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Outline

The motivation
    create and study the new state of matter,
      QGP under high temperature

The expectation
     QGP…weakly interacting gas

The discovery
     QGP…strongly interacting fluid

Conclusion
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Relativistic Collisions of Heavy Nuclei

Au-Au, p-p, d-Au collisions
T > 1012 K

last seen ~ 1 microsecond after the Big Bang.
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High temperature nuclear (QCD) matter

 Hot:   critical temperature
              ~ 170MeV ~ 10^12 K
 Dense
 Asymptotic Freedom
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Prediction
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Quark Gluon Plasma

 

 

Plasma
  ionized gas
  charge neutral
  electromagnetic interactions

Quark Gluon Plasma
  weakly coupled gas
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Experiment at RHIC
…QGP is liquid

 T > 1012 K
 Thermalization time
      10-24 sec
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Fluid: the laws of fluid dynamics

Shear viscosity: η

   Rate of momentum transport

   To measure it, use viscometer
Example: water
    conserved quantities
    mass
    energy
    momentum.
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No viscometer….

measure…
   The distribution of

charged particles
produced in the collisions
as a function of azimuthal
angle ϕ

   pt transverse momentum

   y  rapidity

Hydrodynamic calculation 
 
QGP is fluid 
   Flow 
   Viscosity
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Elliptic flow
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Elliptic flow: Fourier analysis

 

Harmonics, each vi is a function of 

  the impact parameter 
   rapidity 
   transverse momentum 
   particle type 

Elliptic flow pattern… V2
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Experimental result
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Jet quenching (hard probes)
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Jet quenching (hard probes)
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Viscosity

Viscosity was extracted from experimental
data

    relativistic fluiddynamics

    S(entropy)
    very small value!                  Perfect Fluid
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Conclusion

QGP
   Strongly interacting fluid

Questions
   Minimum value of viscosity
   Screening length
   Mechanism of rapid equilibrium

achievement
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