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AXION EXPERIMENTS
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- Current efforts
- Prospects
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What is it all about?

- Standard model

https://www.energy.gov/sites/default/files/styles/full_article_width/public/2020/06/f75/gp
awg-standard-model-particle-physics.png?itok=dZHTSTIc
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Yesterday
--> 2040



What is it all about?

- Strong CP problem
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What is it all about?

- Composition of the Universe

Ann Field (STScI)
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The answer?
New particle. Axion!

Strong CP problem
1977 Peccei and Quinn --> new global symmetry
--> spontaneusly broken 
Wilczek and Weinberg --> new particle
pseudo-Nambu-Goldstone boson

Marin Karuza, University of Rijeka Paris, 23.06.2023.Muon Collider Synergies Workshop



Where find it?

ESO/L. Calçada
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Strategy?

adapted from G. Ruoso

Marin Karuza, University of Rijeka Paris, 23.06.2023.Muon Collider Synergies Workshop



P. Sikivie, PRL 51, 1415-1417 (1983)​
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Detection strategy

- Sun --> plenty of 
photons

- and strong magnetic 
field



Most promising

Helioscopes
"a la Sikivie"

• CAST
• SUMICO
• BabyIAXO
• IAXO

Haloscopes
• CAST
• GRAHAL
• ADMX
• CAPP
• MADMAX
• QUAX
• DM Radio
• ABRACADABRA
• ORPHEUS
• WISPDMX
• HAYSTAC
• FLASH

Laboratory

LSW
• ALPS
• OSQAR

Polarization
• PVLAS
• BFRT
• BMV
• OSQAR
• Q@A

See talk by J. Vogel
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CAST
Results – helioscope
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▪ Large toroidal 8-coil magnet L ≃ 20m
▪ 8 bores: 60cm diameter each
▪ 8 x-ray telescopes + 8 detection systems
▪ Rotating platform with services

Conceptual Design of the International 
Axion Observatory
Armengaud et al. JINST 9 T05002 (2014)

The International AXion Observatory 
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The International AXion Observatory 

Conceptual design of 
BabyIAXO: The IAXO 
collaboration, A. Abeln et 
al., JHEP 2021, 137 (2021)

• Technological prototype with 
      only two magnet bores                    
      (10 m, ⌀ 70 cm)

• 2 detection lines with one x-ray telescope and 
one ultra-low background detector each

• Moving platform to track the Sun
Marin Karuza, University of Rijeka Paris, 23.06.2023.Muon Collider Synergies Workshop



Haloscopes

• CAST
• GRAHAL
• ADMX
• CAPP
• MADMAX
• QUAX
• DM Radio
• ABRACADABRA
• ORPHEUS
• WISPDMX
• HAYSTAC
• FLASH

Marin Karuza, University of Rijeka Paris, 23.06.2023.Muon Collider Synergies Workshop
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CAST - CERN Axion Solar Telescope
- galactic halo
-

CAPP RADES
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CAST
Results – haloscope
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Haloscopes
QUAX

10-
10

9-
10

8-
10 7-10

6-
10

5-
10 4-10

3-
10 2-10 1-10 1 10 210

 (eV)
a

Axion Mass m

18-
10

17-10

16-
10

15-
10

14-10

13-
10

12-10

11-10

10-
10

9-
10

8-
10

7-10

6-
10)

-1
| 
(G

e
V

g
g

a
A

x
io

n
 C

o
u

p
lin

g
 |
g

A
D

M
X

RBF+UF

H
A

Y
S

T
A

C

O
R

G
A

Ng
Q

U
A

X
-a

Q
C
D

CAST

ALPS I

OSQAR

PVLAS

K
S
V
Z

D
FS

Z

10.4012 10.4014 10.4016 10.4018 10.402 10.4022

  [GHz]n

2-
10

1-
10

1

10

2
10

 ]1
-

  
 [

 G
e

V
1

3
-

1
0

´ ½
g

g
a

 g½

Observed 90% C.L. upper limit

Expected 90% C.L. upper limit

KSVZ

DFSZ

Quax-ag 2019

Quax-ag 2021 Quax-ag 2022

QUAX-ag Result with 
Superconductive 
Resonant Cavity at ma = 
37.5 meV, Phys. Rev. 
D 99, 101101(R) (2019).

Search for Invisible Axion 
Dark Matter of mass ma = 
43 meV with the QUAX-
ag Experiment, Phys. Rev. 
D 103, 102004 (2021).

Search for Galactic 
Axions with high-Q 
Dielectric Cavity, Phys. 
Rev. D 106, 052007 
(2022).
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Haloscopes
QUAX
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QUAX-ag Result with 
Superconductive 
Resonant Cavity at ma = 
37.5 meV, Phys. Rev. 
D 99, 101101(R) (2019).

Search for Invisible Axion 
Dark Matter of mass ma = 
43 meV with the QUAX-
ag Experiment, Phys. Rev. 
D 103, 102004 (2021).

Search for Galactic 
Axions with high-Q 
Dielectric Cavity, Phys. 
Rev. D 106, 052007 
(2022).
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Laboratory

LSW
• ALPS
• OSQAR

Polarization
• PVLAS
• BFRT
• BMV
• OSQAR
• Q@A

L.Maiani, R. Petronzio, E. 
Zavattini, Phys. Lett B, 
Vol. 173, no.3 1986
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RESULTS

ag

https://github.com/cajo
hare/AxionLimits



QUAX

Quax-ae 2018 Quax-ae 2020

QUAX
And new collaborations with

QUAX-ae result with Ferromagnetic 
Axion Haloscope at ma = 58 meV, 
EPJC (2018) 78:703.

QUAX-ae with Quantum-Limited 
Ferromagnetic Haloscope, Phys. Rev. 
Lett. 124, 171801 (2020).
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NOT ONLY
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Results - ae

Marin Karuza, University of Rijeka Paris, 23.06.2023.Muon Collider Synergies Workshop

https://github.com/cajo
hare/AxionLimits



"Exotic"

QUAX

ARIADNE

Marin Karuza, University of Rijeka Paris, 23.06.2023.Muon Collider Synergies Workshop



Develop a radiation pressure detector!
-measure momentum transfer

- high sensitivty

KWISP

Marin Karuza, University of Rijeka Paris, 23.06.2023.Muon Collider Synergies Workshop



https://github.com/cajo
hare/AxionLimits



CONCLUSION

Marin Karuza, University of Rijeka Paris, 23.06.2023.Muon Collider Synergies Workshop

- The field is developing rapidly
- Different directions

- bigger
- more sensitive, SQL and beyond

- Interesting times ahead



THANK YOU
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