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Search for the QCD critical point
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QCD Critical point ?



Seorch for the QCD critical point
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e No reliable approach from first-principle QCD calculations, dynamical effect Phenomenological study
e Experimental measurements == RHIC-BES II, HADES GSI, NA 61 CERN. Future : FAIR, NICA, J-PARC...



Relevant phenomenological observables

Equilibroted system Dynamical system
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Infinite correlation length ?3“‘)\ [ Critical slowing down ]
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! Criticality I
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Huge density fluctuations relax
near the critical point Hohenberg, Halperin, Rev. Mod. Phys. 49, 435; 1977
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Non equilibrium effects
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, Berdnikov, Rajagopal, MIT-CTP, 1999 [ Finite correlation length ]
Variance
Sk Higher order cumulants are expected to
ewness . .
show extraordinary behavior near the CP !
Kurtosis But the dynamical effects are important.

M. A. Stephanov, 2008
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Relevant phenomenological observables
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Are these results o

sign of the QCD
critical point ?
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Evolution of the net-baryon density

fluctuations
Net-proton
number > The QGP is an almost ideal strongly coupled fluid (elliptic flow)

I I @rodynomic can be used to describe the QGP evo[utioD

@ Nec:;?uz:tyyon [Dynomicol study of the net-baryon density ﬂuctuotions]
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Stochastic diffusion equation

Physics of phase transition
i T ——inp = DPPnp + 0t

I F Noise correlator :
2
Onpg = DO, { } + 0. (E(x1,t1)E(20, 1)) = 26T6(x) — x9)d(t — o)

D : diffusion coefficient K : mobility coefficient



Physics of the phase transition

[Ginzburg-Londou free-energy functionol]
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Temperoture dependance::

m?® = 1/(&£°)

K =K/&

Az = nc A3 (£/&) 7>
A = nc Mg (/&)
A6 = Ne N6

in this Fig.: A3 =1, A4 = 10 M. Tsypin PRL73 (1994), PRBSS (1997)

e (Gaussian approximation +
surface tension

e Non-linear terms ==
higher order cumulants!
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First approach on the cumulants
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Dynamical evolution : circles

e Hubble like temperature profile
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Evolution of the net-baryon density
fluctuations in an expanding medium

Dynamical study of the net-baryon density fluctuations J

Bjorken expansion ]
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Stochastic diffusion equation
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> Critical baryo-chemical I

potential : 390 MeV Hydrodynamic Phase = /12 — 52

> Hubble temperature profil :

initial temperature : 200 MeV Region of Region of
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Gaussian model in Bjorken expansion

Trajectories in the QCD Phase diagram 51
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Gaussian model in Bjorken expansion

Trajectories in the QCD Phase diagram
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e Numerics reproduces the
analytical solution |

correlation function (Ang(0)Ang(y))
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Full non-linear model in Bjorken expansion

Trajectories in the QCD Phase diagram
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Just after the critical temperature
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e Critical signal survives
the expansion |
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Conclusion

a QCD critical point ?

- Phenomenological study for the comparison with experimental results needed !

O Study time evolution of net-baryon number fluctuations

- Stochastic diffusion in an expansion close to the critical point

- Agreement with the analytical expectations

Survival of the critical signal during the expansion !

- Include regular part in the equation of state

> Future studies

- Coupling with energy and momentum .



