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The QCD axion is a viable and theoretically well-motivated Dark Matter candidate.


• The QCD Lagrangian admits CP violating term:


• No evidence of CP violation in QCD sector


It is dynamically solved by promoting 𝜃 to be a scalar field.

Strong-CP problem and QCD axion

Irastorza and Redondo, Prog.Part.Nucl.Phys. 102 (2018) 1
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The axion parameters space

2

Most of the axion (direct and indirect) searches exploit its coupling to two photons.
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Axion-Photon 
conversion in an 
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Irastorza and Redondo, Prog.Part.Nucl.Phys. 102 (2018)
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Multi-messenger Signal — GW + EM
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Plot legend

Observation of Black Hole—Neutron Star inspirals with an Axion DM spike
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LIGO and Virgo, Phys. Rev. X9 (2019)

IMBHs are the least constrained mass window:


No detection by GWs so far, but evidences of 
their existence in the centre of small galaxies 
and in globular clusters.


Different possibile formation mechanisms:


• Mergers of stellar mass objects


• Collapse of gas clouds at high redshift


• Collapse of large primordial density 
perturbations before BBN
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Intermediate Mass Black Holes
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IMBHs may exist in DM halo and form DM spike through their adiabatic growth.
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Dark Matter Spike
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✓
r

rsp

◆�↵

<latexit sha1_base64="FA4Mm65SX2zFepusZprRhOijgLI="></latexit>

⇢DM / r�↵init
<latexit sha1_base64="Y678OwieSPzN/fKe9oS4meL6g58=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIIHDbsq6FHUgxdBwaiQjaF30jGDs7vDTK8gy/6En+BXeNWTN/Go4L84iTloYp2Kqm66qyKtpCXf//BGRsfGJyanpkszs3PzC+XFpQubZkZgTaQqNVcRWFQywRpJUnilDUIcKbyMbg+7/uUdGivT5JzuNTZiuElkWwogJzXLG6HppM08NDE/Oil4qE2qKeXmOt8MQekO/HgykVQUzXLFr/o98GES9EmF9XHaLH+FrVRkMSYkFFhbD3xNjRwMSaGwKIWZRQ3iFm6w7mgCMdpG3ktV8LXMgntFo+FS8Z6IvzdyiK29jyM3GQN17KDXFf/z6hm19xq5THRGmIjuIZIKe4esMNLVhbwlDRJB93N06bkAA0RoJAchnJi5/kquj2Aw/TC52KoG29Wts53K/kG/mSm2wlbZOgvYLttnx+yU1ZhgD+yJPbMX79F79d6895/REa+/s8z+wPv8Bj/eo9E=</latexit>

z = 0
<latexit sha1_base64="XB71XkCsRC9heeHQYgUOF2a0xwQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHiOYByRJmJ51kyOzsMjMrxCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwupn6zUdUmkfywYxj9EM6kLzPGTVWun+6crvFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukUSl7Z+XK3Xmpep3FkYcjOIZT8OACqnALNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8f2s2Ngw==</latexit>

z = 20
<latexit sha1_base64="9SBJwsbx5SfHR+lGQOvg1K49nbI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtBb0IRS8eK9gPaJeSTbNtaJJdkqxQl/4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueRKs0i+WCmMfUFHkkWMoJNJj1d19xBueJW3TnQKvFyUoEczUH5qz+MSCKoNIRjrXueGxs/xcowwums1E80jTGZ4BHtWSqxoNpP57fO0JlVhiiMlC1p0Fz9PZFiofVUBLZTYDPWy14m/uf1EhNe+SmTcWKoJItFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7VrVu6jW7uuVxk0eRxFO4BTOwYNLaMAdNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AEx1jb8=</latexit>

The DM density is extremely enhanced towards 
innermost stable circular orbit (ISCO).

It can be destroyed by mergers and by the presence of 
energetic accretion disk (baryonic matter).

