
Paper - 5	
  
Trasverse momentum and collision energy 
dependence of high pT hadron suppression 

in Au+Au collisions at ultrarelativistic 
energies 

  Motivation 

  Measurement 

  Results 

  Summary 

11/5/10 1 
Jaiby Joseph 
CNR Talk - 5 



Motivation 
a)  High energy partons propagating through matter are expected 

to lose energy via gluon radiation with energy loss proportional 
to the gluon density of the medium 

b)  Measurement of energy loss can probe the hot and dense 
matter created in the ultrarelativistic nuclear collisions.  

c)  The jets of correlated hadrons which are produced by the initial 
hard scattering are studied via measurement of high pT  
hadronic inclusive spectra.  

d)  Previous measurements are consistent with large partonic 
energy lose in matter created at RHIC nuclear collisions 
although other mechanisms have been proposed 

e)  Additional measurements were needed to discriminate among 
these models and isolate effects due to final state partonic 
energy loss.  
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Measurement of Inclusive charged hadron yield (h+ + h-)/2 at 200 GeV 
in Au + Au and p + p collision systems 

 	
  higher	
  sta*s*cs	
  (1.7M	
  MB	
  +	
  1.5M	
  Central)	
  
	
   	
   	
   	
   	
  (a8er	
  event	
  cuts)	
  

 	
  pT	
  range	
  of	
  measurement	
  is	
  extended	
  
 	
  Magne*c	
  field	
  was	
  0.5T	
  resul*ng	
  in	
  a	
  	
  	
  
	
  	
  	
  	
  	
  beFer	
  momentum	
  resolu*on	
  at	
  high	
  pT	
  	
  

Au + Au    p + p 

Key	
  differences	
  
with	
  previous	
  
measurements	
  	
  

  First	
  such	
  measurement	
  at	
  
this	
  energy	
  (	
  5M	
  Events)	
  

system	
  

( Summed yields of primary π±, K±, p and    ) 

€ 

p

  Centrality	
  selec*on	
  was	
  based	
  on	
  
primary	
  charged	
  par*cle	
  mul*plicity	
  Nch	
  

 	
  |eta|	
  <	
  0.5	
  

 	
  |DCA|	
  <	
  1cm	
  

Event	
  Selec8on	
  
and	
  Track	
  Cuts	
  

 	
  Triggered	
  on	
  the	
  coincidence	
  
	
  	
  	
  	
  	
  of	
  two	
  BBCs.	
  
 	
  |Zvrtx|	
  <	
  75	
  cm	
  

 	
  valid	
  tracks	
  required	
  hit	
  in	
  CTB	
  
 	
  |DCA|	
  <	
  1cm	
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RAA and RCP 

For	
  comparison	
  of	
  spectra	
  and	
  energy	
  loss	
  measurements	
  from	
  nuclear	
  collisions	
  to	
  NN	
  
reference	
  the	
  nuclear-­‐modifica*on	
  factor	
  is	
  used:	
  	
  

€ 

RAA (pT) =
d2NAA /dpTdη

TAAd
2σ NN /dpTdη

Where,  

€ 

TAA =
Nbin

σinel
NN

“RCP” – The Nbin scaled centrality ratio �

“RAA	
  and	
  RCP	
  should	
  be	
  1	
  if	
  par*cle	
  produc*on	
  
in	
  central	
  Au+Au	
  is	
  equivalent	
  to	
  a	
  
superposi*on	
  of	
  independent	
  NN	
  collisions.”	
  	
  

4 

,	
  accounts	
  for	
  collision	
  geometry	
  



Inclusive	
  Invariant	
  pT	
  distribu2ons	
  
(Au+Au,	
  p+p)	
  

Ra2o	
  of	
  hadron	
  yields	
  at	
  √SNN	
  =	
  200	
  and	
  
130GeV	
  	
  for	
  centrality	
  selected	
  Au+Au	
  

 pQCD	
  model	
  show	
  that	
  the	
  reduc*on	
  in	
  R200/130(pT)	
  for	
  Au+Au	
  rela*ve	
  to	
  p+p	
  is	
  due	
  to	
  
nuclear	
  shadowing.	
  	
