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Axion Dark Matter

ﬂocal Dark Matter density
p ~ 0.3GeV/cm?

a
Axion-Earth relative speed

By ~ 1073 Aw ~ mgc?
-

Axion density
ng ~ 3 x 1012 (10%6‘/) 1/cm?

~

Treat axion as a classical field

a = agcos (wt — kx) ag =

o

December

Ua = UHalo — VEarth



Sikivie Haloscope

In presence of a strong magnetic field, cavity modes are excited by a resonant axion field
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State of Art Sikivie’s Haloscope

/ Room Temperature Amplifiers
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frequency

Power Spectrum
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Cryogenic Amplifier (noise at SQL)

Resonant cavity SC magnet (~10T)

Sikivie Phys. Rev. D 32,11 (1985)




QUAX Collaboration

Laboratori Nazionali di Frascati (LNF) Laboratori Nazionali di Legnaro (LNL)
EPS Historic site: AdA first et+e- collider (1961)
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QUAX RESULTS
2018-2021

= QUAX-ae result with Ferromagnetic
Axion Haloscope at m, = 58 meV, EPJC
(2018) 78:703.

= QUAX-ay Result with Superconductive

Resonant Cavity at m, = 37.5 meV, Phys.

Rev.D 99, 101101 (R) (2019).

= QUAX-ae with Quantum-Limited
Ferromagnetic Haloscope, Phys. Rev.
Lett. 124, 171801 (2020).

m Search for Invisible Axion Dark Matter
of mass m, = 43 meV with the QUAX-
ag Experiment, Phys. Rev. D 103, 102004
(2021).
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QUAX-ae First Ferromagnetic Axion Haloscope at m, = 58ueV

Low frequency

Experimental Setup _ 108}
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Improving Q of Resonant Cavity with Superconducting NbTi

Cavity coated with 4 um NbTi layer and copper end-caps
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QUAX-ay Result with Superconductive Resonant Cavity at m, = 37.5 eV

Low frequency

Experimental Setup _
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Reducing Noise with Quantum Amplifier: Ring |PA
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QUAX-ae Result with Quantum-Limited Ferromagnetic Haloscope

Calibration

Experimental Setup
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QUAX-ay Reached the Sensitivity to QCD Axion m,=43 neV

SO Pump Readout Aux
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QUAX-ay Reached the Sensitivity to QCD Axion m,=43 neV

SO Pump Readout Aux
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Assembly of haloscopes at LNL and LNF Data Taking Scan in range 8.5 - || GHz

LNF: Frequency [GHz]
=  Superconducting cavity Q,> 3x10° 10°°
= B=9T

= Multicavity
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High Quality Factor Dielectric Cavity

High quality factor photonic resonator with hollow dielectric cylinders New longer cavity of 50 cm height tested in
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Superconducting Cavities
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Promising results of Q factor calculation from vortex
dynamics simulation for a 9 GHz cavity in multi Tesla field
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Traveling Wave Josephson Parametric Amplifiers amplify microwave signal over a broad range (GHz) adding the minimum noise set
by quantum mechanics.We are testing both 3-wave and 4-wave mixing devices.
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3-wave mixing device

4-wave mixing device

Phys. Rev.Applied 6,034006 (2016) Phys. Rev. X 10, 021021 (2020)
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Energy spread of galactic axion
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Single Photon Detection
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Conclusion

The first QUAX haloscope in LNL reached the sensitivity for QCD axions with mass 40 peV
In the next years QUAX will take data with two haloscopes:
|.  LNL: dielectric cavity in 14T field in a dilution refrigerator
ll.  LNF: multiple superconducting-cavities in 9T field in dilution refrigerator
" Probe a region O(l GHz) wide between 9 and | | GHz within 2025
Continue R&D on quantum amplifiers, resonant cavities and single photon detectors
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