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• Axion spontaneous decay 

• E.T. + Regis + Reynoso-Cordova + Taoso + Vaz + Brinchman + 	Steinmetz + 
Zoutendijke, 

“Robust bounds on ALP dark matter from dwarf spheroidal galaxies in the optical MUSE-
Faint survey” 
JCAP 05 (2024) 043


• Axion stimulated decay 

• E.T. + Calore + Regis, 

“Anatomy of astrophysical echoes from axion dark matter” 
JCAP 05 (2024) 040


• Arza + E.T.,

“Axion dark matter echo: A detailed analysis” 
Phys. Rev. D 105 (2022) 2, 023023
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Axion-photon interaction
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In this talk, axion = QCD axion or ALP



Axion spontaneous decay 



Kinematics
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Decay rate in vacuum
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Grin, Covone, Kneib, Kamionkowski, Blain, Jullo


PRD 75 (2007) 105018


VIMOS at the Very Large Telescope


Galaxy clusters Abell 2667 and 2390

Decay in the optical band



Decay in the IR band
Janish, Pinetti

2310.15395 

JWST 

Blank sky

Roy, Blanco, Dessert, Prabhu, Temim 

2311.04987 

JWST 

Blank sky FORECAST at end of mission



Decay in the IR band

Yin, Bessho, Ikeda, Kobayashi, Taniguchi, Sameshima, Matsu
naga, Otsubo, Sarugaku, Takeuchi, Kato, Hamano, Kawakita


2402.07976 


WINERED at the 6.5m Magellan Clay telescope


Dwarf galaxies  Leo V and Tucana II



The MUSE instrument
Multi Unit Spectroscopic Explorer  

•Measures flux in ~3720 channels


•Wavelength sampling 


•Spectral resolution 


•Field of view


•Spatial resolution
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Dwarf Galaxies
•Dark matter rich 


•High mass-to-light ratio


•Typical mass 


•Typical radius


•Energy density


•Distance
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Sculptor dwarf galaxy. Photo by ESO.
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The MUSE-Faint Survey

+ Sculptor

Eri 2

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



Look for radiation from ALP decay

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



Flux density from ALP decay
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Signal
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NFW profile
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Axion stimulated decay 



In background of photons with 
momentum        the decay rate is 
enhanced by a factor
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|~k | ⇠ m

2



Kinematics
<latexit sha1_base64="p6eCPRkSAKT5cY6BkWU3fEEOt/s="></latexit>

!1 =
m+ pk

2

<latexit sha1_base64="ELIt2g2yrIuu/FgLl0BQVc+a3zg="></latexit>

!2 =
m� pk

2

<latexit sha1_base64="rldTuGzUTrOTz3yTUC+KJk5f3D0=">AAAB6HicdVBNTwIxEJ3FL8Qv1KOXRmLiiewiKNxIvHjwAImACWxIt3Sh0nY3bdeEEH6BFw8a49Wf5M1/Y4E1UaMvmeTlvZnMzAtizrRx3Q8ns7K6tr6R3cxtbe/s7uX3D9o6ShShLRLxSN0GWFPOJG0ZZji9jRXFIuC0E4wv537nnirNInljJjH1BR5KFjKCjZWaop8vuEW3Uj2ruciSBSyp1EqVahl5qVKAFI1+/r03iEgiqDSEY627nhsbf4qVYYTTWa6XaBpjMsZD2rVUYkG1P10cOkMnVhmgMFK2pEEL9fvEFAutJyKwnQKbkf7tzcW/vG5iwqo/ZTJODJVkuShMODIRmn+NBkxRYvjEEkwUs7ciMsIKE2OzydkQvj5F/5N2qeidF71muVC/TuPIwhEcwyl4cAF1uIIGtIAAhQd4gmfnznl0XpzXZWvGSWcO4Qect08uPo07</latexit>m

The echo propagates 
*almost* backwards!



Bose-enhancement
<latexit sha1_base64="k1fYXywnpPizTykt3M/YFmgPXbo="></latexit>

Ha�� ⇠
X

a
†
�(~k )a

†
�(�~k )aa + h.c.

