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Spontaneous decay (IR and higher)


Stimulated decay (radio)


Topics



Axion-photon interaction
<latexit sha1_base64="h+/8KWcRfJJZhcqRjgIYTtT98jg="></latexit>

La�� =
1

4
gaFµ⌫ F̃

µ⌫ = �ga ~E · ~B



cajohare/axionlimits: Axionlimits



Spontaneous decay
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Decay rate in vacuum
<latexit sha1_base64="LoMMUlbe2EWYeO9PfolF7wX7wKo="></latexit>

�a!�� ⇠ 10�22 yr�1

✓
g

10�13 GeV�1

◆2 ⇣ m

4 eV

⌘3

Look at dark matter rich 
targets

Dwarf spheroidal galaxies 

Clusters of galaxies 

Milky Way



Look for radiation from ALP decay

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



Example: Sculptor

Sculptor dwarf galaxy. Photo by ESO.

<latexit sha1_base64="hL8OnfD6ilYeHufhNHtF8c7jyLE="></latexit>

⇢s = 2⇥ 107 M� kpc�3

rs = 1.5 kpc

d = 86 kpc (1)

<latexit sha1_base64="alu1wSlmnddlpZoo9xn4+cnRJpY="></latexit>

r10 = 0.16 rs

M10 ⇠ 105 M� ⇠ 1071 eV (1)

<latexit sha1_base64="dQBX8S0VvRCmuNvgo03qJiFhE4Q=">AAACEnicbVC7TsMwFHXKq5RXgZHFokKCpSSoAsZKLAwdikQfUhMqx3FSq44d2Q6oivINLPwKCwMIsTKx8Te4jwFajnSlo3Pu1b33+AmjStv2t1VYWl5ZXSuulzY2t7Z3yrt7bSVSiUkLCyZk10eKMMpJS1PNSDeRBMU+Ix1/eDX2O/dEKir4rR4lxItRxGlIMdJG6pdP3IbgkaTRQCMpxQN07Lus5uRujPRAxllAMBqpU5XDfrliV+0J4CJxZqQCZmj2y19uIHAaE64xQ0r1HDvRXoakppiRvOSmiiQID1FEeoZyFBPlZZOXcnhklACGQpriGk7U3xMZipUaxb7pHF+q5r2x+J/XS3V46WWUJ6kmHE8XhSmDWsBxPjCgkmDNRoYgLKm5FeIBkghrk2LJhODMv7xI2mdV57zq3NQq9cYsjiI4AIfgGDjgAtTBNWiCFsDgETyDV/BmPVkv1rv1MW0tWLOZffAH1ucPQBGd3g==</latexit>

=) 1041decays/s



Flux density from ALP decay

<latexit sha1_base64="xyUqSCAOaRHuz8MEAIjZ2dDn2/0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBiwcPFewHtKFstpN26WYTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpAIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Db3O0+oNI/lo5km6Ed0JHnIGTW51EchBtWaW3fnIKvEK0gNCjQH1a/+MGZphNIwQbXueW5i/Iwqw5nAWaWfakwom9AR9iyVNELtZ/NbZ+TMKkMSxsqWNGSu/p7IaKT1NApsZ0TNWC97ufif10tNeONnXCapQckWi8JUEBOT/HEy5AqZEVNLKFPc3krYmCrKjI2nYkPwll9eJe2LundV9x4ua437Io4ynMApnIMH19CAO2hCCxiM4Rle4c2JnBfn3flYtJacYuYY/sD5/AESYI5L</latexit>

`

<latexit sha1_base64="aCGwejc1PWKNmIAFosaYF0fCzQU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegFw+CEcxDkiXMTjrJkJndZWZWCEu+wosHRbz6Od78GyfJHjSxoKGo6qa7K4gF18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1QyoRsFDrBluBDZjhVQGAhvB8HriN55QaR6FD2YUoy9pP+Q9zqix0uNVqX0nsU9POoWiW3anIIvEy0gRMlQ7ha92N2KJxNAwQbVueW5s/JQqw5nAcb6daIwpG9I+tiwNqUTtp9ODx+TYKl3Si5St0JCp+nsipVLrkQxsp6RmoOe9ifif10pM79JPeRgnBkM2W9RLBDERmXxPulwhM2JkCWWK21sJG1BFmbEZ5W0I3vzLi6R+WvbOy979WbFym8WRg0M4ghJ4cAEVuIEq1ICBhGd4hTdHOS/Ou/Mxa11yspkD+APn8we3Q4+8</latexit>

