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Prelude




The Fermi liquid

* Max entropy
* Pauli exclusion principle

———————————————— RUAO| T Clausius —6\?

The entropy of an isolated
system not in equilibrium will
tend to increase over time,
approaching a maximum value
at equilibrium.

An equilibrium state of matter of fermions
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The Fermi liquid

Pauli exclusion principle + Maximizing the entropy — Fermi-Dirac distribution
features a sharp Fermi surface at zero temperature
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The Fermi liquid

Cornerstone for other theories and technologies
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The Floquet Fermi liquid

A periodically driven system, out of equilibrium
Hs(t) = Hs(t +T)

i0; |E () = Hg(t) WL (t))
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l quasi energy

discretized Fourier series




The Floquet Fermi liquid

* Dissipate energy
* Erase memory
* Unique steady state

To reach a steady state under periodically driven, a bath is crucial !




The Floquet Fermi liquid

* multiple surfaces

How does it look like? « spacing between the surfaces
* size of the jJump




Derivations




Open system Schrodinger equation

non-interacting, single particle

separate system and bath as a direct sum of their individual Hilbert spaces
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Open system Schrodinger equation

reduce the bath state dynamics

10 [Ys(t)) = Hs(t) [Ys(t)) + Hsp(t) [¥B(1))
10y [Yp(t) = Hps(t) [vs(t)) + Hp(t) |¥B(t))

10 Up(t,to) = Hp(t)Up(t, to) ystem
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Decay, memory and energy renormalization effects




Open system Schrodinger equation

restrict to a featureless fermionic bath

Hp = Zgj Png) (Pnjl, Hsp = A Z Xn) (¥n,j i >

n,j naj

vp(w) = QWZ(S(w — &) = 1.



Open system Schrodinger equation

10 [Ys(t)) = Hs(t) [vs(t)) + Hsp(t)Ugp(t, to) |v5(to))
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Decay, memory and energy renormalization effects

system state l//,,(lj ) evolved

out of a pure bath state ¢, ' source term!
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Steady state occupation
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Steady state occupation
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10:Ug(t,t'") = Hg(t)Usg(t,t")

PS (t + T) — pPS (t) synchronized with the drive
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Steady state occupation

lim ps(t) = 3 pn [0F(O) WE@], pa=3 (Pnilona) folel +10).

I'—0 l

occupation in the Floquet basis becomes time independent

0 [oh (0) = Hs(8) [vl (1) [h (8) = Y e DM p,), Q=2m/T

a sum of Fermi-Dirac functions, each shifted by integer multiples of the driving frequency !



Demonstrations



Staircase occupation

Consider a diagonal Hamitonian with a harmonic drive

(Xn|Hs(t)[Xm) = Inmlén + Va(t)] = dnmen(t), Va(t) = Vi cos|w(t — o))
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Staircase occupation
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Quantum oscillations

IS a powerful way measure the size of the Fermi surface.
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Quantum oscillations

when we have multiple Fermi surfaces, beating appears
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non-equilibrium van-Hove singularities

van-Hove singularities usually appear when the Fermi surface has “kinks”

ex = —2t cos(ky) — 2t cos(ky)
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non-equilibrium van-Hove singularities

If we have multiple bands, we could have more van-Hove singularities
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non-equilibrium van-Hove singularities

Additional van-Hove singularities appear when additional Fermi surfaces appear
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Extra & ongoing



The nature of bath matters away from equilibrium

1 In equilibrium in limit of weak coupling to baths, nature of bath does not matter
Bath 1
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In non-equilibrium even in limit of weak coupling to baths, nature of bath matters
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Floquet Non-Fermi Liquid for ideal bosonic baths Shi, Matsyshyn, Song, Sodemann unpublished
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Summary

 the Floquet Fermi liquid is a periodic, non-equilibrium state for fermions

* the Floguet Fermi liquid has many fermi surfaces and thus exotic properties

 the nature of bath matters

Thank You for your attention!



