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FQHE: The 

discovery



Plateaus at many rational filling fractions…

From D.Tsui’s Nobel lecture

Willett et al. 

PRL 59, 1776 (1996)



Outline – Lecture 4

• The Laughlin wave function

• Haldane Pseudopotentials

• Quasiparticle excitations

• Fractional charge: the Laughlin argument

• Fractional charge: shot-noise experiments

• Topological order

• Fractional statistics (exp:→ Seminar June 3)

• Neutral excitation: magnetoroton



Some useful reviews

• Steven Girvin - Introduction to the FQHE. 
Séminaire Poincaré 2 (2004) 53 – see also 

arXiv/cond-mat 9907002

• Marl Oliver Goerbig – Quantum Hall 

Effects Les Houches lectures arXiv:0909.1998

• David Tong – The Quantum Hall Effect. 
TIFR Infosys lectures arXiv:1606.06687

• Jainendra Jain – Composite fermions. 
Cambridge University Press



Numerical calculations (ED) were a key 

inspiration to Bob Laughlin:

From the Nobel prize 

website – 

Bio of R.Laughlin

… as well as 

variational 

wave-functions 

for Helium 4:



In: Introduction to the FQHE

Steven Girvin

Séminaire Poincaré 2 (2004) 53 



Overlap with exact wave-function

Slide: courtesy Nicolas Regnault



Slide: courtesy Nicolas Regnault



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



Strong 

backscattering

Weak 

backscattering

From C.Glattli, Séminaire Poincaré 2 (2004) 75







Neutral Excitation: 

The `Magneto-Roton’



Variational wave-function:

S.Girvin

Séminaire Poincaré

Roton 

Minimum

Precursor of 

Wigner

crystallisation



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 



Unfolding the degeneracy of 

the magneto-roton states

Figure: courtesy Nicolas Regnault



First Experimental Observation:

Raman Scattering





Momentum Dependence 
(Surface Acoustic Waves)
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