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Dark Matter Detection

using Cavities AXiON  9ayoE-B
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Dark Matter Detection

using Cavities AXiON  9ayoE-B
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https://news.fnal.gov/2019/11/admx-
experiment-places-worlds-best-
constraint-on-dark-matter-axions/
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Ring Resonator: eV axion/DP

Intensity
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Ring Resonator: eV axion/DP AXiON  YayoE - B

1

Dark photon SxF Fu

New Challenges: -
J quality factor effective DM current

Phase matching

Large Q Psig ~ |77|2V
mp
Large V |
momentum conservation
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Our Proposal

New Challenges:

Phase matching
Large Q

Large V
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Our Proposal periodically

varying
resonator
recelver bus
New Challenges:
Phase matching Photonic Crystal
Large () Bound States in Continuum PhOtOH
detector
Large V' Sensor Network
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Our Proposal periodically

varying
resonator
receiver bus
New Challenges:
Phase matching Photonic Crystal
“UV”
Large () Bound States in Continuum photon
detector
“IR” - Large \/ Sensor Network
B
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Phase Matching (Momentum Conservation)
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Periodic Photonic Structure: Resonator size << Ayg
Bloch Modes

e(r) =¢(r+R)

Ex = uk(r)e™® " | uk(r) = uk(r + R)

/ N\

Bloch wavevector  Lattice vector

e-x. Nfu, :5
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Periodic Photonic Structure: Resonator size << Ayg
Bloch Modes

e(r) =¢(r+R)

1 KR —R.
Ex = uk(r)e?™ | uk(r) = uk(r+R) n|* = \mfﬁie S

AN

Bloch wavevector  Lattice vector

e-x. Nfu, :5

DM couples to K = 0 modes
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What about Q7

15



Nature Reviews Materials

Bound States in Continuum

Spectrum Mode profile
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https://www.nature.com/natrevmats

Nature Reviews Materials

Bound States in Continuum

Spectrum Mode profile Infinite Q for perfect BIC
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1D and 2D BIC Examples n|? = ‘"“‘ZN%% Y e KRRy
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https://www.teraxion.com/en/company/fiberbragggrating/ Patterﬂ ed S ‘ ab

Period

Fiber Bragg Grating
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Coupling N Resonators in Series
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N Resonators in Series

e—iwva-(xl—XQ)

Sa Xl Sa X2
Sout
—znrwd

€

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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Same Frequency
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Different Frequencies
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Projected Sensitivity
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Axion DM Search Needs a
Background Magnetic Field

Above ~1.1 eV, Skipper CCD

§ . V}nt N 1(7 (@) (t’w/t8> '
ot = o2y g O\ N )\ o Below ~1.1 eV, Superconducting
Nanowire Single Photon Detector

B (T) Bore (mm) Vact (cm®) B*Vacr (kJ) References I'.. t:
40 34 9 x 1072 0.11 70 SNR = sig7int 1/2
71 Max [I,Fbkgtim]
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Axion DM Search Needs a
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Conclusion & Future Dark photon-photon kinetic mixing
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Backups
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Dark matter candidates

Ultralight dark matter Weakly interacting Ultraheavy dark matter
(e.g. axion, dark photon) massive particles (WIMP) (e.g. black holes)
1022eV — 1 eV 109eV — 1018 gV 10°0 eV — 1093 eV
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Example: Si-on-Insulator
Photonic Crystal Ring Resonator
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1550nm, TE, mode  775nm, TE, mode

Example: Periodically Grooved 't:'"""
LN-on-Insulator Waveguiae -—;é‘__

https://doi.org/10.1364/0E.25.006963
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Different Frequencies
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How big can n.¢ be changed by grooving”?
Effective Index Theory |
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Surface Scattering Loss
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Radiation Loss
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Radiation Loss
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Ring Resonator (En)z( t K)(En) 2|+ |2 =1
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