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Spontaneous decay (IR and higher)


Stimulated decay (radio)


Parametric resonance (radio)
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cajohare/axionlimits: Axionlimits



Spontaneous decay
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1. photons produced in ALP decays inside galaxies 
would show up as a peak in galactic spectra that must 
not exceed the known backgrounds


2. photons produced in ALP decays when the universe is 
transparent must not exceed the extragalactic 
background light 


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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We need a lot of axions!

Decay rate in vacuum
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Dwarf spheroidal galaxies 

Clusters of galaxies 

Milky Way



Galaxy ClustersDwarf Spheroidals

Image credit: ChetGPT



•High mass-to-light ratio


•Typical mass 


•Typical radius


•Typical distance
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100 kpc

•High mass-to-light ratio


•Typical mass 


•Typical radius


•Typical distance 
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Kinematics of the decay
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Flux density from ALP decay
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The MUSE instrument
Multi Unit Spectroscopic Explorer  

•Measures flux in ~3720 channels


•Spectral resolution 


•Field of view


•Spatial resolution
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The data

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



Look for radiation from ALP decay

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



The MUSE-Faint Survey

+ Sculptor

Eri 2

 Zoutendijk+,  The MUSE-Faint survey. III, 2112.09374



The signal
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Going to higher frequencies

Condon, Ransom - Essential Radio Astronomy



Hubble Space Telescope



STIS Data

°1

0

1

2

3

F
lu

x
[1

0°
15

er
g/

s/
cm

2 /
Å
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Dust Extinction
In the UV, large optical depth due to scattering and absorption due to dust particles

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



Axion stimulated decay 



In background of photons with 
momentum        the decay rate is 
enhanced by a factor
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Bose-enhancement
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•A photon of momentum            is created


•Decay rate is enhanced compared to vacuum by a factor
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Enhancement factor

Caputo, Regis, Taoso, Witte, JCAP 03 (2019) 027



Kinematics
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The echo propagates 
*almost* backwards!



Echoes from natural sources
Back-light echo
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Front-light echo

Collinear emission



Smearing of the signal
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Caputo, Regis, Taoso, Witte


JCAP 03 (2019) 027


Collinear emission 

CMB, extragalactic radio bkg

Ghosh, Salvado, Miralda-Escudé


2008.02729


Backlight echo 

Cygnus A



Buen-Abad, Fan, Sun


PRD 105 (2022)


Backlight echo 

Supernova remnant

Sun, Schutz, Nambrath, Leung, Masui


PRD 105 (2022)


Backlight echo 

Supernova remnant



Dev, Ferrer, Okawa


JCAP 04 (2024) 045


Backlight echo 

Galactic center

Sun, Schutz, Sewalls, Leung, Wesley Masui


PRD 109 (2024)


Everything 

Extragalactic radio point sources, SNRs, 
Galactic synchrotron radiation



Guo, Xia, Huang


PLB 852 (2024) 138631


Collinear emission 

CMB, extragalactic radio bkg 

2-hour observation of Coma Berenices

Yang, Sun, Wang, Schutz, Li, Leung, Hu, Shu, Masui, Chen


2502.08913 


Backlight echo 

Vela supernova remnant 

~30-hour observation
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SKA-O AA4 Forecasts

Regis, Todarello et al., SKA book, in preparation



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

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

Stimulate the decay of nearby dark 
matter axions into photons by sending 

out a powerful beam to space 
Detect the photons that come back

Arza + Sikivie,  PRL (2019) 13,

Arza + E.T.,   PRD 105 (2022) 2
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Fixed energy to cover a factor of 2 in axion mass (dashed)



Parametric Resonance

Levkov et al., PRD 102 (2020)
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Resonance band
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Resonance develops if


(Tkachev, Phys. Lett. B191 (1987))
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Axion Stars
Maseizik et al., “Radio lines from accreting axion 
stars”, JCAP 05 (2025) 033


•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


