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Measurement goals

• Colour screening is expected to prevent the 
formation of quarkonium states in deconfined 
matter

• J/ψ suppression in HI collisions as a function 
of centrality already observed in past 
experiments

•  PHENIX measurement in Au-Au collisions @ 
√SNN=200 GeV

• NA50, √SNN=17.3 GeV

• Measurements at higher energies needed to 
understand the underlying mechanism

• Z bosons,only accessible at the LHC, are not 
expected to be affected by the deconfined 
matter

• can serve as a reference for the J/ψ analysis
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PHENIX
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Figure 3: (left) Relative J/ψ yield as a function of centrality normalized to the most pe-
ripheral bin (black dots with errors). The expected relative yields from the (normalized)
number of binary collisions (Rcoll) are also shown (boxes, reflecting 1σ systematic uncer-
tainties). (right) Value of Rcp, as described in the text, as a function of centrality. The
statistical errors are shown as vertical bars while the grey boxes also include the combined
systematic errors. The darker box indicates that the 40-80% bin is used to set the scale for
all bins, but the uncertainties in this bin are not propagated into the more central ones.

systematic uncertainties in quadrature. A clear difference is observed as a
function of centrality between the measured relative J/ψ yield and the pre-
diction based on Rcoll, indicating a deviation from the simplest expectation
based on QCD factorization. The ratio of these two values, Rcp, is shown as
a function of centrality in the right panel of Figure 3. The data points are
not consistent with their average, giving a P (χ2, NDOF) value of 0.11% with
three degrees of freedom, computed conservatively ignoring any correlations
among the systematic uncertainties. Instead, a significant decrease of Rcp as
a function of centrality is observed.

4. Z production as a function of centrality

Z candidates are selected by requiring a pair of oppositely charged muons
with pT > 20 GeV and |η| < 2.5 [21]. An additional cosmic ray rejection cut
on the sum of the pseudorapidities of the two muons, |η1+ η2| > 0.01, is also
applied. The invariant mass distribution of the selected pairs is shown in the
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Figure 4: The di–muon invariant mass (left) after the selection described in the text. The
value of Rcp (right) computed with the 38 selected Z candidates. The statistical errors are
shown as vertical bars while the grey boxes also include the combined systematic errors.
The darker box indicates that the 40-80% bin is used to set the scale for all bins, but the
uncertainties in this bin are not propagated into the more central ones.

5. Conclusion

The first results on J/ψ and Z → µ+µ−
relative yields measured in lead-

lead collisions obtained with the ATLAS detector at the LHC, have been

presented. In a sample of events with oppositely charged muon pairs with a

transverse momentum above 3 GeV and with |η| < 2.5, a centrality depen-

dent suppression is observed in the normalized J/ψ yield. The relative yields

of the 38 observed Z candidates as a function of centrality are also presented,

although no conclusion can be inferred about their scaling with the number

of binary collisions.
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with the ATLAS detector at the LHC
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Abstract

Using the ATLAS detector, a centrality-dependent suppression has been ob-

served in the yield of J/ψ mesons produced in the collisions of lead ions at

the Large Hadron Collider. In a sample of minimum-bias lead-lead collisions

at a nucleon-nucleon centre of mass energy
√
sNN = 2.76 TeV, corresponding

to an integrated luminosity of about 6.7 µb−1
, J/ψ mesons are reconstructed

via their decays to µ+µ−
pairs. The measured J/ψ yield, normalized to the

number of binary nucleon-nucleon collisions, is found to significantly decrease

from peripheral to central collisions. The centrality dependence is found to

be qualitatively similar to the trends observed at previous, lower energy ex-

periments. The same sample is used to reconstruct Z bosons in the µ+µ−

final state, and a total of 38 candidates are selected in the mass window

of 66 to 116 GeV. The relative Z yields as a function of centrality are also

presented, although no conclusion can be inferred about their scaling with

the number of binary collisions, because of limited statistics. This analysis

provides the first results on J/ψ and Z production in lead-lead collisions at

the LHC.

