s and per unit rapidity at impact parameter nucleus collisions at SP$here is experimental evidence of a

b, andN; is the corresponding freeze-out density. In order tOiolation of this scaling law at midrapiditid®3,24. More-

have a smooth onset of the comovers, it is natural to take f°5ver models such as the dual parton ma@®M) [22], in

Ny the density 0; hadrons per unit rapldltyilzrp@ collision, \yhich unitarity is fully implemented, contain an extra term
Le., Ny=[3/(mRp)JAN"/dy|y«—o=1.15 fm *. This coin-  rhortional to the average number of collisions. This term is
cides with the value introduced in R¢6]. With this choice  smal| at present energies but its relative size increases with
of N, the ¢ function in Eq.(2) is numerically irrelevant.  energy. Moreover, it contributes mostly at midrapidities. The
The effect of the comovers ipA turns out to be negligibly  origin of this term is the following. In DPM one has both
small. o, is the comover cross section properly averagetharyonic strings of type diquark-quark and bosonic ones of

l""e.tr th}atrrrolmﬁnta_\ O.f ﬂ?e dC?j”'.d”.lg gafr_tu_::%b%:el?tlve \t/t? typeq-g. The latter contribute mainly at midrapidities. Since
r?]t':cl );a?:torenaEer(lg)lr']: ;Jh: relg II';S Ofe;?]' !n?e rgt.gga.rr: the the number of diquarks available is equal to the number of
' N £9.(2) | u integration 1 participating nucleons, the number of baryonic strings is

proper times from the initial time to' freezg-out time(Qne ._equal to the number of participants. On the other hand, the
assume$17,18 a decrease of densities with proper time N total number of strings is proportional to the number of col-

1/7.) A large contribution to this integral comes from the . . . .
lisions. Therefore, the number gfq strings increases, with

few first fm/c after the collision—where the system is in a ; . i -
prehadronic stageln this respect, see the last paper of Ref.Ncréasing centrah;y, muc_h faster than the number of partici-
[10]) Actually, Brodsky and Muellef19] introduced the ~Pants. The WNM is obtained from DPM by neglecting the

comover interaction as a coalescence phenomenon at the p&@ntribution of theg-q strings.

tonic level. In view of that, there is no precise connection In the following calculations we will use the density of

betweenco, and the physical/s/— 7 or J//— N cross sec- comovers given by DPM. We will also discuss how they

tion, ando, has to be considered as a free parameter. Wéuppression is modified when using a density of comovers

take o;,=0.6 mb[9]. proportional to the number of participants.
Cross-sections.The J/y production cross section in  In DPM, Ni°(b,s) is given by[9,22]

nuclear collisions is given by

X O[NS(b,s) — Ni]

NJ(b,s)=[N;ma(b,s)+N,mg(b,b—s)

4
ot =22 dismb,s)S™b.9)S DS, (3 +Nam(D:9) A me(B.b78) = mA(b:9)]
PP +[Nima(b,s) +Njmg(b,b—s)

where +N3m(b,s)]160[ma(b,s) —mg(b,b—s)]. (6)

m(b,s)=ABop,Ta(s)Te(b—s). @ Heremis given by Eq.(4) andm,, mg are the well known

We takea,,=30 mb. With the definitior(3), the Drell-yan ~98°Metfic factors25,18

cross sectioffiobtained from(3) with o ,,= 0.,=0] is pro- Mag)(0,5) =A(B) Tag(S)
portional toAB.
The cross section for minimum bi&sB) events is given X{1—exd —op,B(A)Tea(b=9)]}. (7)
by The coefficientdN; andN; are obtained in DPM by convo-
opp(b)=1—exgd — o, ABTpg(b)], (5)  luting momentum distribution functions and fragmentation
functions[22]. Their values(per unit rapidity for the rapid-
with Tag(b)=Jd?sTA(S) Tg(b—5). ity window and energies of the NA38 and NA50 experiments

