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1 TRE AR Mp(8]dl) A0, 7B Lk o R8T B Ay A
_ 1~ p(0ilHa) (0| Ha)
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Formation Channels of Binary Black Hole and Their

Parameter Distributions

LYU Zhen-wei, LI Mu-zi, GUO Yue-fan, ZHANG Fan

(Department of Astronomy, Beijing Normal University, Beijing 100875, China)

Abstract: The binary black hole (BBH) coalescence event GW150914 has been observed by
LIGO detectors, and many more detections are expected once current advanced LIGO and
Virgo detectors begin operating at designed sensitivity. Gravitational waves will provide us
with a powerful tool for investigating the physics of BBHs, because it encodes information
about the formation channel of this system. However, Many physical properties of BBH
system is still unknown, especially mass, spin and other intrinsic parameter distributions
of binary system from different formation channels. Mass distribution of black holes from
gravitational-wave detection and X-ray observation are different, because of different forma-
tional channels. X-ray observation indicates that the black hole mass distribute mainly in
(7.8 £ 1.2) M, which may come from dynamical capture. And mass estimation from grav-
itational waves is in the range 20M, ~ 40M, which is supposed to be field BBHs. This
is because Jeans stability analysis provides corresponding Jeans radius and black hole mass
which is smaller than dynamical binaries. Two formation channels are commonly consid-
ered for BBH coalescence: common envelope evolution and dynamical evolution mechanism
which have the underlying uncertain intrinsic parameter distributions on mass and spin.
The two formation channels have different mass and spin distributions, and due to Jeans
stability analysis, black hole mass from common envelope evolution is smaller than the oth-
er case and spin aligned. BBHs from dynamical capture mechanism have random oriented
spins commonly considered as isotropic distribution. Based on differences especially mass

and spin distributions of BBHs from the two formation channels, using Bayesian hierarchical
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inference to distinguish the two formation channels is workable, more over, Bayes method
can be used to calculate relative population of sources in each channel. Moreover, assuming
the percentages of these two channels have been obtained, it can be used to compare mass

distributions of different formation channels.

Key words: gravitational waves; binary black hole system; stellar mass black hole; Bayesian

inference
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