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Misalignment mechanism & Axion DM

PQ mechanism [Peccei & Quinn 1977; Wilczek 1978; Weinberg 1978]

The axion minimizes dynamically the QCD theta term to
<latexit sha1_base64="5L4ihmeSDX0k9+mxPf9hNdZ8GrI=">AAACD3icbVDJSgNBEO1xN25Rj14ag+LFOCNuF0H04jGCMUImhJpOTdLY0zN01wgh+Ade/BUvHhTx6tWbf2NnObg9KHi8V0VVvShT0pLvf3pj4xOTU9Mzs4W5+YXFpeLyypVNcyOwKlKVmusILCqpsUqSFF5nBiGJFNaim7O+X7tFY2WqL6mbYSOBtpaxFEBOahY3QwW6rZCHWUfuxE3goRkKx3w7jMCE1EGCZrHkl/0B+F8SjEiJjVBpFj/CViryBDUJBdbWAz+jRg8MSaHwrhDmFjMQN9DGuqMaErSN3uCfO77hlBaPU+NKEx+o3yd6kFjbTSLXmQB17G+vL/7n1XOKjxo9qbOcUIvhojhXnFLeD4e3pEFBqusICCPdrVx0wIAgF2HBhRD8fvkvudotBwfl/Yu90snpKI4ZtsbW2RYL2CE7YeeswqpMsHv2yJ7Zi/fgPXmv3tuwdcwbzayyH/DevwB+0Ju0</latexit>
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Large occupation number:
<latexit sha1_base64="4NR2SAxQlPPzRnzDVbTG21fWtME="></latexit>

N ⇠ ��3
c (⇢DM/ma) ⇡ 1027(µeV/ma)4

We are dealing with a classical field [see the talk by Hong-Yi Zhang]

Equation of motion in a FLRW background:
<latexit sha1_base64="cM6TRJk5ou4iT92UvRhHwaymnZk="></latexit>
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QCD axion mass:

<latexit sha1_base64="ZFkdVUY3xuHzzmxlJQHhxDNrzuw="></latexit>
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http://dx.doi.org/10.1103/PhysRevLett.38.1440
https://doi.org/10.1103/PhysRevLett.40.279
https://doi.org/10.1103/PhysRevLett.40.223
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Predictions for the DM mass of the QCD axion

Ciaran O’Hare, AxionLimits: https://cajohare.github.io/AxionLimits/

[See the talk by Lucy Komisel on topological defects]

https://cajohare.github.io/AxionLimits/
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The QCD Axion: foundations

<latexit sha1_base64="06KllZtfW/5H+i4LNPqTCl2ehI8="></latexit>
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Effective Lagrangian below QCD, e.g. [Kaplan 1985, Georgi+ 1986]:
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The coupling depends on color & EM anomalies     :

<latexit sha1_base64="/5lvK5D0c+xO6oJ4t0hGH2x+HwI=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSyK4Eoq2AekoUymk3boZCbM3Agl5DPcuFDErV/jzr9x2mah1QMXDufcy733hIngBlz3yyktLa+srpXXKxubW9s71d29tlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOOr6d+55Fpw5V8gEnCgpgMJY84JWAlvxdpQrObPLvL+9WaW3dnwH+JV5AaKtDsVz97A0XTmEmgghjje24CQUY0cCpYXumlhiWEjsmQ+ZZKEjMTZLOTc3xklQGOlLYlAc/UnxMZiY2ZxKHtjAmMzKI3Ff/z/BSiyyDjMkmBSTpfFKUCg8LT//GAa0ZBTCwhVHN7K6YjYlMAm1LFhuAtvvyXtE/q3nn97P601rgq4iijA3SIjpGHLlAD3aImaiGKFHpCL+jVAefZeXPe560lp5jZR7/gfHwDhayRbQ==</latexit>
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[See the talk by Michael Stadlbauer on finite QCD effects]

https://doi.org/10.1016/0550-3213(85)90319-0
https://www.sciencedirect.com/science/article/abs/pii/037026938690688X
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The QCD Axion: foundations

Di Luzio, Giannotti, Nardi, LV 2003.01100

https://arxiv.org/abs/2003.01100
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Axion miniclusters

