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LIGO detections of binary black holes
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Gravitational Waves
 A new probe of strong-gravity
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Baker+ 2014

Yunes+ 2016



Binary Black hole Dynamics

4LVC, Phys. Rev. Lett. 116, 061102 (2016)



Gravitational Waveform
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How to Test GR using GWs?

6

 =  GR + � non-GR 
signature

GW observations can constrain the dephasing generically
or for particular theories of gravity

With future detectors, we may use
amplitude information too.



Testing Lorentz violations

 Model/Theory dependent constraints

Compute the dephasing in a particular Lorentz violating theory 
of gravity and obtain the constrain from observations.

Model independent constraints.

Look for generic signatures of Lorentz violation such as 
modified dispersion relation, propagation speed etc

Generation effects Vs Propagation effects
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Speed of gravitational waves
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Difference in time of arrival of the GW signal at the two LIGO
detectors can be used to place bounds on the speed of GWs 

Blas+ 2016, Cornish+ 2017



Constraining modified dispersion 
relation
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Dispersion and Massive Graviton
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E2 = p2c2 +m2
gc
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C. Will, 1998
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Projected bounds pre-detection
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Keppel and Ajith, 2011

KGA, Will, 2009

Inspiral only
Inspiral + Merger + Ringdown



Graviton mass: Current GW bound
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mg  1.2⇥ 10�22eV/c2

Current Bound from 3 detections

mg  7.7⇥ 10�23eV/c2

Phys. Rev. Lett. 116, 221101 (2016)

LVC, Phys. Rev. Lett., 118, 221101 (2017)



Lorentz violating dispersion relation
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Dephasing

Aim:  Use phase information to bound energy scale of LV

Mirshekari, Yunes, Will, 2011



alpha=2 case
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E2 = p2c2(1 +A) = p2 c̄2

Dephasing due to this is completely degenerate with time of 
arrival term in the phasing.

� ⇠ 2⇡ftc

Same as in Blas+, Cornish+

change in the
speed of GWs



Animation
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Actual parameter estimation

Use phenomenological Inspiral-Merger-Ringdown waveforms in 
frequency domain. (Effective One-body waveforms calibrated to 
numerical relativity is also used to verify).

Add the dephasing due to LV to the overall phase.

Bayesian parameter estimation using a set of parameters

Redshift and the new distance scale are accounted for in the post-
processing using luminosity distance and standard cosmological 
model
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{tc,�c, ✓,�, , ◆, DL,M, ⌘,�e↵ ,�p, A}

Samajdar+ (In preparation, 2017)



Results

Bounds on A are always upper 
bounds.

Bounds on energy scale of LV are 
upper bounds for alpha <2 and 
lower bounds for alpha >2.

For alpha <2, wavelength bounds 
may be more appealing as they give 
a sense of the “screening length” or 
“range” which is infinity in GR. 
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Bounds from GW observations

18LVC, Phys. Rev. Lett., 118, 221101 (2017)

1peV ~ h x 250 Hz



Constraints on screening lengths (      )

19LVC, Phys. Rev. Lett., 118, 221101 (2017)

↵ < 2

Hubble Radius ⇠ 1023 km



Projections for future

20Samajdar, KGA, 2017 (Also,  Chamberline and Yunes 2017)



Comparison with other observations

21LVC, Phys. Rev. Lett., 118, 221101 (2017)



Summary
GW observations can be used to constrain dispersion of GWs.

This may be interpreted as possible bounds on Lorentz violation, 
as different LV theories of gravity may predict dephasing at 
different orders in the phasing.

Propagation effects and no generation effect.

Best constraints are for alpha between 2 and 2.5.

Constraints on ranges for alpha < 2, can probe Trans-Hubble 
screening lengths.
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