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●  high energy nuclear collisions à Quark-Gluon Plasma (QGP) formation 
●  heavy quarks: charm (mc ~ 1.5 GeV), beauty (mb ~ 5 GeV)                           

à produced in hard scatttering                                                                      
processes even at low p                                                                                            
à short formation time:                                                                                                          
Δt > 1/2m ~ 0.1 fm < τQGP 

●  flavor is conserved in the strong interaction                                                                     
à heavy quarks experience the full evolution of the system 

Heavy flavor in nuclear collisions 

●  pp collisions  
●  test of perturbative QCD predictions 
●  reference for p-Pb and Pb-Pb collisions 

●  p-Pb collisions 
●  study cold nuclear matter effects (initial- and (?) final-state effects) 
●  reference for Pb-Pb collisions 

●  Pb-Pb collisions 
●  study the properties of hot and dense matter by investigating                      

the interaction of heavy quarks with the produced medium 
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●  heavy-flavor hadrons decay via weak interaction:         
decay length cτ ~ few 100 µm à measure decay products 

HF jets 
Correlations with HF 

Heavy-flavor measurement 

à next talk: D. Caffarri 

- 
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A Large Ion Collider Experiment 
●  ideally suited for heavy-flavor measurements at the LHC 

● collision systems 
studied 
● pp at √s = 2.76 

and 7 TeV 
● p-Pb at            
√sNN = 5.02 TeV 

● Pb-Pb at          
√sNN = 2.76 TeV 

VZERO: trigger and  
centrality determination 

ZDC: event activity  
determination in p-Pb collisions  
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A Large Ion Collider Experiment 
● measurements of electrons from heavy-flavor decays 

D à e+X, BR ~ 10% 
B à e+X, BR ~ 11% 

|η| < 0.9 
ITS: tracking, vertexing, PID 
TPC: tracking, PID 
TOF, EMCal, TRD: e-ID 

ITS 

EMCal 

TRD 

TPC 

TOF 

e 
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A Large Ion Collider Experiment 
● measurements of muons from heavy-flavor decays 

D à µ+X, BR ~ 10% 
B à µ+X, BR ~ 11% 

-4 < η < -2.5 
µ-ID via tracks in the muon 
spectrometer matched with 
the trigger system 

Tracking Chambers 

Trigger Chambers 
Dipole Magnet 

Front Absorber 

Muon Filter 
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Results from pp collisions 
  ●  testing ground for pQCD calculations of cross sections 

● reference for p-Pb and Pb-Pb collisions 
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HF-decay lepton cross sections 
● differential cross sections in pp collisions at √s = 7 TeV 

● pQCD calculations in agreement 
with data at mid and forward rapidity 
(also at √s = 2.76 TeV) 
●  FONLL: JHEP 1210(2012)37 
●  GM-VFNS: EPJ C72(2012)2082 
●  kT factorization: PRD 87(2013)094022 

HF decay e± HF decay µ± 

PLB 708(2012)265 

● complementary with 
ATLAS measurement 
at high pT (PLB 707(2012)438) 

PRD 86(2012)112007 

ALICE 

ATLAS 
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Electrons from beauty decays 
● differential cross section in pp collisions at √s = 2.76 TeV  

PLB 738(2014)97 PLB 708(2012)265 

●  relative contributions of charm and beauty decays as well as 
beauty-decay electron cross section reproduced by pQCD 
calculations (also at √s = 7 TeV) ●  FONLL: JHEP 1210(2012)37 

●  GM-VFNS: EPJ C72(2012)2082 
●  kT factorization: PRD 87(2013)094022 
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Results from p-Pb collisions 
  ● address cold nuclear matter effects 

• shadowing and/or gluon saturation                                                  
(K.J. Eskola et al., JHEP 0904(2009)65; H. Fuji, K. Watanabe, NPA 915(2013)1) 

• energy loss in cold nuclear matter (I. Vitev et al., PRC 75(2007)064906) 
• kT-broadening (X.N. Wang, PRC 61(2000)064910) 

• collective expansion? 
● reference for Pb-Pb collisions 
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HF decay electron RpPb 

●  RpPb of HF decay electrons is consistent with unity within uncertainties 
●  cold nuclear matter effects are small in the measured pT range 
●  FONLL pQCD calculation with EPS09 shadowing parameterization is in  

agreement with the data                                                                                          
(M. Cacciari et al., JHEP 006(2001)0103; K. Eskola et al., JHEP 04(2009)065) 

●  also RpPb of beauty-hadron decay electrons is consistent with unity 

beauty-hadron decay electrons 
●  analysis based on impact 

parameter measurement 
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HF decay muon RpPb 

●  RpPb of HF decay muons is consistent with unity at forward rapidity  
and slightly larger than unity at backward rapidity for 2 < pT < 4 GeV/c 

●  described by pQCD models including cold nuclear matter effects                                                                                          
(M. Mangano et al., NPB 373(1992)295; K. Eskola et al., JHEP 04467(2009)065;                   I. 
Vitev, PRC 75(2007)064906; Z. Kang et al., arXiv:1409.2494) 

●  cold nuclear matter effects are small in the measured pT range 

Forward: 
p-going 

Backward: 
Pb-going 
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W-boson production 
●  W bosons are produced in initial hard 

scattering processes 
●  not affected by the strong interaction 
●  test scaling of hard processes with 

the number of binary collisions 
●  investigate cold nuclear matter 

effects 
●  constrain nuclear PDFs 
●  measurement via the muon decay 

channel: W± à µ± + ν 
●  relevant background in the muon     

pT distribution  
●  beauty decays 
●  Z/γ* decays  

●  signal extraction via template fits  
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W-boson production 

backward: Pb-going 

●  µçW cross sections measured at  
●  forward rapidity (p-going direction) 
● backward rapidity (Pb-going direction)  

