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LIGO Orientation

 



LIGO

Abbott, et al. (2016)

http://dx.doi.org/10.1103/PhysRevLett.116.061102


LIGO

Abbott, et al. (2016)

http://dx.doi.org/10.1103/PhysRevLett.116.061102


Abbott, et al. (2016)

http://dx.doi.org/10.1103/PhysRevLett.116.061102


GWTC-1

Abbott, et al. (2019)

http://dx.doi.org/10.1103/PhysRevX.9.031040


O3a (a == first half, about six months of wall time)

Abbott, et al. (2020)

https://arxiv.org/abs/2010.14527


GWTC-3b

Abbott, et al. (2021)

https://ui.adsabs.harvard.edu/abs/2021arXiv211103606T/abstract


GW Cosmology (-graphy?)



GW Distances are Easy



GW Redshifts Are Hard



Easy Mode: GW + EM Measurements

Abbott, et al. (2017)
Chen, et al. (2020)

http://dx.doi.org/10.1038/nature24471
http://arxiv.org/abs/2009.14057


Easy Mode: GW + EM Measurements

Abbott, et al. (2017)
Chen, et al. (2020)

Hubble 1928

http://dx.doi.org/10.1038/nature24471
http://arxiv.org/abs/2009.14057
https://ui.adsabs.harvard.edu/abs/1929PNAS...15..168H/abstract


The last time I was at NBI was August 2017; I 
went home to GW170817… just sayin’.



Redshifts Without EM Observations



Redshifts Without EM Observations

If I know this



Redshifts Without EM Observations

If I know this

Then I can measure this.
Chernoff & Finn (1993)
Taylor & Gair (2012)

http://dx.doi.org/10.1086/186898
http://dx.doi.org/10.1103/PhysRevD.86.023502


Where are LIGO’s Big Black Holes?

Fishbach & Holz (2017)

http://dx.doi.org/10.3847/2041-8213/aa9bf6


Farr, et al. (2019)

https://ui.adsabs.harvard.edu/abs/2019ApJ...883L..42F/abstract


H(z) Measurement



H(z) Measurement
3% at z ~ 0.8 (H0: +/- 2 km/s/Mpc)!



GWTC-3 Populations

Abbott, et al. (2021)

https://ui.adsabs.harvard.edu/abs/2021arXiv211103634T/abstract


Pair Instability Process

Farmer, et al. (2019)

Golomb, Isi & Farr, in prep.; see also Baxter, et al. (2021)

http://arxiv.org/abs/1910.12874
https://ui.adsabs.harvard.edu/abs/2021arXiv210402685B/abstract


Effect of Structural Parameters



GWTC-3: Constraints on Structural Parameters



Additional Features: 10 MSun

Abbott, et al. (2021)

https://ui.adsabs.harvard.edu/abs/2021arXiv211103634T/abstract


Using Both Features, 3G

Ezquiaga & Holz (2022)

https://ui.adsabs.harvard.edu/abs/2022PhRvL.129f1102E/abstract


Ringing Black Holes: Probes of GR in the Strong 
Field



Can you hear the shape of a drum?

MathOverflow

https://mathoverflow.net/questions/227707/can-you-hear-the-shape-of-a-drum-by-choosing-where-to-drum-it


We Can See the Shape of a Hydrogen Atom

Wikipedia

https://en.wikipedia.org/wiki/Lyman_series


We Can See the Shape of a Hydrogen Atom

Wikipedia

Structure of H

Quantum Mechanics

https://en.wikipedia.org/wiki/Lyman_series


Black Hole Mergers

http://www.youtube.com/watch?v=1agm33iEAuo


Can We “Hear” the Shape of a Black Hole? Yes!

● Vishveshwara (1970): Schwarzschild (quasi) normal modes.

● Press (1971): Numerical calculation.

● Teukolsky (1972, 1973); Press & Teukolsky (1973): Kerr black hole 

modes (!!)

● Detwiler (1980): Black hole spectroscopy.

