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In 2003, NAG6O collected data on dimuon production in indium-indium collisions at 158 GeV
per incident nucleon, to study several anomalies previously observed in high-energy heavy-ion
collisions at the CERN SPS. Among these anomalies stands the observation, by NAS5O, that the
production yield of J/y mesons is suppressed in central Pb-Pb collisions beyond the normal nu-
clear absorption defined by proton-nucleus data. This behaviour was predicted to occur if the
matter produced in these extreme collisions goes through a phase of deconfined partonic matter,
where the charmonium states would be dissolved either due to the screening of their binding po-
tential when the medium temperature exceeds certain critical thresholds (thermal transition, QGP)
or when the density of interacting partons exceeds certain thresholds (geometrical transition, per-
colation). Thanks to its exceptionally good vertexing capabilities, NA60 is able to accurately
study the centrality dependence of J/y production without using the Drell-Yan sample as refer-
ence. Our data shows that the J/y is anomalously suppressed for In-In collisions with more than
~ 90 participant nucleons. The comparison with three theoretical predictions shows that none of

them properly describes the observed suppression pattern.
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J/y suppression is generally considered one of the most direct signatures of quark-gluon plasma
formation [1] and has been studied since 1986 at the CERN SPS, by the NA38 and NAS0 exper-
iments [2], through several colliding systems, including p-A, S-U and Pb-Pb. The study of the
centrality suppression pattern observed in Pb-Pb collisions indicates that, above a certain centrality
threshold, the J/y yield is significantly lower than expected from the “nuclear absorption” curve,
derived from p-A data. These observations, while being very interesting, left some questions unan-
swered. Most importantly, it is not clear what exactly is the physics mechanism responsible for the
observed suppression pattern. Since there is no anomaly between the p-A and S-U measurements
(unlike what happens in the case of the Y’ state), it seems that the mechanism leading to the sup-
pression of the J/y yield requires relatively high energy densities, only reached in Pb-Pb collisions
above a certain centrality. Having similar suppression patterns in other collision systems, such as
In-In, or at other energies, should allow us to determine the physics (“scaling”) variable driving
the J/y suppression (energy density, density of participants, etc.) and, thereby, identify the physics
mechanism behind the observations. This is the reason why NA60 chose the In-In collision system,
at 158 GeV per incident nucleon, to collect dimuon data in year 2003.

The NA60 experimental apparatus complements the muon spectrometer and the zero-degree
calorimeter (ZDC) inherited from NAS50 with a completely new target region, composed of a beam
tracker and a vertex tracker. The beam tracker is made of two stations of silicon micro-strips,
operated at cryogenic temperatures for improved radiation hardness. The vertex tracker, placed in
a 2.5 T dipole magnet, is composed of 12 tracking stations, made of newly developed radiation-
tolerant silicon pixel detector assemblies, with almost 800 000 pixel cells of 50 x 425 um? area.
Thanks to the vertex tracker, NA60 could reconstruct the hundreds of charged particles produced
in a high-energy nuclear collision and select, among them, those that match the two muons seen
in the muon spectrometer. Contrary to all previous heavy-ion experiments, NA60 is therefore able
to measure the properties of the dimuons at their production point, overcoming the effects of the
multiple scattering and energy loss fluctuations induced on the muons by the crossing of the long
hadron absorber. Besides the obvious improvement in dimuon mass resolution (from ~ 105 to
~70MeV at the J/y), this matching procedure [3] allows us to clearly identify in which of the
seven 1.5 mm thick targets (placed in vacuum) the high mass dimuons were produced, even in the
most peripheral collisions. The combinatorial background from 7 and K decays under the J/y peak
is reduced in the matching step from ~ 3 % to ~ 1 %. However, the matching rate of ~ 70 % (per
dimuon) reduces the available statistics. The J/y yield was extracted from dimuons in the phase
space window 0 < yems < 1 and —0.5 < cos O¢cs < 0.5, where Ocg is the polar decay angle of the
muons in the Collins-Soper reference frame. After a detailed event selection procedure, to ensure
the quality of the data kept in the final analysis event sample, we are left with ~43 000 J/y and
~ 300 Drell-Yan events with mass above 4.2 GeV/c?, before requiring dimuon matching.

