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Abstract. J/ψ suppression was predicted to be a signature of deconfinement and has been extensively
studied at the CERN-SPS in proton, light and heavy ion induced reactions. Indeed, proton, O, S and Pb
ion beams, at various incident energies, have been used at CERN on different targets, in order to precisely
quantify J/ψ production as a function of both the colliding nuclei and the centrality of the collision itself.
This paper reviews the results obtained so far with a critical discussion of the experimental conditions and
successive improvements implemented for the various data samples. It makes a tentative summary of what
has been learned on the subject, from the experimental point of view, in the SPS energy range.

PACS. 25.75.-q, 25.75.Nq, 13.20.Gd

1 Introduction

After almost 20 years of continuous efforts to try and un-
derstand J/ψ production, we summarize, hereafter, what
has been learned on the subject and how the way has been
paved for second generation experiments.

Since 1986, experiments NA38, NA51 and NA50 have
been studying J/ψ production at the CERN SPS. The
first of these experiments, NA38, submitted a Letter of
Intent in 1984 and was on the floor in 1986, taking data
with a beam of Oxygen ions. Since then, a large harvest
of results has been obtained under different experimental
conditions. After successive refinements and deeper un-
derstanding of various features, it is time to ask again the
question whether an anomalous J/ψ suppression has been
or not discovered, as claimed in past publications. The
question is of first importance because J/ψ suppression
is considered as one of the golden signatures for Quark
Gluon Plasma formation. But the question is, at the same
time, difficult to answer because, as worded above, it re-
quires to precisely define what is normal J/ψ suppression.
In the following, we will try to clearly state what can be
considered as normal and what is labeled abnormal, look
back whether an anomaly was ever present in the data,
whether it survived successive experimental refinements
and what are its presently updated features.

a e-mail: louis.kluberg@cern.ch

2 The starting point: Experiment NA38

The starting point was experiment NA38 proposed in
March 1985 after a Letter of Intent in 1984.

2.1 The NA38 proposal

The proposal aimed at the study of thermal dimuon pro-
duction in O-induced reactions. Several authors [1] had
predicted that, although difficult to identify, the emis-
sion of thermal dimuons would be a challenging experi-
mental signature of a deconfined Quark Gluon Plasma.
An excerpt of the abstract of the proposal is worth to
be recalled here: “... Thermal dimuons are expected to be
emitted from a quark-gluon plasma at a reasonable rate
in the 1–3 GeV/c2 transverse mass range, and to differ
from ordinary dimuons by their pT and rapidity distribu-
tions...”. As a matter of fact, the proposal did not even
mention the study of charmonium production which, at
that time, was of no interest whatsoever in the field of
QGP research. On the other hand, the proposal intended
to use, as basic detector of the apparatus, what at that
time was (and probably is still today) one of the best muon
spectrometers for fixed target experiments. The appara-
tus had been built and used for five years by the NA10
Collaboration as a second generation detector to study
structure functions and Drell-Yan muon pairs. It was lo-
cated in a purpose-built high intensity experimental area
called NAHIF (North Area High Intensity Facility). The
J/ψ was considered as a highly unwanted background by
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Fig. 1. Schematics of the muon
spectrometer used by experiments
NA38, NA51 and NA50

the NA10 experiment and, therefore, efficiently suppressed
by appropriate cuts at the trigger level.

2.2 The turning point

The turning point came after the publication, in October
1986, of a nowadays famous paper [2]. Its abstract should
be quoted in extenso: “If high energy heavy ion collisions
lead to the formation of a hot quark-gluon plasma, then
colour screening prevents c binding in the deconfined inte-
rior of the interaction region. To study this effect, the tem-
perature dependence of the screening radius, as obtained
from lattice QCD, is compared with the J/ψ radius calcu-
lated in charmonium models. The feasibility to detect this
effect clearly in the dilepton mass spectrum is examined.
It is concluded that J/ψ suppression in nuclear collisions
should provide an unambiguous signature of quark-gluon
plasma formation.”

