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Outline

 Axion spontaneous decay

« E.T. + Regis + Reynoso-Cordova + Taoso + Vaz + Brinchman,

“Robust bounds on ALP dark matter from dwarf spheroidal galaxies in the optical MUSE-
Faint survey”

2307.07403 (Accepted in JCAP)
 Axion stimulated decay

« E.T. + Calore + Regis,

“Anatomy of astrophysical echoes from axion dark matter”
2311.00051 (Accepted in JCAP)

* Arza+ E.T.,
“Axion dark matter echo: A detailed analysis”
Phys.Rev.D 105 (2022) 2, 023023



Axion-photon interaction

In this talk, axion = QCD axion or ALP



AXion spontaneous decay




Kinematics




Decay rate in vacuum
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Dwarf Galaxies

* Dark matter rich

* High mass-to-light ratio

- Typical mass 10° — 10”7 M,
- Typical radius 1 kpc

-Energy density p ~ 4 GeV cm O

-Distance 100 kpc o BEL A E i
Sculptor dwarf galaxy. Photo by ESO.



The MUSE instrument

Multi Unit Spectroscopic Explorer

 Measures flux in ~3720 channels

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

-Wavelength sampling 1.25 A

-Spectral resolution A/AX > 107

«Field of view 1’ x 1’

- Spatial resolution ~ 0.5" MuousQe

multl uNit spectroscopic explorer



The MUSE-Faint Survey
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Zoutendijk+, The MUSE-Faint survey. lll, 2112.09374



Flux density from ALP decay
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Signal
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NFW profile
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Similar Work

Grin+, PRD 75 (2007), VIMOS, galaxy clusters Janish+, 2310.15395, JWST, blank sky
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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)



Kinematics

—k +p\< The echo propagates

Wy = *almost* backwards!




Enhancement factor
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Detailed Study of the
Echo from a Point Source

E.T., F Calore, M. Regis,
2311.00051




Echoes from natural sources

Back-light echo Front-light echo




Back-light echo Collinear emission

Ghosh+. 2008.02729
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Back-light echo
Front-light echo
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(92',() ~ 200

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
Arza+, 2309.06857
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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
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Caustic ring model
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Caustic ring model Isothermal sphere
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Conclusions

* Spontaneous axion decay into photons, search strategy for masses above 1 eV
* For lower masses enhanced decay rate
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* Human made source: the echo experiment



