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Test of general relativity

● GR has been subjected to tests in 
various regimes.

● It has passed all previous experimental 
tests with flying colors. 

● Gravitational waves give us the 
opportunity to test GR in highly 
non-linear and dynamical gravity 
regime. Yunes+ 2016
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Test of general relativity with gravitational waves 

Null Tests of GR

PN

NR

BHP

LVC, PRL 116, 061102 (2016)

Consistency Tests Parametrized Tests

Residuals test

IMR consistency test

Parametrized 
tests of Inspiral, 
ringdown
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[More on IMR consistency 
test in Sajad’s talk]



Parametrized test of inspiral

● Gravitational waveform:

● PN phasing formula:   

PN coefficients are functions of source parameters and contain various 
physical effects in the compact binary dynamics 4



Parametrized tests of inspiral

Measurement gives a bound on the 
deformation parameter

Arun+2006, Yunes, Pretorius 2009, Li+ 2013 5

Credit: K G Arun

[More in Sayantani’s talk]



Multipole structure in GR

● Can you construct a more general parametrization at the fundamental level 
to test GR ?

● PN phasing formula is derived from the energy balance equation:

Constructed from multipole 
moments (e.g. quadrupole, 
octupole) of compact binary

● Multipole moments of the compact binary (and interactions between them), 
are responsible for the various physical effects we see at different PN orders.
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Blanchet, Damour, Iyer, 1995



Testing multipolar structure

We  can separately keep track of the contributions from various radiative 
multipole moments to the GW flux and phase at each PN order. 

Kastha+2018,2019 Parametrized multipolar flux

Parametrized multipolar phase
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Summary of the multipole structure

Different multipole 
moments can 
contribute to a 
particular PN order

Kastha+2018,2019
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Inferring multipole moments from asymmetric GW events

Bounds on         from these events  provide first ever test of non-quadrupolar radiation.

Strong higher mode

Moderate higher mode

GW190412

LVC, ApjL,896, L44(2020)

GW190814

LVC, PRD, 102, 043015 (2020)
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Inferring multipole moments from GW

● Assumption: Dominant contributions to µ3 and ε2 come from the 1PN order at which they appear 
for the first time.

● Use the 1PN deformation bound       from asymmetric systems (GW190814, GW190412) and map 
them to µ3, ε2.
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Results
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Conclusion

● Compact binary mergers GW190412 and GW190814, which are asymmetric 
and non face-on have provided us a first glimpse of multipole structure of 
the gravitational fields of compact binaries.

● GW190814 provides the tightest constraint on δμ3,

●  The joint bound on δμ3,

● In future we should be able to directly use the parameterized multipolar 
phasing to set limits on the multipole structure. 12



Backup slides
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Multipolar structure 

● Multipole expansion of the energy flux:

● Parametrization:

● Parametrized flux:
Kastha+2018,2019

14



Bounds on multipole parameter
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