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•Stellar-mass black holes we knew by 2015
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Binary stars (e.g. Belczynski+16)

• Massive star, low metallicity 
• Binary star 
• Common envelope/mass transfer

Dynamical binary

(Fig. From Rodriguez+16)

• Multi-body interaction 
• Repeated merger

More GW BHs than electro-magnetic BHs

GW BHs 3-10 times more massive than X-ray BHs
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96⇡8/3

!3/5

=
(m1m2)3/5

(m1 +m2)1/5

d = (4M/h) (⇡fM)2/3

h(m1, m2, a)

 f(m1, m2, a)

df/dt (m1, m2, a)

Observable: the chirp signal

(Fig. from Abbott et al. 2016 PRL)
fo = f(1 + z)�1
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Formation channel: AGN accretion disk

Stellar-mass black holes in AGN disks:

 102-103 BHs captured or form in AGN disks (Syer 91, 

Artymowicz+93, Goodman 04, Wang+10, Bellovary+16, 
Paramarev+18)


 Event rate: 10-3–104 per Gpc3 per year? (McKernan+12, 
Bartos+17, Stone+17, McKernan+18, Antoni+19)

AGN disk (Bartos+17; Stone+17)

(Peng & Chen 2021)
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Formation channel II: AGN accretion disk

Pressure Gradient

 Equipotential in GR (Abramowicz+78)

 Gravity + Pressure gradient = Centrifugal

 Super-Keplerian motion = Tailwind

 BHs gain angular momentum
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Conclusion

GW observations bring new phenomena/theories/models.


Observation/interpretation affected astrophysical 
environments (SMBH/gas/motion/tertiary stars).


E.g. Fake massive BHs.


Wrong formation channel or cosmology if not properly 
accounted for.
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 Significant eccentricity evolution

 Some binary black holes merge!

 “Coincidence” between smaller distance and merger

 Chen & Zhang 2022 PRD

r ∼ 2.8M



国外b-EMRI研究进展

The Weber events (Weber 1969 PRL)


 Repeated signal from the Galactic Center

 1000 times more powerful than binary black hole mergers

11

Joint observation with LISA?

 GW dispersion, constrain graviton mass (Han & Chen 19)

Neutron star equation of state

 Position and strength of the peaks inform structure

 Redshifted signal (Vijaykumar+22)

(Campbell & Matzner 73)

 Lensing: Campbell & Matzner 73, Lawrence 73, Ohanian 73

GW bursts and echoes  

 Lensing: Kocsis 13; D’Orazio & Loeb 20; Yu+21; Gondán & Kocsis 21

 Shapiro delay (Sberna+22) and Graviton spin (Oanance+22)

 Penrose process (Gong, Cao, XC, 21)

SMBH Binary


 SMBH resonates with binary (Cardoso+21)