In order to compute these cross sections we need to kno@e given in Table | of Ref[9]. The rapidity density of
the comover densit\N{°(b,s) in the NA50 dimuon spec- hadrons is given by
trometer. Moreover, comparison with experiment requires to AN 1
compute the above cross section at a given transverse energy —— | d% f d?s N&(b, 8), (8
Er —measured in the NA5O calorimeter. This requires the dy oas
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FIG. 1. Rapidity distribution of negative hadrons in central ~ F!G- 2. Er-Ezpc correlation: the full line is obtained in DPM
PbPb collisions at 158 GeV/c. Preliminary data of the NA49 from Egs.(11) and(12) and gives a very good description of the

Collaboration[23] (black circles are compared with the DPM re- NASO Collaboration datgl1]. The dotted line is obtained in DPM
sults (solid line) using the same centrality criterium, and with the oM Egs.(10) and(12). The dashed line is obtained in the WNM

scaling in the number of participantdashed lind23]). with Ex(b)=0.4ma(b) + mg(b)] GeV [5].

with oag=[d?boag(b). Note that at fixed in the range of beam energy &;,=158 GeVk). A fit to the experimental
interest,oag(b)=1. E+-Ezpc correlation using Eq49) and(10) allows a precise
The obtained densities of negative hadrong*a=0 for ~ determination ofg. From the NA50 datd11] we obtainq
pp, SS, SAU, and PbPb are Compared in Table Il of mﬂf =0.78 GeV. It follows from Eq5(9) and (10) that with the
with available data, using in each case the centrality criteridVNM ansatz [5] Er(b)=0.4m,(b)+mg(b)] GeV, the
(in percentage of total eventgiven by the experimentalists. Et- Ezpc correlation is a straight line. Experimentally, it is
In Fig. 1 we compare the predictions of both the DPM andindeed found to be close to a straight line but shows a clear
the WNM with the NA49 datd23] for the rapidity distribu- ~ concavity. In DPM this correlation has a concavity due to the
tion of negative particles in central PbPb collisions atcontribution of theg-g strings. However, in the acceptance
158A GeVic. region of the NASOE calorimeter, the contribution of the
Er-b correlation.The experimental results are given as ag-q strings is rather smallsee Fig. 1 and the concavity is
function of Er. This is the total transverse energy of neutralsyiso small. Actually, DPM describes well the data in the
measured by the NAS0 calorimeter in the rapidity window ypper half of theE; region but falls too fast at lovEr,
—1.8<y*<-0.6. The correspondence between averaggyhijle the WNM describes the data better in the & re-
values ofb andEy is given by the proportionality between gion (see Fig. 2 One could think that the difference be-
Er and multiplicity: tween the two correlation functions is too small to have any
E.(b)=qN(b) ) significant effect on the shape of theg distributions. It turns
T aiy 1), out that this is not the case and, therefore, a more accurate

where Nf,o(b)=f:(1)'gdyfd25N§°(b,s), with Nf,o(b,s) given descriptiqn of theE+-Ezpc correlation is needgd.

by Eq.(6). The pafameteq is closely connected to the av- The fallure_ of the DPM at lovEr can .be "’.‘tt”bm?d to the .

erage transverse energy per particle. However, it contain ffe?é)of_rtr?ie 'Vr\]/trﬁ‘rll(und\?vir Cﬁsﬁa?ne’nwg'%h r;sintot i':(f[lrl]‘edeorl n

extra factors due to the fact thuﬁo corresponds to the mul- g. {9). S Well known phenomenon consists It pro

tiplicity of negatives whereal, is the transverse energy of duction _of extra pa.rtlcles in the fragmenf[atlon regions of the
e . two colliding nuclei due to the rescattering of slow second-

neutrals. Moreover, a calibration factor of the NA50 calorim-

: ) . aries (in the rest frames of the two nucleivith spectator
0,
;t(:(svgr}fguhdaes de}?qestlmated systematic error of about 40 /onucleons. Obviously this effect has to vanish for central col-

