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ALPs (axion-like particles)

(oseudo-)scalar particles
mainly pseudo-Nambu-Goldstone bosons

(QCD axion, “stringy” axions, ...)

photon coupling;: T
ALP-photon coupling described by the low-energy / Y

. . 1 .
effective Lagrangian: L = —71Y9avyy @ FMVFNV 9/

— decay/conversion info photon(s)

— “‘monochromatic” emission for non-relativistic ALPs
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ALP phenomenology (photons)

The ALP-photon coupling = phenomenology related to

conversion needs large magnetic field

- created in lab (haloscopes, helioscopes,
light-shining-through-walls)
- astro objects (e.g. neutron stars, Sun)

Or inverse processes (y-ray fansparency, stellar cooling, ...)
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ALP decay

Spontaneous
decay rate:  L'a = gy, /(64m)
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Indirect
detection via
spontaneous

decay is

hopeless at
radio

frequencies!
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ALP stimulated decay
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ALP stimulated decay - sensitivity

Stimulated emission within the source

Caputo, MR, Taoso, Witte JCAP2019

_dSph galaxy _Galactic Center M87
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ALP stimulated decay - echo

The ALP stimulated decay can be used fo

listen for the echo of a powerful radio beam

(i.e. faint radio line fraveling in the ~opposite direction)

WL
Back-light echo Front-light echo l P«ﬁjf,;w

Collinear emission

\ij s <
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ALP stimulated decay - echo

NATURAL
ASTROPHYSICAL
BEAM

(Ghosh+ 2020
Sun+ PRD2022, PRD2024
Buen-Abad+ PRD2022
Todarello, MR, Calore JCAP2024
Dev+ JCAP2024)

NFW Halo

ARTIFICIAL BEAM

(Arza&Sikivie PRL2019,
Arza&Todarello PRD2022)
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ALP echo - sensitivity

Stimulated emission from a beam going through the Milky Way halo
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ALP conversion
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Great progresses in the
wq(r) = 1.17ueVn.(r)/(10%cm=3) theoretical description

and also some observations!
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ALP conversion in neutron stars

ALPs may convert to radio waves in the strong

magnetic fields around neutron stars

GBT observations

Galactic Center

Frequency [GHz]
5 6

Foster+, PRL2022
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Very promising fechnique
but significant systematics
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ALP conversion in the Sun

Theoretical expectations similar
to the case of an isolated NS in

the Galactic halo

Prediction are not affected by

sfrong systematics

Conversion  Magnetic

surface field Distance

S hc,Sf.g (Bs )E(ISXIOSkm)Z rc,NS 3 BNS 2 lkpC 2
5%102km® / \5G dg ~ \ 200km 102G dy s
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Solar magnetic field

SWAP Fe IX/X {174 A} 2-Jul-2019 22:34:04.814

OBSERVATIONS

SolarMonitor.org
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Radio sensitivity fo ALP conversion in the Sun
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nteresting prospects

Observations challenging
- sensifivity to be revisited

vith data at hand

from 1/ minutes of LOFAR data
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X-rays from ALP conversion in the Sun

Solar North Up
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NuSTAR as an axion helioscope
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NuSTAR limit from ALP conversion in the Sun

Ruz, Todarello, MR, +, in preparation

10~1° T 1 ™
SR
s 10 -
| - s
g - D D - G S S . S S e e o ————— E
E B ALPS-II -

o anal| N babyIAXO
077 F e 1ax0 :
u CAST -
— B Haloscopes i
B This work 7
| |
-2 1)1 107 1= 103
Mg [P\a]

INVISIBLES24 - Bologna, 2 July 2024 Marco Reqis



Summarizing

Astrophysical search of peV axions with radio (and x-

ray) observations is currently a quite active field
— several ideas of new techniques popping out
— observational capability to test a significant portion of the

ALP parameter space, now and in the years to come
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ALP radio emission in

Electron density n, [cm™]
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ALP x-ray emission in the Sun
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Conversion in the Sun
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