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• The experimental observation which are providing a  
 strong evidence for the creation of partonic matter  
 at high collision energy at RHIC 

1.  The	
  large	
  azimuthal	
  anisotropy	
  	
  of	
  par*cle	
  emission	
  in	
  non-­‐central	
  	
  
	
  	
  	
  	
  	
  	
  	
  collisions	
  .	
  (Ellip*c	
  flow)	
  

2.	
  The	
  scaling	
  of	
  this	
  anisotropy	
  with	
  the	
  cons*tuent	
  	
  quark	
  .	
  (cons*tuent	
  
	
  	
  	
  	
  	
  quark	
  	
  scaling)	
  

3.	
  Suppression	
  of	
  high	
  energe*c	
  par*cles	
  traversing	
  the	
  medium.	
  (Jet	
  	
  
	
  	
  	
  	
  	
  quenching)	
  
	
  	
  	
  	
  …………..	
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QGP	
  be\er	
  op*on	
  



Problems	
  with	
  HRG	
  

An	
  old	
  quest	
  
K.S.Lee,	
  Heinz	
  et.	
  all	
  PhysRevC.37.1452-­‐-­‐-­‐-­‐1988	
  

Our	
  Inten<on:	
  Using	
  Viscous	
  Hydro	
  For	
  Pure	
  HRG	
  	
  

HRG	
  ini<al	
  state,	
  ideal	
  hydro	
  ,ini<al	
  temperature	
  ~270	
  MeV	
  	
  

Hadron	
  density	
  too	
  large~	
  4	
  fm-­‐3	
  	
  !!!	
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HRG	
  EOS	
  

Hadron	
  resonances	
  mass	
  
taken	
  	
  up	
  to	
  2.5	
  GeV	
  	
  

€ 

P(T) = g d3p
0

∞

∫ p2

3 p2 +m2
i
∑ f (E,T)

€ 

E(T) = g d3p
0

∞

∫ p2 +m2

i
∑ f (E,T)

€ 

n(T) = g d3p
0

∞

∫
i
∑ f (E,T)

€ 

S(T) =
E(T) + P(T) − µN(T)

T
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Non	
  interac*ng	
  hadron	
  resonances	
  



QGP	
  EOS	
  

Parameteriza<on	
  of	
  entropy	
  density	
  for	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  LATTICE	
  

pressure	
  and	
  energy	
  density	
  are	
  	
  

We	
  complement	
  Lagce	
  by	
  HRG	
  	
  
(mres<2.5	
  GeV)	
  

Combined	
  entropy	
  

A.K.Chaudhuri,	
  Phys.	
  LeR.	
  B	
  681,418(2009)	
  

• We	
  construct	
  equa*on	
  of	
  state	
  by	
  combining	
  entropy	
  density	
  of	
  hadron	
  resonance	
  gas	
  	
  
	
  	
  to	
  the	
  entropy	
  density	
  obtained	
  from	
  recent	
  lagce	
  data*.	
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Hydrodynamics	
  Equa*on	
  

Relaxation equation for shear stress tensor:	
  

Convec*ve	
  deriva*ve	
  

Symmetric	
  traceless	
  tensor	
  

Energy	
  momentum	
  conserva<on	
  equa<on:	
  

Shear	
  viscous	
  coefficient	
  

Solved	
  using	
  “AZHYDRO-­‐KOLKATA”	
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Ini*al	
  Condi*on,	
  HRG	
  

• 	
  Freeze-­‐out	
  temperature	
  	
  

€ 

Tf =110 MeV

€ 

τ i =1.0 fm• 	
  Ini<al	
  <me	
  	
  

• 	
  Ini<al	
  transverse	
  fluid	
  velocity	
  

€ 

ε b,x,y( ) = ε0 0.99Npart (b,x,y) + 0.01 Ncoll (b,x,y){ }

Central	
  peak	
  energy	
  
	
  	
  	
  	
  	
  	
