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Abstract: Axion-like particles (ALPs) are one of the most attractive solutions to the dark matter issue. In this talk, | will discuss new ideas in the
search for ALPs in astrophysical structures. In particular, 1 will focus on the emission associated with their decay into photons. The discussion will
involve different AL P mass ranges and wavelength bands.
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Framework
WORKING HYPOTHESIS

Dark matter has a non-gravifational coupling
with ordinary matter

EMISSION MECHANISM

f not suppressed by a symmetry (as e.g. for WIMPs),
look for dark matter decay/conversion info photons

PHOTON COUPLING

Low-energy effective Lagrangian

; !
L = —39ayy 0 b
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Axion-like particles (ALPs)

ALPs are (pseudo-) scalar particles,
mainly pseudo-Nambu-Goldstone bosons
(QCD axion, many “stringy” axions, ...)

“Funny” phenomenology

related fo U
a--»-
Y
By o
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Y

Possible hints from y-ray fansparency, stellar cooling, Xenon1T date
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Bounds on ALPs

https://cajohare.github.io/AxionLimits/
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Projected limits on ALPs

https://cajohare.github.io/AxionLimits/
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Outline

Looking for a monochromatic emission af E ~m /2 from
regions with high dark-matter denswy

ALPs in the OPTICAL

— bounds from MUSE spectroscopic observations
MR. Taoso. Vaz, Brinchmann., Zoutendijk, Bouché, Steinmetz, arXiv:2009.01310

ALPs in the (near-) INFRARED
— an excess in the anysotropy spectrum?

(Caputo, Vittino, Fornengo, MR, Taoso, in preparation

ALPs in the RADIO

- phenomenology of stimulated decay
(Caputo, 1\-’IR_.7 Taoso, Witte, JCAP2019, arXiv:1811.08436)
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ALP signal

We needed an expeyiment with:

- gooi moyou(ar vesofution (awad ot too swafl FoV)

- ?ood fyczu,awc? yesofution

- ;ood saosif'ivffy e and Oéscwfv)? the DARKNESS!

- MmusQe

mulli unit spectroscopic explorar

A large-field medium-resolufion Integral Field Specfrograph
on the Very Large Telescope af the Paranal Observarory (ESO)

Wavelength coverage: 465930 nm
Spatial resolution: 0.75 arcsec (465 nm) to 0.55 arcsec (30 nm)
Speciral resolution: From 1700 in the blue to 3400 in the red.

Credit Roland Bacon/ESO
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Opticad and viea iwqu/u(

(MR, Taoso, Vaz, Brinchmann, Zoutendijk, Bouché, Steinmetz, arXiv:2009.01310)
(Caputo, Vittino, Fornengo, MR, Taoso, in preparation)
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ALP signal

We needed an expeyiment with:

- gooi mogou(ar vesofution (awad ot too swall FoV)

- ?ood fyazu,awc? yesofution

- ;ood saosif'ivffy e and oéscwfnf the DARKNESS!

- MmusQe

mulli unit spectroscopic explorar

A large-field medium-resolufion Integral Field Specfrograph
on the Very Large Telescope af the Paranal Observarory (ESO)

Wavelength coverage: 465930 nm
Spatial resolution: 0.75 arcsec (465 nm) to 0.55 arcsec (30 nm)
Speciral resolution: From 1700 in the blue to 3400 in the red.

Credit Roland Bacon/ESO
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Dwarf spheroidal galaxies

Many dSph discovered with SDSS and DES, and
likely many more fo come from near-fufure surveys.
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MUSE observations of Leol dwarf galaxy

Target: LeoT dwarf galaxy, D = 417 Mpc, M ~ 10" M
MUSE observations: 3.75 hours covering 1 x 1 arcmin’
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Bounds on ALPs from Leol observations

HB bound 3

- QCD axion

| | N
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Grin et al.

Hl

- Excluded at 95% C.L.
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NIRB and Axion-like Particles

Zemcov+, Science 2014
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Proposed explanations:

- Infra-halo light

- Early (z > 13) black holes

- Decay of ALPs with few eV mass

Arcmin
10.0 1.0 0.1

shot noise + DGL +

DCBH

HL '
DG 0.775 ym

»= Shot—noise
Model

High-z ¥

ihi“_./’

*
-

.

