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[Planck, 1502.01589]

[Rubin, Ford & Thonnard (1980)][astro-ph/0006397]
[Illustris, 1405.2921]

CMB

Galaxies
Galaxy clusters

https://arxiv.org/abs/1502.01589
https://ui.adsabs.harvard.edu/abs/1980ApJ...238..471R
https://arxiv.org/abs/astro-ph/0006397
https://arxiv.org/abs/1405.2921
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3New technologies, lower thresholds, larger exposures, higher energies…

[APPEC, 2104.07634][Abazajian et al., 2003.10416]

[CMS, DM Summary Plots]

Indirect searches Direct Searches

Collider Searches

https://arxiv.org/abs/2104.07634
https://arxiv.org/abs/2003.10416
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV?sortcol=0;table=4;up=0#sorted_table
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3New technologies, lower thresholds, larger exposures, higher energies…

[APPEC, 2104.07634][Abazajian et al., 2003.10416]

[CMS, DM Summary Plots]

Indirect searches Direct Searches

Collider Searches

[Parallel Sessions: 
DM II,  Mon, 15:50 - 17:10 
DM IV, Tue, 14:00 - 15:20 

DM VIII, Wed, 14:00 - 15:20]

[Parallel Sessions, 
 DM III, Tue, 14:00 - 15:20, 
DM VII, Wed, 14:00 - 15:20, 
DM IX, Wed, 15:50 - 17:30]

https://arxiv.org/abs/2104.07634
https://arxiv.org/abs/2003.10416
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV?sortcol=0;table=4;up=0#sorted_table
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[Credit: NASA’s Goddard Space Flight Center;  
background, ESA/Gaia/DPAC]

Higher densities, larger magnetic fields, longer timescales…

[Credit: Casey Reed (Penn State University), 
Wikimedia Commons]

Black Holes Neutron Stars

[“Dark Matter in Extreme Astrophysical Environments”, Baryakhtar et al., 2203.07984]

https://arxiv.org/abs/2203.07984
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Part 1:  
Black Holes
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‘Spikes’ or ‘dresses’ of cold, 
particle-like DM may form BHs:* 

“Astrophysical scenario”

[astro-ph/9906391, astro-ph/0509565, 
1305.2619, …]

“PBH scenario”

[Bertschinger  (1985), astro-ph/0608642, 
1901.08528, …]

From the slow (‘adiabatic’) growth of 
a BH at the centre of a DM halo

Around BHs which form from large 
density fluctuations in the early 

Universe (i.e. Primordial Black Holes)

*not to be confused with ultralight boson clouds

https://arxiv.org/abs/astro-ph/9906391
https://arxiv.org/abs/astro-ph/0509565
https://arxiv.org/abs/1305.2619
https://ui.adsabs.harvard.edu/abs/1985ApJS...58...39B/abstract
https://arxiv.org/abs/astro-ph/0608642
https://arxiv.org/abs/1901.08528
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[0806.2911]

<latexit sha1_base64="ndw/pLhFUC+xTF9bLaFWop6ULrQ="></latexit>

⇢DM = ⇢6

✓
10�6 pc

r

◆�sp

<latexit sha1_base64="b1hcuAveNYXB3vPQUSlIj5K/R1I="></latexit>

⇢DM, local ⇠ 10�2 M�/pc
3 What about non-annihilating DM?

DM self-annihilation can suppress the spike density, but 
can still lead to large (diffuse and point source) fluxes of 

gamma-rays and neutrinos

[E.g. Lacroix & Silk, 1712.00452, Bertone et al., 1905.01238, 
Freese et al., 2202.01126]

https://arxiv.org/abs/0806.2911
https://arxiv.org/abs/1712.00452
https://arxiv.org/abs/1905.01238
https://arxiv.org/abs/2202.01126
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[See e.g. Eda et al. 1301.5971, 1408.3534, Macedo et al., 1302.2646; Cardoso & Maselli, 1909.05870]

