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Axion-Like Dark-Matter Search
The University and Dark Matter
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what we know:
- no interaction with photons
- gravitational interaction
- (no self-interaction)

[1] doi:10.1051/0004-6361/201833880

https://doi.org/10.1051/0004-6361/201833880
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Axion-Like Dark-Matter Search
Dark Matter Candidates



PSI 2022 Workshop, Paul Scherrer Institut Ivo Schulthess | 21.10.2022 | 4

Axion-Like Dark-Matter Search
Motivation to Search for Axions

● axion-gluon coupling
➔ oscillating neutron EDM[2]

●  

CG: model dependent parameter
fa: axion decay constant
a0: axion field amplitude
ma: axion mass

[2] doi:10.1103/PhysRevD.89.043522

not yet covered 

by laboratory 

experim
ents

https://doi.org/10.1103/PhysRevD.89.043522
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B1

Measurement Technique
Ramsey’s Method of Oscillatory Fields

B0

Larmor precession: ħω = 2 μ B0
picture adapted from:
J. Lisenfeld thesis - Fig. 4.25
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The Beam EDM Apparatus
Experiment Schematic

spin analyzer

Larmor precession: ħω = 2 μ B0 ± 2 d E
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The Beam EDM Apparatus
Experimental Setup (I)

1 m

Poster by A. Fratangelo:
online available

https://indico.psi.ch/event/11742/contributions/38711/
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The Beam EDM Apparatus
Experimental Setup (II)

1 cm
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Axion-Like Dark-Matter Search
Characterization of the Experimental Apparatus (I)
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Axion-Like Dark-Matter Search
Characterization of the Experimental Apparatus (II)
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Axion-Like Dark-Matter Search
Characterization of the Experimental Apparatus (III)
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Axion-Like Dark-Matter Search
Data Processing (I)
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Axion-Like Dark-Matter Search
Data Processing (II)
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Axion-Like Dark-Matter Search
Results and Conclusion

● excluded ALP-gluon coupling in a yet 
unexplored mass range

● benefits from existing Beam EDM apparatus
● only 24 hours ➔ 8 orders of magnitude in ma
● potential of finding the QCD axion
● applicable to any EDM measurement

● Accepted by PRL and preprint on arXiv: 
2204.01454

https://arxiv.org/abs/2204.01454
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Axion-Like Dark-Matter Search
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Axion-Like Dark-Matter Search
Backup (I)
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Axion-Like Dark-Matter Search
Backup (II)
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Axion-Like Dark-Matter Search
Backup (III)

● deterministic DM
T ≫ τc

● stochastic DM[3]

T ≪ τc

➔ p(Φ0 < ΦDM) = 63%

[3]: Centers, G. P. et al. Stochastic fluctuations of bosonic dark matter. arXiv:1905.13650 (2020).

graphic from:
arXiv:1905.13650 Fig. 1   


