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o Inverse Primakoff effect: axion-photon conversion in strong magnetic fields.

Under-explored, but
theoretically

motivated

➢ Haloscopes in the high-freq regime are 
challenges.

➢ Coherent receivers reach the SQL.

Supeconducting
incoherent detectors
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The challenging mm/submm/THz desert 

Looking for axions in the mm/submm/Far- IR desert

Novel detection system:
Haloscope + KIDs

Magnetic field:   𝐵 = 8T
Total cavity volume: 𝑉 = 0.2L
Cavity quality factor:  𝑄0 = 2 × 104

Estimate 5𝜎 sensitivity assuming:

CADEx: a novel and challenging experiment to search for dark matter axions in the range ma = 330–460 μeV (W-band: 86–
110 GHz). Also sensitive to dark photons. 
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The CADEx team

[JCAP 11 (2022) 044, arXiv:2206.02980]

Science 

Haloscope

Detectors 

Optics

Cryogenics

Data Reduction

More than 30 people from 11 institutions

https://arxiv.org/abs/2206.02980


CADEx conceptual design

• Cryogenic background at
T = 100 mK.

• Aim to discriminate the 
polarized axion-photon 
conversion signal from the 
unpolarized background.

• Immerse haloscope array in 
high static B = 8-10 T.

• Detection system based on 
Kinetic Inductance Detectors.

Technological challenges
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Generation: The haloscope
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𝑃𝑎→𝛾 = 𝑔𝑎𝛾𝛾
2 𝜌𝑎

𝑚𝑎
𝑩2𝐶𝑉

𝛽

1+𝛽 2𝑸𝟎

Inverse Primakoff effect Generated Signal:

𝑸𝟎 → Quality factor (1/losses)

NbTiN Sputtering

12 K
16 K

Q0 (16 K) =  7.4 · 103

Q0 (12 K) =  8.8 · 104

Temp → 10 mK → 5.0 · 105

NbTiN Tc = 14.3 K

𝑩 = 𝟗𝑻
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Detection: Kinetic Inductance Detectors

Day et al., Nature (2003)

L=Lg+Lk

𝒇𝟎 =
𝟏

𝟐𝝅 𝑳𝑪

Doyle et al., JLTP (2007)

➢Detection system based on superconducting Kinetic Inductance Detectors.
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Detection: Kinetic Inductance Detectors

Day et al., Nature (2003) Doyle et al., JLTP (2007)

L=Lg+Lk

𝒇𝟎 =
𝟏

𝟐𝝅 𝑳𝑪

LK

nQP
We can detect
incident power
by monitoring
the shift in f0

𝒇𝟎
′ =

𝟏

𝟐𝝅 𝑳′𝑪

➢Detection system based on superconducting Kinetic Inductance Detectors.



Detection: Kinetic Inductance Detectors

➢ State-of-the-art sensitivity 

➢ Broad band detection

➢ Intrinsically multiplexable

• Easy cryogenic harness

KIDs superconducting 
detectors for future 

instrumentation

Cosmic Microwave Background (CMB) Dark Matter experiments: axions detection

CADEX 
Collaboration

KIDs for W-band

➢Detection system based on superconducting Kinetic Inductance Detectors.



CADEx status: Kinetic Inductance Detectors
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➢Detection system based on superconducting Kinetic Inductance Detectors.

➢Axion signature is linearly polarized → Development of on-chip polarimeter for W-band.

KID

On-chip 

polarimetric 

camera

Inverse Primakoff effect
Decay rate of dark matter axions into photons is 

enhanced within a static magnetic field

axion – photon 

coupling rate

Photons are 
generated 

polarized along the 
DC magnetic field

M. Calero et al. (2024) 
10.1109/IMS40360.2025.11103839
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➢Detection system based on superconducting Kinetic Inductance Detectors.

➢Axion signature is linearly polarized → Development of on-chip polarimeter for W-band.

9 x 9 Ti/Al pixels on chip polarimeter  demonstrator

Tc = 780 mK
70 GHz low cut off 

Titanium / Aluminum
bilayer

Reaching absorption in the W-bandKID → Pair-breaking detectors
Ephoton>2Δgap and 2Δgap ~3.52KBTc



CADEx status: Kinetic Inductance Detectors

9

➢Detection system based on superconducting Kinetic Inductance Detectors.

➢Axion signature is linearly polarized → Development of on-chip polarimeter for W-band.

9 x 9 Ti/Al pixels on chip polarimeter  demonstrator

Tc = 780 mK
70 GHz low cut off 

Titanium / Aluminum
bilayer

Reaching absorption in the W-band

Lo
w

 p
as

s 
fi

lt
e

r

Ti
/A

l g
ap

KID → Pair-breaking detectors
Ephoton>2Δgap and 2Δgap ~3.52KBTc



CADEx status: Kinetic Inductance Detectors

9

➢Detection system based on superconducting Kinetic Inductance Detectors.

➢Axion signature is linearly polarized → Development of on-chip polarimeter for W-band.

9 x 9 Ti/Al pixels on chip polarimeter  demonstrator

Tc = 780 mK
70 GHz low cut off 

Titanium / Aluminum
bilayer

Reaching absorption in the W-band

Lo
w

 p
as

s 
fi

lt
e

r

Ti
/A

l g
ap

Cross –
Polarization



CADEx status: Kinetic Inductance Detectors

9

➢Detection system based on superconducting Kinetic Inductance Detectors.

➢Axion signature is linearly polarized → Development of on-chip polarimeter for W-band.

9 x 9 Ti/Al pixels on chip polarimeter  demonstrator

V. Rollano et al. IEEE TMTT (2025)
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➢Detection system based on superconducting Kinetic Inductance Detectors.

➢Axion signature is linearly polarized → Development of on-chip polarimeter for W-band.

➢Competitive sensitivity with NEP under no illumination of 3 x 10-19 W/Hz0.5

NEPdark ≈ 3 x 10-19 W/Hz0.5

V. Rollano et al. IEEE TAS (2026)



CADEx status: Kinetic Inductance Detectors

9

➢Detection system based on superconducting Kinetic Inductance Detectors.

➢Axion signature is linearly polarized → Development of on-chip polarimeter for W-band.

➢Competitive sensitivity with NEP under no illumination of 3 x 10-19 W/Hz0.5

➢Read-out system from t0.technology under tests.

Multipixel characterization set-up:
➢ Eight DAC / ADC channels each capable of analysing 

1023 tones simultaneously. Noise correlation.
➢ Fully portable system.
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➢ CADEx: a novel search for Dark Matter axions 
(and more?) in a well-motivated but under-
explored part of parameter space: 

➢ The mm/submm/THz range.

➢ Polarization discrimination.

➢ Substantial technological challenge. 

➢ Pushing KIDs sensitivity.

➢ Pushing Haloscopes to the W-band.

➢ Complementary to proposed non-haloscope
high-frequency axion searches

2027

Detector system development Pathfinder Phase CADEx full operation

20282025 2026 2029+

Summay
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