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Floguet theorem In QM
Temporal analogue of Bloch theoren

For a hamiltonian periodic In time
H(t+ T)= H(t)
The solutions of the Schredinger equation are of the forn
P(t)) = e "'|D(t))
t@E+T) = 1! Floquet mode
' quasienerg
It applies to periodically driven systems

There are specibc technigues to study these syster
Extended (Sambe) Hilbert spact
High-frequency & Magnus expansion



Why Is Interesting?

Control and design of

Floguet engineerin( == | quantum systems using

periodic drivings

Examples

—mm=— New quantum (artificial) quantum materials induced by the driving
(topological insulators, new superconductors, ..

- F|oquet time crystals
- Control of decoherenc

—gm— Artipcial gauge beld:
- New stable states out of equilibriun

We want to study these driven systems in holograph



A simple example of a modulated system
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Consider a 1d lattice with hamiltonian:

Ho = ! J a., & *+h.c

J ! hopping parameter! amplitude of the | ! | + 1 transition

Ho IS the lattice version of a periodic one-particle

hamiltonian In the tight-binding approximation



Add a periodic perturbation

H = Hy + wé&)V I(t) = g cos('t)
V= > jala
J
V' is the lattice version of the position operator x

The driving term can be absorbed by an unitary transformation

)y = R(t) |¢) R(t) = ¢ PosnC" OV



rm

I'he driving has added a coupling to a gauge field

! j+1  H
a8 ! g, exptl A g Pelerls substitution
J



Stroboscopic time evolutior

U(T,0) = g | o, H(t)dt T = ﬂ

Then

Equivalent to changing the hopping as

J = Jo(&o) J = Jegr(&o)

Choosing! such that Jo(!g) = 0 we suppress the hopping

Dynamical localization



We want to study a (241)-dimensional gauge theory

under the Infduence of a external electric beld rotating
In the xy plane

E=E+iE = Ee"'

Two physical regime:

Q Weak field E ! vacuum polarization in an insulating gapped phase

A rotating polarization current § is inducec

with no dissipation (j ! E)

Q ForE! E;." vacuum is unstable by Schwinger pair productiot

Dielectric breakdown, dissipation and Joule heatin

The critical beld depends of the frequency ! |[E. = Ec(!)




Remarkably, in our top-down holographic model

for some frequencied =1 .

Fe(l ¢) =0

Moreover, E =0 and the current | £0

IN a Pnite range of frequencie . <! <1

States with rotating current and zero external electric belc

Floguet condensate of vector mesot

Similar results in (3+1)-dim were previously obtained by
Hashimoto, Kinoshita, Murata and Oka [1611. 0370: [1712.06786]



Brane setup

1 2 3 4 5 6 [ 8
D3: x x x _ _  _ _ _ _
D: x x _ %X X X _ _ _

Gauge theory at the intersectior

The D5-brane is treated as a probe in theAdSs! S° backgrounc
DBI action for the D5-brane

| " .
S=IN;Ts d° I det gg+2"#'F F = dA

Bulk degrees of freedom&

Act as a bath for the flavor dof’s



Background 10d metric (zeroT)

2 2 2 2
<+ wi + w5 + w3

ds?, = =3 | dt® + dx® + dy® + dz* +
+ s !d!2+!2d!§+dwf+dw§—|—dw§
12 + w? 4+ wi + w3
dl 5=d“+sin?!d"? We take R = 1 from now on
D5-brane extended inx,y, p,0,¢ ! 18 = (t,z,y," ,#9)

Ansatz for the transverse scalar

z = constant , w1 = w(t,p) , woy = w3z = 0.

and the gauge field
21" "A = au(t, B de + ay(t,#) dy ,



Complexify the gauge Peld in the rotating frame
a(t,!) = a, +ia, = b(t, 1)+ )
Important ! The equations can be solved L

b = b(p) X = x(p) w = w(p) No PDEs!

Lagrangian density

| 2 - 1T F
L = : (!2+w2)2_!2b2 1+ b2+ 2 +(!2+w2)252"/2

UV boundary behavior

o) = b = 1= v Ly aag

] I Polarization current




Y 1s a cyclic variable

First integral — | g = !
Evaluating g at the boundary
g==Re(Ej’) = jxEx + JyEy —me—m Joule heating

Types of embedding

Foms are potentially singular when:

~
/

What Is the meaning of! = ! .”



l =1 ! pseudohorizor | (of the open string metric)

Three possibilities

Q Black hole embedding

Branes cross the pseudohorizon at. £0

Q Minkowski embeddings

Branes do not cross the pseudohorizon and reach p =0

Q Critical embeddings

Branes reach the pseudohorizon at p. = 0



«— Minkowski embedding

@ Mink. embeddings — gapped insulating phase
No dissipation — g =0

@ BH embeddings! metallic conductive phase

2 (2 | 2
Dissipative — q # 0 q = p, (wy + pe)



Phase diagram (critical embeddings)

0.5 :

|E|/m?*

Critical frequencies — ! ¢/m = 1.4965, 3.5308, 5.5676, 7.58514¢

o — Queson/m = 1.7320, 3.8730, 5.9161, 7.9372,-- - .

1
Qmeson/mZQ\/(n+§)(n—l—g) n=2012---



3d phase diagram

Ist Floquet condensate (2 € [1.4965,1.7320])

Non-Equilibrium Steady State (NESS)

Energy injection=dissipation
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Floquet suppression points

@ 7 has also a lobe structure

@ 7 = 0 close to the points where E is maximal
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@ j=0even with £ # 0 (Floquet suppressed states)

@ The polarization is dynamically suppressed for some frequencies

(Similar to tunneling suppression)
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Non-zero temperature

@ Two horizons

@ The BH horizon is always
inside the singular shell

Embeddings

Q Minkowski

Thermal =

O BH—>{

Conical

Q Critical




Effective temperature
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The lobes are deplected as 1" grows

rh/m
— 0.001 -— 0.85
—_— 0.7

— 0.8855

Two bending effects (1" and F)

Fh _. =g ],ecss F is needed
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For rp /m > 0.8897 all embeddings are BH

10



Future directions

Q@ Add chemical potential & magnetic pelc

Q Include backreaction

Q@ Bottom-up models (see Ishii&Murata [1804. 0678!

Q@ Clarify the role of topology

Q Clarify the nature of the phase transition
(Schwinger-Keldysh approach for open systems?)



That's it.

Thankyou for your attention!!