In post-inflation symmetry breaks, fluctuations are            for
<latexit sha1_base64="btuLcWb1kRS6KJKM56o0/LVe98s=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5oUX8uiGxcuKtgHNCFMppN06MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe+8JU0aVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbKskkJk2csER2QqQIo4I0NdWMdFJJEA8ZaYeD67HffiBS0UTc62FKfI5iQSOKkTZSYO8PoBfHsOal9OQ2yD3JYaLwKLArTtWZAM4TtyAVUKAR2F9eL8EZJ0JjhpTquk6q/RxJTTEjo7KXKZIiPEAx6RoqECfKzyf3j+CRUXowSqQpoeFE/T2RI67UkIemkyPdV7PeWPzP62Y6uvRzKtJME4Gni6KMQZ3AcRiwRyXBmg0NQVhScyvEfSQR1iaysgnBnX15nrRqVfe8enZ3WqlfFXGUwAE4BMfABRegDm5AAzQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwCkbZU/</latexit>

k � 2⇡/Losc

<latexit sha1_base64="cHU2yjTbF+bNgrqLxo5YZlXJHXY=">AAAB9XicbVDLSsNAFL2pr1pfVZduBotQNyURX8uiG3dWsA9oY5lMJ+3QySTMTJQS8h9uXCji1n9x5984abPQ1gMDh3Pu5Z45XsSZ0rb9bRWWlldW14rrpY3Nre2d8u5eS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+Drz249UKhaKez2JqBvgoWA+I1gb6aEXYD0imCe3adU57pcrds2eAi0SJycVyNHol796g5DEARWacKxU17Ej7SZYakY4TUu9WNEIkzEe0q6hAgdUuck0dYqOjDJAfijNExpN1d8bCQ6UmgSemcxSqnkvE//zurH2L92EiSjWVJDZIT/mSIcoqwANmKRE84khmEhmsiIywhITbYoqmRKc+S8vktZJzTmvnd2dVupXeR1FOIBDqIIDF1CHG2hAEwhIeIZXeLOerBfr3fqYjRasfGcf/sD6/AHK0ZIP</latexit>

O(1)
<latexit sha1_base64="lZoJQYFtKjncmPYLjaogAs26Rgw=">AAACF3icbVDLSsNAFJ34rPUVdelmsAh1ExPxtSy66cJFhb4gCWEynbZDZ5IwMxFK6F+48VfcuFDEre78G6dtoNp64MKZc+5l7j1hwqhUtv1tLC2vrK6tFzaKm1vbO7vm3n5TxqnApIFjFot2iCRhNCINRRUj7UQQxENGWuHgduy3HoiQNI7qapgQn6NeRLsUI6WlwLTugswTHMYSj6AnKYfOqYtmWrVcnz1O/MAs2ZY9AVwkTk5KIEctML+8ToxTTiKFGZLSdexE+RkSimJGRkUvlSRBeIB6xNU0QpxIP5vcNYLHWunAbix0RQpO1N8TGeJSDnmoOzlSfTnvjcX/PDdV3Ws/o1GSKhLh6UfdlEEVw3FIsEMFwYoNNUFYUL0rxH0kEFY6yqIOwZk/eZE0zyzn0rq4Py9VbvI4CuAQHIEycMAVqIAqqIEGwOARPINX8GY8GS/Gu/ExbV0y8pkD8AfG5w+jup79</latexit>

Losc ⇠ 1/[aoscH(Tosc)]
<latexit sha1_base64="6wywPspbgXEjlb0gIA4+pj0rcy8=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAILrQkvpdFNy4r2Ac0sUym03boTBJmJkIJAX/FjQtF3Pod7vwbp20WWj1w4XDOvdx7TxBzprTjfFmFufmFxaXicmlldW19w97caqgokYTWScQj2QqwopyFtK6Z5rQVS4pFwGkzGF6P/eYDlYpF4Z0exdQXuB+yHiNYG6lj73iKCeQ69+nRSZZ6UniHMck6dtmpOBOgv8TNSRly1Dr2p9eNSCJoqAnHSrVdJ9Z+iqVmhNOs5CWKxpgMcZ+2DQ2xoMpPJ+dnaN8oXdSLpKlQo4n6cyLFQqmRCEynwHqgZr2x+J/XTnTv0k9ZGCeahmS6qJdwpCM0zgJ1maRE85EhmEhmbkVkgCUm2iRWMiG4sy//JY3jinteObs9LVev8jiKsAt7cAAuXEAVbqAGdSCQwhO8wKv1aD1bb9b7tLVg5TPb8AvWxzcT8JTx</latexit>

⇠ 10�3 pc

Typical minicluster mass:

