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What we have learned @ RHIC

experiment 

GeV/NN100100+=sAu-Au collisions @
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Equilibrium

Matter produced at RHIC appears to be 
in local thermal equilibrium
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Late stage equilibrium

W. Broniowski, A. Baran and W. Florkowski, Acta Phys. Polon. B33, 4235 (2002) 

Au-Au @ 130 GeV within Cracow Thermal Model
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Scenario of relativistic heavy-ion collisions
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Elliptic Flow & Early Stage Equilibrium
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Hydrodynamics requires 
local thermodynamical

equilibrium! 
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Elliptic Flow & Early Stage Equilibrium

Au-Au @ 130 GeV
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K.H. Ackermann et al. [STAR Collaboration], Phys. Rev. Lett. 86, 402 (2001)

central
collisions

peripheral
collisions

ideal hydro

Ideal hydro works very
well for central collisions
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Elliptic Flow & Early Stage Equilibrium

mmpKE TT -+º 22

Au-Au @ 200 GeV ( )�
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S. Afanasiev et al. [PHENIX Collaboration], Phys. Rev. Lett. 99, 052301 (2007) 

nq – number of constituent quarks
Elliptic flow is generated

at quark phase
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teq = 1.5 fm/c

0.75 v2

the largest flow

Au-Au collision

(R = 7 fm)
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Eccentricity decay due to the free streaming
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W. Jas and St. Mrówczy� ski, Phys. Rev. C76, 044905 (2007) 

Equilibration is fast!
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Opaqueness

Matter produced at RHIC 
appears to be very opaque
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Hard Jets @ RHIC
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J. Adams et al. [STAR Collaboration], Nucl. Phys. A757, 102 (2005) 
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Away-side jet is suppressed
in central collisions
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Hard Jets @ RHIC

J. Adams et al. [STAR Collaboration], Nucl. Phys. A757, 102 (2005) 
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Heavy-Flavours @ RHIC

A. Adare et al. [PHENIX Collaboration], Phys. Rev. Lett. 98, 172301 (2007)  
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Heavy quarks behave in 
QGP as light ones
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Experimental features

Matter produced at RHIC is in local equilibrium 

Equilibration time is short  ~ 1fm/c

Viscosity of the matter is low

Matter produced at RHIC is opaque

What does it mean ‘short’, ‘low’, ‘opaque’?
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Weakly coupled quasi-equilibrium QGP
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Provisional Conclusion

QGP is strongly coupled

QGP behaves as strongly coupled but 3.0£sa

or

?
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Mean fields vs. collisions
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free streaming

In weakly coupled plasmas the mean field dominates the dynamics

Weakly coupled plasmas are strongly collective

mean field ~ � s

collisions ~ � s
2
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Plasma’s collective behavior 
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Plasma oscillations 
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charge fluctuation
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Landau damping 
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Instabilities

)()( 0 tAAtA d+=

stationary state

fluctuation

ttA gµd e)(

0>g

Instability

)(tA0A

unstable configuration

)(tA0A

stable configuration



22

Momentum Space Anisotropy in Nuclear Collisions
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Parton momentum distribution is initially strongly anisotropic

CM after 1-st collisions local rest frame
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Seeds of instability
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Mechanism of filamentation
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Growth of instabilities – 1+1 numerical simulations

SU(2) Hard Loop Dynamics

A. Rebhan, P. Romatschke & M. Strickland, Phys. Rev. Lett. 94, 102303 (2005)
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Isotropization - particles
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Isotropization - fields
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Isotropization – numerical simulation

Classical system of colored particles & fields
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A. Dumitru & Y. Nara, Phys. Lett.B621, 89 (2005).
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Momentum broadening of a fast parton

Radiative energy loss of a fast parton is controlled by
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A. Majumder, B. Müller & St. Mrówczy��ski, Phys.Rev. D80 (2009) 125020 

teq g2~ˆ in unstable QGP
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Viscosity of turbulent QGP

Magnetized turbulent QGP
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M. Asakawa, S.A. Bass and B. Müller, Prog. Theor. Phys. 116, 725 (2007)

l - size of magnetic domain
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Viscosity of magnetized 
turbulent QGP is small
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Possible conclusion

Weakly coupled magnetized turbulent QGP
can behave as strongly coupled plasma
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RHIC vs. LHC
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RHIC vs. LHC cont.

Lattice thermodynamics of Quark-Gluon Plasma

F. Karsch, arXiv:0711.0656 [hep-lat].
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No conclusion

QGP @ LHC ?


