Axion Physics in a Nut Shell
Particle-Physics Motivation Solar and Stellar Axions

CP conservation in QCD by
Peccei-Quinn mechanism

Y
— Axions a ~ 9
a—--
m,f, = myfy
Y

For f,> f_ axions are “invisible”
and very light

Axions thermally produced in stars,
e.g. by Primakoff production

« Limits from avoiding excessive
energy drain
« Search for solar axions (CAST)

Search for Axion Dark Matter

In spite of small mass, axions Microwave resonator
are born non-relativistically “ (1 GHz = 4 peV)
(“non-thermal relics”)
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Axion Bounds and Searches
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Current experimental limits
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Search for Galactic Axions (Cold Dark Matter)

DM axions m, = 10-3000 peV : :
Velocities in galaxy v, =103 ¢ N:lcéﬁwivi Ensrgles
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ADMX Near Term Targets

ADMX Achieved and Projected Sensitivity
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Search for galactic axion — new proposal

Exploit the axion-electron coupling
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Axion wind equivalent to magnetic field
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Detection using EPR magnetometry
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Low frequency detection
of induced magnetization
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For both schemes annual modulation expected



ELECTRON — AXION interaction through SPIN
F. Wilczek, J.M. Martin, J. Leon, R. Barbieri, I.V. Kolokolov, G. Raffelt
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The energy of interaction H = _g, &Va
between spin and axion-field is .
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DETECTION TECHNIQUES :

Electron Spin Resonance Magnetometry with Paramagnetic Materials

Optical Spectroscopy in Paramagnetic Crystals
Effective B RF field @ 107-22 T seems feasible to attain
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LNL EPR SET UP
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Magnetic field distribution
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QUAX Activities ( 2015 — 2017/8)
1) High Susceptivity Material , Low Dissipation (LNL-INRIM.TO )
2) Low Noise Receiver : Linear / Quantum @ near QL( PD-LNL)
3) High Frequency High Q Microwave Cavity 1075: (PD-LNL)
4) High Magnetic Field : 05-1 Tesla ( GE-LNL )
95) Cryogenics @ 100 milliKelvin ( TN-PD )

6) Optical Spectroscopy on Paramagnetic Single Crystals
Zeeman
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“Hybrid” superconducting cavities may increase Q,
and thus increase signal power




