
Alicia Gómez, on behalf of the CADEx Collaboration 

Centro de Astrobiología (CSIC-INTA)

agomez@cab.inta-csic.es

The Canfranc Axion Detection Experiment

Primera Reunión Presencial De Planes Complementarios de Astrofísica y Altas Energías



2

Motivation

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

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

o Photon frequency ∝ axion mass.

o Detection traditionally based on haloscopes and heterodyne receivers.

 Standard quantum limit for heterodyne 

detectors at 100 GHz: 2.5 K

 Very slow search for wide ranges
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The challenging THz desert 

Detection system 
• Use of direct directors with state-of-the-art sensitivities. 
• But… Sensitive to cosmic rays, so underground lab needed.

Haloscopes:
• High frequency resonant cavities.

• Need technological demonstration. 

Detection system must be:
• Spectroscopic to detect the expected narrow spectral feature.
• Polarimetric to detect the expected linear polarization.

CADEx can be considered as a technological platform
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CADEx: a novel and challenging experiment to search for dark matter axions in the range 

330–460 μeV (W-band  86–110 GHz). Also sensitive to dark photons. 

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

Estimate 5𝜎 sensitivity assuming:

Novel detection system:
Haloscope + KIDs

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

Science 

Haloscopes

Detectors 

Optics

Cryogenics

Data Reduction

More than 30 people from 11 institutions

The CADEx Collaboration

https://arxiv.org/abs/2206.02980


CADEx Conceptual Design

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

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

 Detection system based on 
Kinetic Inductance Detectors.

 Cryogenic background at
T = 100 mK.

Technological challenges
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CADEx status: Haloscope
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Dimensions 𝑎 ≈ 1.7 mm and 𝑏 = 40𝑎 gives a 
resonance frequency of 𝑓𝑟 = 90GHz

Pushing 3D Cavities to the W-band while maintaining very high quality factor (Q). 



CADEx status: Haloscope

Coupling screw
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𝑓𝑟 ≈
𝑐

2𝑎

Pushing 3D Cavities to the W-band while maintaining very high quality factor (Q). 

Develop tunable cavities to scan frequency range 𝑓𝑟 ∈ 86,111 GHz and tune Q. 



CADEx status: Haloscope
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Pushing 3D Cavities to the W-band while maintaining very high quality factor (Q). 

Develop tunable cavities to scan frequency range 𝑓𝑟 ∈ 86,111 GHz and tune Q. 

Need to maximize volume to increase the sensitivity.

Detected axion-photon conversion power P: 

𝑃𝑑 =
𝛽

(1 + 𝛽)2
𝑔𝑎𝛾
2

𝜌𝑎
𝑚𝑎

𝐵2𝐶𝑽𝑸



CADEx status: Optics

a single piece. In addit ion, the opt ics design minimizes phase aberrat ion by reducing path

length differences in all mirrors, which are also large enough , (at least t hree beamwaist ) ,

to minimize spillover losses. H owever , t he final det ai led design opt imizing spi l lover

losses, horn ant ennas, pat h lengt h, et c. wi l l be final ized according t o t he final

cr yost at mK st age dimensions.

The proposed design (see figure 10) is based on a double reflector configurat ion t hat

fi t s into the available cryostat volume. Each haloscope W R-10 st andard waveguide

out put is fi t t ed wit h a horn ant enna t hat radiat es over an out er smaller el l ipt ical

mir ror whose foci are locat ed in t he horn ant enna phase cent re and in t he l ine

t hat connect s t he middle of t he haloscope ar ray and t he det ect or . T he opt ical

syst em is composed of sixt een ident ical horns and mir ror s t hat share t he second

focus posi t ion. A l l t he radiat ion is col lect ed wit h a bigger symmet r ical el l ipt i -

cal r eflect or whose foci are locat ed in t he l ine t hat connect s t he middle of t he

haloscope ar ray and t he det ect or area, t he near est focus is locat ed in t he same

posit ion as t he one shared by t he sixt een out er smaller el l ipt ical mir ror s around.

