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Mathematical derivation:
Cances—Garrigue—Gontier, Watson—Kong—MacDonald-Luskin 22

Bands: eigenvalues Hi (a1, ap) obtained by 2D; — 2Ds + k
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In-plane magnetic field as a perturbation

D(a)+k R_(k)\

: 72 1
aEASImpIe:>( R. (k) 0 > i LgxC— Hy xC

R_u_ =u_u*(k), Ryu=(u,u(k)), E_=R", EL =R}, E_L =0.

Da(a)i= Do) + 5= (20" 5 5/

B _ 2 _ _ (¥
EB, = —2B(G+O(B)), G(k) 2/C/AFkF_k<p¢dm, o (@).

0(z+ u)f(z — u)02(0)2 = 92(2)9§(u) — 93(2)92(u) —
_ A P2)Y(2)
O ? C/A (2) 0(z)? ¢

Magic angle o | 0.585 | 2.221 | 3.751 | 5.276 | 6.794
lgo(a)| ~ | 7e-02 | 5e04 |7e04|2e05]3e05
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Dg(a) :== D(a)+ B = <2Df +B  al(z) )

alU(-z) 2D;—B
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Relevance to the full Bistritzer—MacDonald model?

Hg(a1,ap) :== (DZ?gl) D(i?éf) . HY(C; C*) — L%(C; CY)

De(a) := @‘Z(j‘f 2%3(_2>B>, C=<V((i . Véz)>

For B = 0 how close are the bands of the two models when
a € ANR? (Flat band at «, that is Exq(k,«,0) =0)
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Relevance to the full Bistritzer—MacDonald model?

Hg(a1,ap) :== (D(;(()gl) D(i?é.)*> . HY(C; C*) — L%(C; CY)

De(a) := (i’fj(jf 2%3(_13), C:(V(ciz) ng))

For B = 0 how close are the bands of the two models when
a € ANR? (Flat band at «, that is E1q(k,a,0) =0)
Eiqi(k, o, ta) ~ f(k)t, f(—k)=—f(k), f(l?) = —f(k), f(wk) = f(k)

x10°3

ta =1073,1072,10 !
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Adding in-plane magnetic field

ag=T7a,10, o, = 058655, B=2""2
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Relevance to the full Bistritzer—MacDonald model?

Adding in-plane magnetic field:

ag=T7a,10, o, = 058655, B=2""2

-1
0 1 0

0 B=e"/\2

Approximate Dirac tips splitting for B = 1/+/2, %(1 +i)and ag = 0.7a1: €
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Dirac points not at zero energy
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Relevance to the full Bistritzer—MacDonald model?

Comparison of Dirac points for chiral, weakly interacting, and full
BM Hamiltonian with in-plane field B = 0.5(1 + /); many features
persist...

ag =0 o, = 0.58528
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g = 0.058528 o, = 0.58528
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