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Twisted Bilayer Graphene
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𝑘𝜃 ≈ 𝐾𝜃

2𝑤 ≈ 𝑣𝐹0𝑘𝜃

2𝑤

2𝑤 ≪ 𝑣𝐹0𝑘𝜃

2𝑤

𝑤: Inter-layer interaction

𝑫𝒆𝒄𝒓𝒆𝒂𝒔𝒊𝒏𝒈 𝑻𝒘𝒊𝒔𝒕 𝑨𝒏𝒈𝒍𝒆
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Twisted bilayer graphene 
provides unprecedented 
control of correlations in 2D 
electron systems
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Angle 1.20+/-0.01°. Target 1.17°

T = 40 mK
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20 μm

Device 1: ferromagnetic sample

w/ aligned hBN

Device 2: superconducting sample 

w/ misaligned hBN

Graphene twist: 1.20 +/- 0.01°

Twist to one hBN: 0.81° +/- 0.02°

Graphene twist: 1.05 +/- 0.01°

Twist to hBN: large 
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D/ε0 = − 0.22 V/nm
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Alignment with hBN
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Monolayer graphene

Monolayer graphene + hBN



Classical Hall Effect: Calibrate Capacitance
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http://hyperphysics.phy-astr.gsu.edu/



Measuring Hall Slope Density Dependence
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n/ns = 0.12 

n/ns = 0.50 

n/ns = 0.62 

n/ns = 0.75 

T = 1.6 K



Anomalous Hall Signal Can Be Really Large!
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n/ns=0.775, T = 2.1K



Emergent Ferromagnetism at ¾ Filling
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Repeatable Fine Structure
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Magnetism is Stable in Zero Applied Field
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Large anomalous Hall 
in apparent insulating 
state

Evidence of domains

Reminiscent of early 
Magnetic TIs

Chern insulator?

Ideally:
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quantum anomalous

Hall insulator

quantum anomalous

Hall insulator

quantum valley 

Hall insulator

4-fold degeneracy

(w/ no interactions)

Interaction driven

spin/valley polarization

Zhang et al. arXiv:1901.08209

Bultinck et al. arXiv:1901.08110

Gap may open spontaneously:

Xie et al. arXiv:1812.04213

Large anomalous Hall 
in apparent insulating 
state

Evidence of domains

Reminiscent of early 
Magnetic TIs

Chern insulator?

Ideally:



3- and 4- Terminal Nonlocal Transport
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Quantum Anomalous Hall in TBG
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Serlin et al. arXiv:1907.00261

     

                          

 
 

 
  

  
 
 

    

    

 

   

   

     

                          

 

   

   

   

   

   

 
 

 
  

  
 
 

    

  

  
  

   

   

    

  

  

  

      

      

 

   

 

     

       

 
 

 
 

  
 

  

 

  

 
 

   

 
 

 
  

  
 
 

 

         

            

 
  

 
 

 
 

 

   

   

   

   

  
  

 
  

 

  

          

            

     

                          

 
 

 
  

  
 
 

    

    

 

   

   

     

                          

 

   

   

   

   

   

 
 

 
  

  
 
 

    

  

  
  

   

   

    

  

  

  

      

      

 

   

 

     

       

 
 

 
 

  
 

  

 

  

 
 

   

 
 

 
  

  
 
 

 

         

            

 
  

 
 

 
 

 

   

   

   

   

  
  

 
  

 

  

          

            



Repeatable Hysteresis in DC Current
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Serlin et al. arXiv:1907.00261



Toward Understanding the Nature of the Magnetism
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Spin/valley polarization — like our simple picture

Valley-polarized, spin-unpolarized composite Fermi 

liquid state — similar to FQHE

Non-coplanar chiral spin order at 3/4 filling of an 

individual band (two copies from valley)

Orbital moment from 

gapped Dirac cones

Martin et al. PRL 2008

Possible scenarios:



𝛳 = 0
𝛳 > 0

𝜑 = 0 𝜑 > 0

Chip carrier

Probing nature of magnetism



Hysteresis loops in tilted filed
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Hysteresis loops in tilted filed
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Mostly sensitive to perpendicular component!



Behavior near in-plane field
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Applying in-plane field to a magnetized state
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Magnetized with out-of-plane field

Rotated to in-plane in zero field



41

         

       

   

   

   

   

   

   

 
 
 
 
  
 
  

 

10.1126/science.aaw3780 

TBG is a Chern insulator near ¾ 

filling!

Alignment to hBN appears crucial 

to open topologically nontrivial 

gap

Small DC current can flip 

magnetization, potentially useful 

for magnetic memory

Orbital ferromagnet: high degree 

of anisotropy

Sufficiently large in-plane field 

kills magnetization