•A photon of momentum            is created


•Decay rate is enhanced compared to vacuum by a factor

<latexit sha1_base64="5Y+0or9W/dlBp7U9Ag3uK73NNN8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUoioi4Lbly4qGAf0IQwmU7aoTOTMDMphFB/xY0LRdz6Ie78G6dtFtp64MLhnHu5954wYVRpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfzvzuhEhFY/Gos4T4HA0FjShG2kiBXY0Cb4g4R3VvQnA+nnrnZ4FdcxrOHHCVuAWpgQKtwP7yBjFOOREaM6RU33US7edIaooZmVa8VJEE4TEakr6hAnGi/Hx+/BSeGmUAo1iaEhrO1d8TOeJKZTw0nRzpkVr2ZuJ/Xj/V0Y2fU5Gkmgi8WBSlDOoYzpKAAyoJ1iwzBGFJza0Qj5BEWJu8KiYEd/nlVdK5aLhXDffhsta8L+Iog2NwAurABdegCe5AC7QBBhl4Bq/gzXqyXqx362PRWrKKmSr4A+vzBxvZlHM=</latexit>

f�(~k )
<latexit sha1_base64="vqxWdnUK13mQknPqh6hvWW+erbw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6SHs03654lbdOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZfXiWti6pXq3r3l5X6XR5HEU7gFM7Bgyuowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8APf6Nzg==</latexit>

fa
<latexit sha1_base64="/zWsRUVnma/xcnNP/o+1HdDGyPQ=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iToJYBGwuLCOYDkiPsbeaSJXt7x+6eEI78CBsLRWz9PXb+GzfJFZr4YODx3gwz84JEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrczv/2ESvNYPppJgn5Eh5KHnFFjpXbYp+SCeP1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5uVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nvZMAVMiMmllCmuL2VsBFVlBmbUMmG4C2/vEpal1Xvquo91Cr1+zyOIpzAKZyDB9dQhztoQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwBxqOOlA==</latexit>

fa � 1
<latexit sha1_base64="xwr/8QV18MZKKFrSWrBucB2vtAU=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARKkpJRNRlwY0LFxXsA5oQJtNJO3RmEmYmhRKy8VfcuFDErZ/hzr9x2mahrQcuHM65l3vvCRNGlXacb2tpeWV1bb20Ud7c2t7Ztff2WypOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw9uJ3x4RqWgsHvU4IT5HfUEjipE2UmAfRoHXR5yjqjciOBvm3vkpPINuYFecmjMFXCRuQSqgQCOwv7xejFNOhMYMKdV1nUT7GZKaYkbyspcqkiA8RH3SNVQgTpSfTR/I4YlRejCKpSmh4VT9PZEhrtSYh6aTIz1Q895E/M/rpjq68TMqklQTgWeLopRBHcNJGrBHJcGajQ1BWFJzK8QDJBHWJrOyCcGdf3mRtC5q7lXNfbis1O+LOErgCByDKnDBNaiDO9AATYBBDp7BK3iznqwX6936mLUuWcXMAfgD6/MHub6VNw==</latexit>

f�(~k ) + 1

<latexit sha1_base64="2OnKHKYokI2dgbbrzWKHV4NyNas=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhBsDHciahmwsbCIYD4gOcLeZi5Zsrd37u4FwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5uFreL2zu7efungsKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4e3Ub45QaR7LRzNO0I9oX/KQM2qs1DrvjJBlw0m3VHYr7gxkmXg5KUOOWrf01enFLI1QGiao1m3PTYyfUWU4EzgpdlKNCWVD2se2pZJGqP1sdu+EnFqlR8JY2ZKGzNTfExmNtB5Hge2MqBnoRW8q/ue1UxPe+BmXSWpQsvmiMBXExGT6POlxhcyIsSWUKW5vJWxAFWXGRlS0IXiLLy+TxkXFu6p4D5fl6n0eRwGO4QTOwINrqMId1KAODAQ8wyu8OU/Oi/PufMxbV5x85gj+wPn8AQ2KkAQ=</latexit>

