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GNOME COLLABORATION

Pustelny et al., Annalen der Physik 525, 659 (2013);
Afach et al., Physics of the Dark Universe 22, 162 (2018).
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Axion/ALP coupling to atomic spins

Zeeman Hamiltonian: 
ordinary interaction of spin 
with magnetic field.
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Hidden photons (interaction basis)

Hidden photon electrodynamics
is equivalent to presence of a
pseudo-current.

5



Afach et al., Physics of the Dark Universe 22, 162 (2018).
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OPTICAL ATOMIC MAGNETOMETER



Afach et al., Physics of the Dark Universe 22, 162 (2018).
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OPTICAL ATOMIC MAGNETOMETER

Atomic vapor



Afach et al., Physics of the Dark Universe 22, 162 (2018).
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OPTICAL ATOMIC MAGNETOMETER

Multi-layer magnetic 
shield



Afach et al., Physics of the Dark Universe 22, 162 (2018).
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OPTICAL ATOMIC MAGNETOMETER

Pump and probe 
laser beams



Afach et al., Physics of the Dark Universe 22, 162 (2018).
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OPTICAL ATOMIC MAGNETOMETER

Polarimeter and 
detection electronics
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OPTICAL ATOMIC MAGNETOMETER

GPS-disciplined data 
acquisition system

Afach et al., Physics of the Dark Universe 22, 162 (2018);
Włodarczyk et al., Nucl. Instrum. Methods. Phys. Res. A 
763, 150 (2014).
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OPTICAL ATOMIC MAGNETOMETER

Auxiliary sensors to 
monitor/flag glitches

Afach et al., Physics of the Dark Universe 22, 162 (2018).
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Afach et al., Physics of the Dark Universe 22, 162 (2018).



DATA TRANSFER TO SERVERS 
IN GERMANY AND SOUTH KOREA
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GNOME SCIENCE RUNS 1 - 5
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GNOME HOURLY CALIBRATION PULSE
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TRANSIENT DARK-MATTER ENCOUNTERS

What can we say 
about transient 
encounters with 
compact, 
composite dark-
matter objects?

A single sensor 
would struggle to 
distinguish signal 
from noise.
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However, a geographically distributed 
array of sensors (like GNOME) can 
confidently detect transient events!



ALP DOMAIN WALL SEARCH

Pospelov et al., Phys. Rev. Lett. 110, 021803
(2013);
Masia-Roig et al., Physics of the Dark Universe 
28, 100494 (2020);
Afach et al., arXiv:2102.13379 (2021) 
[accepted to Nature Physics].



ALP DOMAIN WALL SEARCH
13
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High-energy astrophysical 
events like black hole 
mergers could produce 
intense bursts of exotic 
low-mass fields (ELFs) that 
could be detected by 
GNOME or atomic clocks 
(like the GPS constellation).

Dailey et al., Nature Astronomy 5, 150 
(2021).



Notable feature is
the dispersion in
frequency due to 
the fact that the 
bosons have 
mass unlike 
photons.



EARTH AS A HIDDEN PHOTON TRANSDUCER

SuperMAG

Fedderke et al., arXiv:2106.00022 (2021) 
[to be published in Phys. Rev. D];
Fedderke et al., arXiv:2108.08852 (2021).

Hidden photon dark matter generates a real 
oscillating magnetic field with a particular 
global pattern measurable with unshielded 
magnetometer networks.



EARTH AS A HIDDEN PHOTON TRANSDUCER

Fedderke et al., arXiv:2108.08852 (2021).



Thank you!!
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