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Towards thermalization of Quark-Gluon Plasma

A quantum simulation on Schwinger model
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Hydrodynamically evolved system
in local equilibrium?

Rapid decrease of degrees of freedom

Attractor behavior?
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Emergence of effective theory?




Motivation

For a strongly coupled many body system, (e.g. quark-gluon plasma), how can
we describe its thermalization within an ab-initio, real-time simulation?
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A toy model

|
Schwinger model (1+1-D QED) L =y(lD — m)y — ZF HYE /w

QCD-like properties
Chiral Condensate Confinement CP violation

Topological § angle String breaking mechanism

Time-independent Hamiltonian

H = E° u(iv'o. — oylA — d
= S Wy o =8y m)y |dx .




On a lattice

Hamiltonian operator
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Staggered fermion component representation in periodic boundary condition
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Quantum thermalization in an isolated system
Quantum distribution function: Wigner function

_ Yy Y ;
War(t,2,p) = J<Tt |, (z + E)Wb(z — 5) | W) e’ dy

|Scalar| | Axial vector char@
Decomposition W= W, + W, y’+ W, y' —iW, y°
|Vector char@ |Pseudo-scalar|

. . E2
Time evolution ~ ,, _ J (7 _ iy'a. — gylA — m)l/,) dx

|w(1)) = exp(—i H1)|y(0))

W(t) = (y(t) | W|w(t))
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Quantum thermalization in an isolated system

initial condition
long-time average

/CE average
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. strong coupling: LTA = thermal

weak coupling: LTA # thermal
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Quantum thermalization in an isolated system

2
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Real-time evolution
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Quantum thermalization in an isolated system

Weak eigenstate thermalization hypothesis

Initial state-dependent thermalization behavior

(@). Low energy area

Cover a single branch

Quantum thermalized

(b). Mid energy area

0.23 .
0.22 Cover different branches
0.20 :
0.19 Not thermalized
o 08 ,
004 (c). High energy area
= 0.2
> 0.1 .
0.8 Cover a single branches
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Quantum thermalization in an isolated system

Violation of ETH & Discrete symmetry dependence

In weak coupling limit H— H f—

A 1
. f = i
Mass creation operator Za = N Z H%j & H)(k ® H I;
P petm. jeA keRB i€ URB
||+ |B| =«
[I:\Ifermion’ sz] = am QZ; ‘ Qa> = QZ{' 1010>

ﬂfermion ‘ Qa> — (EO + am) ‘ Qa>

Almost energy eigenstate

Parity odd
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Quantum thermalization in an isolated system

Reversal of parity

2
H = J(E w(iylo, — gylA — meieys)l//)dx
2 X

WX, p) ~ J e'? Iy (y)
X—y

w,(x, p) ~ J e'? () w(y)
A=Y




Quantum thermalization in an isolated system

Entropy production Entanglement entropy
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Summary & outlook

In this work we study the thermalization behavior of quantum distribution function and its link with the quantum
thermalization hypothesis. And find the relation between different component with certain global symmetry.

Subsystem thermalization and extraction of diffusion mode

Extract hydrodynamic mode in the quantum system evolution

Onset of hydrodynamics in a strongly coupled system based on
quantum many-body calculation
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