�~k
<latexit sha1_base64="5Y+0or9W/dlBp7U9Ag3uK73NNN8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUoioi4Lbly4qGAf0IQwmU7aoTOTMDMphFB/xY0LRdz6Ie78G6dtFtp64MLhnHu5954wYVRpx/m2SmvrG5tb5e3Kzu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfzvzuhEhFY/Gos4T4HA0FjShG2kiBXY0Cb4g4R3VvQnA+nnrnZ4FdcxrOHHCVuAWpgQKtwP7yBjFOOREaM6RU33US7edIaooZmVa8VJEE4TEakr6hAnGi/Hx+/BSeGmUAo1iaEhrO1d8TOeJKZTw0nRzpkVr2ZuJ/Xj/V0Y2fU5Gkmgi8WBSlDOoYzpKAAyoJ1iwzBGFJza0Qj5BEWJu8KiYEd/nlVdK5aLhXDffhsta8L+Iog2NwAurABdegCe5AC7QBBhl4Bq/gzXqyXqx362PRWrKKmSr4A+vzBxvZlHM=</latexit>

f�(~k )



Enhancement factor

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



Echoes from natural sources
Back-light echo

<latexit sha1_base64="QHvVSzGQDz74nrBG4C1nvv3lVF8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6m/mtMSrNZfxoJgn6ER3EPOSMGis1u2NkJOmVK27VnYOsEi8nFchR75W/un3J0ghjwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixNKYRaj+bXzslZ1bpk1AqW7Ehc/X3REYjrSdRYDsjaoZ62ZuJ/3md1IQ3fsbjJDUYs8WiMBXESDJ7nfS5QmbExBLKFLe3EjakijJjAyrZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/ADh2juY=</latexit>

~p<latexit sha1_base64="9Fla4d7L9wJLBpoXdgiMGl8E7k8=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3AmZACgUtFCihk2pgcSDhIRjdTP2HJ9BGJOoexyn4MRsoEQnO0EqdHg4BWT/sV2tu3Z2BLhOvIDVSoNmvfvXChGcxKOSSGdP13BT9nGkUXMKk0ssMpIyP2AC6lioWg/Hz2b0TemKVkEaJtqWQztTfEzmLjRnHge2MGQ7NojcV//O6GUZXfi5UmiEoPl8UZZJiQqfP01Bo4CjHljCuhb2V8iHTjKONqGJD8BZfXibts7p3UffuzmuN6yKOMjkix+SUeOSSNMgtaZIW4USSZ/JK3pxH58V5dz7mrSWnmDkkf+B8/gAcupAF</latexit>

✓d

<latexit sha1_base64="QHvVSzGQDz74nrBG4C1nvv3lVF8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6m/mtMSrNZfxoJgn6ER3EPOSMGis1u2NkJOmVK27VnYOsEi8nFchR75W/un3J0ghjwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixNKYRaj+bXzslZ1bpk1AqW7Ehc/X3REYjrSdRYDsjaoZ62ZuJ/3md1IQ3fsbjJDUYs8WiMBXESDJ7nfS5QmbExBLKFLe3EjakijJjAyrZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/ADh2juY=</latexit>

~p

<latexit sha1_base64="9Fla4d7L9wJLBpoXdgiMGl8E7k8=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3AmZACgUtFCihk2pgcSDhIRjdTP2HJ9BGJOoexyn4MRsoEQnO0EqdHg4BWT/sV2tu3Z2BLhOvIDVSoNmvfvXChGcxKOSSGdP13BT9nGkUXMKk0ssMpIyP2AC6lioWg/Hz2b0TemKVkEaJtqWQztTfEzmLjRnHge2MGQ7NojcV//O6GUZXfi5UmiEoPl8UZZJiQqfP01Bo4CjHljCuhb2V8iHTjKONqGJD8BZfXibts7p3UffuzmuN6yKOMjkix+SUeOSSNMgtaZIW4USSZ/JK3pxH58V5dz7mrSWnmDkkf+B8/gAcupAF</latexit>

✓d

Front-light echo

Collinear emission



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 

REAL DATA 2-hour observation 
of Coma Berenices



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

Back-light echo
<latexit sha1_base64="QHvVSzGQDz74nrBG4C1nvv3lVF8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6m/mtMSrNZfxoJgn6ER3EPOSMGis1u2NkJOmVK27VnYOsEi8nFchR75W/un3J0ghjwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixNKYRaj+bXzslZ1bpk1AqW7Ehc/X3REYjrSdRYDsjaoZ62ZuJ/3md1IQ3fsbjJDUYs8WiMBXESDJ7nfS5QmbExBLKFLe3EjakijJjAyrZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/ADh2juY=</latexit>

