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MOTIVATION

Emergent phases of condensed matter
I Topological insulators

emergent topological field theories

I Prove this from microscopics ?
I Study responses to geometric deformations

[Gromov+, Read+, Son+, Wiegmann+]

Here focus on Quantum Hall droplets
I Reaction to deformed confining potential ?



Intro WKB in LLL Many-body observables Microwave absorption Bonus

MOTIVATION

Emergent phases of condensed matter

I Topological insulators

emergent topological field theories

I Prove this from microscopics ?
I Study responses to geometric deformations

[Gromov+, Read+, Son+, Wiegmann+]

Here focus on Quantum Hall droplets
I Reaction to deformed confining potential ?



Intro WKB in LLL Many-body observables Microwave absorption Bonus

MOTIVATION

Emergent phases of condensed matter
I Topological insulators

emergent topological field theories
I Prove this from microscopics ?
I Study responses to geometric deformations

[Gromov+, Read+, Son+, Wiegmann+]

Here focus on Quantum Hall droplets
I Reaction to deformed confining potential ?



Intro WKB in LLL Many-body observables Microwave absorption Bonus

MOTIVATION

Emergent phases of condensed matter
I Topological insulators :

emergent topological field theories

I Prove this from microscopics ?
I Study responses to geometric deformations

[Gromov+, Read+, Son+, Wiegmann+]

Here focus on Quantum Hall droplets
I Reaction to deformed confining potential ?



Intro WKB in LLL Many-body observables Microwave absorption Bonus

MOTIVATION

Emergent phases of condensed matter
I Topological insulators :

emergent topological field theories
I Prove this from microscopics ?

I Study responses to geometric deformations
[Gromov+, Read+, Son+, Wiegmann+]

Here focus on Quantum Hall droplets
I Reaction to deformed confining potential ?



Intro WKB in LLL Many-body observables Microwave absorption Bonus

MOTIVATION

Emergent phases of condensed matter
I Topological insulators :

emergent topological field theories
I Prove this from microscopics ?
I Study responses to geometric deformations

[Gromov+, Read+, Son+, Wiegmann+]

Here focus on Quantum Hall droplets
I Reaction to deformed confining potential ?



Intro WKB in LLL Many-body observables Microwave absorption Bonus

MOTIVATION

Emergent phases of condensed matter
I Topological insulators :

emergent topological field theories
I Prove this from microscopics ?
I Study responses to geometric deformations

[Gromov+, Read+, Son+, Wiegmann+]

Here focus on Quantum Hall droplets

I Reaction to deformed confining potential ?



Intro WKB in LLL Many-body observables Microwave absorption Bonus

MOTIVATION

Emergent phases of condensed matter
I Topological insulators :

emergent topological field theories
I Prove this from microscopics ?
I Study responses to geometric deformations

[Gromov+, Read+, Son+, Wiegmann+]

Here focus on Quantum Hall droplets
I Reaction to deformed confining potential ?



Intro WKB in LLL Many-body observables Microwave absorption Bonus

MOTIVATION

Emergent phases of condensed matter
I Topological insulators :

emergent topological field theories
I Prove this from microscopics ?
I Study responses to geometric deformations

[Gromov+, Read+, Son+, Wiegmann+]

Here focus on

Quantum Hall droplets

I Reaction to deformed

confining potential

?



Intro WKB in LLL Many-body observables Microwave absorption Bonus

QUANTUM HALL DROPLETS

2D electron droplet in strong magnetic field
I Quantum Hall effect [since 1980]

I Shape fixed by electrostatic trap

Isotropic traps well known [+ harmonic traps]

But anisotropic are uncharted territory !
I Goal : Predict local observables in anisotropic droplets
I Signatures of anisotropic edge modes ?
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THIS TALK IN A NUTSHELL

QH droplets are incompressible
I Use area-preserving diffeo to make V(x) isotropic
I Map isotropic→ anisotropic states
I Deduce many-body observables

...for free electrons
Deduce many-body correlations
Deduce many-body edge modes
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SETUP AND ASSUMPTIONS

2D electrons + magnetic field

I Hamiltonian H = (p− qA)2 + V(x)

I Eigenstates ?

