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Overview

•Introduction 
•History 
•Future 
•Conclusion 
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 95% Universe is dark. 

Ann Feild (STScI)

 Introduction 

http://hyperphysics.phy-astr.gsu.edu/

Strong CP problem. 
QCD does not break CP symmetry



Marin Karuza, University of Rijeka                                 Firenze, 12.10.2017., GGI: Collider Physics and the Cosmos

The answer

Tackles both problems 
Dark Matter constituent. 
Solves the strong CP problem through Peccei Quinn mechanism. 
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Where to look?

Solar evolution constrains the total exotica flux to less than 10%

Sun as seen from Geneva, Switzerland.

Where to look
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Why?

From two photons! 
● Primakoff effect 
● directly 

● Examples:  
● Axion 
● Chameleon 
● ....

Primakoff effect
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How are exotic particles detected?

Inverse Primakoff effect

WISP – Weakly Interacting Slim Particles 
--> weak or non existent interaction with matter 

- best chance  by converting them back to photons 
- a photon has to be provided (electric or magnetic field)  

Pierre Sikivie 1983
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- a photon has to be provided  
- choice: magnetic field 

- --> spare LHC magnet 
- 45 mm bore diameter 
- ~10 m long 
- B ~ 9 T 
 
 
 
 
 
 
 
 
 
 

Reconversion: Virtual photon
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Sunset detectors 

2 MicroMegas 
Detectors

γ

axion, chameleon, …γ

B X

 The Cern Axion Solar Telescope 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 The Cern Axion Solar Telescope 

Sunrise detectors 

Up to 2013: MicroMegas, CCD & MPE XRT 
Since 2014: MicroMegas & LLNL XRT*,  
                    InGrid & MPE XRT 

γ

axion, chameleon, …

γ

B X
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History
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History
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History

gaγ<0.66 x 10-10 GeV-1 at 95% CL
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Future

● chameleons do not couple only to photons βγ but also to matter βm 
● measure βm independently

● Dark Matter - streaming dark matter 
       - relic axions 

● Dark Energy - chameleons
Coupling  

to photons
Coupling  
to matter

matter density 
(local)
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Future

Sunrise detectors 

       2016 InGrid & MPE XRT 
       2016 KWISP & MPE XRT    

2016 CAST/CAPP 

2017 RADES
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CAST - CAPP
- tuning - 1 GHz 
- haloscope
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CAST - CAPP
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Relic Axion Detector Exploratory Setup 
(RADES)

• First non-tunable prototype with 5 subcavities/poles just built . 
• To be installed and operated this year in CAST magnet 
• Next steps: 

– Tunning 
– Larger volumes
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Streaming dark matter

V. Anastassopoulos, S. Bertolucci, G. Cantatore, S. Cetin, H. Fischer, W. Funk, D. Hoffmann, S. Hofmann, M. Karuza, M. Maroudas, 
Y. Semertzidis, I. Tkatchev , K. Zioutas  
Search for axions in streaming dark matter (https://arxiv.org/abs/1703.01436)  
H. Fischer, Y. Semertzidis, K. Zioutas, Search for axions in streaming dark matter, https://ep-news.web.cern.ch/content/search-
axions-streaming-dark-matter. 
See also http://cerncourier.com/cws/article/cern/69886 

https://arxiv.org/abs/1703.01436
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InGrid
• board with seven modules,  
• background rejection 
• Silicon nitride windows - 300 nm thick 
• Ready for data taking in 2017 
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KWISP  
Dark Energy

In a dense medium chameleons get large effective mass. If their total energy is smaller than their effective mass in a 
medium they try to penetrate, they will get reflected, resulting in the equivalent of radiation pressure.

• Chameleons leaving the Sun will travel to the detector unperturbed 
provided that their energy is greater than their effective mass in 
whichever medium they propagate. 

• The densest medium is the vacuum chamber housing the sensor 

px

-px

2px
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KWISP  
Sensor

● Unfortunately chameleon flux too small for such an experiment! 
● More sensitive experiment needed. 

sensor

chameleon flux
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KWISP  
Sensor

chameleons

● Use thin stoichiometric silicon nitride 
membrane as a sensing element 

● Commercially available 
● "large" area, up to 5x5 mm 
● Transparent @1064 nm 
● Density ~ 3 g/cm3 
● Can be coated with metal 
● High stress 
● High resonant frequency 
● High mechanical Q ~ 106
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KWISP  
detector readout

Information on membrane position 

• Michelson interferometer 
• KWISP ver 1.0 
• KWISP ver 1.5 -> 10-13 m/√(Hz) 

• Fabry – Perot cavity 
• ver 2.0 -> better than 10-15 m/√(Hz) 

membrane

mirror

mirror mirror

membrane
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Conclusion

- helioscopes 
- the experiment has reached the ultimate sensitivity 
- result will remain as reference for some time 
- scale TASTE, babyIAXO, IAXO 

- haloscopes 
- ADMX, CAST/CAPP, RADES, MADMAX, HAYSTAC 

- lab based 
- light shining through the wall 
- ALPS, OSQAR 