Keywords: ATLAS, LHC, Heavy Ions, J/psi, Z Boson, Centrality

dependence

1. Introduction

The measurement of quarkonia production in ultra-relativistic heavy ion

collisions provides a potentially powerful tool for studying the properties of

hot and dense matter created in these collisions. If deconfined matter is

indeed formed, then colour screening is expected to prevent the formation

of quarkonium states when the screening length becomes shorter than the
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• ATLAS luminosity profile vs day

• data taking efficiency > 95%

• Paper used runs corresponding to 6.7 µb-1

ATLAS luminosity, data-taking

!""#$%&$'()*"+%

,#-#(-.$/%
0'1.$*2#-#$/% 34."%,#-#(-.$/%

!"#$%& '()& )*)&
+,-&

./&

+,-&

0,1&

+,-&

231&
)"%$& /1)& *!(& ('(& )4(&

5567& 899& 899& 556:& 899& 899& 899& 899& 556;& 899& 899&

+<=">?@"AB&C$"DEA$F&-$%GHI$&F$A$JA?-&<KH=$&G>F&D??F&L<G%"AB&FGAG&F$%"I$-B&F<-">D&:989&@AGM%$&M$G=@&">&!M!M&

J?%%"@"?>@&GA&N@OOP:67;&)$Q&M$AC$$>&O?I$=M$-&RAE&G>F&87AE&&S">&TU6&

!"#$%&'(#$)*++#,-*./,$%*$%"#$01$%&2$34567780#%5%&%9,:-&,,;:&.&(<,=,:>?;?@:A=B#((**,#:?;$$

+<=">?@"AB&C$"DEA$F&-$%GHI$&V-GJH?>&?V&D??F&L<G%"AB&FGAG&F$%"I$-B&MB&AE$&IG-"?<@&,)+,'&

@<M@B@A$=@&F<-">D&+0(&W%%@&C"AE&@AGM%$&M$G=@&">&!MX!M&J?%%"@"?>@&GA&N@OOP:67;&)$QY&G>F&GZ$-&

@C"AJE">D&AE$&A-GJ[">D&F$A$JA?-@&?>6&*<>@&M$AC$$>&O?I$=M$-&RAE&G>F&O?I$=M$-&87AE&Y&

J?--$@K?>F">D&A?&G&-$J?-F$F&">A$D-GA$F&%<=">?@"AB&?V&:&\MX8Y&G-$&GJJ?<>A$F6&&

• ATLAS luminosity 
profile vs day

!Data-taking 
efficiency > 95%

• Paper used runs 
corresponding to 
1.7 !b-1

 (Nov 8 - 17)
 

Fraction of  data passing data quality selection
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Trigger, centrality

• Triggers: 

• minimum bias scintillator triggers

• Zero Degree Calorimeters (ZDC)

• Centrality 

• characterised by percentage of total cross-
section using the forward calorimeter FCal 
ΣET (3.2 < |η| < 4.9)

• four centrality bins: 0-10%, 10-20%, 
20-40%, 40-80%

• range between 80-100% excluded due to 
larger systematics in determining 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 
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Muon reconstruction in ATLAS
- Two independent measurements: 

Inner detector (ID)
Muon system (MS)

- Combined using a global refit

donderdag 17 februari 2011



Extracting the J/ψ signal from the data

• Event selection: 

• 2 combined muons with opposite sign

• pT > 3 GeV 

• |η| < 2.5

• Use sideband subtraction technique to                                                                
extract the J/ψ counts

• Mass windows 

• signal [2.95, 3.25] GeV

• sidebands [2.4, 2.8], [3.4, 3.8] GeV
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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

6
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Determining the J/ψ reconstruction efficiency 
as a function of centrality

• J/ψ reconstruction efficiency as a function of centrality extracted from Monte Carlo

• no data-driven methods available at low pT

• centrality dependence parametrized as a function of the total number of hits in the first 
pixel layer

• Overall reconstruction efficiency was found to drop by 8% for the most central 
collisions compared to the most peripheral collisions