Navarro, Frenk, White, Astrophys.J. 462 (1996); Gondolo 
and Silk, PRL 83 (1999); Zhao and Silk, PRL 95 (2005); 

Bertone, Zentner and Silk, PRD 72 (1999).
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The presence of a DM halo causes additional energy loss through Dynamical Friction:

6

Gravitational Wave Signal — Dynamical Friction

�dEorbit

dt
=

dEGW

dt
+

dEDF

dt
<latexit sha1_base64="IJ6aIudOnYrFXpuMUnukJMzz3Kw=">AAACRHicbZDJSgNBEIZ73I1b1KOXxiAIYpiJgl4EcT9GMAskIdR0KrFJz0J3jSDDvJaP4DsIetSTN/EqTuIcNLFOP/9XRVX9bqikIdt+siYmp6ZnZufmcwuLS8sr+dW1qgkiLbAiAhXougsGlfSxQpIU1kON4LkKa27/dMBrd6iNDPwbug+x5UHPl10pgFKrnS/v8mZXg4g7/LwdN7XHA+1KSpK4Qwk/GoWXtYzsjJKzix/Szhfsoj0sPi6cTBRYVuV2/qXZCUTkoU9CgTENxw6pFYMmKRQmuWZkMATRhx42UumDh6YVDz9P+FZkgAIeouZS8aGJvydi8Iy599y00wO6NaNsYP7HGhF1D1ux9MOI0BeDRSQVDhcZoWUaKfKO1EgEg8uRS58L0ECEWnIQIjWjNONcmocz+v24qJaKzl6xdL1fOD7JkpljG2yTbTOHHbBjdsXKrMIEe2DP7JW9WY/Wu/Vhff60TljZzDr7U9bXN7wisYI=</latexit>

dEDF

dt
= 4⇡G2 ln⇤

M2
NS ⇢DM

vNS
<latexit sha1_base64="kUYW5lFh/aIIi4DDd7AAQ/5KiPo="></latexit>

with
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GWs
<latexit sha1_base64="k00p0UtuJEv6s7ZDl1QrlJNeqts=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFF7qsYB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEdtfVs0G15tbdOdAq8QpSgwKtQfXLH8YkFVQawrHWfc9NTJBhZRjhdFbxU00TTCZ4RPuWSiyoDrJ55hk6s8oQRbGyTxo0V39vZFhoPRWhncwz6mUvF//z+qmJroOMySQ1VJLFoSjlyMQoLwANmaLE8KklmChmsyIyxgoTY2uq2BK85S+vkk6j7l3UGw+XteZNUUcZTuAUzsGDK2jCPbSgDQQSeIZXeHNS58V5dz4WoyWn2DmGP3A+fwBb5pHk</latexit>

Time
<latexit sha1_base64="ZaaoO7QB1YYPvWUeWnrh1CS07M4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r9AXtUDJppg1NMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vp7CxubW9U9wt7e0fHB6Vj0/aOkoUoS0S8Uh1A6wpZ5K2DDOcdmNFsQg47QST+8zvTKnSLJJNM4upL/BIspARbKzk9wU2YyXSJhN0PihX3Kq7AFonXk4qkKMxKH/1hxFJBJWGcKx1z3Nj46dYGUY4nZf6iaYxJhM8oj1LJRZU++ki9BxdWGWIwkjZJw1aqL83Uiy0nonATmYh9aqXif95vcSEt37KZJwYKsnyUJhwZCKUNYCGTFFi+MwSTBSzWREZY4WJsT2VbAne6pfXSbtW9a6qtcfrSv0ur6MIZ3AOl+DBDdThARrQAgJP8Ayv8OZMnRfn3flYjhacfOcU/sD5/AFFG5Js</latexit>

Phase shift in the GW signalInspiral takes less time than in vacuum 

Measuring the phase shift constrains the DM density 
See Kavanagh’s talk and also Eda et al., PRL 110 (2013), PRD 91 (2015)



Marco Chianese | GRAPPA

3 4 5 6 7 8 10 12 14
Radius, r

⇥
10�9 pc

⇤
1020

1021

1022

1023

1024

D
M

D
en

si
ty

,
⇢ D

M

⇥ M
�

p
c�

3
⇤

3 days 10 days 30 days 100 days 1 year 4 years

Time to merger

↵ = 7/3

error less 
than 10%

7

LISA Sensitivity — Dark Matter density

LISA Collaboration, arXiv:1702.000786; Fragione et 
al., Astrophys.J, 856 (2018)

LISA will observe these objects for 5 
years prior to merger, with an expected 
detection rate of


The uncertainty on DM density at small 
radii increases:


• GW dominates over DF;


• Small number of cycles (less 
time) at a given radius;


• LISA sensitivity decreases at 
higher frequencies (signal ending 
at 0.44 Hz).

