1 Rewriting the hamiltonian

1.1 The hamiltonian in question
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1.2 Fourier transform
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1.3 Regroup terms in common sums
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1.4 Expand on o
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Next we regroup terms again
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1.5 Expand on —k and k

We also anticommute the operators so that they are consisten with the operators we are going to
use, namely:
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So the Hamiltonian ends up as:
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1.6 Write the matrix
Knowing that

VIHY =H (14)
We can figure out that:
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1.7 Simplifying w;__.

First let’s remember that w;,gﬁ, = (iaNk,0,00 + Wo,0r ), and that ny o0 = D5 eI x O');U, and
Wo o = [JSk - 0']070,:
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Next, considering nearest neighbors and a square lattice:
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Moo =D e (6x0); 5 = (¥ ™) (0} )oqr (™1 +e ™) (04)g0r = 2i sin(ke)(0y) oo —2i sin(ky)(02)oa
s

With this, we can write wy, , ., as a matrix too:
.0,

, . _ ™M= JSF = 2a(i sin(ks) + sin(ky))
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And we can see that this is already hermitian for all values of k

1.8 Simplifying ¢},

Ek — Zelék — eikmeiky + e—ik?;z + e—ik?y — 2(Cos(kz) + szn(kz))
g, = —2t.((cos(ky) + sin(ky)) — p

1.9 Simplifying H

e, +J5% 2a(i sin(ky) + sin(ky)) A 0
2a(—i sin(ks) + sin(ky)) e, — JS% 0 —-A
A 0 -, +JSh —2a(i sin(ky) — sin(ky))
0 —A —2a(—i sin(ky) — sin(ky)) —el, — JS%
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1.10 Finding eigenvalues

I used Mathematica to find the eigenvalues, and I found they were:

A= + [4@2(51112 ki +sin2ky) + A2 + &2 4 (JS5)?
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+ 2(5;3 (40%(sin? k, + sin® k) + (JSE)?) + A2(4a? sin® b, + (Js,z)?)) } (19)
Then, to simplify it, we can use this vector: £ = (2asin(k,), 2asin(ky), JS?)
L ~ 1/291/2
A=k (|02 A% e 2 (<RI + A2+ 2)) (20)