• Monte Carlo samples: 

• PYTHIA J/ψ and Z events superimposed onto lead-lead events generated with HIJING 

• HIJING was run with effects of jet quenching disabled

• elliptic flow imposed subsequent to generation tuned with RHIC data

• detector response simulated with GEANT4

8
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  Systematics

Sources:
• Reconstruction efficiency
• Signal extraction

9
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Systematics:
Monte Carlo driven efficiency determination

• Most of the efficiency dependence from 
centrality is coming from ID
• occupancy effects causing good tracks to fail 

our track selection cuts

• Estimate systematics by comparing differences 
between data and MC on the selection 
threshold

• Studied as a function of centrality
• maximum deviation of 3% found in the most 

central bins
• 2 muons → 6% maximum total systematics

10
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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
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Systematics:
Signal extraction

• Cross-check yields using a maximum likelihood fit with the mass resolution left as 
free parameter

• Two different background models were used: first and second order polynomial

• Maximum deviation of the fitted yield compared to the sideband subtraction method 
taken as systematic error

11

 invariant mass [GeV]-µ +µ
2 2.5 3 3.5 4

Ev
en

ts
 / 

[ 0
.0

5 
G

eV
 ]

0

10

20

30
 = 2.76 TeVNNsPb+Pb  

Signal+Background

Background

ATLAS

40-80%

 invariant mass [GeV]-µ +µ
2 2.5 3 3.5 4

Ev
en

ts
 / 

[ 0
.0

5 
G

eV
 ]

0

20

40

60

80  = 2.76 TeVNNsPb+Pb  

Signal+Background

Background

ATLAS

20-40%

 invariant mass [GeV]-µ +µ
2 2.5 3 3.5 4

Ev
en

ts
 / 

[ 0
.0

5 
G

eV
 ]

0

20

40

60
 = 2.76 TeVNNsPb+Pb  

Signal+Background

Background

ATLAS

10-20%

 invariant mass [GeV]-µ +µ
2 2.5 3 3.5 4

Ev
en

ts
 / 

[ 0
.0

5 
G

eV
 ]

0

20

40

60

80
 = 2.76 TeVNNsPb+Pb  

Signal+Background

Background

ATLAS

0-10%

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

6
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The J/ψ result: 
Final numbers

• Correct for “average” J/ψ efficiency RATIOs vs centrality from MC

• Relative yield: everything normalised to most peripheral bin

12

Centrality Nmeas(J/ψ) �(J/ψ)c/ Systematic Uncertainty

�(J/ψ)40−80 Reco. eff. Sig. extr. Total

0-10% 190 ± 20 0.93 ± 0.01 6.8 % 5.2 % 8.6 %

10-20% 152 ± 16 0.91 ± 0.02 5.3 % 6.5 % 8.4 %

20-40% 180 ± 16 0.97 ± 0.01 3.3 % 6.8 % 7.5 %

40-80% 91 ± 10 1 2.3 % 5.6 % 6.1 %

Table 1: The measured numbers of J/ψ signal events per centrality bin before any correc-
tion, with their statistical errors, are listed in the second column. The relative efficiency
corrections derived from the simulation are also shown, with the MC statistical error.
The last columns give the experimental systematic uncertainties on the reconstruction
efficiency and signal extraction, as well as the total uncertainty.

peripheral 40-80% centrality bin: Rc = N corr
c /N corr

40−80%. Note that the uncer-

tainties in the 40-80% bin are not propagated into this ratio for the more

central bins. Finally, the “normalized yield” is defined by scaling the rela-

tive yield by the ratio Rcoll of the mean number of binary collisions Ncoll,c,

detailed in section 3.2, in each centrality bin to that for the most peripheral

(40-80%) bin: Rcp = Rc/Rcoll.

3.1. Experimental systematic uncertainties

Several experimental systematic effects are considered. These are grouped
into those affecting the J/ψ reconstruction efficiency, and those from the

extraction of the number of signal events from the di–muon mass spectra.

