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In this presentation:

From Relative to Instrinsic photonic AXI

Realizing an AXI for light

¢=0 p=m
| . .

X X LI—Y
g

s
E I 0 0 2/3 4/3 2
k, (n/a)

0 xcens 40

e

Photonic Axion Insulator
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What is an Axion Insulator (AXI)?
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What is a Photonic Crystal?

D(r, t) . E(r, t)
(B(r, t)) = %) (H(r, t))

H(r) = (?(r) ?(r>>
X))

Constitutive dielectric tensor is periodic (1) = KX(r + R)
Periodic Maxwell equations: bandgaps for light
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Why do we seek a photonic AXI?

Clean and flexible platform Direct access to electromagnetic response
* Tunable symmetries (TRS, inversion) * Field-resolved experiments possible
* No stringent material constraints * All measurable via optical probes

« Compatible with inverse-design

Can implement 0 as a spatially varying parameter 0(x):
something not feasible in particle physics experiments



Simulating Axion Domain Walls

Axion strings

Can implement 0 as a spatially
varying parameter 0(x): enabling
direct exploration of topological
domain-wall physics

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



Manipulating Axion Domain Walls

Propose physically accessible ways
to control the axion string ¢ =0
connectivity




1- From 3D Chern insulators to Relative AXI
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Design strategy

How to open an AXl gap in a PhC? |-symmetric and T-broken

Around k = R on RM line

inversion center
+

3-fold axis




Step 1: Gyrotropy via Yittrium lron Garnets (YIGs)
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Step 2: Commensurate supercell
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Step 3: Dielectric modulation
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Final Step 4: Inversion symmetry pinning

Relative SM phase
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Final Step 4: Inversion symmetry pinning

Relative SM phase
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Final Step 4: Inversion symmetry pinning

Relative SM phase
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Final Step 4: Inversion symmetry pinning

Relative SM phase
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Obstructed magnetic symmetry indicators

Parity obstruction Magnetic symmetry indicators
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Making relative AXI topology manifest

Relative AXI Phase-obstructed rod-like geometry ~ Phase-obstructed domain-walls
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Manipulation of the axion chiral channels
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External control of the hinge localization

Manipulation of the axion chiral channels

H©*Y = (|h|cos(0), |h|sin(c), H,)
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Gyrotropy-induced switching of AXI states

Manipulation of the axion chiral channels
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Gyrotropy-induced switching of AXI states

Manipulation of the axion chiral channels

¢ = H, H(ext) H(ext)
b 1 2
¢ =0
¢ =I\71T d) =T
/
$=0 $=0
/

Exx inz _iny



So far...



So far...

* Dielectric SM induces EM energy
redistribution and opening of a
relative axion gap



So far...

flal/c

T

- -0.2 k,/2m 0.2

Dielectric SM induces EM energy Manifest axion topology at phase-
redistribution and opening of a

obstructed domain walls
relative axion gap



So far...
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From relative to Iintrinsic axion

External Magnetic field Alternating permanent magnets
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Frequency (GHz)

Gapped bulk
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Gapped surface
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Gapped surface
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Hinge close up
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Hinge states robust to metallic obstacles
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Even/odd layers: half-quantized Chern numbers
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Even/odd layers: half-quantized Chern numbers
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Surface topological photonic gaps

Surface photonic gap with non-trivial
topological properties:
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Surface topological photonic gaps

Surface photonic gap with non-trivial
topological properties:
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Thank you for listening!
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Top/bottom valley contributions

Even number of layers Odd number of layers

Layer F kg, ky) 8. 8. F kg, ky)

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



Surface band structure simulation
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Nested Wilson loops
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Hinge state profiles

Point source excitation: microwave dipole antennas
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Frequency (GHz)
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Magnetic space group

Tilted external magnetic field

Y = (m, 1, 0)
$=0 $p=m Z = (0,0,m)
2 R _ C = (1, m,m) Ly X 1y
Cp=0 & (0,0,1) Co=r % (0,0,1) ng):O

= [3141, BB]_, Cl_ + 262+ + 362_; 3D11 3E1 ) (.)ZT
D vho = (1,0)

H
| + 20,0 + 20,7, Y7 + 2V, + 3V, ,3ZF + 375 ]

H,

ny_o
= [344,3B;, C + 2CS +3C;, 3D, 3E; , (m)?T :> .
+ 20 4 207, Vi 4+ 3V, 4 2V, ,3Z5 + 375 ] V=0 = (1,1)

{110}
{C 11 O} {C’zllo %%0} , {m’110|%,%,0} For H = (hy, hy, H;), subduction to MSG 2.4
2z12°2’ without bulk-gap closing while |h, |, |h, | < |H
MSG 67.505 11 0 , 11 0 p |11 0 - _g_p _ € _ |_x|Z_|24.y| | Zl
Mz122° { 2170|272’ } ’ {m 11°|5’5’ } Zox =722y =0 V= (22'2’7)
Unitary: P2/c (SG No. 13) Anti-unitary



Higher-order response

Opening domain wall surface gap

Cp=o = (0,0,1)

H,




Gyrotropy-induced switching of HOTI states

Boundary-obstructed transitions
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