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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/e?i,
where i is a rational number i = p/g with ¢ odd. Associated
with this quantization of the Hall resistivity is a marked de-
crease in the dissipation (p— 0). The latter suggests the

where the exponential factors have been lumped into the
measure

d#(z)-i’z%le-'”zﬂ . 4)

Within (the N-particle version of) this space the variation-
al wave functions proposed by Laughlin® may be written

Uil Zis o = ,ZN)=H (Z;"Zj)m ; (5)

i<j
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Figure 4. Examination of reflection symmetry in oxx over a large range of magnetic fields, from
Pan, Kang, Lilly, Reno, Baldwin, West, Pfeiffer, Tsui (March 2019)
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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 = -é-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.

DOL: 10.1103/PhysRevX.5.031027 Subject Areas: Condensed Matter Physics
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The integer quantum Hall plateau transition is a current
algebra after all

Martin R. Zirnbauer
Abstract

The scaling behavior near the transition between plateaus of the Integer Quantum Hall Effect (IQHE) has
traditionally been interpreted on the basis of a two-parameter renormalization group (RG) flow conjectured
from Pruisken’s non-linear sigma model (NLoM). Yet, the conformal field theory (CFT) describing the
critical point remained elusive, and only fragments of a quantitative analytical understanding existed up to
now. In the present paper we carry out a detailed analysis of the current-current correlation function for
the conductivity tensor, initially in the Chalker-Coddington network model for the IQHE plateau transition
and then in its exact reformulation as a supersymmetric vertex model. We develop a heuristic argument for
the continuum limit of the non-local conductivity response function at criticality and thus identify a non-
Abelian current algebra at level n = 4. Based on precise lattice expressions for the CFT primary fields we
predict the multifractal scaling exponents of critical wavefunctions to be A; =g (1 —¢g)/4. The Lagrangian
of the RG-fixed point theory for r retarded and r advanced replicas is proposed to be the GL(r|r),,—4 Wess-
Zumino-Witten model deformed by a truly marginal perturbation. The latter emerges from the NLoM by a
natural scenario of spontaneous symmetry breaking.

& MRZ, "Critique of the replica trick", J. Phys. A 18 (1985) 1093-1109
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Motivation: Tenfold Way (Agpsactry. losss of disordared free ferin )
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Example 1: cosine band  -e—e-e- e oo Z
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Example 2: Hubbard model at half filling
u>0o
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Dirac fermions
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List of examples (particle-hole symmetry)

— Cosine band

— Su-Schrieffer-Heeger (SSH) model
— Kitaev-Majorana chain (BDI)

— Hubbard model

— Antiferromagnetic quantum spin chains
(including Haldane phase)

— Half-filled lowest Landau level
— v = 5/2 fractional quantum Hall state
— Dirac Hamiltonian/vacuum



Gapped systems (insulators)

¢ /A= chewical Fol—wﬁat (or Forwi Qur&&)
V,: Pusi{—iu—o.uarw atates (E > pm )/ couduction Damds

V_: nt&a‘dn—uu&& Atates (E </u)/ valence bamds

/ /Mlnab,— excitatiows

) ?cmk/sP&u, ?:/\( $V_*) M

O=<—1' 5=

/Mu@h-koa excitations

* Dirac ket-to-bra bijection y: Vo — \/_,_’f , o) — (v
(mﬂa: Frécht —Riesz iAmorPlu‘Mu ro— <l)'/->)
o (Given am Lasworpﬁhm V.|. “‘fﬁ’ V_ owe has o MGPPing_
C: ¥ 5 A(\eVY) A 7
DL{;n. C 4s caled a ParHch,—Loﬂo. Aaw-ud-la uif CH=HC.

Rowmark. K. Linear (an{-i—ﬂimow) — C anti-linear (Linear)
C

((Lf Diroc ftmm) cosine Bamd Q; ah



Gapless systems
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Particle-Hole Conjugation Lifted
Recal V. =V = C" with N < R .
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Two Facts
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Symmetry Protection of Zero Modes
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Anti-ferromagnetic quantum spin chains
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Haldane phase (4pin 1)
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Haldane phase as an SPT phase
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Su-Schrieffer-Heeger model (‘potyacstytos’; ctou AS)
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From SSH to the Haldane phase
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Deformation
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Halperin, Lee, Read (1994)
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Pictures of composite fermion as a dipole
Wang & Senthil (2016)
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Son's Logic
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Symmetry Considerations
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(The End)
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