Since this measurement only determines the relative yields as a function of

centrality, only the centrality dependence of these effects is relevant. Any

uncertainty on the absolute value cancels out in the ratio. The variation of

the J/ψ reconstruction efficiency with centrality observed in simulation is

mainly due to the larger occupancy in the ID. Because of the low occupancy

in the MS by the primarily-soft tracks produced in heavy ion collisions, the

fraction of muons from J/ψ decays with a reconstructed track in the MS

is independent of centrality within the MC statistical uncertainty. On the

other hand, to improve the reliability of the ID track reconstruction in the

dense environment, rather stringent track quality requirements are made,

relative to those defined for proton-proton collisions [15]. In particular, there

must be at least nine silicon hits on each track, with no missing pixel hits

and not more than one missing SCT hit, in both cases where such hits are

expected. In order to evaluate systematic uncertainties, comparisons have

7

This measurement must be interpreted as a relative 
yield within experimental acceptance: 2 muons with 
pT >3 GeV and |η|>2.5

80% of the reconstructed J/ψ’s have a pT > 6.5 GeV
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The J/ψ result:
Normalised yields

• Normalising yields:

• correct for difference in relative cross-section due 
to differences in bin sizes

• Note: the uncertainties in the 40-80% bin are 
not propagated into the ratio for the more 
central bins

• Compare to: mean number of binary collisions 
calculated using a Glauber Monte Carlo (Rcoll)

• uncertainty estimated by varying the input 
parameters of the Glauber MC by 1 σ

• impact of trigger bias was estimated to be very 
small. Accounted by a 2% systematic error.

• The result including statistical and systematical 
errors
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Figure 3: (left) Relative J/ψ yield as a function of centrality normalized to the most pe-
ripheral bin (black dots with errors). The expected relative yields from the (normalized)
number of binary collisions (Rcoll) are also shown (boxes, reflecting 1σ systematic uncer-
tainties). (right) Value of Rcp, as described in the text, as a function of centrality. The
statistical errors are shown as vertical bars while the grey boxes also include the combined
systematic errors. The darker box indicates that the 40-80% bin is used to set the scale for
all bins, but the uncertainties in this bin are not propagated into the more central ones.

systematic uncertainties in quadrature. A clear difference is observed as a
function of centrality between the measured relative J/ψ yield and the pre-
diction based on Rcoll, indicating a deviation from the simplest expectation
based on QCD factorization. The ratio of these two values, Rcp, is shown as
a function of centrality in the right panel of Figure 3. The data points are
not consistent with their average, giving a P (χ2, NDOF) value of 0.11% with
three degrees of freedom, computed conservatively ignoring any correlations
among the systematic uncertainties. Instead, a significant decrease of Rcp as
a function of centrality is observed.

4. Z production as a function of centrality

Z candidates are selected by requiring a pair of oppositely charged muons
with pT > 20 GeV and |η| < 2.5 [21]. An additional cosmic ray rejection cut
on the sum of the pseudorapidities of the two muons, |η1+ η2| > 0.01, is also
applied. The invariant mass distribution of the selected pairs is shown in the

11

donderdag 17 februari 2011



The J/ψ result:
Normalised yields (2)

• Finally: yield normalised to mean number of 
binary collisions in each centrality bin

• Uncertainties on Rcoll included as systematical 
errors on the points

• We observe a centrality dependent 
suppression of the J/ψ yield

• probability that the data points are consistent 
with their average 

• P(χ2,ndof) = 0.11%
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Figure 3: (left) Relative J/ψ yield as a function of centrality normalized to the most pe-
ripheral bin (black dots with errors). The expected relative yields from the (normalized)
number of binary collisions (Rcoll) are also shown (boxes, reflecting 1σ systematic uncer-
tainties). (right) Value of Rcp, as described in the text, as a function of centrality. The
statistical errors are shown as vertical bars while the grey boxes also include the combined
systematic errors. The darker box indicates that the 40-80% bin is used to set the scale for
all bins, but the uncertainties in this bin are not propagated into the more central ones.

systematic uncertainties in quadrature. A clear difference is observed as a
function of centrality between the measured relative J/ψ yield and the pre-
diction based on Rcoll, indicating a deviation from the simplest expectation
based on QCD factorization. The ratio of these two values, Rcp, is shown as
a function of centrality in the right panel of Figure 3. The data points are
not consistent with their average, giving a P (χ2, NDOF) value of 0.11% with
three degrees of freedom, computed conservatively ignoring any correlations
among the systematic uncertainties. Instead, a significant decrease of Rcp as
a function of centrality is observed.

