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Amazing plasma of quarks and gluons...

» QCD thermodynamics
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Vanishing quark mass Color deconfinement =~ .
2nd order PT 1st order PT in 1M !
in Ns =2 andm =0 (pure Yang-Mills)

Real QCD world
m,! 3 MeV, my;! 5MeV, m,! 95 MeV, m.! 1275 MeV, aé
...various quark flavors
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QCD : Strong non-linearity and infinite-dimensional integral
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Field theory on lattice Monte-Carlo simulations
in Euclidean space based on importance sampling
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{ Ui } : configurations generated with the weight exp(-Sqp)

@» 1st principle and non-perturbative calculations
in large-scale computational simulations
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Lattice results: (2+1)-flavor QCD simulations
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QCD phase transition at high temperature:
¥ Dominated by chiral transition
¥ Color DoF gradually deconfined

Polyakov loop: test color charge
of a static quark (I ! )
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=) response to chemical potential

e.g. baryon number
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Susceptibility: * mn * H oM gan .
pB pS =0 Ms < HC
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Bazavov et al. in preparation

Susceptibility
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Non-interacting Meson-Baryon gas system
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Relation to susceptibilities (up to 4th order)

N g = Bo + B, + B, + Bs
112 = Bo + By + By + Bs
= (! 1)B. + (!2)B2 + (! 3)Bs
= (! 1)B. + (!2)B, + (!3)Bj
= (! 1)°M; + (11)°B1 + (!2)°B2 + (!3)°Bs
= (! 1)°B1 + (!2)°Bz + (! 3)°Bs
= (! 1°B1 + (!2°B2 + (! 3)°Bs
= (! 1)*M + (P1)*B1 + (! 2)'B2 + (! 3)'Bs

S | 5 Il E = 0 : constraint for u, dquarks
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Non-interacting Meson-Baryon gas system
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Relation to susceptibilities (up to 4th order)
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Non-interacting Meson-Baryon gas system
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Relation to susceptibilities (up to 4th order)
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¥ The constraints satisfied below T: HRG system

¥ Deviate from O at T ~ T: not only u,d but squarks deconfined

¥ Close to free quark gas at high temperature



Similar procedure for charm: lg < U¢C
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¥ Charm quarks also deconfined at T ~ T
¥ Similar to strange susceptibility
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¥ Hadronic description breaks downat T ~ T
¥ Hard thermal loop perturbation theory (dotted lines) at T >2T

Andersen &'#(" (2013)

PRL 111 (2013) 0823

0.00

-0.25F

-0.50

T [MeV]
L

0.10

0.05[

0.00

-0.05
140 180 220 260 300 340



BGSI"#$%6&'S(")*+

o g
Deconfinement of U, d, sand c quarks: T ~ T
Strongly correlated quark-gluon plasma
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Crossover chiral transition % u 5
Tc=154 £ 9 Me % ® _
‘ d
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! & HTL perturbation (T >2T.)
Hadron Resonance Gas 4 Free quark-gluon gas




