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Objective

• Exploit jets at LHC energies: 

‣ High pT partons produced in hard interactions in the 
initial phase of the collision... 

✓in pp: understand and characterize the probe

‣ ...Undergo multiple interaction inside the collision 
region prior to hadronization

✓ in AA: probe the QCD medium created in the 
collision
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Jet fragmentation function

• Modification of the fragmentation function (FF) and the 
jet shape: hard scattered partons loose energy by 
radiating soft gluons which fragment as low pT hadrons in 
the final state 
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γ+Jet: “Golden” channel
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• Tag the jet with the direct photon, 
emitted back-to-back

‣ Photon 4-momentum remains 
unchanged while traversing the 
medium and sets the reference of the 
hard process

‣ Independent measurement of the jet 
energy, balance jet and photon energy

• Measure the jet fragmentation function

 Transport coefficient

• At LHC, Q and jet measurements will open new avenues

‣ Modification of the fragmentation function and jet shape: energy loss 
+ radiated energy

‣ More sensitive: scales with qL rather than qL2
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RAA = medium /
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Photon-tagged hadrons Correlation 

•  Jet reconstruction in HI will be difficult especially at low 
energy (E < 50 GeV)

• Within appropriate kinematics condition, the fragmentation 
function (FF) can be measured by photon-tagged correlation 
function (CF) without the need to reconstruct the jet.
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Strategy of measurements

• Measure and identify direct photons (calorimetry 
+ shower shape + isolation cut) 

• Measure charged hadrons (tracking, pT)  

• Construct the fragmentation function by 
correlating opposite hadrons with the direct 
photons (XE=	  -‐pTh	  ·∙	  pTγ	  /	  |pT

γ|2)

• Subtract background
‣ decay and fragmentation photons 

‣ soft hadrons from underlying event
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ALICE: A Large Ion Collider Experiment 
http://aliceinfo.cern.ch/Collaboration/
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Particle identification in calorimeters
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Invariant Mass Analysis 
(IMA) (γ, π0, η, ω...)

=>well separated clusters 

Shower Shape Analysis (SSA) 
(γ/e, π0, hadrons, ...)

=>merged clusters not 
spherical: λ0 / λ1 =1 ?

Isolation Cut Method (ICM) 
(γ, e, π0)

=>two clusters from π0 are 
merged

Isolated if:
• no particle in cone with  pT  > pT thres

• pT  sum in cone, ΣpT  <  ΣpTthres

Meson Signals
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Direct Photon Spectrum

• Direct photon measurements by PHOS and EMCAL

• Contamination for misidentified decay photons are 
estimated as well.
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11 EMCAl SMs 

 Euro. Phys. J. C (2008) 57

2 PHOS Modules 

NϒpT>30GeV/c = 22743
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Photon Tagged Correlation
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➡ azimuthal correlation: ΔΦ = Φγ - Φh

➡ correlation function (CF): XE= -pTh · pTγ / |pTγ|2
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Azimuthal Correlation

• Clear jet signal opposite to the photon in γ-jet  events 

• A near side and a far side peak found, the later being  
shifted and broader compared to  γ-jet events.
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jet 

Decay photon 

 QM2008

 Euro. Phys. J. C (2008) 57
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Correlation Function (CF) in pp 

• Statistical errors correspond to one standard year of 
data taking with 2 PHOS modules or 11 EMCal SMs. 

• Systematic errors from decay photon contamination 
and hadrons from underlying  event.  
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11 EMCAl SMs 

2 PHOS modules 

 Euro. Phys. J. C (2008) 57 ; QM2009 poster
XE	  =	  -‐pTh	  ·∙	  pTϒ /	  |pTϒ|2

Wednesday, April 7, 2010



Yaxian.Mao@FCPPL 2010, Lyon

Going to AA... 
➡ Azimuthal correlation broadening: 
➡ Medium modification: IAA = CFAA/CFpp                   
                                     ξ = ln (1/xE)
➡ Tomography: path length L                       
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 Transport coefficient

• At LHC, Q and jet measurements will open new avenues

‣ Modification of the fragmentation function and jet shape: energy loss 
+ radiated energy

‣ More sensitive: scales with qL rather than qL2

32

ξ = ln(Ejet/Eh)