; I lisions when no spectator nucleons are left. It is also absent
A precise determination off comes from the measured

correlation betweerE; and E,pe—the energy measured at gt m|drap|d|t|es.*Howev.er, the rapidity region of the calo-
. . \ rimeter —1.8<y* <0.6 is affected by the intranuclear cas-
the zero-degree calorimeter. The latter is defined as

cade (which is known to have an extension of about 1.5
E,nc(b)=[A—ma(b)]E;,, (10)  rapidity unit9. In order to incorporate the intranuclear cas-
cade in a phenomenological way, we replace @gby
where my(b)=fd?smu(b,s), i.e., the average number of
participants ofA at fixed impact parameter, akE;, is the Er(b)=qN{(b) + kEzpc(b). 11
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With the values of the parameters we uge;0.78 GeV and
k=1/4000, the relative contribution of the second term in
Eqg. (11) is comparatively smal(about 30% for a very pe-
ripheral collision withEzp=30000 GeV and less than 2%
for Ezpc=10000 GeV. The only drawback of this extra
term is that it does not vanish &ypc=EJSc=AE,. How-
ever, this can be easily cured by replacing Ed.) by

0.2
Ezoc(b) 12 E?Sé_ EZDc(b)
— CO,
ET(b)—qu(b)+0.9'i< 2000 = .

102_—

-+

do®/dE, (107 ub/5 GeV)

(12 10

The correspondindet-E pc correlation, shown in Fig. 2
(full line), is practically identical to the one obtained from
Eq. (11 for Et<30000 GeV and gives an excellent descrip-
tion of the experimental datidl1]. Moreover, both correla-
tions lead to the same; distributions ford/« andDY in the
regionE;=15 GeV, where data are available. Efj2) will

be used in all DPM calculations. 1 bl

P T T T AR N NI
A ) o} 20 40 60 80 100 120 140 160
In order to obtain thée;-b correlation, and not only the E; (CeV)

relation between the average values of these two quantities, _ oy )

we have to determine thE; distributions at a giverb. A . FIQ. 3. Inclusive CrOSSZSECtIGﬂkT /dE5 for DY pair produc-
good description of the experimentg} distributions is ob-  tion with th>4'|2 Gevk ”Ofm the 1995 ':ASO E'at@z_B] Corr?'
tained[20,5,24 using a Gaussian distribution at fixed impact Paréd to the results obtained from Edi4) with oaps=07co=0. The

full curve is obtained in DPM and the dashed one in the WNM. The
normalization constantpy /oy, in Eq. (3) is 9107 *°. Note that,
in order to compare with the experimental valueorgfg/app, this

parameter, with squared dispersidd?®(b)=([NJ(b)]%)
—(NS(b))2=a(NZ(b)), i.e.,

— ) normalization factor should be divided by 5 due to Egbinning
1 [Er—aNy(b)] in Fig. 3.
P(Et,b)= — exp — o —
V2mg2aN,(b) 2g9-aNy(b)

(13) using the WNM. This distribution has a stronger increase
with increasinger —but both are consistent with the data

whereN,(b) =E+(b)/q, with E(b) given by Eq.(12), and ~ Within errors. . o .

Fig. 4. Again the(statistica) error bars are quite large. More-

lll. E; DISTRIBUTIONS

-

The E5 distributions of J/¢, DY, and minimum bias
(MB) are obtained by folding the corresponding cross sec-o ,,,
tions at fixedb [Egs. (3) and (5)] with the E+-b correlation
function

eV)

dN/dE, [(8
E
T

do? 2 4
d—ET=f d%b o¥x(b)P(Et,b), (14 i
80
dO'MB i
JE =jd2bcrAB(b)P(ET,b). (15)
T 60 —

The corresponding expression forY is obtained from(14) i
with o= 0co=0. 40 |-
The most precise determination of the paramater ob- i
tained from a fit of(the tail of the MB E; distribution. L
Using the 1995 data of Ref26] we obtaina=0.73. This 2r
value will be used in all DPM calculations. With the WNM
we use the parameters in RdgR26]: q=0.4 GeV anda

o J T S S S T S T S T S T Y

=1.43. Note that the produety is the same in both casdft 0 20 40 60 80 100 120 140 15% (ég%
turns out that the ratio of/ ¢ overDY is very insensitive to !
the value ofa.) FIG. 4. PreliminaryE distributiondNPY/dE; for DY pair pro-