Two different analyses have been performed to investigate how the J/y production in indium-
indium collisions depends on the collision centrality, estimated through the energy released in
the ZDC by the projectile nucleons which did not interact in the target. The “standard analy-
sis” uses the ratio between the J/y and the Drell-Yan yields, extracted for each centrality bin by
fitting the opposite-sign dimuon mass spectrum to the superposition of expected contributions:
the J/y and the W' resonances sitting on a continuum composed of DY dimuons and muon pairs
from the simultaneous semi-muonic decay of D and D mesons. These “signal” contributions are
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evaluated through Monte Carlo simulation, using Pythia as event generator, with “GRV94LO” par-
ton distribution functions. Besides giving the mass shapes of the processes contributing to the
J/y mass region, these simulations also provide the J/y and DY acceptances, Ay, = 12.4 % and
Apy(2.9-4.5) = 13.2 % for the data collected with a current of 6500 A in the toroidal magnet of the
muon spectrometer. The combinatorial background from 7 and K decays is estimated from the
measured like-sign pairs. Drell-Yan is an interesting reference since it is a hard process, its produc-
tion cross section scales with the number of binary collisions, and does not suffer final state effects.
However, the use of these rare high-mass DY events limits the number of feasible centrality bins.
Besides the lack of statistics, the use of DY as a reference introduces extra sources of systematical
uncertainties, related to the way the DY yield is determined (sensitive to isospin corrections, to the
set of parton densities used in the calculations, to the exact mass window where the yield is inte-
grated, to the line shape of the J/y, etc). This method was used by NA5Q because the J/y /DY ratio
benefits from the cancelation of the target identification efficiency, which was somewhat uncertain
and depended on the centrality of the collision. The results of this first analysis, limited to only
three centrality bins, are compared to previous results in Fig. 1(a).
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Figure 1: (a) J/y /DY standard analysis vs. L, compared with the NA50 and NA38 results; (b) measured
J/y compared to the normal nuclear absorption curve, vs. Ezpc; (c) ratio between the J/y points and the
absorption curve (stars: standard analysis).

The second analysis procedure directly compares the shape of the distribution of measured
J/y events with the function describing the centrality dependence of the normal nuclear absorp-
tion, obtained within the Glauber model. Since the statistics in this analysis is no longer limited by
the DY yield, the muon track matching can be used to have the best possible data quality. Since
this shape analysis has no intrinsic absolute normalization, we use the standard analysis values as
norm. The direct J/y centrality dependence as a function of Ezpc is shown in Fig. 1, together with
the expected absorption curve (b), and divided by it (c). This method provides a much more de-
tailed centrality dependence of the J/y suppression: the anomalous suppression starts at ~ 12 TeV
(corresponding to Npa ~ 90), followed by a flat survival probability in the more central collisions.

The J/y survival probability pattern measured in In-In collisions is compared with the results
previously obtained by the NA38 and NAS50 experiments in Fig. 2, as a function of three centrality
variables: L, Npa and the Bjorken energy density, estimated using the event generator VENUS.
These variables were obtained from Ezpc using the Glauber model and taking into account the
detector resolution. We confirm that L, a variable related to the normal nuclear absorption, is
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Figure 2: J/y survival probability as a function of (a) L, (b) Npar and (c) energy density.
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Figure 3: Comparison between the theoretical predictions and the measured J/y suppression pattern. The
dashed curves include the smearing due to the ZDC experimental resolution.

not a good scaling variable between the S-U, Pb-Pb and In-In colliding systems. The comparison
between the In-In and Pb-Pb suppression patterns as a function of the energy density, in particular,
would significantly gain from Pb-Pb data points with smaller error bars.

The good quality of the Indium data allows a quantitative comparison with the available the-
oretical predictions. These models predict a J/y suppression based on the nuclear absorption and
comovers interactions [4], dissociation and regeneration in both quark-gluon plasma and hadron
gas [5], and suppression of the x. (and therefore of the J/y’s coming from ), decays) in a per-
colation scenario [6]. They were tuned on the p-A, S-U and Pb-Pb results previously available.
The smearing induced by the ZDC experimental resolution on the centrality estimator is taken into
account when comparing the calculated curves with the data. Figure 3 shows that none of these
predictions properly describes the observed suppression pattern.
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