
GW150914：LIGO Observation 
Advanced LIGO (Laser Interferometer Gravitational-Wave Observatory),  
Sep 12, 2015 – Jan 12, 2016 [Hanford, Washington (H1) & Livingston, Louisiana (L1) observatories] 
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Observations (Results) 
Advanced LIGO detected GW on Sep 14, 2015, 09:50:45 UTC 
False alarm rate is less than 1/203 000 yr (5.1s) 
Merger  of a binary composed of ３６Ｍ¤ and ２９Ｍ¤ BHs (z=0.09) 
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6.9ms later 
Luminosity = 3.6×1056 erg/s 
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250, 000 template waveforms 

Mass Determination 

m1= m2= 



Seven Impacts of GW150914 (personal) 

①  First Verification of Gravitational Waves 

②   First Verification of General Relativity in Strong Gravity 

Limit  

③  First Verification of BH Horizon  

④  First Verification of BH Merger 

⑤  First Verification of Heavy Stellar-mass BHs (～３０Ｍ¤) 

⑥  First Verification of Binary Stellar-mass BH Systems 

⑦  Constraint on Superstring Theory in the Classical Limit 
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Astrophysical Implications 
The formation of such massive black holes from stellar evolution requires weak 
massive-star winds, which are possible in stellar environments with metallicity lower 
than 1/2 the solar value. 



Heger & Woosley 2002, ApJ, 567, 532 
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Early Cosmic Merger of Multiple Black Holes  
Tagawa, Umemura, Gouda, Yano & Yamai, MNRAS, 451, 2174-2184 (2015) 
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Type A Gas drag drives the merger 

Type B Three-body reaction and then gas 
drag drives the merger 

Type C Three-body reaction drives the 
merger 

Post-Newtonian N-body Simulations 

2.5 PN=GW 



Type A 
Gas drag-driven merger 

Type B 
Interplay-driven merger 

Type C 
Three body-driven merger 

Type D 
Accretion-driven merger 

Mergers of ３０Ｍ¤ Accreting Black Holes 
(Tagawa, Umemura, et al. 2015, MNRAS 451, 2174;  2016 arXiv:1602.08767) 

Post-Newtonian N-body Simulations (2.5PN=GW) 



BH pair in GW150914 

m1= m2= 

Merger Condition of  
３０Ｍ¤BHs 

Ø BH merger in GW150914 
is likely to be driven by 
tree-body encounters  

 
Ø A few Ｍ¤ mass accretion 

can occur before the 
merger  
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(Tagawa, Umemura, Gouda, 2016   
arXiv:1602.08767) 



Dependence on Initial Mass 
Tagawa & Umemura, to be submitted 

GW150914 



Accreted Mass 



Conclusions 

Ø GW150914 can be explained by the merger of accreting 
BHs in high-density gas.  

 
Ø The BH merger in GW150914 is likely to be driven by the 

three-body encounter. 
 

Ø The initial BH mass should be higher than 25M¤，and 
accreted mass is ５－１０M¤.  
 

Ø The BHs in GW150914 are possibly Pop III remnants. 
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