�Ėorb = ĖGW + ĖDF
<latexit sha1_base64="1ArV/ebZDYGt7kzAhcA9JFoidcY=">AAACKnicbVBJSwMxGM241rqNevQSLAVBLFMtLgel4nqsYBdohyGTZtrQzEKSEcowv8eLf8VLD0rx6g8xMx1EWx8EHu/lS7737IBRIQ1jrM3NLywuLedW8qtr6xub+tZ2Q/ghx6SOfebzlo0EYdQjdUklI62AE+TajDTtwXXiN58JF9T3nuQwIKaLeh51KEZSSZZ+ddjp+jK6ja2Oi2Sfu5HP7RhewGn5vhnDgxn15i629IJRMlLAWVLOSAFkqFn6SL2CQ5d4EjMkRLtsBNKMEJcUMxLnO6EgAcID1CNtRT3kEmFGadQYFpXShY7P1fEkTNXfExFyhRi6KkIxWVFMe4n4n9cOpXNmRtQLQkk8PPnICRmUPkx6g13KCZZsqAjCnKpdIe4jjrBU7ebTEs4TnPxEniWNo1L5uFR5rBSql1kdObAL9sA+KINTUAUPoAbqAIMX8AbewYf2qo20sfY5uTqnZTM74A+0r2/Nr6g9</latexit>
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“Dephasing”

https://arxiv.org/abs/1301.5971
https://arxiv.org/abs/1408.3534
https://arxiv.org/abs/1302.2646
https://arxiv.org/abs/1909.05870
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10[BJK, Nichols, Gaggero, Bertone, 2002.12811]
[Movies: tinyurl.com/GW4DM]

Newtonian motion of the 
binary, taking into account: 

• GW emission 
• Dynamical Friction 
• DM Halo Feedback

This is one of the reasons we want to look at IMRIs/EMRIs…

Density of the DM spike is 
depleted (and replenished…)

[Code: github.com/bradkav/HaloFeedback]

https://arxiv.org/abs/2002.12811
http://tinyurl.com/GW4DM
http://GitHub.com/bradkav/HaloFeedback
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Astro  
Scenario

PBH 
Scenario

[Code available online: https://github.com/adam-coogan/pydd]

?

Number of GW cycles of dephasing

[Coogan, Bertone, Gaggero, BJK & Nichols, 2108.04154]

Compare Bayes factor (BF) for the vacuum 
case (V) and the DM dressed case (D)

<latexit sha1_base64="TcIBiI84oPx+85igONDu3mgm4uE="></latexit>

✓D = {�sp, ⇢6,M, log10 q}

vs.

<latexit sha1_base64="USyvLrQ7mOpCNCEUnUt5yPjY0BY=">AAACJHicbVDLSsNAFJ34tr6qLt0Ei+CqJCIqiCK4cSNUsA/ohDKZ3rSDkwczN0IJ+Rg3/oobFz5w4cZvcdJmodUDwxzOuZd77/ETKTQ6zqc1Mzs3v7C4tFxZWV1b36hubrV0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbv7ss/PY9KC3i6BZHCXghG0QiEJyhkXrVU+rHsq9HofkyikNAlvcyGjIcqjBr5fkZlRAgnUicyew6p0oMhkjzXrXm1J0x7L/ELUmNlGj0qm+0H/M0hAi5ZFp3XSdBL2MKBZeQV2iqIWH8jg2ga2jEQtBeNj4yt/eM0reDWJkXoT1Wf3ZkLNTFHaayWFVPe4X4n9dNMTjxMhElKULEJ4OCVNoY20Vidl8o4ChHhjCuhNnV5kOmGEeTa8WE4E6f/Je0DuruUf3w5rB2cV7GsUR2yC7ZJy45JhfkijRIk3DyQJ7IC3m1Hq1n6936mJTOWGXPNvkF6+sb6sCnbg==</latexit>

✓V = {M}

Detection with LISA

https://github.com/adam-coogan/pydd
https://arxiv.org/abs/2108.04154
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Generate waveform  
assuming:

Fit signal assuming:

<latexit sha1_base64="YO+W8EJrtFISuTHtt+Q7cYt4534=">AAAB+3icbVDLSsNAFJ3UV62vWpduBovgqiQi6rKoCzdCBfuAJpSb6aQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzx485U9q2v63Syura+kZ5s7K1vbO7V92vdVSUSELbJOKR7PmgKGeCtjXTnPZiSSH0Oe36k+vc7z5SqVgkHvQ0pl4II8ECRkAbaVCtuTeUa8BuCHpMgKd32aBatxv2DHiZOAWpowKtQfXLHUYkCanQhINSfceOtZeC1IxwmlXcRNEYyARGtG+ogJAqL51lz/CxUYY4iKR5QuOZ+nsjhVCpaeibyTyiWvRy8T+vn+jg0kuZiBNNBZkfChKOdYTzIvCQSUo0nxoCRDKTFZMxSCDa1FUxJTiLX14mndOGc944uz+rN6+KOsroEB2hE+SgC9REt6iF2oigJ/SMXtGblVkv1rv1MR8tWcXOAfoD6/MHxV6USQ==</latexit>

�M
<latexit sha1_base64="lHaNZVqypgnutbE2dtC534vAjzk=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVl047KCfUATws100g6dmYSZiVhCf8WNC0Xc+iPu/BsnbRbaemDgcM693DMnShlV2nW/rcra+sbmVnW7trO7t39gH9a7KskkJh2csET2I1CEUUE6mmpG+qkkwCNGetHktvB7j0QqmogHPU1JwGEkaEwxaCOFdt0fAecQ+hz0WPJcpbPQbrhNdw5nlXglaaAS7dD+8ocJzjgRGjNQauC5qQ5ykJpiRmY1P1MkBTyBERkYKoATFeTz7DPn1ChDJ06keUI7c/X3Rg5cqSmPzGQRUS17hfifN8h0fB3kVKSZJgIvDsUZc3TiFEU4QyoJ1mxqCGBJTVYHj0EC1qauminBW/7yKumeN73L5sX9RaN1U9ZRRcfoBJ0hD12hFrpDbdRBGD2hZ/SK3qyZ9WK9Wx+L0YpV7hyhP7A+fwC4eJTm</latexit>�sp

<latexit sha1_base64="hrUX3PxVMJHIPAlz2atug3EuLD4=">AAACEXicbVDLSsNAFJ34rPUVdekmWIQuSk20VpdFN26ECvYBTRomk2k7dJIJMxOhhPyCG3/FjQtF3Lpz5984abPQ1gMXDufcy733eBElQprmt7a0vLK6tl7YKG5ube/s6nv7bcFijnALMcp414MCUxLiliSS4m7EMQw8ijve+DrzOw+YC8LCezmJsBPAYUgGBEGpJFcv23zE3Lpd6VlmP7HOU7ty69rMZ/LEDqAc8SCJUNo/c1y9ZFbNKYxFYuWkBHI0Xf3L9hmKAxxKRKEQakEknQRySRDFadGOBY4gGsMh7ikawgALJ5l+lBrHSvGNAeOqQmlM1d8TCQyEmASe6syuFPNeJv7n9WI5uHQSEkaxxCGaLRrE1JDMyOIxfMIxknSiCEScqFsNNIIcIqlCLKoQrPmXF0n7tGrVq7W7WqlxlcdRAIfgCJSBBS5AA9yAJmgBBB7BM3gFb9qT9qK9ax+z1iUtnzkAf6B9/gAMa5yR</latexit>

⇢6 [10
15 M�/pc

3]

