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Axion-like particles (ALPs)
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ALP decays
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Axion DM signal:
optical line
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F/IUSE Multi

Unit Spec

troscopic Explorer I

Wavelength range

4700 A < A < 9350A
27eV <m,<53eV

Spectral resolution

AIAL > 10°
Field of view 1'% 1’
Spatial sampling 0.2”
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The MUSE-Faint Survey

Zoutendijk et al. A&A, arXiv:2112.09374

S —

We analysed MUSE observations of 5 targets:
LeoT, Gru 1, Hydra ll, Eridanus 2, Sculpture

1 arcmin — 106 pc

30 arcsec JN 30 arcsec f‘N aresec
60.7pc o7 E 82pc oMl e Hya i £
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ALP signal

S,(6) = Z; \/%O/\ exp [_ (A - ;\iobS) ] / 40 dlp,[r(6, 9, 0)] B(Q)

Dark matter density profile

Zoutendijk et al. A&A, arXiv:2112.09374
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ALP signal

S,(6) = Z; \/%o,\ exp [_ (A - ;\iobS)Ql / 40 dlp,[r(6, 9, 0)] B(Q)

Dark matter density profile

Zoutendijk et al. A&A, arXiv:2112.09374
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Results

Eridanus 2 Grus 1 Hydra Il

Leo T Sculptor Combined

3 4 5 3 4 5 3 4 5
mq [eV] mg [eV] mq [eV]
Todarello, MT +, JCAP 05 (2024) 043
® o
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Results

Todarello, MT +, JCAP 05 (2024) 043
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Axion-like particles (ALPs)
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ALP-photon conversion in the Sun

Possibility n. 1

Relativistic axions produced in the core of the Sun and
converted into photons in the solar atmosphere

Possibility n. 2

O(ueV') ALP dark matter conversion into photons in the solar atmosphere
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NuSTAR as an axion Helioscope

Possibility n. 1

Strong and robust limits

e

10712 10710 107 107 107 Ruz, Todarello, Vogel, MT +, arXiv 2407.03828
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ALP-photon conversion in the Sun

Possibility n. 1

Relativistic axions produced in the core of the Sun and
converted into photons in the solar atmosphere

Possibility n. 2

O(ueV') ALP dark matter conversion into photons in the solar atmosphere
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Axion-photon conversion

e

r&gnver5|on probability boosted at

resonance:
.when axion mass matches plasma
frequency (effective photon mass)

———

Axion DM signal:
radio line

e

Neutron star excellent targets

Pshirkov, Popov (2009); Hook et al.
> (2018); Safdi et al. (2018); Battye et
distance al. (2019); Witte et al. (2021), Millar
et al. (2021); Foster et al. (2022); +...
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Axion-photon conversion in the Sun

Dark photon conversion in the Sun Conversion of axion dark matter in the solar
An et al. PRL 126 (2021) 18 atmosphere
2 2
T ga'yB /
Pa,—Vy — 5 v Wplres p/dr
% plres

4o B
S = /M_Aypavapa—)’y/e

Absorption of the generated radio photons due
to cyclotron and bremsstrahlung processes
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Prospects with future radio instruments

Pulsar polar cap

sunspot B,z

e sunspot 4 G
....... Sun 1 G
—-— Sun 1 G LOFAR

10—13 M
10°°
mg [eV]

Todarello, Regis, MT +, Giannotti, Ruz, Vogel PLB 854(2024)138752

e — —

Prospects for the
Square Kilometer Array (SKA)
radio telescope

Searches with existing LOFAR data not very sensitive to ALPs (good for dark photons)

An et al. Nature Comm 15 (2024) 1
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Conclusions

eV ALP dark matter decays into photons : strong limits from MUSE optical obs

O(ueV) ALP dark matter conversion in the Sun atmosphere: prospects for SKA radio obs

Conversion of relativistic axions in the Sun: strong bounds from NuSTAR X-ray obs
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Additional material
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Relativistic axions from the Sun

I NuSTAR as an axion Helioscope I

Axion flux from the inner solar region NuSTAR X-rays observations of the Sun
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Solar X-ray emission from axions
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Radio line from ALP DM conversion

Electron density n. [cm™3]
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