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3+1D hydrodynamic model

◮ expansion of dense matter

◮ ideal hydro: ǫ(xµ), p(xµ),
~v(xµ).

◮ hard EOS

◮ flow + thermal emission +
decays

◮ THERMINATOR
Monte-Carlo code
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Evolution
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◮ Bjorken plateau destroyed

◮ Flow stronger than Bjorken

◮ Fast cooling

But viscosity!
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Spectra y 6= 0

◮ excellent agreement

◮ thermal fireball

◮ no boost-invariance
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Spectra b 6= 0

PT (GeV)

10-5
10-4
10-3
10-2
10-1

1

10
102
103

1/
(2

)
P

T
dN

/d
P

T
dy

(G
eV

-2
)

Bass, Nonaka (2007)
 [GeV/c]

T
p

0 1 2 3

]
-2

 d
y)

 [G
eV

T
 d

p
T

 pπ
dN

/(
2 

-910

-710

-510

-310

-110

10

310 +π

0-5%

40-50%
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Elliptic flow
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HBT radii
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Agreement within 10%
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Estimate of viscous effects

important for some observables: Teaney, Heinz, Romatschke, . . .

◮ dissipative effects at freezeout

◮ relaxation time τ = 0.8fm/c ↔ η/s = 1
4π

◮ f = f0 + δf

δf ∝ η

(

∇µuν + ∇νuµ −
2

3
∆µν∇αuα

)

pµpν

∝ η σµνpµpν
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Small effect on spectra
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Small effect on spectra
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Large effect on elliptic flow
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◮ Reduction of v2

◮ Important at large η
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Rapidity dependence of shear viscosity effects

∇µuν + ∇νuµ − 2
3∆µν∇αuα

∂αuα
=

shear

bulk
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No effect of viscosity on HBT

4

6
c=0-5%

  R
ou

t  
 [f

m
]

4

6
R

si
de

   
[fm

]

0

10
3+1D η/s=0.16

3+1D η=0

3+1D η/s=0.08

R
lo

ng
   

[fm
]

0.5

1

1.5

0.2 0.3 0.4 0.5

R
ou

t/R
si

de

kT   [GeV/c]
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Conclusions

◮ Thermal fireball

◮ Hydro excellent at p⊥ < 2GeV/c, |η| < 4

◮ HBT radii reproduced !!

◮ Shear viscosity effects important for v2
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