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Three-body Scatterings & Eccentric Mergers

● BH Binary + single 
interactions → eccentric 
mergers

● Entering 
LIGO/Virgo/Kagra (LVK) 
band at high eccentricity  
(e >0.1)

● GW capture of original or 
newly-formed binary 
(three-body merger )

Samsing et al. (2018)
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GW190521
High masses (in mass gap)

Possible EM counterpart

Possible eccentricity
Romero-Shaw+20, 

Gayathri+22

Graham+20

The LIGO & Virgo 
Collab+20



Samsing J., et al., 2022, Nature, 603, 237

AGN channel can explain it!





Fig. from Cantiello et al. 
(2021)

How do we get a population of BHs embedded in the disk?



What kind of stars can we find in an AGN disk?

Fabj G. , Dittmann A.J., Cantiello M., Perna R., Samsing 
J. (in prep.)
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How do we get a population of BHs embedded in the disk?

Stellar evolution inside the disk Disk capture of initially inclined COs

Cantiello+21, Jermin+21, Jermin+22, 
Dittmann+21,23, Fabj +(in prep.)

e.g . Panamarev+18,  Fabj +20, Macleod & 
Lin20,  Nasim, Fabj +23,  Wang+24
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What’s missing in the 
simulations?
→ take step forward from purely 
geometric setup
→ actual inclusion of environmental 
effects (tides from Supermassive 
Black hole (SMBH),  drag force from 
gas)
→ Effect of the Hill sphere from 
SMBH compared to semi-major axis 
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Scatterings Configuration

Fabj & Samsing (submitted)
ArXiv: 2402.16948

● Acceleration term due to              
SMBH (             )

● Place single sBH at Hill 
radius (10 AU)

● Vary binary semi-major 
axis (SMA) 

● Two setups for single sBH 
impact parameter

● Co- and counter-rotating 
binary w.r.t. SMBH

SMA
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Effect of Tides on Three-Body Encounters 



Examples of Binary-Single 
Encounters

ArXiv: 2402.16948
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Not just 

noise!



Probability for Out-of-plane Interactions

ArXiv: 2402.16948
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Summary & Conclusions
● Possible GW formation channels → focus on the AGN channel (why? GW190521)

● Eccentric mergers → probability to occur in AGN disk-like environments

● Effect of SMBH tidal field 

○  Correction factor, fluctuating trend of probability, effect of inclination

○ See also  Leigh et al. 2018; Trani et al. 2019; Ginat & Perets 2021; Rom et al. 

2023;  Trani et al. 2024

● Next step → inclusion of the effects of gas drag from the accretion disk 



Additional Information
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Phase-Space Distribution
BS 12

BS 13
BS 23

GW
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Phase-Space Distribution
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Effect of Tides on Merger Probability

● Evaluate analytically the influence of 

tidal field on number of interactions

● Energy distribution in presence of 

tides

● Statistical analysis of binary energy 

probability distribution 

● Correction factor of                  for the 

probability                

ArXiv: 2402.16948



BBHs 
outside Hill 

Sphere

BBHs
 inside Hill 

Sphere

Peak Frequency Distribution

ArXiv: 2402.16948


