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Tests of GR with GWs (based on LVC’s work)
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[PRL 116, 221101 (2016); PRX 6, 041015 (2016); PRL 118, 221101 (2017);  

PRL 119, 141101 (2017);  ApJL 848, L13 (2017); arXiv:1811.00364;  arXiv:1903.04467; … ]

 residual signal-to-noise ratio (SNR) from best-fit template

GR prediction for GW150914 verified within 4% error

 Non-GR polarization

[Will (2014)]

GW170817

Bayesian Model Selection:
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[PRL 116, 221101 (2016); PRX 6, 041015 (2016); PRL 118, 221101 (2017);  

PRL 119, 141101 (2017);  ApJL 848, L13 (2017); arXiv:1811.00364;  arXiv:1903.04467; … ]

 Propagation speed of GWs 

dispersion relation of gravitons

[Ezquiaga & Zumalacarregui (2017)]

 residual signal-to-noise ratio (SNR) from best-fit template

GR prediction for GW150914 verified within 4% error

 Non-GR polarization

scalar-tensor theories after GW170817

graviton mass bounds

[LVC arXiv:1903.04467 ]
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 Number of spacetime dimension

 Lorentz violation

 Equivalence principle

 Parameterized deviation from GR

[PRL 116, 221101 (2016); PRX 6, 041015 (2016); PRL 118, 221101 (2017);  

PRL 119, 141101 (2017);  ApJL 848, L13 (2017); arXiv:1811.00364;  arXiv:1903.04467; … ]

 Propagation speed of GWs 

dispersion relation of gravitons

 residual signal-to-noise ratio (SNR) from best-fit template

GR prediction for GW150914 verified within 4% error

 Non-GR polarization



parameterized post-Einsteinian (ppE) Formalism

waveform phase:

[Yunes & Pretorius (2009)]

ppE parameter

relative velocity

nth post-Newton (PN) 

correction

PN approximation:
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[LVC, PRL 116, 221101 (2016)]
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PPE Dictionary

[Tahura & KY (2018)]
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Constraining GR Fundamental Pillars
[Yunes & Hughes (2010)]
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PPE for Modified GW Propagation

-graviton dispersion relation

[Will PRD57 2061 (1998), Mirshekari et al. PRD85 024041 (2012)]
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 Number of spacetime dimension

 Lorentz violation

 Equivalence principle

 Parameterized deviation from GR

[PRL 116, 221101 (2016); PRX 6, 041015 (2016); PRL 118, 221101 (2017);  

PRL 119, 141101 (2017);  ApJL 848, L13 (2017); arXiv:1811.00364;  arXiv:1903.04467; … ]

 Consistency test of GR Kerr with inspiral and post-inspiral

 Propagation speed of GWs 

dispersion relation of gravitons

 residual signal-to-noise ratio (SNR) from best-fit template

GR prediction for GW150914 verified within 4% error

 Non-GR polarization
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numerical relativity 

assuming GR
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IMR Consistency Test of GR with GW150914
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[LVC, PRL 116, 221101 (2016)]

Bayesian, actual data

GR



Future Improvement on IMR Consistency Tests
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aLIGO

(O1, Bayesian)

GW150914
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[Carson & KY arXiv:1908.07103]



Future Improvement on IMR Consistency Tests

Kent Yagi

[Carson & KY arXiv:1908.07103]

GW150914
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Future Improvement on IMR Consistency Tests
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[Carson & KY arXiv:1908.07103]

GW150914
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Cosmic Explorer

aLIGO

(O1, Bayesian)

An order of 

magnitude 

improvement!
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NS/BH
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Einstein-dilaton Gauss-Bonnet (EdGB) gravity
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Black Hole / Neutron Star

[Carson, Seymour & KY arXiv:1907.03897]
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SNR = 8

SNR = 20

current bound

Einstein-dilaton Gauss-Bonnet (EdGB) gravity
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Black Hole / Neutron Star

[Carson, Seymour & KY arXiv:1907.03897]

NS/BH

S190814
SNR = 8

SNR = 20

current bound

stronger bound when 

Einstein-dilaton Gauss-Bonnet (EdGB) gravity
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Black Hole / Neutron Star (Future Prospect)
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[Carson, Seymour & KY arXiv:1907.03897]

Einstein-dilaton Gauss-Bonnet gravity

current bound

single event

multiple events

neutron star 

/ black hole

ground-based
space-

based

Black Hole / Neutron Star (Future Prospect)
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Takeaway

 can be applied to specific theories 

such as string-inspired ones

 black hole / neutron star binaries 

will improve the bounds 

significantly
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 model-independent analyses 

include parameterized tests & 

inspiral-merger-ringdown 

consistency tests

 various tests of GR with GWs 

being carried out 

 no evidence for beyond-GR 

effects so far
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 model-independent analyses 

include parameterized tests & 

inspiral-merger-ringdown 

consistency tests

 various tests of GR with GWs 

being carried out 

 no evidence for beyond-GR 

effects so far

Thank You!
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Future Detectors
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LISA

TianQin

B-DECIGO

DECIGO

aLIGO

(O2)

CE

GW150914

[Carson & KY arXiv:1905.13155]



Theoretical Constraints
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[Yunes, KY & Pretorius  PRD (2016)]

4.7

graviton dispersion relation: [Mirshekari, Yunes & 

Will (2011)]