~p<latexit sha1_base64="9Fla4d7L9wJLBpoXdgiMGl8E7k8=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3AmZACgUtFCihk2pgcSDhIRjdTP2HJ9BGJOoexyn4MRsoEQnO0EqdHg4BWT/sV2tu3Z2BLhOvIDVSoNmvfvXChGcxKOSSGdP13BT9nGkUXMKk0ssMpIyP2AC6lioWg/Hz2b0TemKVkEaJtqWQztTfEzmLjRnHge2MGQ7NojcV//O6GUZXfi5UmiEoPl8UZZJiQqfP01Bo4CjHljCuhb2V8iHTjKONqGJD8BZfXibts7p3UffuzmuN6yKOMjkix+SUeOSSNMgtaZIW4USSZ/JK3pxH58V5dz7mrSWnmDkkf+B8/gAcupAF</latexit>

✓d

<latexit sha1_base64="QHvVSzGQDz74nrBG4C1nvv3lVF8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6m/mtMSrNZfxoJgn6ER3EPOSMGis1u2NkJOmVK27VnYOsEi8nFchR75W/un3J0ghjwwTVuuO5ifEzqgxnAqelbqoxoWxEB9ixNKYRaj+bXzslZ1bpk1AqW7Ehc/X3REYjrSdRYDsjaoZ62ZuJ/3md1IQ3fsbjJDUYs8WiMBXESDJ7nfS5QmbExBLKFLe3EjakijJjAyrZELzll1dJ86LqXVW9h8tK7TaPowgncArn4ME11OAe6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/ADh2juY=</latexit>

~p

<latexit sha1_base64="9Fla4d7L9wJLBpoXdgiMGl8E7k8=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3AmZACgUtFCihk2pgcSDhIRjdTP2HJ9BGJOoexyn4MRsoEQnO0EqdHg4BWT/sV2tu3Z2BLhOvIDVSoNmvfvXChGcxKOSSGdP13BT9nGkUXMKk0ssMpIyP2AC6lioWg/Hz2b0TemKVkEaJtqWQztTfEzmLjRnHge2MGQ7NojcV//O6GUZXfi5UmiEoPl8UZZJiQqfP01Bo4CjHljCuhb2V8iHTjKONqGJD8BZfXibts7p3UffuzmuN6yKOMjkix+SUeOSSNMgtaZIW4USSZ/JK3pxH58V5dz7mrSWnmDkkf+B8/gAcupAF</latexit>

✓d

Front-light echo

<latexit sha1_base64="87tJznFqReT+qjcyeY9W2N8S150=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcJMEPUY9OIxglkgMww9nUrSpGehuyYQhoAXf8WLB0W8+hPe/Bs7y0ETHxQ83quiql6QSKHRtr+t3Mrq2vpGfrOwtb2zu1fcP2joOFUc6jyWsWoFTIMUEdRRoIRWooCFgYRmMLid+M0hKC3i6AFHCXgh60WiKzhDI/nFIxf7gMzPxLk9drUIacXtgERGh36xZJftKegyceakROao+cUvtxPzNIQIuWRatx07QS9jCgWXMC64qYaE8QHrQdvQiIWgvWz6w5ieGqVDu7EyFSGdqr8nMhZqPQoD0xky7OtFbyL+57VT7F57mYiSFCHis0XdVFKM6SQQ2hEKOMqRIYwrYW6lvM8U42hiK5gQnMWXl0mjUnYuy879Ral6M48jT47JCTkjDrkiVXJHaqROOHkkz+SVvFlP1ov1bn3MWnPWfOaQ/IH1+QMq7Jc2</latexit>

✓i,0 ⇠ 2�v

<latexit sha1_base64="TRn6jNNBGpW2PAl7197WQ6/11pc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrCu65YpX9WZwl4mfkwrkqHfLX51ewrMYFXHJjGn7XkrBmGkSXOKk1MkMpowPWR/blioWownGs3sn7olVem6UaFuK3Jn6e2LMYmNGcWg7Y0YDs+hNxf+8dkbRVTAWKs0IFZ8vijLpUuJOn3d7QiMnObKEcS3srS4fMM042YhKNgR/8eVl0jyr+hdV/+68UrvO4yjCERzDKfhwCTW4hTo0gIOEZ3iFN+fReXHenY95a8HJZw7hD5zPHyROkAo=</latexit>

