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Formation Channels of LIGO events
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Solar type Star Near a Massive BH Binary

\ /E\ time short-term RV variations
\/ \/ due to BHB period: ~ P,/

RV curve for m,

e Short-term Evolution

Hayashi + 2019, 2020




A solar type star
orbiting around a BHB

Focus on:

‘m + my D> mg
*a.: »” a, (hierarchical system)

m3 A doutr Cout * Secular approximation
(Orbital averaging)

* Coplanar configuration




Precession due to
the perturbation of the inner BHB

Precession due to GR

- Apsidal precession in a binary

Liu, et al, 2022, PRD



System Setup:

Black hole binary (eccentric)
+.

Tertiary star (quasi-circular)

Let’s consider
orbital decay of the BHB

To see
what happen to e,; ?




Example of orbital evolution ., -4  m=14 m~TP;e,,=08, e, =01
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Phase space diagram

* Dynamics can be understood analytically for coplanar triples
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Phase space diagram (Resonance capture +
advection)
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Phase space diagram
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Resonance capture and advection

» Dependence on the initial eccentricities
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» Requirements for the system to end up captured into resonance advection have to be satisfied

I.  Adiabatic evolution
II.  Specific direction of time-varying y 15 my

. . .. .. . e 2 B e —— —
ITI. Sufficiently small initial eccentricity :  €out,0 T ——

— M2 din

ein(4+ 3el) (at v ~ 1)

See also: Heppenheimer 1980; Ward 1981; Nagasawa + 2003

Liu, & Lai, PRL, 2024



Parameter Space
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Eccentricity excitation of the outer

hinary
SMBH binary + Star Massive BH binary + Star
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Inclined systems

SMBH binary
+

Star

Massive BH binary
+

Star
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Binary with a unseen companion

L | ¥ . T R | T T Y
T J El-Badry K., 2024, NewAR
101 e s tHﬁgS-fs%—ﬂ GX 3394 +GRS 1915+105
GRS 1009-45 XTE J1859+2
el [ +GS Tigl oo o V4641 Sgr
,_Ef MAXI J1820+053C P20 B * V404 Cyg NGC 3201 #12560
= IGRO J0422+32 *
GRO J1655-40 .
§ XTE J111tffs(2)000+25 Cy;x71 HD 130298 OGLE-: (?;JI‘EEL‘:&“"G?
= $ A0620-00 @
@ 0 ®
'._.a 10 - Gaia BH2 E
[ ] Gaia BH.B
I & LMXBs #  detached (low — massstars in GCs) Gaia BH1
¢ HMXBs ¥ detached (high — mass stars)
= 1 0 1 | 1
107 10 10’ 10° 10°
P, [days]
Gaia BH1 Gaia BH2 Gaia BH3
D ~ 478 pc D ~ 1160 pc D ~ 590 pc
n‘l*“‘lMO m*~1M@ m*~0.8MO
P, ~ 185 days P, ~3.5yrs P. ~ 11.6 yrs
e. ~ 0.45 e, ~ 0.51 e.~ 0.7




INVERSE CASE: Binary Near a Supermassive BH

BH in nuclear cluster

BH Binary
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Binary - SMBH Inferaction
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Binary - SMBH Inferaction

--- Newtonian Effect: Lidov-Kozai Oscillations
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Binary Dynamics Near a Supermassive BH

--- Newtonian Effect: Kozai Oscillations
--- GR Effect involving SMBH Tertiary




Binary Dynamics Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations
--- GR Effect: Precession of L;, around L, (1.5 PN)

Isolated Binary

Spin-Orbit Coupling

Liu & Lai ApJL 2019



Binary Dynamics Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations
--- GR Effect: Precession of L;, around L,,; (1.5 PN)
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Liu & Lai ApJL 2019



Binary Dynamics Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations
--- GR Effect: Precession of L, around S; (1.5 PN)
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Binary Dynamics Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations
--- GR Effect: Precession of L;, around S; (2 PN)

Isolated Binary

Spin-Spin Coupling

Liu & Lai ApJL 2019



Binary Dynamics Near a Supermassive BH
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e Orbital Evolution: : o .
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Migration?
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Liu + 2024, in prep



#1 A novel dynamical effect of the coplanar triple system:
The outer orbit can encounter an Apsidal Precession Resonance during the
orbital decay of the inner binary

#2 Resonance capture and advection:
The eccentricity of the outer orbit can keep growing

#3 Applications:

An independent approach to search for black hole binaries
Trigger the tidal disruption event

Lack of planets around a circumbinary stars -

#4 Inverse case:
It Is possible to excite the eccentricity of the inner BHB for coplanar triple

[ Thank you for your attention J