This prediction definitely changed the main goal of ex-
periment NA38 from the search of thermal dimuons to the
study of J/ψ production in proton and (light) ion-induced
reactions. It also had, some time later, a decisive influence
on the whole field of Quark Gluon Plasma search. It led,
in the theoretical sector, to the publication of many hun-
dreds of papers on the subject, and, in the experimental
sector, to the integration of specific detection capabilities
in the design of future experiments, both for RHIC and
for the LHC.

2.3 The NA38 experiment

The detector used by experiment NA38 is based on a
muon spectrometer and an electromagnetic calorimeter.
The muon spectrometer, already used in the NA10 exper-
iment [3], is shown in Fig. 1.

It is separated from the target region by a 4.8 m long
hadron absorber made of carbon, with a tungsten-uranium
central plug to absorb the beam particles which do not in-
teract in the target. The air-core magnet, with hexagonal
symmetry, produces a toroidal field which leads to a bend-
ing angle inversely proportional to the transverse momen-
tum of the muon. Four plastic scintillator hodoscopes, R1–
R4, provide the trigger. Two sets of four multiwire propor-
tional chambers, PC1–PC4 and PC5–PC8, located respec-
tively upstream and downstream of the magnet, measure

the muon tracks. The spectrometer detects dimuons in
the rapidity range 2.8 < y < 4.0 in the laboratory frame.
Mass resolution and acceptances depend on the precise ab-
sorber material components (where some carbon can be
replaced by iron) and on the value of the magnetic field;
for a muon pair of invariant mass 3 GeV/c2 they amount
respectively to ∼ 110 MeV/c2 and to ∼ 15 % for the phase
space window covered by the detector. The electromag-
netic calorimeter is the only detector allowing to label
each individual interaction according to the centrality of
the collision. It is located downstream of the target and
covers the pseudo-rapidity range 1.7 < η < 4.1. It esti-
mates, on an event by event basis, the neutral transverse
energy (mainly from the detected neutral pions) produced
in the reaction. Its resolution amounts to 5 % for Oxygen-
Uranium central collisions. A more complete description
of the whole setup can be found in [4].

2.4 The very first results from O-U reactions

The first experimental studies of J/ψ production in ultra-
relativistic heavy ion collisions became feasible when high
intensity Oxygen ion beams of 200 GeV/nucleon were suc-
cessfully delivered, for the first time in the fall of 1986, by
the CERN accelerators. The study of J/ψ production as
a function of the centrality of the collision highly bene-
fits, from the experimental point of view, from the simul-
taneous study, under identical conditions, of a well under-
stood process which can be used as a reference for compar-
ison purposes. The most natural choice for an experiment
detecting the J/ψ through its decay into two muons is,
obviously, the simultaneous detection and study of Drell-
Yan muon pairs. The first data sample of O-U events col-
lected in 1986, although encouraging from the point of
view of the methodology, had its own limits as shown in
Fig. 2. The J/ψ could be easily identified and counted. The
number of muon pairs with mass above 4 GeV/c2, corre-
sponding to pure Drell-Yan events, was small. It turned
the study of the ratio of J/ψ to Drell-Yan events as a
function of the centrality of the collision into an unrealis-
tic challenge, as shown in Fig. 3. These first results were
therefore formulated as the ratio of J/ψ over Nc, the num-
ber of muon pairs in the mass continuum with invariant
mass in the range 2.7–3.5 GeV/c2. Nc is a somewhat crude
estimate of the Drell-Yan contribution in this mass range.
The fit of the mass spectrum was purely phenomenologi-
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Fig. 2. Invariant mass distribution
of muon pairs for O-U events. Left:
Opposite-sign and like-sign (back-
ground) pairs separately. Right:
“Signal” obtained after combinato-
rial background subtraction

Fig. 3. Background subtracted in-
variant mass distribution of muon
pairs for O-U events. Left: Periph-
eral collisions. Right: Central colli-
sions

cal and included all muon pairs with mass above 1.7 (or
2.1) GeV/c2, a mass range which was later discovered to
contain a centrality dependent continuum source. Figure 4
shows the J/ψ suppression pattern obtained from this first
analysis, albeit without the appropriate “normal” refer-
ence for comparison purposes.

