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Recent view: Enhancement of mergers close to a 
supermassive black hole (>106 Msun) because

 Large escape velocity for compact objects 

 Mass segregation effect

 Tidal perturbation of binaries by surrounding objects

 Hydrodynamical drag if inside an active galactic nucleus (AGN)

 (See Arca-Sedda, Naoz, Kocsis 2023 for a recent review)Sketch from Tagawa et al. 2020

Standard siren
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Keplerian transition region 

(Early works by Abramowicz et al. 1978;  
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(Peng & Chen 2021 MNRAS)

Sub-Kepler

Super-Kepler

~0.4 Gpc-3 yr-1 or

(1-2)%  of the LIGO/Virgo rate

GW190521: 91+67 Msun 
•dGW=4.5 Gpc (Abbott+20)

•dEM=2.2 Gpc (S190521g, Graham+20)

• (1+zdop)(1+zgra)=2

•See Graham+22 for more candidates5
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 Significant eccentricity evolution

 Why BBHs merge only at small distances.

r ∼ 2.8M
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Change apparent mass and distance

Mislead our understanding of the origin of BHs

Wrong cosmology

Distinguish environmental effects using GWs? (e.g. Kocsis 2013; 

Barausse+2014; Bonvin+2017; Inayoshi+2017; Meiron+2017; Fedrow+2017; 
Derdzinski+2019; Liu+2019; Fang, XC, Huang 2019; Torres-Orjuela, XC, et al. 2019, 
2020; D’Orazio & Loeb 2020; Yu & Chen 2021; Gondán & Kocsis 2022; Oancea+2022; 
Zwick+2023…)
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