
Holographic Floquet states in low dimensions

Mart́ı Berenguer Mimó
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Motivation

Floquet AdS/CFT. Periodically driven quantum system

Important in condensed matter: Controlled manipulation of systems
▶ Light-induced superconductivity [Fausti et al 2011, Mitrano et al 2016]

▶ Floquet topological insulators [Oka, Aoki 2009, Kitagawa et al 2011, Cayssol et al 2013,

Lindner et al 2011, Recthsman et al 2013, Jotzu et al 2014, Wang et al 2013]

▶ Artificial Weyl semimetals [Zhang et al 2016, Hübener et al 2017, Bucciantini et al 2017]

We study: Strongly-coupled (2+1)-dimensional gauge theory +
external rotating electric field:

E = Ex + iEy = EeiΩt

For the 3+1 case, see: [Hashimoto et al 2017, Kinoshita et al 2017]
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Mart́ı Berenguer Mimó (IGFAE) Holographic Floquet states in low dimensions January 2023 2 / 28



Motivation

Floquet AdS/CFT. Periodically driven quantum system

Important in condensed matter: Controlled manipulation of systems
▶ Light-induced superconductivity [Fausti et al 2011, Mitrano et al 2016]

▶ Floquet topological insulators [Oka, Aoki 2009, Kitagawa et al 2011, Cayssol et al 2013,

Lindner et al 2011, Recthsman et al 2013, Jotzu et al 2014, Wang et al 2013]

▶ Artificial Weyl semimetals [Zhang et al 2016, Hübener et al 2017, Bucciantini et al 2017]
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Holographic setup

Strongly-coupled (2+1)-dimensional gauge theory + external rotating electric field:

E = Ex + iEy = EeiΩt

⇓

Intersection of Nc D3 branes and Nf D5 branes along (2+1) dimensions:

1 2 3 4 5 6 7 8 9
D3: x x x - - - - - -
D5: x x - x x x - - -

We choose Nf ≪ Nc ⇒ No backreaction. The D5-brane is treated as a probe in the
AdS5 × S5 geometry
DBI action:

S = −NfT5

∫
d6ξ

√
− det (g6 + 2πα′F) F = dA
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Holographic setup

Worldvolume gauge field with one-form potential

2πα′A = ax(t, ρ) + iay(t, ρ)

Complexify the gauge field in the rotating frame

a(t, ρ) = ax + iay = b(t, ρ)ei(Ωt+χ(t,ρ))

Important → The equations can be solved by

ψ = ψ(ρ), b = b(ρ), χ = χ(ρ) ⇒ No PDE’s!

Lagrangian density:

L =
√

(1− ψ2) [(ρ4g2 − Ω2b2) ((1− ψ2)b′2 + h(1− ψ2 + ρ2ψ′2)) + (1− ψ2)ρ4g2b2χ′2]

UV boundary behavior

c(ρ) = b(ρ)eiχ(ρ) =
iE

Ω
+

j

ρ2
+ ..., ψ(ρ) =

m

ρ
+

C
ρ2

+ ...
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Holographic setup

χ is a cyclic variable: conserved quantity q

q = Ω
∂L
∂χ′

Evaluating q at the boundary:

q = Re(Ej∗) = jxEx + jyEy ⇒ Joule heating

The equations are singular when

b0 =
ρ4c − ρ4h
Ωρ2c

b0 = b(ρ = ρc)

ρ = ρc → pseudohorizon (of the effective metric). Boundary
conditions for the integration imposed here [A. Karch, A. O’Bannon 2007]
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Types of embeddings

Three possibilities:

0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.5

1.0

1.5

2.0

r = ρ cos θ(ρ) = ρ
√

1− ψ2

w = ρ sin θ(ρ) = ρψ
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Critical embeddings
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Types of embeddings

Two phases:

▶ Minkowski phase: gapped insulating phase. Stable mesons can exist
and there is a polarization current, but it is not dissipative:

q = 0

▶ BH phase: metallic conductive phase. The mesons have been
dissociated and a dissipative current emerges:

q ̸= 0, q =
(ρ4c − ρ4h)

2

ρ4c
(1− ψ2

0)

The Joule heating plays the role of an order parameter for the
transition.
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Phase diagram (critical embeddings)

0 2 4 6 8 10
0.0

0.1

0.2

0.3

0.4

→ The critical field Ec depends on the
frequency: Ec = Ec(Ω)

Critical frequencies: Ωc/m = 1.4965, 3.5308, 5.5676, 7.5851, ...
→ Vector meson Floquet condensates
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Mart́ı Berenguer Mimó (IGFAE) Holographic Floquet states in low dimensions January 2023 13 / 28



Phase diagram (critical embeddings)

0 2 4 6 8 10
0.0

0.1

0.2

0.3

0.4

→ The critical field Ec depends on the
frequency: Ec = Ec(Ω)

Critical frequencies: Ωc/m = 1.4965, 3.5308, 5.5676, 7.5851, ...
→ Vector meson Floquet condensates

Ωmeson/m = 2
√(

n+ 1
2

) (
n+ 3

2

)
= 1.7320, 3.8730, 5.9161, 7.9372

[D. Arean, A. V. Ramallo 2006] For the 3+1 case see [Mateos et al 2003]
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Holographic Floquet states
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Floquet supression points
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∼ Dynamical localization in driven lattices
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Mart́ı Berenguer Mimó (IGFAE) Holographic Floquet states in low dimensions January 2023 17 / 28



Other results

Analytic solutions:
▶ Massless case (T = 0 and
T ̸= 0)

▶ Small mass solutions (T = 0
and T ̸= 0)

▶ Large frequency (T = 0)

Angle between j⃗ and E⃗
(non-linear conductivity)

Photovoltaic optical
conductivity
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Effect of the temperature
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Effect of the temperature
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Effective temperature

Teff =
2ρch(ρc)− Ωb′(ρc)

2πb(ρc)χ′(ρc)
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Future directions

Add chemical potential and magnetic field

Include backreaction

Clarify the nature of the phase transition (Schwinger-Keldysh
approach for open systems?)
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Thank you for your attention!
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Holographic setup

Background 10d metric. AdS5 × S5

ds2 = r2

R2

(
− f(r) dt2 + dx⃗23

)
+ R2

r2
dr2

f(r)
+R2

(
dθ2 + cos2 θdΩ2

2 + sin2 θdΩ2
2

)
with

f(r) = 1−
(
rH
r

)4
, T = rH

πR2 , T : Hawking temperature

With the change of coordinates

ρ2 = r2

2

(
1 +

√
1− r4

h
r4

)
the induced metric on the D5-brane is

ds2 = gttdt
2 + gii(dx

2 + dy2) + gρρdρ
2 + gΩΩdΩ

2
2

where

gtt = − ρ2

R2
g2(ρ)
h(ρ)

, gii =
ρ2

R2 h(ρ) , gρρ = R2
(

1
ρ2

+ ψ′2

1−ψ2

)
,

gΩΩ = R2(1− ψ2), g(ρ) = 1− ρ4h
ρ4
, h(ρ) = 1 +

ρ4h
ρ4

ψ(ρ) = sin θ(ρ): embedding function
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