After MR, miniclusters merge hierarchically

to form halos with NFW-like profiles [Vaquero+ 2019]

[Hogan & Rees 1988; Kolb & Tkachev 1994]

<latexit sha1_base64="i6XOkJWRYCNrc/lpW8//fqXKw2s=">AAACCnicbVC7TsMwFHV4lvIqMLIYKqQyUBJUXlsFC2OR6ENqQuS4TmvVjiPbQaqiziz8CgsDCLHyBWz8DW6bAVqOZOnonHt1fU4QM6q0bX9bc/MLi0vLuZX86tr6xmZha7uhRCIxqWPBhGwFSBFGI1LXVDPSiiVBPGCkGfSvR37zgUhFRXSnBzHxOOpGNKQYaSP5hT1X9oSfupJDjocleQjdWIpYCyjv06PL48rQLxTtsj0GnCVORoogQ80vfLkdgRNOIo0ZUqrt2LH2UiQ1xYwM826iSIxwH3VJ29AIcaK8dBxlCA+M0oGhkOZFGo7V3xsp4koNeGAmOdI9Ne2NxP+8dqLDCy+lUZxoEuHJoTBh0CQd9QI7VBKs2cAQhCU1f4W4hyTC2rSXNyU405FnSeOk7JyVT28rxepVVkcO7IJ9UAIOOAdVcANqoA4weATP4BW8WU/Wi/VufUxG56xsZwf8gfX5A9sCmbo=</latexit>
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<latexit sha1_base64="qmcv0CFu07IClUmzDk3AU3jwcRQ="></latexit>
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https://doi.org/10.1088/1475-7516/2019/04/012
https://doi.org/10.1016/0370-2693(88)91655-3
https://doi.org/10.1103/PhysRevD.50.769
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AMC mass function

Everything can be recast for different distributions of  or equivalently (MAMC, ρAMC) (MAMC, δ)

[Eggemeier et al., 1911.09417]

<latexit sha1_base64="bLEQnZZmNTKHevOF4BPBaeLXmtM="></latexit>

dP

d logMAMC
⇠ MAMC

�0.7

[github.com/bradkav/axion-miniclusters]

(Set by the Jeans mass

 for )ma = 20 μeV

[Fairbairn et al., 1707.03310]

Extend down to MAMC ∼ 10−19 M⊙ Extend up to MAMC ∼ 10−5 M⊙

<latexit sha1_base64="pbZ0GIzwiSYrG/hmwuR5Mmn62F8="></latexit>
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(Growth of hierarchical structure

 to today)

https://arxiv.org/abs/1911.09417
https://github.com/bradkav/axion-miniclusters/
https://arxiv.org/abs/1707.03310
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Milky Way Setup

Caveat: we do not deal with concurrent structure formation, 

              stellar formation & AMC distruption

[McMillan, 1102.4340]
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fAMC ⇡ 100%

hMAMCi ⇡ 10�14 M�

Luca Visinelli

https://arxiv.org/abs/1102.4340
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Axion miniclusters abundance today

The abundance of miniclusters in galaxies is assessed via Monte Carlo 
simulations of tidal stripping

Kavanagh, Edwards, LV, Weniger, PRD 2020 2011.05377

RAMC
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See also [Tinyakov+ 1512.02884; Dokuchaev+ 1710.09586]

https://doi.org/10.1103/PhysRevD.104.063038
https://arxiv.org/abs/2011.05377
https://arxiv.org/abs/1512.02884
https://arxiv.org/abs/1710.09586
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Monte Carlo procedure

But! Need to know the response of an AMC to stellar perturbations…

Sample interaction properties ( ) and perturb AMCvrel, b

Compute number of stellar interactions:


N = ∫
TMW

0
dt n⋆(t)VAMC(t) ⋅ πb2

max

Generate sample of AMCs (with correct density 
distribution but log-flat mass function)

Collect surviving AMCs and 
reconstruct true propertiesRemove AMC from simulation

Sample orbital parameters ( , ) e ψ

AMC disrupted

AMC not 

disrupted
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Axion miniclusters abundance today
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Kavanagh, Edwards, LV, Weniger, PRD 2020 2011.05377

https://doi.org/10.1103/PhysRevD.104.063038
https://arxiv.org/abs/2011.05377
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Outline

• Generalities on the QCD Axion


• Axion Miniclusters in the Milky Way


• Axion-photon conversion in NS magnetosphere
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[Hook et al., 1804.03145; Safdi et al., 1811.01020]