10° 108

E

-

QLOC SYHNW "+3nA

i1+1)c/2n [{nw m~? sr )%

G0z 2InfeN ‘+SUUAM-[[BYIIIW

Perimeter Institute, 24 November 2020, virtual seminar Marco Regis

Pirsa: 20110064 Page 15/26



NIRB and Axion Like Parficles

— decay of ALPs of few eV? (cong Aps 2016)
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NIRB and Axion Like Particles

ALP inferprefation of the NIRB excess revisited:

- combining small (HST) and long (Spitzer) wavelenght dara
- refining the computation

- including the infra-halo light (IHL) in the fit

Caputo, Vittino, Fornengo, MR, Taoso, in preparation
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ALP stimulated decay

Stimulated decay
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ALP stimulated decay - formalism

From (Caputo, MR, Taoso, Witte, JCAP2019, arXiv:1811.08436)
[see also Kephart and Weiler, PRD1995]

Initial Final
sfare sfate

‘.fﬂ-"' jbf" ,f‘;:> |fa - ]-1 f"‘f . 5 ]-: f"\( -t ]-> H-j-nf_ = M;’i](LT (L-t‘a(; + h('

Hamiltonian

Axion decay: a = Yy
Miss = (fo =1 fy + L fy + UH|fa; f; ) = MOV Fa /By + 1/ Fy +1

Inverse process: Yy = a
2 2 pf
Mfﬁi — <fa‘ == l?fw - lf.f’*f - 1‘H|fa:. f*wf'V> == ‘JM,fﬁwf'— = lM(]lh f—f (.fa‘ +1

Spont.  Stimul.
decay decay Absorption

[(Mgosil? = [Micss? = =Ml (fa +2fu £ = £3)

- / AT, dTL,dIL, (2m)* 6% (pa — Py — py) [Mol? [fa (Fy + D(fy + 1) + (fa + 1) £y £

-~ /(fl—[“_dl_[ﬁ(fﬂ-’( 7)1 64 (pa — py — py) IMo2 [fa 1+ 2 Fy) - If]
—n,La(1+2f,), if fa=> f
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ALP stimulated decay - formalism

From (Caputo, MR, Taoso, Witte, JCAP2019, arXiv:1811.08436)
[see also Kephart and Weiler, PRD1995]
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Hamiltonian

Axion decay: a = Yy
Miss = (fo =1 fy + L fy + UH|fa; f; ) = MOV Fa /By + 1/ Fy +1

Inverse process: Yy = a
2 2 pf
Mfﬁi — <fa‘ == l?fw - lf.f’*f - 1‘H|fa:. f*wf'V> == ‘JM,fﬁwf'— = lM(]lh f—f (.fa‘ +1

Spont.  Stimul.
decay decay Absorption

[(Mgosil? = [Micss? = =Ml (fa +2fu £ = £3)

- / AT, dTL,dIL, (2m)* 6% (pa — Py — py) [Mol? [fa (Fy + D(fy + 1) + (fa + 1) £y £

- /(fn“_(m_,(;n.’( ) 64 (pa — py — py) IMo* [fa (1 + 2 £) — f2]
— Mg Fn (1 + Q.f‘p) ’ lf fu 5 f",'
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ALP stimulated decay - projected limifs

A “golden era” for radio astronomy has been starting
with the SKA and its precursors

SKA1-Mid | SKA2-Mid | SKA-Low | HIRAX

Freq. |GHz| 0.35-14 0.35-30 0.05-0.35 | 0.4-0.8
Credit: SKA Organisation
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ALP stimulated decay - projected limifs

Dwarf spheroidal galaxy o Galactic Center
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ALP stimulated decay - echo

(A. Arza and P. Sikivie, PRL2019)

IDEA: To send ourf to space a powerful beam of microwave radiation (with frequency equal

fo half the axion mass) and listening for its echo (i.e. faint eleciromagnetic radiation fraveling
in the opposite direction due fo axion stimulated decay)

projected limits
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ALP stimulated decay - axion gegenschein

(Ghosh, Salvado, Miralda-Escudé, arXiv:2008.02729)

ldea similar fo the echo bur bright astrophysical
radio source instead of artificial beam, with
sfimulafed emission in a direction precisely opposite
fo the incoming photon in the axion resf-frame and
creafing a countersource.

1y [MHz]

10% 108

~ -
_____ .___7/

1

NFW Halo

Halmscopes

—— SKA — mid

SKA - low

102

Quite sparkling field — other interesting ideas popping-up
e.g. Stimulated ALP decay in superradiant clouds around black holes (Rosa and Kephart, PRL2018, Stott 2009.07206)

Marco Regis
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ALP stimulated decay vs conversion

ALPs may convert to radio-frequency electromagnetic
radiafion in the strong magnetic fields around neutron stars
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Very promising technique but with quite uncertain predictions.
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Summarizing

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

Let’s be open to the possibility of a “funny”
nature, e.g., dark matter shining in the visible
or axion signals in the direction of bright
sources.
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