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J/ψ Candidate in a Heavy 
Ions Collisions Event

Why Study J/ψ in Heavy 
Ions Collisions?
• Suppression of J/ψ yield is expected 
in highly central events in HI 
collisions
• The suppression is of interest 
because:
‣ gives experimental sensitivity to 
medium temperature
‣ could be due to quark-gluon plasma 
production

• A suppression was already observed 
in past experiments:
‣ NA50 at CERN SPS in Pb-Pb 
collisions at √sN = 17.3 GeV
‣ PHENIX at RHIC in Au-Au 
collisions at √sN = 200 GeV

• Then why study J/ψ yield at the Large 
Hadron Collider (LHC)?
‣ suppression mechanisms not fully 
understood, new effects might be 
there
‣ proposal of J/ψ enhancement at 
high energies from charm quark 
recombination
‣ at the LHC the first Z measurement 
in Pb-Pb is possible
‣ Z measurement is interesting as no 
suppression is expected in this case

Heavy ions Collisions are not Point-Like: Rcoll Definition
• In each ion-ion collision we have Ncoll 
binary collisions between nucleons
• Hence any yield measurement must be 
normalized to Ncoll
• Ncoll is estimated using Glauber Monte 
Carlo simulation
• Ncoll depends on the Impact Parameter 
(IP) between the two ions

participants

spectators

How do we Measure the IP in Real Life?
• We cannot measure the IP directly 
but...
• We can use the observation that the 
event track multiplicity increases when 
the IP decreases
• Using the transverse energy deposited 
in the ATLAS forward calorimeters (3.2 
< |η| < 4.9) we define centrality, where:

‣ central event → big IP
‣ peripheral event → small IP

• We only use peripheral events up to 
80% to reduce systematic on Rcoll
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FIG. 2: (top) Distribution of uncorrected ΣET in the For-
ward Calorimeter (FCal). Bins in event activity or “central-
ity” are indicated by the alternating bands (see text for de-
tails) and labeled according to increasing fraction of lead-lead
total cross section starting from the largest measured ΣET .
(bottom) Correlation of uncorrected ΣET in |η| < 3.2 with
that measured in the FCal (3.2 < |η| < 4.9).

based upon simulation studies, and the results have been

tested to be stable against variations in this parameter.

These average energies are subtracted layer-by-layer from

the cells that make up each jet, scaling appropriately for

the cell area. The final reported four-momentum for each

jet is then recalculated from the remaining energy in the

cells.

The efficiency of the jet reconstruction algorithm,

and other event properties, have been studied us-

ing PYTHIA [10] events superimposed on HIJING

events [11]. There is no parton-level interference be-

tween the PYTHIA and HIJING generated events.

A GEANT4 [12] simulation models the detector re-

sponse [13] to all the final state particles from the two

generated events. The HIJING parameters used do not

include jet quenching, but variations in flow as a func-

tion of centrality are added. It is found that jets with

ET > 100 GeV are reconstructed with nearly 100% effi-

ciency at all centralities.

Simulations have been used to check the overall lin-

earity and resolution of the reconstruction with respect

to the primary jet energy, assuming jet shapes similar

to those found in proton-proton collisions [14]. However,

the efficiency, linearity, and resolution for reconstructing

jets may be poorer if the jets are substantially modified

by the medium. To check the sensitivity to such effects,
the jet shape, characterized here as the ratio of the “core”

energy (integrated over

�
∆η2 +∆φ2 < 0.2) to the to-

tal energy, has been studied. This ratio shows only a

weak dependence on centrality, providing evidence that

the high-energy jets do look approximately like jets mea-

sured in proton-proton collisions, and that the energy

subtraction procedure does not introduce significant bi-

ases.

After event selection, the requirement of a leading jet

with ET > 100 GeV and |η| < 2.8 yields a sample of

1693 events. These are called the “jet selected events”.

The lead-lead data are also compared with a sample of

17 nb−1
of proton-proton collision data [14], which yields

6732 events.

A striking feature of this sample is the appearance of

events with only one high ET jet clearly visible in the

calorimeter, and no high ET jet opposite to it in az-

imuth. Such an event is shown in Fig. 1. The calorime-

ter ET and charged particle ΣpT are shown in regions of

∆η × ∆φ = 0.1 × 0.1. Inspection of this event shows a

highly asymmetric pair of jets with the particles recoil-

ing against the leading jet being widely distributed in

azimuth.

