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Motivations for the axion

The QCD axion originally proposed as a solution of the strong CP problem

Axion and its generalisation Axion-Like Particles: dark matter candidates
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Axion-Like Particles (ALPs)
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ALP-photon interaction

1 ~ — —

B

ALP decay ALP-photon conversion
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Axion-like particles (ALPs)
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ALP decays
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F/IUSE Multi

Unit Spec

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

.;.‘
CROWS K\

10—10 1 10-7 ALPS-I <

OSQAR

] 10~° CAST. Solar v

JIISXwav

APPSR LR

INTEGRAL

9 % 1 6 5 & 3 2 _ \] >
XQ/\’LXQ/“\Q/\Q\Q 9\0 10 7\0 bXQ 6\0 A‘XQ SXQ 7—\() A N XQX \Q’L A0 \QA‘ \06 ng X@

This work m, [eV]
— VIMOS

—— CGR2

' ~y-ray
10-14 . . . . . Other searches:

3.0 3.5 4.0 4.5 5.0 V| M OS .
my [e\/] Grin et al. PRD 75 (2007) 15018

JWST Janish, Pinetti, arXiv:2310.15395

JWST Ray et al. arXiv:2311.04987
WINERED Yin et al. arXiv:2402.07976

Marco Taoso (INFN Torino) PPC 2024  Oct 14-18, 2024 12



L = Zgaw aF,,,,,ﬁ’W = —Jar~ oF - B

CROWS  [iipc'|

ABRA £ OSQAR
10 em

CLIA LT
DSNALP
i Fermi-SNe :
| Hydra

i
i M87
I( handra ~

Looroood e oo v

. = o
Fermi v

Solar v

Globular clusters.

Mrk 421

uodeLy
UOIPSIUO]

JIISXINAV [l

o
2
%

XMM-Newton
NuSTAR
INTEGRAL

golar basit
b,
Q

2
2
o

’
Wy \XS

URLLLLL LLLLLL BSURLLLLY UL SSULALLL SSAALLL BULLLILL DAL SALLLL! ALY SAALL SSAALL SRRLLL WA

SN1987A
(17)
Diffuse-4

.S‘\,/q(?\

& 1/,?/

O .9 % 1 _6 % _ . I A Q A > A 5 (o) 7
104070 A0 40T 40T 407407 40740 40 40 A0 A8 AT 407 480 40 407 40

Marco Taoso (INFN Torino)

my [eV]

PPC 2024  Oct 14-18, 2024

13



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
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NuSTAR as an axion Helioscope

IStrong and robust limits I

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
s ga*yB /
Pa—)*y = 5 ; Wplres = p/dr
vawp|'r'es

Q
S = /d—pavaPa_we_T

47 Av /

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

Axion flux from the inner solar region v --=-=-a
Flux well understood e, >
see e.g. Hoof, Jaeckel Thormaehlen, JCAP 10 (2024) 024 Primakoff
0
8 X}O} I I | | 1 1 1 | I 1 I I | 1 1 T T 20 | I I | | | | I | | I | 1 I | I I 1 I_ 10
[ : < R’:) : -
.k r < 0.1Rs . i
A —— 0.15<7<0.3Ry 15 -
S I - — 1t F1o
A p .10 -
= F - S ]
32 I . 1t fo
! ] 5 -
Slg L ] i
0 TN TN TN N NN T N TN T N T TN N NN AN N T DLl 1:
! > Bl 2 000 025 050  0.75
r/Rg
Marco Taoso (INFN Torino) IDM 2024  Jul 8-12, 2024 23



Magnetic field in solar atmosphere

Magnetic field for the Quiet Sun Predictive Science Inc.
for 2019 solar eclipse
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NuSTAR data

I 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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