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•  LaUce	
  QCD	
  calcula(ons	
  for	
  phase	
  
transi(on	
  

•  Dynamical	
  evolu4on	
  at	
  RHIC	
  and	
  
LHC	
  energies	
  dives	
  deeply	
  into	
  the	
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  Plasma”	
  domain	
  of	
  
QCD	
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Trigger	
  par(cle	
  

Associated	
  par(cles	
  

Two-­‐Par4cle	
  Correla4ons	
  

•  Two-­‐par(cle	
  correla(ons	
  have	
  been	
  
used	
  as	
  a	
  tool	
  to	
  explore	
  par(cle	
  
produc(on	
  mechanisms	
  in	
  collisions	
  

•  Angular	
  correla(on	
  (Δϕ, Δη)	
  between	
  
trigger	
  par(cle	
  and	
  associated	
  par(cles	
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Two-­‐Par4cle	
  Correla4ons	
  

•  pp	
  and	
  low	
  mul(plicity	
  p-­‐Pb	
  
  Dominated	
  by	
  near-­‐(Δϕ	
  ~	
  0)	
  and	
  

away-­‐side	
  (Δϕ	
  ~	
  π)	
  jet	
  structures	
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•  Pb-­‐Pb	
  
  Near-­‐side	
  :	
  jets	
  +	
  resonances	
  
  Away-­‐side	
  jets	
  
  Near-­‐side	
  ridge	
  and	
  away-­‐side	
  

structure	
  :	
  collec(ve	
  effects,	
  e.g.	
  
anisotropic	
  flow	
  

p-­‐A	
  collisions	
  :	
  Access	
  ini4al	
  state	
  effect	
  +	
  A	
  reference	
  for	
  heavy	
  ion	
  studies	
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  Highest	
  mul(plicity	
  p-­‐Pb	
  (Zoomed	
  in)	
  

  Near-­‐side	
  ridge	
  appears	
  (also,	
  very	
  high	
  mul(plicity	
  pp	
  (JHEP	
  09	
  (2010),	
  091))	
  

  Higher	
  yields	
  on	
  both	
  near-­‐	
  and	
  away-­‐side	
  than	
  lower	
  mul(plicity	
  cases	
  

Near-­‐side	
  jet	
  (Δϕ	
  ~	
  0,	
  Δη	
  ~	
  0)	
  

Away-­‐side	
  jet+ridge	
  (Δϕ	
  ~	
  π,	
  elongated	
  in	
  Δη)	
  

Near-­‐side	
  ridge	
  (Δϕ	
  ~	
  0,	
  elongated	
  in	
  Δη)	
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0-­‐20%	
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  Mult.)	
   60-­‐100%	
  (Lowest	
  Mult.)	
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  (2013)	
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  Structure	
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(Jet	
  +	
  Ridge)	
   (Jet)	
  
•  Two-­‐ridge	
  structure	
  from	
  ALICE	
  di-­‐hadron	
  correla(ons	
  analysis	
  in	
  p-­‐Pb	
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  structure	
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(Jet	
  +	
  Ridge)	
   (Jet)	
  

•  Yield	
  comparison,	
  extrac(on	
  of	
  v2,	
  v3	
  from	
  Δϕ-
projec(on	
  

•  The	
  origin	
  of	
  collec(ve	
  features	
  might	
  be	
  
  Ini(al	
  state	
  parton	
  satura(on	
  in	
  nucleus	
  (CGC)	
  

  hydrodynamic	
  expansion	
  of	
  high-­‐density	
  medium	
  	
  

K.	
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  R.	
  Venugopalan,	
  arXiv:1302.7018	
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  Mult.)	
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Forward-­‐Mid	
  Two-­‐Par4cle	
  Correla4ons	
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  Di-­‐hadron	
  correla4on	
  
•  |Δη|	
  <	
  2,	
  	
  ηavg	
  ≈	
  0	
  

Pb	
  
p	
  

TPC	
  

SPD	
  

SSD	
  

Forward	
  Muon	
  Spectrometer	
  	
  

ITS	
  

ZDC:±112.5m(not	
  shown)	
  

T0/VZERO	
  

η	
  coverage	
  
•  TPC/ITS	
  :	
  |η|	
  <	
  1.2	
  
•  Forward	
  Muon	
  

Spectrometer	
  :	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
-­‐4	
  <	
  η	
  <	
  -­‐2.5	
  

3D	
  ALICE	
  Detector	
  Schema(cs	
  

SDD	
  

  μ-­‐hadron	
  correla4on	
  
•  -­‐5	
  <	
  Δη	
  <	
  -­‐1.5,	
  ηavg	
  ≈	
  -­‐2	
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  One	
  can	
  approximately	
  es(mate	
  parton	
  x	
  of	
  Pb(p)	
  with	
  given	
  pT,	
  Δη	
  and	
  ηavg.	
  
  Access	
  smaller	
  x	
  of	
  Pb	
  with	
  forward-­‐mid	
  two-­‐par4cle	
  correla4ons	
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Forward-­‐Mid	
  Two-­‐Par4cle	
  Correla4ons	
  	
  

  More	
  results	
  coming	
  soon	
  

  Capabili(es	
  to	
  dis(nguish	
  models	
  
	
  Larger	
  satura(on	
  effect	
  with	
  smaller	
  parton	
  x	
  of	
  Pb?	
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  (2013)	
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  area	
  from	
  ATLAS	
  two-­‐par(cle	
  correla(on	
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•  ALICE	
  detector	
  has	
  powerful	
  
par(cle	
  iden(fica(on	
  capabili(es	
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Two-­‐Par4cle	
  Correla4ons	
  with	
  Iden4fied	
  Par4cles	
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nσ	
  TOF	
  vs.	
  nσ	
  TPC	
  

•  h-­‐π,	
  h-­‐K,	
  h-­‐p	
  correla(ons	
  

•  Mass	
  ordering	
  in	
  high	
  mul(.	
  pPb	
  
  Low	
  pT	
  (<2GeV/c)	
  
  More	
  obvious	
  aber	
  subtrac(on	
  

(leb	
  plot)	
  
  Qualita(vely	
  similar	
  to	
  PbPb	
  

•  Weak	
  mass	
  ordering	
  in	
  low	
  mul(.	
  pPb	
  
and	
  pp	
  



Summary	
  

  Two-­‐par(cle	
  correla(ons	
  are	
  a	
  tool	
  to	
  study	
  the	
  underlying	
  
mechanism	
  of	
  par(cle	
  produc(on	
  in	
  collisions	
  of	
  hadrons	
  and	
  
nuclei	
  at	
  high	
  energy.	
  

  A	
  double	
  ridge	
  structure	
  in	
  high-­‐mul(plicity	
  p-­‐Pb	
  collisions	
  is	
  
observed	
  

  Forward-­‐mid	
  correla(on	
  measurements	
  can	
  explore	
  lower	
  x-­‐
range	
  in	
  the	
  nucleus	
  than	
  di-­‐hadron	
  correla(ons	
  (underway!)	
  

  Iden(fied	
  par(cle	
  correla(ons	
  in	
  high	
  mul(plicity	
  p-­‐Pb	
  show	
  
qualita(ve	
  similari(es	
  to	
  measurements	
  in	
  A-­‐A	
  collisions	
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