To quantify the transverse energy balance between jets

in these events, we calculate the dijet asymmetry, AJ , in

different centrality bins between the highest ET (leading)

jet and the highest ET jet in the opposite hemisphere

(second jet). The second jet is required to have ET > 25

GeV in order to discriminate against background from

the underlying event. This excludes around 5% of the

jet selected events in the most central 40% of the cross

section, and accepts nearly all of the more peripheral

events.

The dijet asymmetry and ∆φ distributions are shown

in four centrality bins in Fig. 3, where they are compared

with proton-proton data and with fully-reconstructed HI-

JING+PYTHIA simulated events. The simulated events

are intended to illustrate the effect of the heavy ion back-

ground on jet reconstruction, not any underlying physics

process. The dijet asymmetry in peripheral lead-lead

events is similar to that in both proton-proton and simu-

lated events; however, as the events become more central,

the lead-lead data distributions develop different char-

acteristics, indicating an increased rate of highly asym-

metric dijet events. The asymmetry distribution broad-

ens; the mean shifts to higher values; the peak at zero

asymmetry is no longer visible; and for the most cen-

tral events a peak is visible at higher asymmetry values

peripheral

central

centrality bins definition

J/ψ Analysis Selection

• Using almost all Pb-Pb integrated 
luminosity ~ 6.7 pb-1

• Trigger selection, ~100% efficient:
‣ ATLAS Minimum Bias Trigger 
Scintillators (MBTS)
‣ the two MBTS in the ATLAS endcaps 
must have triggered in coincidence, with 
|ΔtA-C| < 5 ns

• Requested one vertex with three pointing 
tracks per event
• Track reconstruction in Pb-Pb collisions is 
difficult due to high occupancy (especially 
for central events) → tighter selection than 
in p-p
• J/ψ candidates selection:
‣ reconstruction requires 9 silicon hits 
per track
‣ pTµ1,µ2 > 3 GeV
‣ both muons must have an inner 
detector track associated to a full track in 
the muon spectrometer (combined 
muons)

Goal of this Analysis

Rc =
N corr

c (J/Ψ→ µ+µ−)
N corr

40−80%(J/Ψ→ µ+µ−) · Rcoll

• Rc is the ratio defined as the J/ψ yield in centrality bin c divided by its yield in the most 
peripheral bin
• c subscript indicates that the given quantity is related to the c-th centrality bin
• Nccorr = Ncmeasured/(εcJ/ψ x wc) where εcJ/ψ is the reconstruction efficiency in the centrality 
bin, and wc is the centrality bin width
• Rcoll is the normalized mean number of binary collisions,

Rcoll = Ncoll,c/Ncoll,40-80
• Normalization on the most peripheral bin simplifies the measurement → only centrality-
dependent effects should be considered in the efficiency computation and in the 
systematics assessment

J/ψ Yield Extraction
• 613 candidates selected
• Two alternative methods 
used
• Sideband subtraction 
method:

‣ assuming linear 
background
‣ signal region: minv ∈ 
[2.95, 3.25] GeV
‣ sidebands: minv ∈ [2.4, 
2.8] ∪ [3.4, 3.8] GeV

• Unbinned maximum 
likelihood invariant mass fit 
with per-candidate 
uncertainty
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Figure 2: Oppositely-charged di–muon invariant mass spectra in the four considered

centrality bins from most peripheral (40-80%) to most central (0-10%). The J/ψ yields in

each centrality bin are obtained using a sideband technique. The fits shown here are used

as a cross check.

Centrality-dependent efficiency corrections, derived fromMonte Carlo events,
are applied to the resulting signal yields. The number of J/ψ decays after
background subtraction, but before any other correction, are listed in Table 1.
With the chosen transverse momentum cuts on the decay muons, 80% of the
reconstructed J/ψ have pT > 6.5 GeV.

