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Thomas Edwards with Bradley Kavanagh, Luca Visinelli, Samuel J. Witte, Dion Noordhuis, & Christoph Weniger 
Oskar Klein Centre (2011.05377, 2011.05378, 2104.07670, github.com/bradkav/axion-miniclusters)

Axion Miniclusters 
Interacting with Neutron Stars

https://arxiv.org/abs/2011.05377
https://arxiv.org/abs/2011.05378
https://arxiv.org/abs/2104.07670
https://github.com/bradkav/axion-miniclusters


Axions
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Axions are a pseudo-Goldstone boson of a 
symmetry, called the Peccei-Quinn (PQ) 

symmetry 

They were originally introduced to solve a fine 
tuning issue in QCD called the strong-CP 

problem 

Turns out, axions also act as a perfect dark matter 
candidate

[Dine, Fischler, and Srednicki 1981, Weinberg 1978, Peccei and Quinn 1977, Wilczek 1978, …]
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Axion Cosmology
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[Buschmann et al., 1906.00967]

Since the axion is produced non-thermally through the 
misalignment mechanism, the distribution of background axions 

sensitively depends on the time at which the PQ symmetry breaks

PQ field broken before 
or during inflation

Single mean 
background density of 

axions

PQ field broken after 
inflation

Topological defects that 
lead to axion 
miniclusters

https://arxiv.org/abs/1906.00967


Overview: 
1. Axion Miniclusters in the Milky Way 
2. Miniclusters Interacting with Neutron Stars
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Why?
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[Fairbairn et al., 1707.03310]

Microlensing

[Ellis et al., 2204.13187]

[ADMX Collaboration, 1910.08638]

Direct Detection

[Witte, TE, Noordhuis, Weniger: 2104.07670]

Indirect Detection

https://arxiv.org/abs/1707.03310
https://arxiv.org/abs/2204.13187
https://arxiv.org/abs/1910.08638
https://arxiv.org/abs/2104.07670


Getting to our Galaxy
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[Buschmann et al., 1906.00967]
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[Kavanagh, TE, Visinelli, Weniger, 2011.05377][Eggemeier et al., 1911.09417]

https://arxiv.org/abs/1906.00967
https://arxiv.org/abs/2011.05377
https://arxiv.org/abs/1911.09417


Halo Mass Function
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[Eggemeier et al., 1911.09417]

Low end controlled by the Jeans 
mass at formation time

Hierarchical structure 
formation governs the most 

massive halos 

Cut-off at around 
MAMC ∼ 10−5 M⊙

[Fairbairn et al., 1707.03310]

Note that I will report results using this HMF, but our results can easily be recast to 
different slopes and functional forms

[github.com/bradkav/axion-miniclusters]

https://arxiv.org/abs/1911.09417
https://arxiv.org/abs/1707.03310
http://GitHub.com/bradkav/axion-miniclusters


Minicluster Stellar Interactions
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[Kavanagh, TE, Visinelli, Weniger, 2011.05377]

The most important tidal interactions are with stars
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Mass Loss

10Thomas Edwards | Stockholm University

0.00 0.25 0.50 0.75 1.00
R/RAMC

0.000

0.001

0.002

0.003

0.004

|v
|[

km
/s

]

v
esc (R

)

¢E = 10°2 Ebind

¢M/M º 0.003

0.00 0.25 0.50 0.75 1.00
R/RAMC

0.000

0.001

0.002

0.003

0.004

|v
|[

km
/s

]

v
esc (R

)

¢E = 10°1 Ebind

¢M/M º 0.13

Describe the AMC with a self-consistent 
distribution function  

(obtained using Eddington’s formula)
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[Green & Goodwin, astro-ph/0604142]
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Repeated Interactions
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Monte Carlo
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Generate sample of AMCs (with correct density 
distribution but log-flat mass function)

Compute number of stellar interactions: 

N = ∫
TMW

0
dt n⋆(t)VAMC(t) ⋅ πb2

max

Sample interaction properties ( ) and perturb AMCV, b

Collect surviving AMCs and 
reconstruct true propertiesRemove AMC from simulation

