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[Code online: github.com/bradkav/PBHbounds]
[Green & BJK, 1709.06576]
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[Other reviews: 1801.05235,  
2002.12778, 2006.02838]
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[Code online: github.com/bradkav/PBHbounds]
[Green & BJK, 1709.06576]
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PBHs may form out of large primordial fluctuations on small scales  
(among other things)…

…but we’ll focus on direct observational constraints.

Ps(k) = As
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�ns�1
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[Boudaud & Cirelli, 1807.03075]

COMPTEL
[Coogan et al., 2010.04797]

Colder PBH emission
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Many interesting constraints from 
‘old’ experiments, e.g.
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Recently updated at the  
low mass end

Longer event duration

Hint from 6 ultra-short events? 
(t ~ 0.1-0.3 days)

[Smyth et al., 1910.01285, 
Croon et al., 2007.12697]

[OGLE, 1901.07120] 

ICARUS! A star at z ~ 1.5
[Kelly et al., 1706.10279, 
Oguri et al., 1710.00148]
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[Oguri et al., 1710.00148] [Kelly et al., 1706.10279]

Star at z ~ 1.49, magnified by >2000x

(PBH) substructure in the galaxy-cluster lens 
would reduce the magnification

https://arxiv.org/abs/1710.00148
https://arxiv.org/abs/1710.00148
https://arxiv.org/abs/1706.10279
https://arxiv.org/abs/1706.10279
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Dwarf galaxy constraints weakening 
somewhat with improved analysis 

 (e.g. Fokker-Planck)

Heavy PBHs can ‘inject’ energy 
and disrupt bound systems

[E.g. Zhu et al., 1710.05032, 
Stegmann et al., 1910.04793 ]

Wide binary constraints should 
 improve with Gaia

[Price-Whelan, Oh & Spergel, 1709.03532]

https://arxiv.org/abs/1710.05032
https://arxiv.org/abs/1910.04793
https://arxiv.org/abs/1710.05032
https://arxiv.org/abs/1910.04793
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Large uncertainties due to  
accretion model

Emission due to accretion can be 
relevant at early and late times

[E.g. Manshanden et al., 1812.07967]

CMB bounds now on solid 
ground (and getting stronger)

[Serpico et al., 2002.10771]

New bounds from gas heating 
 in Leo T dwarf

[Lu et al., 2007.02213]

https://arxiv.org/abs/1812.07967
https://arxiv.org/abs/1812.07967
https://arxiv.org/abs/2002.10771
https://arxiv.org/abs/2002.10771
https://arxiv.org/abs/2007.02213
https://arxiv.org/abs/2007.02213
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Gravitational Waves
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Constrain individual PBH mergers 
and stochastic background

PBH binaries may form in the  
late Universe…

…but dominate rate comes from 
early Universe binaries…

or so we (?) thought…

[Bird et al., 1603.00464]

[Nakamura et al, astro-ph/9708060, 
Sasaki et al, 1603.08338]

https://arxiv.org/abs/1603.00464
https://arxiv.org/abs/1603.00464
https://arxiv.org/abs/astro-ph/9708060
https://arxiv.org/abs/1603.08338
https://arxiv.org/abs/astro-ph/9708060
https://arxiv.org/abs/1603.08338
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Life of a PBH binary
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[Ali-Haïmoud et al., 1709.06576, 
BJK, Gaggero & Bertone, 1805.09034]

