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Recap 

Results

Interpretation 

Subsequent Work

What ??s Would We Ask as Referees ??
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Recap
Questions from Last Class

single layer
of graphene

k✓

two independant
layers

of graphene

Twisted Bilayer Graphene  (Skanda’s Talk)
Interference as Origin of Flat Bands??
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Recap
Questions from Last Class

Twisted Bilayer Graphene  (Skanda’s Talk)

k✓

Two Dirac cones intersect  �E0 ⇠ ~vF k✓
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Recap
Questions from Last Class

Twisted Bilayer Graphene  (Skanda’s Talk)

Two Dirac cones intersect  

Interlayer Tunneling w leads to Avoided Band Crossings

�E0 ⇠ ~vF k✓

�E0 ⇠ 2w

Strong Hybridization Between 
Layers

Reduction of Kinetic Energy
in Flat Band 
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Recap
Questions from Last Class

Twisted Bilayer Graphene  (Skanda’s Talk)

Phonons ??
wM < w0

Small Width
of Miniband

Phonon Energy
Scale

Often used
to motivate
non-BCS

superconductivity

What about (low frequency) shear modes ?
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How to “Read” Neutron Plots for ↵�RuCl3

MnF2

(from Cory’s Talk)

Textbook Classical Antiferromagnet
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Inelastic Neutron Scattering 
as a Function of Magnetic Field

2K  0T 2K  8T 15K  0T

How to “Read” Neutron Plots for ↵�RuCl3
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Schematic Phase Diagram



 10

Thermal Hall Measurement
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Finite-Temperature Simulations for 
Thermal Hall Effect

Energy Scale of  Itinerant
Majorana Fermions

Excitation
Gap for Z2 Fluxes
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Theory-Experiment Comparison for ↵�RuCl3
(Magnetic Field Applied Perpendicular to the ab Plane)

TN ⇠ 7K JK ⇠ 50� 90K

H|| > 6.5T

No AFM
Order
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JK
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Interpretation

Temperature Scales ??

Phonons ??

Why quantization still observed ??

xx ⇠ 103 xy

(Electrical Hall Effect quantization fails)    �xx >> �xy

✓H = tan�1

✓
xy

xx

◆
= 10�3
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Thermal Hall Quantization L >> l

Hall bar length Thermalization length
Majorana-Phonon Exchange of Energy

l ⇠ T�5Majorana-Phonon Coupling 

Observed Quantization of Thermal Hall Effect Should Break
       Down at the Temperature is Decreased !! 
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Variational Monte Carlo of 
  Proposed Hamiltonians

Spin Liquid Ground-States Not Preferred

JK� Models

K > 0  � 0 Inconsistent With Data!
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Variational Monte Carlo of 
  Proposed Hamiltonians

Spin Liquid Ground-States Not Preferred

JK� Models

K > 0  � 0 Inconsistent With Data!

Berry Curvature of Magnon Bands xy
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???
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Have a Good Spring Break!