2.5 More light ions: S-U, pp and pd reactions

Soon after the first Oxygen ion beam was available in 1986,
pressure became strong to increase the mass of the inci-
dent ions and therefore reach more favourable conditions

for the study of QGP formation. The first Sulphur beam
was delivered already in 1987 although with a modest in-
tensity, given the NA38 goals and needs. After these ex-
ploratory runs, a new Sulphur beam became available in
1989 and production runs took place from 1990 to 1992.
Moreover, in 1992, the muon spectrometer was also used
with liquid hydrogen and deuterium targets in the frame
of experiment NA51 [5], devoted to the study of the sea
of the nucleon. The data collected for this specific experi-
ment were later used to measure charmonium production
in pp and pd collisions [6]. Results obtained in S-U, pp and
pd collisions became of first importance for the systematic
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Fig. 4. The ratio J/ψ / Nc, for O-U collisions, as a function
of the centrality of the collision

study which was later developed by experiment NA50. Al-
though not described here in detail, they are included in
most of the plots presented in the following sections.

3 The study of J/ψ production
in Pb-Pb collisions

3.1 The NA50 experimental setup

The study of Pb-Pb reactions starts at CERN in 1994.
Experiment NA38 becomes NA50. The muon spectrom-
eter remains practically unchanged. The target region of
the setup is upgraded with significant changes aimed at
coping with the expected increase in multiplicity and ra-
diation levels resulting from Pb-Pb interactions, as com-
pared to the previously studied O- and S-induced colli-
sions. Moreover, two new detectors are added to the ap-
paratus: a silicon strip multiplicity detector, located im-
mediately downstream of the target, which measures the
multiplicity of the produced charged particles [7], and a
hadronic calorimeter embedded in the carbon absorber,
the so-called “Zero Degree Calorimeter”, which measures,
for each Pb-Pb interaction, the energy of the spectator nu-
cleons of the incident Pb ion [8]. Altogether, the centrality
of a Pb-Pb collision can be labeled by three independent
quantities: neutral transverse energy, multiplicity of sec-
ondary charged particles and very forward energy.

3.2 The muon pair mass spectrum

It is worthwhile comparing here the muon pair invariant
mass spectrum shown in Fig. 2 with one obtained from the
last data sample of Pb-Pb events collected by experiment
NA50 in year 2000 and shown in Fig. 5. The ratio of cross-
sections J/ψ / Drell-Yan is obtained from a fit to this mass
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Fig. 5. The opposite-sign muon pair invariant mass distribu-
tion for the centrality class 35 < ET < 45 GeV, from the
sample of Pb-Pb events collected by NA50 in year 2000

spectrum, according to the formula:

dN+−

dM
= AJ/ψ

dNJ/ψ

dM
+Aψ′

dNψ′

dM
+ADY

dNDY
dM

+ADD̄
dNDD̄
dM

+
dNBG
dM

which accounts for the various sources feeding the spec-
trum, namely J/ψ and ψ′, Drell-Yan, associated charm
meson production decaying semi-leptonically and combi-
natorial background. The shapes of the J/ψ , ψ′, Drell-Yan
and DD contributions are deduced from a Monte-Carlo
simulation of events, reconstructed exactly as real data.
Mass resolutions of J/ψ and ψ′ amount to � 100 MeV/c2.
The combinatorial background originates from random
association of meson decays and is estimated from the
like-sign muon pairs present in our data. The final fit is
performed for masses above 2.9 GeV/c2, which has been
checked to minimize the sensitivity of the J/ψ and ψ′
yields to the other components of the spectrum.

