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DirectDirect PhotonsPhotons

First measurements – p+p collisions

A+A collisions

emitted throughout all collision history, but mostly 
in early hot phase

negligiblenegligible interactioninteraction withwith formedformed mattermatter

suitablesuitable probeprobe of of initialinitial temperaturetemperature

highhigh ppTT photonsphotons –– quantitativequantitative probeprobe of of hadronhadron
suppressionsuppression ((jetjet--quenchingquenching))

Simplest definition Simplest definition –– photons not coming photons not coming 
from electromagnetic decays (from electromagnetic decays (e.ge.g., ., ππ00, , ηη))
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DirectDirect PhotonsPhotons in A+Ain A+A

PhotonsPhotons
in A+Ain A+A

Hadronic decay

Direct
photons

thermal+hard

thermal

non-thermal • initial hard scattering – prompt photons
• non-equilibrium

• q+anti-q→γ+g and q+g→q+γ
• bremsstrahlungQGP

Hadron Gas

• π+ + π- → γ + ρ0

• π+ + π0 → γ + ρ+

• π+ + ρ0 → γ + π+

• π+ + ρ- → γ + π+

• π0 + ρ+ → γ + π+

• q+anti-q→γ+g and q+g→q+γ
• medium induced bremsstrahlung
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Photon Spectrum inPhoton Spectrum in A+AA+A
SchematicSchematic RealisticRealistic calculationcalculation

Turbide, Rapp, Gale, Phys. Rev. C 69 
(014902), 2004

/γ− E Tethermal:

hard:

Decay 
photons

A+A central collisions at 
RHIC: largely reduced 
decay background due to 
hadron suppresion Thermal window for QGP : pT 1 – 3 GeV/c
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HighHigh ppTT directdirect photonsphotons in A+Ain A+A

DirectDirect PhotonPhoton spectrumspectrum -- ProbeProbe for for NNcollcoll
scalingscaling of of hardhard processes.processes.

γγ--jetjet correlationscorrelations –– furtherfurther investigationinvestigation
of of hadronhadron suppression

leading 
particle

Scheme of 
a γ-jet event

hadrons
q

direct 
photon

q

suppression

Jets – final products of parton
hard scattering

• leading particle (most of parton
pT) + low pT particles

EnergyEnergy lossloss -- ScatteredScattered partons partons propagatepropagate throughthrough
mattermatter andand radiatesradiates energyenergy in the in the colouredcoloured mediummedium
(gluon (gluon bremsstrahlungbremsstrahlung))
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STAR, Phys.Rev.Lett.91,072304,2003

h-h correlation
Extrapolation from p+p 
to AuAu – signficative
away-side contribution
of direct photon relative
to hadronic background
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STAR STAR atat RHICRHIC

STAR STAR 
ElectromagneticElectromagnetic

CalorimeterCalorimeter
BarrelBarrel (BEMC)(BEMC)

2,3 m 2,3 m radiusradius
(modular detector)(modular detector)
60 modules; 2 60 modules; 2 
halveshalves; 4800 ; 4800 towerstowers
--1 < 1 < ηη < 1< 1
22ππ coveragecoverage in in φφ

Shower Maximum
Detector (SMD)

Pre-Shower

( )ln tan 2η θ= − ⎡ ⎤⎣ ⎦η = 0
η =  1+

Shower Max
detector

Tower

η wires

φ wires

Pre Shower



XXVIII RTFNB – Guarujá – SP – Brazil -10/09/2005 7Marcia Maria de Moura

AnalysisAnalysis StrategyStrategy

GoalGoal -- Direct Photon Production
p+p,d+Au towards Au+Au

StartingStarting PointPoint –– Inclusive Neutral Inclusive Neutral ProductionProduction
EMC EMC measurementmeasurement––TPCTPC tracktrack matchingmatching

Next StepsNext Steps
Efficiency correction
Subtraction of n, anti-n, K0 contamination 
Subtraction of hadronic background

mostly π0 (2γ br~98,8%) and                                            
η (2γ br~38,9%) decays ; also η’, ω;

= -γ γ γdirect incl bkgr
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AnalysisAnalysis DetailsDetails

Efficiency correction Efficiency correction –– EmbededEmbeded datadata
acceptanceacceptance
occupancyoccupancy
distinguishmentdistinguishment between one between one γ and two and two γ measurementmeasurement

Background subtraction
π0 distribution (EMC measurement)

lowerlower limitlimit for for EEγγ measurementmeasurement reducesreduces efficiencyefficiency for cases for cases withwith
highhigh energyenergy assimetryassimetry ofof decaydecay photonsphotons
γγ fromfrom highhigh ppTT ππ00 →→ positionposition resolutionresolution limitlimit to to separateseparate thethe twotwo
decaydecay photonsphotons

η,η’,ω distributions (mT scaling)
decay γ distribution – Monte Carlo over hadronic
distributions
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ππ0 0 ReconstructionReconstruction

Au+Au a    62 
GeV/NN

Invariant mass for γγ
Invariant mass for γγ

22γγ mminvinv spectrumspectrum

combinatoriccombinatoric background background 
to to bebe subtractedsubtracted ((veryvery
significativesignificative in A+A) in A+A) 

eventevent mixingmixing thecniquethecnique

π0 production – minv
spectrum integral peak
after background 
subtraction

π0 ( )1 2 122 1 cosinvm E Eγ γ γθ= −

Event MixingEvent Mixing

π0
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PointPoint ReconstructionReconstruction EvaluationEvaluation

Improvement of cluster finder is 
needed to enhance energy
reconstruction.
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Inclusive Neutral Inclusive Neutral SpectrumSpectrum

d+Au at √sNN=200 GeV
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PerspectivesPerspectives

ImprovementImprovement of cluster of cluster finderfinder
Final Final crosscross checkcheck of of ππ0 0 spectrumspectrum withwith the new cluster the new cluster 
finderfinder
SubtractionSubtraction of of hadronichadronic background background fromfrom the the manymany
contributionscontributions
EvaluationEvaluation andand correctioncorrection for for otherother neutral neutral contributionscontributions
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