B(⌦)

<latexit sha1_base64="nmzCyp9k/ArIm3rM93GCCisQkKE="></latexit>

flux density =
power received

area⇥ (frequency or wavelength)

<latexit sha1_base64="OlrsDY4HvK1btbPx8V32eqbs/Vs="></latexit>

S�(✓) =
�a!��

4⇡�⌫

Z
d⌦ d`⇢a[r(✓,⌦, `)]B(⌦)



Galaxy ClustersDwarf Spheroidals

Bonnivard+, 1504.02048 Combet+, 1203.1164



Kinematics of the decay
<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

Dark matter is non relativistic  

The signal is a narrow spectral line



The MUSE instrument
Multi Unit Spectroscopic Explorer  

•Measures flux in ~3720 channels


•Spectral resolution 


•Field of view


•Spatial resolution

<latexit sha1_base64="6aQv/mkaDflAkyol41sHm00mJpE="></latexit>

4700 Å < � < 9350 Å
<latexit sha1_base64="WyS4YvEEZMFSXksStNeKG5pKTOk="></latexit>

2.65 eV < m < 5.27 eV

<latexit sha1_base64="xVUMS1h6woPKDG8DhYpYn9ZGvQw="></latexit>

�/�� > 103

<latexit sha1_base64="6IIyyc08egXXZ0N9EbWwosJMJKM=">AAACGHicbVDLSsNAFJ3UV42vqEs3g6XgKibia1lwocsK9gFNWibTSTt0MgkzE6GEfoYbf8WNC0XcduffOE0jaOuFuZw5517uvSdIGJXKcb6M0srq2vpGedPc2t7Z3bP2D5oyTgUmDRyzWLQDJAmjnDQUVYy0E0FQFDDSCkY3M731SISkMX9Q44T4ERpwGlKMlKZ61qnb9RJBI+IpneTPz6x6kkbQsS+6WaHnedKzKo7t5AGXgVuACiii3rOmXj/GaUS4wgxJ2XGdRPkZEopiRiaml0qSIDxCA9LRkCO9hZ/lh01gVTN9GMZCP65gzv7uyFAk5TgKdGWE1FAuajPyP62TqvDazyhPUkU4ng8KUwZVDGcuwT4VBCs21gBhQfWuEA+RQFhpL01tgrt48jJontnupe3en1dqt4UdZXAEjsEJcMEVqIE7UAcNgMETeAFv4N14Nl6ND+NzXloyip5D8CeM6Tc135/p</latexit>

10 ⇥ 10

<latexit sha1_base64="7A9p6AT2sWWP31HKS+vLcghlig4=">AAACAHicbVC7TsMwFL0pr1JeAQYGFosKiSlKEK+xEgOMRaIPqQmV4zqtVTuJbAepirLwKywMIMTKZ7DxN7iPAVqOdK+OzrlX9j1hypnSrvttlZaWV1bXyuuVjc2t7R17d6+pkkwS2iAJT2Q7xIpyFtOGZprTdiopFiGnrXB4PfZbj1QqlsT3epTSQOB+zCJGsDZS1z7wFRPIdc4fcj+VTNBpL7p21XXcCdAi8WakCjPUu/aX30tIJmisCcdKdTw31UGOpWaE06LiZ4qmmAxxn3YMjbGgKsgnBxTo2Cg9FCXSVKzRRP29kWOh1EiEZlJgPVDz3lj8z+tkOroKchanmaYxmT4UZRzpBI3TQD0mKdF8ZAgmkpm/IjLAEhNtMquYELz5kxdJ89TxLhzv7qxau5nFUYZDOIIT8OASanALdWgAgQKe4RXerCfrxXq3PqajJWu2sw9/YH3+AEXeljw=</latexit>

⇠ 0.500



The MUSE-Faint Survey

+ Sculptor

Eri 2

 Zoutendijk et al.,  The MUSE-Faint survey. III, 2112.09374



The data

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



The signal
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Going to higher frequencies

Condon, Ransom - Essential Radio Astronomy



Hubble Space Telescope





Hubble Space Telescope
•Cosmology —  contributed to (confirmed) the discovery of accelerating expansion of the 
Universe


•Galaxies — supermassive black holes in every galaxy, first flat accretion-disk image,


•Star Evolution  — young stellar clusters


•Exoplanets — first visible-light image


•Solar System — Pluto surface and moons


Observations are not done with a dark matter indirect search in mind!



Can we still use the data to search for axion dark matter?

