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Abstract: Axions and axion-like particles are well motivated candidates for dark matter (DM) and have a signature two photon vertex. The most
sensitive axion DM search is at the gigahertz (GHz) regime. It relies on microwave cavities with high quality factors resonantly converting axion
DM to cavity photons in the background of a static magnetic field. However, axion DM mass could span a vast range above or below GHz. We
describe a new proposal using integrated/on-chip photonic systems to search for axion DM at the optical frequency. This enables the use of
waveguides to collect signal photons, which improves the detection efficiency, as well as the use of single photon, micron-sized detector, such as a
skipper charge-coupled device, which has a dark count rate as low as 1e-9 per second per pixel. Furthermore, by coupling a series of resonators of
different frequencies to a single receiver bus, the detection can be broadband in terms of the axion masses and has sensitivities to the axion-photon
couplings expected for the QCD axion at the axion masses of around 0.2 V.

Zoom link https://pitp.zoom.us/j/945153002397pwd=VV BkaGM 5K 24yN2F4SFVOM GZ5V k9L Zz09
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Ring Resonator
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Periodic Photonic Structure: Bloch Modes

Ex = uk(r)e™ ", uk(r) =uk(r+ RK e(r) =e(r+ R)

Bloch wavevector Lattice vector

Pirsa: 23110047 Page 14/34



Periodic Photonic Structure: Bloch Modes

Ex = uk(r)e™™ ", uk(r) = uk(r + R\ e(r) =e(r+R)

Bloch wavevector Lattice vector
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1D Toy Model
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1D Toy Model

20 unit cells with finesse 5 (Q~100)
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1D Toy Modeg|
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1550nm, TE, mode  775nm, TE, mode

O

Example: Periodically Grooved
LN-on-Insulator Waveguide

0.000 0025 0080 0075 0.100
Groove depth (um)

https://doi.org/10.1364/0E.25.006963

13

Pirsa: 23110047 Page 19/34



Effective Index Theory

How big can n.¢ be changed by grooving?
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Surface Scattering Loss
PL = Poe_aL

Surface Scattering Loss
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Radiation Loss

PL = Poe_aL

(a)
Radiation/bend Loss
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Example: Si-on-Insulator " Perfect s
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Coupling N Resonators In Parallg|
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N Resonators in Parallel

—iWwve (X1 —X2)

Sa(x1) Sa(X2) Sa(XN)

e—-z’n,ﬂwd

- Solve the output using Heisenberg Langevin equations
+ Gaussian distribution of v, is assumed.

DM sources a standing wave that can couple to either
left or right-traveling wave in the bus.
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— WV - (X1 —X2)
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e~ WVar(x1—x2)
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“Active” Fraction of a Chip

periodically

grooved
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= irD%, "\ N, 0.01 receiver bus

N, = # of unit cells in each resonator

t,, = thickness of the resonator
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t, = thickness of the substrate
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Axion DM Search Needs a Background Magnetic Field
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Axion DM Search Needs a Background Magnetic Field
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Conclusion & Future -
Dark photon-photon kinetic mixing

- Integrated Photonics can be applied in the

DM direct detection at optical frequencies. 10! Alpam] 10°
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