  
 	
  Both	
  models	
  reproduce	
  the	
  pT	
  dependence	
  of	
  the	
  ra*o	
  for	
  	
  Au+Au	
  for	
  pT	
  >	
  2	
  GeV/c	
  

	
  R200/130(pT)	
  is	
  compared	
  to	
  	
  
	
   	
   	
  (1)	
  pQCD	
  –	
  I	
  	
  
	
   	
   	
  (2)	
  Satura8on	
  model	
  

RESULTS 
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Results - RAA and RCP for (h+ + h-)/2 
Au+Au	
  spectra	
  rela8ve	
  to	
  p+p	
  spectra	
  

<Nbin>	
  normalized	
  ra8o	
  of	
  central	
  
and	
  peripheral	
  Au+Au	
  spectra	
  

  For pT < 2GeV/c, hadron production increases monotonically for all centralities 
  For pT> 2GeV/c, RAA saturates near unity for peripheral bins  “No Suppression” 

       RAA shows strong decrease for central bins   “Suppression” 
       RCP shows similar pattern with hadronic suppression for central bins 

  For 6 < pT < 10,  RAA shows 4-5 factor suppression for central bins 

6 
The Cronin enhancement and shadowing alone cannot account for the suppression, 
which is reproduced only if the partonic energy loss in dense matter is included.  



Summary 
  STAR has measured inclusive charged hadron yields from Au+Au and p+p 
at √SNN = 200GeV, at higher precision and extended pT range.  

  Large constant hadron suppression is observed in central nuclear 
collisions at high pT 

  The systematic behavior of suppression at high pT is well described both 
by  

 (1) pQCD calculations, incorporating final state partonic energy loss in 
dense matter  

 (2) saturation model of initial state gluon saturation in the central 
collision data 

  Isolation of the initial state effect on high pT hadron production may be 
achieved through the study of d+Au collisions at RHIC.  
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Azimuthal anisotropy parameter(v2) and Rcp  

Why measure v2 ?�
 	
  The	
  azimuthal	
  anisotropy	
  parameter	
  v2	
  is	
  sensi*ve	
  to	
  the	
  early	
  stage	
  of	
  collision	
  
 Previous	
  measurements	
  show	
  that	
  v2	
  for	
  charged	
  hadrons	
  rises	
  with	
  pT	
  for	
  pT<	
  2GeV/c	
  and	
  
then	
  saturates	
  
 	
  Also	
  seen	
  is	
  that,	
  at	
  low	
  pt,	
  the	
  dependence	
  of	
  v2	
  on	
  par*cle	
  mass	
  is	
  consistent	
  with	
  
hydrodynamic	
  calcula*ons,	
  which	
  assumes	
  local	
  thermal	
  equilibrium.	
  	
  
So…a	
  measurement	
  of	
  the	
  v2	
  of	
  iden8fied	
  hadrons	
  at	
  higher	
  pT	
  would	
  be	
  
interes8ng	
  to	
  look	
  at. �

,	
  Where	
  ΨRP	
  is	
  the	
  reac*on	
  plane.	
  	
  	
  

Measuring RCP of identified hadrons�
 Previous	
  measurements	
  in	
  Au+Au	
  collisions	
  show	
  that	
  RAA	
  and	
  RCP	
  are	
  below	
  unity	
  showing	
  
suppression.	
  	
  

 For	
  1	
  <	
  pT	
  <	
  4.5	
  GeV/c,	
  the	
  neutral	
  pion	
  yield	
  is	
  more	
  strongly	
  suppressed	
  than	
  the	
  charged	
  
hadron	
  yield,	
  indica*ng	
  a	
  par*cle	
  type	
  dependence	
  for	
  RCP.	
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This analysis extends the pT range of v2 and 
Rcp measurement for identified particles and 
establishes particle type dependence of v2 and 
Rcp at intermediate(1.5-4.0 GeV/c) and high 
pT (pT>5GeV/c) 

The	
  distribu*on	
  of	
  par*cles	
  in	
  the	
  azimuthal	
  angle	
  ϕ	
  is	
  analyzed	
  in	
  terms	
  of	
  Fourier	
  
expansion.	
  	
  

And	
  the	
  coefficients	
  vn	
  are	
  calculated	
  to	
  be:	
  

The	
  second	
  harmonic	
  v2	
  is	
  the	
  dominant	
  flow	
  paFern	
  and	
  is	
  called	
  ellip*c	
  flow,	
  v2	
  



Measurement 

€ 

λ

 V2, RCP of: 

 RCP of:   K± for 0.2 < pT < 3.0 GeV/c 

@ 200GeV 

Reconstruction decay channels: 

Reaction plane angle is estimated from azimuthal distribution of primary 
tracks within 0.1 < pT < 2.0 GeV/c and |η|<1. 

  Ks
0 for ( |y| < 1 and 0.2 < pT < 6.5 GeV/c) 

  λ +     for ( |y| < 1 and 0.4 < pT < 6.0 GeV/c) 

€ 

Ks
0 →π + +π−

€ 

λ(λ)→ p +π−(p +π +)
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(V2 of identified particles)  

 	
  At	
  low	
  pT,	
  v2	
  is	
  consistent	
  with	
  hydrodynamic	
  calc.	
  
 	
  At	
  intermediate	
  pT,	
  there	
  is	
  par*cle	
  type	
  dependence.	
  	