•1-dimensional detectors


•Cannot mask bright sources


•Blank sky observations taken during 
science verification phase

•2-dimensional detectors


•Blank sky search possible by masking 
point sourcesphase


•Few observations of dwarfs and galaxy 
clusters
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Axion stimulated decay 



In background of photons with 
momentum        the decay rate is 
enhanced by a factor


<latexit sha1_base64="OG2BeK2hqFltKxJI1eqs7EgB2tM="></latexit>

�a!�� = 10�43 yr�1

✓
g

10�15 GeV�1

◆2 ⇣ m

10�5 eV

⌘3

<latexit sha1_base64="nR1go/REoTbNbZY3LEkE0wLH0t0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94q2A9oQ9lsJ+2SzSbsbgol9Ed48aCIV3+PN/+N2zYHrT4YeLw3w8y8IBVcG9f9ckpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLodu53Jqg0T+Sjmabox3QkecgZNVbq9CfI8mg2qNbcursA+Uu8gtSgQHNQ/ewPE5bFKA0TVOue56bGz6kynAmcVfqZxpSyiI6wZ6mkMWo/X5w7I2dWGZIwUbakIQv150ROY62ncWA7Y2rGetWbi/95vcyEN37OZZoZlGy5KMwEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6st/Sfui7l3VvYfLWuO+iKMMJ3AK5+DBNTTgDprQAgYRPMELvDqp8+y8Oe/L1pJTzBzDLzgf36I1j8o=</latexit>

~k

<latexit sha1_base64="fEbPIqWy3eaJ/E4IFqJMMVu+Aw4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUoioi4LblxJBfuAJoTJdNIOnZmEmUkhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994QJo0o7zrdVWlvf2Nwqb1d2dvf2D+zDo46KU4lJG8cslr0QKcKoIG1NNSO9RBLEQ0a64fh25ncnRCoai0edJcTnaChoRDHSRgrsahR4Q8Q5qnsTgvPx1Ds/C+ya03DmgKvELUgNFGgF9pc3iHHKidCYIaX6rpNoP0dSU8zItOKliiQIj9GQ9A0ViBPl5/Pjp/DUKAMYxdKU0HCu/p7IEVcq46Hp5EiP1LI3E//z+qmObvyciiTVRODFoihlUMdwlgQcUEmwZpkhCEtqboV4hCTC2uRVMSG4yy+vks5Fw71quA+XteZ9EUcZHIMTUAcuuAZNcAdaoA0wyMAzeAVv1pP1Yr1bH4vWklXMVMEfWJ8/HHOUdQ==</latexit>

f�(~k )

Decay rate into photons

<latexit sha1_base64="9F7qFxqhrw/D5ZvpdQe7fHrs4Xs=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQkpSRF0W3bisYB/QhDKZTtqhM5MwMymUNAs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89Qcyo0o7zbRXW1jc2t4rbpZ3dvf0D+/CopaJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwup357TGRikbiQU9i4nM0EDSkGGkj9ezy1BsTnI4y73zqKcqhF0qEU56ltaxnV5yqMwdcJW5OKiBHo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQlL1EkRniEBqRrqECcKD+dP5HBU6P0YRhJU0LDufp7IkVcqQkPTCdHeqiWvZn4n9dNdHjtp1TEiSYCLxaFCYM6grNEYJ9KgjWbGIKwpOZWiIfIpKBNbiUTgrv88ipp1aruZdW9v6jUb/I4iqAMTsAZcMEVqIM70ABNgMEjeAav4M16sl6sd+tj0Vqw8plj8AfW5w9UEpiI</latexit>

|~k | ⇠ m

2



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

Ha�� ⇠
X

a
†
�(~k )a

†
�(�~k )aa + h.c.

•A photon of momentum            is created                    the echo 

•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



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

!1 =
m+ pk

2
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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



Detailed Study of the 
Echo from a Point Source

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

JCAP 05 (2024) 040



Smearing of the signal
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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 proper motion


•Source’s variability


•Source’s age


•Source’s distance
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M. Regis, E.T. et al., SKA book, in preparation



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



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

A. Arza, P. Sikivie, PRL (2019) 13

A. Arza, E.T., PRD 105 (2022) 2
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⇢ = 0.45 GeV cm�3

v = 230 km/s

�v = 270 km/s
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E = 10MWyr s/n = 5 Tn = 20K R = 50m Rc = 100m

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



Enhancement factor
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Velocity dispersion
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Small velocity dispersion
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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





Beam height





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


