Title: Binary Mergers in Tertiary-induced Channel
Speakers: Bin Liu

Series: Strong Gravity

Date: February 18, 2021 - 1:00 PM

URL.: http://pirsa.org/21020051

Abstract: The detections of gravitational waves (GWs) from merging binary black holes (BHs) have motivated many studies on the dyn:
formation of such compact black hole binaries (BHBs). Recent works have suggested that tertiary-induced merger via Lidova€“Kozai
oscillations may play a significant role in producing the BHBs detected by the LIGO/VIRGO collaboration. | will talk about the dynamic:
merging compact binaries near a rotating supermassive black hole (SMBH) in a hierarchical triple configuration, including various ge
relativistic (GR) effects. | will show that these GR effects significantly increase the merger fraction of BHBs and produce a wide range o
orientations when the BHB enters LIGO band.&nbsp;l will also discuss the hierarchical BH mergers in multiple systems, focusing on the cons
on the formation of GW190412, GW190814 and GW190521-like events.
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Gravitational-Wave Detections
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Formation Channels

- Isolated Binary Evolution
c.g., Lipunov + 1997, 2017; Podsiadlowski + 2003; Belczynski + 2010, 2016; Dominik + 2012, 2013, 2015
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Formation Channels

* Dynamical Formation (several flavors)
--- “Strong” Scatterings:

e.g., Portegies Zwart & McMillan 2000;

Miller & Lauburg 2009; l

Rodriguez + 2015; Q P> > 3 PO DD @
Samsing + 2017 !fi

--- “Gentle” Tertiary-Induced: l

CAg., S!ii\l)(f(f & r[‘ren-]ﬂi],]e 2()17’

Antonini + 2017; l Kozai Oscillation

Petrovich & Antonini 2017; [ D> 23D

Hamers + 2018, 2019;
Liu & Lai 2017-2019
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Formation Channels

* Dynamical Formation (several flavors)

--- “Strong” Scatterings:

e.g., Portegies Zwart & McMillan 2000,
Miller & Lauburg 2009;

Rodriguez + 2015;
Samsing + 2017
--- “Gentle” Tertiary-Induced:

e.g., Silsbee & Tremaine 2017%;
Antonini + 2017;
Petrovich & Antonin 201
Hamers + 2018, 2019;
Liu & Lai 2017-2019
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Formation Channels

* Gas-assisted mergers

--- AGN disks:

e.g., Baruteau + 2011;

Bartos + 2017; e e BHinnuclearcluster
Stone + 2017, '

McKernan + 2018; Central SMBH / BH binary
Yang + 2019

AGN Disc

BH in disc
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|. Binary Mergers Near a Supermassive BH

I

Nuclear Star Cluster

BH Binary

Pirsa: 21020051 Page 11/83



|. Binary Mergers Near a Supermassive BH
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|. Binary Mergers Near a Supermassive BH
--- Newtonian Effect: Lidov-Kozai Oscillations \
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|. Binary Mergers Near a Supermassive BH

--- Newtonian Effect; Lidov-Kozai Oscillations
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|. Binary Mergers Near a Supermassive BH
--- Newtonian Effect: Lidov-Kozai Oscillations
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|. Binary Mergers Near a Supermassive BH
--- Newtonian Effect: Lidov-Kozai Oscillations
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Lidov-Kozai Window for Eccentricity Excitation

* In BH Triples

Newtonian Effect: O. l [
---Lidov-Kozai oscillation é
—
le-. 0.01

= 0.001
Loyt 10—4 ,

A m;=1x10° M,
N ;
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Iy [Deg]

(my , my) = (30, 20) M, 5 (3,0 5 20w ) = (0.1, 500) AU ; Circular Orbits

GR Effect:
---Apsidal Precession
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Lidov-Kozai Window for Eccentricity Excitation

* In BH Triples

Newtonian Effect: O. 1 [
---Lidov-Kozai oscillation é
—
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GR Effect:
---Apsidal Precession