R ⇠ 3� 10 Gpc�3 yr�1
<latexit sha1_base64="4yRlPy+tq0JQb75insLpTe40ckk=">AAACIHicbVC7TsNAEDzzDOEVoKQ5ESFRkMgmSFAiKKAMiABSHKL1scCJO9u6WyNFlvkIPoGvoIWKDlGCxL9ghxRAmOZGM7vamwliJS257rszMjo2PjFZmipPz8zOzVcWFk9slBiBLRGpyJwFYFHJEFskSeFZbBB0oPA0uNkr/NNbNFZG4TH1YuxouArlpRRAudStrPsa6FqASo8y7lupeaPmuXepbzTfj8V5Wmtkdz2Tv16WdStVt+72wYeJNyBVNkCzW/n0LyKRaAxJKLC27bkxdVIwJIXCrOwnFmMQN3CF7ZyGoNF20n6qjK8mFijiMRouFe+L+HMjBW1tTwf5ZJHB/vUK8T+vndDldieVYZwQhqI4RFJh/5AVRuZ1Ib+QBomg+DlyGXIBBojQSA5C5GKS91fO+/D+ph8mJxt1r1HfONys7uwOmimxZbbC1pjHttgOO2BN1mKC3bNH9sSenQfnxXl13r5HR5zBzhL7BefjC6BZotA=</latexit>

Caveats: measurements of individual 
masses and spins (high order post-
Newtonian effects).
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Neutron Stars — Axion-Photon conversion
Old NSs are highly abundant in globular 
clusters, being the dominant stellar mass 
object merging to IMBHs.


They have:


• extremely high magnetic fields


• long spin periods


• a surrounding dense plasma that 
provides an effective photon mass

ATNF Pulsar Catalogue
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Benchmark scenario

Dead NSs 

Active
 NSs

Manchester et al., Astron.J. 129 (2005)
(the catalogue contains only nearby


active pulsar in the galactic disk, 

the population of old is uncertain)

Resonant Axion-Photon 
Conversion

resonance
!p (B0, P ) = ma/2⇡

<latexit sha1_base64="ekKf35ChupBiTAY809UYqVMBrfg=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBAiSNyNgl6EoBePEYwJZMPSO3bi4MzuMNMrSPAX/AS/wquevIlXwYP/4ibm4KtORVU33VWxUdKR7797E5NT0zOzhbni/MLi0nJpZfXcpZkV2BSpSm07BodKJtgkSQrbxiLoWGErvjoe+q1rtE6myRndGOxq6CeyJwVQLkWlSphq7ENkQoU9qhxF/na4zRuhlf1L2uKHXEewUwuNjEplv+qPwP+SYEzKbIxGVPoIL1KRaUxIKHCuE/iGugOwJIXC22KYOTQgrqCPnZwmoNF1B6NEt3wzc0ApN2i5VHwk4veNAWjnbnScT2qgS/fbG4r/eZ2MegfdgUxMRpiI4SGSCkeHnLAyrwr5hbRIBMPPkcuEC7BAhFZyECIXs7y7Yt5H8Dv9X3Jeqwa71drpXrl+NG6mwNbZBquwgO2zOjthDdZkgt2xB/bInrx779l78V6/Rie88c4a+wHv7ROd3p//</latexit>

ma
<latexit sha1_base64="uofDz2yXExFWA0TSYJymjKgX5Nw=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdOsPYFCp2jU7B18kTkGqrEBzUPnqD0MR+xiQUGBMz7EjchPQJIXCWbkfG4xATGCMvZQG4KNxkzzqjB/HBijkEWouFc9F/L2RgG/M1PfSSR/o3sx7mfif14tpdOEmMohiwkBkh0gqzA8ZoWXaAfKh1EgEWXLkMuACNBChlhyESMU4LaWc9uHMf79I2vWac1qr35xVG5dFMyV2yI7YCXPYOWuwa9ZkLSbYmD2xZ/ZiPVqv1pv1/jO6ZBU7B+wPrI9v7RqSTg==</latexit>