3.3 The Drell-Yan normalization

When studying J/ψ production in nucleus-nucleus colli-
sions as a function of the centrality of the collision, the
normalization problem is unavoidable. In principle, the
choice of such a normalization is arbitrary. In reality, it
deeply affects the required experimental treatment of the
data and the systematic uncertainties of the results. The
easiest and most robust choice in a dilepton experiment,
when possible, is to take another well known dilepton
process detected under identical experimental conditions.
This is the reason why, when dealing with muon pairs,
Drell-Yan is the natural choice. It is a computable pro-
cess, the cross-section is proportional to the number of
elementary nucleon-nucleon collisions (after correcting for
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 KDY=1.80 0.04

--------------------------------------------------------------

 (MRS 43)

Fig. 6. The Drell-Yan K factor as determined for a large va-
riety of colliding systems

the proton and neutron content of the interacting nuclei)
and its experimental detection through a muon pair, when
compared to the detection of a J/ψ, benefits from the fol-
lowing priceless advantages:
– identical experimental biases
– identical detection inefficiencies
– identical selection criteria.

The corrections cancel out in the ratio J/ψ / Drell-Yan
which is, moreover, insensitive to luminosity factors and
uncertainties. The counterpart of these advantages is, of
course, the small number of Drell-Yan events as compared
to the number of J/ψ events, which leads to significantly
larger statistical uncertainties in the ratio than in the J/ψ
yield.

Figure 6 displays the measured Drell-Yan cross-section
divided by its value computed with the MRS43 parton
distribution functions, for different colliding systems at
various energies: the ratio is constant from pp up to Pb-
Pb interactions, as expected.

3.4 The reference and the original J/ψ anomaly

In order to address the issue of whether the J/ψ is ab-
normally suppressed in nucleus-nucleus collisions, the def-
inition of “normal” production (or better, survival) is a
must. It is known since long that J/ψ production in p-
nucleus interactions does not scale with the mass number
A of the target nucleus but rather with Aα, where α < 1,
as if the J/ψ survival in p-nucleus reactions was already
affected by nuclear absorption. The natural reference for
nucleus-nucleus reactions is, therefore, J/ψ production in
p-nucleus reactions under the same conditions. The first
reference curve has been based on results obtained from
p-A, O-Cu, O-U and S-U reactions on data collected more
than 10 years ago at 450 and 200 GeV. These results,
as displayed in Fig. 7, show that the nuclear absorption,
as characterized by the value of α, is

√
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Fig. 8. Same as Fig. 7 with the 450 GeV data rescaled to
200 GeV using a simultaneous fit. The Pb-Pb result, obtained
at 158 GeV, is also rescaled to 200 GeV

This allows for a simultaneous fit of the results at the
two energies and leads to α = 0.918 ± 0.015 and to the
J/ψ production cross-section in the phase space of the ex-
periment at 200 GeV. As shown in Fig. 8, the J/ψ survival
follows the same so called “normal” pattern from pp up to
S-U collisions, whereas results on Pb-Pb behave anoma-
lously, with a significantly lower value than expected from
the extrapolation of lighter nuclei [9].

As a function of L̄, the J/ψ nuclear absorption can be
parametrized according to σψ(AB) ∝ AB exp(−ρ0σabsL̄)
and leads to a fitted value of σabs = 6.2 ± 1.1 mb. If
the fit is performed using the more elaborated Glauber
model, then σabs = 6.9±1.2 mb. The use of L̄, the average
path in nuclear matter of the produced cc̄ pair, allows
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Fig. 9. The ratio of cross-sections J/ψ / Drell-Yan as a func-
tion of L̄. Results are all rescaled to 200 GeV and the Drell-Yan
cross-section is “isospin” corrected as required for comparing
different colliding nuclei

us to extend the study as a function of the centrality of
the collision, as shown in Fig. 9. In this first published
result on J/ψ suppression as a function of centrality [9],
the reference curve could only be established from data
samples with a significant number of Drell-Yan events and
the nuclear absorption cross-section σabs = 7.1 ± 3.0 mb
was based on preliminary unpublished S-U results with,
at that time, underestimated uncertainties.

