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Photon sources in nuclear collisions 

•  Direct photons 
•  prompt photons –  

produced directly in hard scatterings  
of partons of colliding nuclei 

•  fragmentation photons 
•  thermal photons from thermalized  

matter (QGP and hadron gas) 
•  hard medium-induced photons 

from jet-photon conversions  
and bremsstrahlung of  
partons in the medium  

•  Decay photons 
•  Decay of neutral mesons 
π0, η, ω, ... 

Eγ	


Rate	

Hadron Gas Thermal 

QGP Thermal 

“Pre-Equilibrium” Thermal? 

Jet Re-interaction ? 

LO 
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Photons –  a probe for QGP (1)  

•  Prompt photons 
•  production in hard processes well understood 
•  colorless probe – no interaction with medium  
•  -> calibration tool for  

scaling NN to A-A via the  
number of binary collisions 

Nuclear Modifaction factor RAA 
 
 
 
 
 

RAA (pT ) =
d2NAA / dpTdη

Nbinary d2N pp / dpTdη

CMS: Physics Letters B 710 (2012) 256–277 3 



Photons – a probe for QGP (2) 

•  Neutral mesons reconstructed from decay photons 
•  transverse momentum spectra of π0 and η 
•  test of NLO pQCD in pp 
•  nuclear modification factor 
→ study suppression of π0 and η in A-A collisions 

J.Phys. G38 (2011) 124117 
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Photons – a probe for QGP (3) 
•  Prompt γ – hadron/jet  

azimuthal correlations 
•  γ provides an estimate for  

the energy of the recoil jet  
→ study interaction of partons  

with medium 

CMS: Physics Letters B 718 (2013) 773–794 

<xJγ> average ratio of jet transverse momentum  
         to photon transverse momentum  

 RJγ  average fraction of  
       isolated photons with  
       an associated jet  
       above 30 GeV/c  
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Photons – a probe for QGP (4) 

•  Thermal photon production 
•  Direct photon pT spectrum  
→  ”thermometer” for QGP 
       Tave = 221 ± 19stat ± 19syst MeV 

   (Au+Au at RHIC) 
 
 
•  Direct photon v2 
→  ”timer” for QGP 

 

PHENIX: PRL104,132301(2010)	

PHENIX 

PHENIX: Phys. Rev. Lett. 109, 122302 (2012) 6 
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ALICE 
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Photon detectors 

Two complementary methods 
•  Electromagnetic Calorimeters 

•  PHOton Spectrometer ”PHOS”  
•  PbWO4 crystals 
•  high resolution (spatial and energy) 
•  small acceptance (100° x 0.24 in η)  

 
•  PbSc calorimeter ”EMCAL” 

•  larger acceptance (120° x 1.4 in η)  
 

•  π0 and η reconstruction from γ 
conversions  

•  central barrel tracking system: ITS, TPC, TRD 
•  large acceptance (360° x 1.8 in η) 
•  low conversion probability (~8%) 
•  good resolution at low pT 
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Performance I 

Reconstruction of π0 
 

•  π0 → γγ 

•  Mγγ = 
 

•  Invariant mass distributions 
   Photon Conversion Method (PCM) - PHOS 

 
Physics Letters B 717 (2012) 162–172 
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Performance II 

Reconstruction of π0 
 

•  π0 → γγ 

•  Mγγ = 
 

•  π0 mass position and width 
      PCM - PHOS 

 

Physics Letters B 717 (2012) 162–172 10 



Performance III 

•  Yield comparison: PCM - PHOS 
 

Physics Letters B 717 (2012) 162–172 
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Results 

•  pp and Pb-Pb collisions 
  
•  invariant cross sections of 

•  inclusive γ 
•  π0  and η  
•  direct photon production 
 
 
 

•  Direct photon elliptic flow v2 in Pb-Pb collisions  
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Inclusive γ invariant  cross sections in pp at 7 
TeV and Pb-Pb collisions at 2.76 TeV  

Spectra are corrected for 
•  purity  
•  efficiency 
•  conversion probability 
•  secondary photon candidates 
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Invariant π0  and η cross sections in pp 
collisions at 0.9 and 7 TeV  

Comparison to NLO pQCD 

pQCD NLO calculations reproduce data at 0.9 TeV, but overestimate spectrum at 7 TeV 