<latexit sha1_base64="hrUX3PxVMJHIPAlz2atug3EuLD4=">AAACEXicbVDLSsNAFJ34rPUVdekmWIQuSk20VpdFN26ECvYBTRomk2k7dJIJMxOhhPyCG3/FjQtF3Lpz5984abPQ1gMXDufcy733eBElQprmt7a0vLK6tl7YKG5ube/s6nv7bcFijnALMcp414MCUxLiliSS4m7EMQw8ijve+DrzOw+YC8LCezmJsBPAYUgGBEGpJFcv23zE3Lpd6VlmP7HOU7ty69rMZ/LEDqAc8SCJUNo/c1y9ZFbNKYxFYuWkBHI0Xf3L9hmKAxxKRKEQakEknQRySRDFadGOBY4gGsMh7ikawgALJ5l+lBrHSvGNAeOqQmlM1d8TCQyEmASe6syuFPNeJv7n9WI5uHQSEkaxxCGaLRrE1JDMyOIxfMIxknSiCEScqFsNNIIcIqlCLKoQrPmXF0n7tGrVq7W7WqlxlcdRAIfgCJSBBS5AA9yAJmgBBB7BM3gFb9qT9qK9ax+z1iUtnzkAf6B9/gAMa5yR</latexit> ⇢ 6
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�
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]

<latexit sha1_base64="lHaNZVqypgnutbE2dtC534vAjzk=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIRdVl047KCfUATws100g6dmYSZiVhCf8WNC0Xc+iPu/BsnbRbaemDgcM693DMnShlV2nW/rcra+sbmVnW7trO7t39gH9a7KskkJh2csET2I1CEUUE6mmpG+qkkwCNGetHktvB7j0QqmogHPU1JwGEkaEwxaCOFdt0fAecQ+hz0WPJcpbPQbrhNdw5nlXglaaAS7dD+8ocJzjgRGjNQauC5qQ5ykJpiRmY1P1MkBTyBERkYKoATFeTz7DPn1ChDJ06keUI7c/X3Rg5cqSmPzGQRUS17hfifN8h0fB3kVKSZJgIvDsUZc3TiFEU4QyoJ1mxqCGBJTVYHj0EC1qauminBW/7yKumeN73L5sX9RaN1U9ZRRcfoBJ0hD12hFrpDbdRBGD2hZ/SK3qyZ9WK9Wx+L0YpV7hyhP7A+fwC4eJTm</latexit> � s
p
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[Work in progress, lead by Pippa Cole]
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<latexit sha1_base64="hIgVGm0DjilLF2SMVXOZTvJYBaQ=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAoIqXM1KJulIIbN0IFe4HOOGTStA1NJkOSEcrQd3Djq7hxoYhbN+58G9N2Ftr6Q+DnO+dwcv4gYlRp2/62MguLS8sr2dXc2vrG5lZ+e6ehRCwxqWPBhGwFSBFGQ1LXVDPSiiRBPGCkGQyuxvXmA5GKivBODyPicdQLaZdipA3y88fcd+DhBXTs+xO3eOO7oiO06+a4X55g6BZhSv18wS7ZE8F546SmAFLV/PyX2xE45iTUmCGl2o4daS9BUlPMyCjnxopECA9Qj7SNDREnyksmN43ggSEd2BXSvFDDCf09kSCu1JAHppMj3VeztTH8r9aOdffcS2gYxZqEeLqoGzOoBRwHBDtUEqzZ0BiEJTV/hbiPJMLaxJgzITizJ8+bRrnknJYqt5VC9TKNIwv2wD44Ag44A1VwDWqgDjB4BM/gFbxZT9aL9W59TFszVjqzC/7I+vwBoxaaRg==</latexit>
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m1 = 103 M�

m2 = 1M�

[Code: github.com/adam-coogan/pydd]

[Coogan, Bertone, Gaggero,  
BJK & Nichols, 2108.04154]
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m1 = 1M�

m2 = 10�3 M�

[Cole, Coogan, BJK, Bertone, 2207.07576]

PBH scenario

Detection with LISA

https://github.com/adam-coogan/pydd
https://arxiv.org/abs/2108.04154
https://arxiv.org/abs/2207.07576
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[1906.11845]

[See also Bertone, Coogan, Gaggero, BJK & Weniger, 1905.01238] 

Red regions would be ruled out by observation of a DM spike!
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https://arxiv.org/abs/1906.11845
https://arxiv.org/abs/1905.01238
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Realistic spike  
formation scenarios

Eccentric orbits

Accretion (for BHs)

