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Gravitational Waves

® Ripples 1n the fabric of space

time

® Accelerated mass with time
varying quadrupole moment

radiates gravitational waves.

They encode the properties of

the source.

® Travels at a speed of light



http://en.wikipedia.org/wiki/Gravitational_wave
http://en.wikipedia.org/wiki/Gravitational_wave

Gravitational Waves
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https://vijayvarma392.github.io/binaryBHexp/#prec_bbh

Gravitational Wave Spectrum
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GW150914

® First direct detection of gravitational

LIGO Hanford Data Predicted
waVves.

Strain (102")

® Observed on September 14, 2015

® The signal was seen by the Livingston

detector first and then 7ms later at

Strain (102")

Hanford.
LIGO Hanford Data (shifted)

® Over about 0.2 seconds the signal
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Image credit: LIGO


https://mediaassets.caltech.edu/gwave#graphics
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https://observing.docs.ligo.org/plan/

Tests of general relativity
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https://arxiv.org/abs/1903.09221v3

Tests of general relativity

Test Classification

Model dependant tests Model Agnostic tests Consistency Tests

e Pick a theory and
test 1it.

Eg. Massive
graviton theory

* Problems
What theory do we
pick?
Should we try all
of them?

e Search for model
independent GR
deviations

e Tntroduce
parametric
deviations and
search for them
in the data.

e Map back any
deviation to the
physically
meaningful
parameters

Passes all the tests with

e Consistency
between parts of
the signal

e Check for
residuals

e Consistencies
between different
detectors 1n
different
frequency band




Gravitational waveform modeling

Inspiral Merger Ringdown
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Post—-Newtonian Numerical Black hole
theory relativity perturbation

graphic courtesy. Kip Thorne




Inspiral Tests
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Tests of Post-Newtonian (PN) Theory

3 PN Coefficients
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Tests of post-Newtonain multipolar structure

Within the PN formalism, the 1inspiral gravitational waveform 1s well
described by various radiative moments.

Parametrization for modelling U(f) _>//‘fU(f)
the possible deviations 1n >
the multipole structure

Viey = €V ey

Modified amplitude

H(kn)()(p)(za V) H(kn)(ﬂ(laﬂ(za’/ Hes €p)
Modifications:
\PSPA(fa)( 1s X2 V) \PSPA(fa)( 1 X2s Vs fpy €)

Modified phase

By construction, GR limit: u,=¢€,=1
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Tests of post-Newtonain multipolar structure
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Tests of post-Newtonain multipolar structure

Within the PN formalism, the 1inspiral gravitational waveform 1s well
described by various radiative moments.
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Tests of post-Newtonain multipolar structure

PN order Modes w— ) =2 (1PN)
0 PN (2,2) 0.354| = = b=4 (2PN)
1 PN (2a2)> (2’1)a (3’3)) (3a1) w— e =5 (2.5PN log) -
1.5 PN (2,2), (2,1)1 0.304].... 4 g (3PN) T
2 PN (232)> (2>1)a (3>3)’ (372)) (Sal)a (4>4)a (4:2) — b—f '«; rl)v\' -
2.5 PN log 2,2), (2,1), (3,3), (3,2)', (3,1) 0.25- — 7357 g
3 PN (2,2), (2,1), (3,3), (3,2), (3,1), (4,4), Y
(4,3), (4,2), (4,1), (5,5), (5,3), (5,1) = 0.20-
3 PN log (2,2) g e
3.5 PN (232)) (2)1)3 (3>3)’ (372)> (3’1)1 (4>2) 0.151 ‘__.—-".‘::_-".'-”.
TABLE I: Multipolar content of the parametrized GW 0.101 . ____,,_.....----"“'
phase to 3.5PN. Each row lists the modes (£, m) '
contributing to vx at PN order k. Entries marked with 0.05°
T denote modes whose contribution at that order
. . : . : : 0.00
originates from spin couplings and vanishes in the : , : : : : : :
non-spinning limit; unmarked entries are present 1 . 3 4 D 6 7 8 9 10
already for non-spinning binaries. q

Kakran et. al.
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Tests of post-Newtonain multipolar structure

Bounds on multipolar deformation parameters (Non-Spinning)
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Tests of post-Newtonain multipolar structure

Posterior for 6¢; (GW190412)
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Kakran et. al.
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Story so far!

e Inspiral tests:

— Parametrised tests of PN

theory

— Parameterized test of PN

multipolar structure
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Growing families
of blackholes What are the questions that
are being asked?

e Nature of the
theory: Is the
Einstein’s gravity
correct in the
strong-field?

LISA joining the
party soonl!

e Nature of black

hole: Do black holes
have extra hailr?




Thank you



