Title: Discussion
Date: Nov 07, 2013 05:00 PM

URL: http://pirsa.org/13110075
Abstract:

Pirsa: 13110075 Page 1/23



LC F
S & ler

f l.,u,\fJ
d

IL! L,('J if.__r S

N‘LL W P.:_-/r’ ‘t_

Pirsa: 13110075 Page 2/23




Pirsa: 13110075 Page 3/23




2 ﬂ/\acﬁ.ejka, f/so«} 2('

ranjj ,krv”»[.féﬁ} 34\,1:{ LL,]'

; M’*H;{j@“) I\!a74k} KG:C[/H\U%

Pirsa: 13110075 Page 4/23




Pirsa: 13110075 Page 5/23




D:r’li5>

9 dw ey (
o

= e

Pirsa: 13110075 Page 6/23




Pirsa: 13110075 Page 7/23




FQH STATE ON LATTICE SYSTEM

* Previously: kagome lattice
— Bandgap A > bandwidth W
— Chern number ¢ = 1; break time-reversal

— Fractional quantum Hall state e.g. atv =1/3
« Tang et al '11, Neupert et al '11, Sun et al '11, Sheng et al '11 etc

 DOPE AWAY
FROMv = 1/37?
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UPON DOPING: ANYON GAS
« Excitations of the FQH state are anyons

* Underlying lattice could access new regime

lﬂ.r

— Finite anyon mass
— Governed by typical

electron hopping ~A | “ ‘.\
1 o Tw

* Anyon Kinetic energy can dominate their
Interaction energy
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PROPERTIES OF ANYON GAS

 v=1/3 anyons see 2m/3

flux per unit cell | . o

- 2 3 »
b) Anyon hopping pattern "/

7
/ \

— Six band minima:
SIX anyons species
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(GROUND STATE OF ANYON FLUID?

v=1/3  Composite fermion approach

Laughlin y
— Anyon = Flux + Composite
fermion

— Girvin & McDonald '87, Zhang et. al '89,
Read '89 (bosons), Jain '89 (fermions)

 Mean-field: flux smeared as background field

 Fermions in constant magnetic field?
— Compressible states or quantum Hall states (QHS)
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THREE BILAYER HALPERIN STATES

 Anyon = Flux + Composite fermion
— SiX anyons — six fermions
— 6 = /3 stat angle —» v = 3/2 filling fraction

'f(_f(f(_f(_'(_f 4

- L
p
l [ -~
~
f(_’ (.f -t _
(_,f C/(_/ c:r

Three v = 1/2 bilayer Halperin states
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WHAT IS THIS MEAN-FIELD QHS?

« Mean-field fermionic QHS

= Anyon superfluid (electron superfluid)
— Laughlin '88, Fetter et. al ‘89, Chen et. al ‘89

« Superfluid: density mode as only gapless

mode wen & Zee '99 _ _
| ' Fermion density p

 With fluctuations? |Magnetic flux b

— Filling v constant \/\/

— QHS locally stable Filling fraction v = p/b

~

X
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INTRINSIC TOPOLOGICAL ORDER

 Gapless mode has flux quantization hc/2e

— BCS-like electron pair condensation
— Other clearly non-BCS properties

 Gapped quasiparticles
|
— Fractionalized statistics (topologically non-trivial)

— Unique non-trivial particles have four generators
— Satisfy (Z,)? group algebra = 16 unique particles
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RESULTS & DISCUSSION

 Mechanism driven only by strong repulsion and
complex hopping of electrons

— Can obtain intrinsic topological order
— Or a state similar to BCS-type

» Effects of underlying lattice are novel

— Or appl'y periodic potential to other FQH systems like
semiconductors or graphene

 Energetic comparison needed
— Approach suggests variational electron wavefunctions
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