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Abstract: The quest for non-Abelian quasiparticles has inspired decades of experimental and theoretical efforts. Among their clearest signaturesis a
thermal Hall conductance with quantized half-integer value. Such a value was indeed recently observed in a quantum-Hall system at 1%4=5/2 and in
the magnetic insulator T+-RuClI3. | will explain that a non-topological "thermal metal" phase that forms due to quenched disorder may disguise as a
non-Abelian phase by well approximating the trademark quantized thermal Hall response. Remarkably, the quantization here improves with
temperature, in contrast to fully gapped systems. In my talk, | will provide analytical and numerical evidence for this effect and discuss its possible
implications for the aforementioned experiments.
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Classical Hall effect
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Quantum Hall effect I: clean case

Quantum mechanical: energy levels
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Quantum Hall effect I: clean case
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Quantum Hall effect I: clean case
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Quantum Hall effect I: clean case

o
Elhw|

&

Non-zero temperature
— = ST
I ‘ 00y ~ € [p—pnl/

David F. Mross Temperature enhancement of K, quantization Perimeter 08/2020

> /!

Pirsa: 20080020 Page 7/63



Quantum Hall effect II: disorder
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Quantum Hall effect II: disorder
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Quantum Hall effect II: disorder
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Quantum Hall effect II: disorder
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Quantum Hall effect II: disorder
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Quantum Hall effect II: disorder
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Dephasing
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Quantum Hall and thermal Hall effect
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Quantum Hall and thermal Hall effect
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Any charge carrying edge state, fractional or integer,
carries an integer thermal conductance xg
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Any charge carrying edge state, fractional or integer,

carries an integer thermal conductance xg
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Topological superconductors
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Topological superconductors
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Physical systems
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Physical systems

Half-integer Hall conductance measured
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Fractional quantum Hall effect
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Fractional quantum Hall effect
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Fractional quantum Hall effect
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Fractional quantum Hall effect at v=5/2
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Thermal Hall effect at v=5/2
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Thermal Hall effect at v=5/2
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Thermal Hall effect at v=5/2
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Thermal Hall effect at v=5/2
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Thermal Hall effect at v=5/2

ARTICLE
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Numerics at v=5/2
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Fractional quantum Hall effect at v=5/2

Numerics: In clean system, Pfaffian or Antipfaffian
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Thermal Hall effect at v=5/2
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Fractional quantum Hall effect at v=5/2

Numerics: In clean system, Pfaffian or Antipfaffian
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Fractional quantum Hall effect at v=5/2
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Fractional quantum Hall effect at v= 5/2
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Fractional quantum Hall effect at v=5/2
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Thermal metal at v=5/2?
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Particle-hole symmetry
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Particle-hole symmetry
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Particle-hole symmetry

« Thermal conductance involves states between energies +1" and —71".
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Particle-hole symmetry
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Model system: topol. phases in clean limit
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Model system: topol. phases in clean limit
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Model system with disorder: thermal metal
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Model system with disorder: thermal metal
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Model system with disorder: thermal metal

, Zero energy 08 Fixed disorder strength
T

£, 1.2
=

q} o

&

-~

m -

o
1 0.6
S

%
= g
0 0

David F. Mross Temperature enhancement of K, quantization Perimeter 08/2020

Pirsa: 20080020 Page 49/63



Localization—anti-localization crossover
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Localization—anti-localization crossover
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Localization—anti-localization crossover
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Localization—anti-localization crossover

Localization length
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Landauer formula in six-terminal geometry
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Landauer formula in six-terminal geometry
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Landauer formula in six-terminal geometry
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Thermal Hall conductance
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Thermal Hall conductance
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Interaction effects

Dephasing due to phonons Tqb_l ~ T2 (in metals, a ~ 1 — 2)
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Interaction effects

Dephasing due to phonons Tqb_l ~ T2 (in metals, a ~ 1 — 2)

Three length scales: < Diffusion length LT w115
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Implications
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Implications
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Conclusions/Outlook
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* Thermal metals can masquerade as topological
phases — need systematic temperature dependence

* Key role played by dephasing of emergent
quasiparticles — requires theoretical study

« Can thermal metals exhibit other properties of topological phases
such as interference or even braiding at finite frequencies?
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