  
 	
  Hydro	
  predicts	
  smaller	
  v2	
  for	
  heavier	
  par*cles,	
  but	
  
observed	
  v2λ	
  >	
  v2K	
  

Could	
  this	
  be	
  due	
  to	
  the	
  fact	
  that	
  partons	
  that	
  fragment	
  
into	
  λ	
  (λbar)	
  lose	
  more	
  energy	
  than	
  those	
  that	
  fragment	
  
into	
  Ks0?	
  

  v2	
  of	
  Ks0	
  and	
  (λ+λ-­‐bar)	
  for	
  various	
  
centrali*es	
  
 	
  In	
  all	
  3	
  cases,	
  v2	
  rises	
  at	
  low	
  pt	
  and	
  
	
  	
  	
  	
  	
  saturates	
  at	
  intermediate	
  pt	
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RESULTS 

 Look	
  at	
  RCP	
  of	
  iden8fied	
  par8cles 



RCP  
( most central events, normalized by peripheral) 

 	
  At	
  intermediate	
  pT,	
  the	
  produc*on	
  of	
  (λ+λbar)	
  is	
  
enhanced	
  compared	
  to	
  Kaons	
  and	
  it	
  matches	
  with	
  
Nbin	
  scaling.	
  Observed	
  RCPλ	
  >	
  	
  RCPK	
  	
  

 The	
  par*cle	
  type	
  dependence	
  of	
  v2	
  and	
  RCP	
  at	
  
intermediate	
  pT	
  are	
  in	
  contradic*on	
  to	
  expecta*ons	
  
from	
  energy	
  loss	
  followed	
  by	
  fragmenta*on	
  in	
  
vacuum.	
  	
  

 	
  A	
  possible	
  explana*on	
  is	
  that	
  Cronin	
  effect	
  giving	
  
enhancement	
  of	
  baryon	
  produc*on	
  than	
  mesons,	
  
although	
  it	
  is	
  expected	
  to	
  decrease	
  with	
  increasing	
  
beam	
  energy.	
  	
  

 	
  The	
  baryon	
  enhancement	
  observed	
  at	
  
intermediate	
  pT	
  ends	
  at	
  pT	
  ≈	
  5GeV/c,	
  revealing	
  a	
  
cross-­‐over.	
  	
  

 This	
  is	
  compa*ble	
  with	
  the	
  picture	
  in	
  coalescence/recombina*on	
  model	
  of	
  a	
  pT	
  region	
  dominated	
  by	
  
bulk	
  partonic	
  maFer	
  hadroniza*on	
  (coalescence)	
  to	
  one	
  dominated	
  by	
  single	
  parton	
  fragmenta*on.	
  

 	
  Within	
  the	
  above	
  model,	
  the	
  convergence	
  of	
  Ks0	
  and	
  (λ+λbar)	
  at	
  pT~	
  5GeV/c	
  is	
  expected,	
  since	
  at	
  high	
  
pT,	
  	
  independent	
  fragmenta*on	
  is	
  likely	
  to	
  dominate	
  over	
  mul*-­‐parton	
  par*cle	
  produc*on	
  mechanisms	
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V2 scaled by the number of constituent quarks	
  

 	
  Above	
  pT/n	
  ~	
  0.7	
  GeV/c,	
  the	
  values	
  match	
  	
  
	
  	
  	
  	
  for	
  both	
  Ks0	
  and	
  (λ+λbar)	
  within	
  errors.	
  

 	
  The	
  scaling	
  of	
  v2/n	
  reveals	
  the	
  azimuthal	
  
	
  	
  	
  	
  	
  anisotropy	
  at	
  the	
  partonic	
  level.	
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Models using coalescence/recombination mechanisms in particle production 
predict that at intermediate pT, v2 will follow scaling by the number of 
constituent quarks…�



Summary 
  v2 and RCP measurement is extended to pT ~ 6.0GeV/c for Kaons and 
(λ+λbar) in Au+Au collisions at 200GeV 

  At low pT, hydrodynamic model calculation agree well with v2 of Ks
0 

and (λ+λbar). At intermediate pT, hydrodynamics fails.  

  The scaling of v2/n is compatible with the picture of anisotropy 
developing at the partonic level. 

V2 Measurement 

 RCP Measurement 
  RCP shows that the yield of (λ+λbar) increases more rapidly with 
system size than Kaons 

  At intermediate pT, the (λ+λbar) RCP is close to binary scaling while 
Kaon RCP is lower. At high pT ( ~ 5GeV/c), RCP of Ks

0 and (λ+λbar) 
consistent with with the value of charged hadrons, indicating the end of 
centrality dependent baryon enhancement.  

  The intermediate pT behavior of v2 and RCP indicates the presence of 
multi-parton particle formation mechanisms beyond the picture of 
parton energy loss followed by fragmentation.  14 