Physics Letters B 717 (2012) 162–172 

P. Aurenche et al., Eur. Phys. J. C13, 347-355 309 (2000) 
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Invariant π0 cross section and  
π0 –RAA in Pb-Pb collisions at √sNN = 2.76 TeV 

•  Suppression of π0 in central Pb-Pb at √sNN =2.76 TeV 
•  stronger than the one observed at RHIC 

J.Phys. G38 (2011) 124117 
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Direct photon spectra  

Methodology 
1.  Subtract decay photons from  

inclusive photons 

2.  Use measured and simulated  
π0  spectra and their decay  
spectra (“cocktail generator”) 
 
•  Decay photon spectra are calculated 

based on a fit to measured π0  and η 
spectra (in pp) 

•  Other meson (η’, ρ, ω, φ) spectra are 
obtained via mT –scaling 

 
 
 
 
 16 



Direct photons in pp collisions at 7 TeV 
 
Measurement is consistent with the expected NLO direct photon signal  
 

submitted to Nucl.Phys.A, arXiv:1210.5958 [hep-ex] 
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Direct photons in Pb-Pb collisions 
 

 peripheral collisions    central collisions  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
•  pp NLO predictions scaled with Ncoll 
 

                  Central collisions: significant excess of 20% for pT < 2 GeV/c 

submitted to Nucl.Phys.A, arXiv:1210.5958 [hep-ex] 
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Direct photon spectrum in central Pb-Pb 
collisions 

Spectrum derived from double ratio:     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
•  NLO predictions are in agreement with spectrum (pT > 4 GeV/c) 
•  Excess at low pT can be interpreted as thermal radiation 
•  For pT < 2.2 GeV/c the spectrum is fitted with an exponential   

 -> slope parameter T = 304 ± 51stat+syst MeV 

submitted to Nucl.Phys.A, arXiv:1210.5958 [hep-ex] 
19 



Direct photons v2 in Pb-Pb collisions I 

Methodology 
•  Direct photon v2 obtained via comparison between measured and 

calculated decay photon v2: 
 
R:       direct photon double ratio 
R⋅v2:     weighted inclusive photon v2 due to extra photons  

      compared to background 
v2

decay:  calculated decay photon v2  
      from cocktail calculation   
  

 
•  Starting point: inclusive photon v2 
 
 
 
 
 
 

20 http://arxiv.org/abs/arXiv:1212.3995 



Direct photons v2 in Pb-Pb collisions II 

    comparison between inclusive       direct photon v2   
              and decay photon v2   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

•  Significant direct photon v2 for pT < 3 GeV/c 
•  Magnitude of v2 comparable to hadrons 21 http://arxiv.org/abs/arXiv:1212.3995 



Conclusion 

•  Nuclear modification factor 
•  strong suppression of neutral pion production in central Pb-Pb collisions 

•  Direct photon spectra 
•  With current uncertainties no significant direct photon signal in pp and 
  peripheral Pb-Pb collisions  
       - direct photon signal is consistent with expectations from NLO pQCD 
•  Low pT direct photon signal in central Pb-Pb, exponential in shape 
•  excess can be interpreted as a thermal signal with a slope parameter  
  T larger than Tcritical: 

•  TALICE = 304 ± 51stat+syst MeV (0-40%) 
•  TPHENIX = 221 ± 19stat ± 19syst MeV (0-20%) 

•  Direct photon v2 
•  Significant direct photon v2 for pT < 3 GeV/c  

 – magnitude comparable to hadrons  
•  Result indicates a late production time of direct photons? 
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•  additional slides 
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Rephrasing it ... 
  
 Habe nun, ach! Philosophie, Juristerei und Medizin, 
Und leider auch Theologie  
Durchaus studiert, mit heißem Bemühn.  
Da steh ich nun, ich armer Tor!  
Und bin so klug als wie zuvor;  
[...] 
Drum hab ich mich der Magie ergeben,  
[...] 
Daß ich erkenne, was die Welt  
Im Innersten zusammenhält, ... 

Goethe, Faust I, Vers 382 f. 

Ah! Now I’ve done Philosophy, 
I’ve finished Law and Medicine,         
And sadly even Theology: 
Taken fierce pains, from end to end. 
Now here I am, a fool for sure! 
No wiser than I was before: 
[…] 
So I’ve given myself to Magic art, 
[…] 
That I may understand whatever 
Binds the world’s innermost core together, ... 
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