
Self-Duality of the Integer Quantum Hall Transition
Kevin S. Huang

I would like to thank Professor Srinivas Raghu and Mr. Prashant 
Kumar for their continued mentorship and guidance in pursuing 
this project. I would also like to thank the Department of Physics 
at Stanford University for funding this research.

Introduction

Chalker, J. T., & Coddington, P. D. (1988). Percolation, quantum tunneling 
and the integer Hall effect. Journal of Physics C: Solid State Physics, 21(14), 
2665.

Klitzing, K. v., Dorda, G., & Pepper, M. (1980). New Method for High-
Accuracy Determination of the Fine-Structure Constant Based on Quantized 
Hall Resistance. Phys. Rev. Lett., 45(6), 494–497.

MacKinnon, A., & Kramer, B. (1981). One-Parameter Scaling of Localization 
Length and Conductance in Disordered Systems. Phys. Rev. Lett., 47(21), 
1546–1549.

Methods Future Directions

Results
References

Acknowledgements

Discussion
• Able to determine the critical exponent of the integer 

quantum Hall transition for electrons with excellent 
agreement to previous numerical results

• Large finite size effects and localization lengths prevented us 
from obtaining an accurate critical exponent for the three 
channel case

Tight-Binding Model
• Plan to model composite 

fermions on a lattice with 
hopping between nearest 
neighbors

• Phases are accumulated 
when traversing links due 
to magnetic field of each 
plaquette

Single-Channel Network
• Model the electron system with 

Chalker-Coddington network
• Extract the critical exponent 

from localization lengths as a 
function of Fermi energy

Three-Channel Network
• Study the composite fermion 

system extending the network 
model and allowing scattering 
between channels

• Three tuning parameters are 
kept the same to allow for 
single-parameter scaling

Objective
• Show a dual description of the integer quantum Hall 

transition between electrons and composite fermions
• Explain why 𝜎"" = 𝑒%/2ℎ at the half-filled Landau level
• Numerically find extended states and critical exponents

Chalker-Coddington Model
• This network model accounts for 

quantum tunneling and 
interference by allowing scattering 
across saddle points

• Can write a transfer matrix to 
model how the electron 
amplitudes evolve through sample

Integer Quantum Hall 
Effect
• Quantum Hall regime 

consists of electrons 
confined on a 2D surface in 
the presence of a 
perpendicular magnetic 
field

• Quantization of Hall 
conductance is observed in 
experiment and does not 
depend on microscopic 
details of system

Composite Fermion Model
• A composite fermion is a 

quasiparticle consisting of an 
electron attached to two flux quanta

• Energy spectrum motivates the use 
of a three-channel network since 
there are an odd number of modes

Localization and Percolation
• Landau levels of a particle are broadened by disorder
• Transition between localized and extended states is related 

to the classical problem of percolation in random clusters
• Analytic approach using a semiclassical treatment shows 

that electrons drift along equipotentials
• Motivates the use of a network model to study the transition

Single-Parameter Scaling
• The critical exponent is computed 

from Taylor expanding near the 
critical point

• An irrelevant parameter is included 
to account for finite size effects