https://arxiv.org/abs/1709.06576
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[Chisholm - astro-ph/0509141, 1110.4402, Inman & Ali-Haïmoud, 1907.08129] 
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<latexit sha1_base64="tldZhtoBX7zc30km54J3yWW74vs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lawoepKCF48V7Ae0a8mms21okl2SrFKX/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMvTAQ3lpBvb2l5ZXVtvbBR3Nza3tkt7e03TJxqBnUWi1i3QmpAcAV1y62AVqKBylBAMxxeT/zmA2jDY3VnRwkEkvYVjzij1kn3T7gjwBjDJfYJ6ZbKpEKmwIvEz0kZ5ah1S1+dXsxSCcoyQY1p+ySxQUa15UzAuNhJDSSUDWkf2o4qKsEE2fTqMT52Sg9HsXalLJ6qvycyKo0ZydB1SmoHZt6biP957dRGl0HGVZJaUGy2KEoFtjGeRIB7XAOzYuQIZZq7WzEbUE2ZdUEVXQj+/MuLpHFa8c8r5PasXL3K4yigQ3SETpCPLlAV3aAaqiOGNHpGr+jNe/RevHfvY9a65OUzB+gPvM8fP9eRrQ==</latexit>

z � 100

A cluster of N PBHs is expected to form around 
<latexit sha1_base64="a08HYyPq7GYZ+J0Gj0R48iJDqy4=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiuaiKKrqTopiupYB/QlDCZTtqhM0k6MxHakL9w46+4caGIW935N07aINp6YODMOfdy7z1exKhUlvVlLCwuLa+sFtaK6xubW9vmzm5DhrHApI5DFoqWhyRhNCB1RRUjrUgQxD1Gmt7gOvOb90RIGgZ3ahSRDke9gPoUI6Ul1yyPXQwdSTkcuw5Hqi94QoYp9H9+tatqeuzIoVDJTeqaJatsTQDniZ2TEshRc81PpxvimJNAYYakbNtWpDoJEopiRtKiE0sSITxAPdLWNECcyE4yuSuFh1rpQj8U+gUKTtTfHQniUo64pyuzZeWsl4n/ee1Y+RedhAZRrEiAp4P8mEEVwiwk2KWCYMVGmiAsqN4V4j4SCCsdZVGHYM+ePE8aJ2X7rGzdnpYql3kcBbAPDsARsME5qIAqqIE6wOABPIEX8Go8Gs/Gm/E+LV0w8p498AfGxzfbz6Bb</latexit>

zc � zeqfPBH/
�

N

Even a distribution of PBHs which is initially Poisson  
distributed will cluster at late times

https://arxiv.org/abs/astro-ph/0509141
https://arxiv.org/abs/1110.4402
https://arxiv.org/abs/1907.08129
https://arxiv.org/abs/astro-ph/0509141
https://arxiv.org/abs/1110.4402
https://arxiv.org/abs/1907.08129
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Simulate isolated clusters or 
attempt something cosmological: 

[Tkachev, Pilipenko & Yepes - 2009.07813]

[Trashorras et al.,  2006.15018]

Clusters may perturb/disrupt binaries 
or encourage binary formation…

[Jedamzik - 2006.11172, 2007.03565]

https://arxiv.org/abs/2009.07813
https://arxiv.org/abs/2009.07813
https://arxiv.org/abs/2006.15018
https://arxiv.org/abs/2006.15018
https://arxiv.org/abs/2006.11172
https://arxiv.org/abs/2007.03565
https://arxiv.org/abs/2006.11172
https://arxiv.org/abs/2007.03565
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Isolated, unperturbed to today

‘Earl
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Isolated PBH

Remain isolated

Ente
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 clu
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Enter a cluster

Binary d
isru

pted

Binary (mildly) perturbed

PBH
 ejected

Binary ejected

‘Late’ Binary

MERGE 
TODAY

Early Universe

[See e.g. 1812.01930, 1908.09752,  
2007.07212,  2009.04731]

https://arxiv.org/abs/1812.01930
https://arxiv.org/abs/1908.09752
https://arxiv.org/abs/2007.07212
https://arxiv.org/abs/2009.04731
https://arxiv.org/abs/1812.01930
https://arxiv.org/abs/1908.09752
https://arxiv.org/abs/2007.07212
https://arxiv.org/abs/2009.04731
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Constrain individual PBH mergers 
and stochastic background