The comparison oflo®Y/dEr with the 1995 datd26]is  duction withM,,,>4.2 GeVk? for the 1996 NASO datl 1] com-
shown in Fig. 3. The agreement is satisfactory but the erropared to the theoretical curves of Fig. 3 normalized to the data. The
bars are quite large. Also shown is the distribution obtainedtommon normalization factor is 0.10 fh.
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FIG. 5. Inclusive cross sectiotho ¥/#/dE for J/4 production FIG. 6. PremiminaryE; distribution dN¥/dE; for J/y pro-
from the 1995 NAS50 dat§26] compared with the results obtained duction from the 1996 NA50 dafd 1], compared with the theoret-
from Eq.(14). The normalization constai, ,o ;‘,’r;”/opp in Eq. (3) ical curves of Fig. 5 normalized to the data. The common normal-

is 2.4x1077. The dotted line is obtained with nuclear absorption ization factor is 5.57 f2. The circles and the crosses correspond
alone (7.3 mb, o,=0), while the solid line contains the to two different experimental method41]: fitting and counting
effect of comovers withr = 6.7 mb andr,,= 0.6 mb. The dashed procedures.

line is obtained in the WNM with nuclear absorption alone,f

=7.3 mb,0¢,=0). these parameters coming from tB&J data is now signifi-

cantly smaller due to an increase by a factor 2.8 of the sta-
over, there is a significant disagreement both with DPM andistical errors; see Sec. VINote also that, with nuclear ab-
WNM at E;~135 GeV which was not present when com- sorption alone, the WNM has a faster increase Wththan
paring with the 1995 data. There is also a significant differthe DPM. Therefore the extrd/ suppression required in
ence in shape between DPM and WNM. Note that the onlyrder to reproduce a given shape of the) distribution,
ingredients in the calculation are ttiedependence of the Must be considerably stronger in the WNM than in DPM.
DY,ABTag(b), which is common to all models, plus the This is even more clearly seen in Fig. 6 where we compare

E+-b or E1-Ezpc correlation. Thus all models which repro- me tlhgegtzsrztlial_pre(il_lctlons W'lth }hhig Eq d|str|_but|on frorg
duce the latter correlation should lead to the sdné dis- € atain afinear scale. in tnis comparison we observe

- : : ; some deviations aE+=100 GeV. This region should be
tribution. Since the DPMwith Egs.(10) and(12)] gives an . . T . -
excellent description o';'{the Iat?er( th)e full(cu)r]v(ge in Fig. 4 studied with great care in the 1998 high statistics run. In our
should be regarded as the theéreti@ﬂ( distribution—. opinion, this is a most interesting region to look for eventual

hich b d f h idering/ signs of new physics, i.e., for the onset of a truly anomalous
which can be used as a reference when considering/ie suppression @;=100 GeV. On the contrary, in the region

one. Any significar_1t discrepancy with this distribution, such E;-<100 GeV[where the break in the rati(E;) occurd,

as the one occurring at larger, should be regarded as a there is no strong disagreement between theory and experi-

possible experimental inconsistency between the measurgfgnt. However, there is no perfect agreement either and,

DY E; distribution and theE+-Ezpc correlation. therefore, it is not possible to draw a clear conclusion at
We turn next to theEr distribution of theJ/. We have  present. In particular a sudden drop of tHey cross section

computed it Usingra,s=6.7 mb,o,=0.6 mb. The result of at E;=55 GeV has been claimdd1]. Even if further data

our calculation is compared with the 1995 d@2®] of the  show that this drop is statistically significant, our analysis

NA50 Collaboration in Fig. 5. The agreement betweensuggests that it cannot be easily attributed to a sudden in-

theory and experiment is reasonable. However, the data seetrease ofl/ s suppression due to deconfinement. Indeed, in

to decrease slightly faster than the theoretical curve. Notthe next fourEs bins the measured/ ¢y cross section is con-

that these data show no break in the cross section at any sistent with the predictions of a model which does not have

value of E;. Figure 5 shows also thE; distribution ob- ~ deconfinement.

