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Particle-hole symmetry from sublattice "symmetry"
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Particle-hole transformation versus T, C
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Formal structure: particle-hole conjugation
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Lifting particle-hole conjugation to Fock space
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Quantum Hall Effect
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Particle-hole\(symmetry in the anomalous quantum Hall effect

S. M. Girvin
Surface Science Division, National Bureau of Standards, Washington, D.C. 20234
(Received 27 February 1984)

This paper explores the uses of particle-hole symmetry in the study of the anomalous quantum Hall ef-
fect. A rigorous algorithm is presented for generating the particle-hole dual of any state. This is used to
derive Laughlin’s quasihole state from first principles and to show that this state is exact in the limit v — 1,

where v is the Landau-level filling factor.

It is also rigorously demonstrated that the creation of m

quasiholes in Laughlin’s state with v=1/m is precisely equivalent to creation of one true hole. The
charge-conjugation procedure is also generalized to obtain an algorithm for the generation of a hierarchy of

states of arbitrary rational filling factors.

I. INTRODUCTION

The anomalous quantum Hall effect'? is one of the most
striking many-body phenomena discovered in recent years.
The Hall resistivity of a two-dimensional electron gas (in-
version layer) in a high magnetic field at low temperatures
exhibits quantized plateau values of the form p,, = h/é?,
where i is a rational number i = p/q with ¢ odd. Associated
with this quantization of the Hall resistivity is a marked de-
crease in the dissipation (p— 0). The latter suggests the
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Theory of the half-filled Landau level

B. I. Halperin
Physics Department, Harvard University, Cambridge, Massachusetts 02138*
and AT&T Bell Laboratories, Murray Hill, New Jersey 07974

Patrick A. Lee
Physics Department, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

Nicholas Read
Departments of Applied Physics and Physics, Yale University, New Haven, Connecticut 06520
(Received 17 June 1992; revised manuscript received 22 October 1992)

A two-dimensional electron system in an external magnetic field, with Landau-level filling factor
v= 1, can be transformed to a mathematically equivalent system of fermions interacting with a Chern-
Simons gauge field such that the average effective magnetic field acting on the fermions is zero. If one ig-
nores fluctuations in the gauge field, this implies that for a system with no impurity scattering, there
should be a well-defined Fermi surface for the fermions. When gauge fluctuations are taken into account,
we find that there can be infrared divergent corrections to the quasiparticle propagator, which we inter-
pret as a divergence in the effective mass m™*, whose form depends on the nature of the assumed
electron-electron interaction v(r). For long-range interactions that fall off slower than 1/r at large sepa-
ration r, we find no infrared divergences; for short-range repulsive interactions, we find power-law diver-
gences; while for Coulomb interactions, we find logarithmic corrections to m *. Nevertheless, we argue
that many features of the Fermi surface are likely to exist in all these cases. In the presence of a weak
impurity-scattering potential, we predict a finite resistivity p,, at low temperatures, whose value we can
estimate. We compute an anomaly in surface acoustic wave propagation that agrees qualitatively with
recent experiments. We also make predictions for the size of the energy gap in the fractional quantized
Hall state at v=p /(2p + 1), where p is an integer. Finally, we discuss the implications of our picture for
the electronic specific heat and various other physical properties at v= 3, we discuss the generalization
to other filling fractions with even denominators, and we discuss the overall phase diagram that results
from combining our picture with previous theories that apply to the regime where impurity scattering is
dominant.
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Is the Composite Fermion a Dirac Particle?

Dam Thanh Son

Kadanoff Center for Theoretical Physics, University of Chicago, Chicago, Illinois 60637, USA
(Received 19 February 2015; published 2 September 2015)

We propose a particle-hole symmetric theory of the Fermi-liquid ground state of a half-filled Landau
level. This theory should be applicable for a Dirac fermion in the magnetic field at charge neutrality, as
well as for the v = 5 quantum Hall ground state of nonrelativistic fermions in the limit of negligible inter-
Landau-level mixing. We argue that when particle-hole symmetry is exact, the composite fermion is a
massless Dirac fermion, characterized by a Berry phase of 7 around the Fermi circle. We write down a
tentative effective field theory of such a fermion and discuss the discrete symmetries, in particular, CP. The
Dirac composite fermions interact through a gauge, but non-Chern-Simons, interaction. The particle-hole
conjugate pair of Jain-sequence states at filling factors n/(2n + 1) and (n+ 1)/(2n + 1), which in the
conventional composite fermion picture corresponds to integer quantum Hall states with different filling
factors, n and n + 1, is now mapped to the same half-integer filling factor n + 5 of the Dirac composite
fermion. The Pfaffian and anti-Pfaffian states are interpreted as d-wave Bardeen-Cooper-Schrieffer paired
states of the Dirac fermion with orbital angular momentum of opposite signs, while s-wave pairing would
give rise to a particle-hole symmetric non-Abelian gapped phase. When particle-hole symmetry is not
exact, the Dirac fermion has a CP-breaking mass. The conventional fermionic Chern-Simons theory is
shown to emerge in the nonrelativistic limit of the massive theory.

DOI: 10.1103/PhysRevX.5.031027 Subject Areas: Condensed Matter Physics
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Symmetry considerations
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Homework Questions

What is the statement of Wigner's Theorem?

If H fails to be positive, then H is not the Hamiltonian. Why not?

How does charge conjugation differ from a particle-hole transformation?

Why don't we speak of gauge invariance as a symmetry?

Does every superconductor have particle-hole symmetry?

What is the Su-Schrieffer-Heeger model? Describe its particle-hole symmetry!

In what sense is particle-hole symmetry complementary to time-reversal symmetry?
What's the difference between particle-hole conjugation and a ph-transformation?
How does particle-hole conjugation differ from Hermitian conjugation?

Why are Fermi-liquid states never particle-hole conjugation symmetric? How does
Son's proposal for a Fermi-liquid ground state of the half-filled lowest Landau level
get around this obstruction?

What are the main differences between Son's proposal and the traditional theory of
Halperin-Lee-Read?

What do we mean when we say that the gauge field A is "time-twisted"?



Pictures of composite fermion as a dipole
Wang & Senthil (2016)
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