4 Further studies of the J/ψ survival anomaly

4.1 1996: A high statistics data sample

The experimental evidence of an unexpected J/ψ suppres-
sion, as supported by the results of the first data sample
collected in 1995 and summarized in Figs 8 and 9, led ex-
periment NA50 to aim for a much larger sample of events.
The incident beam intensity could not be significantly in-
creased because of pile-up problems in certain detectors,
so that the only open possibility was to increase the to-
tal target length. The final 1996 data sample amounted
to 190 000 J/ψ events collected on 7 targets (2×1 mm +
5×2 mm thick) but suffered from the following unforeseen
drawbacks:
– The incident Pb ions induced Pb-air reactions on air sur-
rounding the targets. This parasitic background, difficult
to identify, affected the most peripheral Pb-Pb reaction
sample with centrality and mass smearings.
– Peripheral Pb-Pb reactions were also affected by sub-
target identification inefficiencies leading to further cen-
trality and mass smearings.
– Finally, the 12 mm total length of the target in-
duced downstream in-target reinteractions of produced
secondary particles and projectile fragments identified by

the detectors surrounding the targets. Inefficiencies of this
identification and of the corresponding offline rejection al-
gorithm resulted in a centrality smearing which mainly
affected the most central Pb-Pb interactions.

4.2 The standard and “minimum bias” methods

The analysis of the muon pair invariant mass spectrum
leads, through separate fits for each centrality bin, to the
number of J/ψ and Drell-Yan events.
– In the “standard” method of analysis, acceptance cor-
rections are applied to these numbers and allow us to de-
termine the ratio:

BµµσJ/ψ

σDY

– In the “minimum bias” method, the fitted number of
J/ψ events has to be corrected for acceptance and ineffi-
ciencies like target identification, trigger and reconstruc-
tion efficiencies, and others, although the relevant ones are
those which could depend on the centrality of the collision
(the others do not affect the shape of the survival pattern).
Independently, the number of “minimum bias” events (re-
quiring only an incoming ion, an interaction in the tar-
get and some signal in the electromagnetic calorimeter,
for example) is determined in each centrality bin. It al-
lows us to compute the corresponding number of Drell-Yan
events, through the ratio Θ of the centrality distributions
of Drell-Yan and “minimum bias” events, parametrized
with theoretical and phenomenological inputs, according
to the relation:

(dN/dET)DY ∗ = (dN/dET)expMB × (dN/dET)thDY
(dN/dET)thMB

It is then possible to compute, within an arbitrary nor-
malization constant (due to undefined relative luminos-
ity between the two samples of events), the ratio of the
J/ψ cross-section to the calculated Drell-Yan cross-section
according to:

BµµσJ/ψ

(σDY )∗

The results obtained with the above two methods are
summarized in Figs. 10 and 11. It is true that the “min-
imum bias” method takes full advantage of the size of
the J/ψ sample of events and therefore minimizes statis-
tical uncertainties. Nevertheless, the differences between
the collection and treatment of muon pairs like J/ψ or
Drell-Yan and minimum bias events requires special care
in identifying and keeping under control the systematic ef-
fects and uncertainties inherent to the method itself. This
point is addressed in [10], where a comparison between
the theoretically computed ratio Θ and the same ratio
obtained from real events allows us to assess the validity
of the method.

4.3 The pattern for central collisions

Learning from the problems discovered on the data col-
lected in 1996, a new sample of data was recorded in 1998
with the aim of clarifying some of these points. The use of
one single 3 mm thick target indeed solved the problem of



L. Kluberg: 20 years of J/ψ suppression at the CERN SPS

Fig. 10. The cross-section ratio J/ψ / Drell-Yan versus L̄. All
results are rescaled to 158 GeV and the Drell-Yan cross-section
is “isospin” corrected as required for comparison purposes

Fig. 11. The ratio of cross-sections J/ψ / Drell-Yan as a func-
tion of ET, the transverse energy of the collision, with the two
different analysis methods (see text)

reinteractions affecting the most central collisions. On the
other hand, the relative amount of air with respect to Pb
material in the target region increased significantly. As a
result, the contamination of Pb-air reactions in peripheral
Pb-Pb reactions was such that the latter could just not be
studied in the new sample, at least using the usual tools
available at that time for target identification purposes.
Figures 12 and 13, as published in [11], show the results
obtained from this new data sample and compare them
with previously published results.