tained with nuclear absorption alone 4= 7.3 mb both for

DPM [Eq. (11)] and for the WNM. We see that the shape of

the E distribution is very sensitive to the effect of the co-

movers. Thus, a slightly steeper decrease of ¥hf cross The J/ ¢ suppression is described by the raR0E) of

section, if confirmed, could possibly be obtained with a smallJ/¢ andDY cross sections in differeri; bins. The advan-

increase in the absorption parametegfBhe constraint on tage of taking this ratio is that systematic errors common to

IV. J/¢r OVER DY RATIO
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FIG. 7. The ratioR(E) of J/¢ over DY versusE; both from FIG. 8. The theoretical curve of Fig. (8olid line) is compared

the 1995 1] (open symbolsand preliminary 199611] (black sym-  to the ratioR(Ey) of the experimentaE distribution of Fig. 6 over
bols) NA50 data compared to the ratio of theoretical cur¢@slid  the theoreticaDY distribution of Fig. 4(solid line). Here the nor-
lines) in Figs. 4 and Gwith comovers, solid ling The dotted line is  majization ofR(E;) is arbitrary since we are only interested in the

obtained in DPM with nuclear absorption alone,fs~7.3 mb, change in the shape &(E;) when smoothing th®Y E; distri-
0¢=0). The normalization factd61.2) is the one obtained in Ref.  ption.

[9] from a fit to thepA, SU, and PbPb data. This normalization

coincides with the one obtained from the normalizations of the incomments are in order. First, as seen in Fig. 7, the experi-

dividual E; distributions in Figs. 4 and 6 after correcting the latter mental data for the firsE; bin is higher than the one ob-

for the differentE; binnings, the experimental acceptances and theained with nuclear absorption alorf@ith a normalization

different DY mass range—which is 20M<4.5 GeVk? in the  extracted from a fit tp A andSU data[1,9]). This is difficult

ratio R(Ey) andM>4.2 GeVk? in Fig. 4. to explain in any model. Second, the relevance of the break
at E;~55 GeV is weakened by the existence of fluctuations

both systems do not appear in this ratio. The inconveniencé) R(Ey) at largeE; of a comparable size. These fluctua-

however, is that the results are sensitive to the shape of tH#ons, which are generally regarded as spurious, are an ex-
DY Er distribution. In our Opinion, it is of utmost impor- ample of systematic errors that do not cancel when taklng the

tance to have good data on ti; distribution of the ratio of J/y andDY cross sections and have to be under-
Jly—as illustrated by the analysis of the previous sectionSte0d- Third, the failure of the model to describe quantita-
The ratioR(Eq) is given by tively the ratioR(E7) in the regionE;=<100 GeV is in sharp

T contrast with the conclusions reached in Sec. Ill from a di-
rect comparison of the model results with tae distribution

f d%b O'KB(b)P(ETvb) of the J/4 which showed reasonable agreement in this
R(Eq) = _ (16) region. In order to understand the origin of this contradiction
2 DY we have plotted in Fig. 8 the theoretical curve of Figfull
f d*b oagP(Er,b) curve, and compared it with thé/ ¢ suppression obtained

from the ratioR(E+) of the experimentaE distribution of

This ratio has been calculated, within the present model, ithe J/ ¢ (for the 1996 NA50 dateover the theoretical one for
Ref.[9], where the values of the parametfitse same ones the DY (full curve of Fig. 5. We see that the agreement in
used here, including the absolute normalization but excepshape between theory and experiment has considerably im-
ing the value ofa which, as discussed in the previous sec-Proved in the regiorE;<100 GeV—except for the firdEy
tion, has practically no effect oR(E+)] were determined bin. Moreover, in the ratidR(E;) the break aE~55 GeV
from the best fit tdR(E+) in pA,SU, and PbPb collisions. At has practically disappeared. Figure 8 indicates that the ratio
that time, however, the 1996 data were not available. Th&®(E+) is very sensitive to the shape of tBey distribution.
comparison of the model results with both the 1995 and 199&Ve would like to stress that Fig. 8 contains no new informa-
data[11] is shown in Fig. 7. tion. However, it is useful since its comparison with Fig. 7

