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3 4 1-D viscous hydrodynamics
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Event anisotropy
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» initial correlations

» nonlinearities of viscous
hydrodynamics
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Charge balancing

STAR data

local charge conservation
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Hydrodynamic beam energy scan
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Hydrodynamic flow in p-p?
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-Is hydrodynamics valid?
-What is the initial eccentricity?
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Collective elliptic flow in p-Pb?
> Large enough density? yes
» Large enough eccentricity yes?

» Large enough size? (7)
but should and can be tested

» Small enough gradients? no
- beyond viscous hydro
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Collective elliptic flow in p-Pb?
» Large enough density? yes (high mult.)
» Large enough eccentricity yes?

» Large enough size? (7)
but should and can be tested

» Small enough gradients? no
- beyond viscous hydro
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p-Pb, d-Pb @ LHC
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large multiplicity - large fireball - collective expansion?
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Fireball in p-Pb
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prediction 12.2011
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V, In pPD and PbPD
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v, shows similar shape in pPb and PbPb, but is smaller in pPb
v,{4} is only 20% smaller than v,{2} below 2 GeV/c

“Peripheral subtraction” has small effect at high multiplicity

mS @
Gunther Roland RBRC Workshop, Apr 15-17, 2013 'y e
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V5 In pPb and PbPD

Dash-dot line: peripheral subtracted
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v; has similar shape in pPb and PbPb; magnitude comparable

“Peripheral subtraction” makes essentially no difference

Hydro prediction: Bozek, v4{PP}, not including fluctuations
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Ridge in p-Pb
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Elliptic and triangular flow
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HBT systematics
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Spectra - < p; >
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Spectra - < p; >
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341D visc. hydro
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3+1D hydro
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» Ev-by-Ev hydro for pPb

» Collectivity in pPb@LHC explains v», ridge, < p; >
» triangular flow
» identified particle v»
» mass dependence of < p; >

» Observations consistent with collective flow
many exp. results; several calculations

» HBT radii in p-Pb?
» Limits of hydro!

» Why hydrodynamics would work?
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Can we reduce uncertainties?
go back to very peripheral A-A

MC-Glauber initialization MC-KLN initialization
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Glauber+NB
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- Ev-by-Ev hydro response to geometry valid
- response strength depends on details
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dependence on model details
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- response strength depends on details, initial eccentricity
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large source (standard)
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energy-momentum tensor

» shear viscosity
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> bulk viscosity
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> viscosity corrections from velocity gradients
» initial stress tensor - pressure anisotropy
> equation of state
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Fireball shape in pp
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pressure anisotropy

o \ Peq % 03F .. STARData Au-Au \5=200 GeV c=5-40%
£ \ R
V.
= 20 \ —-P, 1 ook
= \
[} ol
S
B - ideal flid b
[a N O b (1)=0 1., =0.25fmic
J 0.2F P (1)=0 T1,,,=0.5fm/c i
o -0. P (19)=0 T,,,=0.25fm/c large tilt
L T \
0 05 1 15 2 15 1 05 0 05 1 15nH2
-19 [fm/c] —
€
0 PHENIX Data Au-Au \5=200 GeV -
V2o o Charged particles ¢=20-25% &
02 PL(1)= 0 T,,=0.25fmic
- ideal fluid —
0.15(~ £
[ e £
.»“1 Kl
0.1~ &
0.05~ T4=0.5fmic z
r T, =0.25fm/c large tilt )
\ .
K 05 1 5 B
P, [GeV] &

PB, |. Wyskiel - arrXiv:1009.0701
- early pressure anisotropy irrelevant!

otr Bozek hydrodynamics



v» from late stage
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