They suggest, indeed, that the J/ψ survival pattern
does not flatten out even for the most central collisions.
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5 The J/ψ survival pattern
in Pb-Pb collisions

5.1 An event sample collected
under significantly improved conditions

For its last collection of events, experiment NA50 made
two main changes in the setup in order to definitely try
and clarify the still unanswered details of the J/ψ survival
pattern. A single 4 mm thick Pb target was used and,
moreover, it was installed in a vacuum vessel. This tar-
get configuration was aimed at solving the problems men-
tioned in Sect. 4.1. Furthermore, it allowed the use of the
two-plane silicon strip multiplicity detector, located im-
mediately downstream from the target, to make a rough
tracking of the produced secondary particles and thereby
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locate the origin of the interaction and discriminate be-
tween on and off-target events. This technique was later
extended to the data collected in 1998 which were reana-
lyzed in order to recover the sample of peripheral events
which had to be discarded in the first analysis.

5.2 Data analysis and results

All the details and results obtained from this last sample
of events can be found in [14]. They are just summarized
hereafter.

The data were analyzed with only minimal cuts as al-
lowed by an extremely clean measurement. The dimuon
invariant mass distributions were fitted with an improved
J/ψ line shape and also making use of the GRVLO94 [15]
parton distribution functions, which account for the light
sea quark asymetry in the nucleon [5]. The use of LO PDFs
leads to an increased coherence in the analysis procedure.
These analysis features affect the absolute normalization

of the ratio J/ψ / Drell-Yan, although its dependence as
a function of the collision centrality remains unaffected.
As displayed in Fig. 14, as a function of the transverse en-
ergy ET used again as a centrality estimator, the ratio of
cross-sections BµµσJ/ψ/σDY persistently decreases, from
peripheral to central collisions by a factor ∼ 2.5, show-
ing no saturation in the decrease even for the most cen-
tral collisions. Figure 15 shows the results averaged over
the samples collected in years 1998 and 2000, with events
selected and analyzed under identical criteria, in partic-
ular for the vertex identification algorithm based on the
multiplicity detector. They are compared to the normal
nuclear absorption curve as determined from the most re-
cent and accurate p-A results, obtained in the same ex-
periment at 450 and 400 GeV, together with results ob-
tained from S-U data collected at 200 GeV. The technique
of the “simultaneous” fit described in Sect. 3.4 leads to
a normal absorption cross-section σabs = 4.2 ± 0.4 mb
and provides the rescaling factor from 450/400 GeV to
200 GeV in the lab system. (It should be noted here that
this value of σabs results from new and accurate stud-
ies of the ratio J/ψ / Drell-Yan from 3 large samples of
p-A events. Previous values quoted in Sect. 3.4 where ob-
tained either from significantly smaller p-A data samples
with no Drell-Yan events, therefore providing only abso-
lute J/ψ cross-sections with irreducible systematic uncer-
tainties as reflected in the errors, or from the old S-U
collection of events, which contained a modest sample of
Drell-Yan events and led to a significant statistical un-
certainty). The curve is further analytically rescaled to
158 GeV under the assumption that σabs is energy in-
dependent. The comparison with the normal absorption
curve shows that the data behave normally for peripheral
collisions while increasingly departing from this normal
behaviour with increasing centrality.

5.3 The reference curve

Up to this point, the reference curve was obtained as de-
tailed in Sect. 3.4. The method led to a curve with its
corresponding errors, as plotted in Fig. 16.

It has been pointed out that this reference could be
biased by the use of S-U data in its determination since
comoving produced hadrons, for example, could already
affect J/ψ production in S-U reactions. A new determina-
tion of the reference curve has therefore been implemented
as detailed hereafter. Use has been made of the most pre-
cise results on absolute J/ψ production cross-sections ob-
tained by NA50 in p-A collisions at 450 and 400 GeV,
together with the results obtained at 200 GeV, again in
p-A collisions exclusively, by experiments NA38 [12] and
NA3 [13]. The Glauber “simultaneous fit” method de-
tailed in Sect. 3.4 leads then to an absorption cross-section
σabs = 4.1±0.4 mb which, it is worth noting, is in excellent
agreement with the value of 4.2±0.4 mb obtained from the
ratio of cross-sections J/ψ / Drell-Yan. Figure 17 (top and
centre) illustrates the method and further shows that re-
sults from O-Cu, O-U and even S-U data exhibit, within
errors, a so-called normal p-A like behaviour. Figure 17
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Fig. 16. The ratio J/ψ / Drell-Yan compared to the normal
nuclear absorption, as deduced from p-A and S-U data. The
inset shows the ratio data / (normal suppression)

