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final state particles 
N ∼ 103−4

1Heavy-Ion Collisions
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Hydrodynamic attractors 
- focus on properties of hydrodynamic equations 
- common behavior developed very rapidly

(boost invariant, transverse homogeneous)
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Hydrodynamic attractors 
- focus on properties of hydrodynamic equations 
- common behavior developed very rapidly

Donglin Wang (王栋林), Li Yan (严力) and Shi Pu (浦实),  
Phys.Rev.D 111 (2025) 034033

attractors of spin hydrodynamics

hydrodynamic attractors

J.-P. Blaizot and Li Yan (严力),  
Phys. Lett. B 820, 136478 (2021), Phys. Rev. C 104, 055201 (2021)

attractors of more coupled modes in hydrodynamics
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Hydrodynamic attractors 
- focus on properties of hydrodynamic equations 
- common behavior developed very rapidly

Shile Chen (陈诗乐) and SS, 2509.08864
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Hydrodynamic attractors 
- focus on properties of hydrodynamic equations 
- common behavior developed very rapidly

Shile Chen (陈诗乐) and SS, PhysRevC.111.L021902
extended to boost-non-invariant systems
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6transport theory

see e.g. Strickland, JHEP 12 (2018) 128

usually linearized Boltzmann, e.g., Relaxation Time Approximation

Thermalization in phase space distribution 
- solve Boltzmann equations, compared with hydro 

pμ∂μ f(x, p) = 𝒞[ f ] , Tμν(x) = ∫p
pμpν f(x, p)
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Jin Hu (胡进), JHEP 2025 (2025) 07, 066

Thermalization in phase space distribution 
- solve Boltzmann equations, compared with hydro 

pμ∂μ f(x, p) = 𝒞[ f ] , Tμν(x) = ∫p
pμpν f(x, p)

[SUN] 2:00, J. Hu 

transport theory

Special exact solution to full non-linear Boltzmann equation.

see also: Bazow, Denicol, Heinz, Martines, Noronha,  
Phys. Rev. Lett. 116 (2016) 022301
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full non-linear Boltzmann: Xingjian Lu (路行简) and SS, 2507.14243+2509.23978 
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Linearization (evolution well approximated by 
linearized Boltzmann) before thermalization.

Thermalization in phase space distribution 
- solve Boltzmann equations, compared with hydro 

pμ∂μ f(x, p) = 𝒞[ f ] , Tμν(x) = ∫p
pμpν f(x, p)
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[SUN] 2:25, X. Lu 

transport theory



8

Yiyang Peng(彭亦扬), Ambrus, Werthmann, 
Schlichting, Heinz, Huichao Song(宋慧超), 
2509.04431

Thermalization in phase space distribution 
- solve Boltzmann equations, compared with hydro 

pμ∂μ f(x, p) = 𝒞[ f ] , Tμν(x) = ∫p
pμpν f(x, p)

[MON] 9:40, Y. Peng

transport theory

Anisotropic hydrodynamics 
needed in small systems
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Thermalization in phase space distribution 
- solve Boltzmann equations, compared with hydro 

pμ∂μ f(x, p) = 𝒞[ f ] , Tμν(x) = ∫p
pμpν f(x, p)

[SUN] 4:55, Daria Prokhorova

transport theory

How to probe the anisotropy?

jets?

heavy flavor:

[SUN] 2:45, Yu Guo(郭钰)
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Thermalization in phase space distribution 
- solve Boltzmann equations, compared with hydro 

pμ∂μ f(x, p) = 𝒞[ f ] , Tμν(x) = ∫p
pμpν f(x, p)

[MON] 10:50, Anping Huang (黄安平)

transport theory

Effect of a Critical Point?



11transport theory in a more formal side

[SUN] 4:15, Navid Abbasi

hydrodynamization of two- 
and higer-point correlators. 

proposed new conjecture of 
late-time behavior.



12onset of hydrodynamics in Heavy-Ion Collisions

Quark-Gluon Plasma: 
A strongly coupled, quantum, (quasi)many-body system!

Ideally, full quantum simulation of QCD in 3+1D

Practical Example: strong coupling QED in 1+1D 
— confinement, chiral condensate



Schwinger Hamiltonian

H = ∫ (E2

2
− ψ̄(iγ1∂x − gγ1A − m)ψ)dx .

1+1D Schwinger model

{ψa(x), ψ†
b (y)} = δa,bδ(x − y)

{χ†
n , χm} = δnm , {χ†

n , χ†
m} = {χn, χm} = 0 .

Jordan-Wigner 
representation

χ1 χ2 χ3 χ20χ19
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field operators  
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matrices
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Eigenstates of H: vacuum and (quasi)-particles 

Time evolution:  

 
∂
∂t

|ψ(t)⟩ = − i H |ψ(t)⟩

O(t) = ⟨ψ(t) | Ô |ψ(t)⟩

[TUE]9:15 X. Guo - quantum computation 



thermalization of quantum distribution function: Wigner function
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thermalization of quantum distribution function: Wigner function

Shile Chen, SS, and Li Yan, 2412.00662
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14
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Phys.Rev.D 112 (2025) 3, 034511 
Zhen-Xuan Yang, Hidefumi Matsuda,  
Xu-Guang Huang, Kouji Kashiwa

entropy production in a  
quantum simulation of QC2D

testing thermalization in different quantum systems
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Zhen-Xuan Yang, Hidefumi Matsuda,  
Xu-Guang Huang, Kouji Kashiwa

entropy production in a  
quantum simulation of QC2D

testing thermalization in different quantum systems 15

Eigenstate thermalization in 1+1D SU(2) gauge theory with Fermion: 
Das, Ebner, Kadam, Raychowdhury, Schafer, Yao,	 2509.18269

Eigenstate thermalization in a SU(2) gauge theory: 
Xiaojun Yao(姚晓骏),     Phys.Rev.D 108 (2023) L031504 

Ebner, Muller, Schafer, Seidl, Yao,      Phys.Rev.D 109 (2024) 014504



connecting quantum and classical entropies

Chenxi Liang (梁晨曦), Li Yan, Xiaojian Du [SUN] 5:35, C. Liang

16

participants are the quantum subsystem of interest



emergence of Bjorken flow 17

vacuum + [excitation @ center]

|Ψ(t = 0)⟩ = eiω ∫+w/2
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emergence of Bjorken flow

Haiyang Shao (邵海洋), Shile Chen, 
 and SS, 2509.10835+2509.10855

[SUN] 5:15, H. Shao

⟨Ψ(t) | ̂Tμν(x) |Ψ(t)⟩
= (ε + P + Π)uμuν − (P + Π)gμν



summary

• hydrodynamics attractors — common behavior of evolution 

• transport theory — thermalization and hydrodynamization at microscopic 

• quantum simulation of microscopic QFTs 


