
Measurement	  of	  electrons	  from	  heavy-‐
flavour	  hadron	  decays	  in	  proton-‐proton	  and	  

Pb-‐Pb	  collisions	  with	  ALICE	  at	  the	  LHC	  

Markus	  Fasel	  (Ruprecht-‐Karls	  Universität	  Heidelberg)	  	  

on	  behalf	  of	  the	  ALICE	  CollaboraIon	  



Outline	  

•  MoIvaIon	  
•  Measurements	  in	  proton-‐proton	  collisions	  

•  Measurements	  in	  Pb-‐Pb	  collisions	  
– Nuclear	  modificaIon	  factor	  
– EllipIc	  flow	  

•  Summary	  

October	  19th,	  2012	   2	  Markus	  Fasel	  |	  Hot	  Quarks	  2012	  



MoIvaIon	  
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In	  proton-‐proton	  collisions	  
•  Test	  of	  perturbaIve	  QCD	  
•  Reference	  for	  heavy-‐ion	  collisions	  

In	  heavy-‐ion	  collisions	  
•  Study	  of	  partonic	  energy	  loss	  in	  the	  hot	  and	  

dense	  medium	  
•  Heavy	  quarks	  are	  produced	  in	  iniIal	  

hard	  collisions	  
•  Experience	  radiaIve	  and	  collisional	  

energy	  loss	  

•  ThermalisaIon	  of	  heavy	  quarks	  in	  the	  
medium?	  

Why	  electrons?	  
•  	  Large	  branching	  raIos	  

(≈10%)	  
•  Large	  signal-‐to-‐background	  

at	  high	  pT	  
•  SeparaIon	  of	  charm	  and	  

beauty	  

€ 

ΔEg ≥ ΔEc ≥ ΔEb ?	  
(Dokshitzer	  and	  Kharzeev,	  PLB	  519	  (2001)	  199–206)	  



ALICE	  apparatus	  
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TOF	  
•  Proton	  and	  kaon	  rejecIon	  

ITS	  
•  Tracking	  
•  Vertex	  
reconstrucIon	  

TRD	  
•  Electron	  ID	  

EMCal	  
•  Electron	  ID	  

TPC	  
•  Tracking	  
•  Electron	  ID	  

Detectors	  used	  in	  the	  electron	  measurement	  

VZERO	  
•  Trigger	  
•  Centrality	  
determinaIon	  



Datasets	  
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In	  proton-‐proton	  collisions:	  

In	  Pb-‐Pb	  collisions:	  

•  √s=	  7	  TeV: 	  Lint	  =	  2.6	  nb-‐1	  min.	  bias	  events	  

•  √s	  =	  2.76	  TeV: 	  Lint	  =	  0.5	  nb-‐1	  min.	  bias	  events	  
	   	  Lint	  =	  11.9	  nb-‐1	  EMCAL-‐triggered	  events	  

•  Centrality	  0-‐10%:	   	  17	  M	  min.	  bias	  events	  
	   	  0.7	  M	  EMCAL-‐triggered	  events	  

•  Centrality	  20-‐40%: 	  11.5	  M	  min.	  bias	  events	  
	   	  1.3	  M	  EMCAL-‐triggered	  events	  

Min.	  Bias	  Trigger:	  VZERO	  and	  ITS	  inner	  pixels	  
EMCAL	  Trigger:	  4x4	  towers,	  energy	  threshold	  at	  3	  GeV	  
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Electron	  idenIficaIon	  in	  ALICE	  
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TPC	  

TRD	   EMCAL	  
dE/dx	  	  

dE/dx	  +	  transiIon	  radiaIon	   E/p	  

TOF	  

Ime-‐of-‐flight	  

arXiv:1205.5432	  



Background	  subtracIon	  
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The	  electron	  sample	  contains	  
background	  from	  various	  sources	  	  
•  Conversion of real and virtual 

photons (including direct photons)
•  Dalitz decay of light mesons (π0,η,..)	  
•  Dielectron decay of light vector 

mesons	  (ρ,ω,ϕ)	  
•  Dielectron decay of quarkonia (J/ψ,ϒ)
Two methods for background 
estimation
•  Cocktail method
•  Reconstruction of “photonic electrons” 

via invariant mass	  
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Cross	  secIon	  in	  proton-‐proton	  
collisions	  at	  √s	  =	  7	  TeV	  
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ALICE:	  arXiv:	  1205.5432	  
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Non-‐photonic	  electron	  cross	  
secIon:	  good	  agreement	  with	  
FONLL	  pQCD	  calculaIon	  

FONLL:	   	  Cacciari	  et	  al.,	  JHEP	  9805	  (1998)	  007,	  
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Cross	  secIon	  in	  proton-‐proton	  
collisions	  at	  √s	  =	  7	  TeV	  
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ALICE:	  arXiv:	  1205.5432	  

Non-‐photonic	  electron	  cross	  
secIon:	  good	  agreement	  with	  
FONLL	  pQCD	  calculaIon	  

Extension	  of	  the	  pT	  reach	  towards	  
low	  pT	  (compared	  to	  ATLAS)	  
•  covering	  ≈50%	  of	  the	  
midrapidity	  charm	  cross	  secIon	  
and	  ≈90%	  of	  the	  midrapidity	  
beauty	  cross	  secIon	  

