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Anomalous Magnetism for Dirac Electrons in Two Dimensional Rashba Systems

H. Vivas C.
Departamento de Física, Universidad Nacional de Colombia, Sede Manizales, A.A. 127, Colombia

Abstract

Spin-spin correlation function response in the low electronic density regime and externally applied electric field is evalu-
ated for 2D metallic crystals under Rashba-type coupling, fixed number of particles and two-fold energy band structure.
Intrinsic Zeeman-like effect on electron spin polarization, density of states, Fermi surface topology and transverse mag-
netic susceptibility are analyzed in the zero temperature limit. A possible magnetic state for Dirac electrons depending
on the zero field band gap magnitude under this conditions is found.

Keywords: Rashba coupling, Spin Orbit Interaction, Dirac electrons, Magnetic Susceptibility

1. Introduction

Subtle relativistic effects on reduced dimensional elec-
tronic systems have brought exciting perspectives on fun-
damental physics and technological advances since the
Rashba’s breakthrough [1, 2, 3, 4]. Spin Orbit Interac-
tion dwells in the always evolving spintronics world, pro-
viding interesting applications based on its subsequent,
wide and sophisticated phenomena. For instance, mag-
netic switching control via induced current on metal/fer-
romagnet/oxide trilayers at room temperature [5], tunable
spin-orbit strength via stoichiometry manipulation on de-
posited concentration of Bi atoms on BixPb1−x/Ag alloys
[6], quantized Hall conductance on doped Bi2Te3 layered
arrays without external magnetic field [7], characteristic
Knight shift behavior in non-centrosymmetric supercon-
ducting CrIrSe3 crystals below critical temperature [8], or
Rashba interaction control for out-of-plane Zeeman spin
polarization on transition metals such as WSe2, MoS2 via
biased voltage [9], constitute few examples that demon-
strate the currently hectic activity in this area. In this
paper, we discuss the zeroth order transverse spin-spin sus-
ceptibility response for 2D Dirac interacting electrons in
the low density regime and zero temperature, under an
externally applied electric field on the plane. We derive
general expressions at finite temperature for the correla-
tions functions on arbitrary Dirac spin directions, as well
as the features of the density of states (DOS) in the limit of
the Fermi energy instability and fixed number of particles.

2. Spin-Spin Correlation Function Formalism

The Hamiltonian formulation for 2D magnetically po-
larized surfaces or interfaces in a non-interacting elec-
tron system under an externally applied electric field E
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might be approached by taking the lowest-order coupling
between the electron momentum in the XY plane k =
(kx, ky, 0), its spin ~̂σ and E: Ĥk ∼ K̂k + ~̂σ · (k×E),
where K̂k = ( h̄2k2/2m?)1̂ corresponds to the single free-
particle kinetic energy operator [10, 11, 12, 13]. For
an arbitrary field orientation, Ĥk ∼ K̂k + σ̂Z(kxEy −
kyEx) + (σ̂Xky − σ̂Y kx)Ez, where the last term is rec-
ognized as the typical Rashba-type interaction. By in-
troducing the appropriate constants, the upper-lower (±)
double band structure for Dirac electrons might be taken
as Ĥ±k = K̂k + σ̂Z∆k − ασ̂Y kx ± ασ̂Xky. Defining the ef-
fective magnetic field γBΣ = (−αky,αkx,−∆k), the com-
plete electron Hamiltonian takes the form:

Ĥ±k = K̂k − γŜ ·BΣ, (1)

with the spin basis Ŝ ≡ (σ̂Z ⊗ σ̂X , I ⊗ σ̂Y , I ⊗ σ̂Z) and I,
σ̂j as the 2× 2 identity and Pauli matrices respectively.
Operators Ŝj satisfy the necessary anticommutation rules
[Ŝi, Ŝj ]+ = 2δij . The Zeeman-like term ĤΣ = −γŜ ·BΣ
in Eq. (1) has a Dirac-type form, and its genesis can be
explained, among several approaches, from fairly simple
geometric-based arguments for materials with inversion
symmetry [14, 15, 16]. Specifically, the 2D Dirac equa-
tion ĤΣ = αγ̂0(~̂γ ·k+αm?) reduces into the Zeeman-like
Hamiltonian straightforwardly under the set of transfor-
mations α2m? ≡ ∆k = ∆0 +(kxĒy−kyĒx), where ∆0 cor-
responds to the energy band gap magnitude at zero field.
The parameter α denotes the typical Rashba spin-orbit in-
teraction constant, although contributions due to crystal
asymmetries might be taken into account via Dresselhaus
Hamiltonian [17]. Upon this representation, the Dirac ma-
trices γ̂µ = (γ̂0, ~̂γ), γ̂µ = (I⊗ σ̂Z , iI⊗ σ̂X , iσ̂Z ⊗ σ̂Y ) must
fulfill the constraint [γ̂µ, γ̂ν ]+ = 2gµν = 2diag(1,−1,−1).
In a matrix-block scheme:

ĤΣ =

(
Ak+ 0

0 Ak−

)
, (2)
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