[Battye et al., 1910.11907; Leroy et al., 1912.08815]

Assuming a Goldreich-Julian model for the NS magnetosphere, emitted radio power:

Plenty of uncertainties on magnetosphere properties, conversion probabilities, anisotropy…

Transient enhancements to  from AMC encountersρc

<latexit sha1_base64="2/DP/WG2xuctrhTRwYQ3g8WECwE="></latexit>

dPa

d⌦
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3
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ma

Luca VisinelliAxion-photon conversion in NS magnetospheres

Look for axion-photon conversion from an individual NS
Edwards+ (with LV) 2011.05378

[See the talk by Maxim Pospelov (NS labs) and Ben Safdi (SNe and new physics)]

https://arxiv.org/abs/1804.03145
https://arxiv.org/abs/1811.01020
https://arxiv.org/abs/1910.11907
https://arxiv.org/abs/1912.08815
https://arxiv.org/abs/2011.05378
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Axion-photon conversion in NS magnetospheres
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<latexit sha1_base64="iklIUSDHGJwCLmJR22fuWxEhfY4="></latexit>

S =
1

BW

1

4⇡s2
dPa

d⌦

Based on velocity dispersion of AMC, expect an incredibly narrow line.

Instead, fix bandwidth BW = 1 kHz (based on telescope resolution).

<latexit sha1_base64="aTG/eB8BrP/Jh6v+EGk5E4gZvSM=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4Wna1rXorevFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2baCij4YeLw3w8y8MOFMG8/7cJaWV1bX1gsbxc2t7Z3d0t5+S8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJ377XuqNIvlnZkkNBB4KFnECDa51EtGrF8qe+5ljjM0J7WceBXf86vId70ZyrBAo1967w1ikgoqDeFY667vJSbIsDKMcDot9lJNE0zGeEi7lkosqA6y2a1TdGyVAYpiZUsaNFO/T2RYaD0Roe0U2Iz0by8X//K6qYkugozJJDVUkvmiKOXIxCh/HA2YosTwiSWYKGZvRWSEFSbGxlO0IXx9iv4nrVPXr7nV20q5frWIowCHcAQn4MM51OEGGtAEAiN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9Aq60jrE=</latexit>

�
<latexit sha1_base64="aTG/eB8BrP/Jh6v+EGk5E4gZvSM=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4Wna1rXorevFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2baCij4YeLw3w8y8MOFMG8/7cJaWV1bX1gsbxc2t7Z3d0t5+S8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJ377XuqNIvlnZkkNBB4KFnECDa51EtGrF8qe+5ljjM0J7WceBXf86vId70ZyrBAo1967w1ikgoqDeFY667vJSbIsDKMcDot9lJNE0zGeEi7lkosqA6y2a1TdGyVAYpiZUsaNFO/T2RYaD0Roe0U2Iz0by8X//K6qYkugozJJDVUkvmiKOXIxCh/HA2YosTwiSWYKGZvRWSEFSbGxlO0IXx9iv4nrVPXr7nV20q5frWIowCHcAQn4MM51OEGGtAEAiN4gCd4doTz6Lw4r/PWJWcxcwA/4Lx9Aq60jrE=</latexit>

�

<latexit sha1_base64="qxHGiEgtCvIHDyFq5PVwgsOX074=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knN7gALgXvlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucPiiuPHw==</latexit>�
Edwards+ (with LV) PRL 2021 2011.05378

https://arxiv.org/abs/2011.05378


Luca Visinelli

18

Can we pick up this signal in radio?

2 grant proposals accepted

by the Green Bank Telescope.

We have observed Andromeda

2022: X-band observation (8-12 GHz)

Expected spectral flux densities (SFDs) from NS-AMC encounters

2023: C-band observation (4-8 GHz)
(10 GHz                )<latexit sha1_base64="b4n6i1w044wgcD8B0oRxAN4waak=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCCykzUqrLohuXFewDOkPJpJk2NMmEJCOWoW78FTcuFHHrX7jzb0zbWWjrgQuHc+7l3nsiyag2nvftLC2vrK6tFzaKm1vbO7vu3n5TJ6nCpIETlqh2hDRhVJCGoYaRtlQE8YiRVjS8nvite6I0TcSdGUkSctQXNKYYGSt13cMASamSB1jxskDx4AwGPIWkOe66Ja/sTQEXiZ+TEshR77pfQS/BKSfCYIa07vieNGGGlKGYkXExSDWRCA9Rn3QsFYgTHWbTD8bwxCo9GCfKljBwqv6eyBDXesQj28mRGeh5byL+53VSE1+GGRUyNUTg2aI4ZdAkcBIH7FFFsGEjSxBW1N4K8QAphI0NrWhD8OdfXiTN87JfLVdvK6XaVR5HARyBY3AKfHABauAG1EEDYPAInsEreHOenBfn3fmYtS45+cwB+APn8wcqJpYU</latexit>⇡ 40µeV

