Charmonium suppression in Pb-Pb collisions
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Abstract

Results on J/v, ¥’ and Drell-Yan production in Pb-Pb reactions at 158 GeV/c per
nucleon are reported and compared with previous results obtained by the NA38 and NA51
experiments. The ratios Byu07/4/0 Dreli-Yan and By, 0y /0 Dreli-yan are given as a func-
tion of the centrality of the collision.
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Introduction

The NAS50 experiment measures vector mesons production via their decays into muon
pairs in Pb-Pb interactions at 158 GeV/c per nucleon. The main goal is the study of
charmonia suppression as an evidence for the formation of the quark-gluon plasma [1].
Starting in 1986 at the CERN SPS, J/% and 1’ suppressions have been first studied by
the NA38 collaboration using proton, oxygen and sulfur induced reactions which are used
as a reference for the study of Pb-Pb interactions.

1 Experimental conditions

The NAS5O detector is an upgraded version of the NA38 apparatus. It is mainly composed
of a dimuon spectrometer, a segmented active target, an electromagnetic calorimeter
and a very forward hadronic calorimeter (“Zero Degree Calorimeter”) to provide two
independent estimates of the centrality. Appropriate beam counters are used to measure
the incident flux.

The dimuon spectrometer uses basically the same components as the spectrometer of
the NA38 experiment [2]. It covers the pseudo-rapidity interval 2.8 < n < 4.0 and the
mass resolution obtained for the J/1is 3.1 % .

The target is made of 7 Pb subtargets of 1 mm thick leading to a total of 17.5 %
interaction lenght. Each subtarget is followed downstream by two associated quartz blades
located off the beam axis and used to identify the primary vertex and reject events with
secondary reinteractions.

The electromagnetic calorimeter measures the neutral transverse energy produced in
the interaction in the pseudo-rapidity range 1.1 < < 2.3. This measurement provides
the impact parameter of the collision. It exhibits a good linear correlation with the
information given by the ZDC which measures the energy deposited by the spectator
fragments of the interacting projectile.

The data presented here were taken during 5 weeks in 1995 with an incident flux of
3.5 107 ions/burst leading to an average of 1000 dimuon triggers/burst. During this run,
a sample of roughly 60 million triggers was recorded.

2 Event selection and analysis

Several cuts were applied to the data. Events are selected for the final analysis if :
e only one incident ion is detected within the 20 ns gate opened by the trigger.

e the subtarget of the primary interaction is identified by the target algorithm and if
the projectile spectator does not reinteract in any following subtarget.

e only one incident ion is detected by the ZDC.
The tracking algorithm requires two muon tracks in the acceptance of the spectrometer
which defines the kinematical domain:

0. < Yem < 1. = 2.92 < yiq < 3.92

—0.5 < cosbfes < 0.5

where y is the dimuon rapidity and 6¢s the polar angle of one of the muons in the
Collins-Soper reference frame.

Figure 1 shows the invariant mass spectrum of the opposite sign muon pairs for masses
above 2.0 GeV/c%. The contributing processes are J/t, %/, Drell-Yan, DD pairs and
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Figure 1: Opposite sign mass spectrum for Pb-Pb collisions.

the background of # and K meson decays. The background estimation is based on the
measured like sign muon pairs, using the relation:

NY =2 x /N*++x N——

In order to measure the number of J/1, ¥’ and Drell-Yan events, the invariant mass
spectrum is fitted for masses above 3.05 GeV/¢2, using the maximum likelihood method,
with a superposition of all the processes:

dNtm AN dN¥' LN dNPD L N®
dM,, ~ dM,, ' dM,, " dM,, " dM,, = dM,,

where the ratio of the DD to Drell-Yan events is fixed from the study of p-W data [3].
The acceptance of the apparatus and the shapes of J/4, ¢/, Drell-Yan and DD contri-
butions are determined by Monte-Carlo simulations.

3 Cross sections for J/¢ and Drell-Yan

Absolute cross-sections are calculated taking into account detector efficiencies, selection
cut losses and acceptances which lead to a systematic error of 7 %. They amount to :

Buuoypy =219+ 02+ 16 pb

ODreli-yan = 149+ 002+ 0.11 pb (2.9 < M, < 8.0 GeV/c?)

The Drell-Yan cross section value in Pb-Pb collisions has been compared with previous
results obtained in p-A and S-U collisions. To account for differences in the kinematical
domains and beam energies, the comparison is made using the so-called “K factor” which
is the ratio between the measured cross-section value and the lower order theoretical cross-
section calculated from the GRV-LO [4] set of parton distribution functions. The results
are presented in figure 2 (left) as a function of A x B (the product of the projectile and
target atomic mass numbers) showing a good Pb-Pb agreement with lighter projectile
results and with the Drell-Yan theoretical calculations which are proportionnal to A x B.
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Figure 2: Left: the Drell-Yan K factor as a function of AprojectiteBiarget- Right: the J/i cross-
section divided by AprojectiteBtarget as a function of Aprojectite Brarget-

Figure 2 (right) shows B,,,0/y divided by Ax B (the cross-section per nucleon-nucleon

collision) as a function of A x B for several systems. All the data are rescaled to the same
kinematical domain (0. < Yem < 1.) and to the same beam energy (200 GeV/c). The
Pb-Pb result is rescaled to 200 GeV /c using the Schuler parametrization [5].
Except for the Pb point, all the data decrease with A x B as the power law function
(A x B)* with & = 0.920+0.015 in good agreement with previous measurements [6]. For
Pb-Pb collisions, the J/¢ cross-section is a factor 0.74 £ 0.06 smaller than the expected
value obtained with the power law, showing an additionnal J /4 suppression.