PBH binaries may form in the  
late Universe…

…but dominate rate comes from 
early Universe binaries…

or so we (?) thought…

[Bird et al., 1603.00464]

[Nakamura et al, astro-ph/9708060, 
Sasaki et al, 1603.08338]

ALLOWED?

https://arxiv.org/abs/1603.00464
https://arxiv.org/abs/1603.00464
https://arxiv.org/abs/astro-ph/9708060
https://arxiv.org/abs/1603.08338
https://arxiv.org/abs/astro-ph/9708060
https://arxiv.org/abs/1603.08338
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[Code online: github.com/bradkav/PBHbounds]
[Green & BJK, 1709.06576]

Assuming monochromatic mass function

1

2

3

http://github.com/bradkav/PBHbounds
http://github.com/bradkav/PBHbounds
https://arxiv.org/abs/2007.10722
https://arxiv.org/abs/2007.10722
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[Yoann Génolini, 2006.16975 
and the next talk]
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‘Femtolensing’ of GRBs?
[Barnacka et al., 1204.2056]

A few years ago this region was 
well-constrained

PBH capture in compact objects 
(White Dwarfs/Neutron Stars)

[E.g. Graham et al., 1505.04444,  
Capela et al., 1301.4984]

https://arxiv.org/abs/2006.16975
https://arxiv.org/abs/2006.16975
https://arxiv.org/abs/1204.2056
https://arxiv.org/abs/1204.2056
https://arxiv.org/abs/1505.04444
https://arxiv.org/abs/1301.4984
https://arxiv.org/abs/1505.04444
https://arxiv.org/abs/1301.4984
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[Yoann Génolini, 2006.16975 
and the next talk]
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‘Femtolensing’ of GRBs?

A few years ago this region was 
well-constrained

PBH capture in compact objects 
(White Dwarfs/Neutron Stars)

[E.g. Graham et al., 1505.04444,  
Capela et al., 1301.4984]

[Montero-Camacho et al., 1906.05950]

[Katz et al., 1807.11495]

[Barnacka et al., 1204.2056]

https://arxiv.org/abs/2006.16975
https://arxiv.org/abs/2006.16975
https://arxiv.org/abs/1505.04444
https://arxiv.org/abs/1301.4984
https://arxiv.org/abs/1505.04444
https://arxiv.org/abs/1301.4984
https://arxiv.org/abs/1906.05950
https://arxiv.org/abs/1906.05950
https://arxiv.org/abs/1807.11495
https://arxiv.org/abs/1807.11495
https://arxiv.org/abs/1204.2056
https://arxiv.org/abs/1204.2056


Bradley J. Kavanagh (IFCA, Santander, Spain) Changing Constraints on Primordial Black Holes

Asteroid-mass PBHs

18

10�18 10�16 10�14 10�12 10�10 10�8

MPBH [M�]

10�3

10�2

10�1

100

f P
B

H
=

⌦
P

B
H
/⌦

D
M

FL

GRB Lensing Parallax

Asteroid-mass

1016 1019 1022 1025

MPBH [g]

L1 L2

PBH

GRB

[Nemiroff & Gould, astro-ph/9505019, 
Jung & Kim, 1908.00078]

https://arxiv.org/abs/astro-ph/9505019
https://arxiv.org/abs/1908.00078
https://arxiv.org/abs/astro-ph/9505019
https://arxiv.org/abs/1908.00078
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[Code online: github.com/bradkav/PBHbounds]
[Green & BJK, 1709.06576]

Assuming monochromatic mass function

1

2

3

http://github.com/bradkav/PBHbounds
http://github.com/bradkav/PBHbounds
https://arxiv.org/abs/2007.10722
https://arxiv.org/abs/2007.10722
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[Code online: github.com/bradkav/PBHbounds]
[Green & BJK, 1709.06576]

Assuming monochromatic mass function

1

2

3

Thank you!

http://github.com/bradkav/PBHbounds
http://github.com/bradkav/PBHbounds
https://arxiv.org/abs/2007.10722
https://arxiv.org/abs/2007.10722
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Scalar-induced Gravitational Waves (SIGWs)

