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Jet Quenching and Azimuthal Anisotropy

Gunther Roland High pT at LHC - Hanau/Steinheim

!E ~ L": 
" = 1 for QCD, collisional
" = 2 for QCD, radiative
" = 3 for AdS/CFT

Path length (L) dependence of 
jet energy loss (!E)

!
Azimuthal anisotropy (v2) of high pT jets
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Different initial conditions:
"Glauber
"Color glass condensate

Jet Quenching and Azimuthal Anisotropy

Fourier decomposition of charged hadron yields:

35

6 Methods for extracting elliptic flow661

Anisotropic flow is a measurement of the particle azimuthal correlation with respect to the re-662

action plane in heavy ion collision. The true reaction plane which is defined as the impact pa-663

rameter b and the collision direction, however, is not known experimentally. In addition, there664

exists other sources of correlations in azimuth, for instance, the correlations from resonance665

decay, jets, and quantum effects. These correlations, which are not related to the reaction plane,666

are called non-flow correlations. The various methods proposed to estimate the magnitude of667

anisotropic flow have different sensitivities to the non-flow correlations and flow fluctuations,668

thus allowing the systematic checks on the flow measurements [32, 33].669

In this section, the different methods used to measure anisotropic flow in this analysis are670

described.671

6.1 Event plane method672

In a non-central collision of two heavy-ion, an “almond” shaped interaction region is created673

where pressure gradients in the created medium lead to the preferential emission of particles in674

the direction of the almond’s waist (i.e., the short dimension). The “event-plane” is determined675

event-by-event and contains both the beam direction and the azimuthal direction of maximum676

particle density or, alternatively, maximum transverse momentum. It is defined empirically677

and, because of fluctuations in the positions of participant nucleons, it is not guaranteed to678

contain the impact parameter vector for any given event. For elliptic flow measurements based679

on the event plane, we are interested in determining the relative strength of particle flow out-680

wards from the waist of the interaction almond to that along the elongated dimension. Here681

the asymmetry that we are attempting to characterize is also that responsible for our being able682

to define an experimental event plane. It therefore becomes important to explore and insofar683

as possible avoid autocorrelation effects. In particular, if the track for a given particle is used in684

the flow analysis, it must not be used in determining the corresponding event plane.685
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Figure 32: Definition of the coordinate system.

The azimuthal dependence of the particle yield can be written in terms of an harmonic expan-

sion with [34]
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where ϕ, E and pt are the particle’s azimuthal angle, energy, and transverse momentum, respec-686

Path length (L) dependence of jet energy loss (ΔE)
ΔE~Lα

Azimuthal anisotropy (v2) of high pT jets
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Physics Motivation

• Phys. Lett. B (2012) 710

•

Gunther Roland High pT at LHC - Hanau/Steinheim
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Different initial conditions:
"Glauber
"Color glass condensate

Jet Quenching and Azimuthal Anisotropy

ΔE~Lα  

Phys. Lett. B (2012) 710 256
Phys. Rev. Lett. (2011) 106 312301

Eur. Phys. J. C. (2012) 72 1945
         JHEP 1205 (2012) 063

α = 1 for pQCD, collisional
α = 2 for pQCD, radiative 
α = 3 for AdS/CFT

Initial Conditions:
-Glauber
-Color Glass Condensate
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CMS Detector

Hadronic Calorimeter

EM Calorimeter

Tracker

4

Hadronic calorimeters

Unprecedented kinematic range and acceptance

CMS Detector
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High pT Single Track Trigger

• Full 2011 HI Data set:  Lint = 150 µb-1

• Single-Track High-pT Triggers 

   (Total # of events: ~1.55M  with pT  > 20 GeV/c )                    
                              
   
                            All triggers are at least 95% efficient (0-40%)

20x more data in 2011!!
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Event Plane Formalism
Event Plane

Experimentally observable, used to 
estimate the true participant plane. 

v2 Coefficient
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Methods (v2)

Event Plane Two-particle Cumulant

Lee-Yang Zeros

v2 2{ } = cos 2 !1 "!2( )#$ %&

Consider all 
two-particle 
correlations.

Consider all 
four-particle 
correlations.

v2 4{ } = 2 cos2 !1 "!2( ) 2
" cos !1 +!2 "!3 "!4( )( )1/4 Consider all 

particle 
correlations-

(Not all 
shown!).
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Avoiding Di-Jet Correlations

η

φ

0 5-5 -3 3

EP-

V2- V2+

EP+

gap
Particles from the positive η region are 
correlated with the event plane calculated 
in the negative η region.

Event Planes:
    EP+ (3<η<5)
    EP- (-5<η<-3)
*Hadronic Forward Calorimeters used 
for determining the Event Plane.

To calculate v2 :
v2+ with EP- and v2- with EP+

This minimizes systematic effects that result from back-to-back di-jets
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η-Gap Study

Based on this study we conclude that the gap size of 3 is sufficient to 
suppress most of the back-to-back di-jet effects
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η-Gap Study

Based on this study we conclude that the gap size of 3 is sufficient to 
suppress most of the back-to-back di-jet effects
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high pT
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v2 as a function of pT (0<|η|<1)

-First v2 measurements for pT > 20GeV/c
-Gradual decrease of v2 above pT ~ 10 GeV/c
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v2 as a function of pT (1<|η|<2 )

-No significant η dependence of v2
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Theory Comparison
Theory: B. Betz, M. Gyulassy, arXiv:1201.0281

-Data can constrain different theoretical scenarios
-However, a lot of complications in modeling still to be 
addressed (e.g., expansion of the system)
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v2 as a function of centrality

- Significant non-zero v2 up to pT~48 GeV/c for all the centralities.
- For pT > 48 GeV/c v2 is consistent with 0 for all the centralities.
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Summary

 The v2 azimuthal anisotropy coefficient is determined over a 
wide coverage in pT: 1< pT  < 60 GeV/c as a function of collision 
centrality based on the 2011 data sample.

 Above pT~10GeV/c v2 values show a gradual decrease with pT, 
being consistent with zero only above pT~48 GeV/c for all the 
centralities.

 Centrality dependence of v2 is observed for both very-low- and 
high-pT particles. It is consistent with path-length-dependent 
energy loss observed at high-pT up to pT  ~ 35 GeV/c.
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BACKUP
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Di-hadron Correlations Formalism
Signal pair distribution: Background pair distribution:

Δη = ηassoc – ηtrig

Δφ = φassoc – φtrig

Associated hadron yield per trigger:

back-to-back di-jet correlations

long-range near-
side structure jet peak
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Azimuthal Correlations at High pT

- Clear and significant long-range near-side structure is observed for 
the first time for pT

trig > 20 GeV/c.  
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