4 Cross sections as a function of centrality

In the study of charmonia production as a function of centrality, we have used the vari-
able L, the average path length of the resonant (or pre-resonant) state through nuclear
matter [7). L is related to the impact parameter b and is calculated within a geomet-
rical model using the standard Woods-Saxon nuclear density distributions. As already
mentionned, the impact parameter is correlated with the measured transverse energy E'T.
Thus, selecting the events in transverse energy bins is equivalent to select events in b or
L bins. Figure 3 (left) shows the relation between L and Er. In this analysis, the data

ET bin (GeV) < ET > (GeV) L
5~45 34 6.94 + 0.49
45-170 58 7.98 £ 0.36

70 - 105 88 8.86 + 0.30
105 - 135 120 9.43 £ 0.17
135 - 175 147 9.71 £ 0.15

Table 1: Er bins, related mean values < Er > and corresponding L.

are divided in 5 transverse energy bins. The corresponding values of E7 and L are given
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Figure 3: Left: _f, as a function of the transverse energy Er. Right: B,,05/4/0Dreil-Yan
as a function of L; the solid line corresponds to the absorption model with ou, = 6.2 mb.

in table 1. Moreover, as the Drell-Yan cross-section is proportional to the product A x B,
studying B,,,07/4/0Dreli~Yan is equivalent to study B,..05/4/A x B with the avantage of
cancelling all systematic errors due to beam flux uncertainties and detector efficiencies.
Figure 3 (right) displays the ratio By, 0/y/0 Dreii-yan for the 5 centrality bins defined
in table 1. Data are rescaled to 200 GeV/c and compared with previous measurements
from NA38 (p-W, p-U and S-U) and NAS51L (p-p, p-d).
Except for the Pb points, all the data decrease exponentially with L. This behaviour can
be interpreted as the result of the pre-resonant ctg state absorption in nuclear matter [8].
Thus, B“,,UJN, can be written as erxp(—pof/aubs) where pg = 0.17 fm~2 is the stan-
dard nuclear density and o5 is the absorption cross-section. A fit to the data leads to
Oabs = 6.2 £ 0.7 mb.
Comparing to this absorption model, the integrated Pb-Pb B,,,07/4/0Dreii-yan value
shows an overall suppression by a factor 0.71 & 0.03 which is more than 9 standard devi-
ations below the expected value. The study in 5 E7 bins shows a strong dependence of
this effect with the centrality of the collision. The measured value is a factor 0.95 £ 0.09
below the expected value for the most peripheral reactions (first Er bin), and a factor
0.62 £ 0.04 for the most central Pb-Pb collisions.

5 ' production

In figure 4 (left) we plot the cross-section ratios B,,,0y/B,,.05/y as afunction of Ax B for
several systems including p-A, S-U and Pb-Pb collisions without any rescaling correction
to take into account the various beam energies (as already pointed out [9] this ratio is
independent of energy).
For proton induced reactions, B, ,0y/B,,,05/y is independent of the target mass, the
average value beeing (1.75 £ 0.02)% . This behaviour can be interpreted as the absorp-
tion of the pre-resonant cCg state in nuclear matter which does not depend on the final
charmonium state.

In ion induced reactions, ¥’ is more suppressed than J/¢ as compared to p-A systems,
without significant change between S-U (B,,,0y/ B0/ = (0.76 = 0.06)%) and Pb-Pb
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Figlxre 4: Left: B},041/B,,05y as a function of Ax B. Right: B,,0y//0Dreti-Yan @S @ function
of L; the solid line corresponds to the absorption model with g, = 6.2 mb.

(B, 9/ Buyoapy = (0.55 £ 0.07)%) collisions. In fact, because of the anomalous J/%
suppression in Pb-Pb, %’ is more suppressed in Pb-Pb as compared with S-U collisions.
Figure 4 (right) displays the Bj,0y:/0 Dreli-yan ratio as a function of L, showing an in-
creasing suppression of 3’ from S-U to Pb-Pb collisions. Hovewer, as opposed with J/4
suppression, the 7' suppression pattern is similar in Pb-Pband S-U interactions.

Conclusion

J/¢ and 9’ productions have been studied in Pb-Pb collisions at 158 GeV /c per nucleon.
An anomalous J/% suppression in Pb-Pb is observed as compared with the absorption
model based on p-A and S-U results. Looking at ¢’ production, a stronger suppression
than expected by the absorption model is observed in S-U and Pb-Pb collisions with a
similar suppression pattern for both reactions.
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