The model reproduces the qualitative behavior of the ratichows the effect on the ratR(E+) of smoothing out th®Y
R. However, there are disagreements at a quantitative levetross section. Again, the interest of a careful study of the
The overall suppression, both from the 1995 and the 199€arge E+ region is seen in Fig. 8.
data, is somewhat larger than the theoretical one. More im- Before concluding this section we would like to comment
portant, the 1996 data seem to show a breakat55 GeV  on the modifications in the ratiR(E;) when using the co-
which is not present in the model calculation. Here, severaiover density computed in the WNM, rather than the one
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based on DPM, Eq(9). As discussed in Sec. II, the WNM N, is the average number of collisions of the projectile and

underestimates the number of negative particles in a centrgrget gluons with target and projectile nucleons, respec-
o . . =

PbPDb collision aty* ~0 by 15-30 %. The corresponding yjyely, up to the formation point of thec pair, at fixedb.

DPM value is 30% larger than the WNM one and in betteryy;g point is specified by the impact parameteand the

agreement with the NA49 dat@ee Sec. )l If we would ositions §,2) and (b—s,z') in the two nuclei. One has
decrease the density of comovers by 30% for the most cer{:z

tral E; bin, the value ofR(E;) would decrease by about z
10%. Actually, the net effect would be significantly smaller, NAB(b,S,Z.Z'):UgNAf dzapa(S,za)

since the WNM multiplicity is smaller than the DPM one o

also inSU, and this can be compensated by a corresponding 7

increase ofo,. Although a difference would remain, it +0—gNBf dzgpg(b—s,z5). (18
would not basically change the conclusions of the present o

analysis. On the contrary, our results would be changed if w
were to use the WNM in the calorimeter rapidity region, in
order to determine th&+-E,pc correlation. In this case we
would obtain arky distribution for thed/« which would be
too large in the upper half of theé; interval.

ﬁereagN is the gluon-nucleon cross section. This expression

(18) has to be averaged over all positions of thesformation
point with a weight given by the product of nuclear densities
and survival probabilities:

W(b,s,z,2")=pa(s,2) pa(b—5,2")Sa(S,2)
X Sg(b—s,2")S%b,s), (19

V. TRANSVERSE MOMENTUM BROADENING

A mechanism producing an increase of {pg) of any
type of particle produced ipA or AB collisions with in-  where
creasing nuclear sizes or centrality has been known for a
long time[27,28. It is due to initial state rescattering. More e ~
precisely, ford/y production this increase is due to rescat- SA(b'Z):eXp( ~Aabs , dZPA(b'Z)) (20
tering of the projectile and target gluons, before fusion, with
target and projectile nucleons, respectively, encountered ifg the survival probability due to nuclear absorptfds] and
their path through the nuclei. The average broadening of thee(p s) is the survival probability due to interaction with

intrinsic gluon distribution in each collision is denoted by comovers. Ea(2). The latter does not depend on the
. In Ref.[28] it has been shown that th broadening of ¢ . ~vion ,poi?\.t(. ) P

the J/ ¢ is affected byd/ ¢ absorption. In particular the sup- We obtain in this way
pression in PbPb collisions in a deconfining approgeh
produces a maximum in thE; dependence 0{p$>wj at
E;~100 GeV followed by a decrease with increasifg. Nag(b)
This peculiar behavior has been considered as a signature of
guark-gluon plasma formation.
In this section, we follow the formalism gf; broadening
of the J/¢ in Ref. [28], but using absorption by comovers T T
instead of the one due to deconfinement. f dzsf dzf dzZ’W(b,s,z,z")
The broadening op is given by - —

+ o0 + o
szsJ dzj dz’W(b,s,z,2' )Nag(b,s,z,2")

