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2The QCD Axion

Axion DM (pre-inflationary) Axion DM (post-inflationary)

Axions, , are light pseudo-scalar particles proposed to solve the Strong CP 
problem of QCD, and natural cold Dark Matter candidates!


The window 20 to 200 GHz is difficult but theoretically interesting (e.g. Saikawa+ 2024), 
and few experiments can explore it.

a

[Post-inflationary axion abundance:

e.g. 1412.0789, 1906.00967,2007.04990]

[cajohare.github.io/AxionLimits/]

[Pre-inflationary axion abundance: 

e.g. 1810.07192, 2003.01100]

Microwave cavity or 

“Haloscope” Searches:

B

a γ
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[2003.02206, 2105.04565]

https://arxiv.org/abs/1412.0789
https://arxiv.org/abs/1906.00967
https://arxiv.org/abs/2007.04990
https://cajohare.github.io/AxionLimits/
https://arxiv.org/abs/1810.07192
https://arxiv.org/abs/2003.01100
https://arxiv.org/abs/2003.02206
https://arxiv.org/abs/2105.04565
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Magnetic field:   

Total cavity volume: 



Cavity quality factor:  

𝐵 = 8T

𝑉 = 0 . 2L

𝑄0 = 2 × 104

Estimate  sensitivity:5𝜎

Novel detection system for 330-460 μeV range (W-band):

Haloscope  + Kinetic Inductance Detectors (KIDs)

Motivation for CADEx:

Axion-photon conversion power:

 Pd ∝ g2

aγ
ρa

ma
B2VQ0



4CADEx Conceptual Design

Immerse haloscope array in high 
static magnetic field of B = 8-10 T

Aim to discriminate polarized 
axion-photon conversion signal 

from unpolarized background.



5

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

Science 

• Instituto de Ciencias del Cosmos (UB)

• Donostia International Physics Center 

• Laboratorio Subterráneo de Canfranc 

• Instituto de Física de Cantabria (CSIC-UC)  

Haloscope 

• Universidad Politécnica de Cartagena 

• Instituto de Física Corpuscular (Universidad de Valencia, 

CSIC) 


Optics 

• Universidad Pública de Navarra 

• Anteral S.L. 


Detectors: Heterodyne & KIDs

• Observatorio de Yebes (IGN)

• Centro de Astrobiología (CSIC-INTA) 

• Universidad de Cantabria 

• Instituto de Física de Cantabria (CSIC-UC) 

• Instituto Madrileño de Estudios Avanzados en Nanociencia 


Calibration & data reduction 

• Instituto de Ciencias del Cosmos (UB)

• Donostia International Physics Center 

• Laboratorio Subterráneo de Canfranc 

• Instituto de Física de Cantabria (CSIC-UC) 

• Centro de Astrobiología (CSIC-INTA) 

https://arxiv.org/abs/2206.02980


6Haloscope
<latexit sha1_base64="wEip6cUzpTnp4AgIDcFOpkGrW54=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCUGYGXxuh6MZlBfuAzjhk0kwbmnmYZIQS5j/c+CtuXCjiSnDh35i2g2jrgcC559zLzT1ByqiQlvVlzM0vLC4tl1bKq2vrG5vm1nZTJBnHpIETlvB2gARhNCYNSSUj7ZQTFAWMtILB5chv3RMuaBLfyGFKvAj1YhpSjKSWfNMJfX7uhhxhhXPl5NAVd1yqiWLnCt06+eFPFegq982KVbXGgLPELkgFFKj75ofbTXAWkVhihoTo2FYqPYW4pJiRvOxmgqQID1CPdDSNUUSEp8a35XBfK10YJly/WMKx+ntCoUiIYRTozgjJvpj2RuJ/XieT4ZmnaJxmksR4sijMGJQJHAUFu5QTLNlQE4Q51X+FuI90EFLHWdYh2NMnz5KmU7VPqsfXR5XaRRFHCeyCPXAAbHAKauAK1EEDYPAAnsALeDUejWfjzXiftM4ZxcwO+APj8xsby6IY</latexit>

fr =
c

2

r
1

a2
+

1

b2
 TM  mode


resonant frequency:
110

Need to maximize volume to increase the sensitivity 

 Parallelized haloscope of 7 cavities 


→

Example:  and  
gives resonance frequency 

a ≈ 1.7 mm b = 40 a

fr = 90 GHz

Develop tunable cavities to scan 
frequency range   fr ∈ [86, 111] GHz

Need to scan over resonant frequency 

of haloscope cavity.



7Detection: KIDs
Quasi-optical system of16 horns + mirrors (now 7) focuses signal on broadband


 Kinetic Inductance Detector (KID) sensors

KIDs sensitivity characterized by Noise 
Equivalent Power (NEP); values of 

 have been 
achieved. 


Aim to reduce NEP by a factor of 4-10.

3.8 × 10−19 W/ Hz

[1306.4238, S. Hailey-Dunsheath et al. (2021)]

https://arxiv.org/abs/1306.4238
https://ui.adsabs.harvard.edu/link_gateway/2021JATIS...7a1015H/doi:10.1117/1.JATIS.7.1.011015


8Detection: KIDs
Quasi-optical system of16 horns + mirrors (now 7) focuses signal on broadband


 Kinetic Inductance Detector (KID) sensors

KIDs sensitivity characterized by Noise 
Equivalent Power (NEP); values of 

 have been 
achieved. 


Aim to reduce NEP by a factor of 4-10.