●  well described by NLO pQCD 
calculation with CT10 PDF and 
EPS09 shadowing parameterization 
(Paukkunen, Salgado, JHEP 1103(2011)071) 

●  event activity estimators 
● multiplicity in VZERO (V0A, V0C) 
● clusters in SPD (CL1) 
● neutron energy in ZDC (ZNA, ZNC) 

●  µçW yield/<Ncoll> obtained 
with different estimators  
●  constant vs. event activity   

within uncertainties  
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HF electron-hadron correlations 
●  angular correlation between an electron from heavy-flavor hadron 

decay (trigger particle) and a charged hadron (associated particle) 
●  various electron and hadron pT ranges 
●  pp collisions at √s = 7 TeV 
●  p-Pb collisions at √sNN = 5.02 TeV in multiplicity classes 

 
●  search for long-range correlations (“double ridge“) as observed in 

the light-flavor sector (PLB 719(2013)29)   
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HF electron-hadron correlations 
●  angular correlation between an electron from heavy-flavor hadron 

decay (trigger particle) and a charged hadron (associated particle) 

●  intermediate trigger particle pT (2 < pT
e < 6 GeV/c) 

●  angular correlations in all p-Pb multiplicity classes 
compatible with each other and with the 
measurement in pp collisions at √s = 7 TeV 

●  low trigger particle pT (1 < pT
e < 2 GeV/c) 

●  enhanced yields in the near and away-side peaks 
in p-Pb collisions in the highest multiplicity class 

1 < pT
e < 2 GeV/c 

pp 
p-Pb: 60-100% 
p-Pb: 20-60% 
p-Pb: 0-20% 

2 < pT
e < 4 GeV/c 4 < pT

e < 6 GeV/c 
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HF electron-hadron correlations 
●  difference of angular correlations in highest (0-20%) and lowest 

multiplicity (60-100%) p-Pb event class to remove jet correlations 

●  double-ridge structure emerges for HF decay e-h correlations 
similar to the one observed in the light-flavor sector (PLB 719(2013)29) 

●  potential origin of double ridge in light (and heavy?) flavor sector 
●  CGC in initial state (Dusling & Venugopolan, PRD 87(2013)094034) 
●  hydrodynamics in final state (Bozek & Broniowski, PLB 718(2013)1557) 
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Results from Pb-Pb collisions 
  ● study the interaction of heavy quarks with the medium 



R. Averbeck 19 , NAPA, 12/5/2014 

HF decay e, µ 

HF decay lepton RAA 

●  yields of leptons from heavy-flavor decays are suppressed at high pT 
in central Pb-Pb collisions w.r.t. binary scaled pp collisions 
●  less suppression in more peripheral collisions 
●  HF decay electron (|y| < 0.6) and muon (2.5 < y < 4) RAA are similar 
●  also: hint for suppression of beauty decay electrons for pT > 3 GeV/c 

●  cold nuclear matter effects are small                                                         
à suppression due to parton energy loss in the hot/dense medium 

PRL 109(2012)112301 

beauty decay e 

0-10% 

40-50% 
40-80% 
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●  positive v2 of leptons from HF decays in semi-central Pb-Pb collisions 
●  20-40% central: 3σ effect for 2 < pT

e < 3 GeV/c and 3 < pT
µ < 5 GeV/c 

●  v2 of HF decay electrons and muons are similar at different rapidities 
●  hint for a decrease of v2 towards more central collisions 
●  confirms strong interaction of heavy quarks with the medium 
●  suggests that charm quarks participate in the collective expansion 

0-10% 10-20% 20-40% 

HF decay lepton v2 
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Model comparison: RAA and v2  

●  simultaneous description of HF decay electron RAA and v2 is 
challenging and can constrain energy loss models 
● same observation for HF decay muons (and fully reconstructed D mesons)  

BAMPS: PLB 717(2012)430; TAMU elastic: PLB 735(2014)445;  
POWLANG: JPG 38(2011)124144; MC@sHQ+EPOS: PRC 89(2014)014905 
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●  ALICE has investigated open heavy-flavor production at the LHC   
via the measurement of leptons from heavy-flavor hadron decays 

●  pp collisions 
●  pQCD calculations describe open heavy-flavor production well 

●  p-Pb collisions 
●  cold nuclear matter effects are small 
●  models including cold nuclear matter effects describe the data 
●  double ridge observed in heavy-flavor electron-hadron correlations 

●  Pb-Pb collisions 
●  strong interaction of heavy quarks with the medium  
●  energy loss à suppression of HF decay lepton yields at high pT in 

central collisions 
●  azimuthal anisotropy suggests that charm quarks participate in the 

collective expansion of the medium 
●  further progress requires more data with better precision 

●  larger data samples at higher √s are expected from Run-II (beyond 2015) 
●  ALICE upgrade (2018): improved tracking and vertexing; faster readout 

 
 

Summary / Conclusions  



R. Averbeck 23 , NAPA, 12/5/2014 

Backup slides 
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Electrons from beauty decays 
● statistical separation of e± from charm and beauty decays 

●  beauty hadrons: cτ ~ 500 µm à displaced secondary vertex 
●  near-side peak in electron-hadron angular correlation wider for 

electrons from beauty decays than for those from charm decays  
PLB 738(2014)97 PLB 708(2012)265 


