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WORKING HYPOTHESES

ALP DM
Axion-like parficles constitute (a fraction of) the DM
confent in the Universe

PHOTON COUPLING
ALP-photon coupling described by the low-energy

effective Lagrangian:
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ALP phenomenology (photons)

The ALP-photon coupling = phenomenology related to
"\/\/\/"Y

decay 5, _ I\ discussed i) this tadk
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Or inverse processes (y-ray fansparency, stellar cooling, ...)
see falks by Marsh, Bernal, Rodd, Escudero, ...
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Bounds on ALPs
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Looking for a photon monochromatic emission af EY ~m /2

given by ALP decay
from regions with high dark-matfter density

~Oor a good sfory:
Who? What? When? Where? Why?
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Looking for a photon monochromatic emission af EY ~m /2

given by ALP decay
from regions with high dark-matfter density

~Oor a good sfory:
Who? What? When? Where? Why?

... let’s take a journey across
different mass ranges and astrophysical fargets
fo see current bounds and near-future prospects
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MeV ALFs (iaW)W)&—Vays)
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COS| telescope

Compton Spectrometer and Imager (COSI)
wide-FOV telescope designed to survey the y-ray sky af 0.2-0 MeV
- Imaging with high-resolufion spectroscopy (AE/E ~ few x 107

selected by NASA in October 2021, to be launched within O years
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COJI sensitivity to MeV ALPs

Projected sensitivity compared to current bounds

107 N P\Qj Caputo, MR+, in preparation
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ke ALPs (X—Vays)
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X-rays and ALPs
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Caputo, MR, Taoso, JCAP2020
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Line Intensity Mapping

10728

ALP decay = photons at E =m /2 in the rest frame

f the ALP is af redshiff z , we see E_ = ma/2/(1+ze) =
10-29'E
— The ALP emission should show a correlation with — Enou-ocs.aurz |
large-scale structures af redshiff z = z_and no e
correlation with LSS at z £z . ool o
e

ms [keV]
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T/f [sec]
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ALPs and Line Intensity Mapping
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If DM is made of ALPs
- line intensity mapping
competing with lensing,
galaxy counts, efc.. in
cosmological searches

Bernal+, PRD2021

LIM (this work)
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Spectroscopic
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eV ALPs (opticaf)

10-°
CROWS
10~7
_ ABRA
10 8 10 cm

SHAFT

Fermi-SNe Mrk 421

— Hydra -z
10 1 = :ts“\g Fermi -
b, .

Mas7 SN1987A 1. M‘.’\'D. E =
10—12 Chandra I-Hl"ulmle:rlllun z T
7} = —
w L
- = |

] A

1014
10—15
1016
10—
10—18

RTNTNT AT SN S v

10-1° AL AL BREALL

ALPS-I
OSQAR

CAST

/

. SN1987A
Solar v P

Globin. v clusters Sy

& &,
5

%
7

(S'ﬁ‘-

7

G

)

__,
& uonpey
uonesiuor

~.-,
AN
\Q'a c..“"*b

&
%

XA
KA
XMM-Newton &

2 9 A0 .9 & T 6 5 & 3 2 _ x 6 .o
@”\10”\ 10’\ A07 107 407 107 407 407 407407 10 VAP A0 AT AT A4S 4P 4 4O

Mg [eV]



ALP signal

To observe photons from ALP decays we need an experiment with:
- good frequency resolution

- decent FoV

- good angular resolution

- good sensitivity
... and observing the DARKNESS!

- Mmouse

miulll it spectrosconic explorer

on the VLT af Paranal Observatory (ESO)

A = 465-930 nm
ang. res. < 1 arcsec

spectr. res. AE/E < 1079
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MUSE observations of Leol dwarf galaxy

Bonnivard+, MNRAS2015
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MUSE observations: el
3.75 hours covenng 1 X 1 arcmln
T 1000 MR+, PLB2021
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Bounds on ALPs from Leol observations

MR+, PLB2021
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Bounds on AL

Ps from dophs

Systematic analysis including a sample of dwarf spheroidal galaxies

Todarello, MR+, in preparation
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NIRB and Axion-like Particles
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UeV ALPs Gadio)
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ALP stimulated decay
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ALP stimulated decay - echo

IDEA: listening for the echo of a powerful radio beam
(i.e. faint radio line fraveling in the ~opposite direction due to axion stimulated decay)

ARTIFICIAL BEAM

(Arza&Sikivie PRL2019, Arza&Todarello PRD2022)

ASTRO BEAM

(Ghosh+ 2020
Sun+ PRD2022
Buen-Abad+ PRD2022)

NFW Halo

Particle Avenues in the Dark Universe Arena (PADUA): Axjons - 13 September 2022 Marco Regis




ALP stimulated decay - projected limifs

A “golden era” for radio astronomy
has been sfarfing with the SKAO
and ifs precursors

SKAT-Low: 100 hours @ 100 MHz
- 180 wly/beam
(line sensitivity for Av/v=10"%)
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ALP stimulated decay - projected limifs

Caputo, MR,+ JCAP2019
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ALP stimulated decay - axion echo

(Ghosh+, 2020)
Source: Cygnus A
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Summarizing

It is a period with no strong bias concerning the
particle dark matter mass
- mulfi-wavelength approach

Searching for ALP decays in the sky will likely play a
crucial role in shaping the allowed fracnon of the ALP

parameter space o
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