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This talk

• Attempt of an overview of
what was done so far

• What is missing / interesting?

• What are the particular strengths of
3G detectors?



What to test on GR?
(Nico Yunes’s slide)

Nico Yunes, Aspen Winter Conf. 2/6/2017



Measurements types

• Generation:
– Quadrupole and higher order emissions
– Ring-down mode spectrum
– PN coefficients / wave form 

• Propagation:
– Polarizations

• By direct measurement (network)
• Or by radiation back reaction

– Dispersion / graviton mass



Tests done so far

• Early-late consistency checks
– On mass / spin – so far crude agreement

• Better precision for 
3G, but…

• …are there GR 
effects that produce 
disagreement?
YES!



BH Kicks

• Required: 
– High spins and large spin misalignment

• Asymmetric emission of final chirp
• Linear momentum conservation 
à large kicks

• Up to 5000km/sec expected (v/c ~ 0.017)
(Gonzales 2007, Campanelli 2007, Lousto Zlochower 2013)



Davide Gerosa, Aspen Winter Conf. 2/9/2017



Davide Gerosa, Aspen Winter Conf. 2/9/2017



Tests done so far

• Ring-down mode spectrum consistency
– So far: only one mode resolved…

• But looks promising 
for the future:

• “Spectroscopic analysis of BH 
mergers…” Swetha Bhagwat, 
Brown, Ballmer, PRD94,084024



Ring-down SNR>5

Bhagwat, Brown, Ballmer, PRD94,084024
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The PN game

• Good ‘single’ value constraints
– Can rule out theories predicting a deviation at 

a single order.
• But the various PN parameters are highly 

correlated.
• What matters is the mapping to a theory!



What to test on GR?
(Nico Yunes’s slide)

Nico Yunes, StronG Bad Workshop 3/2/2017



Nico Yunes’s slide

Nico Yunes, StronG Bad Workshop 3/2/2017
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Nico Yunes, StronG Bad Workshop 3/2/2017



3G strength

• Ground-based 3G detectors
– Observe the merger!
– Thus are esp. sensitive to higher order effects

• Radiation from octopolar and higher moments
• Higher order ring-down modes
• Higher order PN corrections

• Win with sqrt(N) & sqrt(SNR)
• Challenged for long integration, but

– “join” observation with LISA can change that



My questions
for the workshop

• Are we tacking interesting fundamental
physics? 

• What other effects (from regular GR + 
matter) are there, complicating 
conclusions about GR?
– Example: BH kicks, tidal resonances?

• “Integrated” tests of alternative theories?
– Full alternative wave forms?



Thank you!


