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CMS studies of PbPb collisions

● Bulk properties: charged particle production, elliptic flow, two-
particle correlations

● Study of the initial state: Z and photons

● Study of the medium properties:

– Medium modification to hard probes

– Quarkonium
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CMS detector
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Data taking during 2010 PbPb run

● Recorded luminosity PbPb
8.7 μb-1

● Recorded luminosity pp at
2.76 TeV 241 nb-1

● Total PbPb data volume
~0.89 PetaByte

● Triggering on minimum bias, 
jets, muons and photons

● ALL rare probes written to tape
● ~half of minimum bias written to 

tape
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Trigger and event selection

● MinBias Trigger:

– Coincidence of BSC or Forward 
calorimeter signal

– Trigger efficiency: 97% ± 3%

● Di-Muon Trigger:

– Two reconstructed tracks in the 
muon detector

● Photon Trigger:

– Uncorrected photon E
T
> 15 GeV

● Jet Trigger: [gives high p
T
 reach]

– Uncorrected jet E
T
> 35, 50 GeV

● Centrality determination:

– Forward calorimeter (HF) energy
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Charged particle multiplicity

● Uses pixel tracker with two methods
● Data : B=0T ; Trigger with 99% efficiency, 1% UPC contamination

● Central multiplicity dN
ch
/dη|(η=0) = 1610 ± 55 for 0−5% centrality

● dN
ch
/dη/(0.5 N

part
) a factor of 2.1 > RHIC; similar centrality dependence

JHEP 08 (2011) 141
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dN
ch
/dη and dE

T
/dη: √s

NN
 dependence

● dN
ch
/dη /(0.5 N

part
) and dE

T
/dη /(0.5 N

part
) – power law increase with √s

NN

● dE
T
/dη /(0.5 N

part
) rises faster → More energy per particle than at RHIC

JHEP 08 (2011) 141
CMS PAS HIN-11-003
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Elliptic flow at mid-rapidity:
LHC and RHIC

● The p
T
 dependence in each 

centrality bin shows similar 
trend in both CMS and 
PHENIX

● Energy dependence:

– CMS: 20-30%, v
2
{LYZ}

– Extrapolated to p
T
=0

CMS PAS HIN-10-002
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The full harmonic spectrum

● v
n
 vs N

part
 shows different trends:

● even harmonics have similar centrality dependence:
decreasing → 0 with increasing N

part

● v
3
 has weak centrality dependence, finite for central collisions

CMS PAS HIN-11-005
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Two-particle correlation: Centrality 
dependence in PbPb

JHEP 07 2011 076
CMS PAS HIN-11-006

p
T

trig = 4-6 GeV/c

p
T

assoc = 2-4 GeV/c

PbPb 2.76 TeV
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Two-particle correlations in high 
multiplicity pp collisions

● The ridge-like structure is clearly visible at ∆φ ≈ 0 extending to   |η| of 
at least 4 units

● At higher p
T

trig the ridge almost disappears

CMS PAS HIN-11-006
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Fourier analysis of ∆Φ correlations

Fourier decomposition: 

JHEP 07 2011 076
CMS PAS HIN-11-006

Flow driven correlations:

(f: Fourier analysis of long-
range dihadron correlations)
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High p
T
 charged hadrons:

spectra and R
AA

● Measuring charged tracks up to p
T
~100 GeV/c (jet triggers)

● Strong constraints to energy loss models
CMS PAS HIN-10-005
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Isolated photon spectra and R
AA

● CMS measured the isolated photon RAA for the first time

● Confirmation of collisional scaling

● No nuclear modification: the photon RAA at 0-10% is consistent with 1

CMS PAS HIN-11-002
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Dimuon invariant mass distribution in 
PbPb collisions
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First Z→μ+μ- candidate in PbPb
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Study of Z→μ+μ- in PbPb collisions

● Clean Z signals from opposite-sign di-muons

● T
AA
 normalized yield is consistent with POWHEG (NLO)

● No modification is found with respect to the pp reference
PRL 106 (2011) 212301
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J/ψ and Υ

