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Searching for primordial black holes 
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Outline

Based on [… , 2105.03349, 2112.10660] and refs. therein

In collaboration with:

V. Baibhav, E. Berti, R. Cotesta, V. De Luca, N. Loutrel,


K. Ng, P. Pani, A. Riotto, S. Vitale, K. Wong
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• Overview on Primordial Black Holes (PBHs)


• GW signatures of PBH mergers:


- The predictions of PBH model 


- Individual events


- Population analyses

current vs future} GW detectors



Introduction

COSMO 2022 Gabriele Franciolini 3



Our universe is full of Black Holes 

GWTC-3

- 90 events (and counting), O(0.1-1) millions in the 3G era!

- How many formation channels? All of astrophysical origin?
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Primordial BHs

Astrophysical BHs
COSMO 2022 Gabriele Franciolini 5

Where do they come from?



Inflation RD   /   MD

(review: Sasaki+[1801.05235])

Early universe
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PBH formation timeline
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Horizon
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Primordial Black Holes



Constraints on the PBH abundance
e.g. review: Carr et al [2002.12778]
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Mergers
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Constraints on the PBH abundance



The PBH timeline

Redshift
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Astro vs Primordial origin
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• Mass distribution


• Spin distribution


• Merger rates evol. (z)


• ….
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Properties of PBH mergers
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• Mass distribution depends spectrum and statistical properties of 
curvature perturbations:


• General parametrisation (recovering a large class of models):

 - No observational constraints


 - Theoretical expectations:


 i) No gaps in the mass distribution


 ii) Minimum width due to critical collapse

PBH Mass distribution

Overdensity peak
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: central mass
: width

(There may be interesting exceptions: QCD epoch reduces 
the threshold and boost formation of solar mass PBHs…)

GF, Musco, Urbano, Pani, to appear

May be relevant for light events at LIGO/Virgo
Jedamzik+ (1998), Byrnes (2018), …

(review: Sasaki+[1801.05235])
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• Baryonic disk accretion can spin-up PBHs
(leading to uncorrelated spin orientations in binaries)

PBH spins and accretion

• Large uncertainties over the efficiency and when it becomes 
negligible (around the reionization epoch)

De Luca, G.F., Desjaques, Malhotra, Riotto JCAP(2019)• Small spins at formation  
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• The abundance sets the merger rate:

PBH abundance
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fPBH ⌘ ⇢PBH

⇢DM

• PBH abundance expressed in terms of the dark matter

(can be thought as a proxy for the average PBH number density)
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fPBH
: determines the PBH merger rate

<latexit sha1_base64="2K9nroTnaYWG8n2JY/l0hDqKYZw=">AAACCHicbVC7TsMwFHV4lvIqMDJgUSExVUmFgLEqS8eC6ENqQuW4TmvVcSL7BlFFHVn4FRYGEGLlE9j4G5y2A7QcydLROffq+hw/FlyDbX9bS8srq2vruY385tb2zm5hb7+po0RR1qCRiFTbJ5oJLlkDOAjWjhUjoS9Yyx9eZX7rninNI3kLo5h5IelLHnBKwEjdwtENdmMVxRDhoOsCe4DUBS5HuF6tje/K+W6haJfsCfAicWakiGaodwtfbi+iScgkUEG07jh2DF5KFHAq2DjvJprFhA5Jn3UMlSRk2ksnQcb4xCg9HETKPAl4ov7eSEmo9Sj0zWRIYKDnvUz8z+skEFx6KZdxAkzS6aEgEdjEzlrBPa4YBTEyhFDFzV8xHRBFKJjushKc+ciLpFkuOeel8vVZsVKd1ZFDh+gYnSIHXaAKqqE6aiCKHtEzekVv1pP1Yr1bH9PRJWu2c4D+wPr8AZSYmQw=</latexit>

R / f2
PBH

• A PBH merger rate in the ballpark of LIGO/Virgo implies: 
<latexit sha1_base64="QtFMy7jUfETgUIItOdN/+jwWSpU=">AAACEXicbVA9TwJBEN3zE/ELtbTZSExoJHdo1JJgQ4mJfCQckr1lDzbs7V125wzkwl+w8a/YWGiMrZ2d/8YFrlDwJZO8vDeTmXleJLgG2/62VlbX1jc2M1vZ7Z3dvf3cwWFDh7GirE5DEaqWRzQTXLI6cBCsFSlGAk+wpje8mfrNB6Y0D+UdjCPWCUhfcp9TAkbq5gp+1wU2gsQFLse4VqlOsAsDTockilQ4wo59n5ydT7LdXN4u2jPgZeKkJI9S1Lq5L7cX0jhgEqggWrcdO4JOQhRwKtgk68aaRcTs6bO2oZIETHeS2UcTfGqUHvZDZUoCnqm/JxISaD0OPNMZEBjoRW8q/ue1Y/CvOwmXUQxM0vkiPxYYQjyNB/e4YhTE2BBCFTe3YjogilAwIU5DcBZfXiaNUtG5LJZuL/LlShpHBh2jE1RADrpCZVRFNVRHFD2iZ/SK3qwn68V6tz7mrStWOnOE/sD6/AFK1Jyk</latexit>

fPBH t 10�3

Raidal et al. JCAP (2019)

Wong, G.F. et al. PRD (2021),

Hutsi et al. JCAP(2021),

…

COSMO 2022 Gabriele Franciolini 14



PBH initial clustering

In the standard scenario, PBHs are not clustered at formation

<latexit sha1_base64="DwtqQsSTNAVmhb5oBp0gnv7+elU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabSbt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqBFSj4BJbhhuBnVQhjQOBD8HoZuo/PKHSPJH3ZpyiH9OB5BFn1Fip0wtRGNpn/WrNrbszkGXiFaQGBZr96lcvTFgWozRMUK27npsaP6fKcCZwUullGlPKRnSAXUsljVH7+ezeCTmxSkiiRNmShszU3xM5jbUex4HtjKkZ6kVvKv7ndTMTXfk5l2lmULL5oigTxCRk+jwJuUJmxNgSyhS3txI2pIoyYyOq2BC8xZeXSfus7l3U3bvzWuO6iKMMR3AMp+DBJTTgFprQAgYCnuEV3pxH58V5dz7mrSWnmDmEP3A+fwAIYY/3</latexit>

�c

<latexit sha1_base64="DwtqQsSTNAVmhb5oBp0gnv7+elU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabSbt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqBFSj4BJbhhuBnVQhjQOBD8HoZuo/PKHSPJH3ZpyiH9OB5BFn1Fip0wtRGNpn/WrNrbszkGXiFaQGBZr96lcvTFgWozRMUK27npsaP6fKcCZwUullGlPKRnSAXUsljVH7+ezeCTmxSkiiRNmShszU3xM5jbUex4HtjKkZ6kVvKv7ndTMTXfk5l2lmULL5oigTxCRk+jwJuUJmxNgSyhS3txI2pIoyYyOq2BC8xZeXSfus7l3U3bvzWuO6iKMMR3AMp+DBJTTgFprQAgYCnuEV3pxH58V5dz7mrSWnmDmEP3A+fwAIYY/3</latexit>

�c

<latexit sha1_base64="Co7e+wt5upVJW9RGTNtXv95vRqM=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuLEkIuqy6MZlBXuBNoTJ5KQdOpmEmYlSYh/FjQtF3Pok7nwbp20W2vrDwMd/zuGc+YOUM6Ud59sqrayurW+UNytb2zu7e3Z1v62STFJo0YQnshsQBZwJaGmmOXRTCSQOOHSC0c203nkAqVgi7vU4BS8mA8EiRok2lm9X+yFwTXx6WgD37ZpTd2bCy+AWUEOFmr791Q8TmsUgNOVEqZ7rpNrLidSMcphU+pmClNARGUDPoCAxKC+fnT7Bx8YJcZRI84TGM/f3RE5ipcZxYDpjoodqsTY1/6v1Mh1deTkTaaZB0PmiKONYJ3iaAw6ZBKr52AChkplbMR0SSag2aVVMCO7il5ehfVZ3L+rO3XmtcV3EUUaH6AidIBddoga6RU3UQhQ9omf0it6sJ+vFerc+5q0lq5g5QH9kff4AENGT4A==</latexit>

�c � �l

<latexit sha1_base64="NGigjevwoScaJAMho8fdC3JcIlE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E1GPRi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ985GPdmr1ty6OwNZJl5BalCg2at+dfsJy2KukElqTMdzUwxyqlEwySeVbmZ4StmIDnjHUkVjboJ8duyEnFilT6JE21JIZurviZzGxozj0HbGFIdm0ZuK/3mdDKPrIBcqzZArNl8UZZJgQqafk77QnKEcW0KZFvZWwoZUU4Y2n4oNwVt8eZk8nte9y7p7f1Fr3BRxlOEIjuEUPLiCBtxBE3xgIOAZXuHNUc6L8+58zFtLTjFzCH/gfP4AL6aORw==</latexit>

1/kl

<latexit sha1_base64="YzPSEW2rgkrV7PNdUR96muYda70=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E1GPRi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ985GPdOr1ty6OwNZJl5BalCg2at+dfsJy2KukElqTMdzUwxyqlEwySeVbmZ4StmIDnjHUkVjboJ8duyEnFilT6JE21JIZurviZzGxozj0HbGFIdm0ZuK/3mdDKPrIBcqzZArNl8UZZJgQqafk77QnKEcW0KZFvZWwoZUU4Y2n4oNwVt8eZk8nte9y7p7f1Fr3BRxlOEIjuEUPLiCBtxBE3xgIOAZXuHNUc6L8+58zFtLTjFzCH/gfP4AOkKOTg==</latexit>

1/ks
<latexit sha1_base64="48l62XmBGmienCblFUYvrYgByPU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabSbt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqBFSj4BJbhhuBnVQhjQOBD8HoZuo/PKHSPJH3ZpyiH9OB5BFn1Fip0wtRGNoX/WrNrbszkGXiFaQGBZr96lcvTFgWozRMUK27npsaP6fKcCZwUullGlPKRnSAXUsljVH7+ezeCTmxSkiiRNmShszU3xM5jbUex4HtjKkZ6kVvKv7ndTMTXfk5l2lmULL5oigTxCRk+jwJuUJmxNgSyhS3txI2pIoyYyOq2BC8xZeXSfus7l3U3bvzWuO6iKMMR3AMp+DBJTTgFprQAgYCnuEV3pxH58V5dz7mrSWnmDmEP3A+fwAWBZAA</latexit>

�l

<latexit sha1_base64="ietXaKXGtpawIeqOiC5lEKBD4Dc=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbOdtEs3m7A7EWrpj/DiQRGv/h5v/hu3bQ7a+mDg8d4MM/PCVApDnvftrKyurW9sFraK2zu7e/ulg8OGSTLNsc4TmehWyAxKobBOgiS2Uo0sDiU2w+Ht1G8+ojYiUQ80SjGIWV+JSHBGVmp2npBYV3ZLZa/izeAuEz8nZchR65a+Or2EZzEq4pIZ0/a9lIIx0yS4xEmxkxlMGR+yPrYtVSxGE4xn507cU6v03CjRthS5M/X3xJjFxozi0HbGjAZm0ZuK/3ntjKLrYCxUmhEqPl8UZdKlxJ3+7vaERk5yZAnjWthbXT5gmnGyCRVtCP7iy8ukcV7xLyve/UW5epPHUYBjOIEz8OEKqnAHNagDhyE8wyu8Oanz4rw7H/PWFSefOYI/cD5/AGxHj6A=</latexit>

⇣l

Tada-Yokoyama (2015), Young-Byrnes (2015), Desjacques-Riotto (2018), Ali-Haimoud (2018), …

Bias induced by long modes suppressed for gaussian perturbations
<latexit sha1_base64="VERHXgaGmv0xbqUZQcekc2OH4K8="></latexit>

�l ' ⌫/�(RPBH/Rcl)
2⇣(kcl) ⌧ 1

<latexit sha1_base64="PUJkcTeP2yBuGf4bm2gHeEvTT48="></latexit>D�⇢PBH(~x, z)

⇢
DM

�⇢PBH(0, z)

⇢
DM

E
=

f2
PBH

nPBH

�D(~x) + ⇠(x, z).
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PBH Clustering evolution
<latexit sha1_base64="5g6KLoBBjFUbhgTgTe+0+SR/Sdk="></latexit>

z t 100 Inman, Ali-Haïmoud PRD (2019)

• Shot noise induce early small structures depending on 


•  PBHs isolated for:
<latexit sha1_base64="pp9dBKI3UOsOXFK+nSOkzemU288="></latexit>

fPBH . z · 10�4

<latexit sha1_base64="pp9dBKI3UOsOXFK+nSOkzemU288="></latexit>

fPBH . z · 10�4

See (De Luca, Desjacques, GF, Riotto, JCAP [2009.04731]) for an analytic description

COSMO 2022 Gabriele Franciolini 16
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Merger rate

<latexit sha1_base64="AYjvfSJo00oqKoVepm5r+ArsvRk="></latexit>

dR

dm1dm2
=

1.6⇥ 106

Gpc3 yr
f

53

37

PBH⌘
� 34

37

✓
t

t0

◆� 34

37

✓
Mtot

M�

◆� 32

37

S (Mtot, fPBH)Aacc(mj) (m1) (m2)

Ali-Haïmoud+(2017), Raidal+ (2018), De Luca, GF+ (2020), …

• Initial spatial Poisson distribution


• Random decoupling of binary systems from 
the Hubble flow 


• Binary formation happening before matter-
radiation equality


• The distribution of initial semi-major axis and 
eccentricity determines the merger rate               


  (Peters’ time-scale                       )
<latexit sha1_base64="dc+hK8tsW+gH6kl5mQR2ri2Qcy0="></latexit>

tGW / a4(1� e2)7/2

Nakamura+ (1997), …

COSMO 2022 Gabriele Franciolini 17



PBH binary properties

<latexit sha1_base64="Efk25Gb3RPEQA4Xqd77CXxEgCuk=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQvBh3k2A8ScCLxyjmAckaZiezyZDZBzO9YliCF3/FiwdFvPoV3vwbJ8keNFrQUFR1093lRoIrsKwvI7OwuLS8kl3Nra1vbG6Z2zsNFcaSsjoNRShbLlFM8IDVgYNgrUgy4ruCNd3hxcRv3jGpeBjcwChijk/6Afc4JaClrrl3jTsw4HRIokiG9xhuk+NS+aRUGXfNvFWwpsB/iZ2SPEpR65qfnV5IY58FQAVRqm1bETgJkcCpYONcJ1YsInpTn7U1DYjPlJNMXxjjQ630sBdKXQHgqfpzIiG+UiPf1Z0+gYGa9ybif147Bu/MSXgQxcACOlvkxQJDiCd54B6XjIIYaUKo5PpWTAdEEgo6tZwOwZ5/+S9pFAv2aaF4Vc5Xz9M4smgfHaAjZKMKqqJLVEN1RNEDekIv6NV4NJ6NN+N91pox0pld9AvGxzeMr5Y6</latexit>