✓i

<latexit sha1_base64="TRn6jNNBGpW2PAl7197WQ6/11pc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrCu65YpX9WZwl4mfkwrkqHfLX51ewrMYFXHJjGn7XkrBmGkSXOKk1MkMpowPWR/blioWownGs3sn7olVem6UaFuK3Jn6e2LMYmNGcWg7Y0YDs+hNxf+8dkbRVTAWKs0IFZ8vijLpUuJOn3d7QiMnObKEcS3srS4fMM042YhKNgR/8eVl0jyr+hdV/+68UrvO4yjCERzDKfhwCTW4hTo0gIOEZ3iFN+fReXHenY95a8HJZw7hD5zPHyROkAo=</latexit>

✓i
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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

<latexit sha1_base64="87tJznFqReT+qjcyeY9W2N8S150=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcJMEPUY9OIxglkgMww9nUrSpGehuyYQhoAXf8WLB0W8+hPe/Bs7y0ETHxQ83quiql6QSKHRtr+t3Mrq2vpGfrOwtb2zu1fcP2joOFUc6jyWsWoFTIMUEdRRoIRWooCFgYRmMLid+M0hKC3i6AFHCXgh60WiKzhDI/nFIxf7gMzPxLk9drUIacXtgERGh36xZJftKegyceakROao+cUvtxPzNIQIuWRatx07QS9jCgWXMC64qYaE8QHrQdvQiIWgvWz6w5ieGqVDu7EyFSGdqr8nMhZqPQoD0xky7OtFbyL+57VT7F57mYiSFCHis0XdVFKM6SQQ2hEKOMqRIYwrYW6lvM8U42hiK5gQnMWXl0mjUnYuy879Ral6M48jT47JCTkjDrkiVXJHaqROOHkkz+SVvFlP1ov1bn3MWnPWfOaQ/IH1+QMq7Jc2</latexit>

✓i,0 ⇠ 2�v
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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



Enhancement factor

<latexit sha1_base64="1653rHNLsMbaWPgDsYSY1YcVAq8=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp2IWga0sLBIwHxAcoS9zVyyZm/v2N0TwpFfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjsrq2vrG5uFreL2zu7efungsKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RYqX7bK5XdijsDWSZeTsqQo9YrfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/mx06IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZfk36XCEzYmwJZYrbWwkbUkWZsdkUbQje4svLpHle8S4rXv2iXL3P4yjAMZzAGXhwBVW4gxo0gAHCM7zCm/PovDjvzse8dcXJZ47gD5zPH5xjjNg=</latexit>

D

<latexit sha1_base64="scOsfDO3BEQAlgFM092laoIULbc=">AAAB6HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJgY2GRgPmA5Ah7m7lkzd7esTsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqjk0eSxj3QmYASkUNFGghE6igUWBhHYwvp357SfQRsTqAScJ+BEbKhEKztBKDeyXK27VnYOuEi8nFZKj3i9/9QYxTyNQyCUzpuu5CfoZ0yi4hGmplxpIGB+zIXQtVSwC42fzQ6f0zCoDGsbalkI6V39PZCwyZhIFtjNiODLL3kz8z+umGN74mVBJiqD4YlGYSooxnX1NB0IDRzmxhHEt7K2Uj5hmHG02JRuCt/zyKmldVL2rqte4rNTu8ziK5IScknPikWtSI3ekTpqEEyDP5JW8OY/Oi/PufCxaC04+c0z+wPn8AeUjjQg=</latexit>

t

<latexit sha1_base64="GAi4M68sDs9DE3Vnd67DqxUqUZQ="></latexit>
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<latexit sha1_base64="PkTGQtEv64c17BCWuysRy8Qjha0="></latexit>
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Velocity dispersion