More realistic 
feedback

[Ongoing work lead by  
Theophanes Karydas]

[See e.g. Becker et 
al., 2112.09586]

Confusion with other 
environmental effects

Relativistic effects

Search strategies

[Ongoing work lead 
by Pippa Cole]

[See e.g. 2204.12508]

Integration with realistic 
 IMRI/EMRI waveforms

[See e.g. 2104.04582]

[Ongoing work with Abram  
Perez & Pratika Dayal]

https://arxiv.org/abs/2112.09586
https://arxiv.org/abs/2204.12508
https://arxiv.org/abs/2104.04582
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Realistic spike  
formation scenarios

Eccentric orbits

Accretion (for BHs)

More realistic 
feedback

[Ongoing work lead by  
Theophanes Karydas]

[See e.g. Becker et 
al., 2112.09586]

Confusion with other 
environmental effects

Relativistic effects

Search strategies

[Ongoing work lead 
by Pippa Cole]

[See e.g. 2204.12508]

Integration with realistic 
 IMRI/EMRI waveforms

[See e.g. 2104.04582]
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[Code here: 
 github.com/bradkav/NbodyIMRI]
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⌃DM

[Ongoing work with Abram  
Perez & Pratika Dayal]

https://arxiv.org/abs/2112.09586
https://arxiv.org/abs/2204.12508
https://arxiv.org/abs/2104.04582
https://github.com/bradkav/NbodyIMRI
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Part 2:  
Neutron Stars
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⇢c > O(100) ⇢1

DM

DM

DM

Young neutron stars can have extremely high 
magnetic fields ( ),  

relevant for axion DM
B0 = 1012 − 1015 G

High ‘target’ densities means high opacity to 
DM-nucleon scattering: 
ρ > 4.2 × 1011 g/cm3

Strong gravitational field compresses DM 
phase space, enhancing DM density near NS 

surface
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[Garani & Palomares-Ruiz, 2104.12757]

Capture of DM in NSs is possible down to keV masses and can lead to distinctive signatures:
• Impact on NS equation of state (possible GW signatures?) [E.g. Cermeño et al., 1710.06866]

• Neutron star heating (possible optical, X-ray emission)

• Transient NS heating (for clumpy DM) [E.g. Bramante, BJK, Raj, 2109.04582]

[E.g. Baryakhtar et al., 1704.01577]
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[See parallel talks by Nirmal Raj, Joshua Ziegler and Shiuli Chatterjee on Thursday afternoon]

https://arxiv.org/abs/2104.12757
https://arxiv.org/abs/1710.06866
https://arxiv.org/abs/2109.04582
https://arxiv.org/abs/1704.01577
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QCD axion

Dark Matter could be in the form of light pseudo-scalar ‘axions', 
which may convert to photons (and vice versa) in an external magnetic field:

L � �1

4
ga��aFµ� F̃µ�

= �1

4
ga��aE · B

<latexit sha1_base64="4DnsBb0FH4NxL2TSd7R5YiFtCxY="></latexit>

[cajohare.github.io/AxionLimits/]

[See also parallel session,  
DM X, Wed, 15:50 - 17:30]

https://cajohare.github.io/AxionLimits/
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[For recent modeling developments, see also Battye et al., 1910.11907, 

2104.08290; Leroy et al., 1912.08815, Foster et al., 2202.08274]

[Witte et al., 2104.07670]

Northern NS  
hemisphere

Southern NS 
 hemisphere

QCD axion

NS surrounded by a dense plasma which allows ‘resonant’ conversion, 
 when axion mass matches plasma mass: ωp(B0, P) = ma/2π

[1803.08230,  
1804.03145,  
1811.01020]

[See also parallel session,  
DM X, Wed, 15:50 - 17:30]

