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Hard processes in QCD medium 

•  Phys.Rev.Lett. 
106 (2011) 212301 
•  PAS‐HIN‐12‐008 

PLB 715 (2012) 66 

PLB 710 (2012) 256  

   N.Filipovic’s talk PLB 718 (2013) 773  



The CMS unmodified talk 

Electro + weak bosons (through their leptonic decays) 
are medium-blind  

•  References for modified processes 
•  Help to constrain initial state  

Which ones can we detect in heavy-ion collisions with CMS? 
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How to measure if a probe is affected by the medium? 

RAA = ratio between the production yield in PbPb and the production yield in pp, 
normalized by the number elementary collisions  

RAA = 
Npp × Ncoll 

NAA 

Ncoll = number of elementary collisions 
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Dimuon invariant mass spectrum 

1. Z µ+ µ-  

Z boson picture Nicola’s talk 
Friday 



 Invariant mass 
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Data sample Pb+Pb collisions @ √s = 2.76 TeV  

2010: Lint = 7.2 µb-1 
2011: Lint = 150 µb-1 

39 Z candidates 
PT

µ > 10 GeV/c 
616 Z candidates 
pT

µ > 20 GeV/c 
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Centrality 
independence 

dNAA/TAA 
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Additional Insights 
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Yield of Z as a function of transverse momentum 

Distribution matches POWHEG 
No deviation from pp 
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Yield of Z as a function of transverse momentum 

High pT Z :  
Z + jet candidate 

Distribution matches POWHEG 
No deviation from pp 

Z pT used as estimate of the jet pT 
Cleaner (no fragmentation) than γ + jet but 
less statistics 



Conclusion 1/3 

1.  Z μ+ μ-


  Proportional to binary collisions 
  Independent of centrality collision 
  Could serve to estimate the initial energy of the away-side parton 
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2. W µ± ν 
11 

Official picture 
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Yves Sirois  

Yves Sirois 



µ and ν 
12 

Signal already visible in muon 
PT spectrum 

μ pT 

Simple missing pT from tracks 



Transverse mass 
13 

Compatible distribution W signals 
between PbPb, pp and MC 
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Compatible W signals in PbPb and pp 
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  Why different yield for W+ and W- ? 

pp collisions = more W+ than W- 

Pb+Pb collisions = more W- than W+  

  Then why we have more W+ than W- in Pb-Pb? 
1.  W± are boosted in the direction of valence quark 
Spin conservation: 
1.  µ+ boosted back to the W+ 

2.  µ- boosted along with the W- 

 Muons charge asymmetry 
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Centrality independence and RAA 
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Not from powheg but 
data at 2.76 TeV 
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Conclusion (2/3) 

1.  Z μ+ μ-


  Proportional to binary collisions 
  Independent of collision centrality 
  Could serve to estimate the initial energy of the away-side parton 

2.   W±μ± ν

  Proportional to binary collisions 
  Independent of collision centrality 
  Strong isopsin effect (expected) 
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Last part: photons 

17 

Centrality independence 



photons-jet 
18 

Look at a photon pT > 60 and a jet pT>30 GeV/c on the opposite side 

pT
jet/pT

γ 

a)  Opposite jets above threshold are 14% less energetic in PbPb than pp 

PLB 718 (2013) 773  
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Look at a photon pT > 60 and a jet pT>30 GeV/c on the opposite side 

pT
jet/pT

γ Fraction of photon 
associated to a jet 

a)  Opposite jets above threshold are 14% less energetic in PbPb than pp 
b)   20% more are not associated to a reconstructed jet 

photons-jet 
PLB 718 (2013) 773  



Conclusion 3/3 
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