  	
  	
  density	
  

• 	
  Ini<al	
  transverse	
  energy	
  density	
  profile	
  

€ 

τπ =
6η
4 p

• Relaxa<on	
  <me	
  for	
  shear	
  viscous	
  stress	
  

• Shear	
  viscosity	
  to	
  entropy	
  ra<o,	
  input	
  	
  
	
  parameter	
  	
  

€ 

η
s

=  0.0, 0.08, 0.16, 0.24, 0.30
€ 

ε0 =  5.1
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Ini*al	
  Condi*on,	
  QGP	
  

• 	
  Freeze-­‐out	
  temperature	
  	
  

€ 

τ i = 0.6 fm• 	
  Ini<al	
  <me	
  	
  

• 	
  Ini<al	
  transverse	
  fluid	
  velocity	
  

€ 

ε b,x,y( ) = ε0 0.75Npart (b,x,y) + 0.25 Ncoll (b,x,y){ }

Central	
  peak	
  energy	
  
	
  	
  	
  	
  	
  	
  	
  	
  density	
  

• 	
  Ini<al	
  transverse	
  energy	
  density	
  profile	
  

• Relaxa<on	
  <me	
  for	
  shear	
  viscous	
  stress	
  

• Shear	
  viscosity	
  to	
  entropy	
  ra<o,	
  input	
  	
  
	
  parameter	
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Charged	
  Par*cles	
  pT	
  spectra	
  
HRG	
   QGP	
  

HRG	
  

€ 

η
s

=  0.0, 0.08, 0.16, 0.24, 0.30

QGP	
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Charged	
  par*cles	
  Ellip*c	
  flow	
  
HRG	
   QGP	
  

HRG	
  

€ 

η
s

=  0.0, 0.08, 0.16, 0.24, 0.30

QGP	
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How	
  good	
  is	
  the	
  two	
  picture	
  

€ 

χ2 /N =
1
N

(ex(i) − th(i))2

error2i
∑

	
  It	
  is	
  a	
  measure,	
  how	
  good	
  is	
  the	
  
agreement	
  between	
  experimental	
  
	
  	
  	
  measurement	
  and	
  theore*cal	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  predic*on	
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Comments	
  

• Shear	
  Viscosity	
  to	
  entropy	
  ra*on	
  taken	
  as	
  
	
  	
  independent	
  of	
  temperature.	
  

• Cross-­‐over	
  temperature	
  taken	
  as	
  196	
  MeV.	
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• Ini*al	
  central	
  temperature	
  for	
  HRG	
  should	
  not	
  	
  
	
  	
  	
  >	
  ~	
  220	
  MeV	
  



Summary	
  &	
  Conclusion	
  

 The	
  possibility	
  of	
  QGP	
  forma*on	
  in	
  ini*al	
  state	
  was	
  studied	
  	
  
	
  	
  	
  	
  	
  in	
  a	
  viscous	
  hydrodynamic	
  model.	
  

 QGP	
  fluid	
  ini*aliza*on	
  :	
  

€ 

η
s

=  0.08

€ 

ε0 =  29.1 GeV/fm3

Best	
  descrip*on	
  obtained	
  for	
  	
  

 Hadron	
  Gas	
  ini*al	
  state	
  :	
   Best	
  descrip*on	
  obtained	
  for	
  	
  

€ 

η
s

=  0.24

€ 

ε0 =  5.1 GeV/fm3

 Both	
  scenario	
  explains	
  the	
  data	
  quite	
  well,	
  
	
  	
  	
  	
  If	
  HRG	
  be	
  	
  allowed	
  to	
  ini*alize	
  at	
  220	
  MeV.	
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 	
  In	
  view	
  of	
  recent	
  lagce	
  simula*on	
  predicted	
  Tc	
  ~170	
  MeV	
  	
  	
  
	
  	
  	
  	
  	
  HRG	
  only	
  ini*al	
  state	
  should	
  be	
  abandoned	
  in	
  present	
  viscous	
  
	
  	
  	
  	
  	
  hydrodynamic	
  scenario	
  .	
  



Backup	
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Chi	
  square	
  

17	
  ICPAQGP,Goa,India	
  	
  	
  	
  	
  6-­‐10	
  Dec,2010	
  