!p
<latexit sha1_base64="0tm6CN8XF/dSglOz1gKGKd9zXTI=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIDEpQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd4g9HECw2hYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDqNunNWb9ye15pXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDdkClIc=</latexit>

ga��
<latexit sha1_base64="WnfEo0uoC9sY5ZJYxD0QMTJxveA=">AAACBXicbVA9TwJBEN3DL8Qv0NJmIzGxIndooiXRxhIT+UiAkLllwA27d5fdOQ25UPsrbLWyM7b+Dgv/iwdeoeArJi/vzWRmnh8pacl1P53cyura+kZ+s7C1vbO7VyztN20YG4ENEarQtH2wqGSADZKksB0ZBO0rbPnjq5nfukdjZRjc0iTCnoZRIIdSAKVSv1ga9RPojkDrrE77xbJbcefgy8TLSJllqPeLX91BKGKNAQkF1nY8N6JeAoakUDgtdGOLEYgxjLCT0gA02l4yP33Kj2MLFPIIDZeKz0X8PZGAtnai/bRTA93ZRW8m/ud1Yhpe9BIZRDFhIGaLSCqcL7LCyDQT5ANpkAhmlyOXARdggAiN5CBEKsZpSIU0D2/x+2XSrFa800r15qxcu8ySybNDdsROmMfOWY1dszprMMEe2BN7Zi/Oo/PqvDnvP605J5s5YH/gfHwDf3GYuw==</latexit>

old NS
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Dependence on the Dark Matter six-dimensional phase-space distribution function:

We consider the Goldreich-Julian model for the NS magnetosphere:

9

Radio Signal

rc(B0, P, ma) : !p = ma/2⇡
<latexit sha1_base64="flbqOCJJS6LHzJADUuO1YRYNhns=">AAACHnicbVDLSgNBEJz1bXxFPXoZDIKKxN0oKIIgevEYwaiQDUvv2MYhM7vDTK8gQb/BT/ArvOrJm3jVg//ibszBVx2aoqqb7q7YKOnI99+9gcGh4ZHRsfHSxOTU9Ex5du7EpZkV2BCpSu1ZDA6VTLBBkhSeGYugY4Wnceeg8E+v0DqZJsd0bbCloZ3ICymAcikqr9pI8OX9yF8L13i9KDqClZ3bMNXYhsjw3UJYr4VGRuWKX/V74H9J0CcV1kc9Kn+E56nINCYkFDjXDHxDrS5YkkLhTSnMHBoQHWhjM6cJaHStbu+nG76UOaCUG7RcKt4T8ftEF7Rz1zrOOzXQpfvtFeJ/XjOji+1WVyYmI0xEsYikwt4iJ6zMw0J+Li0SQXE5cplwARaI0EoOQuRilqdXyvMIfn//l5zUqsFGtXa0Wdnb7yczxhbYIltmAdtie+yQ1VmDCXbHHtgje/LuvWfvxXv9ah3w+jPz7Ae8t08fB5+f</latexit>

pa� ⇠
g2a��B (rc)

2 L2
conv

2 vc
<latexit sha1_base64="RfsiIHBp/lAoZdvPBQuN5fcE/Bc="></latexit>

• the resonant conversion radius


• the conversion probability
Flux 

density
S ⇠ 2 pa� ⇢DM(rc) vc r2c

B d2
<latexit sha1_base64="Qj1WrfjozquwziiZNSszIRse53c="></latexit>

• DM velocity


• Bandwidth of the radio signal


• DM density

vc
<latexit sha1_base64="S5ZD1DFXOXx0RWImtm1S4Fava6I=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIDEpQRNJRBkIeURNH6sgmnnB+6WwdFVj6BFio6RMv3UPAv2MYFJEw1mtnVzo4bKmnItj+twsrq2vpGcbO0tb2zu1feP2iZINICmyJQge64YFBJH5skSWEn1Aieq7DtTq5Tvz1FbWTg39MsxL4HY1+OpABKpLvpQAzKFbtqZ+DLxMlJheVoDMpfvWEgIg99EgqM6Tp2SP0YNEmhcF7qRQZDEBMYYzehPnho+nEWdc5PIgMU8BA1l4pnIv7eiMEzZua5yaQH9GAWvVT8z+tGNLrsx9IPI0JfpIdIKswOGaFl0gHyodRIBGly5NLnAjQQoZYchEjEKCmllPThLH6/TFq1qnNWrd2eV+pXeTNFdsSO2Slz2AWrsxvWYE0m2Jg9sWf2Yj1ar9ab9f4zWrDynUP2B9bHN/5Rklk=</latexit>

B
<latexit sha1_base64="9Bz2L3eYOWkoq+3JOys6R81PzUs=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIDEpRRaCiDREKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZf7dA2ojw+CWZhG6PkwCOZYCKJX6Ax/oXoBKWvNhtWbX7Rx8mTgFqbEC7WH1azAKRexjQEKBMX3HjshNQJMUCueVQWwwAjGFCfZTGoCPxk3yyHN+EhugkEeouVQ8F/H3RgK+MTPfSyeziGbRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3TLpCPpEYiyJIjlwEXoIEIteQgRCrGaTmVtA9n8ftl0m3UnbN64+a81mwVzZTZETtmp8xhF6zJrlmbdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vP4eV4Q==</latexit>

