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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

Pirsa: 23110047 Page 1/34



Pirsa: 23110047 Page 2/34




Pirsa: 23110047 Page 3/34




Pirsa: 23110047 Page 4/34




Ring Resonator (Eu)=( f K)(En) [+ ]| =1

Etg —Kk* t* Eiz
Eil »> { = Ell
Ehr =« -ejeE,g ~ Negw L
0SS

Pirsa: 23110047 Page 5/34



Ring Resonator (En)=( f K)(En) 2]+ =1

E;» —Kk* t* E;»»
Eil »> { > Ell
Ehr =« -ejeE,g ~ Negw L
Loss
1 critically coupled
} !
09 .
0.8 ]
0.7 ]
£ 06 y
w (— —
g 05
= 04 T
03[ ]
0.2 ]
0.1 u U :
| |
01549 1.5495 1.55 1.5505
2 Wavelength [um]

Pirsa: 23110047 Page 6/34



Ring Resonator (En)=( f K)(En) [+ =1

Etg —Kk* t* Eiz
Eil > { > Ell
Ehr =« -ejGE,g > Negw L
Loss
1 critically coupled

e
0.9 - : y
08 | pwHM = 1= |
0.7 ﬂ'L’neﬂ' (0] —
,{g 0.6 _4 }
g 057 1 .
=2 04 §
0.3 " 5 y
02 i PSR 2 .
Sl U . Lne U ]

04549 1.5495 1.55 1.5505
3 Wavelength [pum]

Pirsa: 23110047 Page 7/34



Ring Resonator

E;) > . > By

i _ FSR 1-a?
Inesse = et = T
A neﬂ:L :
Q= FWEM — X finesse

Pirsa: 23110047

Intensity

(

Eq _ I K Ein 2 2
mn)= (e )(E) B+l =1
Loss
1 critically coupled
—

09 = . .
08 | pwHM = 1= ]
0.7 mlnegs « .
0.6 .
0.5 _4 ]
04 .
03 ) 4y :
021 b - 32 I
el U | = Lneg; U ]

04549 1.5495 1.55

Wavelength [um]

Page 8/34



Ring Resonator PO (L) e+ =
E —k* t* E;» -
E Input Port 4 Throughput Port
il i et il |
Loss
1 . ¥ T ' T
3
0.9 i :
0.8 : - .
0.7
£ 0.6 .
E, 0.5
E 04r i -
0.3 i 1t
0.2 H B Az .
B« 4 E, 0.1 I K i B
Drop Port b Add Port 0
]\ I 1.5506 1.551 1.5514 1.5518
- _ Meffl o, Wavelength [um]
= = messe
« FWHM A f

Pirsa: 23110047

Page 9/34






Pirsa: 23110047 Page 11/34




Pirsa: 23110047 Page 12/34




Pirsa: 23110047 Page 13/34




Periodic Photonic Structure: Bloch Modes
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Periodic Photonic Structure: Bloch Modes
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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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Effective Index Theory
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How big can n.¢ be changed by grooving?
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Surface Scattering Loss
PL = P()e_aL
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Radiation Loss
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Radiation Loss
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Example: Si-on-Insulator 36
Photonic Crystal Ring Resonator i
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(b) Magnified micrograph of the corner of the modified PCRR.
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Coupling N Resonators In Parallg|
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N Resonators in Parallel

— WV, (X1—X2)

Sa(xX1) Sa(X2) 8a(XN)

- 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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Different Frequencies
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“Active” Fraction of a Chip
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N = # of unit cells in each resonator
t,, = thickness of the resonator

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
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