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AGN - GW connection

2/26



AGN - GW connection
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AGN basics
AGN gravitational capture

(Tagawa et al. 2020) 4/26



AGN, one of the channel of BBH mergers?

Hierarchical Black Hole Mergers in AGN

(Gayathri et al. 2019)
(Yang et al. 2019)
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Statistical approach

Gravitational-wave localization alone can probe origin of stellar-mass
black hole mergers

(Bartos et al. 2017) 7/26



(Veronesi et al. 2022)

8/26



Statistical approach

Correlation between Gravitational Waves 90% credibility level
localization volumes and the positions of AGN (z≤ 0.2)

• Two catalogues of simulated GW detection (O3 and O4)
– Synthetic population of BBHs

» Power Law + Peak analytical model (Abbott et al. 2021b)
⇒ sample values of masses
⇒ uniform spin magnitude distribution between 0 and 1

– Simulate the response of the network (duty cycle, keep SNR≥ 8)
– Evaluation of 90% localization volumes
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Statistical approach
• Minimum number of GW detections to test the AGN origin N3σ

GW

GW not originating from an AGN, number of AGN within Vi
Bi(NAGN,i) = Poiss(NAGN,i, ρAGNVi)

GW originating from an AGN, number of AGN within Vi
Si(NAGN,i) = Poiss(NAGN,i − 1, ρAGNVi)

hypothesis that a fraction fagn of the detected GWs originated
from AGN

L (fagn) =
∏︁
i

[fagnSi + (1− fagn)Bi]
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Statistical approach

Test statistic of a set of detected GWs is the likelihood ratio

λ = 2log

[︃
L (fagn)

L (f0)

]︃
Every simulation is therefore associated to a value of λ that depends
on ρAGN , Ngw , fagn , error box of each simulated GW event, and the
number Ni of AGN within such volume.

3000 simulation centered in an AGN (λs), 3000 simulation randomly
distributed (λb). no-connection hypothesis is reached when the
median value of the distribution of λs corresponds to a p-value lower
than 0.00135 (3σ) when compared to the λb distribution.
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Statistical approach
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Statistical approach
O3, 13 detected BBH mergers with z ≤ 0.2. NGW = 13 :
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BBH - EM counterpart

(Khan et al. 2018)
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BBH - EM counterpart

(Khan et al. 2018) 18/26



BBH - EM counterpart

Not very convincing

The models require:

• Large spins

• Large mass ratio

• Eccentricity

• Really high masses

• Very high density of matter around the binary
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BBH - EM counterpart
AGN channel fulfilling the requirement

(Shu-Xu et al. 2019) 20/26



BBH - Observation strategy
expected emission?

l’embarras du choix
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Offline analysis
Is a given event compatible with AGN channel?

(Yang et al. 2019)
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Offline analysis
Is a given event compatible with AGN channel?

(Shu-Xu et al. 2019)
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Low-latency analysis
AGN flag

An analogue of em_bright

Useful for EM follow
Is there any reliable calculation?
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BBH - Observation strategy
AGN channel fulfilling the requirement

Galaxy targeting⇒ AGN targeting

Which catalog?

mangrove catalog

(Ducoin et al. 2019)

Identification of 1.4 Million
Active Galactic Nuclei in the
Mid-Infrared using WISE Data

(Secrest et al. 2015)
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THANKS!
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