R t t�34/37

106 107 108 109
10-7
10-6
10-5
10-4
10-3
10-2
10-1
100

…lost before entering LVK band

<latexit sha1_base64="jLFV+EwG8RDYs3i8vGMsVXr1Iqk=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0GwMe5K8NEJFlpGMImQjWF2cleHzM4uM3fFsOQXbPwVGwtFbO3s/Bsnj8LXgYHDOfdy55wwlcKg5306hanpmdm54nxpYXFpecVdXWuYJNMc6jyRib4MmQEpFNRRoITLVAOLQwnNsHcy9Ju3oI1I1AX2U2jH7FqJSHCGVuq429QCaJDqJMWERp0A4Q7zAIXq09Pm4Crf8Y92/cNBxy17FW8E+pf4E1ImE9Q67kfQTXgWg0IumTEt30uxnTONgksYlILMQMp4j11Dy1LFYjDtfJRoQLes0qVRou1TSEfq942cxcb049BOxgxvzG9vKP7ntTKMDtu5UGmGoPj4UJRJarMP66FdoYGj7FvCuBb2r5TfMM042hJLtgT/d+S/pLFX8fcr/nm1fFyd1FEkG2STbBOfHJBjckZqpE44uSeP5Jm8OA/Ok/PqvI1HC85kZ538gPP+BZ2+m5k=</latexit>

e / f�19/18
GW

10-3 10-2 10-1
10-4

10-3

10-2

10-1

-2.5

-2.0

-1.5

-1.0

-0.5

0

0.5

1.0

1.5

2.0

2.5

<latexit sha1_base64="Mxs1OCzKdGoXO8rkqJubi5wHx8M=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAbBi2EmBPUY8OIxglkgM4aeTk3SpmdJd08gDsFf8eJBEa/+hzf/xk4yB018UPB4r4qqel7MmVSW9W3kVlbX1jfym4Wt7Z3dPXP/oCGjRFCo04hHouURCZyFUFdMcWjFAkjgcWh6g+up3xyBkCwK79Q4BjcgvZD5jBKlpY559ODAMGEj7MihUKl9DvflSccsWiVrBrxM7IwUUYZax/xyuhFNAggV5UTKtm3Fyk2JUIxymBScREJM6ID0oK1pSAKQbjq7foJPtdLFfiR0hQrP1N8TKQmkHAee7gyI6stFbyr+57UT5V+5KQvjREFI54v8hGMV4WkUuMsEUMXHmhAqmL4V0z4RhCodWEGHYC++vEwa5ZJ9UbJvK8VqJYsjj47RCTpDNrpEVXSDaqiOKHpEz+gVvRlPxovxbnzMW3NGNnOI/sD4/AEPE5Ts</latexit>

j
⌘

p
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�
e2
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Initial large eccentricity…
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GW emission circularises the orbit

time, frequency



1 10 100 1000
Total source-frame mass [M�]

0.1
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100

R
ed

sh
ift

Horizon
10% detected
50% detected

2018–12–08

aLIGO
Voyager

ET
CE

Hall, Evans (2019)
<latexit sha1_base64="L7o1QH9gb/nPF/WNpAxoBlXZ/sM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtouJBCl48VrAf0C4lm2bb0CS7JFmhLv0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7N/PYjVZpF8sFMYuoLPJQsZASbTHq6OXP75YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtGpV76Jauz+v1K/zOIpwBMdwCh5cQh3uoAFNIDCCZ3iFN0c4L8678zFvLTj5zCH8gfP5A04Ujbw=</latexit>

z > 30

• No astro contamination above redshift 


• 3G detectors could observe these sources!

<latexit sha1_base64="Y6TLgFSgVgPK9idlDVVufrgtX5k=">AAAB+nicbVDLTgJBEJz1ifha9OhlIjHxRHbR+LiRePGIiTwS2JDZYRYmzM5sZnpVRD7FiweN8eqXePNvHGAPClbSSaWqO91dYSK4Ac/7dpaWV1bX1nMb+c2t7Z1dt7BXNyrVlNWoEko3Q2KY4JLVgINgzUQzEoeCNcLB1cRv3DFtuJK3MExYEJOe5BGnBKzUcQuPuA19TgckSbR6wCdexy16JW8KvEj8jBRRhmrH/Wp3FU1jJoEKYkzL9xIIRkQDp4KN8+3UsITYDT3WslSSmJlgND19jI+s0sWR0rYk4Kn6e2JEYmOGcWg7YwJ9M+9NxP+8VgrRRTDiMkmBSTpbFKUCg8KTHHCXa0ZBDC0hVHN7K6Z9ogkFm1behuDPv7xI6uWSf1Yq35wWK5dZHDl0gA7RMfLROaqga1RFNUTRPXpGr+jNeXJenHfnY9a65GQz++gPnM8ffVaTeQ==</latexit>

z t 30

Nakamura et al (2016), Koushiappas, Loeb (2017), …

Monotonic growth up to
<latexit sha1_base64="YfA1sHzokdiYSSup3UH1Y1RkiqY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexWUS9CwYvHCvYD2m3Jptk2NMkuyaxSl/4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4gFN+C6305uZXVtfSO/Wdja3tndK+4fNEyUaMrqNBKRbgXEMMEVqwMHwVqxZkQGgjWD0c3Ubz4wbXik7mEcM1+SgeIhpwSs1H3CnQFYV2LP7Z71iiW37M6Al4mXkRLKUOsVvzr9iCaSKaCCGNP23Bj8lGjgVLBJoZMYFhM6IgPWtlQRyYyfzq6e4BOr9HEYaVsK8Ez9PZESacxYBrZTEhiaRW8q/ue1Ewiv/JSrOAGm6HxRmAgMEZ5GgPtcMwpibAmhmttbMR0STSjYoAo2BG/x5WXSqJS9i3Ll7rxUvc7iyKMjdIxOkYcuURXdohqqI4o0ekav6M15dF6cd+dj3ppzsplD9AfO5w8yLpGm</latexit>

z & 103

<latexit sha1_base64="Efk25Gb3RPEQA4Xqd77CXxEgCuk=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQvBh3k2A8ScCLxyjmAckaZiezyZDZBzO9YliCF3/FiwdFvPoV3vwbJ8keNFrQUFR1093lRoIrsKwvI7OwuLS8kl3Nra1vbG6Z2zsNFcaSsjoNRShbLlFM8IDVgYNgrUgy4ruCNd3hxcRv3jGpeBjcwChijk/6Afc4JaClrrl3jTsw4HRIokiG9xhuk+NS+aRUGXfNvFWwpsB/iZ2SPEpR65qfnV5IY58FQAVRqm1bETgJkcCpYONcJ1YsInpTn7U1DYjPlJNMXxjjQ630sBdKXQHgqfpzIiG+UiPf1Z0+gYGa9ybif147Bu/MSXgQxcACOlvkxQJDiCd54B6XjIIYaUKo5PpWTAdEEgo6tZwOwZ5/+S9pFAv2aaF4Vc5Xz9M4smgfHaAjZKMKqqJLVEN1RNEDekIv6NV4NJ6NN+N91pox0pld9AvGxzeMr5Y6</latexit>

R t t�34/37

Merger rate evolution

astro from Ng+ ApJL (2020), …

100 101

100

101

102

PBHs

<latexit sha1_base64="L7o1QH9gb/nPF/WNpAxoBlXZ/sM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtouJBCl48VrAf0C4lm2bb0CS7JFmhLv0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7N/PYjVZpF8sFMYuoLPJQsZASbTHq6OXP75YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtGpV76Jauz+v1K/zOIpwBMdwCh5cQh3uoAFNIDCCZ3iFN0c4L8678zFvLTj5zCH8gfP5A04Ujbw=</latexit> z
>

30
no
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B
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PBHs vs individual events
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GF+, PRD [2112.10660]

PBH 
smoking-gun

PBH rule-out

May be PBH

Poorly measured

Large precision improvements with 3G detectors!

unobserved
GWTC-3
inconclusive<latexit sha1_base64="wOeafZKmJ97l3KLbJSBABzqueLY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj0WvHisYD+gXUo2zbah2SQkWbEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5lqQltEcqm7ETaUM0FblllOu0pTnEScdqLJ7dzvPFJtmBQPdqpomOCRYDEj2Dqp08dKafk0KFf8qr8AWidBTiqQozkof/WHkqQJFZZwbEwv8JUNM6wtI5zOSv3UUIXJBI9oz1GBE2rCbHHuDF04ZYhiqV0Jixbq74kMJ8ZMk8h1JtiOzao3F//zeqmNb8KMCZVaKshyUZxyZCWa/46GTFNi+dQRTDRztyIyxhoT6xIquRCC1ZfXSfuqGtSrwX2t0qjlcRThDM7hEgK4hgbcQRNaQGACz/AKb57yXrx372PZWvDymVP4A+/zB5Ekj64=</latexit>⇡

<latexit sha1_base64="SEIrhe8Jjq014s8s4wrwImllKEY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqDdLvfRYwX5AG8pmu2mXbjZhdyItIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82PBNTjOt1XY2Nza3inulvb2Dw6P7ONyW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uZ/7nSemNI/kI8xi5oVkJHnAKQEjDexyH9gU0ma9gX0uiZrdZQO74lSdBfA6cXNSQTmaA/urP4xoEjIJVBCte64Tg5cSBZwKlpX6iWYxoRMyYj1DJQmZ9tLF7Rk+N8oQB5EyJQEv1N8TKQm1noW+6QwJjPWqNxf/83oJBLdeymWcAJN0uShIBIYIz4PAQ64YBTEzhFDFza2YjokiFExcJROCu/ryOmlfVt3rqvtwVanV8ziK6BSdoQvkohtUQw3URC1E0RQ9o1f0ZmXWi/VufSxbC1Y+c4L+wPr8AbeWlDw=</latexit>

PBH binary?

<latexit sha1_base64="srRpxhCcwLOWxF2LgXXUlglrZZQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gOaUDbbbbt0Nwm7E6GG/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuh9RwKSLeQIGStxPNqQolb4Wj26nfeuTaiDh6wHHCA0UHkegLRtFK/hPxB2hdRc7dbrniVt0ZyDLxclKBHPVu+cvvxSxVPEImqTEdz00wyKhGwSSflPzU8ISyER3wjqURVdwE2ezmCTmxSo/0Y20rQjJTf09kVBkzVqHtVBSHZtGbiv95nRT710EmoiRFHrH5on4qCcZkGgDpCc0ZyrEllGlhbyVsSDVlaGMq2RC8xZeXSfOs6l1WvfuLSu0mj6MIR3AMp+DBFdTgDurQAAYJPMMrvDmp8+K8Ox/z1oKTzxzCHzifPwgmkQc=</latexit>

z & 30
<latexit sha1_base64="iMpEr0q74jVO/ztE5wDNAx39kKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqmBHSFI0C2V/Yo/A1kmQU7KkKPWLX11eoplCUrLBDWmHfipDcdUW84EToqdzGBK2ZD2se2opAmacDy7dkJOndIjsdKupCUz9ffEmCbGjJLIdSbUDsyiNxX/89qZja/DMZdpZlGy+aI4E8QqMn2d9LhGZsXIEco0d7cSNqCaMusCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/DmKe/Fe/c+5q0rXj5zBH/gff4A11OOpg==</latexit>

e ⌧ 1

<latexit sha1_base64="18Nev58XKUk3oNe5b2457/WDzhY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y0LFxXsQ9qhZDKZNjTJDElGKEO/wo0LRdz6Oe78G9N2Ftp6IHA451xy7wkSzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB6Obqd9+okqzWD6YcUJ9gQeSRYxgY6XH3p2NhvjK7ZcrbtWdAS0TLycVyNHol796YUxSQaUhHGvd9dzE+BlWhhFOJ6VeqmmCyQgPaNdSiQXVfjZbeIJOrBKiKFb2SYNm6u+JDAutxyKwSYHNUC96U/E/r5ua6NLPmExSQyWZfxSlHJkYTa9HIVOUGD62BBPF7K6IDLHCxNiOSrYEb/HkZdI6q3q1qnd/Xqlf53UU4QiO4RQ8uIA63EIDmkBAwDO8wpujnBfn3fmYRwtOPnMIf+B8/gACOY/k</latexit>

⇤ = 0

<latexit sha1_base64="eCOqf7FNXCzyA2EygObOO5JmXek=">AAACAHicbVDLSsNAFJ3UV42vqODGzWARXEhJRNRl0Y0boYJ9QBLCZDJph04yYWYiltiNn+JKUBC3/oYr/8Zpm4W2HrhwOOde7r0nzBiVyra/jcrC4tLySnXVXFvf2NyytnfakucCkxbmjItuiCRhNCUtRRUj3UwQlISMdMLB1djv3BMhKU/v1DAjfoJ6KY0pRkpLgbXnoSwT/AG6zrFj+/Am8HjEVWDV7Lo9AZwnTklqoEQzsL68iOM8IanCDEnpOnam/AIJRTEjI9PLJckQHqAecTVNUUKkX0zuH8FDrUQw5kJXquBE/T1RoETKYRLqzgSpvpz1xuJ/npur+MIvaJrliqR4uijOGVQcjsOAERUEKzbUBGFB9a0Q95FAWOnITFOn4Mz+PE/aJ3XnrO7cntYal2UeVbAPDsARcMA5aIBr0AQtgMEjeAav4M14Ml6Md+Nj2loxypld8AfG5w/JMJUH</latexit>

⇡ [1, 10]M�

<latexit sha1_base64="e3+sFUkqmghktfHjf635x2sItbc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl040aoYB/QhDCZTNqh8wgzk0IJ/RM3LhRx65+482+ctllo64ELh3Pu5d574oxRbTzv26msrW9sblW3azu7e/sH7uFRR8tcYdLGkknVi5EmjArSNtQw0ssUQTxmpBuP7mZ+d0yUplI8mUlGQo4GgqYUI2OlyHUDRrTWlMOHKJCJNJFb9xreHHCV+CWpgxKtyP0KEolzToTBDGnd973MhAVShmJGprUg1yRDeIQGpG+pQJzosJhfPoVnVklgKpUtYeBc/T1RIK71hMe2kyMz1MveTPzP6+cmvQkLKrLcEIEXi9KcQSPhLAaYUEWwYRNLEFbU3grxECmEjQ2rZkPwl19eJZ2Lhn/V8B8v683bMo4qOAGn4Bz44Bo0wT1ogTbAYAyewSt4cwrnxXl3PhatFaecOQZ/4Hz+AHPFk4s=</latexit>. M�

<latexit sha1_base64="3BV6kF6vElV8EH/hrD3qA8mPWEI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Vj04kWoYD+gCWGz2bRLN9mwOxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwkxwDY7zba2srq1vbFa2qts7u3v79kGto2WuKGtTKaTqhUQzwVPWBg6C9TLFSBIK1g1HN1O/+8iU5jJ9gHHG/IQMUh5zSsBIgV3zBmDcBLsOvgs8GUkI7LrTcGbAy8QtSR2VaAX2lxdJmicsBSqI1n3XycAviAJOBZtUvVyzjNARGbC+oSlJmPaL2e0TfGKUCMdSmUoBz9TfEwVJtB4noelMCAz1ojcV//P6OcRXfsHTLAeW0vmiOBcYJJ4GgSOuGAUxNoRQxc2tmA6JIhRMXFUTgrv48jLpnDXci4Z7f15vXpdxVNAROkanyEWXqIluUQu1EUVP6Bm9ojdrYr1Y79bHvHXFKmcO0R9Ynz/oC5O2</latexit>& 10M�

<latexit sha1_base64="AIslwyGP/kTMRgFr2jTgvJc64Dw=">AAACLHicbVDLSsNAFJ3UV62vqEsRgkVwVRIRdWfBjcsK9iFtKZPppB06mYSZG2kNWfk1blzor7gRces3uHSSZmFbDwwczrl3zuW4IWcKbPvDKCwtr6yuFddLG5tb2zvm7l5DBZEktE4CHsiWixXlTNA6MOC0FUqKfZfTpju6Tv3mA5WKBeIOJiHt+nggmMcIBi31zMMO0DFk/8Qux2SUxJnievFVkvTMsl2xM1iLxMlJGeWo9cyfTj8gkU8FEI6Vajt2CN0YS2CE06TUiRQNdQoe0LamAvtUdeMsPrGOtdK3vEDqJ8DK1L8bMfaVmviunvQxDNW8l4r/ee0IvMtuzEQYARVkGuRF3ILASjux+kxSAnyiCSaS6VstMsQSE9DNlWZixtNbZzRgo8e0Kme+mEXSOK045xXn9qxcvc9LK6IDdIROkIMuUBXdoBqqI4Ke0DN6RW/Gi/FufBpf09GCke/soxkY3784bapi</latexit>

?
<latexit sha1_base64="/ew2iFygJ7i22Kgs8/wjbjFdSPI=">AAACGnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtQzaWEYwD0iWMDuZTYbMzo4zdyVxyXfYWOiv2ImtjX9i6STZwiQeuHA4517u4QRKcAOu++3kVlbX1jfym4Wt7Z3dveL+Qd3EiaasRmMR62ZADBNcshpwEKypNCNRIFgjGNxM/MYj04bH8h5GivkR6UkeckrASn6b9nmbKKXjIXY7xZJbdqfAy8TLSAllqHaKP+1uTJOISaCCGNPyXAV+SjRwKti40E4MU4QOSI+1LJUkYsZPp6HH+MQqXRzG2o4EPFX/XqQkMmYUBXYzItA3i95E/M9rJRBe+SmXKgEm6exRmAgMMZ40gLtcMwpiZAmhmtusmPaJJhRsT4W5N8NZ1jkN+OBpbKvyFotZJvWzsndR9u7OS5XrrLQ8OkLH6BR56BJV0C2qohqi6AE9o1f05rw4786H8zlbzTnZzSGag/P1C2ZfogM=</latexit>

� ⇡ 0

<latexit sha1_base64="0kjusPGsHwiPAdGmp3Y8JOaK7wk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQPIVdEfUYFMFjBPOAZAmzk95kyOyDmV4xLAF/xYsHRbz6Hd78GyfJHjSxoKGo6p7pLj+RQqPjfFuFpeWV1bXiemljc2t7x97da+g4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zQdQWsTRPY4S8ELWj0QgOEMjde2DDsIjZjecQ4RKcIEjOoauXXYqzhR0kbg5KZMcta791enFPA3NI1wyrduuk6CXMYWCSxiXOqmGhPEh60Pb0IiFoL1suv6YHhulR4NYmYqQTtXfExkLtR6FvukMGQ70vDcR//PaKQaXXiaiJEWI+OyjIJUUYzrJgvaEAo5yZAjjSphdKR8wxTiaxEomBHf+5EXSOK245xX37qxcvcrjKJJDckROiEsuSJXckhqpE04y8kxeyZv1ZL1Y79bHrLVg5TP75A+szx/NTZYH</latexit>

Eccentricity e
<latexit sha1_base64="yvrMpvcyg0lThcBgZ69vLkVqyrs=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZF1DKohYVFBPOAJITZyd1kyOyDmbvisqSx8VdsLBSx9R/s/BsnyRaaeGDgcM69d+49biSFRtv+tnILi0vLK/nVwtr6xuZWcXunrsNYcajxUIaq6TINUgRQQ4ESmpEC5rsSGu7wcuw37kFpEQZ3mETQ8Vk/EJ7gDI3ULe63ER4wvQIvVD5zhRSY0FH7xkzosW6xZJftCeg8cTJSIhmq3eJXuxfy2IcAuWRatxw7wk7KFAouYVRoxxoixoesDy1DA+aD7qSTK0b00Cg9avYwL0A6UX93pMzXOvFdU+kzHOhZbyz+57Vi9M47qQiiGCHg04+8WFIM6TgS2hMKOMrEEMaVMLtSPmCKcTTBFUwIzuzJ86R+XHZOy87tSalykcWRJ3vkgBwRh5yRCrkmVVIjnDySZ/JK3qwn68V6tz6mpTkr69klf2B9/gALQJjq</latexit>

Deformability ⇤
<latexit sha1_base64="uLsHa/gdHM6jU6cJN7LqXtFUK+g=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRkRdVnqphuhgn1AZxgyadqGZjJDckcsQ3du/BU3LhRx6y+4829M21lo64HAyTn33uSeMBFcg+N8W0vLK6tr64WN4ubW9s6uvbff1HGqKGvQWMSqHRLNBJesARwEayeKkSgUrBUOryd+654pzWN5B6OE+RHpS97jlICRAvvIA/YA2Q3RGo+jYHbzgMsRrldr48AuOWVnCrxI3JyUUI56YH953ZimEZNAhRnacZ0E/Iwo4FSwcdFLNUsIHZI+6xgqScS0n033GOMTo3RxL1bmSMBT9XdHRiKtR1FoKiMCAz3vTcT/vE4KvSs/4zJJgUk6e6iXCgwxnoSCu1wxCmJkCKGKm79iOiCKUDDRFU0I7vzKi6R5VnYvyu7tealSzeMooEN0jE6Riy5RBdVQHTUQRY/oGb2iN+vJerHerY9Z6ZKV9xygP7A+fwBvYZmp</latexit>

Mass mPBH

<latexit sha1_base64="2frQ37pTwdmbxCjYXpRi0W1lReg=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KomIeix68VjRfkBTymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLEykMet63s7K6tr6xWdgqbu/s7u27B4d1E6eaQ43HMtbNkBmQQkENBUpoJhpYFEpohMPbqd8YgTYiVo84TqAdsb4SPcEZWqnjugHCE2YPiVB0EvCB6Lglr+zNQJeJn5MSyVHtuF9BN+ZpBAq5ZMa0fC/BdsY0Ci5hUgxSAwnjQ9aHlqWKRWDa2ezyCT21Spf2Ym1LIZ2pvycyFhkzjkLbGTEcmEVvKv7ntVLsXbczoZIUQfH5ol4qKcZ0GgPtCg0c5dgSxrWwt1I+YJpxtGEVbQj+4svLpH5e9i/L/v1FqXKTx1Egx+SEnBGfXJEKuSNVUiOcjMgzeSVvTua8OO/Ox7x1xclnjsgfOJ8/tA6TtA==</latexit>

Spin �

<latexit sha1_base64="rnV1KlqKhcdkMLERMQXlGPvI8yw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqBch6MVjBPOA7BJmJ73JkNkHM73isuQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/EQKjbb9bZVWVtfWN8qbla3tnd296v5BW8ep4tDisYxV12capIighQIldBMFLPQldPzx7dTvPILSIo4eMEvAC9kwEoHgDI3kXrsIT5jTDPSkX63ZdXsGukycgtRIgWa/+uUOYp6GECGXTOueYyfo5Uyh4BImFTfVkDA+ZkPoGRqxELSXz26e0BOjDGgQK1MR0pn6eyJnodZZ6JvOkOFIL3pT8T+vl2Jw5eUiSlKEiM8XBamkGNNpAHQgFHCUmSGMK2FupXzEFONoYqqYEJzFl5dJ+6zuXNSd+/Na46aIo0yOyDE5JQ65JA1yR5qkRThJyDN5JW9War1Y79bHvLVkFTOH5A+szx8fsJG/</latexit>= yes <latexit sha1_base64="yh6CfOALBE31TLQZFDqXLFJqaAA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOAZAmzk0kyZHZmmekVw5LP8OJBEa9+jTf/xsnjoIkFDUVVN91dUSKFRd//9nIrq2vrG/nNwtb2zu5ecf+gbnVqGK8xLbVpRtRyKRSvoUDJm4nhNI4kb0TD24nfeOTGCq0ecJTwMKZ9JXqCUXRS67qN/AkzovS4Uyz5ZX8KskyCOSnBHNVO8avd1SyNuUImqbWtwE8wzKhBwSQfF9qp5QllQ9rnLUcVjbkNs+nJY3LilC7paeNKIZmqvycyGls7iiPXGVMc2EVvIv7ntVLsXYWZUEmKXLHZol4qCWoy+Z90heEM5cgRyoxwtxI2oIYydCkVXAjB4svLpH5WDi7Kwf15qXIzjyMPR3AMpxDAJVTgDqpQAwYanuEV3jz0Xrx372PWmvPmM4fwB97nD0aDkUE=</latexit>= no
<latexit sha1_base64="O0FHn0/rtgWW9MOkSr9cmzicKPs=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuiHoMevEYxTwgWcLspDcZMvtgpleMS77EiwdFvPop3vwbJ8keNLGgoajqprvLT6TQ6DjfVmFldW19o7hZ2tre2S3be/tNHaeKQ4PHMlZtn2mQIoIGCpTQThSw0JfQ8kfXU7/1AEqLOLrHcQJeyAaRCARnaKSeXe4iPGJ2B309FAFOenbFqToz0GXi5qRCctR79le3H/M0hAi5ZFp3XCdBL2MKBZcwKXVTDQnjIzaAjqERC0F72ezwCT02Sp8GsTIVIZ2pvycyFmo9Dn3TGTIc6kVvKv7ndVIMLr1MREmKEPH5oiCVFGM6TYH2hQKOcmwI40qYWykfMsU4mqxKJgR38eVl0jytuudV9/asUrvK4yiSQ3JETohLLkiN3JA6aRBOUvJMXsmb9WS9WO/Wx7y1YOUzB+QPrM8fb+CTmQ==</latexit>

Redshift

<latexit sha1_base64="9r0ASrOMcvawtsFVpHzI5FMbmRw=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVpSQi6rLUTZcV7AOaECbTaTt0MokzN9IS+hFu/BU3LhRx68Kdf2PSdqGtBy6cOede5t7jR4JrsKxvY2l5ZXVtPbeR39za3tk19/YbOowVZXUailC1fKKZ4JLVgYNgrUgxEviCNf3BTeY3H5jSPJR3MIqYG5Ce5F1OCaSSZ546tM+xQ6JIhUOcPTwH2BASB7gc4VqlOsbFwLPP7k/ynlmwStYEeJHYM1JAM9Q888vphDQOmAQqiNZt24rATYgCTgUb551Ys4jQAemxdkolCZh2k8lRY3ycKh3cDVVaEvBE/T2RkEDrUeCnnQGBvp73MvE/rx1D99pNuIxiYJJOP+rGAkOIs4RwhytGQYxSQqji6a6Y9okiFNIcsxDs+ZMXSeO8ZF+W7NuLQrkyiyOHDtERKiIbXaEyqqIaqiOKHtEzekVvxpPxYrwbH9PWJWM2c4D+wPj8AcylnVw=</latexit>

� ⇡ �PBH(m1, q)
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<latexit sha1_base64="SEIrhe8Jjq014s8s4wrwImllKEY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqDdLvfRYwX5AG8pmu2mXbjZhdyItIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82PBNTjOt1XY2Nza3inulvb2Dw6P7ONyW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uZ/7nSemNI/kI8xi5oVkJHnAKQEjDexyH9gU0ma9gX0uiZrdZQO74lSdBfA6cXNSQTmaA/urP4xoEjIJVBCte64Tg5cSBZwKlpX6iWYxoRMyYj1DJQmZ9tLF7Rk+N8oQB5EyJQEv1N8TKQm1noW+6QwJjPWqNxf/83oJBLdeymWcAJN0uShIBIYIz4PAQ64YBTEzhFDFza2YjokiFExcJROCu/ryOmlfVt3rqvtwVanV8ziK6BSdoQvkohtUQw3URC1E0RQ9o1f0ZmXWi/VufSxbC1Y+c4L+wPr8AbeWlDw=</latexit>

PBH binary?