<latexit sha1_base64="ucJDcqfWY+xfyDZtndQ93WNmW0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBiwcPVawttKFstpt26WYTdidCCf0HXjwo4tV/5M1/46bNQVsfDDzem2FmXpBIYdB1v53Syura+kZ5s7K1vbO7V90/eDRxqhlvsVjGuhNQw6VQvIUCJe8kmtMokLwdjK9zv/3EtRGxesBJwv2IDpUIBaNopXus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOVnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14mj2d176Lu3Z3XGrdFHGU4gmM4BQ8uoQE30IQWMAjhGV7hzRk7L8678zFvLTnFzCH8gfP5AxmyjRw=</latexit>

t

<latexit sha1_base64="ucJDcqfWY+xfyDZtndQ93WNmW0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBiwcPVawttKFstpt26WYTdidCCf0HXjwo4tV/5M1/46bNQVsfDDzem2FmXpBIYdB1v53Syura+kZ5s7K1vbO7V90/eDRxqhlvsVjGuhNQw6VQvIUCJe8kmtMokLwdjK9zv/3EtRGxesBJwv2IDpUIBaNopXus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOVnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14mj2d176Lu3Z3XGrdFHGU4gmM4BQ8uoQE30IQWMAjhGV7hzRk7L8678zFvLTnFzCH8gfP5AxmyjRw=</latexit>

t

<latexit sha1_base64="qkBE64pa+kDTp4AFjU2jngP3XcQ=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBiyURUY8FLx48VLAf0Iay2W7apbvZsDsplNB/4sWDIl79J978N27aHLT1wcDjvRlm5oWJ4AY879spra1vbG6Vtys7u3v7B+7hUcuoVFPWpEoo3QmJYYLHrAkcBOskmhEZCtYOx3e5354wbbiKn2CasECSYcwjTglYqe+6gC8w9LOellhF0azSd6tezZsDrxK/IFVUoNF3v3oDRVPJYqCCGNP1vQSCjGjgVLBZpZcalhA6JkPWtTQmkpkgm18+w2dWGeBIaVsx4Ln6eyIj0pipDG2nJDAyy14u/ud1U4hug4zHSQospotFUSowKJzHgAdcMwpiagmhmttbMR0RTSjYsPIQ/OWXV0nrsuZf1/zHq2r9oYijjE7QKTpHPrpBdXSPGqiJKJqgZ/SK3pzMeXHenY9Fa8kpZo7RHzifPwXnkqc=</latexit>

t� to↵

<latexit sha1_base64="ucJDcqfWY+xfyDZtndQ93WNmW0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBiwcPVawttKFstpt26WYTdidCCf0HXjwo4tV/5M1/46bNQVsfDDzem2FmXpBIYdB1v53Syura+kZ5s7K1vbO7V90/eDRxqhlvsVjGuhNQw6VQvIUCJe8kmtMokLwdjK9zv/3EtRGxesBJwv2IDpUIBaNopXus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOVnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14mj2d176Lu3Z3XGrdFHGU4gmM4BQ8uoQE30IQWMAjhGV7hzRk7L8678zFvLTnFzCH8gfP5AxmyjRw=</latexit>

t

<latexit sha1_base64="GvdJdx201l0l/eCJaHljjEGLwHg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuwGUcuAjYVFBPOAbFhmZ2+SIbOzw8xsMIQ0Nv6KjYUitv6DnX/j5FFo4oELh3Pu5d57IsmZNp737eRWVtfWN/Kbha3tnd09d/+grtNMUajRlKeqGRENnAmoGWY4NKUCkkQcGlH/euI3BqA0S8W9GUpoJ6QrWIdRYqwUuscB7TEcEClV+oDLQQzcEDwIAwlKhm7RK3lT4GXiz0kRzVEN3a8gTmmWgDCUE61bvidNe0SUYZTDuBBkGiShfdKFlqWCJKDbo+kXY3xqlRh3UmVLGDxVf0+MSKL1MIlsZ0JMTy96E/E/r5WZzlV7xITMDAg6W9TJODYpnkSCY6aAGj60hFDF7K2Y9ogi1NjgCjYEf/HlZVIvl/yLkn93XqzczuPIoyN0gs6Qjy5RBd2gKqohih7RM3pFb86T8+K8Ox+z1pwznzlEf+B8/gDiuZg5</latexit>

� ⇡ 2�v?