● And many more besides, up to the present day!

http://dx.doi.org/10.1038/227936a0
http://dx.doi.org/10.1086/180849
http://dx.doi.org/10.1103/PhysRevLett.29.1114
http://dx.doi.org/10.1086/152444
http://dx.doi.org/10.1086/152445
http://dx.doi.org/10.1086/158109


GW150914-Like Calculation

Giesler, et al. (2019)

https://arxiv.org/pdf/1903.08284.pdf


GW150914-Like Calculation

Giesler, et al. (2019)

WHERE ARE THE NON-LINEARITIES????

https://arxiv.org/pdf/1903.08284.pdf


The Overtones Are Where They “Should Be”

Giesler, et al. (2019)

https://arxiv.org/pdf/1903.08284.pdf


…More Or Less

Baibhav, et al (2023)

https://ui.adsabs.harvard.edu/abs/2023arXiv230203050B/abstract


Mock Observation

Isi & Farr (2021)

https://ui.adsabs.harvard.edu/abs/2021arXiv210705609I/abstract


In the Data: GW150914

Isi, et al. (2019)

https://ui.adsabs.harvard.edu/abs/2019PhRvL.123k1102I/abstract


Multiple Modes in GW150914

Isi, et al. (2019); see also 
Finch & Moore (2022)
Cotesta, et al (2022)

https://ui.adsabs.harvard.edu/abs/2019PhRvL.123k1102I/abstract
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106d3005F/abstract
https://ui.adsabs.harvard.edu/abs/2022PhRvL.129k1102C/abstract


Multiple Modes in GW150914

Isi, et al. (2019); see also 
Finch & Moore (2022)
Cotesta, et al (2022)

https://ui.adsabs.harvard.edu/abs/2019PhRvL.123k1102I/abstract
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106d3005F/abstract
https://ui.adsabs.harvard.edu/abs/2022PhRvL.129k1102C/abstract


Testing General Relativity

Isi, et al. (2019)

https://ui.adsabs.harvard.edu/abs/2019PhRvL.123k1102I/abstract


Testing General Relativity

GR to +/- 20%

Isi, et al. (2019)

https://ui.adsabs.harvard.edu/abs/2019PhRvL.123k1102I/abstract


GW190521 (A—nearly—ringdown only event)



GW190521: A Massive, Precessing BBH

Abbott, et al. (2020)

https://doi.org/10.1103/PhysRevLett.125.101102


Precession and Ringdown

Zhu, Siegel, Isi & Farr (in prep)



GW190521 Kerr Mass and Spin

Siegel, et al. (2023) (see also Capano, et al. (2021))

https://ui.adsabs.harvard.edu/abs/2023arXiv230711975S/abstract
https://ui.adsabs.harvard.edu/abs/2021arXiv210505238C/abstract


Waveforms



GW190521 Test of GR



GW190521 Test of GR
GR to +/- 20%



Where We Are With Ringdowns

Wikipedia

https://en.wikipedia.org/wiki/Cornucopia


Where We Will Be One Day….

Wikipedia

Structure of H

Quantum Mechanics

https://en.wikipedia.org/wiki/Lyman_series


GWs: A Cornucopia of Cosmological Tests



Birefringence

Ng, et al. (2023)

https://ui.adsabs.harvard.edu/abs/2023arXiv230505844N/abstract


Birefringence: < 5% attenuation per Gpc

Ng, et al. (2023)

https://ui.adsabs.harvard.edu/abs/2023arXiv230505844N/abstract


Isotropy: Hard For Stars (even NS); Easy for BH

Isi, Farr, & Varma (2023) Vitale, Biscoveanu, & Talbot (2022)

https://ui.adsabs.harvard.edu/abs/2023arXiv230413254I/abstract
https://arxiv.org/abs/2204.00968


Orbital Orientations of GWTC-3…

Isi, Farr, & Varma (2023)

https://ui.adsabs.harvard.edu/abs/2023arXiv230413254I/abstract


…are Isotropic (no Surprise!)

Isi, Farr, & Varma (2023)

https://ui.adsabs.harvard.edu/abs/2023arXiv230413254I/abstract


…are Isotropic (no Surprise!)

Isi, Farr, & Varma (2023)

Essick, et al. (2023)

https://ui.adsabs.harvard.edu/abs/2023arXiv230413254I/abstract
https://ui.adsabs.harvard.edu/abs/2023PhRvD.107d3016E/abstract