<latexit sha1_base64="srRpxhCcwLOWxF2LgXXUlglrZZQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gOaUDbbbbt0Nwm7E6GG/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuh9RwKSLeQIGStxPNqQolb4Wj26nfeuTaiDh6wHHCA0UHkegLRtFK/hPxB2hdRc7dbrniVt0ZyDLxclKBHPVu+cvvxSxVPEImqTEdz00wyKhGwSSflPzU8ISyER3wjqURVdwE2ezmCTmxSo/0Y20rQjJTf09kVBkzVqHtVBSHZtGbiv95nRT710EmoiRFHrH5on4qCcZkGgDpCc0ZyrEllGlhbyVsSDVlaGMq2RC8xZeXSfOs6l1WvfuLSu0mj6MIR3AMp+DBFdTgDurQAAYJPMMrvDmp8+K8Ox/z1oKTzxzCHzifPwgmkQc=</latexit>

z & 30
<latexit sha1_base64="iMpEr0q74jVO/ztE5wDNAx39kKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqmBHSFI0C2V/Yo/A1kmQU7KkKPWLX11eoplCUrLBDWmHfipDcdUW84EToqdzGBK2ZD2se2opAmacDy7dkJOndIjsdKupCUz9ffEmCbGjJLIdSbUDsyiNxX/89qZja/DMZdpZlGy+aI4E8QqMn2d9LhGZsXIEco0d7cSNqCaMusCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/DmKe/Fe/c+5q0rXj5zBH/gff4A11OOpg==</latexit>

e ⌧ 1

<latexit sha1_base64="18Nev58XKUk3oNe5b2457/WDzhY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y0LFxXsQ9qhZDKZNjTJDElGKEO/wo0LRdz6Oe78G9N2Ftp6IHA451xy7wkSzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB6Obqd9+okqzWD6YcUJ9gQeSRYxgY6XH3p2NhvjK7ZcrbtWdAS0TLycVyNHol796YUxSQaUhHGvd9dzE+BlWhhFOJ6VeqmmCyQgPaNdSiQXVfjZbeIJOrBKiKFb2SYNm6u+JDAutxyKwSYHNUC96U/E/r5ua6NLPmExSQyWZfxSlHJkYTa9HIVOUGD62BBPF7K6IDLHCxNiOSrYEb/HkZdI6q3q1qnd/Xqlf53UU4QiO4RQ8uIA63EIDmkBAwDO8wpujnBfn3fmYRwtOPnMIf+B8/gACOY/k</latexit>

⇤ = 0

<latexit sha1_base64="eCOqf7FNXCzyA2EygObOO5JmXek=">AAACAHicbVDLSsNAFJ3UV42vqODGzWARXEhJRNRl0Y0boYJ9QBLCZDJph04yYWYiltiNn+JKUBC3/oYr/8Zpm4W2HrhwOOde7r0nzBiVyra/jcrC4tLySnXVXFvf2NyytnfakucCkxbmjItuiCRhNCUtRRUj3UwQlISMdMLB1djv3BMhKU/v1DAjfoJ6KY0pRkpLgbXnoSwT/AG6zrFj+/Am8HjEVWDV7Lo9AZwnTklqoEQzsL68iOM8IanCDEnpOnam/AIJRTEjI9PLJckQHqAecTVNUUKkX0zuH8FDrUQw5kJXquBE/T1RoETKYRLqzgSpvpz1xuJ/npur+MIvaJrliqR4uijOGVQcjsOAERUEKzbUBGFB9a0Q95FAWOnITFOn4Mz+PE/aJ3XnrO7cntYal2UeVbAPDsARcMA5aIBr0AQtgMEjeAav4M14Ml6Md+Nj2loxypld8AfG5w/JMJUH</latexit>

⇡ [1, 10]M�

<latexit sha1_base64="e3+sFUkqmghktfHjf635x2sItbc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl040aoYB/QhDCZTNqh8wgzk0IJ/RM3LhRx65+482+ctllo64ELh3Pu5d574oxRbTzv26msrW9sblW3azu7e/sH7uFRR8tcYdLGkknVi5EmjArSNtQw0ssUQTxmpBuP7mZ+d0yUplI8mUlGQo4GgqYUI2OlyHUDRrTWlMOHKJCJNJFb9xreHHCV+CWpgxKtyP0KEolzToTBDGnd973MhAVShmJGprUg1yRDeIQGpG+pQJzosJhfPoVnVklgKpUtYeBc/T1RIK71hMe2kyMz1MveTPzP6+cmvQkLKrLcEIEXi9KcQSPhLAaYUEWwYRNLEFbU3grxECmEjQ2rZkPwl19eJZ2Lhn/V8B8v683bMo4qOAGn4Bz44Bo0wT1ogTbAYAyewSt4cwrnxXl3PhatFaecOQZ/4Hz+AHPFk4s=</latexit>. M�

<latexit sha1_base64="3BV6kF6vElV8EH/hrD3qA8mPWEI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Vj04kWoYD+gCWGz2bRLN9mwOxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwkxwDY7zba2srq1vbFa2qts7u3v79kGto2WuKGtTKaTqhUQzwVPWBg6C9TLFSBIK1g1HN1O/+8iU5jJ9gHHG/IQMUh5zSsBIgV3zBmDcBLsOvgs8GUkI7LrTcGbAy8QtSR2VaAX2lxdJmicsBSqI1n3XycAviAJOBZtUvVyzjNARGbC+oSlJmPaL2e0TfGKUCMdSmUoBz9TfEwVJtB4noelMCAz1ojcV//P6OcRXfsHTLAeW0vmiOBcYJJ4GgSOuGAUxNoRQxc2tmA6JIhRMXFUTgrv48jLpnDXci4Z7f15vXpdxVNAROkanyEWXqIluUQu1EUVP6Bm9ojdrYr1Y79bHvHXFKmcO0R9Ynz/oC5O2</latexit>& 10M�

<latexit sha1_base64="AIslwyGP/kTMRgFr2jTgvJc64Dw=">AAACLHicbVDLSsNAFJ3UV62vqEsRgkVwVRIRdWfBjcsK9iFtKZPppB06mYSZG2kNWfk1blzor7gRces3uHSSZmFbDwwczrl3zuW4IWcKbPvDKCwtr6yuFddLG5tb2zvm7l5DBZEktE4CHsiWixXlTNA6MOC0FUqKfZfTpju6Tv3mA5WKBeIOJiHt+nggmMcIBi31zMMO0DFk/8Qux2SUxJnievFVkvTMsl2xM1iLxMlJGeWo9cyfTj8gkU8FEI6Vajt2CN0YS2CE06TUiRQNdQoe0LamAvtUdeMsPrGOtdK3vEDqJ8DK1L8bMfaVmviunvQxDNW8l4r/ee0IvMtuzEQYARVkGuRF3ILASjux+kxSAnyiCSaS6VstMsQSE9DNlWZixtNbZzRgo8e0Kme+mEXSOK045xXn9qxcvc9LK6IDdIROkIMuUBXdoBqqI4Ke0DN6RW/Gi/FufBpf09GCke/soxkY3784bapi</latexit>

?
<latexit sha1_base64="/ew2iFygJ7i22Kgs8/wjbjFdSPI=">AAACGnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtQzaWEYwD0iWMDuZTYbMzo4zdyVxyXfYWOiv2ImtjX9i6STZwiQeuHA4517u4QRKcAOu++3kVlbX1jfym4Wt7Z3dveL+Qd3EiaasRmMR62ZADBNcshpwEKypNCNRIFgjGNxM/MYj04bH8h5GivkR6UkeckrASn6b9nmbKKXjIXY7xZJbdqfAy8TLSAllqHaKP+1uTJOISaCCGNPyXAV+SjRwKti40E4MU4QOSI+1LJUkYsZPp6HH+MQqXRzG2o4EPFX/XqQkMmYUBXYzItA3i95E/M9rJRBe+SmXKgEm6exRmAgMMZ40gLtcMwpiZAmhmtusmPaJJhRsT4W5N8NZ1jkN+OBpbKvyFotZJvWzsndR9u7OS5XrrLQ8OkLH6BR56BJV0C2qohqi6AE9o1f05rw4786H8zlbzTnZzSGag/P1C2ZfogM=</latexit>

� ⇡ 0

<latexit sha1_base64="0kjusPGsHwiPAdGmp3Y8JOaK7wk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQPIVdEfUYFMFjBPOAZAmzk95kyOyDmV4xLAF/xYsHRbz6Hd78GyfJHjSxoKGo6p7pLj+RQqPjfFuFpeWV1bXiemljc2t7x97da+g4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zQdQWsTRPY4S8ELWj0QgOEMjde2DDsIjZjecQ4RKcIEjOoauXXYqzhR0kbg5KZMcta791enFPA3NI1wyrduuk6CXMYWCSxiXOqmGhPEh60Pb0IiFoL1suv6YHhulR4NYmYqQTtXfExkLtR6FvukMGQ70vDcR//PaKQaXXiaiJEWI+OyjIJUUYzrJgvaEAo5yZAjjSphdKR8wxTiaxEomBHf+5EXSOK245xX37qxcvcrjKJJDckROiEsuSJXckhqpE04y8kxeyZv1ZL1Y79bHrLVg5TP75A+szx/NTZYH</latexit>

Eccentricity e
<latexit sha1_base64="yvrMpvcyg0lThcBgZ69vLkVqyrs=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZF1DKohYVFBPOAJITZyd1kyOyDmbvisqSx8VdsLBSx9R/s/BsnyRaaeGDgcM69d+49biSFRtv+tnILi0vLK/nVwtr6xuZWcXunrsNYcajxUIaq6TINUgRQQ4ESmpEC5rsSGu7wcuw37kFpEQZ3mETQ8Vk/EJ7gDI3ULe63ER4wvQIvVD5zhRSY0FH7xkzosW6xZJftCeg8cTJSIhmq3eJXuxfy2IcAuWRatxw7wk7KFAouYVRoxxoixoesDy1DA+aD7qSTK0b00Cg9avYwL0A6UX93pMzXOvFdU+kzHOhZbyz+57Vi9M47qQiiGCHg04+8WFIM6TgS2hMKOMrEEMaVMLtSPmCKcTTBFUwIzuzJ86R+XHZOy87tSalykcWRJ3vkgBwRh5yRCrkmVVIjnDySZ/JK3qwn68V6tz6mpTkr69klf2B9/gALQJjq</latexit>

Deformability ⇤
<latexit sha1_base64="uLsHa/gdHM6jU6cJN7LqXtFUK+g=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRkRdVnqphuhgn1AZxgyadqGZjJDckcsQ3du/BU3LhRx6y+4829M21lo64HAyTn33uSeMBFcg+N8W0vLK6tr64WN4ubW9s6uvbff1HGqKGvQWMSqHRLNBJesARwEayeKkSgUrBUOryd+654pzWN5B6OE+RHpS97jlICRAvvIA/YA2Q3RGo+jYHbzgMsRrldr48AuOWVnCrxI3JyUUI56YH953ZimEZNAhRnacZ0E/Iwo4FSwcdFLNUsIHZI+6xgqScS0n033GOMTo3RxL1bmSMBT9XdHRiKtR1FoKiMCAz3vTcT/vE4KvSs/4zJJgUk6e6iXCgwxnoSCu1wxCmJkCKGKm79iOiCKUDDRFU0I7vzKi6R5VnYvyu7tealSzeMooEN0jE6Riy5RBdVQHTUQRY/oGb2iN+vJerHerY9Z6ZKV9xygP7A+fwBvYZmp</latexit>

Mass mPBH

<latexit sha1_base64="2frQ37pTwdmbxCjYXpRi0W1lReg=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KomIeix68VjRfkBTymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLEykMet63s7K6tr6xWdgqbu/s7u27B4d1E6eaQ43HMtbNkBmQQkENBUpoJhpYFEpohMPbqd8YgTYiVo84TqAdsb4SPcEZWqnjugHCE2YPiVB0EvCB6Lglr+zNQJeJn5MSyVHtuF9BN+ZpBAq5ZMa0fC/BdsY0Ci5hUgxSAwnjQ9aHlqWKRWDa2ezyCT21Spf2Ym1LIZ2pvycyFhkzjkLbGTEcmEVvKv7ntVLsXbczoZIUQfH5ol4qKcZ0GgPtCg0c5dgSxrWwt1I+YJpxtGEVbQj+4svLpH5e9i/L/v1FqXKTx1Egx+SEnBGfXJEKuSNVUiOcjMgzeSVvTua8OO/Ox7x1xclnjsgfOJ8/tA6TtA==</latexit>

Spin �

<latexit sha1_base64="rnV1KlqKhcdkMLERMQXlGPvI8yw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqBch6MVjBPOA7BJmJ73JkNkHM73isuQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/EQKjbb9bZVWVtfWN8qbla3tnd296v5BW8ep4tDisYxV12capIighQIldBMFLPQldPzx7dTvPILSIo4eMEvAC9kwEoHgDI3kXrsIT5jTDPSkX63ZdXsGukycgtRIgWa/+uUOYp6GECGXTOueYyfo5Uyh4BImFTfVkDA+ZkPoGRqxELSXz26e0BOjDGgQK1MR0pn6eyJnodZZ6JvOkOFIL3pT8T+vl2Jw5eUiSlKEiM8XBamkGNNpAHQgFHCUmSGMK2FupXzEFONoYqqYEJzFl5dJ+6zuXNSd+/Na46aIo0yOyDE5JQ65JA1yR5qkRThJyDN5JW9War1Y79bHvLVkFTOH5A+szx8fsJG/</latexit>= yes <latexit sha1_base64="yh6CfOALBE31TLQZFDqXLFJqaAA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOAZAmzk0kyZHZmmekVw5LP8OJBEa9+jTf/xsnjoIkFDUVVN91dUSKFRd//9nIrq2vrG/nNwtb2zu5ecf+gbnVqGK8xLbVpRtRyKRSvoUDJm4nhNI4kb0TD24nfeOTGCq0ecJTwMKZ9JXqCUXRS67qN/AkzovS4Uyz5ZX8KskyCOSnBHNVO8avd1SyNuUImqbWtwE8wzKhBwSQfF9qp5QllQ9rnLUcVjbkNs+nJY3LilC7paeNKIZmqvycyGls7iiPXGVMc2EVvIv7ntVLsXYWZUEmKXLHZol4qCWoy+Z90heEM5cgRyoxwtxI2oIYydCkVXAjB4svLpH5WDi7Kwf15qXIzjyMPR3AMpxDAJVTgDqpQAwYanuEV3jz0Xrx372PWmvPmM4fwB97nD0aDkUE=</latexit>= no
<latexit sha1_base64="O0FHn0/rtgWW9MOkSr9cmzicKPs=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuiHoMevEYxTwgWcLspDcZMvtgpleMS77EiwdFvPop3vwbJ8keNLGgoajqprvLT6TQ6DjfVmFldW19o7hZ2tre2S3be/tNHaeKQ4PHMlZtn2mQIoIGCpTQThSw0JfQ8kfXU7/1AEqLOLrHcQJeyAaRCARnaKSeXe4iPGJ2B309FAFOenbFqToz0GXi5qRCctR79le3H/M0hAi5ZFp3XCdBL2MKBZcwKXVTDQnjIzaAjqERC0F72ezwCT02Sp8GsTIVIZ2pvycyFmo9Dn3TGTIc6kVvKv7ndVIMLr1MREmKEPH5oiCVFGM6TYH2hQKOcmwI40qYWykfMsU4mqxKJgR38eVl0jytuudV9/asUrvK4yiSQ3JETohLLkiN3JA6aRBOUvJMXsmb9WS9WO/Wx7y1YOUzB+QPrM8fb+CTmQ==</latexit>

