ao  MIJVIRGD

Binary black hole
observations with Advanced
LIGO

Chad Hanna (Penn State) on behalf of the LIGO Scientific
Collaboration and the Virgo Collaboration.

LIGO - G1700996

(' 0
-4 PennState
Chad Hanna - Binary black hole observations with Advanced LIGO - May 31, 2017



LIGO Outline

1. Binary Black Holes (BBH) in the first observing run.
a. GW150914

b. GW151226

c. LVT151012

The distribution of masses

The distribution of spins

The distribution of amplitudes

Inference of the BBH coalescence rate
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LIGO BBH in LIGO’s first observing run
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GW150914
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2/ GW151226
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GW151226
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GW151226
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LVT151012
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LIGO

LVT151012
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Mass distribution

v
b
v
v
=
P
A
O
v

X-Ray Studies O

GW150914

) LVT151012

GW151226
0

Credit LIGO

{{@}} \/ ‘ F GD Chad Hanna - Binary black hole observations with Advanced LIGO - May 31, 2017




LIGO BBH mass function
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Spin distribution
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Spin distribution

Effective spin
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LIGO Amplitude distribution
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Conclusion

LIGO

w N

Advanced LIGO detected two definitive binary black hole mergers
in its first observing run along with a third promising candidate
The black holes are heavier than known X-ray binary black holes
Two of the three black hole binaries are consistent with zero spin,
one, GW151226 has a primary mass spin of at least 0.2

The mass distribution is consistent with a power law with slope
-2.5

The binary black hole rate is still uncertain and model dependent
but is plausibly in the range of a few to a few hundred mergers per
year per gigaparsec cubed.

Advanced LIGO’s second observing run begin at November’s end
2016 and is ongoing through August 2017.

{{@}} v ‘ R G:) Chad Hanna - Binary black hole observations with Advanced LIGO - May 31, 2017

20



‘*,““JLLIGO Introducing GW170104

GW170104: Observation of a 50-solar-mass binary black hole coalescence at
redshift 0.2

The LIGO Scientific Collaboration and the Virgo Collaboration

We describe the observation of GW170104, a gravitational-wave signal produced by the coales-
cence of a pair of stellar-mass black holes. The signal was measured on January 4, 2017 at 10:11:58.6
UTC by the twin advanced detectors of the Laser Interferometer Gravitational-Wave Observatory
during their second observing run, with a network signal-to-noise ratio of 13 and a false alarm

rate less than 1 in 70,000 years. The inferred component black hole masses are 31.2750 Mg and

19.4720 M, (at the 90% credible level). The black hole spins are best constrained through measure-
ment of the effective inspiral spin parameter, a mass-weighted combination of the spin components
perpendicular to the orbital plane, yegs = —0.12f8'§(1). This result implies that spin configurations
with both component spins positively aligned with the orbital angular momentum are disfavored.
The source luminosity distance is 8807550 Mpc corresponding to a redshift of z = 0.18700%. We
constrain the magnitude of modifications to the gravitational-wave dispersion relation and perform
null tests of general relativity. Assuming that gravitons are dispersed in vacuum like massive parti-
cles, we bound the graviton mass to m, < 7.7 x 1072 eV /c?. In all cases, we find that GW170104

is consistent with general relativity.
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Introducing GW170104
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“LIGO

Introducing GW170104
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Introducing GW170104
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Amongst the other LIGO BHs

Black Holes of Known Mass
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GO Amongst the other LIGO BHs

Effective spin
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LIGO Introducing GW170104

Primary black hole mass m1 L™ - M
Secondary black hole mass mo 19.41“2:3 Mg
Chirp mass M 212722 Mg
Total mass M 50.7122 Mg
Final black hole mass Mt 48.71> T Mg
Radiated energy Fraq 2075 > Mse”
Peak luminosity £peax 1T ¢ 10°% exgn™

Effective inspiral spin parameter Y —0.12i8:§(1)

Final black hole spin a¢ 0_64458:38
Luminosity distance Dr, 8801359 Mpc
Source redshift z 0.18f8:8§
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