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Sparse TB-Hamiltonian: 
 Max # of entries: 1014 

Expected # of entries: 1.64 x 109 

Diagonalization not feasible… 
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Simulations with 
150 nm diameter 
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Bilayer with 5.73° twist-angle 



MoS2 : Modeling TMDCs 

Stephen Carr Harvard University, Dept. of Physics 

stephencarr@g.harvard.edu 

22 

Twist-angle dependent 
Electronic Density of 

States (EDoS) 
 

[Logarithm of EDoS for 
band-gap study] 

Band-edge EDoS 
Band gap: 2.07 eV 

Widens by: 64 meV 
(3% increase) 
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- A multi-scale approach to physics 
challenges and applications for 
engineered devices. 
 

- Locality framework, backed up 
by mathematics and numerics. 
 

- Large, finite TBM problems with 
Kernel Polynomial Method (KPM) 
 

- Excellent parallelization 
efficiency 
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- Agreement with previous 
experiment and theory in tBLG 
and TMDC systems 
 
 

- Simulations of real-space Local 
EDoS and defect wave functions 
 
 

- Twist-angle as new “knob” for 
controlling localized states and 
doped semiconductors 