Redshift

<latexit sha1_base64="9r0ASrOMcvawtsFVpHzI5FMbmRw=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVpSQi6rLUTZcV7AOaECbTaTt0MokzN9IS+hFu/BU3LhRx68Kdf2PSdqGtBy6cOede5t7jR4JrsKxvY2l5ZXVtPbeR39za3tk19/YbOowVZXUailC1fKKZ4JLVgYNgrUgxEviCNf3BTeY3H5jSPJR3MIqYG5Ce5F1OCaSSZ546tM+xQ6JIhUOcPTwH2BASB7gc4VqlOsbFwLPP7k/ynlmwStYEeJHYM1JAM9Q888vphDQOmAQqiNZt24rATYgCTgUb551Ys4jQAemxdkolCZh2k8lRY3ycKh3cDVVaEvBE/T2RkEDrUeCnnQGBvp73MvE/rx1D99pNuIxiYJJOP+rGAkOIs4RwhytGQYxSQqji6a6Y9okiFNIcsxDs+ZMXSeO8ZF+W7NuLQrkyiyOHDtERKiIbXaEyqqIaqiOKHtEzekVvxpPxYrwbH9PWJWM2c4D+wPj8AcylnVw=</latexit>

� ⇡ �PBH(m1, q)

- High redshift uncertainties and systematics

High-z smoking gun at 3G detectors

High redshift 
PBH smoking gun
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<latexit sha1_base64="TDeWdB8xbEoVadi9exVJ9Dzj/L8=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUS9C0YuXQgX7Ae1astm0Dc0mSzKrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtiwQ247reTW1ldW9/Ibxa2tnd294r7B02jEk1ZgyqhdDsghgkuWQM4CNaONSNRIFgrGN1M/dYj04YreQ/jmPkRGUje55SAlR5q+ApXXFzrdVWooFcsuWV3BrxMvIyUUIZ6r/jVDRVNIiaBCmJMx3Nj8FOigVPBJoVuYlhM6IgMWMdSSSJm/HR29QSfWCXEfaVtScAz9fdESiJjxlFgOyMCQ7PoTcX/vE4C/Us/5TJOgEk6X9RPBAaFpxHgkGtGQYwtIVRzeyumQ6IJBRtUwYbgLb68TJpnZe+8XLmrlKrXWRx5dISO0Sny0AWqoltURw1EkUbP6BW9OU/Oi/PufMxbc042c4j+wPn8AUs4kRs=</latexit>

M = 40M�
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<latexit sha1_base64="WBScxL1Bf6o87HZF4s8qy1GWA8o=">AAAB83icbVDLTgJBEOzFF+IL9ehlIph4IrvE+LiRePGIRpAENmR2dhYmzD4y02uCG37DiweN8erPePNvHGAPClbSSaWqO91dXiKFRtv+tgorq2vrG8XN0tb2zu5eef+greNUMd5isYxVx6OaSxHxFgqUvJMoTkNP8gdvdD31Hx650iKO7nGccDekg0gEglE0Uu+O+3ooAiTVp2q/XLFr9gxkmTg5qUCOZr/81fNjloY8Qiap1l3HTtDNqELBJJ+UeqnmCWUjOuBdQyMacu1ms5sn5MQoPgliZSpCMlN/T2Q01HoceqYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AOILxRnKsSGUKWFuJWxIFWVoYiqZEJzFl5dJu15zzmtnt/VK4yqPowhHcAyn4MAFNOAGmtACBgk8wyu8Wan1Yr1bH/PWgpXPHMIfWJ8/GGKRCw==</latexit>

Redshift z

<latexit sha1_base64="w/nD+CoUZmBgsChLnX3URDLhNNM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JIUU9S8OKxgv2ANoTNdtsu3WzC7kSNsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC2LBNTjOt1VYWV1b3yhulra2d3b37PJ+S0eJoqxJIxGpTkA0E1yyJnAQrBMrRsJAsHYwvpr67TumNI/kLaQx80IylHzAKQEj+Xb50e8Be4CsB1ymmKqJb1ecqjMDXiZuTiooR8O3v3r9iCYhk0AF0brrOjF4GVHAqWCTUi/RLCZ0TIasa6gkIdNeNjt9go+N0seDSJmSgGfq74mMhFqnYWA6QwIjvehNxf+8bgKDCy/jMk6ASTpfNEgEhghPc8B9rhgFkRpCqOLmVkxHRBEKJq2SCcFdfHmZtE6r7lm1dlOr1C/zOIroEB2hE+Sic1RH16iBmoiie/SMXtGb9WS9WO/Wx7y1YOUzB+gPrM8f2ZWUYQ==</latexit>zcr



- 3G: up to redshift        and sub-percent precision on mass

Subsolar smoking gun at 3G detectors
<latexit sha1_base64="SEIrhe8Jjq014s8s4wrwImllKEY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqDdLvfRYwX5AG8pmu2mXbjZhdyItIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82PBNTjOt1XY2Nza3inulvb2Dw6P7ONyW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uZ/7nSemNI/kI8xi5oVkJHnAKQEjDexyH9gU0ma9gX0uiZrdZQO74lSdBfA6cXNSQTmaA/urP4xoEjIJVBCte64Tg5cSBZwKlpX6iWYxoRMyYj1DJQmZ9tLF7Rk+N8oQB5EyJQEv1N8TKQm1noW+6QwJjPWqNxf/83oJBLdeymWcAJN0uShIBIYIz4PAQ64YBTEzhFDFza2YjokiFExcJROCu/ryOmlfVt3rqvtwVanV8ziK6BSdoQvkohtUQw3URC1E0RQ9o1f0ZmXWi/VufSxbC1Y+c4L+wPr8AbeWlDw=</latexit>

PBH binary?

<latexit sha1_base64="srRpxhCcwLOWxF2LgXXUlglrZZQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gOaUDbbbbt0Nwm7E6GG/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuh9RwKSLeQIGStxPNqQolb4Wj26nfeuTaiDh6wHHCA0UHkegLRtFK/hPxB2hdRc7dbrniVt0ZyDLxclKBHPVu+cvvxSxVPEImqTEdz00wyKhGwSSflPzU8ISyER3wjqURVdwE2ezmCTmxSo/0Y20rQjJTf09kVBkzVqHtVBSHZtGbiv95nRT710EmoiRFHrH5on4qCcZkGgDpCc0ZyrEllGlhbyVsSDVlaGMq2RC8xZeXSfOs6l1WvfuLSu0mj6MIR3AMp+DBFdTgDurQAAYJPMMrvDmp8+K8Ox/z1oKTzxzCHzifPwgmkQc=</latexit>

z & 30
<latexit sha1_base64="iMpEr0q74jVO/ztE5wDNAx39kKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqmBHSFI0C2V/Yo/A1kmQU7KkKPWLX11eoplCUrLBDWmHfipDcdUW84EToqdzGBK2ZD2se2opAmacDy7dkJOndIjsdKupCUz9ffEmCbGjJLIdSbUDsyiNxX/89qZja/DMZdpZlGy+aI4E8QqMn2d9LhGZsXIEco0d7cSNqCaMusCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/DmKe/Fe/c+5q0rXj5zBH/gff4A11OOpg==</latexit>

e ⌧ 1

<latexit sha1_base64="18Nev58XKUk3oNe5b2457/WDzhY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y0LFxXsQ9qhZDKZNjTJDElGKEO/wo0LRdz6Oe78G9N2Ftp6IHA451xy7wkSzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB6Obqd9+okqzWD6YcUJ9gQeSRYxgY6XH3p2NhvjK7ZcrbtWdAS0TLycVyNHol796YUxSQaUhHGvd9dzE+BlWhhFOJ6VeqmmCyQgPaNdSiQXVfjZbeIJOrBKiKFb2SYNm6u+JDAutxyKwSYHNUC96U/E/r5ua6NLPmExSQyWZfxSlHJkYTa9HIVOUGD62BBPF7K6IDLHCxNiOSrYEb/HkZdI6q3q1qnd/Xqlf53UU4QiO4RQ8uIA63EIDmkBAwDO8wpujnBfn3fmYRwtOPnMIf+B8/gACOY/k</latexit>

⇤ = 0

<latexit sha1_base64="eCOqf7FNXCzyA2EygObOO5JmXek=">AAACAHicbVDLSsNAFJ3UV42vqODGzWARXEhJRNRl0Y0boYJ9QBLCZDJph04yYWYiltiNn+JKUBC3/oYr/8Zpm4W2HrhwOOde7r0nzBiVyra/jcrC4tLySnXVXFvf2NyytnfakucCkxbmjItuiCRhNCUtRRUj3UwQlISMdMLB1djv3BMhKU/v1DAjfoJ6KY0pRkpLgbXnoSwT/AG6zrFj+/Am8HjEVWDV7Lo9AZwnTklqoEQzsL68iOM8IanCDEnpOnam/AIJRTEjI9PLJckQHqAecTVNUUKkX0zuH8FDrUQw5kJXquBE/T1RoETKYRLqzgSpvpz1xuJ/npur+MIvaJrliqR4uijOGVQcjsOAERUEKzbUBGFB9a0Q95FAWOnITFOn4Mz+PE/aJ3XnrO7cntYal2UeVbAPDsARcMA5aIBr0AQtgMEjeAav4M14Ml6Md+Nj2loxypld8AfG5w/JMJUH</latexit>

⇡ [1, 10]M�

<latexit sha1_base64="e3+sFUkqmghktfHjf635x2sItbc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl040aoYB/QhDCZTNqh8wgzk0IJ/RM3LhRx65+482+ctllo64ELh3Pu5d574oxRbTzv26msrW9sblW3azu7e/sH7uFRR8tcYdLGkknVi5EmjArSNtQw0ssUQTxmpBuP7mZ+d0yUplI8mUlGQo4GgqYUI2OlyHUDRrTWlMOHKJCJNJFb9xreHHCV+CWpgxKtyP0KEolzToTBDGnd973MhAVShmJGprUg1yRDeIQGpG+pQJzosJhfPoVnVklgKpUtYeBc/T1RIK71hMe2kyMz1MveTPzP6+cmvQkLKrLcEIEXi9KcQSPhLAaYUEWwYRNLEFbU3grxECmEjQ2rZkPwl19eJZ2Lhn/V8B8v683bMo4qOAGn4Bz44Bo0wT1ogTbAYAyewSt4cwrnxXl3PhatFaecOQZ/4Hz+AHPFk4s=</latexit>. M�

<latexit sha1_base64="3BV6kF6vElV8EH/hrD3qA8mPWEI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Vj04kWoYD+gCWGz2bRLN9mwOxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwkxwDY7zba2srq1vbFa2qts7u3v79kGto2WuKGtTKaTqhUQzwVPWBg6C9TLFSBIK1g1HN1O/+8iU5jJ9gHHG/IQMUh5zSsBIgV3zBmDcBLsOvgs8GUkI7LrTcGbAy8QtSR2VaAX2lxdJmicsBSqI1n3XycAviAJOBZtUvVyzjNARGbC+oSlJmPaL2e0TfGKUCMdSmUoBz9TfEwVJtB4noelMCAz1ojcV//P6OcRXfsHTLAeW0vmiOBcYJJ4GgSOuGAUxNoRQxc2tmA6JIhRMXFUTgrv48jLpnDXci4Z7f15vXpdxVNAROkanyEWXqIluUQu1EUVP6Bm9ojdrYr1Y79bHvHXFKmcO0R9Ynz/oC5O2</latexit>& 10M�

<latexit sha1_base64="AIslwyGP/kTMRgFr2jTgvJc64Dw=">AAACLHicbVDLSsNAFJ3UV62vqEsRgkVwVRIRdWfBjcsK9iFtKZPppB06mYSZG2kNWfk1blzor7gRces3uHSSZmFbDwwczrl3zuW4IWcKbPvDKCwtr6yuFddLG5tb2zvm7l5DBZEktE4CHsiWixXlTNA6MOC0FUqKfZfTpju6Tv3mA5WKBeIOJiHt+nggmMcIBi31zMMO0DFk/8Qux2SUxJnievFVkvTMsl2xM1iLxMlJGeWo9cyfTj8gkU8FEI6Vajt2CN0YS2CE06TUiRQNdQoe0LamAvtUdeMsPrGOtdK3vEDqJ8DK1L8bMfaVmviunvQxDNW8l4r/ee0IvMtuzEQYARVkGuRF3ILASjux+kxSAnyiCSaS6VstMsQSE9DNlWZixtNbZzRgo8e0Kme+mEXSOK045xXn9qxcvc9LK6IDdIROkIMuUBXdoBqqI4Ke0DN6RW/Gi/FufBpf09GCke/soxkY3784bapi</latexit>

?
<latexit sha1_base64="/ew2iFygJ7i22Kgs8/wjbjFdSPI=">AAACGnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtQzaWEYwD0iWMDuZTYbMzo4zdyVxyXfYWOiv2ImtjX9i6STZwiQeuHA4517u4QRKcAOu++3kVlbX1jfym4Wt7Z3dveL+Qd3EiaasRmMR62ZADBNcshpwEKypNCNRIFgjGNxM/MYj04bH8h5GivkR6UkeckrASn6b9nmbKKXjIXY7xZJbdqfAy8TLSAllqHaKP+1uTJOISaCCGNPyXAV+SjRwKti40E4MU4QOSI+1LJUkYsZPp6HH+MQqXRzG2o4EPFX/XqQkMmYUBXYzItA3i95E/M9rJRBe+SmXKgEm6exRmAgMMZ40gLtcMwpiZAmhmtusmPaJJhRsT4W5N8NZ1jkN+OBpbKvyFotZJvWzsndR9u7OS5XrrLQ8OkLH6BR56BJV0C2qohqi6AE9o1f05rw4786H8zlbzTnZzSGag/P1C2ZfogM=</latexit>

� ⇡ 0

<latexit sha1_base64="0kjusPGsHwiPAdGmp3Y8JOaK7wk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQPIVdEfUYFMFjBPOAZAmzk95kyOyDmV4xLAF/xYsHRbz6Hd78GyfJHjSxoKGo6p7pLj+RQqPjfFuFpeWV1bXiemljc2t7x97da+g4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zQdQWsTRPY4S8ELWj0QgOEMjde2DDsIjZjecQ4RKcIEjOoauXXYqzhR0kbg5KZMcta791enFPA3NI1wyrduuk6CXMYWCSxiXOqmGhPEh60Pb0IiFoL1suv6YHhulR4NYmYqQTtXfExkLtR6FvukMGQ70vDcR//PaKQaXXiaiJEWI+OyjIJUUYzrJgvaEAo5yZAjjSphdKR8wxTiaxEomBHf+5EXSOK245xX37qxcvcrjKJJDckROiEsuSJXckhqpE04y8kxeyZv1ZL1Y79bHrLVg5TP75A+szx/NTZYH</latexit>