[cajohare.github.io/AxionLimits/]

https://arxiv.org/abs/1910.11907
https://arxiv.org/abs/2104.08290
https://arxiv.org/abs/1912.08815
https://arxiv.org/abs/2202.08274
https://arxiv.org/abs/2104.07670
https://arxiv.org/abs/1803.08230
https://arxiv.org/abs/1804.03145
https://arxiv.org/abs/1811.01020
https://cajohare.github.io/AxionLimits/
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[Edwards, Chianese, BJK, Nissanke & Weniger, 1905.04686]
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Future radio observations should be able to probe QCD axion DM in the range 
, while LISA would constrain the DM density close to the IMBH! 10−7 − 10−5 eV
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[BJK, Edwards, Visinelli & Weniger, 2011.05377; Edwards, BJK, Visinelli & Visinelli, 2011.05378]

Clumps of axion DM (‘axion miniclusters’ or ‘AMCs’) crossing NSs could lead to bright radio transients:
[Hogan & Rees (1988)]

aa

γ

[Code: github.com/bradkav/axion-miniclusters]

<latexit sha1_base64="HRWph9aKJFuA+2C/sc1JFueI8yg=">AAACDnicbVC7SgNBFJ31GeNr1dJmMAQsNOxKUMtILGwCEcwDsmuYncwmQ2Z2lplZISz5Aht/xcZCEVtrO//G2SSFJh64cDjnXu69J4gZVdpxvq2l5ZXVtfXcRn5za3tn197bbyqRSEwaWDAh2wFShNGINDTVjLRjSRAPGGkFw2rmtx6IVFREd3oUE5+jfkRDipE2Utcu1roeR3ogeXpVq46hpyiHrnOfnrrlsXdiXNETumsXnJIzAVwk7owUwAz1rv3l9QROOIk0ZkipjuvE2k+R1BQzMs57iSIxwkPUJx1DI8SJ8tPJO2NYNEoPhkKaijScqL8nUsSVGvHAdGanq3kvE//zOokOL/2URnGiSYSni8KEQS1glg3sUUmwZiNDEJbU3ArxAEmEtUkwb0Jw519eJM2zknteKt+WC5XrWRw5cAiOwDFwwQWogBtQBw2AwSN4Bq/gzXqyXqx362PaumTNZg7AH1ifPzdSmvY=</latexit>

MAMC ⇠ 10�14 M�
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RAMC ⇠ 10�7 pc

https://arxiv.org/abs/2011.05377
https://arxiv.org/abs/2011.05378
https://doi.org/10.1016/0370-2693(88)91655-3
https://github.com/bradkav/axion-miniclusters
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[See e.g. 2206.04619, 
2207.11276]

AMC distribution 
and evolution

Better modelling of  
NS magnetospheres Search strategies?

NS magnetic field 
distributions

[Ongoing work lead 
by Sam Witte]

Searches for cold NSs

Capture of light DM 
(Neutron superfluid?)

[See e.g. 2205.05048]

https://arxiv.org/abs/2206.04619
https://arxiv.org/abs/2207.11276
http://arxiv.org/abs/2205.05048
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[See e.g. 2206.04619, 
2207.11276]

AMC distribution 
and evolution

Better modelling of  
NS magnetospheres Search strategies?

NS magnetic field 
distributions

[Ongoing work lead 
by Sam Witte]

Searches for cold NSs

Capture of light DM 
(Neutron superfluid?)

[See e.g. 2205.05048]

Search currently underway 
for radio transients in 

Andromeda using the Green 
Bank Telescope (GBT) 

https://arxiv.org/abs/2206.04619
https://arxiv.org/abs/2207.11276
http://arxiv.org/abs/2205.05048
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[Special thanks also to Sonic Adventure 2 for graphic design inspiration]
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Higher densities, larger magnetic fields, longer timescales…but plenty still to do…

[Credit: NASA’s Goddard Space Flight Center;  
background, ESA/Gaia/DPAC]

[Credit: Casey Reed (Penn State University), 
Wikimedia Commons]

Black Holes Neutron Stars
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Higher densities, larger magnetic fields, longer timescales…but plenty still to do…

[Credit: NASA’s Goddard Space Flight Center;  
background, ESA/Gaia/DPAC]

[Credit: Casey Reed (Penn State University), 
Wikimedia Commons]

