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What is a GNOME?1

Global Network of Optical Magnetometers for Exotic physics searches

Looking for transient and background dark matter signals

Sensitive to Axion-nucleon coupling:

HN =gaNNra � �N ;

HP =gaPPra � �P ;

GNOME

Berkeley, CA, USA
Hayward, CA, USA
Los Angeles, CA, USA
Oberlin, OH, USA
Lewisburg, PA, USA
Fribourg, Switzerland
Mainz, Germany
Jena, Germany
Krakow, Poland
Belgrade, Serbia
Be'er Sheva, Israel
Beijing, China
Hefei, China
Daejeon, South Korea
Canberra, Australia

1Phys.Dark Univ. 22 (2018), 162-180
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What can a GNOME do?2 Look for ELFs3

Exotic Low-mass Field (ELF) search with
multi-messenger astronomy
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High energy
astrophysical events
detected by GW
detectors

2Afach et al. ANNALEN DER PHYSIK 2023, 2300083
3Khamis et al. arXiv: 2407.13919
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What can a GNOME do?

Stochastic ALP DM field fluctuations

Axion Domain Walls4

Q-balls

and much more!
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4Afach et al. Nat. Phys. 17, 1396{1401 (2021).
Daniel Gavilán Mart́ın arXiv: 2408.02668 September 16, 2024 6 / 18



Advanced GNOME: K-Rb-3He Comagnetometer

Hot vapour cell with K, Rb and
He magnetically shielded

Polarize Rb electron ! K
electron and He nucleus
polarization

Apply a compensation field

More sensitive to spin couplings,
including rotations and exotic
interactions

Perturbation

How sensitive are they?

Most stringent constraints on ALP DM at O(1) Hz. What about lower
frequencies?
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The Cosmic Axion Spin Precession Experiment (CASPEr)

Daniel Gavilán Mart́ın arXiv: 2408.02668 September 16, 2024 9 / 18



Two comagnetometers as an interferometer

Situated in Mainz and Krakow,
� 1000 km apart

Time synchronized measurement

Lower frequency regime!
coherent signal

We calibrate the frequency
response of the
comagnetometers5 every 25 h

5Padniuk et al. Phys. Rev. Research 6, 013339
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3D Gradient of the ALP �eld

Spread of frequencies
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ALP signature in the frequency domain

A carrier at ! a and two sidebands at
! a � ! e

Sidebands are in general asymmetric!
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Search strategy

We combine the ALP signatures properly shifted
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Search results

No ALP candidate is found

Independent analysis of
amplitudes at! e
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