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Cosmic Axion Background

e Peccei-Quinn Mechanism (1977) to resolve the strong CP problem in QCD
e Axions can have important implications for astrophysics and cosmology.

e Contribute to radiative energy loss of a star
e Dark matter

e Relativistic axions could have been produced in the early universe that may effect the

expansion history (Dror, 2021)
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Cosmic Axion Background

e Thermal relic
e Axions in thermal contact with SM at high temperature can generate background like CMB
e Dark matter decay

e galactic DM within the Milky Way and extragalactic DM throughout the universe
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Detecting

e The CaB behaves as an oscillating classical wave

e Unlike non-relativistic axion (Aw/w ~ 107%), the CaB has a broad energy spectrum and
shorter coherence length/time (Aw/w ~ 1)

v2 .. . .
o w~m,(1+ %) for non-relativistic axion

e ADMX is the closest to being sensitive to cosmological relics.
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ADMX

e Axion haloscope with a resonant cavity with
typical target scale (wg = ji10/R): ~ peV
(ADMX, 2018)

e Inverse Primakoff interaction (Sikivie, 1984): resonant__ 4 B Sional_ petector
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Computing the Correlation Function

e The real and imaginary part of the electric field correlation function for i-th and j-th cavity:
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Q@ : quality factor, TS(”): temperature of i-th cavity, V: volume, f(w) : energy distribution

e Relativistic form factor
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Correlation Function in Various Limits

Self-correlation
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e Multiple oscillation cycles across the cavity
suppress the response
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Correlation Function in Various Limits

Coplanar array (blue) vs. vertical array
(green)
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Sensitivity of Resonant Cavity Arrays

B
e Assuming an isotropic power-law axion relic energy density ,(w) = Qg (Wi) ,

~ 2 -
Qo ~1.1x107° E ’ .(]2]% 10° g \/m 97 cm \/z\/I
o= 1. By Gary~ Q 148 mK T 7 ~NV71

goF, =6.6 x 107 ''Gev ™" (CAST 2017, Carenza 2020)

e Geometry and cavity number enter through the final brackets
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Sensitivity of Existing Proposals

e ADMX run-2A (Yang, 2020)

e four-cavity arra E G = B0 IORRGEE
y array 102k B=0
e L=97cm, R =8cm E
o ADMX EFR (Knirck, 2023) 10'E
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Optimizing the Parameters of the Array
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Conclusion

e Developed a CaB detection strategy using resonant cavity arrays motivated by ADMX
e Explored geometries and configurations that enhance signal correlations

e Further improvements:
e extension to LC resonators and related platforms

e long-lived, phase-coherent signals without being forced into cavity aspect ratio or packing
geometry
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Self correlation
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