FONLL:	   	  Cacciari	  et	  al.,	  JHEP	  9805	  (1998)	  007,	  
	  Cacciari	  et	  al.,	  JHEP	  0103	  (2001)	  006	  	  
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ExtracIon	  of	  the	  contribuIon	  from	  
beauty	  hadron	  decays	  
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SelecIon	  of	  tracks	  with	  a	  large	  radial	  
distance	  to	  the	  primary	  vertex	   arXiv:1208.1902	  
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cτ	  of	  	  
•  b:	  ≈	  500	  µm	  
•  c:	  ≈	  100	  -‐300	  µm	  



√s	  dependence	  of	  the	  total	  beauty	  
cross	  secIon	  
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Total	  beauty	  cross	  secIon	  at	  
√s	  =	  7	  TeV	  

€ 

σbb = 280 ± 23(stat)−79
+81(sys)−8

+7(extr) ±10(BR)µb

Well	  described	  by	  FONLL	  pQCD	  



Nuclear	  modificaIon	  factor	  	  
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The	  nuclear	  modificaIon	  
factor	  is	  defined	  as	  

€ 

RAA =
1

< TAA >
×
dNPbPb /dpT
dσpp /dpT
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•  <TAA>:	  Nuclear	  overlap	  
•  dNPbPb/dpT:	  
Measurement	  in	  PbPb	  

•  dσpp/dpT:	  Reference	  from	  
pp	  collisions	  at	  the	  same	  
energy	  



The	  proton-‐proton	  reference	  
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scaled	  spectrum	  at	  7	  TeV	  	  

Electrons	  from	  heavy-‐flavour	  hadron	  
decays	  studied	  	  in	  pp	  collisions	  at	  2.76	  
TeV	  

 (GeV/c)
T

p0 2 4 6 8 10 12

)
-2

d
y 

((
G

e
V

/c
)

T
/d

p
2

d
N

T
p

π
1

/2

-710

-6
10

-5
10

-410

-3
10

-210

-110

1
Heavy flavour decay electrons 
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   additional 3.5% normalizaton uncertainty

   arXiv : 1205.5423

 =  2.76 TeV, |y|<0.7spp, 

   additional 1.9% normalizaton uncertainty
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Nuclear	  modificaIon	  factor	  in	  
central	  Pb-‐Pb	  collisions	  
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Electrons	  from	  heavy-‐flavour	  
hadron	  decays	  are	  
suppressed	  at	  high	  pT	  
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Nuclear	  modificaIon	  factor	  in	  
central	  Pb-‐Pb	  collisions	  
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Electrons	  from	  heavy-‐flavour	  
hadron	  decays	  are	  
suppressed	  at	  high	  pT	  
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Same	  suppression	  as	  in	  the	  
semi-‐muonic	  channels	  at	  
forward	  rapidity	  

CompaIble	  with	  D-‐mesons	  
considering	  decay	  kinemaIcs	  



EllipIc	  flow	  of	  electrons	  from	  heavy-‐
flavour	  hadron	  decays	  
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The	  ellipIc	  flow	  of	  electrons	  from	  heavy	  
flavour	  hadron	  decays	  is	  obtained	  via	  
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with	  
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N background Background	  v2	  obtained	  
using	  a	  cocktail	  

Inclusive	  electrons:	  EllipIc	  flow	  v2	  introduced	  via:	  
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ΨRP :	  angle	  of	  the	  reacIon	  plane	  

v2:	  second	  harmonic	  coefficient	  

Event	  plane	  reconstructed	  with	  VZERO	  



EllipIc	  flow	  in	  mid-‐central	  collisions	  
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Non-‐zero	  ellipIc	  flow	  of	  
electrons	  from	  heavy-‐
flavour	  hadron	  decays	  
observed	  at	  low	  pT	  
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Comparison	  to	  models	  
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BAMPS:	  arXiv:1205.4945	  Rapp	  et	  al:	  arXiv:1208.0256	  POWLANG:	  arXiv:1208.0705	  

•  Rapp	  et	  al.	  and	  POWLANG	  describe	  the	  RAA	  but	  underpredict	  ellipIc	  flow	  
•  BAMPS	  describes	  ellipIc	  flow	  but	  slightly	  underpredicts	  the	  RAA	  



Summary	  

•  Measurements	  in	  proton-‐proton	  collisions	  
show	  good	  agreement	  with	  FONLL	  

•  Suppression	  of	  electrons	  from	  heavy-‐flavour	  
hadron	  decays	  over	  a	  wide	  pT	  range	  

•  Non-‐zero	  ellipIc	  flow	  of	  electron	  from	  heavy-‐
flavour	  hadron	  decays	  

PerspecIves:	  
•  Separate	  measurement	  of	  the	  nuclear	  
modificaIon	  factor	  for	  charm	  and	  beauty	  
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BACKUP	  
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DeterminaIon	  of	  “photonic”	  
background	  via	  invariant	  mass	  
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Number	  of	  photonic	  electrons	  
calculated	  via	  

εγ:	  Photon	  reconstrucIon	  
efficiency	  (from	  simulaIon)	  

€ 

Neγ =
NULS −NLS

εγ
NULS:	  unlike	  sign	  tracks	  

NLS:	  like	  sign	  tracks	  



EllipIc	  flow:	  Cocktail	  of	  background	  
electrons	  
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AssumpIons:	  
•  charged	  pions	  as	  π0	  input	  
•  η:	  via	  mT-‐scaling	  
•  direct	  photons:	  v2	  =	  0	  
•  J/ψ	  :	  not	  included	  

CalculaIon	  based	  on	  measured	  v2	  
and	  pT	  spectra	  of	  electron	  sources	  


