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Introduction

Photon-tagged jet: the “golden channel” to understand the QCD medium: 
QGP  
   Photons do not interact strongly with QGP: isolated photon RAA≈1

Direct photon production is dominated by

Measure parton fragmentation to probe transport properties of QCD medium 
with photon-tagged jet events.  

Study photon-tagged jet in pp collisions as a baseline for Pb-Pb collisions.
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      Quark-gluon
 Compton scattering

Quark anti-quark
 annihilation

In this case, photon momentum is balanced by the recoil jet (parton). 

Phys. Lett. B 710 (2012) 256
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Imbalance parameter:

-hadron correlations mainly reflect quark fragmentation

x
E
distribution describes fragmentation function for 0.2  < x

E
 < 0.8

Measurement observables
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EMCal

ALICE setup and analysis data

EMCal (ElectroMagnetic Calorimeter)
   a lead-scintillator sampling calorimeter   
   || < 0.7  and Δφ = 100° 

        high energy jets   

 high-p
T
 neutral pions and photons

TPC (Time Projection Chamber)
   a cylindrical gas detector 
   || < 0.9 and Δφ = 360°

 charged particle momentum 
     measurement (0.015 < p

T 
< 100 GeV/c)

 particle identification (dE/dx resolution better than 10%)

 two-track separation (resolution in relative momentum below 5 MeV/c)

EMCal trigger

Detectors involved  

Use EMCal trigger capabilities to enrich high-p
T 
photons statitics

Trigger threshold ≈ 5 GeV/c 
Analysis used about 10M triggered events (Lint ≈ 500 nb-1)
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EMCal: clusterization and shower shape

Clusterization algorithm
 The energy deposited by photons and charged hadrons in the calorimeter 
is reconstructed by grouping nearby cells into a cluster

 Add neighboring cells to a seed cell 
with energy larger than E

seed
 if E

cell
 > E

min
. 

If different particles hit EMCal closely,     
a single cluster might be created.

Shower shape: ellipse axis
   long       and short                    λ0

2 λ1
2

Shower shape long axis is the best parameter 
to discriminate photons and merged 0 
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Cluster shower shape and pi0 reconstruction

0 reconstruction
 A cluster is split into two new clusters
   seed are 2 highest energy cells, add 
cells around
 With the two new split clusters, the 
invariant mass is calculated

Select clusters shower shape 
long axis with λ0

2
>0 .5

Two split clusters invariant 
mass

λ0
2
>0 .5 main merged 0 cluster

0 . 1<λ0
2
<0 . 27 main photon cluster

Obvious peak at ~0.135 GeV/c2
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Isolation method

Track and cluster
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Azimuthal angle correlation results

uncorrected

with isolation
  Near-side:  no peak
  Away-side: similar correlations 
between isolated cluster trigger 
and 0 trigger

0 invariant mass cut

0 . 1<mγγ<0 .18 GeV /c2

non-correlation with mixed events Subtracted 
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Imbalance parameter analysis strategy 



HPT2012, WuhanOct 22, 2012 11

Isolated photon purity estimation
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x
E
 distribution in underlying event

 |Δφ| < 60°,            the “toward region”

 60° < |Δφ| < 120°, the “transverse region”

 |Δφ| > 120°,          the “away region”

Isolated cluster

Isolated cluster

Select two regions to estimate x
E
 from underlying event

Estimate x
E 
from underlying event in transverse regions (red)  
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x
E
 distribution of isolated cluster and 0

 Background  ~ 95% 0 decay photons

 Use 0 to evaluate background

  x
E
 from underlying event subtracted

Result is a mix of isolated photons 
and background  
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x
E
 distribution of isolated photon

 Measurement of fragmentation 
function in pp at 7 TeV

Baseline for the study of medium 
modified parton fragmentation in   
Pb-Pb collisions

x
E
: [0.2, 0.8]

Sum up  
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Fit x
E
 distribution of isolated 0

 Inclusive hadron-hadron correlations: jet energy unknown  

 Isolated 0:  energy of 0 samples a large fraction of parton
                      <      >  0.8 (Pythia+cuts)  

Exponential fit (slope):
 [8 -12 ]  GeV/c:   6.9 ± 0.4

[16‐25] GeV/c:    8.5 ± 0.7
[12-16] GeV/c:   8.1 ± 0.6  

<z
T
> ~  <z

T
> ~isolation

z
π

0
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Slope parameter of x
E
 from fitting  

 Compare slopes from isolated 0 with fragmentation function  

 Isolated 0 slopes sample <z
T
> ~ 0.8
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Neutral trigger correlations

Statistical subtraction method to extract direct photon-hadron correlation

uncorrected

similar method to extract eta trigger correlations
estimate decay photon-hadron correlations
extract direct photon-hadron correlations

Follow approach in reference Phys. Rev. C 80, 024908 (2009)



HPT2012, WuhanOct 22, 2012 18

Neutral trigger correlations

Study medium effects in 0 -hadron correlations in Pb-Pb collisions

I AA ( pT
π 0

, pT
ch )=

Y central
Pb−Pb ( pT

π0

, pT
ch)

Y pp ( pT
π

0

, pT
ch)

I CP ( pT
π0

, pT
ch )=

Y central
Pb−Pb ( pT

π0

, pT
ch )

Y peripheral
Pb−Pb ( pT

π
0

, pT
ch )

uncorrected uncorrected

Calculate I
AA

 and I
CP

Follow approach in reference Phys. Rev. Lett. 104 252301 (2010) and, 
Phys. Rev. Lett. 108, 092301 (2012)
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Conclusion and outlook

Conclusion
 Establish global shape of fragmentation function via the measurement of 
isolated photon-charged hadron correlations with trigger p

T
 range [8-25] GeV/c 

in pp collisions at √s = 7 TeV.    
    Isolated 0 slope parameter to study fragmentation bias in using isolated 0 
- charged hadron correlations.

Outlook
To study medium effects in Pb-Pb collisions with 0 -hadron correlations.
To measure medium modified x

E
 distribution in Pb-Pb collisions in the same 

trigger p
T
 ranges.  

To measure direct photon-hadron correlations with statistical subtraction 
method in pp collisions at √s = 7 TeV.
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Backup
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systematic  uncertainties in pp
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photon identification in Pb‐Pb Collision:  
  • started to separate isolated photons from background, estimate isolation 
photon purity
  • need to understand the more complex background (flow)

Isolation photon analysis in Pb-Pb

PHENIX measurements
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Medium modified fragmentation function
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0-hadron correlations analysis 

•  Study medium response by neutral pion trigger correlation in pp and Pb-Pb collisions

• Observables:

1. Azimuthal correlation: 
2. Integrated yield measurements in Near-side and Away-side of correlation 

PHENIX measurements

ALICE measurements in di-hadron correlation
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