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Known knowns and known unknowns...

QGP Hypothesis

Fast Equilibration/Thermalization: o o
e Enormous Energy Density f
e | arge Spatial Anisotropy

Critical Point

Hydrodynamic

Evolution Hadron Gas

a) without QGP

Anlsotroplc Pressure Gradlents
VP =>> VP =>> VP

7))
c
e Longitudinal/lsentropic Expansion S
. . . O
* Anisotropic Transverse Expansion ?
N AY f?; « System size < 20 fm, lifespan
> < 20 fm/c (1022 s),
: o u,d quarks

 Up to 10000 particles
produced per collision —
hadrons, leptons, photons,
even gauge bosons ...

s quarks

Have we fully vetted this model?
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Thermalization !?!

HRG Model w/ parameters T, pug, V; w/ “feed-downs”: E&M, Strong Decays: e.g.,, A = p(n)+nxn , p > n+rx, ...
Fit to ratios: Volume V cancels out
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eg., AT = P = AN

pr — A — px, etc
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Evidence for Incomplete or lack of Thermalization?!

Measurements of .;,,, and BF O

ALICE, PRL 110 (2013) 152301 ALICE, Eur.Phys.J.C 79 (2019) 3 ALICE, PLB 833 (2022) 137338
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Thermalization and QGP Susceptibilities

Can we really measure susceptibilities this way?

GCE Partition Function: p = 1/T w/ T: System Temperature To avoid ambiguities associated with the unknown
_ ,B( H-Y u N.>- H : Hamiltonian volume V, consider ratios of cumulants:
AV, T, pg, up s) = 1t |e e u;: Chemical potentials Y
N:: Conserved number operators § ol =3 =23
972 q q
P q Cz A2
q q
Dimensionless pressure  : T Wln [Z(V, T, pg, 1o, M) K402 ﬂ . )ﬁ
q q
T olnZ S (3 X
Quark number density : (n,) = 75
Hq But Czq s entirely determine by charge
Baryon densities 2 (ngp) = 1 2 (n): conservation and the width of the acceptance...
3 u
| | C?, n>2, only carries “new” information
teospin density F ) =5 () = () if I/, # 0 (factorial cumulants)
2 1 1 |11
Electric charge density_ : (ny) =—(n,) ——(n,) —=(n) Make sure you check ! [1]
- sos _ OTHPIT A Might be better to measure differential
SUBEERiel L el eE Ko = oa ol ok w/ fig =T, q=B,0.5 balance functions and their integrals. ..
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Chiral symmetry restored at high-T???
Remember Disoriented chiral condensate (DCCs)?
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Very strong scaling violation of vdyn[KO, K*] vs.
produced particle multiplicity.
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