The measured J/ψ yields at different centralities are corrected by the
reconstruction efficiency �c for J/ψ → µ+µ−, derived from MC and parame-
terized in each centrality bin, and the width of the centrality bin, Wc, which
represents a well-defined fraction of the minimum bias events. The corrected
yield of J/ψ mesons is given by:

N corr
c (J/ψ → µ+µ−) =

Nmeas(J/ψ → µ+µ−)c
�(J/ψ)c ·Wc

. (1)

The “relative yield” is defined by normalizing to the yield found in the most
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most peripheral bin

most central bin

Efficiency Extraction and Monte Carlo Reliability
• We need to assess muon reconstruction efficiency dependence on centrality
• Not enough statistics for data-driven method
• Using Monte Carlo (MC) sample with Pythia p-p J/ψ candidates overlaid to Hijing 
simulated heavy ions events
• MC has been validated comparing basic tracks properties with the data sample → 
very good agreement was found
• Very small efficiency dependence found on centrality: drop of ~3% for most central 
events wrt most peripheral ones
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Figure 1: (top row) The number of Pixel (left) and SCT (right) hits on tracks for
data (points with errors) and MC (histogram) for two different centrality bins: 0-10%
(open/dotted) and 40-80% (closed/solid). (bottom row) The average number of Pixel
(left) and SCT (right) hits as a function of η for MC and data in the same two centrality
bins.

dense environment of the most central collisions is reasonably well modelled.

3. J/ψ production as a function of centrality

The oppositely-charged di–muon invariant mass spectra in the J/ψ region
after the selection are shown in Figure 2. The number of J/ψ → µ+µ− decays
is then found by a simple counting technique. The signal mass window is
defined by the range 2.95–3.25 GeV. The background is derived from two
mass sidebands, 2.4–2.8 GeV and 3.4–3.8 GeV, with a linear extrapolation.
To determine the uncertainties related to the signal extraction, an alternative
method based on a maximum likelihood fit with the mass resolution left
as a free parameter is used as a cross check, as explained in section 3.1.
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Figure 1: (top row) The number of Pixel (left) and SCT (right) hits on tracks for
data (points with errors) and MC (histogram) for two different centrality bins: 0-10%
(open/dotted) and 40-80% (closed/solid). (bottom row) The average number of Pixel
(left) and SCT (right) hits as a function of η for MC and data in the same two centrality
bins.

dense environment of the most central collisions is reasonably well modelled.

3. J/ψ production as a function of centrality

The oppositely-charged di–muon invariant mass spectra in the J/ψ region
after the selection are shown in Figure 2. The number of J/ψ → µ+µ− decays
is then found by a simple counting technique. The signal mass window is
defined by the range 2.95–3.25 GeV. The background is derived from two
mass sidebands, 2.4–2.8 GeV and 3.4–3.8 GeV, with a linear extrapolation.
To determine the uncertainties related to the signal extraction, an alternative
method based on a maximum likelihood fit with the mass resolution left
as a free parameter is used as a cross check, as explained in section 3.1.

5

First Observation of J/ψ Yield Suppression at LHC

most peripheral most central

• Upper plot:
‣ Grey boxes: expected yield from Rcoll with 
systematic uncertainty
‣ Black points: J/ψ measured yield with 
statistical uncertainty

• Lower plot:
‣ Ratio of measured over expected yield
‣ Black error bars: statistical uncertainty
‣ Grey bands: statistical and systematic 
uncertainties summed in quadrature
‣ Main systematics: reconstruction 
efficiency ~2.3-6.8%, signal extraction 
~5.2-6.8%, Rcoll estimate ~3.2-5.3%

• Data points in the ratio plot are not 
consistent with their average: 

P(χ2, NDoF=3) = 0.11%
• A significant decrease of the ratio is 
observed as a function of centrality
• Qualitatively the same effect as observed 
by the NA50 and PHENIX experiments at 
very different center-of-mass energies
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First Observation of Z Boson in Pb-Pb Collisions

• 38 Z boson candidates found
• Left plot: Z invariant mass peak in data (black points) compared to what 
expected in Monte Carlo simulation (grey histogram)
• Right plot: normalized Z yield ratio, black bars for statistical uncertainty, 
grey bands for systematic and statistical uncertainties summed in quadrature
• Systematics conservatively the same as for J/ψ measurement
• No trend observed: not enough statistics but still useful check
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