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+Z-boson, an important probe 

 Z  + - signal is essentially unaffected by the strongly interacting 
medium produced in heavy ion collisions 

 Z production is a reference for processes modified by the medium 
such as quarkonia production, jets via Z-jet process 

 Precise measurement of Z production in heavy ion collisions can 
help to constrain  nuclear PDFs 
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+ CMS 

 MUON!
(Barrel)!

 TRACKER !
(Pixels and Strips)!
|η|<2.4 

 EM Calorimeter (ECAL)!

 MUON !
(Endcaps) !

Forward Calorimeter 
(HF)!
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3 <|η|<5 

|η|< 3 

Event selection & centrality 

Beam Scintillator Counters (BSC)!
Hadron Calorimeter (HCAL) |η|< 3 

|η|< 2.4  



+ Muon reconstruction  

 Muon reconstruction requires information from muon system and 
tracker, tracks reconstructed in the tracker are matched to the tracks 
reconstruction in the muon system  

 Large rapidity coverage |η|< 2.4  

 Excellent pT resolution ( ≤ 1% for |η| ≤ 0.7,  ≤ 3% for |η| ≤ 2.4 up to 100 
GeV/c) has been confirmed by all the dimuon resonances measured 
in pp collisions 
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+ Data taking 
 CMS has successfully recorded heavy ion data 

 Pb+Pb collisions at √sNN = 2.76 TeV  

 Delivered luminosity 9.59 µb-1 

 Recorded luminosity 8.72 µb-1 

 Z measurement performed with 7.2 µb-1  (doesn’t include B = 0 T runs)  
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+
 Minimum Bias trigger 

  Coincidence of two beam scintillator counters or coincidence of two HF 
towers 

  Efficiency : 97% 

 Muon trigger  
  Different HLT trigger menus used for dimuon analysis (Quarkonia and Z ) 
  Trigger efficiency for dimuons with high pT muons : 94% 

 Offline 
  Veto on scintillator beam halo 
  At least 3 HF towers on each side above 
 a threshold (E  > 3 GeV) 
  Reconstructed pixel vertex with two 
 or more tracks 
  Beam-scraping removal with  pixel  
 cluster vertex compatibility 
204k good dimuon triggered collision 
events  

Trigger and Event selection 
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+ Centrality 
 Collision centrality is determined from the energy deposit in 

forward calorimeters (HF) 

 Centrality class = percentage of the minimum bias cross section 
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+ Z mass in CMS 

 39 Z : number of dimuons counted in a mass window [60,120 GeV/c2]  

 No background just with loose quality cuts, only one same-sign event in 
[30,120 GeV/c2]     

 Z mass resolution comparable to p-p 
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+ How do we estimate dNZ/dy ? 

 Acceptance : 

 Εfficiency : εTrigger (94%) εreconstruction (72%) εidentification  (98%) =  67% 

 Both acceptance and efficiency have been estimated from  PYTHIA 6.421 
simulation (with CTEQ6L PDFs) embedded in Data at the level of detector 
hits and with generated vertices matched to real ones   

 NMB : number of minimum bias events (55 million) 

 Δy = 4 

 NZ = 39 
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+ Systematic uncertainties  
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  Data driven method (tag and probe) has been used to cross check Tracking and 
Trigger efficiencies and to calculate their systematic uncertainties   
  Tracking (9.8%) 
  Trigger (4.5%)   

  Extrapolate from a fit in [35-60GeV/c2] : residual background (4%) 

  Variation of distributions shapes vs pT  and y : acceptance ( 3%) 

  Varying Glauber parameters (3%)   

  Cuts are kept very lose on quantities which have a good data MC agreement 

   Overall loss of Z  (2.6%) 

  Muon reconstruction, embedding (1.5%) 

➙  Total systematic uncertainties is estimated  : 13% 
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 Npart : number of nucleons which                                                                   
undergo at least one collision 

 Ncoll : number of n+n collisions 
    taking place in A+B collision 

 Modification nuclear factor                                          

quantifies the effect of the medium on a particle production 

  To compare measured PbPb yields to theoretical pp cross sections, we 
need TAB : nuclear overlap function  
   In absence of medium effects 

   RAA = 1 for perturbative probes  

    TAB is proportional to Ncoll 

  30-100% : TAB = 1.45  ± 0.18 mb-1  

  10-30% : TAB = 16.6  ±  0.7 mb-1 

  0-10% :  TAB = 23.2  ± 1.0 mb-1 
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+ Normalized Z yield vs. Npart 
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 Z production scales with TAB, i.e. with the number of NN collisions 

 Comparaison to different theoretical predictions  

 POWHEG: no effect 

 Paukkunen: shadowing + isospin 

 Neufeld: isospin + energy loss 

 Assuming  from POWHEG 

   dσpp /dy = 59.6pb in |y|<2 

RAA = dNAA/(TAB dσpp) 

       = 1.00 ± 0.16 ± 0.14 



+ Z yield vs. y and pT  
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  3 rapidity bins and 3 pT bins 

  Theory based on ppZ scaled by A2/σPbPb= TAB (minimum bias)= 5.66±0.35 mb-1   

  dNz/dy is in a good agreement with different theoretical and MC predictions 
within statistical error bars and uncertainties  
  NLO calculation agreed with Z measurement in CMS 



+ Conclusion and perspective  
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 The Z boson yield has been measured inclusively and as a function of 
rapidity, transverse momentum and centrality 

 Within uncertainties no modification is observed with respect to 
theoretical NLO pQCD p-p cross sections scaled by elementary 
nucleon-nucleon collisions 

   Expected shadowing (10-20%), Isospin effect (3%) and energy loss 
(3%) cannot be confirmed or excluded, one need more statistics  

 This measurement confirms the validity of the Glauber model scaling 
for perturbative cross sections in nucleus-nucleus collisions at LHC  

 Coming Pb-Pb data collisions at higher luminosity and energy are 
promising for Z-Jet and quarkonia studies as well as for the 
measurement of the PDF functions modification in the initial state 
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Back-up 
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+ Event selection 20 



+ Event selection 21 



+ CMS muon system   

 3 different subsystems 
  Drift Tube (DT) Barrel (|η|>1.2, σx ~100µm 

  Cathode Strip Chambers (CSC) Endcap (0.9<|η|<2.4) σx ~100µm 

  Resistive Plate Chamber (RPC) Barrel + Endcap (|η|<1.6), mainly for 
trigger purpose  στ ~2 ns 
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+ HI tracking efficiency 23 



+ HI tracking efficiency 24 



+ Z quality selection 25 



+ Dimuon spectrum in pp 26 



+ Tag and probe methode 

 Given a  cleanly identified tag muon 
(generally a global, isolated muon with 
some pT cut), estimate number of other 
muons satisfaying or not certain steps of 
reconstruction (probe) 
  Pair tags with oppositely charged probes and 

count the number of signal pairings by fitting 
the resonance peak 

  Process repeated for the case where the 
probes pass the cut 

  The number of signal pairing in the second 
case divided by number of signal pairing in  
first case gives the muon reconstruction 
efficiency    
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