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8.1 Spectrum of Kitaev’s Majorana chain Hamiltonian

Find the single-particle spectrum of the periodic Kitaev Majorana chain
N
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with ¢y+1 = ¢1. One route is the following

a. (1 point) Use the spinor ¢; = (¢;, C}L) to reexpress the Hamiltonian in matrix form.

Solution:
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b. (5 points) Conduct a Fourier transform by introducing the spinor d; = ﬁ Zjvzl ezm/NjkEj and con-

ducting the sum over the real space index j. Hint: The sums are geometric series, and Z;V:1 € = Néo.q.



8.2

Solution:

N
H= Z N;Aléj + E;r-leAQéj + E;L-Agéj_H
j=1
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Note: This description considers particles and holes at the same k. For k and —k, use the Nambu
spinor ¢ = (cx, cT_k)

Reformulate a general fermionic Hamiltonian in Majorana form

Consider a general discrete noninteracting fermionic Hamiltonian

a.

N
H= Z CgAl,mCm + C;Bl,mcjn . (9)

I,m=1
(3 points) Reformulate Eq. @I) in Majorana form

. 2N
i
H= 3 E YDt mYm- (10)

l,m=1

Here, 7v2; = % (Cj + c;r) and yzj41 = ﬁ (cj — c}), for integers j. Show that the matrix D can be

chosen real and skew-symmetric, i.e., DT = —D.
Hint: Use matriz notation



% {'yj — i'yjH}, we obtain

Solution: With c;r- =

{’Yl - Z.'-7/l+1:| {Alm |:7m + Z")/m-4-1:| + Blm |:7m - i7m+1]} +h'C-

|:Al'm.+Bl'nL:| Ym+ |:iAl'm. _Bl7ni| Ym+1

[Alm + Blm} Y Ym + [Alm - Blm} Vi4+1Ym+1

Note, that we could also introduce a superindex.

For the constraint of hermiticity, we can choose

A BeRand AT =—-A, BT =-B
1 N t .
H = 5 Z [Alm + Blm:| ’YJn’YlT + [Alm - Blm:| 'Y;rn+1’}/lT+1
l,m=1
YW = —Y1Vm, A,BeR, AT =—-A BT =-B
=H.
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