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Realizing an AXI for light From Relative to Instrinsic photonic AXI
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What is an Axion Insulator (AXI)?
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Constitutive dielectric tensor is periodic 𝓚 𝒓 = 𝓚 𝒓 + 𝑹
Periodic Maxwell equations: bandgaps for light

𝑫(𝒓, 𝑡)

𝑩(𝒓, 𝑡)
= 𝓚 𝒓

𝑬(𝒓, 𝑡)

𝑯(𝒓, 𝑡)

𝓚 𝒓 =
ി𝜀 𝒓 ി𝜉 𝒓

ിχ 𝒓 ി𝜇 𝒓

What is a Photonic Crystal?
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Why do we seek a photonic AXI?



Clean and flexible platform

•  Tunable symmetries (TRS, inversion)
• No stringent material constraints
• Compatible with inverse-design
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• Compatible with inverse-design

Why do we seek a photonic AXI?

Can implement 𝜽 as a spatially varying parameter 𝜽(𝒙): 
something not feasible in particle physics experiments



Can implement 𝜽 as a spatially 
varying parameter 𝜽(𝒙): enabling 

direct exploration of topological 

domain-wall physics

Armengaud, Journal of Cosmology and Astroparticle Physics, 2019(06), 
047.
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Axion strings

Simulating Axion Domain Walls



Propose physically accessible ways 
to control the axion string 

connectivity

Manipulating Axion Domain Walls
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Design strategy
How to open an AXI gap in a PhC? I-symmetric and T-broken 
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• Protected against radiation the EM continuum

• Fully 3D connected PhC geometry
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External control of the hinge localization
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So far...
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• Dielectric SM induces EM energy 
redistribution and opening of a 

relative axion gap

So far...
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YIG gyromagnetic cylinders
Metallic plates  

External Magnetic field

From relative to intrinsic axion
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Top surface measurement

frequency used to observe hinge states only one valley for surface state

Gapped surface



Copper plate (3shift)

Copper plate (1shift)

Gyro rod (up) (2shift)

Gyro rod (down)

Finite 3D PhC
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Surface topological photonic gaps

Surface photonic gap with non-trivial 
topological properties:

Coupling of emitters to the surface:
Single QE: chiral bound state
Many emitters: BS mediates 
topological, tunable interactions

𝑉𝑒𝑓𝑓 ∝
1

𝑟𝛼 

Iñaki García-Elcano, Alejandro González-Tudela, 
and Jorge Bravo-Abad. Tunable and robust long-
range coherent interactions between quantum 

emitters mediated by weyl bound states. Physical 
Review Letters, 125(16):163602, 2020.

a Weyl Photonic Crystala SSH Waveguide

Single QE: Weyl bound state
Many emitters: BS mediates 
coherent, long-range interactions

Bello M, Platero G, Cirac JI, González-Tudela A. 
Unconventional quantum optics in topological 

waveguide QED. Science advances. 2019

In contrast to coupling of QE in the bulk of….e.g.
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Supercell dielectric ~ 
inducing EM energy 

redistribution

Axion hinge states 
manifesting at the 

domain wall

Small in-plane gyromagnetic bias to 
control hinge string connectivity

Intrinsic AXI can be realized via 
an alternating stacking

Unidirectional hinge states 
robust to obstacles

Half quantized anomalous Chern, whose 
sign can be be probed by addition of 

physical layers

Potential platform to study surface 
topological order

Summary



Thank you for listening!

Photonic Axion Insulator
Science 387, 162–166 (2025)

Axion topology in photonic crystals
Nat. Comm. 15, 6814 (2024)







Top/bottom valley contributions

Sign change from positive to negative at the K valley
where top surface contributes

Even number of layers Odd number of layers



Surface band structure simulation



Nested Wilson loops



H1

Point source excitation: microwave dipole antennas

H2

Hinge state profiles



Gapped bulk
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𝐻𝑧 ≫ ℎ𝑥 , ℎ𝑦

Boundary-obstructed transitions

Gyrotropy-induced switching of HOTI states

ℎ𝑥

ℎ𝑦

σ
0 𝜋/2 𝜋 3𝜋/2 2𝜋

0.002

0.001

0

+ℎ𝑦 −ℎ𝑦

𝜙 = 0

𝜙 = 𝜋

𝐻𝑧

ℎ𝑥

ℎ𝑦 ∆
𝜔

𝑋
−

d
o

m
a

in
w

a
ll

σ






	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45: Making relative AXI topology manifest
	Slide 46: Making relative AXI topology manifest
	Slide 47: Making relative AXI topology manifest
	Slide 48: External control of the hinge localization
	Slide 49: External control of the hinge localization
	Slide 50: External control of the hinge localization
	Slide 51: Gyrotropy-induced switching of AXI states
	Slide 52: Gyrotropy-induced switching of AXI states
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95: Top/bottom valley contributions
	Slide 96: Surface band structure simulation
	Slide 97: Nested Wilson loops
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104