(bottom) confirms that, with respect to a pure p-A refer-
ence curve, the J/ψ is “anomalously” suppressed in Pb-Pb
collisions at 158 GeV. It is worthwhile underlining here
that the new reference curve for the ratio J/ψ / Drell-
Yan at 158 GeV is deduced by analytical rescaling: the
J/ψ cross-section is rescaled from 200 to 158 GeV with
a Schuler-type formula and, on the other side, the appro-
priate factor is applied to the Drell-Yan cross-section to
rescale it from 450 to 158 GeV. This pure p-A “normal”
reference curve has identical shape as the one which made
use of S-U data. It is globally lower by 0.6 % whereas its
experimental uncertainty is increased by a factor 2.

The most recent results obtained from Pb-Pb can now
be compared with this new p-A based reference curve.
As a function of three independently measured quantities
tagging the centrality of the collision (see Sect. 3.1), the
J/ψ survival pattern exhibits very similar trends, as shown
in Fig. 18.

5.4 J/ψ suppression: some pT features

In an attempt to investigate the pT dependence of the
J/ψ abnormal suppression, J/ψ and Drell-Yan events have
been considered within nine centrality bins. Within each
centrality bin, the pT distribution of the J/ψ has been
studied, normalized to the total number of Drell-Yan
events with the same centrality. The ratios Fi and Ri are
thus defined as

Fi =
dNiJ/ψ/dpT

NiDY (M>4.2 GeV/c2)
and Ri = Fi

F1
,

where
- i is the ith centrality bin;
- dN i

J/ψ/dpT is the number of J/ψ events of a given pT,
in centrality bin i;
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Fig. 17. Absolute J/ψ cross-sections per nucleon in p-A colli-
sions as a function of L. Top: Results obtained at 450, 400 and
200 GeV separately. Centre: Same results rescaled to 200 GeV
and compared with results from light nuclei collisions. Bottom:
Same results rescaled to 158 GeV and further compared with
J/ψ production in Pb-Pb collisions
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Fig. 18. The ratio of cross-sections J/ψ / Drell-Yan in Pb-Pb
collisions as a function of, from top to bottom, the neutral
transverse energy, the “very forward” hadronic energy and the
charged multiplicity. The curve displays the normal suppres-
sion pattern as deduced from p-A interactions only. The insets
show the ratio data / (normal suppression)
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Fig. 19. The ratio of the J/ψ pT distribution in a given bin of
centrality to the same distribution for the most peripheral bin.
With respect to the latter, the low pT part of the distibutions
deplete with increasing centrality

- N i
DY (M>4.2 GeV/c2) is the total number of Drell-Yan

events with M > 4.2 GeV/c2, in centrality bin i.
Figure 19 displays the pT dependence of the eight ra-

tios Ri. It shows that, whereas low pT J/ψ ’s are more
and more suppressed when the centrality of the collision
increases, for transverse momenta larger than 3 GeV/c the
relative rate of the J/ψ survival is centrality independent.

6 The J/ψ survival pattern:
from pp to Pb-Pb

Figure 20 shows the ratio of cross-sections J/ψ / Drell-
Yan for the collision systems studied up to now, from the
lightest (pp) up to heaviest (Pb-Pb). When necessary, they
have been reanalyzed in order to ensure a fully coherent
selection and treatment. They have also been rescaled to
an incident momentum of 158 GeV/c when required. This
rescaling has used the “simultaneous fit” method to bring
data at higher momenta down to 200 GeV/c and an ana-
lytical calculation to further bring the 200 GeV results
down to 158 GeV. Figure 21 shows the same ratio of cross-
sections, J/ψ / Drell-Yan, obtained in S-U and in Pb-Pb
collisions as a function of ε, the energy density averaged
over the whole transverse area of the collision. The latter
is obtained with the Bjorken formula with the total tran-
verse energy deduced from the mesurement of its neutral
component in the electromagnetic calorimeter. It shows
that the departure from the normal nuclear absorption
curve sets in for energy densities around 2.5 GeV/fm3.