No exact solution⇒ simplifying assumptions :
I V(x) monotonic

(true near edge)

I Strong B

⇒ V(x) ∼ constant on magnetic length `=
√

~
qB

Strong B

⇒ Project to lowest Landau level
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MONOTONIC POTENTIALS

V(x) monotonic = its level curves are nested
I ∃ area-angle coordinates (K, θ)

such that
dK ∧ dθ = rdr ∧ dϕ and V(x) = V(K)

I Map ( r2

2 , ϕ)→(K, θ) makes trap isotropic

Example : Pick s(ϕ) > 0 and V(x) = V
( r2

s(ϕ)

)
I K = r2

s(ϕ) and θ = 1
2

∫
dϕ s(ϕ)

I Edge diffeo
( r2

2 , ϕ
)
→
( r2

2f ′(ϕ) , f (ϕ)
)
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Strong B⇒ "small" magnetic length ` =
√

~
qB

Project to lowest Landau level

I Basis φm(x) ∝ zm e−|z|
2/2 z =

x+iy√
2 `

I Projector P =
∑∞

m=0 |φm〉〈φm|
I Non-commutative space [PxP,PyP] = i`2

∼= phase space !

Projected Schrödinger for H = V(x) + (p−qA)2 :

PHP|ψ〉 = PV(x)P|ψ〉 = E|ψ〉 ∈ LLL

I Potential = effective Hamiltonian
I Eigenstates trace equipotentials

with quantized area 2πm`2
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Intro WKB in LLL Many-body observables Microwave absorption Bonus

SEMICLASSICAL EIGENSTATES

Goal : Build eigenfunctions ψm of PVP

at small `

[Charles 2003]

I Use area-angle coordinates in LLL

WKB ansatz :
I Pick equipotential

with area 2πm`2

(Bohr-Sommerfeld quantization K = m`2)

I Let |ψm〉 = P
∮

dθ eimθ u(θ) |xm,θ〉

m

θ

I Schrödinger = equation for u(θ)
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2`2
1√
v(x)

I v = guiding centre velocity
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θ
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Example : Edge-deformed traps V(x) = V
( r2

2f ′(ϕ)

)
ψm(x) ∼ eimf (ϕ)+iΘ(x)(

1
f ′

[
1+

f ′′2
4f ′2

])1/4 exp

[
−

(|z|−
√

mf ′)2

1 +
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|ψm(X)|2
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−
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2π`2 v(ϕ)
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C(X, Y) =

N−1∑
m=0

ψ∗m(X)ψm(Y)

Bulk ?
I Convert

∑
m ∼

∫
d
√

m

I |Cbulk(x,y)| ∼ 1
2π`2 e−|x−y|2/4`2

I Short-ranged

Edge ?
I Upper bound crucial !

I
∣∣Cedge(x,y)

∣∣ ∼ 1√
v(θx)v(θy)

×
exp
(
− d2

x
2`2 −

d2
y

2`2

)
∣∣∣ sin([θy − θx]/2

) ∣∣∣
I Long-ranged

(gapless free fermion) but inhomogeneous ?
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Edge field Ψ(θ) =
∑
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eikθaN+k

Edge field Ψ(θ) =
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eikθ
∫

d2x c(x)

e−ikθ′ψ∗N(x) for finite k︷ ︸︸ ︷
ψ∗N+k(x)

Edge field Ψ(θ) =

∫ ∞
0

dK c
(
xθ
)
ψ∗N
(
xθ
)

I Localized at edge !

[θ = f (ϕ) for edge diffeo]

I Areal integral cancels inhomogeneity

:

〈Ω|Ψ†(θ)Ψ(θ′)|Ω〉 =
1

sin[(θ1 − θ2)/2]

I Homogeneous in canonical angle coord

...
despite inhomogeneity in lab coord !
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MICROWAVE ABSORPTION

Observable predictions for anisotropic droplets ?

Local imaging feasible but tough...

