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Mercredi 27 mai 2026
Amphithéâtre Guillaume Budé

9h30 : Cours – Antoine Georges
Effet Hall quantique fractionnaire, suite. 

Etats de bord, Fonctions de Wannier et obstructions topologiques

11h30 : Séminaire – Rebeca Ribeiro-Palau
(C2N, Université Paris-Saclay)

Topological states in moiré materials

Les cours seront enregistrés et diffusés sur le site web de la chaire après 
la date de la séance. Inscription sur la liste de diffusion : envoyer un message 
à listes-diffusion.cdf@college-de-france.fr avec comme sujet : subscribe chaire-pmc.ipcdf 

Abstract: This seminar will present an experimental overview of several classes of
topological states in 2D electronic systems. In the first part, I will discuss topological
phases that emerge under strong magnetic fields, focusing on the integer and fractional
quantum Hall effects. I will then address how these states are modified in moiré
superlattices, where the interplay between electronic interactions, magnetic field effects,
and band topology leads to new correlated and topological phases. In the second part, I
will review topological states that arise without an external magnetic field through
spontaneous breaking of time-reversal symmetry. In particular, I will discuss the
anomalous Hall effect and recent observations of fractional anomalous Hall states.
Together, these results highlight the richness of modern topological condensed matter
physics.
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https://markgoerbigconf.sciencesconf.org



Mailing List
(Weekly announcement of lecture and seminar, etc.)

Send email to: listes-diffusion.cdf@college-de-france.fr
Subject line: subscribe chaire-pmc.ipcdf
…or: unsubscribe chaire-pmc.ipcdf

You can also just send me an email to be placed on the list

Website:
https://www.college-de-france.fr/site/antoine-georges/index.htm

Lectures are recorded
Videos are available on the CdF website and on YouTube

The current version of the notes on the website 
is PRELIMINARY and contains (a few) mistakes/typos
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Outline – Lecture 5

• FQHE, cont’d:

• Topological order

• Fractional statistics (exp:→ Seminar June 3)

• Neutral excitation: magnetoroton

• Edge states in topological systems and the 
bulk-boundary correspondence

• Wannier functions and topological 
obstructions



From S.Girvin, in Séminaire Poincaré



Topological order and degeneracy 
of the ground-state

Figure: courtesy Nicolas Regnault

3-fold

No
Degeneracy
→

Ground-state 
degeneracy:
- In the infinite 
volume limit
- Exact at finite N 
with symmetries 



ED with 8 electrons
Haldane p.p.

 Sphere

Torus →

Angular momentum L

Ky (Landau gauge)

3 ground-states

Ground 
state

Magneto-
Roton

ED Results and Figures: 
Courtesy Nicolas Regnault

Magneto-Roton



Laughlin wave function on the 
torus with two inserted fluxes

Jacobi theta-functions:

labels the m
ground-states



Experimental evidence for 
fractional charge: shot noise

See also Reznikov et al. 
Nature 399, 238 (1999)

C.Glattli, M.Reznikov: Europhysics Prize 1999

See
Lecture 4 
for more 
details



Experimental evidence for fractional 
statistics → seminar on June 3 

by Gwendal Fève

APS Buckley Prize
2026
To Gwendal Fève
and Michael Manfra



Neutral Excitation: 
The `Magneto-Roton’



Variational wave-function:

S.Girvin
Séminaire Poincaré

Roton 
Minimum:
Hint of 
Wigner
crystallisation

Note: no backflow!



ED with 8 electrons
Haldane p.p.

 Sphere

Torus →

Angular momentum L

Ky (Landau gauge)

3 ground-states

Ground 
state

Magneto-
Roton

ED Results and Figures: 
Courtesy Nicolas Regnault

Magneto-Roton



Magneto-roton states from ED

Figure: courtesy Nicolas Regnault



First Experimental Observation:
Raman Scattering





Momentum Dependence 
(Surface Acoustic Waves)

Larger filling 
Fractions: 
More roton minima



Graviton-like modes?

Today in the context of Marc Henneaux’s lectures:



The Bulk-Boundary 
Correspondence.

Edge States



Edge States – Chern Insulator
Consider an interface at y=0 between a trivial insulator and a 
topological CI with C=+1: the `mass’ changes sign at y=0 and 

the gap closes and reopens. 

Non-trivial
insulator

Trivial 
insulator

cf. Jackiw and Rebbi, 
Phys Rev D 13, 3398 (1976)

Su, Schriffer and Heeger
(SSH model, 1979)

vF=1



Diagonalisation on 
a strip of finite width
(Square lattice Haldane model, 
width 200, m=0)

t2=0

t2>0

Slab of Haldane insulator 
between → two interfaces

Diagonalization of H(kx,y)
mixed representation



Why edge states?

• Across the interface, we expect the wave-
functions to deform continuously from 
those in material 1 to material 2

• But between a topological and trivial 
insulator, this is not possible: hence the 
gap must close at the interface, leading to 
zero-energy states



How many edge states?
Index Theorem

Bulk-Boundary Correspondence
The difference between the number of right-moving and left-
moving edge modes is equal to the difference of the bulk 
Chern number across the interface: 

This is a special case of the Atiyah-Singer theorem, 
which relates the difference between the number of zero 

modes of an elliptic operator on a compact manifold 
to a topological index



Observation of 
edge states 
with ARPES in a 
3D topological 
insulator: Bi1-x Sbx

Hsieh et al. (MZ Hasan’s group) 

Nature 452, 970 (2008)



Edge states in the IQHE



Semi-classical picture 
of QHE chiral edge states:
skipping orbits
(after Grivin, 1999)

Localized
states

Two terminal measurement 
(after M.O. Goerbig and J.Dalibard)

IQHE Edge states have transmission t=1 
In the Landauer sense (no backscattering) 
corresponding to the integer quantization 

of the Hall conductance 



Observing edge states with local probes



Wannier Functions: 
Topological Obstructions

- See notes-



Square Haldane Model - Reminder

Phase 
Φk in BZ:

vortex

anti-vortex

Map of dz:

Trivial phase: 
only one pole is 
reached

Topological phase: 
both poles are 

reached



Example: Wannier functions in 
a transition-metal oxide



Example: Wannier orbitals for t-WSe2



“Fragile” Topology

Application to TBLG:
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