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Motivation: Direct photons
➔Not from decay

➔Prompt photons

➔ pQCD NLO calculable

➔ Signal scales with N-bin

➔ Fragmentation

(a) Quark-gluon Compton

(b) Quark-antiquark annihilation

(c) Fragmentation (bremsstrahlung)Additional sources in AA collisions:

➔Jet-Medium interactions

➔ Jet-photon conversion

➔ In medium bremsstrahlung

➔Thermal

➔ QGP

➔ Hot Hadron Gas (HHG)
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Photon measurement with ALICE

PCM

EMCAL

PHOS

➔Photon Conversion Method (PCM)

➔EMCAL

➔PHOS

Detection methods/devices:
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Measurement I: Isolated photons
➔Subset of Direct photons

➔Tag the energy of recoil jet

➔Constrain PDF

➔Not modified by the medium

➔EMCAL + tracking

➔Only pp 7 TeV (EMCAL trigger)

➔Good BG rejection at higher p
T
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Measurement II: 
Isolated photon-hadron azimuthal correlation 

➔Constrain FF

➔Evaluate E-loss in AA collisions

➔EMCAL + tracking
(X. Zhu talk yesterday)

xE=−
pT

h

pT
γ⋅cosϕ
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Measurement III: Direct photon with PCM 

➔pp (7 TeV) and PbPb (2.76 TeV)

➔MC pp: Pythia-Perugia0, Phojet

➔MC PbPb: Hijing (MB + high-p
T
 π0)

➔Tracking (conversions)

➔Subtraction & Double ratio method

➔Generator cocktail
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The Photon Conversion Method 
Secondary Vertex Algorithm: V0

➔Tracks with high IP paired

➔Pairs with small DCA-> V0 candidate

➔K0

S
, Λ, anti-Λ and γ most abundant

➔Conv. Probability: ~8.5% (180 cm)

➔ Topo cuts → 90% purity in central PbPb

➔ Negligible strange part. contribution

π0 and η measurement via PCM:
Identical set of photons used for this analysis

See Fengchu Zhou talk later today.
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Subtraction & Double ratio 

➔Direct photon signal: 

➔Double ratio:

➔ If >1 → direct γ signal

➔ Cancellation of uncertainties

➔Numerator: inclusive γ per π0

➔Denominator:  Σ
decay

 γ per π0

➔Decay γ obtained by cocktail simulation

γdirect=γ inc−γdecay=(1−
γdecay
γinc

)⋅γinc

R=
γinc

π0
/
γdecay

π par
0

≈
γinc
γdecay
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Invariant cross section for pp 
Corrections for pp and Pb-Pb raw spectra:

➔Purity

➔Efficiency

➔Conversion probability

Main uncertainties

➔Material budget: ~4.5%

➔Cut variations on efficiency

➔ p
T
<5 GeV/c: pp (Pb-Pb) ~3(6)%

➔ p
T
>5 GeV/c: pp (Pb-Pb) ~6(15)%

Example of cuts:
Geometrical cuts, detector PID, sharing of tracks between secondary vertices 
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Invariant yield of inclusive photons in Pb-Pb 

Two centralities: 0-40% (central) and 40-80% (peripheral)
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Cocktail simulation 

Decay  spectra obtained from:

➔Fit to 0 and  measurement (pp)

➔Other mesons from m
T
 scaling

➔Included: 0, , ', , , and 0

m
T
 scaling:

➔Same shape of cross sections,
f (m

T
), of various mesons: 

➔Normalization factors C
m
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Direct photons in pp 

In the ratio uncertainties

related to:

➔normalization

➔0 measurement

➔rec. efficiency

partially or exactly cancel

Direct photon signal in pp at 7TeV is consistent with zero

➔The NLO double ratio prediction is plotted as 

➔Measurement is consistent with the expected direct photon signal
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Direct photons in Pb-Pb 

Double ratio for peripheral events shows no 
excess at any value of p

T

➔Measurement is consistent with the expected 
direct photon signal

➔pp NLO predictions scaled with N
coll

Double ratio for central events:

➔Clear extra yield of 20% for p
T
 < 2 

GeV/c

➔N
coll

 scaled pp NLO in agreement with 

high p
T
 direct photons
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Direct photons in Pb-Pb 

➔NLO predictions in agreement with spectrum (p
T
 > 4 GeV/c)

➔At low p
T
 (< 2.2 GeV/c) spectrum fitted with an exponential with slope 

parameter T = 304 ± 51stat+syst MeV

➔Intermediate region: superposition of low and high p
T
 direct photons

Spectrum derived from
double ratio by:

Direct photon spectrum in central Pb-Pb 2.76 TeV
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Measurement IV: Direct photon v
2
 (PCM) 

v
2
 constrains direct photon production:

➔Early (QGP) → small flow

➔Late (HHG)→ large flow like hadrons

High TEff expectation:

➔Mostly thermal small direct v
2



arXiv:0809.0548

ideal hydro thermal v
2

 for different QGP formation times τ
0

What direct v
2

 is good for?
How to get it?

➔v
2

dir= (R·v
2

incl-v
2

dec)/(R-1)

➔Ratio R= Ninc/Ndec

➔Inclusive photon: v
2

incl

➔Decay photon v
2

dec (from cocktail)

➔Direct photon sample as starting point

➔Same double ratio method 

What direct v
2

 is good for?
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Event plane: V0 detector 
VZERO event plane:

➔VZEROA: η [2.8,5.1]∈

➔VZEROC: η [-3.7,-1.7]∈

v
2
= v

2

raw / resolution

Extraction of inclusive photon v
2



Oct. 23, 2012Mauro Cosentino  -  Photon Measurement at LHC with ALICE

17

Inclusive Photon v
2
 0-40%

➔Magnitude increases with decreasing centrality

➔Similar to hadrons
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Cocktail simulation for v
2
 

➔v
2
 of hadronic resonance 

decay photons

➔Assumption: v
2
(π±) = v

2
(π0)

➔Quark number scaling in 
transverse kinetic energy 
proportional to v

2
(π±):
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Inclusive, decay and direct photon v
2
 

➔p
T
<3 GeV/c: v

2

dir similar to inclusive or no dir

➔p
T
>3 GeV/c: dir contribution with smaller v

2

➔Significant v
2

dir below 3 GeV/c

➔v
2

dir comparable to hadrons

➔Unexpected from TEff
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Conclusions 
➔ALICE can measure direct photons with different detection techniques

➔Isolated photons in pp collisions at 7 TeV up to 50 GeV

➔Isolated photon-hadron correlations feasible and can constrain FF (in pp)

➔PCM: no direct photon signal in pp at 7TeV (consistent w/ NLO)

➔PCM: no direct photon signal in peripheral Pb-Pb (consistent w/ NLO/N
coll

)

➔PCM in central Pb-Pb gives:

➔ T=304 ± 51stat+syst MeV

➔ Consistency with NLO/N
coll

 for p
T
>4 GeV/c

➔Direct photon v
2
 below 3 GeV/c comparable to hadrons

➔ Unexpected from TEff
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BACK-UP SLIDES
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Measurement I: Isolated photons  (PID)

➔Single particle simulation
➔Full event + reconstruction
➔Data driven
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Measurement I: Isolated photons  (purity)
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Cocktail simulation in Pb-Pb
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