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You may want to try to test GR with those

-Captain Obvious



Testing GR: Motivation

GW151226//
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° Pulsar Timing Arrays

|
Perihelion Precession of Mercury




« v/c: 0.03—0.13—0.5

/" Strong-field
“ Highly relativistic

GW150914

» fgw: 30—132—250 Hz within < 0.2s

Strain (102") Strain (102")

Strain (1027

1.0

1.0

-1.0

| |

|

_LIGO Hanford Data Predicted

_LIGO Hanford Data (shifted)

0 (W Ak N I,l
MV

——

_LIGO Livingston Data
|

[ |

Time (sec)

| !
0.30 0.35 0.40

|
0.45



Testing GR with Gravitational Waves

What are we testing?
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Generation Propagation Detection

+ waveform systematics

+ noise model & calibration



Inspiral - Merger - Ringdown
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GWTC-2: Analysis on residuals

» Residual SNR consistent with noise
» No significant trend with overall SNR

+ p-value statistics are regular

=== Null hypothesis
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Inspiral - Merger-Ringdown consistency

. signal gives progenitor masses & spins
» Post-inspiral signal gives final BH mass & spin

« GR (NR) gives relation between masses and
spins between progenitor and final BH
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GWTC-2 Black Hole Quadrupole

All properties of a Kerr BH are uniquely

determined by knowing its and spin Osr, < 100.0
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Spin-induced quadrupole:
O=—-xkr’M>, Kkgy=1

—400 —-200

Non-Kerr compact objects will in general have
K %= 1, e.g. neutron-/boson-/grava- stars, etc.

Probability density

We measure a combination of k to be consistent
with the Kerr BH value
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GW propagation

Modified Dispersion Relation

. Massive graviton: e aalsi-a

« Phase modification:
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eV/c’]  [107%] [%]  [107*] [%] [1077] [%] [107*°] [%] [107"] [%] [107°] [%] [107%] [%]  [10%] [%]

GWTC-1 470 799 339 79 1.17 070 73 251 1.21 70 6.96 3.70 8 5.05 8.01 28 294 3.66 25 201 3.73 35 1.44 234 34
GWTC-2 1.76 1.75 1.37 66 0.46 0.28 66 1.00 0.52 79 335147 83 1.74 243 31 1.08 2.17 17 0.76 1.57 12 0.64 0.88 25



GW150914: Parameterized tests of GR

- Phase evolution of the binary is dictated by GR
« Violation of GR would modify inspiral dynamics

- Allow for parameterized violations of GR and constrain
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Testing the no-hair theorem

Fom = FERM, T + 8f,,,)
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Is there anything beyond ringdown?

Searching for Exotic Compact Objects
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- Speed of gravity VS speed of light!
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But wait, there’s more!




GW190521

So massive...

« Component masses at

ml — 851_%411M . m2 — 661}; M® Masses in titlgolasrﬁlslsaeg Graveyard

« Not supposed to be there (pair-instability)

» |s it really what we think it is?

EM Neutron Stars
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GW190814

What is it?

+ High mass-ratio binary

Secondary mass at ~ 3 — S M
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Can’t wait for O4!

...and O3b

...and Einstein Telescope

...and Cosmic Explorer
...and LISA



