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GRAVITATIONAL WAVES



Advanced LIGO
and Virgo

Hanford, WA

Livingston, LA

Photos courtesy LVC
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A new window
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First detection: GW150914
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GWTC-1: Catalog of detections
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Astrophysics with GWs
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Astrophysics with GWs
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GW170817: A binary neutron star
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Event rate (counts/s)  Event rate (counts/s)

Event rate (counts/s)

Frequency (Hz)

Electromagnetic counterpart
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FUNDAMENTAL PHYSICS WITH
GRAVITATIONAL WAVES



Nuclear physics with GW170817

Flanagan and Hinderer, PRD (2008)

TEXAS Hinderer ApJ (2008) 15

Hinderer, Lackey, Lang, Read PRD (2010)



Nuclear physics with GW170817
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Nuclear physics with GW170817
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Tests of relativity:
Constraining deviations
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Bayes Factor
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GW150914: Black hole
ringdown
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Standard siren cosmology
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Other directions
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Other directions
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Open data analysis
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Open data analysis

Binary black hole events in O1 and O2
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THE PRESENT AND FUTURE



O3: Era of open alerts
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Looking ahead

Advanced LIGO

Advanced Virgo
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5 detector network
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Next Generation
Detectors

Einstein Telescope
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Next generation capabilities
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Properties of the BBHs

Event m /Mg m/Ms  M/Mg Xeft M; /Mg ar Era/Moc?®) Cpeac/(ergs™)  dr/Mpc Z AQ/deg?
GWI150914 35.6"35 30.600 28.671% -0.01")5 63.1737 0.69700 3.1404 3.6104 x 10°° 4307130 0.09700 179
GWI151012 233140 13.6%3% 15270 0.04'015 35775 0.67701 1.5%02 32898 % 10°° 10601350 0.21700; 1555
GW151226 13.74_’223 7.73% 8.9:’8:3 0.18’_“8:%3 20.5:’?:‘5t 0.744_’8:82 I.Ofgé 3.44_’(1):; x 107 440“_138 0.09f8:83 1033
GW170104 31.0"12 20.1%32 21570  -0.04*05) 49.1735 0.6679% 2.2402 33708 x 10°° 96073 0.197907 924
GW170608 10.973>  7.67)7 79107 0.03%, 17.872 0.69700 0.9109 3.5109 % 10 32073 0.071903 396
GW170729 50.6%18% 34370 357> 03617 80.3%55 0.81790] 4.8%17 42797 %10 2750730 0.48%2) 1033
GW170809 35275, 23.802% 25.07%.  0.0771% 564732 0.707005 2710 35708 x 10°° 990735 0.20790° 340
GW170814 30.7-3) 25.3%7 24247 00777 53457 0.72700] 2.7404 3.700ex 10°° 5807%  0.12+50 87
GW170817 1.46%52 1.27700; 1.186%00 0.007007 <28  <0.89 > 0.04 > 0.1 x 10°° 400 0.01700% 16
GW170818 35.57]> 26.8%%5 26771 —0.09%0,% 59.873% 0.677004 2.7402 34102 x 10°° 1020730 0.207007 39
GW170823 39.61,%° 29.4%%2  203%2  0.08%3 65.67¢ 0.7170% 3.3%0 3.6705 x 10°° 1850750 0.34701> 1651

LVC arXiv:1811.12907
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r-process nucleosynthesis
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Ringdown with overtones
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Echoes from exotic compact
objects
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For a recent review see Cardoso and Pani arXiv:1904.05363



Echoes from exotic compact
objects
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Strain noise |1/v/ Hz]

Detector sensitivity O2
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Detector sensitivity O2
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Detector sensitivity O3

[1239148818-1239235218, state: Observing]
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