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RAA – Jet Quenching Parameters 

R AA=
σpp
inel

〈N coll〉
d2N AA/dpT dη
d2σ pp/dpT dη

“QCD Medium” 

“QCD Vacuum”  

RAA > 1 (enhancement)  

RAA = 1 (no medium effect)  ~ 
RAA < 1 (suppression) 

T AA=
〈N coll 〉
σpp
inel ''NN equivalent integrated luminosity per AA 

collision'' 

•  Study medium modification through charged hadron suppression 

•  Complimentary to direct jet reconstruction 

•  Constrains quenching parameters in models 
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High-pT v2 - Path Length Dependence 
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The CMS Detector 

Silicon Pixel and Strip  
Detectors 

ECAL 

Charged Particle 
Reconstruction 

HF Detector 
Event Plane and 

Centrality 

HCAL 

Muon 
Detectors 

-2.4        Silicon Tracker       2.4 

-1.5   Barrel ECAL   1.5 

Forward HCAL (HF) 

Pseudorapidity Range 
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Integrated Luminosity 
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pp Charged Particle Spectrum 

•  Reference spectrum measured up to 100 GeV/c 
•  xT scaling seen at high pT 

CMS: Eur. Phys. J. C72 (2012) 1945 CMS: JHEP 08 (2011) 086 
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PbPb Charged Particle Spectra 
CMS: Eur. Phys. J. C72 (2012) 1945 

•  Measured up to 100 GeV/c 
six centrality bins 

 
•  Uses full 2011 run statistics 

at high pT ~150 µb-1 
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Charged Particle RAA 

•  Dip structure develops as a function of centrality 
•  RAA increases at high pT CMS: Eur. Phys. J. C72 (2012) 1945 
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RAA Evolution 

•  LHC is 50% more 
suppressed than 
RHIC for pT < 10 
GeV/c 

 
•  Several models 

predict the rise at 
LHC, but the slopes 
vary 

 

CMS: Eur. Phys. J. C72 (2012) 1945 
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High-pT Track Trigger 

•  Full 2011 dataset, Lint ~ 150 µb, ~1.55 M events recorded 
 
•  All triggers > 95% efficient (0-40% centrality) 
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Details of Event Plane Method 
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Avoiding Di-Jet Correlations  

EP+ EP- 

v2+ v2- 

Gap 

Particles from positive η 
correlated with event plane 
from negative η 
 
Particles from negative η 
correlated with event plane 
from positive η 
 
η gap of 3 units minimizes 
systematic effects from 
back-to-back dijet 
correlations 
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Pseudorapidity Gap Study 

Gap size of 3 sufficient to remove di-jet effects 

CMS: PRL 109 
(2012) 022301 
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High-pT v2 
CMS: PRL 109 (2012) 022301 
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High-pT v2 
CMS: PRL 109 (2012) 022301 
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Theory Comparison 
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High-pT v3 
CMS-PAS: HIN-12-010 http://cdsweb.cern.ch/record/1472744/files/HIN-12-010-pas.pdf 
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High-pT v4 
CMS-PAS: HIN-12-010 http://cdsweb.cern.ch/record/1472744/files/HIN-12-010-pas.pdf 
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Summary and Conclusions 

•  Charged particle RAA measured to pT = 100 GeV/c 

•  Charged particle v2 determined to pT = 60 GeV/c 

•  Charged partlce v3 and v4 determined to pT = 40 GeV/c 

•  Large suppression seen in PbPb charged particle spectra 
due to final state medium modification. RAA reaches 0.5 at 
high pT in central events.  

•  v2 values gradually decrease above pT ~ 10 GeV/c and 
reach zero only above pT ~ 48 GeV/c 

•  v3 and v4 values are small above pT ~ 20 GeV/c 

•  These results constrain jet quenching parameters and the 
path length dependence in energy loss models 



Eric Appelt 8HighPT-LHC 2012, Wuhan (China) 20 

Backup Slides 
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Jet Trigger 
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Global Uncertainty 

•  Global uncertainty expressed together with 
luminosity peripheral-central 