<latexit sha1_base64="bEi+5ivCnHuJNod4sguuqJJsXPE=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KomIeix48eChgv2AJpbNZtIu3WyW3U2lhP4PLx4U8ep/8ea/cdvmoK0PBh7vzTAzL5ScaeO6387K6tr6xmZpq7y9s7u3Xzk4bOk0UxSaNOWp6oREA2cCmoYZDh2pgCQhh3Y4vJn67REozVLxYMYSgoT0BYsZJcZKj34E3BA86vkSlOxVqm7NnQEvE68gVVSg0at8+VFKswSEoZxo3fVcaYKcKMMoh0nZzzRIQoekD11LBUlAB/ns6gk+tUqE41TZEgbP1N8TOUm0Hieh7UyIGehFbyr+53UzE18HORMyMyDofFGccWxSPI0AR0wBNXxsCaGK2VsxHRBFqLFBlW0I3uLLy6R1XvMua979RbV+V8RRQsfoBJ0hD12hOrpFDdREFCn0jF7Rm/PkvDjvzse8dcUpZo7QHzifP3NTkoQ=</latexit>

�v?

<latexit sha1_base64="eaic9XF4v8oAmGq5YmAHHp72gl0=">AAAB6XicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzYWFjEYD4gOcLeZi9Zsrd37M4J4cg/sLFQxNZ/ZOe/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopUa10S+V3Yo7B1klXk7KkKPeL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+6ZScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZm+TgdCcoZxYQpkW9lbCRlRThjacog3BW355lbSqFe+q4j1clmv3eRwFOIUzuAAPrqEGd1CHJjAI4Rle4c0ZOy/Ou/OxaF1z8pkT+APn8wciiI0i</latexit>

2R



Small velocity dispersion
<latexit sha1_base64="GO27Ftf2atavB+kJCW+vT+65i1I=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgY2ER0XxAcoS9zV6yZG/v2J0LhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG5nfmvMtRGxesJJwv2IDpQIBaNopcdxL+mVK27VnYOsEi8nFchR75W/uv2YpRFXyCQ1puO5CfoZ1SiY5NNSNzU8oWxEB7xjqaIRN342P3VKzqzSJ2GsbSkkc/X3REYjYyZRYDsjikOz7M3E/7xOiuGNnwmVpMgVWywKU0kwJrO/SV9ozlBOLKFMC3srYUOqKUObTsmG4C2/vEqaF1Xvquo9XFZq93kcRTiBUzgHD66hBndQhwYwGMAzvMKbI50X5935WLQWnHzmGP7A+fwBbRqN7Q==</latexit>vp

<latexit sha1_base64="ucJDcqfWY+xfyDZtndQ93WNmW0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBiwcPVawttKFstpt26WYTdidCCf0HXjwo4tV/5M1/46bNQVsfDDzem2FmXpBIYdB1v53Syura+kZ5s7K1vbO7V90/eDRxqhlvsVjGuhNQw6VQvIUCJe8kmtMokLwdjK9zv/3EtRGxesBJwv2IDpUIBaNopXus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOVnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14mj2d176Lu3Z3XGrdFHGU4gmM4BQ8uoQE30IQWMAjhGV7hzRk7L8678zFvLTnFzCH8gfP5AxmyjRw=</latexit>

t

<latexit sha1_base64="ucJDcqfWY+xfyDZtndQ93WNmW0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBiwcPVawttKFstpt26WYTdidCCf0HXjwo4tV/5M1/46bNQVsfDDzem2FmXpBIYdB1v53Syura+kZ5s7K1vbO7V90/eDRxqhlvsVjGuhNQw6VQvIUCJe8kmtMokLwdjK9zv/3EtRGxesBJwv2IDpUIBaNopXus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOVnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14mj2d176Lu3Z3XGrdFHGU4gmM4BQ8uoQE30IQWMAjhGV7hzRk7L8678zFvLTnFzCH8gfP5AxmyjRw=</latexit>

t

<latexit sha1_base64="qkBE64pa+kDTp4AFjU2jngP3XcQ=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBiyURUY8FLx48VLAf0Iay2W7apbvZsDsplNB/4sWDIl79J978N27aHLT1wcDjvRlm5oWJ4AY879spra1vbG6Vtys7u3v7B+7hUcuoVFPWpEoo3QmJYYLHrAkcBOskmhEZCtYOx3e5354wbbiKn2CasECSYcwjTglYqe+6gC8w9LOellhF0azSd6tezZsDrxK/IFVUoNF3v3oDRVPJYqCCGNP1vQSCjGjgVLBZpZcalhA6JkPWtTQmkpkgm18+w2dWGeBIaVsx4Ln6eyIj0pipDG2nJDAyy14u/ud1U4hug4zHSQospotFUSowKJzHgAdcMwpiagmhmttbMR0RTSjYsPIQ/OWXV0nrsuZf1/zHq2r9oYijjE7QKTpHPrpBdXSPGqiJKJqgZ/SK3pzMeXHenY9Fa8kpZo7RHzifPwXnkqc=</latexit>

