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I. INTRODUCTION

In relativistic quantum mechanics spin–1/2 fermions are de-
scribed by the solutions of the Dirac equation [1],

(iγµ∂µ −m)ψ = 0. (1)

Here, γµ (µ = 0, 1, 2, 3) is a set of 4 × 4 matrices satisfying
the anti–commutation relations {γµ, γν} = 2gµν , where gµν

represents the Minkowski metric and γ0γµγ0 = γ†µ. In gen-
eral, the matrices γµ have complex elements, making Eq. (1)
a set of coupled differential equations with complex coeffi-
cients.Thus, the general solution ψ(x) of Eq. (1) represent-
ing the fermion field is a complex bi–spinor that is not an
eigenstate of the charge conjugation (CC) operator. Since
charge conjugation, ψ → ψ∗, maps a particle into its anti–
particle [2], a complex solution of Eq. (1) represents a fermion
that has a distinct anti–fermion, with the same mass and spin
but opposite charge and magnetic moment, as its counterpart.
Therefore, the field of a relativistic fermion that coifncides
with its own antiparticle, should it exist, is necessarily an
eigenstate of CC that must be described by a real solution
χ(x) of Eq. (1). Real solutions of the Dirac equation are pos-
sible, provided one can find a suitable representation of the
matrices γµcharacterized by purely imaginary non–zero ma-
trix elements. Such a representation of the γµ matrices that
renders Eq. (1) purely real was found by E. Majorana in 1937
[3].

II. ANOTHER SECTION
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A. A subsection

In 2D the mean field Hamiltonian for a spinless (px + ipy)
superconductor (superfluid) is given by,

Hp
2D =

∑
p

ξpc
†
pcp + ∆0

∑
p

[
(px + ipy)c†pc

†
−p + h.c.

]
,

(2)
where ξp = p2/2m− εF , with εF the Fermi energy, and spin
indices are omitted because the system is considered spinless
(or spin-polarized).

B. Another subsection

Next, we assume that only a few bands are occupied, and
that the low–energy subspace is defined by the eigenstates sat-
isfying the condition εn < εmax, where the cutoff energy εmax

is typically of the order 100meV. Using this low-energy basis,
the matrix elements of the total Hamiltonian can be written
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explicitly. The matrix elements of the SOI Hamiltonian are

〈ψnσ|HSOI|ψn′σ′〉 = αδnzn′
z

{
qnxn′

x
(iσy)σσ′δnyn′

y

− qnyn′
y
(iσx)σσ′δnxn′

x

}
, (3)

where

qnλn′
λ

=
1− (−1)nλ+n′

λ

Nλ + 1

sin πnλ
Nλ+1 sin

πn′
λ

Nλ+1

cos πnλ
Nλ+1 − cos

πn′
λ

Nλ+1

. (4)

The first term in Eq. (3) represents the intra–band Rashba
spin–orbit interaction, while the second term couples differ-
ent confinement–induced bands. Similarly, assuming that the

Zeeman splitting Γ is generated by a magnetic field oriented
along the wire (i.e., along the x-axis), Γ = g∗µBBx/2, where
g∗ is the effective g–factor for the SM nanowire, the matrix
elements for the corresponding term in the Hamiltonian are

〈ψnσ|HZ|ψn′σ′〉 = Γδnn′δσ̄σ′ , (5)

where σ̄ = −σ. Adding together these contributions, the ef-
fective Hamiltonian describing the low–energy physics of the
semiconductor nanowire in the presence of a Zeeman field be-
comes Hnn′ = 〈ψn|HSM + HZ|ψ′n〉, with ψn representing
the spinor (ψn↑, ψn↓). Explicitly, we have

Hnn′ = [εn + Γσx] δnn′

+ iαδnzn′
z

[
qnxn′

x
σyδnyn′

y
− qnyn′

y
σxδnxn′

x

]
, (6)

where n = (nx, ny, nz) and qnλn′
λ

by Eq. (4). Note that a
similar effective low–energy Hamiltonian can be written for
an infinite quasi–1D wire. In the limit Lx → ∞, the wave
vector kx becomes a good quantum number and we have

Hnn′(kx) = [εn(kx)+αRkxσy+Γσx]δnn′−iαqnyn′
y
σxδnzn′

z
,

(7)
where αR = αa and n = (ny, nz) labels the confinement–
induced bands with energy

εn(kx)=
h̄2k2

x

2m∗
− 2t0

(
cos

πny
Ny+1

+cos
πnz
Nz+1

− 2

)
−µ.

(8)
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