Walters+ (with LV) 2407.13060
Axion mass                   .        and AMC mass

Simulate 20 encounters with NS of                         and
 

Signal lasting min to hour

<latexit sha1_base64="T2Py6Ikt91gt1m0OSwPYfJDRoB4="></latexit>

MAMC = 10�10 M�
<latexit sha1_base64="0Je8TaNSYq6Q1nFvis7haFolgrU=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgQkpSytguhFIXuqxgH9DWkknTNjTzIMkIw1B/xY0LRdz6Ie78GzNtBRU9cOFwzr3ce48bCq40Qh9WZmV1bX0ju5nb2t7Z3bP3D1oqiCRlTRqIQHZcopjgPmtqrgXrhJIRzxWs7U4vUr99x6TigX+j45D1PTL2+YhToo00sPP1ATrH6DbB5VnSk17v9HI2sAuoiAwcB6YEVxA2pFqtlEpViOcWQgWwRGNgv/eGAY085msqiFJdjELdT4jUnAo2y/UixUJCp2TMuob6xGOqn8yPn8FjowzhKJCmfA3n6veJhHhKxZ5rOj2iJ+q3l4p/ed1Ijyr9hPthpJlPF4tGkYA6gGkScMglo1rEhhAqubkV0gmRhGqTV86E8PUp/J+0SkXsFJ3rcqFWX8aRBYfgCJwADM5ADVyBBmgCCmLwAJ7As3VvPVov1uuiNWMtZ/LgB6y3Tysvk90=</latexit>

B0 = 1014 G
<latexit sha1_base64="tmThof707IeV4WXUit1CC0U4eVE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4kJIpMrYLoejGZQX7gJmhZNK0DU0yQ5IRytDPcONCEbd+jTv/xkxbQUUPXDiccy/33hMlnGmD0IdTWFldW98obpa2tnd298r7Bx0dp4rQNol5rHoR1pQzSduGGU57iaJYRJx2o8l17nfvqdIslndmmtBQ4JFkQ0awsZLfunSzQIngTM/65QqqIgvPgzlx68i1pNGo12oN6M4thCpgiVa//B4MYpIKKg3hWGvfRYkJM6wMI5zOSkGqaYLJBI+ob6nEguowm588gydWGcBhrGxJA+fq94kMC62nIrKdApux/u3l4l+en5phPcyYTFJDJVksGqYcmhjm/8MBU5QYPrUEE8XsrZCMscLE2JRKNoSvT+H/pFOrul7Vuz2vNK+WcRTBETgGp8AFF6AJbkALtAEBMXgAT+DZMc6j8+K8LloLznLmEPyA8/YJALmRHA==</latexit>

P = 1 s

<latexit sha1_base64="fhTbp+z3oxjZMiLYXZbeMxhgNTw=">AAAB/HicdVBNS8NAEN3Ur1q/oj16WSyCBymbUmJ7EIpePFawrdCEstlu26W7SdjdCCHUv+LFgyJe/SHe/Ddu2goq+mDg8d4MM/OCmDOlEfqwCiura+sbxc3S1vbO7p69f9BVUSIJ7ZCIR/I2wIpyFtKOZprT21hSLAJOe8H0Mvd7d1QqFoU3Oo2pL/A4ZCNGsDbSwC6LAT6vo8yTwjv1RAJpdzawK6iKDFwX5sRpIMeQZrNRqzWhM7cQqoAl2gP73RtGJBE01IRjpfoOirWfYakZ4XRW8hJFY0ymeEz7hoZYUOVn8+Nn8NgoQziKpKlQw7n6fSLDQqlUBKZTYD1Rv71c/MvrJ3rU8DMWxommIVksGiUc6gjmScAhk5RonhqCiWTmVkgmWGKiTV4lE8LXp/B/0q1VHbfqXtcrrYtlHEVwCI7ACXDAGWiBK9AGHUBACh7AE3i27q1H68V6XbQWrOVMGfyA9fYJ5XyUUw==</latexit>

ma = 40µeV

https://arxiv.org/abs/2407.13060
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Approximate sensitivity assuming a single NS-AMC encounter

