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Thermalization of Quark Gluon Plasma,

QGP in heavy-ion collisions:
How fast does it thermalize/isotropize
what are the most important processes contributing to this?



Schwinger model (1+1D QED)

L l_,
H = (1//(;/ (—i0,— gA)) +m>l//+ 5% )dz

Gauss law (Euler-Lagrange equation of gauge field) &(x) = gJ wy y
0

Gauge fixing A; =0

1
H = J(— lpiyldz + mys + 5‘52>dz



Schwinger model (1+1D QED)

— | . 1 P
H = (1//(;/ (—i0,— gA)) +m>l//+ 5% )dZ

Gauss law (Euler-Lagrange equation of gauge field) &(x) = gJ wy y
0

Gauge fixing A;=0

1
H = J(— lpiyldz + mys + 5‘52>dz

. . . — I |
Discretization =na e, =g Ez,) ¢, = agAy(z,)
A N-sites
— 4 1/2 — 172
0@ 000 X Xon =0 W(2Z9,) Ko = 4 W (2941
0/1 <
1+1 D QED Chain ' fermion Hamiltonian with periodic boundary condition

N . )
. . 1 1 : . ag
@ cuiiermion Hpp . = Z,( SO = ) + (D o+ — 83)
Dimension of fermion sector N n=1

Dimension of electric field sector M . . 1
Discretized Gauss law £, 1~ & = XuXn

Dimension of total Hilbert space N M



Schwinger model (1+1D QED)

Gate Representation (Jorden-Wigner Representation)
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Real time evolution and Thermal average
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Equal time Wigner function for 1+1D system
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Equal time Wigner function for 1+1D system
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EigenSta;te thermalization HypOtheSiS [Mark Srednicki Phys. Rev. E 50, 888 |

ETH: A chaotic quantum system in a finitely excited energy eigenstate behaves thermally when probed by few-
body operators
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BEigenstate thermalization Hypothesis
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BEigenstate thermalization Hypothesis
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Entanglement Entropy & Reduced density matrix

Subsystem eigenstate thermalization hypothesis

Diagonal
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summary
We calculate the real time evolution of a closed system with quantum computing.
Find the momentum distribution function will thermalize when the system satisfies ETH.

After trace out part of the system, the subsystem ETH is verified.

Outlook

How does the system reach the thermal equilibrium:
hydrodynamics?
attractor?
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