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Global Network of Optical Magnetometers for Exotic 
searches

• Network of shielded, GPS-synchronized magnetometers + clocks, interferometers,...

• Sensitive to topological Dark Matter: domain walls, axion (ALP) stars, …

• Multi-messenger astronomy (e.g., look for ALPs from sources of gravitational waves)

• Sensor-correlation techniques resembling those of LIGO/Virgo

• Status: Science Run 1 complete, results to be announced; Run 2: Nov/Dec 2017

Idea and proof-of-concept:

Annalen der Physik 525(8-9), 659–70 (2013);

Phys. Rev. Lett. 110, 021803 (2013)

https://budker.uni-mainz.de/?page_id=13
http://prl.aps.org/abstract/PRL/v110/i2/e021803
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• Zero- and Ultralow-Field Nuclear Magnetic Resonance
• Tool for chemistry, quantum control, and fundamental 

physics
• A novel scheme to search for ultralight dark matter
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Graduate student Ann Fabricant and the Dy parity-violation setup
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Graduate student Georgios Chatzidrosos adjusting an NV-diamond magnetometer
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Parity Violation 
☞ level-mixing

☞ circular dichroism
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Resonance condition:

With LHC (γ≈7000): up to Z=48 (Cd) 
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Doppler width:

Fraction of ions
excited:
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Want high power but
optical pumping 
⇒ Keep saturation parameter 

<<1
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Total number of excited ions in time T:

PV dichroism: 

Statistical uncertainty: 





• Ionization on residual gas

• Field ionization

• Photoionization from 2P (and for Z>40, also 2S)

also

• Need laser cooling to reduce        ⇒ laser cooling

• Is the required laser realistic? 



• How to detect the PV transition? Absorption cavity?

• Systematics due to stray E-field mixing

• E-field due to the ions’ space charge

• Laser cooling should be faster than intrabeam scatt.



 A lot of cool atomic physics to do with PSI

 Challenging; need laser cooling

 Fundamental symmetry tests may be 
possible; also Dark-Matter searches
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