AMC disrupted

AMC not  
disrupted

Sample orbital parameters ( , ) e ψ

[Kavanagh, TE, Visinelli, Weniger, 2011.05377]

https://arxiv.org/abs/2011.05377


Survival Probability
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[Distributions and tools for re-casting available online: github.com/bradkav/axion-miniclusters]
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Miniclusters Tend to Lose Mass and Become More Dense
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Overview: 
1. Axion Miniclusters in the Milky Way 
2. Miniclusters Interacting with Neutron Stars



Axion-Photon Conversion
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[Leroy, Chianese, TE, Weniger, 1912.08815; Hook et al., 1804.03145]
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[Sikivie 1983]

https://arxiv.org/abs/1912.08815
https://arxiv.org/abs/1804.03145
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.51.1415
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We assume there are roughly 109 neutron 
stars in the Milky Way 

B-field distribution assumed to be log-
normal with a central value of 1012 Gauss

[Safdi et al., 1811.01020]

https://arxiv.org/abs/1811.01020
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[TE, Kavanagh, Visinelli, Weniger, 2011.05378]
<latexit sha1_base64="Cp2PA0MGDRnZapBxl0ksTHp0kTU=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwoSUpProRii50WcE+oKllMp2kQ2eSMDMRSsivuPFX3LhQpDvxZ5y0WWjrhRkO59zLPfe4EaNSWdaXUVhaXlldK66XNja3tnfM3b2WDGOBSROHLBQdF0nCaECaiipGOpEgiLuMtN3RTaa3n4iQNAwe1DgiPY78gHoUI6Wpvlnz+wlyfMR5/qfwCtagoygnEtrWY3Jqn6fOicORGgqe3JJWmnFp3yxbFWtacBHYOSiDvBp9c+IMQhxzEijMkJRd24pUL0FCUcxIWnJiSSKER8gnXQ0DpA30kumFKTzSzAB6odAvUHDK/p5IEJdyzF3dmRmV81pG/qd1Y+XVegkNoliRAM8WeTGDKoRZXHBABcGKjTVAWFDtFeIhEggrHWpJh2DPn7wIWtWKfVGp3p+V69d5HEVwAA7BMbDBJaiDO9AATYDBM3gF7+DDeDHejE9jMmstGPnMPvhTxvcPqoSilw==</latexit>

ga�� = 8⇥ 10�15 GeV�1

<latexit sha1_base64="Fv0+iexwt6x32ZHlv5ld457AeYI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1KSIupGKLpxWcE+oAlhMp20Q2cmYWYilFDc+CtuXCji1q9w5984abPQ1gMXDufcy733hAmjSjvOt1VaWl5ZXSuvVzY2t7Z37N29topTiUkLxyyW3RApwqggLU01I91EEsRDRjrh6Cb3Ow9EKhqLez1OiM/RQNCIYqSNFNgHPEDwCtYd6J16PPU40kPJM9KeBHbVqTlTwEXiFqQKCjQD+8vrxzjlRGjMkFI910m0nyGpKWZkUvFSRRKER2hAeoYKxInys+kLE3hslD6MYmlKaDhVf09kiCs15qHpzE9U814u/uf1Uh1d+hkVSaqJwLNFUcqgjmGeB+xTSbBmY0MQltTcCvEQSYS1Sa1iQnDnX14k7XrNPa/V786qjesijjI4BEfgBLjgAjTALWiCFsDgETyDV/BmPVkv1rv1MWstWcXMPvgD6/MHb/eWNg==</latexit>

ma = 20µeV

https://arxiv.org/abs/2011.05378
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The majority of events come 
from the centre of the Galaxy 

The PL profile distributions are 
even more concentrated

[TE, Kavanagh, Visinelli, Weniger, 2011.05378]

https://arxiv.org/abs/2011.05378
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1. Axion miniclusters are heavily disrupted 
by interactions with stars in the Milky Way 

2. Minicluster — neutron star interactions can 
lead to bright radio transients that are 
potentially detectable with current radio 
telescopes

[Distributions and tools for re-casting available online: github.com/bradkav/axion-miniclusters]
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http://GitHub.com/bradkav/axion-miniclusters

