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Credit: ButterflyLove1
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Farr et al. arXiv:1011.1459



  

Metallicity

LVC
arXiv:1602.03846
Belczynski et al.
arXiv:0904.2784
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No hair theorem

Credit: Matt Groening

Black holes have:

1. Mass

2. Spin

3. Electric charge



  

Spin

LVC
arXiv:1706.01812
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Binary formation

Belczynski et al.
arXiv:1602.04531

Rodriguez et al.
arXiv:1604.04254

Binary formation

Belczynski et al.
arXiv:1602.04531

Rodriguez et al.
arXiv:1604.04254
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Hierarchical analysis

Vitale et al. arXiv: 1503.04307
Gerosa & Berti arXiv: 1703.06223
Fishbach, Holz & Farr arXiv:1703.06869
Stevenson, CPLB & Mandel: 1703.06873
Talbot & Thrane arXiv:1704.08370



  

Stevenson, CPLB & Mandel
arXiv:1703.06873

Binary formationModel inference



  

Stevenson, CPLB & Mandel
arXiv:1703.06873

Binary formationModel inference



  

Binary evolution

Barrett et al. arXiv:1711.06287
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LVC arXiv:1602.03841
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Ghosh et al. arXiv:1704.06784

Testing GR



  

Gravitational waves provide a new tool 
for astronomy

We are learning about the population 
of binary black holes

Combining measurements lets us test 
binary physics and general relativity



  

• Infer source properties by comparing waveform 
templates to data

• Some parameter (like chirp mass) measured well, 
others (like in-plane spins) remain uncertain

• Parameters (masses, spins, redshifts) could give insight 
into evolution

• Need a hierarchical analysis of a population of ~100–
1000 detections

arXiv:1602.03837    arXiv:1602.03839    arXiv:1606.04855    arXiv:1706.01812

arXiv:1711.05578    arXiv:1709.09660    arXiv:1710.05832    



  

Thank you
cplberry.com  •  @cplberry

Image: NSF/LIGO/Sonoma 
State University/A. Simonnet



  

Detector network

Google Maps

LIGO Hanford

LIGO Livingston

GEO 600

Virgo

KAGRA

LIGO India



  

Detection

LVC arXiv:1606.04856



  

Plausible 
detector 
sensitivities

LVKC arXiv:1304.0670



  

Observing timetable

LVKC arXiv:1304.0670



  

Ranges

LVC arXiv:1304.0670



  

Observing scenarios

LVC arXiv:1304.0670



  



  

Bayes’ theorem
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Likelihood
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Likelihood

Waveform

Calibration

LVC arXiv:1602.03840

Noise-weighting



  

Waveform error

Waveforms introduce theoretical error (arXiv:0707.2982). 
Mitigated using Gaussian processes (arXiv:1509.04066).

Moore et al. arXiv:1509.04066
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Stationarity

losc.ligo.org/detector_status/day/20170814/



  

Stationarity

losc.ligo.org/detector_status/day/20170817/



  

Glitch

LVC arXiv:1710.05832



  

Glitch zoo
gravityspy.org 
Zevin et al. arXiv:1611.04596
LVC arXiv:1602.03844
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Exploring parameter space

Mapping the posterior is difficult 
(Veitch et al. arXiv:1409.7215)
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Likelihood

Evidence

Prior

Bayes’ theorem



  

Model posterior

Evidence Model prior

Bayes’ theorem
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Effective inspiral spin

Most important combination of spins for evolution of 
inspiral (Ajith et al. arXiv:0909.2867, Santamaría et al. 
arXiv:1005.3306)



  

Stevenson, CPLB & Mandel
arXiv:1703.06873

Binary formationModel inference



  

Stevenson, CPLB & Mandel
arXiv:1703.06873

Binary formationModel inference



  

Chirp mass

Chirp mass gives leading-order amplitude and phase 
evolution (Blanchet et al. arXiv:gr-qc/9501027 Poisson 
& Will arXiv:gr-qc/9502040)



  

Sesana arXiv:1602.06951

Nishizawa et al. arXiv:1606.09295     Breivik et al. arXiv:1606.09558



  

Mass distribution

LVC
arXiv:1706.01812
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Ghosh et al. arXiv:1704.06784
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Dispersion

LVC arXiv:1706.01812
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Follow-up

LVC
arXiv:1602.08492
arXiv:1604.07864



  

Location

Credit: LVC/NASA/
L. Singer/A. Mellinger

LVC arXiv:1710.05832



  

www.ligo.org/scientists/first2years/
asd.gsfc.nasa.gov/Leo.Singer/going-the-distance/



  

3-dimensional localization

Del Pozzo et al.
arXiv:1801.08009



  

3-dimensional localization

Del Pozzo et al.
arXiv:1801.08009



  

GW170817

13:41:04 BST 17 August 2017

LVC arXiv:1710.05832



  

Masses

LVC arXiv:1710.05832



  

Tidal distortion

LVC arXiv:1710.05832



  

Gamma-
rays

LVC, Fermi & INTEGRAL 
arXiv:1710.05834



  

Gravity vs light

 Ezquiaga & Zumalacárregui arXiv:1710.05901
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Spectrum of observations

LVC+ arXiv:1710.05833



  

Spectrum of observations

LVC+ arXiv:1710.05833



  

Light

Metzger & Berger 
arXiv:1108.6056



  

Spectrum of observations

Villar et al. arXiv:1710.11576



  

Kilonova

Kasen et al. arXiv:1710.05463



  

Heavy elements

Credit: AP/F. Vergara



  Margutti et al. arXiv:1801.03531

Afterglow



  

Expansion of the Universe

LVC+ arXiv:1710.05835



  

Hubble constant

LVC+ arXiv:1710.05835



  

Inclination

LVC+ arXiv:1710.05835



  

losc.ligo.org/events/
papers.ligo.org/
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