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Outline

Nonspinning waveforms 

Precessing waveforms : waveform modulation 

GW data analysis
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GW polarizations: nonspinning
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Waveform: nonspinning 

Amplitude:monotonically increases 
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Chirp signal !
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Inclination

earth (LOS)

orbital plane

orbital axis (L)

fixed for non spinning binary  



|h⇥| = 2 cos ◆

Dependence on inclination
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Nonspinning GW polarizations (iota=0)
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Non spinning polarizations (iota=pi/3)

Reduced & Different Amplitude
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Non spinning polarizations (iota=pi/2)
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GW polarization: nonspinning

Phase evolution is most important !
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Post Newtonian Energy & Flux

Newtonian binding energy of a binary
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Phase evolution
Energy balance equation : orbital binding energy loss = GW emission energy 
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expand with x  ,

                

w(t) =

Z t

0
ẇ(w)dt, �(t) =

Z t

0
w(t)dt                                                                    ---> Numerical integration 

Accurate orbital phase evolution !



Nonspinning waveform (10+1.4, fstart=40 Hz)



Evolution of a spinning binary

constant magnitude & precession 

Orbital angular momentum



w/o gravitational radiation

One spin case

constant magnitude & precession about J 
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Precession of a spinning binary

Small Inclination



Transitional Precession (BH with high spin)

Normal case Very unlikely



Orbital axis precession

Variation of LN depends on S, S dot LN, S cross LN 
---> Precessional motion depends on  
      1) Spin magnitude  
      2) Angle between LN and S 



Amplitude modulation by Spin (angle=pi/2)
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Amplitude modulation by Angle (spin=0.99)
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10+1.4 BH-NS, fstart=40 Hz, BH spin=1, NS spin=0



Post Newtonian Energy & Flux for precessing binaries

SO & SS corrections to the nonspinning eqns.

Precessing phase = Nonspinning phase + corrections



1.4+1.4 NS binary, k=pi/2, fstart=150 Hz
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1.4+1.4 NS binary, s1=s2=0.99, fstart=150 Hz
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10+10 BH binary, s1=s2=0.99, fstart=30 Hz
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10+10 BH binary, k=pi/2, fstart=30 Hz
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Alined case, 10+10 BH binary, k=0, fstart=30 Hz
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Matched filtering : detection
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Template bank for GW150914

•Request Minimum Match = 0.97

 ⇒ Low Mass region is more densely 
populated than high mass region

GW150914: 250000 templates
(mass1, mass2, spin1, spin2)



Overlap: parameter estimation

9~15 parameters: mass, spin, ecc, tidal, ...
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Posterior PDF Examples



How to measure the lensing effect from GWs?

Possible, if the lensing effect is parameterized  
in the wave function, such as mass, spin, eccentricity, …. 

but, how well can it be measured ? 



Results for GW150014 

Precession effect is very hard to measure, lensing effect ?



Degeneracy 

Degeneracy btw precession & lensing effects ?



GW data analysis study including lensing effect 
will be very interesting !!

Thanks


