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GW detectors network



Observing Runs
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Prospects for Observing and Localizing Gravitational-Wave Transients with Advanced 
LIGO, Advanced Virgo and KAGRA

Living Reviews in Relativity 23, 3 (2020)
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https://doi.org/10.1007/s41114-020-00026-9
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GW 190425: BNS merger
ApJL 892, L3 (2020)

GWTC-2: Compact Binary Coalescences Observed by LIGO and Virgo During the First Half of the Third Observing Run
https://arxiv.org/abs/2010.14527
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GW 190814: BH/NS or BH/BH? merger
ApJL 896, L44 (2020)

GWTC-2: Compact Binary Coalescences Observed by LIGO and Virgo During the First Half of the Third Observing Run
https://arxiv.org/abs/2010.14527
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GW 190521: Heaviest BBH merger
PRL 125, 101102 (2020)

GWTC-2: Compact Binary Coalescences Observed by LIGO and Virgo During the First Half of the Third Observing Run
https://arxiv.org/abs/2010.14527
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Observation of gravitational waves from two neutron star-black hole coalescences
Astrophys. J. Lett. 915, L5 (2021)

https://iopscience.iop.org/article/10.3847/2041-8213/ac082e


Detection Confidence
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Phys. Rev. Lett. 116, 061102 

GWTC-1: 
Phys. Rev. X 9, 031040 (2019)

GWTC-2:  Phys. Rev. X 11, 021053



Detection Confidence
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Phys. Rev. Lett. 116, 061102 
(GW150914)

Phys. Rev. Lett. 116, 241103
(GW151226)

Phys. Rev. Lett. 119, 161101
(GW170817)



O1-O2 (2015-2017)

12Phys. Rev. X 9, 031040 (2019)

http://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.031040


Detection confidence
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Phys. Rev. Lett. 119, 161101
(GW170817)



Mass estimates
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GWTC-2: 
Phys. Rev. X 11, 021053

GWTC-1: 
Phys. Rev. X 9, 031040 (2019)

Astrophys. J. Lett 915, L5 (2021)



15



Localization estimates
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A kilonova rainbow
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Astrophys. J. Lett. 848, L12 (2017) 

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



Nuclear physics with GWs
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GW-GRB observation:
Fundamental physics
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ApJL, 848:L13, 2017



Distance estimates

20

GWTC-1: 
Phys. Rev. X 9, 031040 (2019)

Phys. Rev. Lett. 116, 061102 
(GW150914)

Astroph.J. Lett 915:L5 (2021)

Max distance: GW 4.45 Gpc, GW190413_134308 (chirp mass 33 Ms) 



Cosmology with GWs
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Nature 551, 85 (2017) 

http://www.nature.com/nature/journal/v551/n7678/full/nature24471.html


Effective Aligned Spin
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Credit: Carl Rodriguez



Effective Precession Spin
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Credit: 
LIGO/Caltech/MIT/Sono

ma State (Aurore
Simmonnet)

B1 = 2+3m2/(2m1), B2 = 2+3m1/(2m2) 



Spin estimates
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Primary Secondary Primary Secondary



Testing General Relativity
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• RT: If we subtract the best fit from data, are residuals inconsistent with instrumental 
noise?

• IMR: Are parameters obtained when fitting the inspiral phase different than those fitting 
the merger-ringdown phase? 

• PI/PPI: If we parameterize the inspiral/post-inspiral phase,  do we find deviations from 
the GR parameters?

• MDR: Do we have evidence of a modified dispersion relation (a.k.a. as graviton mass)?
Ans: mg<10-23 eV/c2

Phys. Rev. D 100, 104036 (2019)

http://link.aps.org/doi/10.1103/PhysRevD.100.104036


Testing General Relativity
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Phys. Rev. D 103, 122002 (2021)

https://link.aps.org/doi/10.1103/PhysRevD.103.122002


Searches for gravitational 
waves: not just binary systems!
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Astrophysical or 

All papers in https://pnp.ligo.org/ppcomm/Papers.html



aLIGO: “Fundamental” noises
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Advanced LIGO: 
complicated instruments!



Reducing the noise, 
increasing the rate of detections
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LIGO Livingston Detector 

Phys. Rev. D 102, 062003 (2020)



The next few years 
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Prospects for Observing and Localizing Gravitational-Wave Transients with Advanced 
LIGO, Advanced Virgo and KAGRA

https://arxiv.org/abs/1304.0670 (last updated September 2019)

A+

https://arxiv.org/abs/1304.0670


Sensitivities of future detectors
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https://cosmicexplorer.org/researchers.html



Third Generation Detectors
(Ground based)
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Einstein Telescope

https://cosmicexplorer.org/researchers.html



Questions?
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Image credit: LIGO/T. Pyle 

www.ligo.org
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