Eccentricity e
<latexit sha1_base64="yvrMpvcyg0lThcBgZ69vLkVqyrs=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZF1DKohYVFBPOAJITZyd1kyOyDmbvisqSx8VdsLBSx9R/s/BsnyRaaeGDgcM69d+49biSFRtv+tnILi0vLK/nVwtr6xuZWcXunrsNYcajxUIaq6TINUgRQQ4ESmpEC5rsSGu7wcuw37kFpEQZ3mETQ8Vk/EJ7gDI3ULe63ER4wvQIvVD5zhRSY0FH7xkzosW6xZJftCeg8cTJSIhmq3eJXuxfy2IcAuWRatxw7wk7KFAouYVRoxxoixoesDy1DA+aD7qSTK0b00Cg9avYwL0A6UX93pMzXOvFdU+kzHOhZbyz+57Vi9M47qQiiGCHg04+8WFIM6TgS2hMKOMrEEMaVMLtSPmCKcTTBFUwIzuzJ86R+XHZOy87tSalykcWRJ3vkgBwRh5yRCrkmVVIjnDySZ/JK3qwn68V6tz6mpTkr69klf2B9/gALQJjq</latexit>

Deformability ⇤
<latexit sha1_base64="uLsHa/gdHM6jU6cJN7LqXtFUK+g=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRkRdVnqphuhgn1AZxgyadqGZjJDckcsQ3du/BU3LhRx6y+4829M21lo64HAyTn33uSeMBFcg+N8W0vLK6tr64WN4ubW9s6uvbff1HGqKGvQWMSqHRLNBJesARwEayeKkSgUrBUOryd+654pzWN5B6OE+RHpS97jlICRAvvIA/YA2Q3RGo+jYHbzgMsRrldr48AuOWVnCrxI3JyUUI56YH953ZimEZNAhRnacZ0E/Iwo4FSwcdFLNUsIHZI+6xgqScS0n033GOMTo3RxL1bmSMBT9XdHRiKtR1FoKiMCAz3vTcT/vE4KvSs/4zJJgUk6e6iXCgwxnoSCu1wxCmJkCKGKm79iOiCKUDDRFU0I7vzKi6R5VnYvyu7tealSzeMooEN0jE6Riy5RBdVQHTUQRY/oGb2iN+vJerHerY9Z6ZKV9xygP7A+fwBvYZmp</latexit>

Mass mPBH

<latexit sha1_base64="2frQ37pTwdmbxCjYXpRi0W1lReg=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KomIeix68VjRfkBTymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLEykMet63s7K6tr6xWdgqbu/s7u27B4d1E6eaQ43HMtbNkBmQQkENBUpoJhpYFEpohMPbqd8YgTYiVo84TqAdsb4SPcEZWqnjugHCE2YPiVB0EvCB6Lglr+zNQJeJn5MSyVHtuF9BN+ZpBAq5ZMa0fC/BdsY0Ci5hUgxSAwnjQ9aHlqWKRWDa2ezyCT21Spf2Ym1LIZ2pvycyFhkzjkLbGTEcmEVvKv7ntVLsXbczoZIUQfH5ol4qKcZ0GgPtCg0c5dgSxrWwt1I+YJpxtGEVbQj+4svLpH5e9i/L/v1FqXKTx1Egx+SEnBGfXJEKuSNVUiOcjMgzeSVvTua8OO/Ox7x1xclnjsgfOJ8/tA6TtA==</latexit>

Spin �

<latexit sha1_base64="rnV1KlqKhcdkMLERMQXlGPvI8yw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqBch6MVjBPOA7BJmJ73JkNkHM73isuQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/EQKjbb9bZVWVtfWN8qbla3tnd296v5BW8ep4tDisYxV12capIighQIldBMFLPQldPzx7dTvPILSIo4eMEvAC9kwEoHgDI3kXrsIT5jTDPSkX63ZdXsGukycgtRIgWa/+uUOYp6GECGXTOueYyfo5Uyh4BImFTfVkDA+ZkPoGRqxELSXz26e0BOjDGgQK1MR0pn6eyJnodZZ6JvOkOFIL3pT8T+vl2Jw5eUiSlKEiM8XBamkGNNpAHQgFHCUmSGMK2FupXzEFONoYqqYEJzFl5dJ+6zuXNSd+/Na46aIo0yOyDE5JQ65JA1yR5qkRThJyDN5JW9War1Y79bHvLVkFTOH5A+szx8fsJG/</latexit>= yes <latexit sha1_base64="yh6CfOALBE31TLQZFDqXLFJqaAA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOAZAmzk0kyZHZmmekVw5LP8OJBEa9+jTf/xsnjoIkFDUVVN91dUSKFRd//9nIrq2vrG/nNwtb2zu5ecf+gbnVqGK8xLbVpRtRyKRSvoUDJm4nhNI4kb0TD24nfeOTGCq0ecJTwMKZ9JXqCUXRS67qN/AkzovS4Uyz5ZX8KskyCOSnBHNVO8avd1SyNuUImqbWtwE8wzKhBwSQfF9qp5QllQ9rnLUcVjbkNs+nJY3LilC7paeNKIZmqvycyGls7iiPXGVMc2EVvIv7ntVLsXYWZUEmKXLHZol4qCWoy+Z90heEM5cgRyoxwtxI2oIYydCkVXAjB4svLpH5WDi7Kwf15qXIzjyMPR3AMpxDAJVTgDqpQAwYanuEV3jz0Xrx372PWmvPmM4fwB97nD0aDkUE=</latexit>= no
<latexit sha1_base64="O0FHn0/rtgWW9MOkSr9cmzicKPs=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuiHoMevEYxTwgWcLspDcZMvtgpleMS77EiwdFvPop3vwbJ8keNLGgoajqprvLT6TQ6DjfVmFldW19o7hZ2tre2S3be/tNHaeKQ4PHMlZtn2mQIoIGCpTQThSw0JfQ8kfXU7/1AEqLOLrHcQJeyAaRCARnaKSeXe4iPGJ2B309FAFOenbFqToz0GXi5qRCctR79le3H/M0hAi5ZFp3XCdBL2MKBZcwKXVTDQnjIzaAjqERC0F72ezwCT02Sp8GsTIVIZ2pvycyFmo9Dn3TGTIc6kVvKv7ndVIMLr1MREmKEPH5oiCVFGM6TYH2hQKOcmwI40qYWykfMsU4mqxKJgR38eVl0jytuudV9/asUrvK4yiSQ3JETohLLkiN3JA6aRBOUvJMXsmb9WS9WO/Wx7y1YOUzB+QPrM8fb+CTmQ==</latexit>

Redshift

<latexit sha1_base64="9r0ASrOMcvawtsFVpHzI5FMbmRw=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVpSQi6rLUTZcV7AOaECbTaTt0MokzN9IS+hFu/BU3LhRx68Kdf2PSdqGtBy6cOede5t7jR4JrsKxvY2l5ZXVtPbeR39za3tk19/YbOowVZXUailC1fKKZ4JLVgYNgrUgxEviCNf3BTeY3H5jSPJR3MIqYG5Ce5F1OCaSSZ546tM+xQ6JIhUOcPTwH2BASB7gc4VqlOsbFwLPP7k/ynlmwStYEeJHYM1JAM9Q888vphDQOmAQqiNZt24rATYgCTgUb551Ys4jQAemxdkolCZh2k8lRY3ycKh3cDVVaEvBE/T2RkEDrUeCnnQGBvp73MvE/rx1D99pNuIxiYJJOP+rGAkOIs4RwhytGQYxSQqji6a6Y9okiFNIcsxDs+ZMXSeO8ZF+W7NuLQrkyiyOHDtERKiIbXaEyqqIaqiOKHtEzekVvxpPxYrwbH9PWJWM2c4D+wPj8AcylnVw=</latexit>

� ⇡ �PBH(m1, q)

Subsolar mass
PBH smoking gun

GF+, PRD [2112.10660]
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- Current searches limited by 
LVKC horizon

LVKC 2021, Nitz-Wang ApJ 2021 

<latexit sha1_base64="bsvdJiCZOHkMfpFVBRssPZRzpw8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A/YLiWbZtvQbBKSrFhLf4YXD4p49dd489+YtnvQ1gcDj/dmmJkXK86M9f1vr7Cyura+UdwsbW3v7O6V9w+aRmaa0AaRXOp2jA3lTNCGZZbTttIUpzGnrXh4M/VbD1QbJsW9HSkapbgvWMIItk4Kn1AHK6XlIwq65Ypf9WdAyyTISQVy1Lvlr05PkiylwhKOjQkDX9lojLVlhNNJqZMZqjAZ4j4NHRU4pSYaz06eoBOn9FAitSth0Uz9PTHGqTGjNHadKbYDs+hNxf+8MLPJVTRmQmWWCjJflGQcWYmm/6Me05RYPnIEE83crYgMsMbEupRKLoRg8eVl0jyrBhfV87vzSu06j6MIR3AMpxDAJdTgFurQAAISnuEV3jzrvXjv3se8teDlM4fwB97nD5pWkNI=</latexit>

z ⇡ 1

10-2 10-1 100
10-3

10-2

10-1

100

101

10-2 10-1 100

10-4

10-3

10-2

10-1

100

101

10-3

10-2

10-1

100

101

102

H
or

iz
on

 r
ed

sh
ift

 z



Large precision improvements 
with 3G detectors!
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Tidal deformability                   Eccentricity

(help disentangle PBHs from ABHs dynamical)
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10-1 100 101
101
102
103
104
105
106
107

(help disentangle PBHs from NS)

GF+, PRD [2112.10660]

(+ mass-spin relation …)

<latexit sha1_base64="3AzFWvprZxlo4jtkx3o4rOCQxm8=">AAACAHicbVC7SgNBFJ2NrxhfUQsLm8Eg2Bh2JahliE0KkYjmAdklzM7OJkNmH8zcFcOSxl+xsVDE1s+w82+cJFto4oGBwznncuceNxZcgWl+G7ml5ZXVtfx6YWNza3unuLvXUlEiKWvSSESy4xLFBA9ZEzgI1oklI4ErWNsdXk389gOTikfhPYxi5gSkH3KfUwJa6hUP7Gsd9ogN7BFSHPm4Vj+9uRv3iiWzbE6BF4mVkRLK0OgVv2wvoknAQqCCKNW1zBiclEjgVLBxwU4Uiwkdkj7rahqSgCknnR4wxsda8bAfSf1CwFP190RKAqVGgauTAYGBmvcm4n9eNwH/0kl5GCfAQjpb5CcCQ4QnbWCPS0ZBjDQhVHL9V0wHRBIKurOCLsGaP3mRtM7K1nm5clspVWtZHXl0iI7QCbLQBaqiOmqgJqJojJ7RK3oznowX4934mEVzRjazj/7A+PwBjQaVvQ==</latexit>

⇤ of BH-NS

Individual BH binary assessment
<latexit sha1_base64="SEIrhe8Jjq014s8s4wrwImllKEY=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIqDdLvfRYwX5AG8pmu2mXbjZhdyItIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82PBNTjOt1XY2Nza3inulvb2Dw6P7ONyW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/uZ/7nSemNI/kI8xi5oVkJHnAKQEjDexyH9gU0ma9gX0uiZrdZQO74lSdBfA6cXNSQTmaA/urP4xoEjIJVBCte64Tg5cSBZwKlpX6iWYxoRMyYj1DJQmZ9tLF7Rk+N8oQB5EyJQEv1N8TKQm1noW+6QwJjPWqNxf/83oJBLdeymWcAJN0uShIBIYIz4PAQ64YBTEzhFDFza2YjokiFExcJROCu/ryOmlfVt3rqvtwVanV8ziK6BSdoQvkohtUQw3URC1E0RQ9o1f0ZmXWi/VufSxbC1Y+c4L+wPr8AbeWlDw=</latexit>

PBH binary?

<latexit sha1_base64="srRpxhCcwLOWxF2LgXXUlglrZZQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gOaUDbbbbt0Nwm7E6GG/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuh9RwKSLeQIGStxPNqQolb4Wj26nfeuTaiDh6wHHCA0UHkegLRtFK/hPxB2hdRc7dbrniVt0ZyDLxclKBHPVu+cvvxSxVPEImqTEdz00wyKhGwSSflPzU8ISyER3wjqURVdwE2ezmCTmxSo/0Y20rQjJTf09kVBkzVqHtVBSHZtGbiv95nRT710EmoiRFHrH5on4qCcZkGgDpCc0ZyrEllGlhbyVsSDVlaGMq2RC8xZeXSfOs6l1WvfuLSu0mj6MIR3AMp+DBFdTgDurQAAYJPMMrvDmp8+K8Ox/z1oKTzxzCHzifPwgmkQc=</latexit>

z & 30
<latexit sha1_base64="iMpEr0q74jVO/ztE5wDNAx39kKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqmBHSFI0C2V/Yo/A1kmQU7KkKPWLX11eoplCUrLBDWmHfipDcdUW84EToqdzGBK2ZD2se2opAmacDy7dkJOndIjsdKupCUz9ffEmCbGjJLIdSbUDsyiNxX/89qZja/DMZdpZlGy+aI4E8QqMn2d9LhGZsXIEco0d7cSNqCaMusCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/DmKe/Fe/c+5q0rXj5zBH/gff4A11OOpg==</latexit>

e ⌧ 1

<latexit sha1_base64="18Nev58XKUk3oNe5b2457/WDzhY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y0LFxXsQ9qhZDKZNjTJDElGKEO/wo0LRdz6Oe78G9N2Ftp6IHA451xy7wkSzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB6Obqd9+okqzWD6YcUJ9gQeSRYxgY6XH3p2NhvjK7ZcrbtWdAS0TLycVyNHol796YUxSQaUhHGvd9dzE+BlWhhFOJ6VeqmmCyQgPaNdSiQXVfjZbeIJOrBKiKFb2SYNm6u+JDAutxyKwSYHNUC96U/E/r5ua6NLPmExSQyWZfxSlHJkYTa9HIVOUGD62BBPF7K6IDLHCxNiOSrYEb/HkZdI6q3q1qnd/Xqlf53UU4QiO4RQ8uIA63EIDmkBAwDO8wpujnBfn3fmYRwtOPnMIf+B8/gACOY/k</latexit>