The shape of the bigger reflector is designed to focus the cavity beams in the detector focal

plane wit h ident ical pat h lengt h for every haloscope cavit y . B efore reaching t he

K I D det ect ors, see Figure 1, t he signal is modulat ed wit h a rot at ing half wave

plat e (black ver t ical l ine) and spl i t in t he two polar izat ions by a wire gr id po-

lar izer ( t i l t ed dot t ed l ine) , al lowing t he ful l charact er izat ion of t he signal ’s l inear

polar izat ion.

Figure 10: Quasi Opt ical syst em design. I n t his figure ray opt ics simulat ion is

shown where sixt een horn ant enna aper t ures are al locat ed in a cir cumference

t o mat ch t he haloscope mult iple resonant cavit ies configurat ion seen in figure

3. Each individual horn radiat ion is redirect ed t owards a main cent ral el l ipt ical

mir ror t hat focuses al l t he radiat ion symmet r i cal ly in t he det ect or area.

The design considers a calibrat ion system based on the applicat ion of a Synthet ic Axion

Generator, similar to the one used in the ADMX experiment [86]. In our case, a millimeter-

wave signal mimicking the one generated by the axion in a resonant cavity will be synthesized

by a pulsesignal generator and a high frequency analog signal generator. Thesignal will be in-

jected into the resonant cavi t ies by t heir weakly coupled por t s. Such cal ibrat ion wil l be

achieved indiv idual ly for each resonant cavit y v ia t he use of an elect ro-mechanical

W R-10 st andard waveguide swit ch wit h one input and sixt een out put s, see figure

1. Cal ibrat ion signal response wi l l be received via a horn ant enna al locat ed in t he

– 15 –

Quasi-optical system based on 16 horn antennas apertures focus signal going out from the 

haloscope to the detection system. 

Polarization needs to be preserved.

To be fitted in the 100 mK space within the cryogenic system.

 Filters are mandatory to diminish out-of-band background signal.  
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CADEx status: Kinetic Inductance Detectors
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Detection system based on superconducting Kinetic Inductance Detectors. 

Capacitor

Inductor

Lk

nCP

R

We can detect
incident power
by monitoring
the shift in f0

L=Lg+Lk



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

A 64 LEKID camera based on Ti/Al bilayer has been developed and characterized.
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Detection system based on superconducting Kinetic Inductance Detectors.

A 64 LEKID camera based on Ti/Al bilayer has been developed and characterized.

Room temperature quasi-optical polarization characterization demonstrated. 



CADEx status: Kinetic Inductance Detectors

9

Detection system based on superconducting Kinetic Inductance Detectors.

A 64 LEKID camera based on Ti/Al bilayer has been developed and characterized.

Room temperature quasi-optical polarization characterization demonstrated. 

KIDs responsivity and 1/f noise characterization ongoing. 
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Detection system based on superconducting Kinetic Inductance Detectors.

A 64 LEKID camera based on Ti/Al bilayer has been developed and characterized.

Room temperature quasi-optical polarization characterization demonstrated. 

KIDs responsivity and 1/f noise characterization ongoing. 

A contract for the fabrication of the multipixel readout system for KIDs is ongoing.  

Readout line

Multiple KIDs read 

simultaneously



CADEx Timeline
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CADEx already accepted by Canfranc Underground Laboratory (LSC) under EoI-31-2021 

 Design and Demonstration Phase (2 years)
Cryostat acquisition, installation and operation. 
Full quasi-optical design. 
Demonstration of key technology (haloscope and detectors) in the lab.

 Pathfinder Phase (2 years)
First prototype of the full CADEx system to be installed and tested in LSC facility. Optimization

 Operation Phase (8 years)
Upgrade the experiment to improve the sensitivity & efficient non-resonant waveguide 
haloscope. Installation & Commissioning. Full Operation.
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