"
i

m; =1x10°M

nl 0 30 60 90 120 150
" Iy [Deg]

(my , my) = (30, 20) M, ; (3,0 5 20w ) = (0.1, 500) AU ; Circular Orbits

=

Pirsa: 21020051 Page 18/83



Lidov-Kozai Window for Eccentricity Excitation
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|. Binary Mergers Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations
--- GR Effect: de-Sitter-like Precession
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|. Binary Mergers Near a Supermassive BH‘
--- Newtonian Effect: Lidov-Kozai Oscillations

--- GR Effect: de-Sitter-like Precession

irsa: 21020051 Page 21/83



|. Binary Mergers Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations
--- GR Effect: de-Sitter-like Precession
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|. Binary Mergers Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations
--- GR Effect: de-Sitter-like Precession

Isolated Binary

Spin-Orbit Coupling
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|. Binary Mergers Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations -
--- GR Effect: Back-reaction

Isolated Binary

Spin-Orbit Coupling
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|. Binary Mergers Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations
--- GR Effect
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|. Binary Mergers Near a Supermassive BH

--- Newtonian Effect: Lidov-Kozai Oscillations
- GR Effect: Lense-Thirring Precession

Isolated Binary

Spin-Spin Coupling
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Binary near a Supermassive Black Hole

* Effect I: Lense-Thirring Precession of L, around S,

--- affects LK eccentricity excitation

« Effect II: de-Sitter-like Precession of L, around L,

--- modifies the eccentricity growth indirectly

- Effect I11: Lense-Thirring Precession of L, around S,

--- importantwhen V, ,~c
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Parameter Space

Canonical System

(ml ’ mz) = (303 20) MO

(CillgU ’ cout,l)) = 0.001
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Evolution Example
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Evolution Example

Canonical System

Standard Kozai Standard Kozai + GR
1 (m,; , m, , m;) = (30, 20, 2.3X10°) Mg,
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Eccentricity Excitation
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Eccentricity Excitation
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Eccentricity Excitation
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Eccentricity Excitation
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Evolution Example

Canonical System

Standard Kozai + GW

1
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Merger Window

. .. Iy (Deg) Canonical System
* With Gravitational Waves

(m, , m, , m3) = (30, 20, 2.3X10%) M
(ain,O s Agur ) - (01, 500) AU
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“Standard LK”
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Xeft/ Xeft Liu, Lai & Wang ApJL 2019
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|. Binary Mergers Near a Supermassive BH
CONSIDER one Special Configuration :

doutr Cout

" -~ = dins €in

e ==
_--_——_

Pirsa: 21020051 Page 37/83



|. Binary Mergers Near a Supermassive BH
--- Coplanar
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Binary near a Supermassive Black Hole

dLout -
. o : i 85 % Fusiiss
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Apsidal Precession Resonance

» Apsidal Precession Rate

GR)
Win = WLK,in T WGR,in T w£inLout F 2wr,,8s,

Wout = WGR,out F 2WL,,,Ss
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Apsidal Precession Resonance

» Apsidal Precession Rate

(GR)
Win = WLK,in T WGR,in T WL, Lot + QwLiuS37
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Evolution Example

Canonical System Parameters:

(ml 3 mz [ m3) = (30, 20, 1>< 108) MO
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Liu &Lai, PRD, 2020
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Parameter Space
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Evolution Example

Canonical System Parameters:

(m; , m, , m3) = (30, 20, 1X10%) M
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Liu &Lai, PRD, 2020
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Apsidal Precession Resonance

+ Apsidal Precession Rate
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Apsidal Precession Resonance

» Apsidal Precession Rate
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Evolution Example

Canonical System Parameters: g r
g il.—‘in = Eout = 53
[~
(my , m, , my) = (30, 20, 1X10%) Mg —5°
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2 Analytical understanding
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Liu &Lai, PRD, 2020
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Resonance in the Inclined System
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Resonance in the Inclined System
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