(22)
Sas(0)=(pT)a(0) —(PF)pp=Nae(0)d. (17 This expression can be written after some transformations as
f d’s S(b,s)[NA(S)Dg(b—5)+Ng(b—5)DA(S)]
Nag(b)=ogn ; (22
f d?s §%(b,s)Da(s)Dg(b—s)
|
where 1
Na(s)= F{UabﬁTA(S) —1+exd —Aoand a(s)]},
abs
Da(s)= {1—exd —Acand a(s)]} (23 (24)

A0 aps
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Finally, the corresponding quantity at fixed transverse en-<-. |
S

ergy can be obtained as ;1,8: §:<0>
S8k
2 =i7s £
d°b P(Et,b)oag(b)Nag(b) NRa
Nag(E7)= , (25 ‘“\(/51.65 E

f d?b P(Et,b)oag(b)

EL . L ".I L L L L L L L ‘ L
where P(E+,b) is the E+-b correlation function, Eq(13), ¢ 1o 20 30 4 50 60 70 SOE (GZOW
and o ag(b) is given by Eq.(5). !

The values of<p$>pp andogndp at 158\ GeVlc are ob-

S 1.9
tained from a fit to the NA50 datdll]. One obtains §1.85
(pHpp=1.03-1.10(GeW)? and  o4\5=0.39-0.47 3 '®
=10.0-12.1(GeV f (depending on whether the effect of ='" |
comovers is included or nptThe value ofoyyd,=0.39 we ﬁ«és g
obtain for nuclear absorption withr,ps=7.3 mb and no co- S ¢ ¢
movers, agrees with that obtained in RdR8], 9.4 155 E
+0.7 (GeV fmy, from a fit topA andSU data[29,30. As e Y | | | | | |
suggested in Refl31], we should take different values of o 20 40 60 80 100 120 140 160
<p$>pp in SU and PbPb, since this value increases with en- Er (GeV)
ergy. Using the values measurgg] in 7 p collisions at FIG. 9. (p2)ag in (8 SU and (b) PbPb collisions at SPS. Solid
150 and 200 Ge\W, the value(pt)pp=1.07 (GeVt) line: nuclear absorption plus comovers; dotted line: nuclear absorp-

would correspond tQp-zr)pp= 1.23(GeVkt)? at 200 GeVE.  tion alone(see text for the values of the corresponding parameters
This last value coincides with the one measured in (B3], Black circles are experimental data from Refkl,33.
1.23+0.05(GeVE)?, in pp collisions at 200 GeW. (From

a fit to DY data inpA,0Cu,0U, andSU [29], a value of  interesting and should be studied with great care in the 1998
ogndo=0.13 is obtained, whose ratio over the valuesXlal  high statistics run. Agreement of thiéy cross section with
is ~0.33, smaller than the value 4/9.44 suggeste[27]by  the comovers results fdE;=100 GeV together with a sig-
the difference of coupling between gluons and quarks or glupificantly sharper decrease fd&;>100 GeV (for which
ons) there might be some hint in the 1996 dataould signal the
Our results for nuclear absorption plus comovers withgpset of a truly anomaloud/ ¢ suppression.
0aps=6.7 mb ando,=0.6 mb (nuclear absorption alone |s it possible with the present data to distinguish a decon-
with o4, 7.3 mb, for SU with (p7),,=1.23 (GeVL)®  fining phase transition scenario from the more conventional
and oyn6p=0.42 (0.40, and for PbPb collisions with one described here? In order to answer this question we have
(p$>pp= 1.10 (GeVk)? (in agreement with the mentioned to distinguish between deconfining scenarios producing
rescaling between 200 and 1B8 GeV/c) and the same sharp breaks in the ratie(E) [12,6] from others leading to
ogndp as inSU, are shown in Fig. 9 and compared with a smooth behavior of this rat|8—6]. For the former, a clear-
experimental dat§11,33. We see that, in PbPb collisions cut answer will probably come from the 1998 data. On the
with comovers, there is a small maximumB~ 125 GeV. contrary, it will be more difficult to distinguish the second
However, after this maximun{p?) g is practically constant type of deconfining models from the comover approach pre-
and only slightly smaller than the one obtained with nuclearsented here.
absorption alone. This is in contrast with the sharper de- A very clear way to do so would be to show that the onset
crease at larg&+ found in a deconfining scenarj@8]. The  of the anomalous suppression is abrupt, i.e., it is not present
physical origin of this decrease is the same in both apbelow some critical density—for instance, the maximal one
proaches. At largE+, corresponding to large comover or reached inSU collisions[3]. Up to a recent date, there was
energy density, th@/, with |arge<p.|2.> due to a large num- some evidence for th@l 1]. Indeed, the effect of the comov-
ber of initial gN collisions, is suppressed by either the co-€rs inSU produced a somewhat larger suppres$&] than
mover or the deconfining mechanisms. However, this effecthe measured one. At present, however, the experimental er-
turns out to be numerically much smaller in the former ap-rors in the ratioR(Ey) in SU collisions have been increased
proach. Unfortunately, with the present data it is not possibld®y a factor 2.8see Ref[34]; also the experimental errors for
to clearly discriminate between these two predictions. PbPb have increased, by a factor 1.4, which has been taken
into account in this work In view of that, it is no longer
possible to claim that th&/ s suppression itlsU is too large
in the comover approad®] or that the onset of the anoma-
We have presented a direct comparison of the availablous suppression is an abrupt one.
NAS5O0 data for theE+ distribution of thed/ ¢ with the results As we have shown in Sec. V, there is a difference be-
obtained in a conventional framework based on nuclear atween comovers and deconfining scenarios regarding the be-
sorption plus comover interaction. Our analysis suggests thatavior of (p2) versusEr. According to Ref[28], in a de-
the presence of new physics in the reglbp<100 GeV is  confining scenario this quantity has a maximunEat- 100
unlikely. On the contrary, the regioB;>100 GeV is very GeV and decreases at largeéf values. In the comover ap-

