Title: Phase transition of fractional Chern insulators: QED3 and beyond
Speakers: Yin-Chen He

Collection: Quantum Matter: Emergence & Entanglement 3

Date: April 26, 2019 - 11:30 AM

URL.: http://pirsa.org/19040110

Abstract: Recent experiments in graphene heterostructures have observed Chern insulators - integer and fractional Quantum Hall states made
possible by a periodic substrate potential. Here we study theoretically that the competition between different Chern insulators, which can be tuned
by the amplitude of the periodic potential, leads to a new family of quantum critical points described by QED3-Chern-Simons theory. At these
critical points, Nf flavors of Dirac fermions interact through an emergent U(1) gauge theory at Chern-Simons level K, and remarkably, the entire
family (with any Nf or K) can be realized at special values of the external magnetic field. | will talk about the physical properties and microscopic
realization of those critical points. We propose experiments on Chern insulators that could resolve open questions in the study of 2+1 dimensional
conformal field theories and test recent duality inspired conjectures.
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Plan

Overview of motivation and results
- Abelian phase transitions: whole family of QED3

« Non-Abelian phase transitions: QCD3
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Exotic phases and phase transitions

Fractional quantum Hall effect

(topological/fractionalized phase)
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Exotic phases and phase transitions

Fractional quantum Hall effect topological/fractionalized
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Fractional Chern insulator (FCI)

Fractional quantum Hall state on the lattice
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Phase transition between FCI/FQH

2l Disorder is not necessary

n

Lattice symmetry

New family of quantum critical points
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QED3-Chern-Simons theory
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Simulate the entire family in condensed matter experiments!
Old problem with new excitements:

A family of interacting 2+ 1D conformal field theories.
+ Open problems after several decades efforts.

* Interesting duality properties. .
see review:

. 2+ID version of 1+1D SU(N)WZW CFTs.
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Plan

« QOverview of motivation and results
Abelian phase transitions: whole family of QED3

* Non-Abelian phase transitions: QCD3
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Artificial superlattice on graphene

Potential strength is experimentally tunable

Moire potential Electrostatic gate patterning
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Microscopic model

Landau level with superlattice potential
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Weak potential limit: potential strength smaller/comparable to
cyclotron gap

Physical effects: Landau level gets broadened and splitted
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Landau levels under lattice potential
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/3 FOQH to 2/3 FCI transition

Flux: ¢ = Ba* = 4x

Energy scale
Cyclotron gap: wy
Coulomb energy: ..
band width: T/
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Numerical results: DMRG

DMRG:
FQH DMRG:

Phase transition from o,, = 1/3 to o,, = 2/3
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Composite fermion for the FQH/FCI

Eg: |/3 Fractional quantum Hall state

ks =143 njBeg=1
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Composite fermion for the transition

- Composite fermion ~ Original(felectron
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Critical theory
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We need symmetry to forbid other relevant term.

eg.
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Magnetic translation symmetry
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Composite fermions see a flux 27/3
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Fundamental operators
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The entire family of transition

29

Between two composite fermion states: @ bound k flux quanta
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Protected by (magnetic) translation symmetry
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Even flavor QED3 theory

Between bosonic particle-hole partner:
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Critical theory:
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i) 0-2 transition: Nf=2, SPT transition
Self-dual, possible emergent O(4) symmetry

i) 1/2-3/2 transition: Nf=4
i) ..
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Odd flavor QED3 theory

Between fermionic particle-hole partner
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More about microscopic realization
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Fractional QH to Chern Insulator
transition
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Fractional QH to Chern Insulator

transition
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Plan

« QOverview of motivation and results
- Abelian phase transitions: whole family of QED3

Non-Abelian phase transitions: QCD3
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Non-Abelian transition between
Abelian state

Fractionalize electron operator into three fermionic partons:
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Non-Abelian transition between
Abelian state

Fractionalize electron operator into three fermionic partons:
SU(2)
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Parton of non-Abelian state

see also
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A fun example

Koy = 3/2, Pfaffian Kay = —1/2, p—ip SC
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Critical theory:

N = 2 bi-fundamental of USp(4) x U(1) with USp(4)o x U(1)_4
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Summary

* Fractional Chern insulator transitions can be directly
realized in experiments by tuning the potential strength.

 The transition is described by the QED3-Chern-Simons
theory, and remarkably the entire family can be realized.

+ We discuss the non-Abelian transitions of Abelian and non-
Abelian states.

Thank you and see you in future (2021?)!
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