⇤ = 0

<latexit sha1_base64="eCOqf7FNXCzyA2EygObOO5JmXek=">AAACAHicbVDLSsNAFJ3UV42vqODGzWARXEhJRNRl0Y0boYJ9QBLCZDJph04yYWYiltiNn+JKUBC3/oYr/8Zpm4W2HrhwOOde7r0nzBiVyra/jcrC4tLySnXVXFvf2NyytnfakucCkxbmjItuiCRhNCUtRRUj3UwQlISMdMLB1djv3BMhKU/v1DAjfoJ6KY0pRkpLgbXnoSwT/AG6zrFj+/Am8HjEVWDV7Lo9AZwnTklqoEQzsL68iOM8IanCDEnpOnam/AIJRTEjI9PLJckQHqAecTVNUUKkX0zuH8FDrUQw5kJXquBE/T1RoETKYRLqzgSpvpz1xuJ/npur+MIvaJrliqR4uijOGVQcjsOAERUEKzbUBGFB9a0Q95FAWOnITFOn4Mz+PE/aJ3XnrO7cntYal2UeVbAPDsARcMA5aIBr0AQtgMEjeAav4M14Ml6Md+Nj2loxypld8AfG5w/JMJUH</latexit>

⇡ [1, 10]M�

<latexit sha1_base64="e3+sFUkqmghktfHjf635x2sItbc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl040aoYB/QhDCZTNqh8wgzk0IJ/RM3LhRx65+482+ctllo64ELh3Pu5d574oxRbTzv26msrW9sblW3azu7e/sH7uFRR8tcYdLGkknVi5EmjArSNtQw0ssUQTxmpBuP7mZ+d0yUplI8mUlGQo4GgqYUI2OlyHUDRrTWlMOHKJCJNJFb9xreHHCV+CWpgxKtyP0KEolzToTBDGnd973MhAVShmJGprUg1yRDeIQGpG+pQJzosJhfPoVnVklgKpUtYeBc/T1RIK71hMe2kyMz1MveTPzP6+cmvQkLKrLcEIEXi9KcQSPhLAaYUEWwYRNLEFbU3grxECmEjQ2rZkPwl19eJZ2Lhn/V8B8v683bMo4qOAGn4Bz44Bo0wT1ogTbAYAyewSt4cwrnxXl3PhatFaecOQZ/4Hz+AHPFk4s=</latexit>. M�

<latexit sha1_base64="3BV6kF6vElV8EH/hrD3qA8mPWEI=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Vj04kWoYD+gCWGz2bRLN9mwOxFL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzwkxwDY7zba2srq1vbFa2qts7u3v79kGto2WuKGtTKaTqhUQzwVPWBg6C9TLFSBIK1g1HN1O/+8iU5jJ9gHHG/IQMUh5zSsBIgV3zBmDcBLsOvgs8GUkI7LrTcGbAy8QtSR2VaAX2lxdJmicsBSqI1n3XycAviAJOBZtUvVyzjNARGbC+oSlJmPaL2e0TfGKUCMdSmUoBz9TfEwVJtB4noelMCAz1ojcV//P6OcRXfsHTLAeW0vmiOBcYJJ4GgSOuGAUxNoRQxc2tmA6JIhRMXFUTgrv48jLpnDXci4Z7f15vXpdxVNAROkanyEWXqIluUQu1EUVP6Bm9ojdrYr1Y79bHvHXFKmcO0R9Ynz/oC5O2</latexit>& 10M�

<latexit sha1_base64="AIslwyGP/kTMRgFr2jTgvJc64Dw=">AAACLHicbVDLSsNAFJ3UV62vqEsRgkVwVRIRdWfBjcsK9iFtKZPppB06mYSZG2kNWfk1blzor7gRces3uHSSZmFbDwwczrl3zuW4IWcKbPvDKCwtr6yuFddLG5tb2zvm7l5DBZEktE4CHsiWixXlTNA6MOC0FUqKfZfTpju6Tv3mA5WKBeIOJiHt+nggmMcIBi31zMMO0DFk/8Qux2SUxJnievFVkvTMsl2xM1iLxMlJGeWo9cyfTj8gkU8FEI6Vajt2CN0YS2CE06TUiRQNdQoe0LamAvtUdeMsPrGOtdK3vEDqJ8DK1L8bMfaVmviunvQxDNW8l4r/ee0IvMtuzEQYARVkGuRF3ILASjux+kxSAnyiCSaS6VstMsQSE9DNlWZixtNbZzRgo8e0Kme+mEXSOK045xXn9qxcvc9LK6IDdIROkIMuUBXdoBqqI4Ke0DN6RW/Gi/FufBpf09GCke/soxkY3784bapi</latexit>

?
<latexit sha1_base64="/ew2iFygJ7i22Kgs8/wjbjFdSPI=">AAACGnicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtQzaWEYwD0iWMDuZTYbMzo4zdyVxyXfYWOiv2ImtjX9i6STZwiQeuHA4517u4QRKcAOu++3kVlbX1jfym4Wt7Z3dveL+Qd3EiaasRmMR62ZADBNcshpwEKypNCNRIFgjGNxM/MYj04bH8h5GivkR6UkeckrASn6b9nmbKKXjIXY7xZJbdqfAy8TLSAllqHaKP+1uTJOISaCCGNPyXAV+SjRwKti40E4MU4QOSI+1LJUkYsZPp6HH+MQqXRzG2o4EPFX/XqQkMmYUBXYzItA3i95E/M9rJRBe+SmXKgEm6exRmAgMMZ40gLtcMwpiZAmhmtusmPaJJhRsT4W5N8NZ1jkN+OBpbKvyFotZJvWzsndR9u7OS5XrrLQ8OkLH6BR56BJV0C2qohqi6AE9o1f05rw4786H8zlbzTnZzSGag/P1C2ZfogM=</latexit>

� ⇡ 0

<latexit sha1_base64="0kjusPGsHwiPAdGmp3Y8JOaK7wk=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AQPIVdEfUYFMFjBPOAZAmzk95kyOyDmV4xLAF/xYsHRbz6Hd78GyfJHjSxoKGo6p7pLj+RQqPjfFuFpeWV1bXiemljc2t7x97da+g4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zQdQWsTRPY4S8ELWj0QgOEMjde2DDsIjZjecQ4RKcIEjOoauXXYqzhR0kbg5KZMcta791enFPA3NI1wyrduuk6CXMYWCSxiXOqmGhPEh60Pb0IiFoL1suv6YHhulR4NYmYqQTtXfExkLtR6FvukMGQ70vDcR//PaKQaXXiaiJEWI+OyjIJUUYzrJgvaEAo5yZAjjSphdKR8wxTiaxEomBHf+5EXSOK245xX37qxcvcrjKJJDckROiEsuSJXckhqpE04y8kxeyZv1ZL1Y79bHrLVg5TP75A+szx/NTZYH</latexit>

Eccentricity e
<latexit sha1_base64="yvrMpvcyg0lThcBgZ69vLkVqyrs=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZF1DKohYVFBPOAJITZyd1kyOyDmbvisqSx8VdsLBSx9R/s/BsnyRaaeGDgcM69d+49biSFRtv+tnILi0vLK/nVwtr6xuZWcXunrsNYcajxUIaq6TINUgRQQ4ESmpEC5rsSGu7wcuw37kFpEQZ3mETQ8Vk/EJ7gDI3ULe63ER4wvQIvVD5zhRSY0FH7xkzosW6xZJftCeg8cTJSIhmq3eJXuxfy2IcAuWRatxw7wk7KFAouYVRoxxoixoesDy1DA+aD7qSTK0b00Cg9avYwL0A6UX93pMzXOvFdU+kzHOhZbyz+57Vi9M47qQiiGCHg04+8WFIM6TgS2hMKOMrEEMaVMLtSPmCKcTTBFUwIzuzJ86R+XHZOy87tSalykcWRJ3vkgBwRh5yRCrkmVVIjnDySZ/JK3qwn68V6tz6mpTkr69klf2B9/gALQJjq</latexit>

Deformability ⇤
<latexit sha1_base64="uLsHa/gdHM6jU6cJN7LqXtFUK+g=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRkRdVnqphuhgn1AZxgyadqGZjJDckcsQ3du/BU3LhRx6y+4829M21lo64HAyTn33uSeMBFcg+N8W0vLK6tr64WN4ubW9s6uvbff1HGqKGvQWMSqHRLNBJesARwEayeKkSgUrBUOryd+654pzWN5B6OE+RHpS97jlICRAvvIA/YA2Q3RGo+jYHbzgMsRrldr48AuOWVnCrxI3JyUUI56YH953ZimEZNAhRnacZ0E/Iwo4FSwcdFLNUsIHZI+6xgqScS0n033GOMTo3RxL1bmSMBT9XdHRiKtR1FoKiMCAz3vTcT/vE4KvSs/4zJJgUk6e6iXCgwxnoSCu1wxCmJkCKGKm79iOiCKUDDRFU0I7vzKi6R5VnYvyu7tealSzeMooEN0jE6Riy5RBdVQHTUQRY/oGb2iN+vJerHerY9Z6ZKV9xygP7A+fwBvYZmp</latexit>

Mass mPBH

<latexit sha1_base64="2frQ37pTwdmbxCjYXpRi0W1lReg=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KomIeix68VjRfkBTymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLEykMet63s7K6tr6xWdgqbu/s7u27B4d1E6eaQ43HMtbNkBmQQkENBUpoJhpYFEpohMPbqd8YgTYiVo84TqAdsb4SPcEZWqnjugHCE2YPiVB0EvCB6Lglr+zNQJeJn5MSyVHtuF9BN+ZpBAq5ZMa0fC/BdsY0Ci5hUgxSAwnjQ9aHlqWKRWDa2ezyCT21Spf2Ym1LIZ2pvycyFhkzjkLbGTEcmEVvKv7ntVLsXbczoZIUQfH5ol4qKcZ0GgPtCg0c5dgSxrWwt1I+YJpxtGEVbQj+4svLpH5e9i/L/v1FqXKTx1Egx+SEnBGfXJEKuSNVUiOcjMgzeSVvTua8OO/Ox7x1xclnjsgfOJ8/tA6TtA==</latexit>

Spin �

<latexit sha1_base64="rnV1KlqKhcdkMLERMQXlGPvI8yw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqBch6MVjBPOA7BJmJ73JkNkHM73isuQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/EQKjbb9bZVWVtfWN8qbla3tnd296v5BW8ep4tDisYxV12capIighQIldBMFLPQldPzx7dTvPILSIo4eMEvAC9kwEoHgDI3kXrsIT5jTDPSkX63ZdXsGukycgtRIgWa/+uUOYp6GECGXTOueYyfo5Uyh4BImFTfVkDA+ZkPoGRqxELSXz26e0BOjDGgQK1MR0pn6eyJnodZZ6JvOkOFIL3pT8T+vl2Jw5eUiSlKEiM8XBamkGNNpAHQgFHCUmSGMK2FupXzEFONoYqqYEJzFl5dJ+6zuXNSd+/Na46aIo0yOyDE5JQ65JA1yR5qkRThJyDN5JW9War1Y79bHvLVkFTOH5A+szx8fsJG/</latexit>= yes <latexit sha1_base64="yh6CfOALBE31TLQZFDqXLFJqaAA=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOAZAmzk0kyZHZmmekVw5LP8OJBEa9+jTf/xsnjoIkFDUVVN91dUSKFRd//9nIrq2vrG/nNwtb2zu5ecf+gbnVqGK8xLbVpRtRyKRSvoUDJm4nhNI4kb0TD24nfeOTGCq0ecJTwMKZ9JXqCUXRS67qN/AkzovS4Uyz5ZX8KskyCOSnBHNVO8avd1SyNuUImqbWtwE8wzKhBwSQfF9qp5QllQ9rnLUcVjbkNs+nJY3LilC7paeNKIZmqvycyGls7iiPXGVMc2EVvIv7ntVLsXYWZUEmKXLHZol4qCWoy+Z90heEM5cgRyoxwtxI2oIYydCkVXAjB4svLpH5WDi7Kwf15qXIzjyMPR3AMpxDAJVTgDqpQAwYanuEV3jz0Xrx372PWmvPmM4fwB97nD0aDkUE=</latexit>= no
<latexit sha1_base64="O0FHn0/rtgWW9MOkSr9cmzicKPs=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuiHoMevEYxTwgWcLspDcZMvtgpleMS77EiwdFvPop3vwbJ8keNLGgoajqprvLT6TQ6DjfVmFldW19o7hZ2tre2S3be/tNHaeKQ4PHMlZtn2mQIoIGCpTQThSw0JfQ8kfXU7/1AEqLOLrHcQJeyAaRCARnaKSeXe4iPGJ2B309FAFOenbFqToz0GXi5qRCctR79le3H/M0hAi5ZFp3XCdBL2MKBZcwKXVTDQnjIzaAjqERC0F72ezwCT02Sp8GsTIVIZ2pvycyFmo9Dn3TGTIc6kVvKv7ndVIMLr1MREmKEPH5oiCVFGM6TYH2hQKOcmwI40qYWykfMsU4mqxKJgR38eVl0jytuudV9/asUrvK4yiSQ3JETohLLkiN3JA6aRBOUvJMXsmb9WS9WO/Wx7y1YOUzB+QPrM8fb+CTmQ==</latexit>

Redshift

<latexit sha1_base64="9r0ASrOMcvawtsFVpHzI5FMbmRw=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVpSQi6rLUTZcV7AOaECbTaTt0MokzN9IS+hFu/BU3LhRx68Kdf2PSdqGtBy6cOede5t7jR4JrsKxvY2l5ZXVtPbeR39za3tk19/YbOowVZXUailC1fKKZ4JLVgYNgrUgxEviCNf3BTeY3H5jSPJR3MIqYG5Ce5F1OCaSSZ546tM+xQ6JIhUOcPTwH2BASB7gc4VqlOsbFwLPP7k/ynlmwStYEeJHYM1JAM9Q888vphDQOmAQqiNZt24rATYgCTgUb551Ys4jQAemxdkolCZh2k8lRY3ycKh3cDVVaEvBE/T2RkEDrUeCnnQGBvp73MvE/rx1D99pNuIxiYJJOP+rGAkOIs4RwhytGQYxSQqji6a6Y9okiFNIcsxDs+ZMXSeO8ZF+W7NuLQrkyiyOHDtERKiIbXaEyqqIaqiOKHtEzekVvxpPxYrwbH9PWJWM2c4D+wPj8AcylnVw=</latexit>

� ⇡ �PBH(m1, q)
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• Robust feature of various channels: spin distribution 


- Isolated channel:


- Dynamical channel:


- Primordial (PBH) channel:


 

<latexit sha1_base64="3Ir7wNWblV9UsFKWWpLF5NwH8G0=">AAACBXicbVBNS8NAEN34WetX1KMeFovgqSRS1GPRi8cKVoWmlM120i5uNnF3IobQixf/ihcPinj1P3jz37itOfj1YODx3gwz88JUCoOe9+FMTc/Mzs1XFqqLS8srq+7a+rlJMs2hzROZ6MuQGZBCQRsFSrhMNbA4lHARXh2P/Ysb0EYk6gzzFLoxGygRCc7QSj13K+BD0QsQbrEIUKicQhSNaDCAa+r13JpX9yagf4lfkhop0eq570E/4VkMCrlkxnR8L8VuwTQKLmFUDTIDKeNXbAAdSxWLwXSLyRcjumOVPo0SbUshnajfJwoWG5PHoe2MGQ7Nb28s/ud1MowOu4VQaYag+NeiKJMUEzqOhPaFBo4yt4RxLeytlA+ZZhxtcFUbgv/75b/kfK/u79cbp41a86iMo0I2yTbZJT45IE1yQlqkTTi5Iw/kiTw7986j8+K8frVOOeXMBvkB5+0TF9qYTg==</latexit>

�eff � 0

<latexit sha1_base64="66MSfawTVNGvp2yd480k8jbiVog=">AAACJHicbVDLSgMxFM34tr6qLt0Ei6CbMiOighvRjRtBwWqhU0omvdMGk8yQ3BHL0I9x46+4ceEDF278FtN2Fmo9EDicc185USqFRd//9CYmp6ZnZufmSwuLS8sr5dW1a5tkhkONJzIx9YhZkEJDDQVKqKcGmIok3ES3pwP/5g6MFYm+wl4KTcU6WsSCM3RSq3wUItxjHlrFpKS2pxSgEZz2Q94VrcJEoXsU4tiJg4G5gXZ/+3ynVa74VX8IOk6CglRIgYtW+S1sJzxToJFLZm0j8FNs5syg4BL6pTCzkDJ+yzrQcFQzBbaZD3f26ZZT2jROjHsa6VD92ZEzZd39katUDLv2rzcQ//MaGcaHzVzoNEPQfLQoziTFhA4So21hgKPsOcK4Ee5WyrvMMI4u15ILIfj75XFyvVsN9qt7l3uV45MijjmyQTbJNgnIATkmZ+SC1AgnD+SJvJBX79F79t69j1HphFf0rJNf8L6+AVYfpnI=</latexit>

symmetric �eff(M)

<latexit sha1_base64="MzsiSabXM96oJ20LW4bLqaUNrxI=">AAACJnicbVDLSgMxFM34tr6qLt0Ei6AgZUaKuhFEN26EClaFTimZ9I4NJpkxuSOWoV/jxl9x46Ii4s5PMa2z8HUgcDjnPnJPlEph0fffvbHxicmp6ZnZ0tz8wuJSeXnlwiaZ4dDgiUzMVcQsSKGhgQIlXKUGmIokXEY3x0P/8g6MFYk+x14KLcWutYgFZ+ikdvkgRLjHPLSKSUltTylAIzjth7wr2oWJQvcoxLEThwNzA53+5un27Va7XPGr/gj0LwkKUiEF6u3yIOwkPFOgkUtmbTPwU2zlzKDgEvqlMLOQMn7DrqHpqGYKbCsfbe3TDad0aJwY9zTSkfq9I2fKugsiV6kYdu1vbyj+5zUzjPdbudBphqD516I4kxQTOsyMdoQBjrLnCONGuL9S3mWGcXTJllwIwe+T/5KLnWqwW62d1SqHR0UcM2SNrJNNEpA9ckhOSJ00CCcP5IkMyIv36D17r97bV+mYV/Sskh/wPj4BvmmnIw==</latexit>

symmetric �eff(M, q)
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<latexit sha1_base64="7o681aJURPbAMoO/37exWZDOCsI=">AAACInicbVDLSgMxFM34rPVVdekmWARBKDNSfCyEohuXFawKnVoy6R0bzGSmyR2xDv0WN/6KGxeKuhL8GNOxC18HAueec2+Se4JECoOu++6MjU9MTk0XZoqzc/MLi6Wl5VMTp5pDg8cy1ucBMyCFggYKlHCeaGBRIOEsuDoc+mfXoI2I1Qn2E2hF7FKJUHCGVmqX9nzeFW0f4QYzH4XqUwjDAd2nWW54F7d0k/ZoXmzZwo/tbdTb7A3apbJbcXPQv8QbkTIZod4uvfqdmKcRKOSSGdP03ARbGdMouIRB0U8NJIxfsUtoWqpYBKaV5SsO6LpVOjSMtT0Kaa5+n8hYZEw/CmxnxLBrfntD8T+vmWK428qESlIExb8eClNJMabDvGhHaOAo+5YwroX9K+VdphlHm2rRhuD9XvkvOd2qeNuV6nG1XDsYxVEgq2SNbBCP7JAaOSJ10iCc3JEH8kSenXvn0Xlx3r5ax5zRzAr5AefjE2iuou4=</latexit>

�eff =
�z
1 + q�z
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ppop(�eff) = rGp
G

pop
+ rABHp

ABH

pop
+ rPBHp

PBH

pop

• Bayes factors mildly favour inclusion of 

mass-spin correlations compared to 

LVKC gaussian model
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log10 BG+ABH+PBH

G
⇡ 1.4

• Degeneracy between ABH-PBH


• Need larger statistics and smaller errors

Searching for mass-spin correlations
GF&Pani, PRD [2201.13098]



• Isolated formation channels: 


   - Common envelope (CE)


   - Stable Mass transfer (SMT)


• Dynamical formation channels: 

   - Globular Clusters (GC)


   - Nuclear Star Clusters (NSC)

We took the astrophysical models from Zevin+ ApJ (2021)

Hyperparameters:

CE efficiency

Natal spin

Rodriguez et al. (2019)

Antonini et al. (2019)

COSMIC    Breivik et al. (2019)

MESA        Paxton et al. (2019)

POSYDON Bavera et al. (2020)

Fragos et al. (2021) in prep.

We tested various combinations of the astrophysical channels…

Multi pop. analysis: using the full information
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�b ⇢ [0, 0.1, 0.2, 0.5]

Major caveat: having to deal with theory uncertainties

both for PBH and the ASTRO population models
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• Bayes factors favour the inclusion of PBHs (mostly from GW190521)

• Need to extend the analysis with additional astro channels, more 

extensive treatment of astro/PBH uncertainties, more data…

Multi-channel population inference with PBHs

PBH population
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GF+, PRD [2105.03349]

<latexit sha1_base64="u68Rmrk+i+gmUf2eLMCw/YcY0+U=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUhKUXFVcOOygn1AG8pkOmmHziRxZqKU2E9x40IRt36JO//GaZuFth643MM59zJ3TpBwprTrfluFtfWNza3idmlnd2//wC4ftlScSkKbJOax7ARYUc4i2tRMc9pJJMUi4LQdjK9nfvuBSsXi6E5PEuoLPIxYyAjWRurb5Z5iQ4GRaYLeI9ep9e2K67hzoFXi5aQCORp9+6s3iEkqaKQJx0p1PTfRfoalZoTTaamXKppgMsZD2jU0woIqP5ufPkWnRhmgMJamIo3m6u+NDAulJiIwkwLrkVr2ZuJ/XjfV4aWfsShJNY3I4qEw5UjHaJYDGjBJieYTQzCRzNyKyAhLTLRJq2RC8Ja/vEpaVcc7d6q3tUr9Ko+jCMdwAmfgwQXU4QYa0AQCj/AMr/BmPVkv1rv1sRgtWPnOEfyB9fkD2NSTDg==</latexit>

� ' 0.4
<latexit sha1_base64="L7q1LedZoQ87v7EnFglmYp/qoRQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpT1wV3LgpVLAPaEKYTCbt0JlMnJkIJRT8FTcuFHHrd7jzb5w+Ftp64MLhnHu5954wZVRpx/m2CkvLK6trxfXSxubW9o69u9dSIpOYNLFgQnZCpAijCWlqqhnppJIgHjLSDgc3Y7/9SKSiIrnXw5T4HPUSGlOMtJEC+6AeYOgpyskDPD2H9cATkdCBXXYqzgRwkbgzUgYzNAL7y4sEzjhJNGZIqa7rpNrPkdQUMzIqeZkiKcID1CNdQxPEifLzyfkjeGyUCMZCmko0nKi/J3LElRry0HRypPtq3huL/3ndTMdXfk6TNNMkwdNFccagFnCcBYyoJFizoSEIS2puhbiPJMLaJFYyIbjzLy+SVrXiXlSqd2fl2vUsjiI4BEfgBLjgEtTALWiAJsAgB8/gFbxZT9aL9W59TFsL1mxmH/yB9fkDhbqUjA==</latexit>

Mc ' 35M�
<latexit sha1_base64="g24SdnGrQkIn2RoYZo72QID8ykc=">AAACDHicbVC7SgNBFJ31GeMramkzGAQbw258YhW0sYxgEiEbw+zkrhkyO7vO3BXDkg+w8VdsLBSx9QPs/BsnMYWvAwOHc87lzj1BIoVB1/1wJianpmdmc3P5+YXFpeXCymrdxKnmUOOxjPVFwAxIoaCGAiVcJBpYFEhoBL2Tod+4AW1ErM6xn0ArYldKhIIztFK7UAzbPsItZj4K1afV49MB9Y2I4Jp67mW2vVPaG9iUW3JHoH+JNyZFMka1XXj3OzFPI1DIJTOm6bkJtjKmUXAJg7yfGkgY77EraFqqWASmlY2OGdBNq3RoGGv7FNKR+n0iY5Ex/SiwyYhh1/z2huJ/XjPF8LCVCZWkCIp/LQpTSTGmw2ZoR2jgKPuWMK6F/SvlXaYZR9tf3pbg/T75L6mXS95+qXy2W6wcjevIkXWyQbaIRw5IhZySKqkRTu7IA3kiz8698+i8OK9f0QlnPLNGfsB5+wTqUJo1</latexit>

fPBH ' 10�3.5 <latexit sha1_base64="gAYAQ/nloIjDX1o3wjbnlmd1QzA=">AAACCXicbVDJSsRAEO24O26jHr00DoIXh2QUFU8DXjwqOAtMQuj0VLSx04ndFXEMc/Xir3jxoIhX/8Cbf2PPcnB7UPB4r4qqelEmhUHX/XQmJqemZ2bn5ksLi0vLK+XVtaZJc82hwVOZ6nbEDEihoIECJbQzDSyJJLSiq+OB37oBbUSqzrGXQZCwCyViwRlaKSzTu9BHuMXCR6F6lOe4k8Zxn/pGJHBNa7thueJW3SHoX+KNSYWMcRqWP/xuyvMEFHLJjOl4boZBwTQKLqFf8nMDGeNX7AI6liqWgAmK4Sd9umWVLo1TbUshHarfJwqWGNNLItuZMLw0v72B+J/XyTE+DAqhshxB8dGiOJcUUzqIhXaFBo6yZwnjWthbKb9kmnG04ZVsCN7vl/+SZq3q7VdrZ3uV+tE4jjmyQTbJNvHIAamTE3JKGoSTe/JInsmL8+A8Oa/O26h1whnPrJMfcN6/ACcJmfA=</latexit>

zcut-off ' 23

COSMO 2022 Gabriele Franciolini 29



Most conservative reading:

The astrophysical models we tested are not able to explain 
all the features observed in the data (need to be extended)


Less conservative reading:

It is possible we have already observed the peak of the 
iceberg of a PBH subpopulation.


We need to devise robust tests to confirm!
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Multi-channel population inference with PBHs

GF+, PRD [2105.03349]



Take home message and outlook for 3Gs
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No tension with the constraints on the PBH abundance

PBH constraints

GWTC-3
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Wong, GF+, PRD [2011.01865], …
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GF, Musco, Urbano, Pani, in preparation- Also when QCD boosting formation of light LVK events
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- PBH are not all the dark matter in this mass range

(stringent bounds even if allowing for more exotic (clustered) initial conditions…)

De Luca, GF, Riotto, Veermae [2208.01683]



Larger SGWB from PBHs

Different merger rate 
evolution leads to different 

SGWB amplitude

Could be probed at 
3G and LISA

Additional constraint 
on Pop inference

Bavera, GF+, A&A [2109.05836] 
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PBHs
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Redshift z

High redshift sources at 3G detectors

De Luca, G.F., Pani, Riotto JCAP (2021)

PBH sub-population compatible 
with GWTC-3 would give:
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• No astrophysical contamination 
above redshift 


• 3G detectors can reach much 
larger redshift


Koushiappas, Loeb PRL (2017)

Hall, Evans (2019)
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• Reconstructing the merger rate 


• Conservative assumptions on PopIII rate


• simulated 4 months of data at CE-ET
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z & 10

High-z population study

Ng, GF+, APJL [2204.11864]
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<latexit sha1_base64="K3SS1tHBwCH1eCi8IkFhV7WIt8c=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUmakPpZSN90IFawWOkPJZDIazCRDckcsQz/Cjb/ixoUibl24829MHwu1Hggczjk3yT1RJrgBz/typqZnZufmSwvlxaXllVV3bf3SqFxT1qJKKN2OiGGCS9YCDoK1M81IGgl2Fd2eDvyrO6YNV/ICehkLU3ItecIpASt13d2zbgDsHooAuOzhZr3RxwHJMq3uccf39vCBF2KbUbGCrlvxqt4QeJL4Y1JBYzS77mcQK5qnTAIVxBh7YQZhQTRwKli/HOSGZYTekmvWsVSSlJmwGC7Vx9tWiXGitD0S8FD9OVGQ1JheGtlkSuDG/PUG4n9eJ4fkOCy4zHJgko4eSnKBQeFBQzjmmlEQPUsI1dz+FdMbogkF22PZluD/XXmSXO5X/cNq7bxWOamP6yihTbSFdpCPjtAJaqAmaiGKHtATekGvzqPz7Lw576PolDOe2UC/4Hx8A1+LnR8=</latexit>

MPBH ⇡ [10, 50]M�



set the most stringent 
constraint on the PBH dark 

matter with this mass 

Conclusions

3G detectors have the potential 
to discover a PBH population
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• Searching for PBHs in GW data is a difficult task


• Robust criteria to distinguish from ABHs are needed


• LVKC data and constraints allow for a PBH contribution


• 3G detectors needed to fully exploit smoking guns!
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