I Global measurement :
microwave absorption rate Γ(ω)
[Cano+ 2013, Mahoney+ 2017, Frigerio+ 2024]

I Due to edge modes
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SUMMARY

Prediction of anisotropic LLL states
I Local many-body observables
I Free edge modes despite varying velocity

∼ Topology !

I Geometry probed by microwave admittance

Note :
We’ve travelled from maths [Charles 2003, Shabtai 2024]

We’ve travelled to experiments [Mahoney-Reilly+ 2017,
Frigerio-Fève-Ménard+ to appear]



Intro WKB in LLL Many-body observables Microwave absorption Bonus

SUMMARY

Prediction of anisotropic LLL states

I Local many-body observables
I Free edge modes despite varying velocity

∼ Topology !

I Geometry probed by microwave admittance

Note :
We’ve travelled from maths [Charles 2003, Shabtai 2024]

We’ve travelled to experiments [Mahoney-Reilly+ 2017,
Frigerio-Fève-Ménard+ to appear]



Intro WKB in LLL Many-body observables Microwave absorption Bonus

SUMMARY

Prediction of anisotropic LLL states
I Local many-body observables

I Free edge modes despite varying velocity

∼ Topology !

I Geometry probed by microwave admittance

Note :
We’ve travelled from maths [Charles 2003, Shabtai 2024]

We’ve travelled to experiments [Mahoney-Reilly+ 2017,
Frigerio-Fève-Ménard+ to appear]



Intro WKB in LLL Many-body observables Microwave absorption Bonus

SUMMARY

Prediction of anisotropic LLL states
I Local many-body observables
I Free edge modes despite varying velocity

∼ Topology !
I Geometry probed by microwave admittance

Note :
We’ve travelled from maths [Charles 2003, Shabtai 2024]

We’ve travelled to experiments [Mahoney-Reilly+ 2017,
Frigerio-Fève-Ménard+ to appear]



Intro WKB in LLL Many-body observables Microwave absorption Bonus

SUMMARY

Prediction of anisotropic LLL states
I Local many-body observables
I Free edge modes despite varying velocity ∼ Topology !

I Geometry probed by microwave admittance

Note :
We’ve travelled from maths [Charles 2003, Shabtai 2024]

We’ve travelled to experiments [Mahoney-Reilly+ 2017,
Frigerio-Fève-Ménard+ to appear]



Intro WKB in LLL Many-body observables Microwave absorption Bonus

SUMMARY

Prediction of anisotropic LLL states
I Local many-body observables
I Free edge modes despite varying velocity ∼ Topology !
I Geometry probed by microwave admittance

Note :
We’ve travelled from maths [Charles 2003, Shabtai 2024]

We’ve travelled to experiments [Mahoney-Reilly+ 2017,
Frigerio-Fève-Ménard+ to appear]



Intro WKB in LLL Many-body observables Microwave absorption Bonus

SUMMARY

Prediction of anisotropic LLL states
I Local many-body observables
I Free edge modes despite varying velocity ∼ Topology !
I Geometry probed by microwave admittance

Note :
We’ve travelled from maths [Charles 2003, Shabtai 2024]

We’ve travelled to experiments [Mahoney-Reilly+ 2017,
Frigerio-Fève-Ménard+ to appear]



Intro WKB in LLL Many-body observables Microwave absorption Bonus

SUMMARY

Prediction of anisotropic LLL states
I Local many-body observables
I Free edge modes despite varying velocity ∼ Topology !
I Geometry probed by microwave admittance

Note :
We’ve travelled from maths [Charles 2003, Shabtai 2024]

We’ve travelled to experiments [Mahoney-Reilly+ 2017,
Frigerio-Fève-Ménard+ to appear]



Intro WKB in LLL Many-body observables Microwave absorption Bonus

Merci !



Intro WKB in LLL Many-body observables Microwave absorption Bonus

BONUS : MICROWAVE EXPERIMENTS

[Mahoney-Reilly+ PRX 2017]

Isotropic droplet
W(x) = qE x

[Frigerio-Fève-Ménard+ to appear]

Anisotropic droplet
W(x) complicated
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