3.8 × 10−19 W/ Hz

[1306.4238, S. Hailey-Dunsheath et al. (2021)]

Kinetic Inductance Detectors (KIDs)

Superconductor

Photon absorbed by superconductor reduces kinetic inductance,

altering the resonant frequency of the LC circuit

<latexit sha1_base64="Lkf9KZhAfV6m8o51uVGOR7R0T0E=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSx248JFBfuAJoTJdNIOnUeYmYgl5FfcuFDErT/izr9x0mah1QMDh3Pu5Z45UUKJ0q77ZVVWVtfWN6qbta3tnd09e7/eUyKVCHeRoEIOIqgwJRx3NdEUDxKJIYso7kfTduH3H7BURPB7PUtwwOCYk5ggqI0U2nVfMDyGoc+gnkiW3bbz0G64TXcO5y/xStIAJTqh/emPBEoZ5hpRqNTQcxMdZFBqgijOa36qcALRFI7x0FAOGVZBNs+eO8dGGTmxkOZx7czVnxsZZErNWGQmi4hq2SvE/7xhquOrICM8STXmaHEoTqmjhVMU4YyIxEjTmSEQSWKyOmgCJUTa1FUzJXjLX/5LeqdN76J5fnfWaF2XdVTBITgCJ8ADl6AFbkAHdAECj+AJvIBXK7eerTfrfTFascqdA/AL1sc3Qo2UmQ==</latexit>!LC

https://arxiv.org/abs/1306.4238
https://ui.adsabs.harvard.edu/link_gateway/2021JATIS...7a1015H/doi:10.1117/1.JATIS.7.1.011015


CADEx Status: Kinetic Inductance 
Detectors

9

➢ Detection system based on superconducting Kinetic Inductance Detectors.


➢ A 64 LEKID camera based on Ti/Al bilayer is being developed and characterized.

We can detect

incident power

by monitoring

the shift in f0
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10CADEx Axion Sensitivity
Axion-photon conversion power: Pd ∝ g2

aγ
ρa

ma
B2VQ0

Magnetic field:   

Total cavity volume: 

Cavity quality factor:  

B = 8 T
V = 0.2 L

Q0 = 2 × 104

3 month exposure with NEP =  10−19 W/ Hz

8 year scan with NEP = 3 × 10−20 W/ Hz

Estimate  sensitivity assuming:5σ

Axion DM (pre-inflationary) Axion DM (post-inflationary)

[cajohare.github.io/AxionLimits/]

https://cajohare.github.io/AxionLimits/


11CADEx Timeline CADEx already accepted by Canfranc 
Underground Laboratory (LSC) under EoI-31-2021 

2023 2024 2025 2026 2027

Cavity design and fabrication Pathfi

Design and Demonstration phase (2 years)  
 
Cryostat acquisition, installation and operation. Design and fabrication of 
cavities. Demonstration of key technology (haloscope, detectors, etc.) in the 
lab.  

Pathfinder phase (2 years)  

Development of first prototype of CADEx and installation in the LSC facility in 
the first year (haloscope + KIDs + calibration). During the second year, the 
pathfinder experiment will be carried out.  

Operation phase (8 years)  

Upgrade the experiment to improve the sensitivity & efficient non-resonant 
waveguide haloscope. Installation & Commissioning. Full Operation to cover 
mass range ma ∈ [330, 460] μeV

CADEx full operation



12Outlook and Landscape

10°6 10°5 10°4 10°3

Axion mass ma [eV]

10°17

10°16

10°15

10°14

10°13

10°12

10°11

10°10

10°9

|g
ag

|[
G

eV
°

1 ]

ALPHA

MADMAX

ORGAN

ADMX

103 104 105
Frequency [MHz]

CASTCAST

QCD Axion

UFUF

RBFRBF

A
D

M
X

A
D

M
X

H
A

Y
ST

A
C

H
A

Y
ST

A
C

C
A

PP C
A

PP

C
A

PP

O
R

G
A

N

G
rA

H
alA

D
M

X

Q
U

A
X

-a
g

R
A

D
ES

Neutron StarsNeutron Stars

BREAD

C
A

D
Ex

C
A

D
Ex

ra = 0.45 GeV cm°3

CADEx: a novel haloscope search for Dark Matter axions in the mass range 
330–460 μeV (86–111 GHz)

Thank you!



Additional Slides



10°6 10°5 10°4 10°3

Dark photon mass, mg0 [eV]

10°16

10°15

10°14

10°13

10°12

10°11

10°10

10°9

10°8

10°7

K
in

et
ic

m
ix

in
g,

c
Frequency [MHz]

103 104 105

Dark photon DM excluded
Dark photon DM excluded

Stellar BoundsStellar Bounds

WISPDMXWISPDMX

Dark
E-field

ADMX
A

D
M

X
-Sidecar

A
D

M
X

-SidecarC
A

PP
-1

C
A

PP
-2

C
A

PP
-3

H
A

Y
ST

A
C

-1

H
A

Y
ST

A
C

-2

Tokyo-3

SQuAD

SHUKET

ALPHA

MADMAX

BREAD

Dark E-field

rg0 = 0.45 GeV cm°3

C
A

D
Ex

C
A

D
Ex

14Dark Photon Sensitivity

3 month exposure with NEP =  10−19 W/ Hz

8 year scan with NEP = 3 × 10−20 W/ Hz

[cajohare.github.io/AxionLimits/]

Other possibilities too: 

e.g. GHz Gravitational Waves

CADEx is sensitive to conversion of 
photons to Dark Photon  even 

without a magnetic field
γ′￼

<latexit sha1_base64="FKtZiyhE4PJ+20cbeYxpx9YAcaw="></latexit>
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