VI. CONCLUSIONS AND PROSPECTS



PRC 59 CHARMONIUM SUPPRESSION IN LEAD-LED . .. 403

proach presented here, this drop is practically absent and the TABLE I. Comover and totall/¢s suppression at SPS, RHIC,
E; dependence is close to the one obtained with nucleagnd LHC, for central PbPb collisions, in the WNM and the DPM
absorption alone. Although no such drop is seen in the dat4See text for an explanation

the present experimental errors are rather large and a clear
conclusion is not possible.

A promising possibility is the measurement of thay
suppression at higher energies. THes suppression due to WNM 0.62 0.23 0.38 0.14 0.14 0.06
either comover interactions or deconfinement, is expected topm 0.62 0.23 0.09 0.03 210 * 8x10°°
increase substantially with increasing energy. In the first

case, this is due to the increase of the density of comovers ) .
e ase it is due to thgable [, by the nuclear absorption. The latter is expected to

SPS SPS RHIC RHIC LHC LHC
Comover Total Comover Total Comover Total

corresponding increase of energy density—while the criticafjeloend little on energ}B6].

value of this quantity is unchanged. Therefore, it is important These estmateg lllustrate the important Increase of the
J/ ¢ suppression with energy and also the dramatic uncer-

to .make predictions at higher energies in .bOth approache% inties associated to the value @N/dy|,« _o. Clearly, a
using the values of the parameters determined from prese ore detailed calculation is needed which takes into account
data. One can hope that the differences in the predlctlons_(% e modifications of parton densities inside nudiesually

the two approaches will be sufficiently large to be experl—neglected at SPS energieand also the changes in the

mentally measurable. Glauber formulas due to the increase with energyrgf.

The main uncertainty in the determination of the absquteH - , . .
. ) . . ; owever, it is obvious that th& s suppression will increase
value of the suppression at high energies resides in the valu

. : ; - s?rongly with increasing energies and it is very unlikely that
of dN/dy aty .NO' For Instance, in central PbPb collisions, the results will be the same in the comover and in the decon-
at RHIC energies, one expects in DPM a vdl&8] for nega- fining frameworks
tive particlesdN~/dyl,«_o=1000, and 3500 a/syy="5.5 '

TeV. On the contrary, from the scaling in the number of
participants (WNM) one expects a valueN"/dy|y«_o ACKNOWLEDGMENTS
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