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Collectivity in Heavy-lon Collisions

Collective Property of final state particles:
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onset of hydrodynamics in Heavy-lon Collisions
0,7"" =0,

" = (e + P+ IDu*u” — (P + IT)g"* + =t .
thermodynamic + kinetic quantities

(EOS: QCD physics validated)

Hydrodynamics <  near local-equilibrium (many body)
for ~ 10°~* particles?
v mean free path (~0.5ftm) <« system size (~10 fm)
? rapid equilibration? (t ~ 0.5-1 fm/c)

? small system?



onset of hydrodynamics in Heavy-lon Collisions

ﬁ-lydrodynamic attractors N
- focus on properties of hydrodynamic equations
L common behavior developed very rapidly y
Heller, Spalinski, Phys.Rev.Lett. 115 (2015) 072501
S. Chen and SS, PhysRevC.111.L021902+PhysRevD.113.L071501
(—Iydrodynamization in strong-coupling quantum systems h
- thermalization of quantum distribution function
- emergence of Bjorken tlow -

S.Chen, SS, and L. Yan, 2412.00662
H. Shao, S. Chen, and SS, 2509.10835 + 2509.10855




Understanding
thermalization and hydrodynamization?



Bogolyubov-Born-Green-Kirkwood-Yvon Equations

Microscopic physics

P
H classical: Newtonian equations
quantum: Schroedinger equation
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ot E, linearized Boltzmann equation:
n-body joint distribution
Y fl zflocal eq. +f5
If neglecting multi-body correlation, GLf,] = ZLf] _|_?/9\@]§i
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return to Boltzmann equation: + other truncations
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spectral Bogolyubov-Born-Green-Kirkwood-Yvon
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spectral Boltzmann
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Xingjian Lu and SS, PhysRevC.113.034917



linearization 10
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black: full evolution

blue: linear evolution (but match the full state at a fixed time slot)

My = J (E) (f(p) — foo(P))
p Xingjian Lu and SS, 2509.2397/8



linearization versus thermalization 1T
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how to probe correlations? 12
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a, b: incoming particles
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Xingjian Lu and SS, 2606.02414



how to probe correlations? 19
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summary R

* Established numerical framework for correlation: spectral BBGKY

 Hydrodynamization occurs earlier, but of the same order, than thermalization

* Correlation could be observed in photon production



