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Outline
ÅGravitational waves as a testing ground for new physics

ÅGW from binary systems:

īInspiralphase: test of modified gravity; quantum space-time

īMerger/ringdownphase: test of quantum horizons; exotic compact objects; dark 
energy; superradianceand light dark matter 

ÅGW and Higgs physics
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GW150914,Χ

~410 Mpcaway, emitted energy ~ 3 Msunin 0.2s
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GW150914,Χ

(# of stars in the Universe ~1024)
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GW150914,Χ

GW detected in LIGO detectors via a subtle (~10-18 m) change in distance 
between their mirrors.  
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Credit: NASA Goddard Space Flight Center
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C.J. Moore et al. Class.Quant.Grav. 32 (2015), 015014



Gravitational wave basics
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GW basics: Radiation from compactobjects
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Gravitational waves

ÅMonopole - M

(Gauge invariance = .ƛǊƪƘƻŦŦΩǎtheorem)

ÅDipole -

(bŜǿǘƻƴΩǎ оrd law)

ÅQuadrupole -

Electromagnetic waves

ÅMonopole - Q

(Gauge invariance)

ÅDipole -



ÅInsriral ςanalytical (3.5PN) 

ÅMerger ςnumerical calculation (mainly GR)

ÅRingdownςanalytical (quasi-normal modes)
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Inspiralphase ςperturbative calculations 
L. Blanchet, arXiv:1310.1528

PN expansion ς(v/c)2n                              PM expansion ςGn
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Inspiralphase ςperturbativecalculations 

ÅBHs are considered as point masses:

(Requires regularization)

ÅParameterization 
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Inspiralphase ςperturbativecalculations 

ÅEoMand Energy

ÅRadiated flux

ÅBalance eq. 
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Constraints from GW150914
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N. Yunes, K.Yagi, F. Pretorius, PRD 94 (2016) 084002


