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Greene 2012 Hierarchical Growth of Massive BHs 
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Black holes grow via 
accretion and merging. 
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Direct Detection of BH Mergers 
by Gravitational Wave Radiation  
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Isolated binary BHs 
(“Old playmate” scenario) 

Unassociated BHs 
(“Chance meeting” scenario) 

vs 



Belczynski et al. 2016,  
nature, 534,513 

Isolated binary evolution（Old playmate scenario） 

also 
Kinugawa et al. 2014 
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Spin misalignment! 

GW170104 



Orbital  
angular momentum 

Observation of GW170104 

Isolated binary BH 

Ø Isolated binary evolution predicts spin alignments, since the effect of mass 
transfer and tides aligns spins with the orbital angular momentum. 

Ø The spin misalignments favor  dynamically assembled BH binaries from 
unassociated BHs (chance meeting). 

Spin  
angular momentum 



Scenario for BH mergers in Galactic Nuclei  

First generation 
Objects 

First Galaxies 

Dense nuclear gas disk 
ngas ≳ 106-8 cm-3 at ≲ 1pc 

Chance meeting 

Hierarchical Galaxy Fomation 

BHs fall onto the galactic center 
via dynamical friction 



Dynamical Friction by Gas 

Drag v 

Ostriker 1999 
Tanaka & Haiman 2009 
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Hoyle-Lyttleton accretion & 
Radiation pressure feedback 

Hanamoto, Ioroi & Fukue 2001 

E/L LG =

Hoyle-Lyttleton accretion rate 

: Eddington ratio 

Tagawa, Umemura, Gouda, 2016, MNRAS, 462, 3812 

Radiation pressure feedback 



1PN, 2PN: Pericentric shift  
2.5PN: Gravitational wave 

Post-Newtonian 
N-body Simulation 

Post-Newtonian formula  
by Kupi, Amaro-Seoane & Spurzem 2006 

Tagawa, Umemura, Gouda, 2016, MNRAS, 462, 3812 

5 BHs in dense gas 



Type A 
Gas drag-driven merger 

Type B 
Interplay-driven merger 

Type C 
Three body-driven merger 

Type D 
Accretion-driven merger 

3-body gas-drag 

Gravitational wave emission  

Merger of stellar-mass  BHs 
Tagawa, Umemura, Gouda, 2016, MNRAS, 462, 3812 

3-body 



ngas ≳ 106-8 cm-3 @ ≲ 1pc 
(e.g. dense nuclear gas disk) 

GW170814 



Merger of 104 Ｍ¤ BH 
(Tagawa, Umemura, et al. 2015, MNRAS 451, 2174) 

BH mass mBH=104 M¤  

BH# N=10 

r< 4.6pc 
ngas > 5´104cm-3 

 
All BHs merge 
witin 108 yr! 
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Umemura, 2001, ApJ, 560, L29 
Kawakatsu & Umemura, 2002, MNRAS, 329, 572 Poynting-Robertson Effect 

in galactic bulge 
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e = 0.007 : Hydrogen burning efficiency 
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Kormendy & Ho 2013, ARA&A, 51, 511 

Theoretical 
Prediction 

Coevolution of SMBH and Galactic Bulge 



Coevolution Scenario 
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ULIRG Proto-QSO QSO LLAGN LBG 

7
thin 10 yrt » 8 9

win 10 yrt -» 9
cross 10 yrt » time 

growing BH 1-10 pc 

Bulge 

nucleus 

enshrouded BH Type II QSO 

dust 

 Umemura 2004, cbhg.sympE, 61 



First galaxy 

Dense nuclear disk formation via radiation 
drag (Poynting-Robertson Effect ) 

BH merger by “chance meeting” 

A Novel Scenario of Coevolution 

SMBH-Bulge relation 

Infall of merged BH 
AGN formation by 
gas accretion 

BHs fall onto the galactic center via 
dynamical friction by stars and gas. 



Ø During the hierarchical galaxy formation, BHs fall onto the 
galactic center via dynamical friction by stars and gas. 

Ø A nuclear dense gas disk forms via radiation drag 
(Poynting-Robertson effect) by radiation from bulge stars. 

Ø Multiple BHs in the nuclear disk merge via “chance 
meeting” through gas dynamical friction and 3-body 
encounters within 108yr.  

Ø The merged BH falls onto the galactic center. 

Ø An AGN is ignited by the accretion from the dense gas disk.  

Ø Eventually, the SMBH-Bulge relation is established. 

Summary of the Scenario 
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