4. Z production as a function of centrality

Z candidates are selected by requiring a pair of oppositely charged muons
with pT > 20 GeV and |η| < 2.5 [21]. An additional cosmic ray rejection cut
on the sum of the pseudorapidities of the two muons, |η1+ η2| > 0.01, is also
applied. The invariant mass distribution of the selected pairs is shown in the

11
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The J/ψ result:
ATLAS vs PHENIX

• PHENIX result: obtained by integrating previously shown result over pT

• Similar trend observed as in ATLAS data

• momentum ranges very different
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Figure 3: (left) Relative J/ψ yield as a function of centrality normalized to the most pe-
ripheral bin (black dots with errors). The expected relative yields from the (normalized)
number of binary collisions (Rcoll) are also shown (boxes, reflecting 1σ systematic uncer-
tainties). (right) Value of Rcp, as described in the text, as a function of centrality. The
statistical errors are shown as vertical bars while the grey boxes also include the combined
systematic errors. The darker box indicates that the 40-80% bin is used to set the scale for
all bins, but the uncertainties in this bin are not propagated into the more central ones.

systematic uncertainties in quadrature. A clear difference is observed as a
function of centrality between the measured relative J/ψ yield and the pre-
diction based on Rcoll, indicating a deviation from the simplest expectation
based on QCD factorization. The ratio of these two values, Rcp, is shown as
a function of centrality in the right panel of Figure 3. The data points are
not consistent with their average, giving a P (χ2, NDOF) value of 0.11% with
three degrees of freedom, computed conservatively ignoring any correlations
among the systematic uncertainties. Instead, a significant decrease of Rcp as
a function of centrality is observed.

4. Z production as a function of centrality

Z candidates are selected by requiring a pair of oppositely charged muons
with pT > 20 GeV and |η| < 2.5 [21]. An additional cosmic ray rejection cut
on the sum of the pseudorapidities of the two muons, |η1+ η2| > 0.01, is also
applied. The invariant mass distribution of the selected pairs is shown in the
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  Z production
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Z production in lead-lead collisions:
event selection

• Event selection:

• two combined muon with opposite charge

•  pT > 20 GeV

• |η| < 2.5

• |η1 + η2| > 0.01 (cosmic rejection)

• mass window [66, 116] GeV

• 38 Z candidates observed

• Relative yield calculation

• same method applied as for the J/ψ

• systematics have been assumed to be the same as for the 
J/ψ (conservative estimate)
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Figure 4: The di–muon invariant mass (left) after the selection described in the text. The
value of Rcp (right) computed with the 38 selected Z candidates. The statistical errors are
shown as vertical bars while the grey boxes also include the combined systematic errors.
The darker box indicates that the 40-80% bin is used to set the scale for all bins, but the
uncertainties in this bin are not propagated into the more central ones.

5. Conclusion

The first results on J/ψ and Z → µ+µ−
relative yields measured in lead-

lead collisions obtained with the ATLAS detector at the LHC, have been

presented. In a sample of events with oppositely charged muon pairs with a

transverse momentum above 3 GeV and with |η| < 2.5, a centrality depen-

dent suppression is observed in the normalized J/ψ yield. The relative yields

of the 38 observed Z candidates as a function of centrality are also presented,

although no conclusion can be inferred about their scaling with the number

of binary collisions.
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Z production in lead-lead collisions: 
centrality dependence

• Relative Z boson yield found to be compatible with a linear scaling with the number 
of binary collisions

• Low statistics precludes any definite conclusions
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Figure 4: The di–muon invariant mass (left) after the selection described in the text. The
value of Rcp (right) computed with the 38 selected Z candidates. The statistical errors are
shown as vertical bars while the grey boxes also include the combined systematic errors.
The darker box indicates that the 40-80% bin is used to set the scale for all bins, but the
uncertainties in this bin are not propagated into the more central ones.

