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Topics

Spontaneous decay (IR and higher)
Stimulated decay (radio)

Parametric resonance (radio)
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Spontaneous decay
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Co, 1. photons produced in ALP decays inside galaxies
‘%%5 would show up as a peak in galactic spectra that must
N not exceed the known backgrounds
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2. photons produced in ALP decays when the universe is
transparent must not exceed the extragalactic
A\ INTEGRAL background light

| AR | | IR | | AR | | IR | | AR | | T TT1
101 109 101 102 103 10* 10° 100
Axion mass [eV]

p—

3
—
oo

—

=
—
O

Axion-photon coupling [GeV_l]

[

3
N
(e

3. the ionization of primordial hydrogen caused by the
decay photons must not contribute significantly to the
optical depth after recombination
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« Cosmic optical background anisotropies
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Decay rate in vacuum
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We need a lot of axions!

a Dwarf spheroidal galaxies

~ Clusters of galaxies

Milky Way



Dwarf Spheroidals Galaxy Clusters
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Dwarf Spheroidals Galaxy Clusters

* High mass-to-light ratio * High mass-to-light ratio
- Typical mass 10° — 10 M -Typical mass  10** — 10'° M
-Typical radius 1 kpc »Typical radius 1 Mpc

- Typical distance 100 kpc - Typical distance > 10 Mpc



Kinematics of the decay




Flux density from ALP decay

power received *

Hux density =
77 area x (frequency or wavelength)




The MUSE instrument

Multi Unit Spectroscopic Explorer

* Measures flux in ~3720 channels

4700 A < X < 9350 A
2.0 eV <m < H.27 eV

-Spectral resolution  A\/A\ > 10”

-Field of view 1’ x 1’

- Spatial resolution ~ 0.5"

MmosQe

multl uNit spectroscopic explorer



Image credit: Stephen Todd (ROE) and Douglas Pierce-Price (JAC)



ook for radiation from ALP decay

Photo by ESO/G. Hidepohl (atacamaphoto.com)




The MUSE-Faint Survey
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The signal
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Transmission

Going to higher frequencies
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Condon, Ransom - Essential Radio Astronomy
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Hubble Space Telescope
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Astronaut Steve Smith carefully removes STIS from the protective enclosure that carried it into orbit aboard the Space Shuttls

Discovery.



STIS Data
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Distant
object

Dust Extinction

In the UV, large optical depth due to scattering and absorption due to dust particles

Observer

Blue \} Blue

Dust grains
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Fitzpatrick, Publ.Astron.Soc.Pac. 111 (1999) 63-75




on stimulated decay




Decay rate into photons

2
 1n—43 . —1 g m
ooy = 10770y (10—15 Ge\/l) (10_5 eV

In background of photons with
momentum k the decay rate is

enhanced by a factor

£y (k)



Bose-enhancement

H gy ~ E T (k)a aa + h.c.
* A photon of momentum — K Is created

» Decay rate is enhanced compared to vacuum by a factor f7 (]{7 )



Enhancement factor
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Kinematics

—k +p\< The echo propagates

Wy = *almost* backwards!




Echoes from natural sources

Back-light echo Front-light echo




Smearing of the signal
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Sun, Schutz, Nambrath, Leung, Masui

PRD 105 (2022)
Backlight echo

Supernova remnant
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Jary [GeV™]

Dev, Ferrer, Okawa Sun, Schutz, Sewalls, Leung, Wesley Masui
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~30-hour observation
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Detailed Study of the
Echo from a Point Source

E.T., F Calore, M. Regis,
JCAP 05 (2024) 040
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Back-light echo
Front-light echo
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Relevant effects

» Dark matter density

» Dark matter velocity dispersion
» Dark matter average velocity
*Source’s age

» Source’s proper motion

* Source’s distance

» Source’s variability
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An echo from an artificial source

Arza + Sikivie, PRL (2019) 13,
Arza + E.T., PRD 105 (2022) 2
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Stimulate the decay of nearby dark
matter axions into photons by sending Detect the photons that come back
out a powerful beam to space



Helioscopes

o = 0.45 GeV cm™°
§ ‘N v = 230 km/s
£ ov = 270 km/s
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Fixed energy to cover a factor of 2 in axion mass (dashed)

E=10MWyr s/n=5 T,=20K R=50m R.=100m



Parametric Resonance
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Exponential growth

1/2
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07! ~35yr~1pc



Resonance band
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Easily detuned by change in velocity or
gravitational potential!
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*One axion star per minicluster

 Minicluster mass function -> core-halo relation ->
axion star mass function

* AXIon star unstable above critical mass

» Accretion from surrounding halo or minicluster

See also Escudero et al., “Axion Star Explosions: A
New Source for Axion Indirect Detection”,
Phys.Rev.D 109 (2024) 4, 043018



Conclusions

» Spontaneous axion decay into photons, search strategy for masses above ~1 eV
* For lower masses enhanced decay rate
* Natural sources

* Human made source: the echo experiment \ /

- Parametric resonance for compact objects LI_JJ [H] &[N_] K /
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