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Standard Model of Particle Physics
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The Quark-Gluon Plasma
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The QCD phase diagram
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Colliders now and in the future

¢ Future Gircular Collider (FGC)
Circumference: 90 -100 km
Energy: 100 TeV (pp) 90-350 GeV (e*e)

Large Hadron Collider (LHC)

Large Electron-Positron Collider (LEP)
Circumferen 7 km

Energy: 14 TeV (pp) 209 GeV (e*e)

e Tevatron
Circumference; 6.2 km
Energy: 2 TeV (pp)
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The Quark-Gluon Plasma

G
Sequential suppression of charmonium states

(H. Satz: "The Quark-Gluon Plasma”)
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Charm Quark Equilibration
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Charm Quark Equilibration

2 PbsPb |5,=276TeV  y=0

From kinetic theory (weak coupling):
@ Low /syn: Thermal production

negligible [\ 1

@ FCC energies: To = 840 MeV
@ Thermal production efficient

>
T
g
(Zhou et al., Phys. Lett. B 758 (2016)) %"m, B
On the other hand: [\ 1
71 + +
b rchem ~ 10 fm/c 1001 Pb4Pb  |5,,=39 TeV b

(Bédeker, Laine, JHEP (2012))

— Relevant at LHC
— Dominant at FCC

5
t(fm/c)

(Zhou et al., Phys. Lett. B 758 (2016))
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Equilibration T and V

@ Susceptibilities correspond to conserved charge fluctuations:

1
2 2
@ Use Charm Quark Number Susceptibilities, order i:
o'p(T. i)

Xo(T) =
¢ 8/’“0 a=0

@ Two equations with two unknowns T and V:

<(5N076)2> X‘é 2 _ ((ONe-
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Susceptibilities - lattice and pQCD
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(Graf, Bleicher, Steinheimer, Herold, PRC 97 (2018))
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@ Unquenched IQCD only
for T < 0.5 GeV
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Susceptibilities - lattice and pQCD
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(Graf, Bleicher, Steinheimer, Herold, PRC 97 (2018))
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Summary

Charm Quark Equilibration
@ Thermal Charm Quark Production
@ Important at FCC, relevant at LHC
@ Possible to explore equilibration T, V via susceptibilities
@ Future: Additional constraints from higher-order fluctuations
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