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Abstract

The CMS experiment at the LHC has measured the production of several quarkonium S states in both
PbPb and pp collisions at a center-of-mass energy per nucleon pair of 2.76 TeV. The various states
are measured from the dimuon invariant mass spectra. The yields of quarkonia in PbPb collisions are
lower than expected from the corresponding pp yields scaled by the number of nucleon-nucleon colli-
sions. This suppression is stronger for more central collisions. For the .J /1 at high pr the suppression
is stronger than that observed at lower energies and high pr and stronger than at more forward rapidi-
ties and low pr. The suppression is weakest for the T (1.5) but increases as one moves to the J/1),
1(285) the T(25) and finally the Y (35).
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Abstract

The CMS experiment at the LHC has measured the production of several quarkonium S states in both PbPb and pp
collisions at a center-of-mass energy per nucleon pair of 2.76 TeV. The various states are measured from the dimuon
invariant mass spectra. The yields of quarkonia in PbPb collisions are lower than expected from the corresponding
pp yields scaled by the number of nucleon-nucleon collision. For T(1S) and Y(2S) and high py J/y this suppression
is stronger for more central collisions. For the J/y at high pr the suppression is stronger than that observed at lower
energies and high pr and stronger than at more forward rapidities and low pr. The suppression is weakest for the
T(1S) but increases as one moves to the J/iy, Y(2S) the Y(2S) and finally the T(35).
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1. Introduction

In 1986 Matsui & Satz proposed that Debye screen-
ing in a Quark Gluon Plasma, (QGP), could lead to the
melting of quarkonia [1]. Different binding energy of
various bound states would then naturally lead to se-
quential melting of the states with increasing tempera-
ture. Recently Mocsy has calculated how the sequential
melting of the various quarkonia states could serve as
a thermometer of heavy ion collisions [2]. States with
large radii should be susceptible to Debye screening at
lower temperatures than more tightly bound states with
small radii. Table 1 summarizes the properties of the
first 5 quarkonia S wave states. The simple model of
sequential melting described above is complicated by
feed-down between states. The suppression of the c¢
and bb excited states may affect the observed yields of
the ground states because of a reduction in the feed-
down effect.

Since quarkonia are bound states of heavy g — g pairs,
they can be studied with non-relativistic QCD. This pro-
vides an opportunity to have a very well understood sys-
tem in pp collisions. Elsewhere in these proceedings Yu
Zheng has summarized CMS pp measurements of the

Table 1: Masses in GeV/c? and characteristic radii in fermi for the
first 5 quarkonia S states.

State | J/w | w(2S) | T(1S) | T(2S) | T(3S)
Mass | 3.10 | 3.68 | 9.46 | 10.02 | 10.36
Radius | 0.50 | 0.90 | 028 | 056 | 0.78

J/y, w(2S) and T(nS) states, as a function of transverse
momentum, pr and rapidity [3]. There is good agree-
ment between the measured cross sections and theory
calculations, for the five S-wave quarkonia states. This
paper will concentrate on the use of the quarkonia states
to search for a quark gluon plasma.

2. The CMS experiment and analysis method

The central feature of CMS is a superconducting
solenoid of 6m internal diameter, providing a mag-
netic field of 3.8T. Within the field volume are the sil-
icon pixel and strip tracker, the crystal electromagnetic
calorimeter, and the brass/scintillator hadron calorime-
ter. The silicon pixel and strip tracker measures
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charged-particle trajectories in the range || < 2.5.
The tracker consists of 66 million pixel and 10 million
strip sensor elements. Muons are detected in the range
|| < 2.4, with detection planes based on three technolo-
gies: drift tubes, cathode strip chambers, and resistive
plate chambers. Because of the strong magnetic field
and the fine granularity of the tracker, the muon p7 res-
olution is between 1 and 2% for a typical muon in this
analysis. For more details on the detector see [4]. The
PbPb and pp datasets used in the analysis correspond
to integrated luminosities of 150 b~ and 230 nb™" re-
spectively, collected in 2011. All data presented in this
paper are available at [5, 6, 7].

The forward region, 2.9 < |n| < 5.2, is covered by two
steel/quartz-fiber Cerenkov calorimeters (HF) which are
used for event selection and centrality determination in
PbPb collisions. In order to eliminate contamination
from cosmic rays and ultra-peripheral electromagnetic
events all PbPb events are required to have at least two
tracks and more than 3 GeV deposited in at least 3 tow-
ers of HE.

