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ABSTRACT

Despite the increasing number of Gravitational Wave (GW) detections, the astrophysical origin of Binary Black Hole (BBH)
mergers remains elusive. A promising formation channel for BBHs 1s inside accretion discs around supermassive black holes,
that power Active Galactic Nuclei (AGN). In this paper, we test for the first time the spatial correlation between observed GW
events and AGN. To this end, we assemble all sky catalogues with 1,412 (242) AGN with a bolometric luminosity greater
than 10*~erg s~! (10% erg s~!) with spectroscopic redshift of z < 0.3 from the Milliquas catalogue, version 7.7b. These AGN
are cross-matched with localisation volumes of BBH mergers observed in the same redshift range by the LIGO and Virgo
interferometers during their third observing run. We find that the fraction of the detected mergers originated in AGN brighter
than 10¥- ergs™! (10* ergs~!) cannot be higher than 0.74 (0.33) at a 95 per cent credibility level. Our upper limits imply
a limited BBH merger production efficiency of the brightest AGN, while most or all GW events may still come from lower
luminosity ones. Alternatively, the AGN formation path for merging stellar-mass BBHs may be actually overall subdominant
in the local Universe. To our knowledge, ours are the first observational constraints on the fractional contribution of the AGN
channel to the observed BBH mergers.
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Popularity of Khaleesi by state:

This chart shows the maximum percentage of babys named Khaleesi in each state. Lighter
colors indicate higher percentages and popularity, while lower colors indicate less
popularity.

Lighter = More Popular

Darker = Less Popular
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Caltech/R.Hurt (IPAC)

Why focusing on

* Dense dynamical environments
High chance of binary formation

 Deep gravitational potential
Possibility of retain kicked remnants

e Migration (traps)
Gathering many compact objects
In the same region

McKernan+11, McKernan+12,
Bellovary+16, Tagawa+20
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If only It was this easy...
(where would the fun be?)
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Our method

Multiple AGN / Multiple detected BBH mergers J

Size of localisation volumes / Number of AGN within localisation volumes “

Incompleteness of AGN catalogues Exact positions of AGN

Likelihood maximization (&Z( fAGN)) Application to observed data



Results

T'H 46.0 3.54-1078
Vp)
(@)
| -
2L 455 5 93.10-7
=
o
Z
Q
< 45.0 1.53-107°
E; Bl 90% CL rejection
o 4451 | I 95% CL rejection | 37.10-6
S

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1
fAGN

NV+23 (submitted)
(@)

NAGN, corrlMpC ™3]



Future perspectives




Future perspectives

Apply to more complete
AGN catalogues




Future perspectives

—

Go deeper in
redshift

Apply to more complete
AGN catalogues




Future perspectives

‘
— T

> = ‘—°‘ ‘ «
- -~ v ‘Apply to catalogues

- of AGN flares

Go deeper in
redshift ‘ J N ——

Apply to more complete 4
AGN catalogues ’

l
1




Future perspectives

‘
— T

Apply to _f)4 | —s
- i v ‘Apply to catalogues

- of AGN flares

Go deeper in
redshift ‘ J N ——

Apply to more complete 4
AGN catalogues ’

l
1




Future perspectives

Apply to O5

‘
= . — T

Apply to _f)4 | —s
- i v ‘Apply to catalogues

- of AGN flares

Go deeper in
redshift ‘ J N ——

Apply to more complete 4
AGN catalogues ’

l
1




Future perspectives

rd generation detectors

—

Apply to O5

——
= —
—

Apply to O4 = 3 |
> = PRy . v “Apply to catalogues

Go deeper in < of AGN flares
redshift : } Fa _

Apply to more complete  »
AGN catalogues ’

l
1




Thank you for your attention!

N
o
o

N
o
o

Lbol, threhsoldl€rg 5_1])
o
U
U

Bl 90% CL rejection
o a4 5t | I 95% CL rejection

o,

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
fAGN

NV+23 (submitted)
(@)

veronesi@strw.leidenuniv.nl

3.54:1078

2.93:107’

1.53:107°

15.37-10°°

NAGN, corrlMpC ™3]


mailto:veronesi@strw.leidenuniv.nl

Si+(1-c-0.90- fagn) Bil

fAGN, true

Z.
3
S~
AN
-]
S
=
-
||
"z
3
>
Q

© @u <
o o o
pajewnss .Zw<u~




Name Citation for Name unWISE ID R.A. Dec. Citation for z
[deg] [deg]

UVvQSJ000000.15-200427.7 Monroe et al. (2016) 0000m19700005716  0.00065 -20.07433 Monroe et al. (2016)
SDSS J000005.49+310527.6 Ahumada et al. (2020) 0000p31800001234  0.02290 31.09102 Ahumada et al. (2020)
PHL 2525 Lamontagne et al. (2000) 0000m12200001902 0.10172  -12.76328 Lamontagne et al. (2000)
2MASX J00004028-0541012 Masci et al. (2010) 0000m06100015237 0.16774 -5.68361 Masci et al. (2010)
RXS J0O0009+1723 Wei et al. (1999) 0000p16600024250  0.23319 17.39413 Wei et al. (1999)
SDSS J000102.18-102326.9 Lyke et al. (2020) 0000m10700014745 0.25911 -10.39078 Lyke et al. (2020)
RX JO0013+0728 Tesch & Engels (2000) 0000p07500010333  0.32534 7.47432 Tesch & Engels (2000)
PGC 929358 Paturel et al. (2003) 0000m13700004668 0.33219 -14.07310 Mauch & Sadler (2007)
PGC 1698547 Paturel et al. (2003) 0000p24200009501  0.38474 24.04179 Ahumada et al. (2020)
RX JOOO15+0529 Tesch & Engels (2000) 0000p06000003070  0.38896 5.48926 Ahumada et al. (2020)
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