Black Holes Neutron Stars

Thank you TeVPA!
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Current Interferometers

Future Interferometers

Pulsar Timing Arrays

[Bertone, Croon, et al (including BJK), 1907.10610]

https://arxiv.org/abs/1907.10610
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IMBH

Dynamical Friction

DM Accretion

Additional 
enclosed

 mass

[See e.g. Macedo et al., 1302.2646; Cardoso & Maselli, 1909.05870]

https://arxiv.org/abs/1302.2646
https://arxiv.org/abs/1909.05870
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IMBH

Dynamical Friction

DM Accretion

Additional 
enclosed

 mass

[See e.g. Macedo et al., 1302.2646; Cardoso & Maselli, 1909.05870]
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[See e.g. Macedo et al., 1302.2646; Cardoso & Maselli, 1909.05870]
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Use semi-analytic galaxy formation models to study the properties of Direct 
Collapse Black Holes and the halos they form in.

[Volonteri et al., 2110.10175]

[Dunn et al., 1803.01007]

[Work in progress with Abram Perez, Pratika Dayal, and others]

Preliminary results suggest that large densities are possible 
but do these systems survive, and are they common? 

<latexit sha1_base64="wRoNEtpnG2//LKZ8T1+Cj4xBANw=">AAACGnicbVDLSgMxFM34tr6qLt0Ei+BCy4xKdSUFN26ECrYKnTpkMpk2NJkMyR2hDPMdbvwVNy4UcSdu/BvTx8LXgcDhnHPJvSdMBTfgup/O1PTM7Nz8wmJpaXllda28vtEyKtOUNakSSt+ExDDBE9YEDoLdpJoRGQp2HfbPhv71HdOGq+QKBinrSNJNeMwpASsFZc/XPRXUsN8FG5LYc29zr1b4exeBryIF/p4vCfS0zFNa3Ob7h0VQrrhVdwT8l3gTUkETNILyux8pmkmWABXEmLbnptDJiQZOBStKfmZYSmifdFnb0oRIZjr56LQC71glwrHS9iWAR+r3iZxIYwYytMnhnua3NxT/89oZxCednCdpBiyh44/iTGBQeNgTjrhmFMTAEkI1t7ti2iOaULBtlmwJ3u+T/5LWQdWrVY8ujyr100kdC2gLbaNd5KFjVEfnqIGaiKJ79Iie0Yvz4Dw5r87bODrlTGY20Q84H18mWqBY</latexit>

⇢6 & 1016 M� pc�3

https://arxiv.org/abs/2110.10175
https://arxiv.org/abs/1803.01007
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Compton wavelength of  
a light scalar field:

Super-radiance (and growth of a  
‘gravitational atom’) when:

<latexit sha1_base64="++b6SUL6JMC5Xq4RyZwaAHFrZTY=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSlIhYGCoykAXpCLRh9SEyHHc1qqdRLaDVEX9BRZ+hYUBhFjZ2PgbnDYDtBzJ0tE5917fe/yYUaks69tYWl5ZXVsvbBQ3t7Z3ds29/baMEoFJC0csEl0fScJoSFqKKka6sSCI+4x0/NFV5nceiJA0Cu/UOCYuR4OQ9ilGSkueWRbeADqScngNbzyHIzUUPK03Jif4vgovocP0rAB52DNLVsWaAi4SOyclkKPpmV9OEOGEk1BhhqTs2Vas3BQJRTEjk6KTSBIjPEID0tM0RJxIN51eNIHHWglgPxL6hQpO1d8dKeJSjrmvK7OV5byXif95vUT1L9yUhnGiSIhnH/UTBlUEs3hgQAXBio01QVhQvSvEQyQQVjrEog7Bnj95kbSrFfusYt+elmr1PI4COARHoAxscA5qoAGaoAUweATP4BW8GU/Gi/FufMxKl4y85wD8gfH5AyMFm/U=</latexit>

rg ⇠ GMBH/c
2 < �c

[Chia, 2012.09167]