ˆ ˆ

⎬L

N. Borghini & U. Wiedemann hep-ph/0506218

dimanche 20 septembre 2009

Wednesday, April 7, 2010



Yaxian.Mao@FCPPL 2010, Lyon

 
1.5 2 2.5 3 3.5 4 4.5

 
dN

/d
tr

ig
1/

N

-210

-110

->EMCal at 5.5TeV
without quenching
with quenching

=0.5thres
T

IC:R=0.4, p
-1s-2 cm27L=0.5*10

s6T=10
>30 GeV/c

T
p

Ntrig = 22743

 pp
 PbPb 

Azimuthal Correlation

• Medium effect 
broadens the azimuthal 
correlation

• A measure of the 
transport properties of 
the medium

• The broadening effect 
is challenging to 
measure.
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Medium Modification of CF

• Medium modification measured by full EMCAL super 
modules.

• A suppression at large xE and an enhancement at small xE 
could be observed

• Modifications related to the medium transport properties
15
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Toward a true tomography measurement of QCD 
medium in AA 

• Triggering γ-hadrons correlation 
measurement with hadrons of various 
xE allows to select the production 
point of the hard scattering:

• large xE, contributions to CF come 
mostly from hard scattering at the 
surface;

• small xE,  contributions to CF are 
mostly from hard scattering inside 
the volume.

• What can be measured with ALICE?
16

X. N. Wang, arXiv: 0902.4000v1
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with medium interaction 

surface volume 

xE cut vs medium length (L) 
dependence

• High pT particles come 
mostly from h.s. at the 
surface

• Low pT particles come 
mostly from h.s. in the 
volume

• However separation 
not very much 
pronounced!!  
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Suppression vs Enhancement 

• High pT particle suppression 
stronger for h.s parton 
traversing  large L

• Low pT particle enhancement 
stronger for traversing large 
L

• But L dependence is not very 
pronounced

• xE and L dependence study 
will be necessary since L is 
not measurable:  L=f(xE)
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Conclusions
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• Photon-hadrons correlation measurement is feasible 
in ALICE

• Medium effect could be measured by γ-hadrons 
correlation:

• Modification of the photon tagged hadrons 
correlation function -> medium properties

• Detailed tomography of HI collision is possible

• kT from pp to HI is an additional way to infer the 
medium property 

• The measurements in HI are challenging but worth 
the effort
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Thanks for your attention!
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Back up

21

Wednesday, April 7, 2010



Yaxian.Mao@FCPPL 2010, Lyon

ALICE detectors
http://aliceinfo.cern.ch/Collaboration/ 

11!
12! 13! 14!

15!

0!
1! 2! 3!

4!

3/5 PHOS  !
7/18 TRD  !
18/18 TOF!
7/7 HMPID!

4/11 EMCAL!

3!4!5!

0!

1!7!

9!

8!

17!

16!10!

PHOS: |η| < 0.125
∆ φ = 100˚

EMCAL: |η| < 0.7
∆ φ = 110˚

ITS: |η| < 0.9
∆ φ = 2∏

22

TPC: |η| < 0.9
∆ φ = 2∏

!±"

!"

Wednesday, April 7, 2010

http://aliceinfo.cern.ch/Collaboration/
http://aliceinfo.cern.ch/Collaboration/


Yaxian.Mao@FCPPL 2010, Lyon

Prompt Photon: Hard Probes
• Prompt photons: ptγ >> ΛQCD, Tmedium 

• LO

• Measured as isolated photons

• Reference study for medium effect

• Prompt photons: ptγ >> ΛQCD, Tmedium 

• NLO (parton fragmentation)

• Measured as non-isolated photon

• Quenched by the medium (aka parton) 
24
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Photon Source: medium generated

• Thermal: ptγ ~ Tmedium ~ 1 GeV

• Jet conversion: ptγ ~  ptq

• Bremstrahlung (aka g radiation): ptγ < ptq 
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Photon Source: Decay
• Decay photons form the bulk: 

ptγ = ptπ / 2 < ptq 

• p+p collisions:

• mainly π0

• A+A collisions:

• Jet-Quenching

• LHC:

• Nγ /Nπ ≈ 0.3 for pT = 
100 GeV/c
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Identification Efficiency

• Photon identification efficiency ~ 80% (PHOS and EMCAL)

• pi0 reconstruction by IMA ~ 68% (PHOS)
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CF Measurement with EMCAL

• Statistical errors correspond to one standard year of 
data taking with 11 EMCAL supper modules. 

• Systematic errors from decay photon contamination and 
hadrons from underlying  events. 
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