The event centrality observable corresponds to the
fraction of the total inelastic cross section, starting at
0% for the most central collisions and evaluated as per-
centiles of the distribution of the energy deposited in
the HF [8, 9]. Using a Glauber-model calculation as
described in Ref. [8], the average number of nucleons
participating in the collisions (Npa) and the average
nuclear overlap function 744 have been estimated for
each centrality class. Ta4 is the ratio of the number
of elementary nucleon-nucleon binary collisions to the
nucleon-nucleon cross section and serves as an effective
nucleon-nucleon luminosity [10]. In order to compare
the number of quarkonia produced in PbPb, Np;pp,, and
pp, Npp, collisions the nuclear modification factor Ra4
is defined as

Ly, Npopp - €pp

ey

Rys = ,
TaaNwmB Npp - €pppp

where L, is the pp luminosity, Ny represents the num-
ber of minimum bias PbPb events sampled and ¢,, and
epppp are the efficiencies for reconstructing quarkonia in
pp and PbPb collisions respectively.

The muon reconstruction requires that tracks in the
silicon detector have matching tracks within the muon
chamber. Pairs of oppositely charged muons are con-
sidered only if the y? fit probability of the tracks origi-
nating from a common vertex exceeds 5% for the " and
1% for the J/ys. Figure 1 shows the dimuon invariant
mass for PbPb and pp data. There is a striking differ-
ence in the relative yield of the 3 states in PbPb and pp

collisions. The Y'(3S) is almost invisible in the PbPb
case.

3. Results

Figure 2 compares Y production in PbPb and pp col-
lisions at 2.76 TeV per nucleon pair. There is a sig-
nificant suppression in PbPb with the T(1S) being the
least suppressed and the T'(3S) the most. The suppres-
sion of the T(15) and T(2S) increases with centrality.
One complication is that the observed T (nS) yields con-
tain contributions from decays of heavier bottomonium
states and, thus, the measured suppression is affected by
the dissociation of these states.

The non-prompt contribution from b quarks to the
J/y yield is removed via a fit of the decay length distri-
bution of the muon pair. Figure 3 compares CMS data
on prompt J/y production at high pr and central rapid-
ity to lower energy and forward rapdity results. The sup-
pression of the high py J/y yield is stronger at higher
energy. For central collisions the J/¢ yield at high pr
and |y| < 2.4 is more suppressed compared to pp colli-
sions than low pr J/y at forward rapidity.

Finally Figure 4 (Left) shows the nuclear modifica-
tion factor versus Npy for the prompt J/y, T(1S) and
T(2S) states. (The Y(3S) is so suppressed that only an
upper limit of 0.1 (95% CL) on the centrality integrated
Rua is reported.). The right hand panel shows centrality
integrated nuclear modification factors versus the bind-
ing energy of the state.

4. Conclusions

Figure 4 shows a very characteristic pattern of sup-
pression consistent with the sequential melting of the
quarkonia states such that the largest and least tightly
bound states melt at lower temperatures. The suppres-
sion of the T (1) state is consistent with no suppression
of directly produced Y'(1S), but rather a suppression of
feed-down contribution from excited state decays only.
The feed-down is expected to contribute ~ 50% at high
pr [11]. Unfortunately the uncertainties in the measure-
ment of the feed-down contributions preclude quantita-
tive conclusions about the suppression of directly pro-
duced T(15).

It is of course possible that cold-nuclear-matter ef-
fects such as “nuclear absorption” could reduce the pro-
duction of quarkonia in PbPb collisions [12, 13]. How-
ever modifications of the initial-state such, as shadow-
ing of the parton distributions, are expected to have a
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similar effect on all the Y states. The upcoming proton-
lead run in January 2013 will be very useful in under-
standing the physics of cold matter. This new informa-
tion should produce a clearer picture of the hot matter
produced in TeV scale heavy ion collisions.
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Figure 1: Dimuon invariant-mass distributions from PbPb and pp col-
lisions at +/syy = 2.76 TeV. The same reconstruction algorithm and
analysis selection are applied to both datasets, including a transverse
momentum requirement on single muons of pr > 4 GeV/c. The solid
(signal + background) and dashed (background-only) curves show the
results of the simultaneous fit to the two datasets.
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Figure 2: Centrality dependence of the double ratio (top) and of the
nuclear modification factors (bottom) for the Y(1S) and Y(2S) states.
The relative uncertainties from Npa-independent quantities are rep-
resented by the boxes at unity. The event centrality bins used are
indicated by percentage intervals.
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Figure 3: Nuclear modification factor versus N, for prompt J/ys.
The top panel shows a comparison of CMS to lower energy data while
the bottom panel compares the CMS data at central rapidity to ALICE
results in the forward region.
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Figure 4: (Left) Nuclear modification factor versus Ny for prompt J/¢, Y(1S) and (25) states. (Right) Nuclear modification versus the binding
energy of the state.



