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What is an Axion?

non-baryonic Dark Matter candidate Weinberg & Wilczek, 1978

It solves two problems of fundamental physics in one

STRONG CP PROBLEM

• 𝑚𝑎 ∼ 10 − 103 𝜇𝑒𝑉
• 𝜌𝑎 = 0.45 𝐺𝑒𝑉/𝑐𝑚3
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Proposed by P.Sikivie, 1985

Resonant cavity in a strong magnetic field

Inverse Primakoff effect,

conversion of an axion to a photon

Experimental requirements:

• Multi Tesla field

SC coils up to 8/10 T
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Haloscopes Dilution insert with 

microwave cavity 

and two magnets 
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Resonant frequency:

Axion signal:

Scan rate:

High-Q cavities
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𝑄 ∼ 106

Experimental 

requirements:

• Multi Tesla field

• Microwave cavity

• T ∼ 102 𝑚𝐾
• Ultra high vacuum
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QUAX - aγ

aγ: Primakoff Haloscope at high frequency ∼ 6.991 𝐺𝐻𝑧 𝑄𝐶𝑢 ≲ 105 (anomalous skin effect)

SC coated Cu cavities

Dimensions of the cavity:

• 𝑑𝑐𝑖𝑙 = 3,2 𝑐𝑚
• ℎ𝑐𝑖𝑙 = 12,5 𝑐𝑚
• ℎ𝑐𝑜𝑛 = 1,1 𝑐𝑚

Cu cavity NbTi coating of about 2-4 μm 
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Superconductivity

Superconducting thermodynamic state

• Zero resistance

• Perfect diamagnetization

• Flux quantization
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Vortex

state

Meissner state Meissner state
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NbTi

β: ductile, bcc phase

α precipitates: hexagonal non ductile phase
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8 < 𝑻𝒄 < 10 𝐾
Bc2 ≤ 12 T
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Cavity testing

He bath and 

steel chamber
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Testing setup:

• VNA

• 2 RF coaxial cables

• He bath

• SC Magnet
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Measurement of Q factor
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Transmission channel, S21

Broad spectrum from VNA

TM 010
ν = 6.99 GHz Lorentzian shaped resonance

Experimental data and fitting
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Tuning the cavity frequency
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3 adjustable rods of 
dielectric material
Sapphire (doped α-𝐴𝑙2𝑂3)

Tuning of ~2 MHz starting 

with the rods 4 mm inside
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SC tolerance to intense Magnetic Field

𝑄 ≃ 5 × 105

4.2 K, 3 T, 6.99 GHz

Cavity ready for a 

test at 3T 
(U. Paris-Saclay)

Prova finale

development and characterization of

Superconducting Microwave Cavities for

Dark Matter search

• The higher the B field penetration, 

the higher the surface resistance, 𝑅𝑠

• Q factor stable up to 3T
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Thin film deposition

DC Magnetron Sputtering
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NbTi target 

47 wt%

Surface treatments
• Cleaning and 

degreasing

• Ultasonic bath

• EP

• HPR

Non conformal 

deposition of 

2-4 μm of NbTi on Cu
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Exclusion Plot

y-axis: Axion-photon 

coupling constant, 𝑔𝑎𝛾

x-axis: Axion mass, 𝑚𝑎

Main theoretical 

models predict:

𝑔𝑎𝛾 ∝ 𝑚𝑎
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Target area

Axion frequency matched 

by the resonant cavity
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Further Cavity characterization

𝑄𝐿 = 𝑄𝐿(𝑇)

Great 

improvement from 

copper cavity

𝑄 ≃ 3 × 105

4.2 K, 4 T, 14.46 GHz
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𝑃𝑎 ∝ 𝐵2𝑄0
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Signal gain with increasing magnetic field
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Fluxon motion
These experimental 

interpolations allow us to 

measure with good precision 

• London penetration depth, λ 

• Depinning frequency, 𝜈𝑝

in addition to a geometrical 

parameter for the alignment 

between fluxons and 

microwave currents

IMPEDANCE:

Gittleman-Rosenblum 

model advocates the 

fluxon motion to account 

for the dissipation
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