⇢DM (rc)
<latexit sha1_base64="aqUKppSPjRFgHKntzgW7cPvnVzA=">AAACEXicbVC7SgNBFJ31GeMrainCYBBiE3ajoGVQCxshgnlAdllmJzfJkNkHM3eFsKTyE/wKW63sxNYvsPBf3F1TaOKpDufcy73neJEUGk3z01hYXFpeWS2sFdc3Nre2Szu7LR3GikOThzJUHY9pkCKAJgqU0IkUMN+T0PZGl5nfvgelRRjc4TgCx2eDQPQFZ5hKbunAVsPQTWzl06ubiS2hjxXlcluJwRCP3VLZrJo56DyxpqRMpmi4pS+7F/LYhwC5ZFp3LTNCJ2EKBZcwKdqxhojxERtAN6UB80E7SR5jQo9izTCkESgqJM1F+L2RMF/rse+lkz7DoZ71MvE/rxtj/9xJRBDFCAHPDqGQkB/SXIm0H6A9oQCRZZ8DFQHlTDFEUIIyzlMxTgsrpn1Ys+nnSatWtU6qtdvTcv1i2kyB7JNDUiEWOSN1ck0apEk4eSBP5Jm8GI/Gq/FmvP+MLhjTnT3yB8bHN/oMnUQ=</latexit>

Eddington’s inversion formula 
(isotropy and spherical symmetry)

Liuoville’s theorem

and

Goldreich and Julian, Astrophys.J. 157 (1969), Huang et al., PRD 93 
(2018), Hook et al., PRL 121 (2018), Safdi et al., PRD 99 (2019)
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The DM phase-space distribution is completely defined by the spike slope 𝛼:1

10

Dark Matter phase-space distribution

f(E) = 1p
8⇡2

Z E

0

d p
E � 

d2⇢

d 2
/ E↵�3/2

<latexit sha1_base64="XLE30JzgvTpPmjMmBZlEHjlK+i4="></latexit>

withf(v|r) = 4⇡v2
f(E)
⇢(r)

<latexit sha1_base64="wxtPja+USmSyl8/G/TBXntP2q3o="></latexit>

1Notation:  = GMBH/r
<latexit sha1_base64="Y5JauCbELI/rW1SUC0mCmGjMfjg=">AAACCXicbVC7SgNBFJ2Nrxhfq2JlMxgEq7gbBW2EEAvTCBHMA5JlmZ3cxCGzs8vMXSEs+QK/wlYrO7H1Kyz8FzcxhUZPdTjnXu65J4ilMOg4H1ZuYXFpeSW/Wlhb39jcsrd3miZKNIcGj2Sk2wEzIIWCBgqU0I41sDCQ0AqGlxO/dQ/aiEjd4igGL2QDJfqCM8wk397r1o2gF/SKXvtpV4e0Whsfa98uOiVnCvqXuDNSJDPUffuz24t4EoJCLpkxHdeJ0UuZRsEljAvdxEDM+JANoJNRxUIwXjqNP6aHiWEY0Rg0FZJORfi5kbLQmFEYZJMhwzsz703E/7xOgv1zLxUqThAUnxxCIWF6yHAtsl6A9oQGRDZJDlQoyplmiKAFZZxnYpIVVcj6cOe//0ua5ZJ7UirfnBYr1VkzebJPDsgRcckZqZAaqZMG4SQlj+SJPFsP1ov1ar19j+as2c4u+QXr/Quvcpic</latexit>

E =  (r)� v2/2
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gravitational potential relative energy

The DM velocity at the conversion 
radius is found to be;

v2c ⇠ v2peak +
2GMNS

rc
<latexit sha1_base64="/cnbg9f/hsQUX8xdSUtNTLUWk4Q="></latexit>
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��1
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The DM density is obtained by 
means of the Liouville’s theorem:

⇢rcDM frc (v) = ⇢1DM f1 (v1)
<latexit sha1_base64="OUVAJ9D1jnwOoWSS+h42IMTnak4="></latexit>
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vpeak
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DM velocity distribution
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SKA will explore the QCD axion in the mass range


• Minimum mass: lowest frequency probed by SKA


• Maximum mass: conversion exterior to NS rc  rNS = 10 km
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Square Kilometre Array Sensitivity

Smin =
SEFDp
2B Tobs

<latexit sha1_base64="tI345lLydQCzOXf8nhF4nf1gXwI="></latexit>

Minimum Observable Signal 
(SNR = 1)

• SKA System-Equivalent Flux 
Density:


• Observation time (time of last 
orbit): Tobs = 100 h
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SEFD = 0.098 Jy
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Bull et al., arXiv:1810.02680

10�7 � 10�5 eV
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Dependence on spike slope
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The larger the slope, the larger the DM density 
close the IMBH.


