
Expanding fireball
Viscosity

Longitudinal expansion
Summary

Viscosity and boost invariance at RHIC and LHC

Piotr Bożek
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Modified energy-momentum tensor

Bjorken longitudinal flow ~v = (0, 0, z/t)

◮ Tµν =









ǫ 0 0 0
0 p + Π/2 0 0
0 0 p + Π/2 0
0 0 0 p − Π
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◮ increased transverse pressure
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Modified energy-momentum tensor

Bjorken longitudinal flow ~v = (0, 0, z/t)

◮ Tµν =









ǫ 0 0 0
0 p + Π/2 0 0
0 0 p + Π/2 0
0 0 0 p − Π









◮ increased transverse pressure

◮
dǫ

dτ
= −

ǫ+p−Π
τ

less longitudinal work
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Transverse expansion
Spectra, HBT
Entropy production

boost invariance + transverse expansion + viscosity

◮ build up of transverse flow

◮ HBT

◮ elliptic flow

◮ slower cooling and entropy production
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Cooper-Frye formula

E
d3N

d3p
=

∫

dΣµpµ [f (pνuν) + δf (pνu
ν)]

nonequilibrium corrections

δf (p) ≃
pµpνπ

µν

2T 2(ǫ + p)
f (p)

spectra, HBT, elliptic flow
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dissipation → entropy production

d(sτ)

dτ
=

Π

T
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Deviations from Bjorken flow
Longitudinal expansion with viscosity
LHC
Gaussian distribution

No boost-invariance at RHIC
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Bjorken solution

◮ Y = ys

◮ ǫ(τ, ys) = ǫ(τ) ∝
τ−(1+c2

s )

Freeze-out !!

ǫ(ys) ↔
dN

dy
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expansion
τ = 1, 3, 5fm/c
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Deviations from Bjorken flow
Longitudinal expansion with viscosity
LHC
Gaussian distribution

Viscous hydro equations 1+1 dimensions

◮ cooling

Dǫ = −(ǫ + p − Π)KY

◮ acceleration

(ǫ + p − Π)DY = −Kp + KΠ

◮ relaxation

DΠ = −
Π − ΠNavier−Stokes

τπ

derivative operators

“time”

D = cosh(Y −ys )∂τ +sinh(Y −ys )/τ∂ys

“spatial”

K = sinh(Y −ys )∂τ +cosh(Y −ys )/τ∂ys
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Deviations from Bjorken flow
Longitudinal expansion with viscosity
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Gaussian distribution

Particle emission
Cooper-Frye formula

tuning initial conditions
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τ = 1, 3, 5fm/c

ideal fluid
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Deviations from Bjorken flow
Longitudinal expansion with viscosity
LHC
Gaussian distribution
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RHIC
◮ no boost-invariance in ǫ

◮ Bjorken flow only with
viscosity

◮ no plateau in dN/dy

LHC
◮ boost-invariance in ǫ

◮ Bjorken flow

◮ plateau in dN/dy in
viscous hydro
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Viscosity changes global event dynamics

◮ helps to conserve Bjorken flow

◮ slower cooling

◮ entropy production
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