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LIGO O3a



• GWTC-2: Compact Binary Coalescences Observed by LIGO 
and Virgo During the First Half of the Third Observing Run

arXiv:2010.14527

• Population properties of compact objects from the second 
LIGO–Virgo Gravitational-Wave Transient Catalog

arXiv:2010.14533



LIGO GWTC-2 paper
“we present 39 candidate 
gravitational wave events. 
At this threshold, we 
expect a contamination 
fraction of less than 10%.”

Some FARs are near 1/yr...







Event rates of compact binary mergers

• Population properties paper

“We report on the population properties of the 47 compact binary mergers detected 
with a false-alarm rate (FAR) < 1 yr-1 in GWTC-2, including all Advanced LIGO–Virgo 
observing runs through the most recent observing run O3a”

• BBH

• BNS



Primary BH mass distribution



Primary BH mass distribution
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LIGO result



Our prediction

Pop I/II(Zsun,1/10Zsun BBH 
(Dominik et al. 2012)
Pop III BBH
(Kinugawa et al. 2016)

(Miyamoto et al. 2017) M= (1 + 𝑧)
(𝑀1 𝑀2 )
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Extraordinary BH events in O3a run 



Why GW190521 is extraordinary BH
Mass 85Msun+66Msun

PISNPPISN



GW190521 Formation models

• Hierarchical Black-Hole Mergers (e.g. Liu &Lai 2020)

• Pop II without PPISN (Belczynski 2020)

• Pop III (Farrell et al. 2020, Kinugawa et al.2020, Tanikawa et al. 2020 )

• Accretion onto BHs in dense molecular cloud (Rice et al.2020)

• Primordial BH, Modified Gravitation Theory, Beyond standard theory.....



Pop II without PPISN

• Change 12C(α,γ)O rate

(Farmer et al. 2020)
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Calculation models
In the case of Pop III, it is still unknown how much envelope is elected by PPISN 

• No PPISN model

• PPISN model

We calculate 106 Pop III binaries for each model.

SFR:ρSFR= 6×105 Msun/Mpc3 (Inayoshi et al. 2015)

IMF: flat 10Msun<M<150Msun

Mass ration: flat 0<q<1

Separation: logflat amin<a<106Rsun

Eccentricity: proportional to e, 0<e<1



Pop III remnant mass for single star case
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Pop III remnant mass for single star case



Masses of GW190521-like BBHs 

Primary mass 
of GW190521

Secondary mass 
of GW190521



Event rate

•0.13 /yr/Gpc3 for PPISN model

•0.66 /yr/Gpc3 for no PPISN model

•Detection rate of GW190521 is 0.02--0.43 /yr/Gpc3
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Summary

• LIGO reported 50 GW events in O1-O3a.

•Primary Mass distribution : Power law +peak ?

Pop III? Pop II+ PPISN? Hierarchical merger?...

•Maximum mass of primary BH~90Msun

Pop III? Pop II+noPPISN? Hierarchical mergers?...