At second order, these scalar perturbations can source tensor 
perturbations, leading to stochastic Gravitational waves

PR(k) � Ask�� (k � k�)
<latexit sha1_base64="NEdm6SGzkJCsLgG3/wgG4zX2oGE="></latexit>

fpeak
GW = 3 � 10�9

�
MPBH

M�

��1/2

Hz
<latexit sha1_base64="T1qvWvgkYfsDRjghWPqORl42Xd8="></latexit>

MPBH � 1.4 � 1013M�

�
k�

Mpc�1

��2

<latexit sha1_base64="g2f3y9o3ZUkfBeuF9vFuLRYG6z4="></latexit>

PBHs may be formed from 
enhanced primordial scalar 

perturbations

[astro-ph/0407611, 0812.4339, 1012.4697]

For perturbations on a scale ,k⋆

The typical GW frequency scales as , giving:f peak
GW ∼ k⋆

[See recent NanoGRAV results…]

https://arxiv.org/abs/astro-ph/0407611
https://arxiv.org/abs/0812.4339
https://arxiv.org/abs/1012.4697
https://arxiv.org/abs/astro-ph/0407611
https://arxiv.org/abs/0812.4339
https://arxiv.org/abs/1012.4697
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If fPBH ~ 1, the relative density of PBHs equals the background 
radiation density at matter-radiation equality.  

(Almost) all PBHs form binaries…
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<latexit sha1_base64="C7SqiamL334hl+8ebIZq06/GcRw="></latexit><latexit sha1_base64="C7SqiamL334hl+8ebIZq06/GcRw="></latexit><latexit sha1_base64="C7SqiamL334hl+8ebIZq06/GcRw="></latexit><latexit sha1_base64="C7SqiamL334hl+8ebIZq06/GcRw="></latexit>

Randomly distributed  
(unclustered*) PBHs

Angular momentum set by 
torques from smooth density 

perturbations and all other PBHs

Close, eccentric binaries 
 merge today:

