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Active Galactic Nuclei

FIGURE FROM MCKERNAN ET AL. (2021)

 

(Khrykin et al. 2021)

(Greene&Ho 2007)



The effects of gas
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1) GAS CAPTURE 2) TYPE I MIGRATION
  

4) ASSISTED INSPIRAL 
(a.k.a. GAS HARDENING)

 

3) SPIN ALIGNMENT
 

 
 

 



FASTCLUSTER: a semi-analytical 
approach
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New semi-analytical model and code
✔ Fast simulations: explore the parameter space
✔ Versatile: the same numerical algorithm can be 

adapted to other dynamical channels
→ young, globular and nuclear star clusters

Open-source code, find it at 
gitlab.com/micmap/fastcluster_open

(Mapelli et al. 2020, 2021)



AGN disks: Sirko&Goodman (2003)
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(Bellovary et al. 2016)



First generation
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no-GH: GW 
emission only

(Peters 1964)
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Nth generation
 Can the merger remnant go through a new merger event?

 

 

 

� Type II migration



Results: the effect of gas hardening
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Efficient gas hardening in AGNs produces BBHs with
1. High mass
2. High effective spin
3. High(er) eccentricity

(Vaccaro et al. 2023)
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(Vaccaro et al. 2023)

 



Okay, but…
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1) Migration trap position
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Grishin et al. 2023 
include thermal effects 

↓
new migration trap position

Bellovary16 Grishin23 (Vaccaro et al. 2023)



2) Three-body effects
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Number of embedded objects,
it must be calibrated!

 

(Vaccaro et al. 2023)



Read Vaccaro et al., 2023 
on arxiv.org

2311.18548

Summary
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Backup slides
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Comparison with other channels

8/12/2023 RESCEU-NBIA WORKSHOP ON GW SOURCES 15



Comparison with real data
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• No strong evidence for 
events with AGN origin, but 
the most massive BHs of the 
GH population are not 
detectable

• LVK sample too small, 
theoretical uncertainties too 
large to draw conclusive 
information 


