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Axion/ALP coupling to atomic spins
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OPTICAL ATOMIC MAGNETOMETER

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



OPTICAL ATOMIC MAGNETOMETER

Hayward GNOME station
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OPTICAL ATOMIC MAGNETOMETER
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OPTICAL ATOMIC MAGNETOMETER

Hayward GNOME station
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Pump and probe
laser beams
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OPTICAL ATOMIC MAGNETOMETER
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Polarimeter and
detection electronics

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



OPTICAL ATOMIC MAGNETOMETER

Hayward GNOME station
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GPS-disciplined data Afach et al., Physics of the Dark Universe 22, 162 (2018);
acquisition system Wtodarczyk et al., Nucl. Instrum. Methods. Phys. Res. A
763, 150 (2014).
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Afach et al., Physics of the Dark Universe 22, 162 (2018).



DATA TRANSFER TO SERVERS
IN GERMANY AND SOUTH KOREA

Cormect to server

Disconmect

File trarnsfer

[ Stop upioad | |

=F 20].5‘-.()5-" 23\ Hayward_20160523_223423.h5
HF 2016V05123\ Hayward_X160523_223523.h5

Pause upload {currently unpaused)

Data Logger
23.May, 016

23.May
23.May.
23.May. X

11L..
43-UTC: List of faied files wil be written to C:\Users\Gnome \Downloads\Desktop\GHNOME Acquirer DATA from GPS
ailedFiles.log
8-UTC: C o budker uri-mainz.de through port 22111...
ol: Login
: Watcher enabled. .,

UTC: Preparing to send file 2016 \Hayward_20160523_223123.h5
48-UTC: Reading flie: 2016\05\23\Hayward_20160523_223123.h5
43-TC: Reading fie done.
48TC: Uploadng...

 J e U ST
54-UTC: Prepanng to send fle 2016Y05\23\Hayward_20160523_233223.h5
z + 0160523 Hayward _20 180523 _223223 h5
TC: Reading fle done
HUTC: Uplnading.
TC: Fie upload 3
S8-UTC: Preparng to send flle 2016'05\23\Hayward_20160523_223323.h5

AJTC: Reading fie: 2016105\23'Hayward_201680523_223323.h5

4ITC: Reading fie done.

TC: Uploading....




GNOME SCIENCE RUNS 1 -5
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Amplltude (pT)

GNOME HOURLY CALIBRATION PULSE
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TRANSIENT DARK-MATTER ENCOUNTERS

What can we say topological defect magnetic signals
about transient 1. Berkeley, US
encounters with 2. Lowisourg, US
compact, 3. Oberlin, US
composite dark- %" 4. Dacjeon, US
matter objects? b 5. Bemg ching
\ ; 6. Hefei, China
A single sensor e et
would struggle to S.W
distinguish signal
from noise.

However, a geographically distributed
array of sensors (like GNOME) can
confidently detect transient events! 11



ALP DOMAIN WALL SEARCH
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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].
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9. Mainz, Germany
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ALP DOMAIN WALL SEARCH
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PHYSICAL REVIEW D 97, 043002 (2018)

Searching for axion stars and Q-balls with a terrestrial
magnetometer network

D. E. Jackson Kimball,l’:k D. Budke:r,z’3 e Eby,6’7 M. Pospelov,&9 S. Pustelny,10 T. Scholtes,11
Y. V. Stadnik,z’3 A. We:is,11 and A. Wickenbrock®
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PHYSICAL REVIEW D 98, 115020 (2018)

Detecting dark blobs

Dorota M. Grabowska,'*" Tom Melia,” and Surjeet Rajendran'*
1Depm‘ﬂnent of Physics, University of California, Berkeley, California 94720, USA
*Theoretical Physics Group, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
SKavli Institute for Physics and Mathematics of the Universe (WPI), University of Tokyo,
Kashiwa, 277-8583, Japan

® (Received 7 August 2018; published 13 December 2018)
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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.

frequency ———»

ELF burst duration t

GW trigger

delay ot




EARTH AS A HIDDEN PHOTON TRANSDUCER

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

Stations reporting

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




EARTH AS A HIDDEN PHOTON TRANSDUCER
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Thank you!!

1

THEY ALL ASK “WHAT 1S DARK MATTER?”
AND “NHERE 1S DARK MATTER?” BUT

| NOBODY ASKS “HOW IS DARK MATTER?”
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