For small values of the spike slope, the GW 
phase difference becomes difficult to probe.

Larger Radio Signal!!!

Larger 
slope
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Dependence on NS parameters

The radiated power of the radio signal roughly scales as

10�7 10�6 10�5 10�4 10�3

Axion Mass, ma [eV]

10�19

10�17

10�15

10�13

10�11

A
xi

on
-P

h
ot

on
C

ou
p
li
n
g,

g a
�
�
[G

eV
�

1
]

A
D

M
X

A
D

M
X

p
ro

je
ct

io
n

QCD axion

↵ = 7/3
B0 = 1012 G

P = 10 s

P = 1.0 s

P = 0.1 s

10�7 10�6 10�5 10�4 10�3

Axion Mass, ma [eV]

10�19

10�17

10�15

10�13

10�11

A
xi

on
-P

h
ot

on
C

ou
p
li
n
g,

g a
�
�
[G

eV
�

1
]

A
D

M
X

A
D

M
X

p
ro

je
ct

io
n

QCD axion

↵ = 7/3

P = 10 s
B0 = 1015 G

B0 = 1012 G

B0 = 109 G

Magnetic Field B0 Spin Period P

dP
d⌦

⇠ B0 P

✓
3 cos2 ✓ + 1

|3 cos ✓ � 1|

◆⇥
g2a�� ma ⇢DM(rc) vc

⇤

<latexit sha1_base64="7mdf3P4DL3/nOSuYs4TZVZzCAIc="></latexit>

✓ = ⇡/2
<latexit sha1_base64="p0gGhjXZt1qG7m03LGxbd5zqsto=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEyscBdNtDEh2lhiIo8EkNwdLjBh9pGZuyZkQ+NX2GplZ2z9Ewv/xWXdQsFTnZxzb+65xw2VNGTbn1ZuaXlldS2/XtjY3NreKe7uNUwQaYF1EahAt1wwqKSPdZKksBVqBM9V2HTH1zO/+YDayMC/o0mIXQ+GvhxIAZRI9x0aIQG/5J1QnlR6xZJdtlPwReJkpMQy1HrFr04/EJGHPgkFxr QdO6RuDJqkUDgtdCKDIYgxDLGdUB88NN04TT3lR5EBCniImkvFUxF/b8TgGTPx3GTSAxqZeW8m/ue1IxpcdGPphxGhL2aHSCpMDxmhZVIH8r7USASz5MilzwVoIEItOQiRiFHSTyHpw5n/fpE0KmXntFy5PStVr7Jm8uyAHbJj5rBzVmU3rMbqTDDNntgze7EerVfrzXr/Gc1Z2c4++wPr4xvZopYU</latexit>

Independent of  
NS parameters
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Viewing angle 
(benchmark value)

Higher B0
Higher P
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Refining the radio signal computation

Leroy, MC, Edwards and Weniger, in progress

Previous analytical calculation of the radio signal was based on the assumption of 
having radial trajectories only. Instead, we perform a ray-tracing computation!

preliminary

All trajectories considered

conversion 
surface

projection on 
a square grid

trajectories

No time-dependence of the signal

Instantaneous Phase, 𝛺t
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See Leroy’s talk
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Conclusions
GW EM (radio)
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• The GW constraints on the DM density can be directly fed into the EM signal calculation, so 
predicting the expected radio emission.


• Difficult to set robust limits due to the uncertainty in the NS properties, magnetic field etc.


• Such multi-messenger observations would be a smoking-gun signature of the QCD axion 
dark matter.
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Conclusions
GW EM (radio)
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• The GW constraints on the DM density can be directly fed into the EM signal calculation, so 
predicting the expected radio emission.


• Difficult to set robust limits due to the uncertainty in the NS properties, magnetic field etc.


• Such multi-messenger observations would be a smoking-gun signature of the QCD axion 
dark matter.

Thank you for your attention


