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1) Real-time out-of-equilibrium dynamics of many-body systems

2) Isolated systems <> Pure unitary time evolution

3) Zero temperature < No thermal fluctuations

“Introduction to 'Quantum Integrability in Out of
Equilibrium Systems’

Calabrese, Essler, Mussardo J. Stat. Mech. 2016
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The model: Transverse Field Quantum Ising Chain

— 7 X
H = o 0;, , — h,o;
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|h | <1 = H= Z gk;/]]j;?k + const Free Fermion mapping (Jordan-Wigner) + Bogoliubov + Fourier
k

'}

V(M) Domain-wall excitations:

x{%}l\\\}f 7‘ M=(1-h)"

Energy cost/ Mass gap: A =2(1 —h,)
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The model: Transverse Field Quantum Ising Chain
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The longitudinal field hZ lifts the degeneracy ——» Distinctive effects in the dynamics
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The Quench Protocol

1 - Prepare ground state |yy,) of Hy = H(gy). g = (h,h)

2 - At t = 0 suddenly change parameters g, —» g. H; = H(g)

3 - At t > 0 evolve with the new Hamiltonian |y (7)) = exp(—iH,1) | y)
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The Quench Protocol

1-Prepare |y,) = ®;| | ); : Ground state of H(h, = 0,h, = 0)

2 - Approach ground state of H(O < h, < 1,—h,) : z
R
|0) = exp [~zH(h,, — )] ly) = »
3 - Switch -/, to +/, and evolve with exp [—i H(h,, + h,) t]: ‘
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Comparison with theoretical prediction
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Comparison with theoretical prediction
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Comparison with theoretical prediction
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More on the oscillations

True vacuum False vacuum
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Time evolution:
local observable

‘ Fourier transform

Magnitude spectrum

Frequency



Another Model



XXZ Ladder
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XXZ Ladder
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Interacting <> No Free Fermion Mapping



XXZ Ladder
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Lagnese, Surace, Kormos, Calabrese J. Phys A 2022

Lagnese, Surace, Kormos, Calabrese J. Stat. Mech. 2022
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XXZ Ladder
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XXZ Ladder
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XXZ Ladder
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Test functional form

y = Ae_C/Ai
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Outlook

More on Bubble Dynamics Prefactor in the decay rate Experiments
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Thanks for the attention!

Federica M. Surace Pasquale Calabrese Marton Kormos