j =
�

1 � e2
<latexit sha1_base64="KRCWEwyVHfxU6DxQ90HNwsb8xXQ=">AAAB+XicbZDJSgNBEIZr4hbjNurRS2MQvBhmgqAIQsCLxwhmgWQMPZ2apE3PYndPIAx5Ey8eFPHqm3jzbewsB038oeHjryqq+vcTwZV2nG8rt7K6tr6R3yxsbe/s7tn7B3UVp5JhjcUilk2fKhQ8wprmWmAzkUhDX2DDH9xM6o0hSsXj6F6PEvRC2ot4wBnVxurY9iO5Jm31JHXmnuFDedyxi07JmYosgzuHIsxV7dhf7W7M0hAjzQRVquU6ifYyKjVnAseFdqowoWxAe9gyGNEQlZdNLx+TE+N0SRBL8yJNpu7viYyGSo1C33SGVPfVYm1i/ldrpTq49DIeJanGiM0WBakgOiaTGEiXS2RajAxQJrm5lbA+lZRpE1bBhOAufnkZ6uWSa/juvFi5mseRhyM4hlNw4QIqcAtVqAGDITzDK7xZmfVivVsfs9acNZ85hD+yPn8AEFiSmw==</latexit><latexit sha1_base64="KRCWEwyVHfxU6DxQ90HNwsb8xXQ=">AAAB+XicbZDJSgNBEIZr4hbjNurRS2MQvBhmgqAIQsCLxwhmgWQMPZ2apE3PYndPIAx5Ey8eFPHqm3jzbewsB038oeHjryqq+vcTwZV2nG8rt7K6tr6R3yxsbe/s7tn7B3UVp5JhjcUilk2fKhQ8wprmWmAzkUhDX2DDH9xM6o0hSsXj6F6PEvRC2ot4wBnVxurY9iO5Jm31JHXmnuFDedyxi07JmYosgzuHIsxV7dhf7W7M0hAjzQRVquU6ifYyKjVnAseFdqowoWxAe9gyGNEQlZdNLx+TE+N0SRBL8yJNpu7viYyGSo1C33SGVPfVYm1i/ldrpTq49DIeJanGiM0WBakgOiaTGEiXS2RajAxQJrm5lbA+lZRpE1bBhOAufnkZ6uWSa/juvFi5mseRhyM4hlNw4QIqcAtVqAGDITzDK7xZmfVivVsfs9acNZ85hD+yPn8AEFiSmw==</latexit><latexit sha1_base64="KRCWEwyVHfxU6DxQ90HNwsb8xXQ=">AAAB+XicbZDJSgNBEIZr4hbjNurRS2MQvBhmgqAIQsCLxwhmgWQMPZ2apE3PYndPIAx5Ey8eFPHqm3jzbewsB038oeHjryqq+vcTwZV2nG8rt7K6tr6R3yxsbe/s7tn7B3UVp5JhjcUilk2fKhQ8wprmWmAzkUhDX2DDH9xM6o0hSsXj6F6PEvRC2ot4wBnVxurY9iO5Jm31JHXmnuFDedyxi07JmYosgzuHIsxV7dhf7W7M0hAjzQRVquU6ifYyKjVnAseFdqowoWxAe9gyGNEQlZdNLx+TE+N0SRBL8yJNpu7viYyGSo1C33SGVPfVYm1i/ldrpTq49DIeJanGiM0WBakgOiaTGEiXS2RajAxQJrm5lbA+lZRpE1bBhOAufnkZ6uWSa/juvFi5mseRhyM4hlNw4QIqcAtVqAGDITzDK7xZmfVivVsfs9acNZ85hD+yPn8AEFiSmw==</latexit><latexit sha1_base64="KRCWEwyVHfxU6DxQ90HNwsb8xXQ=">AAAB+XicbZDJSgNBEIZr4hbjNurRS2MQvBhmgqAIQsCLxwhmgWQMPZ2apE3PYndPIAx5Ey8eFPHqm3jzbewsB038oeHjryqq+vcTwZV2nG8rt7K6tr6R3yxsbe/s7tn7B3UVp5JhjcUilk2fKhQ8wprmWmAzkUhDX2DDH9xM6o0hSsXj6F6PEvRC2ot4wBnVxurY9iO5Jm31JHXmnuFDedyxi07JmYosgzuHIsxV7dhf7W7M0hAjzQRVquU6ifYyKjVnAseFdqowoWxAe9gyGNEQlZdNLx+TE+N0SRBL8yJNpu7viYyGSo1C33SGVPfVYm1i/ldrpTq49DIeJanGiM0WBakgOiaTGEiXS2RajAxQJrm5lbA+lZRpE1bBhOAufnkZ6uWSa/juvFi5mseRhyM4hlNw4QIqcAtVqAGDITzDK7xZmfVivVsfs9acNZ85hD+yPn8AEFiSmw==</latexit>

[0909.1738, 1606.07437, 1707.01480, 1709.06576, 1907.01455, and many others.]

[BJK, Gaggero & Bertone, 1805.09034]

https://arxiv.org/abs/0909.1738
https://arxiv.org/abs/1606.07437
https://arxiv.org/abs/1707.01480
https://arxiv.org/abs/1709.06576
https://arxiv.org/abs/1907.01455
https://arxiv.org/abs/0909.1738
https://arxiv.org/abs/1606.07437
https://arxiv.org/abs/1707.01480
https://arxiv.org/abs/1709.06576
https://arxiv.org/abs/1907.01455
https://arxiv.org/abs/1805.09034
https://arxiv.org/abs/1805.09034
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high redshift (early time)

large background density low background density

low redshift (later time)

PBHs seed the formation of 'local’ DM halos:

Slide shamelessly ripped off from Daniele Gaggero
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<latexit sha1_base64="s0zhWxQt0YvZezlKGQDs5MQLELA="></latexit><latexit sha1_base64="s0zhWxQt0YvZezlKGQDs5MQLELA="></latexit><latexit sha1_base64="s0zhWxQt0YvZezlKGQDs5MQLELA="></latexit><latexit sha1_base64="s0zhWxQt0YvZezlKGQDs5MQLELA="></latexit>

By matter-radiation equality, Mhalo � MPBH
<latexit sha1_base64="oJ4BzCYuBbHVpCcfBq/tLU9d10o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYExVXRTTdCBfuAzlAyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaQfU1gOBwznnkntPGDOqjet+OUvLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnH17nfuSdKUynuzCQmAUdDQSOKkbFSv1K96fscmZHi6QgxmUFfUw5/xOZVI7Mpt+ZOAReJV5AqKNDsVz79gcQJJ8JghrTueW5sghQpQzEjWdlPNIkRHqMh6VkqECc6SKfHZPDYKgMYSWWfMHCq/p5IEdd6wkObzHfU814u/uf1EhNdBCkVcWKIwLOPooRBI2HeDBxQRbBhE0sQVtTuCvEIKYSN7a9sS/DmT14k7dOa59a827Nq/bKoowQOwRE4AR44B3XQAE3QAhg8gCfwAl6dR+fZeXPeZ9Elp5g5AH/gfHwD4HSbdg==</latexit><latexit sha1_base64="oJ4BzCYuBbHVpCcfBq/tLU9d10o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYExVXRTTdCBfuAzlAyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaQfU1gOBwznnkntPGDOqjet+OUvLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnH17nfuSdKUynuzCQmAUdDQSOKkbFSv1K96fscmZHi6QgxmUFfUw5/xOZVI7Mpt+ZOAReJV5AqKNDsVz79gcQJJ8JghrTueW5sghQpQzEjWdlPNIkRHqMh6VkqECc6SKfHZPDYKgMYSWWfMHCq/p5IEdd6wkObzHfU814u/uf1EhNdBCkVcWKIwLOPooRBI2HeDBxQRbBhE0sQVtTuCvEIKYSN7a9sS/DmT14k7dOa59a827Nq/bKoowQOwRE4AR44B3XQAE3QAhg8gCfwAl6dR+fZeXPeZ9Elp5g5AH/gfHwD4HSbdg==</latexit><latexit sha1_base64="oJ4BzCYuBbHVpCcfBq/tLU9d10o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYExVXRTTdCBfuAzlAyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaQfU1gOBwznnkntPGDOqjet+OUvLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnH17nfuSdKUynuzCQmAUdDQSOKkbFSv1K96fscmZHi6QgxmUFfUw5/xOZVI7Mpt+ZOAReJV5AqKNDsVz79gcQJJ8JghrTueW5sghQpQzEjWdlPNIkRHqMh6VkqECc6SKfHZPDYKgMYSWWfMHCq/p5IEdd6wkObzHfU814u/uf1EhNdBCkVcWKIwLOPooRBI2HeDBxQRbBhE0sQVtTuCvEIKYSN7a9sS/DmT14k7dOa59a827Nq/bKoowQOwRE4AR44B3XQAE3QAhg8gCfwAl6dR+fZeXPeZ9Elp5g5AH/gfHwD4HSbdg==</latexit><latexit sha1_base64="oJ4BzCYuBbHVpCcfBq/tLU9d10o=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYExVXRTTdCBfuAzlAyaaYNzWNIMkIZ5gPc+CtuXCji1g9w59+YaQfU1gOBwznnkntPGDOqjet+OUvLK6tr66WN8ubW9s5uZW+/rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gnH17nfuSdKUynuzCQmAUdDQSOKkbFSv1K96fscmZHi6QgxmUFfUw5/xOZVI7Mpt+ZOAReJV5AqKNDsVz79gcQJJ8JghrTueW5sghQpQzEjWdlPNIkRHqMh6VkqECc6SKfHZPDYKgMYSWWfMHCq/p5IEdd6wkObzHfU814u/uf1EhNdBCkVcWKIwLOPooRBI2HeDBxQRbBhE0sQVtTuCvEIKYSN7a9sS/DmT14k7dOa59a827Nq/bKoowQOwRE4AR44B3XQAE3QAhg8gCfwAl6dR+fZeXPeZ9Elp5g5AH/gfHwD4HSbdg==</latexit>