<latexit sha1_base64="Y6qwDZh0zYvjGr0KPl7pZUnjXeQ="></latexit>

MBH 2 [1, 1010]M�

! m� 2 [10�20, 10�10] eV

[E.g. Baumann et al., 1804.03208, 1908.10370, 1912.04932, 2112.14777]

<latexit sha1_base64="wM5jDW8emqQQVnLFH+VlB4queVs=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuwqSkNt0VdOGygn1AG8pkOmmGziRhZiKU0F9w40IRt/6QO//GSVtBRQ9cOJxzL/feE6ScKY3Qh7W2vrG5tV3aKe/u7R8cVo6OuyrJJKEdkvBE9gOsKGcx7WimOe2nkmIRcNoLpleF37unUrEkvtOzlPoCT2IWMoJ1IQ3TiI0qVWR7yHWadYhs1/EaNdcQVK+5XhM6NlqgClZojyrvw3FCMkFjTThWauCgVPs5lpoRTuflYaZoiskUT+jA0BgLqvx8cescnhtlDMNEmoo1XKjfJ3IslJqJwHQKrCP12yvEv7xBpkPPz1mcZprGZLkozDjUCSweh2MmKdF8ZggmkplbIYmwxESbeMomhK9P4f+kW7OdS9u9daut61UcJXAKzsAFcEADtMANaIMOICACD+AJPFvCerRerNdl65q1mjkBP2C9fQKMII6b</latexit>

�

https://arxiv.org/abs/2012.09167
https://arxiv.org/abs/1804.03208
https://arxiv.org/abs/1908.10370
https://arxiv.org/abs/1912.04932
https://arxiv.org/abs/2112.14777
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https://arxiv.org/abs/2012.09167
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[Acevedo et al., 1911.06334; Bell et al., 2004.14888, 2104.14367; Dasgupta et al., 2006.10773]

[Bell et al., 1904.09803]

[Cermeño et al., 1710.06866]Captured DM may also affect NS equation of state:

[Baryakhtar et al., 1704.01577]

NS and WD capture rate becoming more and more refined, but what are the observational prospects?

<latexit sha1_base64="1ihqirajmpBz110ls0JEbrUxk6c=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXQbda9Zbzxc1Vq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gACBI45</latexit>�

https://arxiv.org/abs/1911.06334
https://arxiv.org/abs/2004.14888
https://arxiv.org/abs/2104.14367
https://arxiv.org/abs/2006.10773
https://arxiv.org/abs/1904.09803
https://arxiv.org/abs/1710.06866
https://arxiv.org/abs/1704.01577
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[Buschmann et al., 1906.00967]
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� = (⇢� ⇢̄)/⇢

Overdensities act as ‘seeds' for 
bound “axion miniclusters” (AMCs)

For an overdensity of size   
the final density is:

δ = (ρ − ρ̄)/ρ

[Kolb & Tkachev, astro-ph/9403011]

<latexit sha1_base64="bC32fwH2Eo2bJ2p9mVGm1wNU5ZQ="></latexit>

⇢AMC(�) = 140(1 + �)�3⇢eq

Not to be confused with Axion Stars
[Schive et al., 1407.7762, Visinelli et al., 1710.08910]

https://arxiv.org/abs/1906.00967
https://arxiv.org/abs/astro-ph/9403011
https://arxiv.org/abs/1407.7762
https://arxiv.org/abs/1710.08910
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[See also previous work, e.g. Tinyakov et al., 1512.02884; Dokuchaev et al., 1710.09586; 
and more recent work e.g. Dandoy et al., 2206.04619, Shen et al., 2207.11276]

But remember that even ‘surviving' AMCs may be drastically altered.
[BJK, Edwards, Visinelli & Weniger, 2011.05377; Edwards, BJK, Visinelli & Visinelli, 2011.05378]

https://arxiv.org/abs/1512.02884
https://arxiv.org/abs/1710.09586
https://arxiv.org/abs/2206.04619
https://arxiv.org/abs/2207.11276
https://arxiv.org/abs/2011.05377
https://arxiv.org/abs/2011.05378

