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Introduction

Condensed Matter Axions

Axion QuasiParticles (AQPs) may exist in certain materials. (F.
Wilczek, 1987; Gooth et al, 1906.04510)

AQPs are collective excitations of electrons that behave like an
axion: L ⊃ θQE · B.

AQPs may be used to detect axion Dark Matter (D. Marsh et
al,1807.08810; J. Schütte-Engel et al, 2102.05366; S. Chigusa et
al, 2102.06179).
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Axion Quasiparticles

Topological Insulators

Diagram by A13ean

Insulating in the bulk but conducting at the surface.
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Axion Quasiparticles

Topological Insulators

The electrodynamics at the surface of topological insulators is
described by the addition L ⊃ θE · B with θ = π.

The resulting Maxwell equations are only sensitive to the
gradient in theta at the surface of the material.

Time Reversal symmetry requires θ = 0 or θ = π.
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Axion Quasiparticles

Anti-ferromagnetic Topological Insulators

In anti-ferromagnetic topological insulators, time reversal
symmetry is broken and θ can take different values.

In some such materials, θ may be a dynamical axion
quasi-particle (AQP) (Li et al, 0908.1537).

In the materials we consider, the AQP is a longitudinal magnon
mode.
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Axion Quasiparticles

The Axion QuasiParticle

Stopo =
α

π

∫
d4x

(
δΘ + Θ0

)
E ·B,

SΘ =
f 2
Θ

2

∫
d4x

[
(∂tδΘ)2 − (vi∂iδΘ)2 −m2

ΘδΘ2
]
.

fΘ and mΘ can be predicted from known material properties and
measured using transmission spectroscopy.

Francesca Chadha-Day (Durham) Axion Quasiparticles for Axion Dark Matter Detection 8 / 18



Axion Quasiparticles

The Axion QuasiParticle

fΘ = 30eV
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M0 = bulk band gap

Vu.c = unit cell volume

t = nearest neighbour hopping

S = magnetic moment of ion

I1, I1 are energy integrals over the Brillouin zone

U = Hubbard term (interactions between spins on the same site)
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Axion Quasiparticles

Transmission Spectroscopy
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Dark Matter Detection

The AQP and Axion Dark Matter

Both the AQP and the Dark Matter axion couple to E · B.

In an applied magnetic field, the AQP and electric field mix,
giving the axion-polariton propagating degrees of freedom.

Dark matter axions can resonantly mix with the axion-polariton -
the resonant frequency is tuneable via the applied magnetic field.

The three way mixing produces a detectable photon at the
bounding of the material.

Francesca Chadha-Day (Durham) Axion Quasiparticles for Axion Dark Matter Detection 11 / 18



Dark Matter Detection

Axion Dark Matter Detection

TOORAD: Topological Resonant Axion Detection
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Dark Matter Detection

Linearized Equations of Motion

(
∂2
z − n2∂2
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Axion Dark Matter drives the system at frequency ma.

Mixing of E and δΘ gives the photon an effective mass ∼ mΘ.
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Dark Matter Detection

Interface Conditions

n · (∇a1 −∇a2) = 0

a1 − a2 = 0

n × (HΘ,2 −HΘ,1) = 0

n × (E 2 − E 1) = 0

HΘ = H − α
π

Θ0E
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Dark Matter Detection

Resonance

In the lossless case, the material has an effective refractive index

n2
Θ = n2

(
1− b2

ω2 −m2
Θ

)
,

where b = α
π
√

2
B0√
εfΘ

.
A resonance in the emitted power occurs when

nΘ(ω)ωd = (2n + 1)π,

where d is the material thickness.
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TOORAD

TOORAD

The resonant frequency can be tuned independently of the
material volume.

This allows detection of higher mass axions m ∼ 1− 10 meV.

Francesca Chadha-Day (Durham) Axion Quasiparticles for Axion Dark Matter Detection 16 / 18



TOORAD

TOORAD

Reach depends on available photon detectors.

We must take into account damping of the axion-polariton.

Losses are dominated by the material resistivity and AQP
scattering from impurities and domain boundaries.
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Conclusions

Axion Dark Matter Detection

10−3 0.01 0.1 1 10 100
Dark axion mass ma [meV]

10−17

10−16

10−15

10−14

10−13

10−12

10−11

10−10

10−9

10−8

D
ar

k
ax

io
n-

ph
ot

on
co

up
lin

g
g a
γ

[G
eV

−
1 ]

Haloscopes (future)

H
al

os
co

pe
s

(c
ur

re
nt

) CAST

IAXO (future)

KSVZ

Hot DM

SN 1987A

Gorghetto+ ’20

realignment only

Material 1

Material 2

realignment + strings

TOORAD (this work)
η Γ/meV

0.01 10−3

1 10−3

1 10−4

Material 1: (Bi1−xFex)2Se3; Material 2: Mn2Bi2Te5

Francesca Chadha-Day (Durham) Axion Quasiparticles for Axion Dark Matter Detection 18 / 18


	Introduction
	Axion Quasiparticles
	Dark Matter Detection
	TOORAD
	Conclusions