● J/ψ and Υ observed in μ+μ- channel
● CMS muon acceptance: |η| < 2.4 and pT

μ > 2-4 GeV/c
● Excellent mass resolution ~1%

N
J/ψ

=734±54 N
Υ
=86±12

CMS PAS HIN-10-006
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J/ψ suppression

● Prompt J/ψ are reconstructed 
from muons originating from 
the primary vertex

● Comparison to J/ψ in AuAu 
collisions at √sNN = 200 GeV

● High p
T
 J/ψ are more 

suppressed at LHC than at 
RHIC

CMS PAS HIN-10-006
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B-meson suppression from B→J/ψ

● Vertexing allows separation of prompt and non-prompt J/ψ

● First direct observation of b-quark quenching

CMS PAS HIN-10-006
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Suppression of Υ excited states

● Excited states Υ(2S,3S) relative to Υ(1S) are suppressed

● Probability to obtain measured value, or lower, if the real double 
ratio is unity, has been calculated to be less than 1%

PRL 107 (2011) 052302
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All quarkonia suppressed:
R

AA
 vs. centrality

● High p
T
 J/ψ is strongly suppressed at the LHC

● Non-prompt J/ψ suppression is a measure of b-quark quenching

● Inclusive Υ(1S) is suppressed

CMS PAS HIN-10-006
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Summary of CMS R
AA

 results
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Jets in CMS Detector

● Dijet selection:
● |η

Jet
| < 2

● leading jet p
T,1
 > 120 GeV/c

● subleading jet p
T,2 

> 50 GeV/c

● Δφ
1,2

 > 2π/3
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Dijet imbalance

PRC 84 (2011) 024906

● Quantify dijet energy imbalance by asymmetry ratio:
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Jet angular correlation

● Even in central heavy-ion collisions, azimuthal correlation of di-
jets is maintained

PRC 84 (2011) 024906
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Missing p
T

║

● Definition:

● Integrating over the 
whole event final state, 
momentum balance is 
restored

PRC 84 (2011) 024906

excess towards
leading jet

excess away
from leading jet
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Missing p
T

║

● In PYTHIA, the balance is 
found out-of-cone as well 
but at higher pT

● In PbPb data, in-cone 
excess of high pT tracks is 
balanced by out-of-cone 
low pT tracks

● The momentum difference 
in the dijet is balanced by 
low pT particles at large 
angles

PRC 84 (2011) 024906
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Jet fragmentation function

● Fragmentation function similar between PbPb and pp
● Pattern independent of energy lost in the medium
● Consistent with partons fragmenting in the vacuum

CMS PAS HIN-11-004
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Jet quenching at LHC
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Summary

2010 data:

● CMS has obtained significant statistics of hard probes

● CMS conducted detailed measurements of global properties of 
medium in PbPb and pp collisions

● Our measurements indicate consistent view of the hot and dense 
medium

– Strong collective effects in the medium

– No quenching of weakly and electromagnetically interacting probes

– Strong quenching of partons, including b-quarks

– Suppression of quarkonia, including excited states of the Υ

Outlook:

● In 2011 run CMS already recorded ~8 times more luminosity 

● Wide range of new possibilities with the higher statistics



Backup
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CMS PbPb results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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dE
T
/dη rapidity and centrality 

dependence

● dET/dη (η=0)≈2 TeV – by a factor of 3.4 ± 0.4 higher than RHIC

● Measured over wide range of pseudorapidity

● dET/dη/(0.5N
part

) : Monotonic increase with N
part

CMS PAS HIN-11-003



Anna Julia Zsigmond Zimányi School 2011 35

v3(pT): comparison of methods

● v
3
{2} and v

3

f comparable at low trigger p
T

● Non-flow dominates v
3
{2} at high p

T
 and in peripheral collisions

CMS PAS HIN-11-005
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Υ states in pp @ 7 TeV

● Very good dimuon mass resolution

→ separation of 3 Υ states

PRD 83 112004 (2011)