t� to↵

<latexit sha1_base64="ucJDcqfWY+xfyDZtndQ93WNmW0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBiwcPVawttKFstpt26WYTdidCCf0HXjwo4tV/5M1/46bNQVsfDDzem2FmXpBIYdB1v53Syura+kZ5s7K1vbO7V90/eDRxqhlvsVjGuhNQw6VQvIUCJe8kmtMokLwdjK9zv/3EtRGxesBJwv2IDpUIBaNopXus9Ks1t+7OQJaJV5AaFGj2q1+9QczSiCtkkhrT9dwE/YxqFEzyaaWXGp5QNqZD3rVU0YgbP5tdOiUnVhmQMNa2FJKZ+nsio5ExkyiwnRHFkVn0cvE/r5tieOVnQiUpcsXmi8JUEoxJ/jYZCM0ZyokllGlhbyVsRDVlaMPJQ/AWX14mj2d176Lu3Z3XGrdFHGU4gmM4BQ8uoQE30IQWMAjhGV7hzRk7L8678zFvLTnFzCH8gfP5AxmyjRw=</latexit>

t

<latexit sha1_base64="eaic9XF4v8oAmGq5YmAHHp72gl0=">AAAB6XicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzYWFjEYD4gOcLeZi9Zsrd37M4J4cg/sLFQxNZ/ZOe/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopUa10S+V3Yo7B1klXk7KkKPeL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+6ZScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZm+TgdCcoZxYQpkW9lbCRlRThjacog3BW355lbSqFe+q4j1clmv3eRwFOIUzuAAPrqEGd1CHJjAI4Rle4c0ZOy/Ou/OxaF1z8pkT+APn8wciiI0i</latexit>

2R

<latexit sha1_base64="ERT0Gm/kPvQbmfH0GETM4BnF/SQ=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqswUUZcFNy5cVLAP6AxDJs20oZkkJJlqqf0UNy4UceuXuPNvTNtZaOuBC4dz7uXee2LJqDae9+0U1tY3NreK26Wd3b39A7d82NIiU5g0sWBCdWKkCaOcNA01jHSkIiiNGWnHw+uZ3x4Rpang92YsSZiiPqcJxchYKXLLAR5QGCAplXiEtVEkI7fiVb054Crxc1IBORqR+xX0BM5Swg1mSOuu70kTTpAyFDMyLQWZJhLhIeqTrqUcpUSHk/npU3hqlR5MhLLFDZyrvycmKNV6nMa2M0VmoJe9mfif181MchVOKJeZIRwvFiUZg0bAWQ6wRxXBho0tQVhReyvEA6QQNjatkg3BX355lbRqVf+i6t+dV+q3eRxFcAxOwBnwwSWogxvQAE2AwQN4Bq/gzXlyXpx352PRWnDymSPwB87nD6NPk6I=</latexit>

� ⇡ 2vp





Isothermal sphereCaustic ring model

<latexit sha1_base64="IaVJZHxVSte1XPq8Qt51NMHu1+k="></latexit>

⇢ = 1 GeV cm�3

v = 300 km/s

�v = 70 m/s

v? = 5 km/s

<latexit sha1_base64="47WD7L1935/8IfRSwvhxlcs0rD4="></latexit>

⇢ = 0.45 GeV cm�3

v = 230 km/s

�v = 270 km/s



<latexit sha1_base64="phvJXUxk+B/VYZI4qVDgNk/48IQ="></latexit>

E = 10MWyr s/n = 5 Tn = 20K R = 50m Rc = 100m
<latexit sha1_base64="rPjQ6uADaexNLW8L/y/VE/+YfRQ="></latexit>

to↵ =
1

2�!
�! = �pz/2

Isothermal sphereCaustic ring model

Fixed energy to cover a factor of 2 in axion mass (dashed)



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


