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the next phase … will focus on detailed investigations of the QGP, “both to 
quantify its properties and to understand precisely how they emerge from 
the fundamental properties of QCD”

--The frontiers of nuclear science, a long range plan

Motivation

http://www.bnl.gov/physics/rhiciiscience/
-What is the initial temperature and thermal evolution of the produced matter?
 -What is the viscosity of the produced matter? ...
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    Case λ d κ ϕ
a.) 2 R d 0

b.) 1/2 R 1 (κ+1)/κ
c.) 3/2 R (4d-1)/3 (κ+1)/κ
d.) 1 R R 0

e.) R R 1 0
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d dimensional ( T. S. Biró)

Hwa-Bjorken, Buda-Lund type

 accelerating, d dimension

Special EoS, but general velocity



For an accelerating flow,
two modifications for Initial 
conditions:  y  ;  final  initial .
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BRAHMS 200 GeV Au+Au data
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Rapidity distribution:
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The energy-momentum tensor ( viscous hydro): shear viscosity 

bulk viscosity 
Bulk viscosity: 

Shear viscosity tensor: 

The fundamental equations of viscous fluid:

p  0 
T

Assume: 0n 0)nu(  

  uug
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The  second law of thermodynamics: 
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- Israel-Stewart  

  equations.

Strongly coupled AdS/CFT prediction: 08.04/1/   s D.T. Son, et,al. 05

Via lattice calculation: 015.0/ s H.B. Meyer, et,al. 07 10.3717

The Navier-Stokes approximation, 
  2  

  

The shear viscosity and bulk viscosity,  

viscous hydro:  near-equilibrium system  
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au},frac{1}{\t\right)\eta)\1)-bda1)}}((\lam-(\lambda\lambda}{3-{\frac{3sinh^\C_{2}-3}-da{2}}{\lambda^frac{\lamb\c{b}{3a}\left(\fra+}frac{1}{3}\{-tau^\eta]\1)-a}[(\la$mbdfrac{1}{3}\{-sinh^\C_{1}=)ta,\lambda$T(\tau,\e

In Rindler coordinate, the energy equation and Euler equation reduce to:
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The perturbative case , 

.1,)1(λΩ εε ss  

 Up to          ,  

Bjorken approximation:   
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au},frac{1}{\t\right)\eta)\1)-bda1)}}((\lam-(\lambda\lambda}{3-{\frac{3sinh^\C_{2}-3}-da{2}}{\lambda^frac{\lamb\c{b}{3a}\left(\fra+}frac{1}{3}\{-tau^\eta]\1)-a}[(\la$mbdfrac{1}{3}\{-sinh^\C_{1}=)ta,\lambda$T(\tau,\e

The temperature solution: 

Contribution from viscous effect 

Reyonlds number 
[A. Muronga, arxiv: 0309055 ] 

One special case  of our recent work, presented at 
BGL 17. 

A non-zero Reyonlds numbers      makes cooling rate smaller,
A non-vanishing acceleration    makes the colling rate is larger.
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au},frac{1}{\t\right)\eta)\1)-bda1)}}((\lam-(\lambda\lambda}{3-{\frac{3sinh^\C_{2}-3}-da{2}}{\lambda^frac{\lamb\c{b}{3a}\left(\fra+}frac{1}{3}\{-tau^\eta]\1)-a}[(\la$mbdfrac{1}{3}\{-sinh^\C_{1}=)ta,\lambda$T(\tau,\e

Acceleration 
Dependence Viscosity 

Dependence
EoS Dependence

The acceleration effect is 
almost fully compensated 
by the viscous contribution.



Freeze-out condition (Cooper-Frye formula): 
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The thermal spectrum of particles: 

For a system out of equilibrium (Boltzmann approximation): 

[K.Dusling and D. Teaney: arXiv: 0710.5932] 
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The transverse momentum distribution: 

Freeze-out hypersurface: 

-Temperature solution,
-Boltzmann  approximation,
-viscosity, acceleration, mass, rapidity, space-time rapidity...
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Numerical Results: 

Acceleration 
Dependence EoS Dependence

Viscosity 
Dependence

Transverse momentum distribution (academic study),
- the first viscous correction play a improtant role,
- EoS and acceleration's effect is not obvious.  
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Rapidity distribution  
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Rapidity distribution (academic study),
- the integral value                  , this is a good approximation for the 
particle that mass m is little.

3merror 

Contribution from  perfect fluid 
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Numerical Results: 

 Rapidity distribution (academic study),
- at finial state, the dn/dy is effected sensitively by the acceleration parameter 
and EoS.   
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Pseudo-rapidity distribution  

Contribution from  perfect fluid Contribution from  viscous effect 
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Thank you for your 
attention 
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