L. Kluberg: 20 years of J/ψ suppression at the CERN SPS

9
10

20

30

40

50

60
70
80
90

100

0 2 4 6 8 10
L (fm)

B
µµ

σ(
J/

ψ
)/

σ(
D

Y
) 2.

9-
4.

5

NA51 pp, pd 450 GeV

NA50 LI p-Be, Al, Cu, Ag, W 450 GeV

NA50 HI p-Be, Al, Cu, Ag, W 450 GeV

NA50 p-Be, Al, Cu, Ag, W, Pb 400 GeV

NA38 S-U 200 GeV

NA50 Pb-Pb 2000 158 GeV

L (fm)

M
ea

su
re

d/
E

xp
ec

te
d 

B
µµ

σ(
J/

ψ
)/

σ(
D

Y
) 2.

9-
4.

5

NA51 pp, pd 450 GeV

NA50 LI p-Be, Al, Cu, Ag, W 450 GeV

NA50 HI p-Be, Al, Cu, Ag, W 450 GeV

NA50 p-Be, Al, Cu, Ag, W, Pb 400 GeV

NA38 S-U 200 GeV

NA50 Pb-Pb 2000 158 GeV0.4

0.6

0.8

1

1.2

1.4

0 2 4 6 8 10

Fig. 20. The J/ψ / Drell-Yan ratio of cross-sections vs. L,
for several collision systems, compared to (top) and divided by
(bottom) the normal nuclear absorption pattern. All data are
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7 Conclusions

The 20 year long study devoted to J/ψ production in
ultra-relativistic heavy ion collisions has been an excellent
school to learn how to properly carry out such a search. As
a matter of fact, several points have shown their relevance
for a systematic investigation. The study as a function of
the centrality of the collision, in particular if the results for
different interacting nuclei are to be compared, requires
some kind of normalization which, in order to minimize
assumptions, calculations and systematic biases ought to
be an experimental observable. If J/ψ is detected via its
dileptonic decays, a process with a similar signature like
Drell-Yan, for example, is certainly a good choice, despite
its drawbacks. In particular, it has been shown experimen-
tally that Drell-Yan production is indeed proportional to
the number of nucleon-nucleon collisions from pp up to
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Fig. 21. Same as Fig. 20 for S-U and Pb-Pb collisions only, as
a function of energy density. The absorption curves for S-U and
Pb-Pb in the top panel are slightly different because the rela-
tion between energy density and L (obtained from a Glauber
calculation) depends on the colliding nuclei

Pb-Pb interactions. In order to detect potential anoma-
lies of J/ψ production in heavy ion collisions, it is a must
to be able to make a fair comparison, not only with p-
induced reactions but also with collisions of lighter nuclei
and thus set the normal behaviour of J/ψ survival. The
ideal case is to have all these studies done under identical
conditions, in particular at the same energy and within the
same phase space. This, unfortunately, has not been the
case up to now so that references, based either exclusively
in p-A reactions or in p-A and light ion collisions, are the
result of mixed experimental and analytical procedures.
This point would benefit from a more coherent program.
Nevertheless, present results, based on an impressive sys-
tematic study, strongly suggest that J/ψ production fol-
lows the same behaviour in p-A and light ion-induced re-
actions up to S-U. On the contrary, results obtained on
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J/ψ production in Pb-Pb collisions show a behaviour that
clearly departs from what is observed up to S-U collisions.
Whereas for peripheral Pb-Pb collisions J/ψ production
behaves as observed for lighter ions, for more central col-
lisions it departs from this normal behaviour and exhibits
an abnormal suppression which increases with increasing
centrality.

After a recent and deep scrutiny for experimental bi-
ases and for full coherence in the treatment of the various
samples of data, collected during a period extending over
almost 15 years, the results obtained so far will surely
pave the way, in this specific sector, for second generation
challenges.
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