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Relativistic Heavy Ion Collider: RHIC



  



  

The QCD Phase Diagram



  



  

Approach: collisions
of two Au nuclei, which 

look flattened by 
relativistic effects.

E~100 GeV/nucleon

Thermalization:
Part of the kinetic 

energy converted to 
intense heat, quarks 

and gluons 
deconfine. 

Timescale ~ 2 x10-22 
seconds

Expansion:
Quark-gluon 

plasma exhibits 
collective flow 
described by 

hydrodynamics 
(Elliptic flow)

Hadronization:
Expansion and 
cooling, then 

matter 
converted to 

hadrons

Time arrow

A view of the Au-Au collitions at RHIC - simulation
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Ideal hydrodynamics: all gradient terms are neglected

First order dissipative fluid dynamics

Second order dissipative fluid dynamics



  



  



  



  



  



  



  



  



  



  

  10 D bulk
String Theory

AdS/CFT: The Idea

4 D boundary
        QFT

O(x)

O(y)

<O(x)O(y)>



  



  

QCD:
Nc=3=Nf,Matter in the fundamental
representation, Confinement,
Chiral symmetry breaking,
Discrete spectrum …

N=4 SYM:
Nc large, Matter in the adjoint
Representation, Deconfined
Conformal,
Supersymmetric…

At T=0 they are very different theories

QCD:
Strongly coupled gluons and 
  fundamental matter,
Deconfined, screening, finite
Correlation lengths.

At T>Tc they are very similar theories

At T>>Tc they are very different theories

N=4 SYM: Strongly coupled 
gluons and adjoint (and 
fundamental) matter,
Deconfined, screening, finite
Correlation lenths.

N=4 SYM:
Coupling remains strong: 
strongly coupled plasma.

QCD:
Runs to weak coupling, leading 
to a free gas of quarks and gluons.



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  

Introduction to the AdS/CFT correspondence:
The Supergravity side

0 1 2 3

Minkowski 10d = 0 1 2 3 4 5 6 7 8 9Consider IIB supergravity, a D3-brane in 



  



  



  



  



  



  



  



  

Identifications I

So, we have a powerful tool to calculate QFT properties at strong coupling!

Small curvature
Large t´Hooft coupling= strongly coupled QFT
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Identifications II



  

Identifications III: calculations of correlators



  

Important point:
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glueball deconfinement < T < meson melting 

Critical embedding: T = meson melting 

meson melting = strongly coupled QGP 



  



  



  



  



  



  



  



  



  

Results DIS q>>T



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  

AdS/CFT: Thermalisation



  

Thanks!
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