5. Conclusion

The first results on J/ψ and Z → µ+µ−
relative yields measured in lead-

lead collisions obtained with the ATLAS detector at the LHC, have been

presented. In a sample of events with oppositely charged muon pairs with a

transverse momentum above 3 GeV and with |η| < 2.5, a centrality depen-

dent suppression is observed in the normalized J/ψ yield. The relative yields

of the 38 observed Z candidates as a function of centrality are also presented,

although no conclusion can be inferred about their scaling with the number

of binary collisions.
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Conclusions

• First results on the J/ψ and the Z relative yields in lead-lead collisions obtained with 
the ATLAS detector

• We observe a centrality dependent suppression in the normalised J/ψ yield 

• The relative yield of the 38 observed Z candidates as a function of centrality is 
presented
• no definite conclusions for the Z bosons can be inferred given the current statistics

• the distribution is compatible with a flat distribution

191-Centrality %
0 20 40 60 80 100

 y
ie

ld
!

R
el

at
iv

e 
J/

0

5

10

15

20
ATLAS

 = 2.76 TeVNNsPb+Pb  

coll
Expected yield from R

 yield!J/

1-Centrality %
0 20 40 60 80 100

 y
ie

ld
!

N
or

m
al

iz
ed

 J
/

0

0.5

1

1.5
ATLAS

 = 2.76 TeVNNsPb+Pb  

Figure 3: (left) Relative J/ψ yield as a function of centrality normalized to the most pe-
ripheral bin (black dots with errors). The expected relative yields from the (normalized)
number of binary collisions (Rcoll) are also shown (boxes, reflecting 1σ systematic uncer-
tainties). (right) Value of Rcp, as described in the text, as a function of centrality. The
statistical errors are shown as vertical bars while the grey boxes also include the combined
systematic errors. The darker box indicates that the 40-80% bin is used to set the scale for
all bins, but the uncertainties in this bin are not propagated into the more central ones.

systematic uncertainties in quadrature. A clear difference is observed as a
function of centrality between the measured relative J/ψ yield and the pre-
diction based on Rcoll, indicating a deviation from the simplest expectation
based on QCD factorization. The ratio of these two values, Rcp, is shown as
a function of centrality in the right panel of Figure 3. The data points are
not consistent with their average, giving a P (χ2, NDOF) value of 0.11% with
three degrees of freedom, computed conservatively ignoring any correlations
among the systematic uncertainties. Instead, a significant decrease of Rcp as
a function of centrality is observed.

4. Z production as a function of centrality

Z candidates are selected by requiring a pair of oppositely charged muons
with pT > 20 GeV and |η| < 2.5 [21]. An additional cosmic ray rejection cut
on the sum of the pseudorapidities of the two muons, |η1+ η2| > 0.01, is also
applied. The invariant mass distribution of the selected pairs is shown in the
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Figure 4: The di–muon invariant mass (left) after the selection described in the text. The
value of Rcp (right) computed with the 38 selected Z candidates. The statistical errors are
shown as vertical bars while the grey boxes also include the combined systematic errors.
The darker box indicates that the 40-80% bin is used to set the scale for all bins, but the
uncertainties in this bin are not propagated into the more central ones.

5. Conclusion

The first results on J/ψ and Z → µ+µ−
relative yields measured in lead-

lead collisions obtained with the ATLAS detector at the LHC, have been

presented. In a sample of events with oppositely charged muon pairs with a

transverse momentum above 3 GeV and with |η| < 2.5, a centrality depen-

dent suppression is observed in the normalized J/ψ yield. The relative yields

of the 38 observed Z candidates as a function of centrality are also presented,

although no conclusion can be inferred about their scaling with the number

of binary collisions.
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