
Hydrodynamics for Relativistic Heavy Ion

Collisions

Piotr Bożek
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ALICE Pb-Pb@2.76TeV

0 1 2 3 4 5

2v
0.05

0.1

0.15

0.2

0.25

0.3 {2}2v

{4}2v

 (STAR){4}2v

centrality 40-50%

)c (GeV/
t

p
0 1 2 3 4 5

{4
}

2v

0.05

0.1

0.15

0.2

0.25

10-20%

20-30%

30-40%

10-20% (STAR)

20-30% (STAR)

30-40% (STAR)

Strong collective flow
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Hydrodynamic expansion of dense matter

◮ Relativistic hydro : ∂µT
µν = 0

◮ nearly perfect fluid

◮ local temp. ; local velocity

◮ 3+1D

◮ initial conditions

◮ equation of state

◮ viscosity

◮ event by event
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Initial profile
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Fluctuating initial conditions
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Collective flow
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3 + 1-D viscous hydrodynamics
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LHC - strong flow

Pb-Pb 2.76TeV
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v2 and v3 Au-Au@200 GeV
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Size fluctuations ↔ p⊥ fluctuations - “v0”
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PHENIX data vs. hydro.
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Two-particle correlations
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Piotr Bożek Hydrodynamics for Relativistic Heavy Ion Collisions



Charge balancing

local charge conservation
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Charge balancing

no charge balancing
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Flow in p-p ??
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p-Pb, d-Pb @ LHC
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Fireball in p-Pb
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d-Pb
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◮ collective flow effects ≃ peripheral Pb-Pb

◮ can be observed

◮ p-Pb (d-Pb) is not p-p superposition

◮ only p-p as baseline

Piotr Bożek Hydrodynamics for Relativistic Heavy Ion Collisions



Summary

◮ viscous hydrodynamics works (?) at RHIC and LHC

◮ sophistications: 3 + 1D - event by event

◮ p⊥ fluctuations, v1, v2, v3 reflect initial size and shape

◮ dihadron correlations - soft ridge explained

◮ p-Pb at 4.4TeV - fireball 6= NN + cold nucl. matter effects
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