Walters+ (with LV) 2407.13060

Ongoing work: we formed 
ASTRA
(Axion Search via Telescope for 
Radio Astronomy)

NEWS: Jefferson Trust 
fund for telescope <2 GHz

Can we pick up this signal in radio?

https://arxiv.org/abs/2407.13060


Observational Consequences:

direct detection
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Inverse Gertsenshtein effect (e.g. Domcke & Garcia-Cely)

High-frequency gravitational waves

<latexit sha1_base64="xFvC3gD9DrzuBQuQu5SjwswoW5k=">AAACEHicbVDLSgMxFM3UV62vUZdugkUUhDIjvjZC0Y3LCvYBnWHIpJk2NMkMSUYoQz/Bjb/ixoUibl26829M28FH64HAuefcy809YcKo0o7zaRXm5hcWl4rLpZXVtfUNe3OroeJUYlLHMYtlK0SKMCpIXVPNSCuRBPGQkWbYvxr5zTsiFY3FrR4kxOeoK2hEMdJGCuz9bpB5PPVEOoQX0CMa/dSHsPddBHbZqThjwFni5qQMctQC+8PrxDjlRGjMkFJt10m0nyGpKWZkWPJSRRKE+6hL2oYKxInys/FBQ7hnlA6MYmme0HCs/p7IEFdqwEPTyZHuqWlvJP7ntVMdnfsZFUmqicCTRVHKoI7hKB3YoZJgzQaGICyp+SvEPSQR1ibDkgnBnT55ljSOKu5p5eTmuFy9zOMogh2wCw6AC85AFVyDGqgDDO7BI3gGL9aD9WS9Wm+T1oKVz2yDP7DevwCvIJ0E</latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫
<latexit sha1_base64="4YHW684fBDoRK26H/wjURQgRDlo=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTia1l047KCfUATwmQ6aYfOTMI8hJIW/BU3LhRx63e482+ctllo64ELh3Pu5d574oxRpT3v21laXlldWy9tlDe3tnd23b39pkqNxKSBU5bKdowUYVSQhqaakXYmCeIxI614cDvxW49EKpqKBz3MSMhRT9CEYqStFLmH/ciDgaIcjvpRHnATCDMeRW7Fq3pTwEXiF6QCCtQj9yvopthwIjRmSKmO72U6zJHUFDMyLgdGkQzhAeqRjqUCcaLCfHr+GJ5YpQuTVNoSGk7V3xM54koNeWw7OdJ9Ne9NxP+8jtHJdZhTkRlNBJ4tSgyDOoWTLGCXSoI1G1qCsKT2Voj7SCKsbWJlG4I///IiaZ5V/cvqxf15pXZTxFECR+AYnAIfXIEauAN10AAY5OAZvII358l5cd6dj1nrklPMHIA/cD5/ABKElZc=</latexit>

h0 ⇠ |hµ⌫ |

Work with
Michael Zantedeschi
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Gatti, LV, Zantedeschi 2403.18610, PRD

String axions and their GW signals are gaining attention

see insights by Margherita Putti and Nicole Righi

https://arxiv.org/abs/2403.18610
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- Low-reheat scenarios with QCD axion dark matter predict higher     

- This makes GWs from axion strings observable across diverse frequency bands.

<latexit sha1_base64="igh+yVDrL5lFtv+5lnFjVmhcJuQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPZpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPzr8jcQ=</latexit>

fa

GWs from axionic strings?

Work with
Nicklas Ramberg

Ramberg & LV 1904.05707, PRD Ramberg & LV 2012.06882, PRD

https://arxiv.org/abs/1904.05707
https://arxiv.org/abs/2012.06882
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Summary

• Lasting days to years

• Within reach of current searches

• Expect O(1) bright event on the sky at all times

• Explored in Andromeda through GBT

• More developments to come soon

AMC-NS radio transients

Thank you!

Please re-cast the results and re-use the code!

2011.05377, 2011.05378, 2407.13060


github.com/bradkav/axion-miniclusters 

Luca Visinelli

https://arxiv.org/abs/2011.05377
https://arxiv.org/abs/2011.05378
https://arxiv.org/abs/2407.13060
https://github.com/bradkav/axion-miniclusters

