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WHAT DO WE KNOW SO FAR?
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“Binary Black Hole Mergers in the First Advanced LIGO
Observing Run”.
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Properties 3 Binaries
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Want to infer the properties of GW150914 from the data
Bayesian inferenc

—

Pr(d | 6) Pr(f)

56 {m ,ma,S1,92, Dy, .. }
Pr(f | d): Posterior
Pr(d | 6): Likelihood
Pr(f): Prior
Pr(d): Evidence/Marginal likelihood

Use Markov-Chain-Monte-Carlo methods to sample the
posterior
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“Binary Black Hole Mergers in the First Advanced LIGO
Observing Run”.
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“Binary Black Hole Mergers in the First Advanced LIGO
Observing Run”.
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“Binary Black Hole Mergers in the First Advanced LIGO
Observing Run”.
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“Binary Black Hole Mergers in the First Advanced LIGO
Observing Run”.
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Credit: LIGO/Leo Singer (Milky Way image: Axel Mellinger)
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Abbott et al. [2]

Relatively weak massive-star winds
Metallicity < 1/2 of the solar value
Formed in low-mass galaxy in the local Universe

Formed at high redshift with time delay until merger
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ToGR Neutron star SGWB SN Follow-up

Properties BH Binaries
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SPIN OFF

Some supermassive black holes spin at more than
90% of the speed of light, which suggests that they
gained their mass through major galactic mergers.
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Black hole mass (millions of solar masses)

Credit: Christopher Reynolds, Univ. Maryland
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“Binary Black Hole Mergers in the First Advanced LIGO
Observing Run”.
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BINARY BLACK HOLE FORMATION SCENARIOS

Time (My) aRy e
Zero-age main sequence

00000 | MS  96.2M, 602M,, | 2.463 0.15

35445 | HG  922M, 59.9M, | 2,140 0.00

35448 42.3M, 849M | 3,112 0.00

or
CHeB.

3.8354 | Hestar 39.0M 84.7M, | 3579 0.00

38354 | BH  35.1M,

Common envelope
50445 | BH  asM, | e CHeB 822M, | 3,780 0.03

84.7M, | 3,700 0.03

5.0445 | BH  36.5M, . . Hestar 36.8M, | 43.8 0.00
53483 | BH  365M, -9 Hestar 342M, | 453 0.00
1 Direct collapse
53483 | BH  365M, LY BH  308M, | 47.8 005
§  Merger
10,204 [ ] o 000

Left: Belczynski et al. [3]. Right: Marta Volonteri (Univ. of Michigan)
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Is it useful to test Einstein’s gravity using binary mergers?

Solar system Binary pulsars Binary merger
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“Tests of General Relativity with GW150914”.
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“Tests of General Relativity with GW150914”.
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“Tests of General Relativity with GW150914”.
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“Tests of General Relativity with GW150914”.

Tijonnie Li Intensive course in Physics: Gravitational Waves

1017



ToGR star 3 Follow-up
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“Tests of General Relativity with GW150914”.
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WHAT CAN WE EXPECT IN THE FUTURE?
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“Binary Black Hole Mergers in the First Advanced LIGO
Observing Run”.
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Einstein gravitational wave Telescope
conceptual design study.
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“Modeling the Complete Gravitational Wave Spectrum of
Neutron Star Mergers”.
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“Tidal deformability of neutron stars with realistic equations of
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Events

“Demonstrating the Feasibility of Probing the Neutron-Star

with Second-Generation Gravitational-Wave Detectors”.
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“GW150914: Implications for the Stochastic
Gravitational-Wave Background from Binary Black Holes”.
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“GW150914: Implications for the Stochastic
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Candidate Explosion Mechanism
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MULTI-MESSENGER ASTRONOMY
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Abbott et al [10] and ANTARES Collaboration et al [11]
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Crashing neutron stars can make gamma-ray burst jets

Magnetic fields

Neutron stars.
Masses: 1.5 suns

Diameters: 17 miles (27 km)
Separation: 11 miles (18 km)

Simulation begins 7.4 milliseconds 13.8 milliseconds

Jet-like
magnetic ield

Black hole forms
Mass: 2.9 suns
Horizon diameter: 5.6 miles (9 km)

15.3 milliseconds 21.2 milliseconds 26.5 milliseconds

Credit: NASA/AEIZIBIM. Koppitz and L. Rezzolla
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Infalling Stellar Gas

Shock Neutron Star
(Radius ~200 km) (Radius ~50 km)
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“Binary Black Hole Mergers in the
First Advanced LIGO Observing Run”.

“Astrophysical Implications of the
Binary Black Hole Merger GW150914”.

“The first gravitational-wave source
from the isolated evolution of two stars in the 40-100 solar
mass range’.

“Tests of General Relativity with
GW150914”.
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FEinstein gravitational
wave Telescope conceptual design study.

“Modeling the Complete Gravitational
Wave Spectrum of Neutron Star Mergers”.

“Tidal deformability of neutron stars
with realistic equations of state and their gravitational
wave signatures in binary inspiral”.
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“Demonstrating the Feasibility of
Probing the Neutron-Star Equation of State with
Second-Generation Gravitational-Wave Detectors”.

“GW150914: Implications for the
Stochastic Gravitational-Wave Background from Binary
Black Holes”.

“Localization and broadband follow-up
of the gravitational-wave transient GW150914”.
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“High-energy Neutrino
follow-up search of Gravitational Wave Event GW150914
with ANTARES and IceCube”.

Tijonnie Li Intensive course in Physics: Gravitational Waves 42


http://arxiv.org/false/1602.05411

	Properties
	Properties of Binaries

	BH
	Black Holes

	Binaries
	Binaries

	ToGR
	Test of General Relativity

	Neutron star
	Neutron star

	SGWB
	Stochastic Gravitational-Wave Background

	SN
	Supernovae

	Follow-up
	Follow up of Gravitational Waves

	Appendix

	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	anm0: 


