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Short summary

Constraint on the axion-photon coupling parameter 8ay of the ultra-light axion

from the long-term monitoring of terrestrial magnetic field at 1072 — 10! Hz
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Introduction

Electromagnetic (EM) waves care ubiquitous & useful
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.« Essential communication tools in our daily lite (TV, radio, mobile phone, ...

. Unigue messengers to probe universe
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Introduction

Extremely low-frequency (ELF) EM waves (f < 30Hz)
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Wavelength: 4 2 10,000km ~ Earth circumference

Q s the ELF band useful for cosmology/ fundamental
ohysics 7 — Dark matter search
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Dark matter candidates

arXiv:2209.038215
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» Broad mass range: 107%° eV ~ 1eV
> Weakly interacting with EM fields : &£, - = — gayaE B -

(a : axion field)

Axion




Signature of axion dark matter

DM is supposed to be invisible — gravity is the only interaction with the SM particles

However, Axion-photon o o
conversion gint — gayaE ) B (d . axion fl@\d)
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Signature of axion dark matter

Geomagnetic field as a global static B-field on Earth
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Signature of axion dark matter

Geomagnetic field as a global static B-field on Earth
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This signal exists permanently
across the entire Earth




Back-of-envelope estimation

Axion-photon coupling induces effective current:

VXB — E = — gayngeo Ppm: local DM density

(PpMm = mf( ag>1'/2)

-quating each term, the expected amplitude is

Say ) ( PDM )1/2 ‘BgGO‘
| Binguceal ~ 0.1 pT <1O—10GeV—1 0.3 GeV cm3 100 T

I'pT =10nG At the ELF band: f, ~ 2.4 (m_/10~'4eV) Hz

/Quite small, but still\
\ measurable ! /
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Sensitivity ~ 0.1 pT/A/Hz at1Hz & §4 .4
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A more precise estimation

Solving the Maxwell-axion system taking into account (i) atmospheric
conductivity, (ii) geomagnetic field configuration (dipole & higher-£)

Displ t
V-D=0 lSpﬁg%men D=¢n’E
VXB—-D = — 84,4 By, lonosphere (h ~ 60-gokm)
V-B=0 T Conductivity | /
R Coherently oscill. Axion o(7) S
: 5 |

VXE+B =0 Refractive index B~ = 1 +1 o

d

> Atmospheric conductivity profile 6(r) by Kudintseva et al. ("16)
» Geomagnetic field data by IGRF-13
» Boundary conditions : EH = 0 at r = Rg, upgoing waves at r > Ry R. ~ 6,370 km
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Results: prediction
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AT, Nishizwa & Himemoto (24, in prep.)
Vector spherical harmonics

1nduced(r 0) — gay Cl(t) Z Cfm bf(m 7‘) (I)fm(o)
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Radial mode function
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Resonant peaks from radial mode func.
(=Schumann resonance, '52)

Dominant dipole contribution from

. The induced B-field peaks at 7.7 Hz
and is suppressed at higher frequencies.

(m, 2 3x1071*eV)



Axion search from public B-field data

Public B-tfield monitoring data for geoscience

LHHTT ‘Hiree Mear venl MNelo s Bl s Pr:lie Plyiley EArawiss
SuperMAG hiips://supermag.jhuapledu/ T s DOMAG et

> 40 years, # of detector sites: ©(107)

Low sampling rate: < 1 Hz
—Arza et al. ('22), Friel et al. ('24)

British Geology Survey Data https://www.bgs.ac.uk/

~10 vears, high sampling rate — ELF bands e o

( O . O /‘ /‘ O ‘ | Z) e are a world-leading independent research organisation providing objective,
/r.) partlc UIGI’ expert geoscientific data, information and knowledge.
/

We use the data taken at Eskdalemuir observatory



1.

Data analysis ~sketch~
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AT, Nishizwa & Himemoto (24, in prep.)
Nishizwa, AT & Himemoto (24, in prep.)

Using 10 years public data at Eskdalemuir observatory

Taking the ‘quiet’ data, and stacking their

segments with consecutive 8 hoursin t

domain (Af/f ~ 3 x 107)

ne Fourier

2. Calculating the 'difference’ spectrum by

3.

NASS fi

Candidates exceeding
S/N = 10 for all years
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(noise = RMS of diff. spectrum)

59 candidates at 2—45 Hz
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Summary & discussions

A novel axion dark matter search in the terrestrial EM fields
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Constraint on axion-photon
—————————————— - coupling from public B-field data
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Summary & discussions

Follow-up measurements
- Ground-pbased experiment by

DANC

- Astronomical obs. by A

HENA

- Environment monitoring data at gravitational-wave detector sites

Possible extentions

Induced EM waves at ELF band are also expected from
gint — (8/2)FIU/F,//”/

« Dark photon DM

« Gravitational waves

via kinetic coupling & graviton-photon conversion

Speculation

Measuring EM data at Jupiter will expand the discovery space

L.

Int

_ a . pu af
(1/4)g"*g"F, F

Jupiter



Backup
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Difference spectrum

Results stacked over all 8-hour segments

(1753 segments for all year)
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