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Abstract: A tremendous amount of recent attention has focused on characterizing the dynamical properties of periodically driven man
systems. Here, we use a novel numerical tool termed &€ density matrix truncationa€™ (DMT) to investigate the long-time dynamics of large
Floquet systems. By implementing a spatially inhomogeneous drive to a 1D quantum chain, we demonstrate that an interplay between

heating and diffusive transport is crucial to understanding the systema€™s dynamics. We find that DMT accurately captures two essential p

Floquet physics, namely prethermalization and late-time heating to infinite temperature. Moreover, we show that these two aspects are dr
different microscopic mechanisms.
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Thermalization

o Does the system reach thermal equilibrium
(with itself)?
— Does it become a Gibbs state? %6—

BH

e Quantum quench
— Suddenly takes system out of equilibrium

o Transport measurements
— Do quasiparticles thermalize with their
environment?
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Thermalization

e Examples with thermalization
— Interacting fermion chain (no disorder)
— Generic strongly-interacting, low disorder systems

e Examples that do not thermalize
— Integrable systems (e.g. harmonic oscillator)
_ Free (non-interacting) fermions
_ Many body localization
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Hydrodynamics

e Conserved quantities governed by classical
equations of motion.
_ Energy, charge, etc. behaves like a fluid

. All observables are determined by classical

variables
— Local thermalization

o= LeOE
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Floquet Physics

 Periodically driven from external source
_ Unitary evolution (does not couple to bath)

e Examples
— Classical light (pump drive)
— Periodic trap modulation
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Floguet Hamiltonian
H(t) = Hsta.tic + Hdrive (t)

Hstatic e Z :JZ:CZ:B-l-l - J:cX:cX:r+1 = h:r:X:c]

Harive(t) = Z :hy(t)Y:r - hz(t)Z:c]
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Floguet Hamiltonian

Local
H(t) — Hsta.tic T Hdrive(t) Interactions

Hstatic = Z :JZmZ:r:+1 Bl J:I:X-’Z%I— h:z:X:c]

T

Hasive(t) = ) [hy(t) Yz + he(£) Z,]

x

hy (), h, ()4 Drive induces transitions
between states with

T 41: €nergy w apart.
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Floquet Physics

* Periodically driven from external source
— Unitary evolution (does not couple to bath)
° Examples
— Classical light (pump drive)
— Periodic trap modulation
° Energy is not conserved
— External drive creates excitations
— Typically drive system to infinite temperature
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Floquet (Pre)thermalization

* Rate of heating << Rate of thermalization

° System appears to be a Gibbs state at some
finite temperature
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Floquet (Pre)thermalization

* Rate of heating << Rate of thermalization

° System appears to be a Gibbs state at some
finite temperature

° Exponentially slow heating

— Driving frequency >> single-particle excitation
energies

— Need to create multiple particles at the same time
— Heating rate oc e~ %/J

[Abanin et al. PRL 2015; Mori et al. PRL 2016;
Kuwahara et al. Ann, Phys. 2016; Abanin et al. PRB 2017)
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Floquet Hamiltonian

H(t) = Hstatic + Harive(t)

Hetatic = ) (120201 + JoXa Xyl + hyp X, ]

Harive(t) = Y [hy(t)Yx + hz(t)Zs]
Ay
hy (t), h,(t)4
Drive induces transitions
between states with

T 41: €nergy w apart.
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Floquet Prethermalization

* Heating rate oc e~/

* Drive frequency >> single-body energy
>
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Floquet Prethermalization

* Heating rate oc e~ %/J

° Drive frequency >> single-body energy
w>J

* Many-body bandwidth >> Drive frequency
LJ > w
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Floquet Prethermalization

Heating rate oc e =%/

Drive frequency >> single-body energy
>
Many-body bandwidth >> Drive frequency

LJ>w
Requires large system size

w
L>—>1
J>

How to study large systems theoretically?
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Quantum simulation
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Quantum simulation

~“txpectation values
) Correlation functions

Dynamical response

Page 19/46
Pirsa: 19100092



Numerical Simulation in 1D

time t
Exact

Representation
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Quantum Dynamics

* What happens when we combine
— Floquet systems
— Prethermalization

— Hydrodynamics

° How do we study such system?
— New numerical technique
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“Brute Force” Algorithm

Initial state
|?1b(0)> — Zwsl,SQ,... |811 827 i )

Time-evolution
U(dt) = exp [—%H(St]
[4(t +61)) = U(6t) [ (t))

Final state

[%(T))
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Numerical Simulation in 1D

Representation

[ S
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Matrix Product States (MPS)
Product state: I’L[)) = |(p(1)> |<,0(2)> e I‘P(L)>

Mps: |1y = A AR) ... g(L)

7) 12) |2)
A — [m ?) |?>]
12 [2) |2)

Each matrix has dimensions X2 X
X - bond dimension

Memory resource ~v LX2
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Entanglement Growth

: S
g 00000 0O0OQGOGOOO ) ~c

A

Delocalized/Thermalized

Localized
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Numerical Simulation in 1D

time t
Exact

Representation
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Eigenstate Thermalization Hypothesis

* For a closed system, eigenstates at the same energy density
are locally indistinguishable.

* Thermalization criteria (Does not apply to localized systems)

* Local observable: (golé|g0) ~ Tr [e_BHO]
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Eigenstate Thermalization Hypothesis

For a closed system, eigenstates at the same energy density
are locally indistinguishable.

Thermalization criteria (Does not apply to localized systems)
* Local observable: {i|O|p) ~ Tr [e_BHO]

For a thermalized system,

long ranged entanglement entropy = thermal entropy
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Density Matrix Truncation (DMT)

Idea: Long ranged entanglement = thermal fluctuations
Density matrix representation: p(t)
Match local observables: Tr[/ip] ~ (¢|_,Zi|q/))

Differing global states: P F W) <¢|

With the Matrix-Product-Operator (MPO) Representation:
* Thermalized (Gibbs) states do admit an easy MPO description
* (Excited eigenstates do not admit an efficient MPS description )

Pirsa: 19100092 Page 29/46



Density Matrix Truncation

DMT

Quantum + Thermodynamics

time
Exact
Representatio

arXiv:1707 nicac
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