�(r) � r�9/4
<latexit sha1_base64="cPra1wi3LZF5g3ITOFQlcavnrAY=">AAACAXicbVDLSgMxFM34rPU16kZwEyxCXVhnakHdSMGNywr2AZ2xZNJMG5pJhiQjlKFu/BU3LhRx61+4829M21lo64HA4Zx7uTkniBlV2nG+rYXFpeWV1dxafn1jc2vb3tltKJFITOpYMCFbAVKEUU7qmmpGWrEkKAoYaQaD67HffCBSUcHv9DAmfoR6nIYUI22kjr3vyb4oymPoxVLEWkB5n55cnlZGHbvglJwJ4DxxM1IAGWod+8vrCpxEhGvMkFJt14m1nyKpKWZklPcSRWKEB6hH2oZyFBHlp5MEI3hklC4MhTSPazhRf2+kKFJqGAVmMkK6r2a9sfif1050eOGnlMeJJhxPD4UJgybpuA7YpZJgzYaGICyp+SvEfSQR1qa0vCnBnY08TxrlkntWKt9WCtWrrI4cOACHoAhccA6q4AbUQB1g8AiewSt4s56sF+vd+piOLljZzh74A+vzB9RtldQ=</latexit>

[Bertschinger  (1985)] 
[0706.0864, 1901.08528]

https://ui.adsabs.harvard.edu/abs/1985ApJS...58...39B/abstract
https://arxiv.org/abs/0706.0864
https://arxiv.org/abs/1901.08528
https://ui.adsabs.harvard.edu/abs/1985ApJS...58...39B/abstract
https://arxiv.org/abs/0706.0864
https://arxiv.org/abs/1901.08528
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Detection prospects
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[1708.07380]

[1812.07967]

[See also 2007.00021]

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

https://arxiv.org/abs/1708.07380
https://arxiv.org/abs/1708.07380
https://arxiv.org/abs/1812.07967
https://arxiv.org/abs/1812.07967
https://arxiv.org/abs/2007.00021
https://arxiv.org/abs/2007.00021
https://arxiv.org/abs/1905.01238
https://arxiv.org/abs/1905.01238
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Current Interferometers

Future Interferometers

Pulsar Timing Arrays

[Bertone, Croon, Amin, Boddy, BJK, Mack, Natarajan, Opferkuch, Schutz, Takhistov, Weniger, Yu, 
 SciPost Phys. Core 3, 007 (2020), 1907.10610]

Indirect detection

https://arxiv.org/abs/1907.10610
https://arxiv.org/abs/1907.10610
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Extended Mass Function

27

[See also 1801.10327] 

LIGO O1 Limit

[1707.01480]

In general, you can apply a remapping between monochromatic & extended 
mass functions. But it’s hard to ‘poke a hole’ in the overlapping constraints

[Carr et al., 1705.05567]

https://arxiv.org/abs/1801.10327
https://arxiv.org/abs/1801.10327
https://arxiv.org/abs/1707.01480
https://arxiv.org/abs/1707.01480
https://arxiv.org/abs/1705.05567
https://arxiv.org/abs/1705.05567
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GW190521
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[LVC (GW190521), arXiv:2009.01075]

[De Luca et al., arXiv:2009.01728]

https://arxiv.org/abs/2009.01075
https://arxiv.org/abs/2009.01075
https://arxiv.org/abs/2009.01728
https://arxiv.org/abs/2009.01728

