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GOAL

To make a prediction of the measured (integrated) elliptic � ow
for 5.5 TeV Pb+Pb collisions by:

1 taking best �t viscous hydrodynamic simulations from
RHIC,

2 making appropriate modi�cations for LHC collisions,
3 running viscous hydrodynamic simulations to calculate v2.

(arXiv:0901.4588)
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ELLIPTIC FLOW
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ELLIPTIC FLOW

Single-particle momentum spectra:
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ELLIPTIC FLOW

Single-particle momentum spectra:
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ELLIPTIC FLOW

Single-particle momentum spectra:
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IDEAL (RELATIVISTIC ) HYDRODYNAMIC EQUATIONS

Assume isotropic energy-momentum tensor:

T �� = T ��
0 = ( � + p) u� u� � p g ��

) T ��
0rest

=

0

B
B
@

� 0 0 0
0 p 0 0
0 0 p 0
0 0 0 p

1

C
C
A

Conservation equations:

@� T �� = 0

Equation of State:
p = p(� )

An additional relation for each additional conserved current
(assumed unimportant for the following)



INTRODUCTION/SETUP RHIC ANALYSIS LHC PREDICTIONS EXTRA SLIDES

V ISCOUSHYDRODYNAMICS

Add dissipative (viscous) effects—derivative expansion:

T �� = T ��
0 + � ��

To �rst order (Navier-Stokes):

� �� = � r h� u� i + � � �� r � u�

Acausal signal propagation ) instabilities ) dif�cult to
solve numerically.

Can be �xed by adding second-order term(s).
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CAUSAL RELATIVISTIC V ISCOUSHYDRODYNAMICS

To start, set bulk viscosity to zero.

) most general form for a conformal �uid in �at space to
second order [BRSSS]:

� �� = � r h� u� i � � �
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(Simulations insensitive to second-order transport
coef�cients ) can isolate effect of shear viscosity � .)
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ANATOMY OF A HEAVY ION COLLISION
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THE REST OF OUR HYDRO MODEL

“Realistic” QCD equation of state (Laine and Schröder '06)
! similar to more recent lattice QCD-derived equations of
state
! no treatment of chemical non-equilibrium

Glauber and Color Glass Condensate (fKLN) initial
conditions
! optical model (no �uctuations)
! free parameters T0, � 0

Cooper-Frye freeze out prescription (with resonance
feeddown)
! free parameter Tf
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ANALYSIS PROCEDURE/FREE PARAMETERS

THE PROCEDURE USED IS AS FOLLOWS:
1 Choose model for initial conditions (Glauber or CGC)
2 Choose value of �= s to study (set to a constant throughout

the evolution)
3 Use muliplicity data to �x the energy density normalization

(T0) and thermalization time (� 0)
4 Use hpT i data to �x the freezeout temperature ( TF )
5 With all the parameters now �xed, compare v2 to RHIC

data
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RHIC RESULTS: MOMENTUM INTEGRATED v2
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PROBLEMATIC FREEZE OUT

Temperature pro�le in the transverse plane just before
complete freeze out of a Pb+Pb collision
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v2 VS. ep=2
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HOW TO PREDICT RESULTS AT THELHC

Using the knowledge gained from RHIC, we can make a
prediction for Pb-Pb collisions at top LHC energies.

1 Assume Tf ,
�
s , � 0 do not change much ) use best RHIC

values for each initial condition (Glauber and CGC)
2 Choose T0 to match predicted multiplicity dNch

dY � 1800.
(Can instead �x dS

dY ' 7:85dNch
dY )

3 Make appropriate changes to the initial conditions (Pb
instead of Au and increased collision energy)

4 ) v2 prediction!
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MOMENTUM INTEGRATED v2 AT RHIC AND LHC
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SUMMARY /CONCLUSIONS

Viscous hydrodynamic simulations were performed of
top-energy heavy ion collisions at LHC

Prediction: Integrated v2 will be � 10% larger than
measured at RHIC
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PP COLLISIONS ATLHC

One can perform the same procedure for proton-proton
collisions at LHC:

Assume dNch=dY � 6 for "central" collisions

Glauber initial conditions, using the charge density of the
proton.
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INTEGRATED ELLIPTIC FLOW
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UNIVERSAL CURVES
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PARAMETER VALUES

Beam Initial cond. dNch
dY Ti [GeV]

p
s [GeV] � 0 [fm/c]

Gold Glauber 800 0.34 200 1
Gold CGC 800 0.31 200 1
Lead Glauber 1800 0.42 5500 1
Lead CGC 1800 0.39 5500 1

TABLE : Central collision parameters used for the viscous
hydrodynamics simulations (Tf = 0:14 GeV for all).
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NOTATION
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e.g. Navier Stokes term:

r h� u� i = r � u� + r � u� � � �� r � u�
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