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중력파 파형 & 모델



Outline

 CBC waveforms 
nonspinning 
spinning  

 CBC waveform models 
Inspiral model (NS-NS) 
IMR models (BH-BH) 



Gravitational-Wave Sources

Compact Binary Coalescences: 
	 Neutron Stars / Black Holes  

Burst sources: Supernovae 
	 Large uncertainties on waveforms 

 Continuous sources: Pulsars 

 Stochastic background 
	 from cosmological origin 

very weak, accelerating objects, speed of light



GW polarizations
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GW polarizations: nonspinning
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Orbital phase

PN parameter



Waveform: nonspinning 

Amplitude:monotonically increases 
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Waveform: non spinning 

Amplitude:monotonically increases 
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GW170817 Chirp signal
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fixed for nonspinning binary  



Dependence on inclination
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Radiation power (source frame)
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Non spinning GW polarizations (theta=0)

maximum & same amplitudes

hplus 
hcross

LOS

orbital axis (L)

=0

circular polarization



Non spinning polarizations (theta=pi/3)

reduced & different amplitudes

hplus 
hcross

LOS

orbital axis (L)

=pi/3



Non spinning polarizations (theta=pi/2)

minimum amplitudes 
hcross=0

LOS

orbital axis (L)

=pi/2

hplus 
hcross

linear polarization



distance-inclination degeneracy
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Precession of a spinning binary
Spin-Orbit coupling, Spin-Spin coupling
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Precession of a spinning binary
Spin-Orbit coupling, Spin-Spin coupling
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precession

direction
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|s| =const.

fixed

GW effects



Precession of a spinning binary
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non spinning 

ι,α,Θ

GW Polarization of spinning binary 

: vary in time 
--> precessional motion 
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Waveform of spinning binary 

Modulation of Amplitude (on earth) 
Different envelops of hplus, hcross

non spinning



Radiation power (source frame)



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

Modulation magnitude



Amplitude modulation with Spin (Angle=pi/2, S2=0)
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Amplitude modulation with Angle (S1=0.9, S2=0)
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aligned-spin binaries

aligned-spin: no precession



aligned-spin binaries  
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spin-mass degeneracy  
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spin-mass (ratio) degeneracy  

GW170817
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GW phase: nonspinning

Phase evolution from  
post Newtonian (PN)



Post Newtonian Energy & Flux

Newtonian binding energy of a binary
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dt
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dx

dt
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Phase evolution
Energy balance equation : orbital binding energy loss = GW emission energy 

dE

dt
= −L

expand with x  ,

                

w(t) =

� t

0
ẇ(w)dt, ψ(t) =

� t

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

TaylorT4, T1,2,3,.. : time domain models



time-domain model !!
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Why full IMR waveforms ?

NS-NS 
BH-BH
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Example : nonspinning, point-mass CBC
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Post Newtonian Energy & Flux

nonspinnig & circular orbit binary



dE

dt
=

dE

dx

dx

dt

dx

dt
= − L

(dE/dx)

Phase evolution
Energy balance equation : orbital binding energy loss = GW emission energy 

dE

dt
= −L

expand with x  ,

                

w(t) =

� t

0
ẇ(w)dt, ψ(t) =

� t

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

TaylorT4, T1,2,3,.. : time domain models
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TaylorF2 : frequency-domain model

stationary phase approx.



Phenomenological model : IMRPhenom

arXiv:0704.3764

early inspiral:PN     + late inspiral-M-R:NRHybrid =

frequency-domain model !!



Constructing Hybrid waveforms

arXiv:0710.2335



Fourier amplitudes of hybrid waveforms

arXiv:0710.2335



Fourier amplitudes of hybrid waveforms

4 parameters



Best-match amplitude parameters

arXiv:0710.2335arXiv:0710.2335



IMR phase

arXiv:0710.2335arXiv:0710.2335

6 parameters



Best-match phase parameters

arXiv:0710.2335



Early inspiral amplitude : TaylorF2
TaylorF2

IMRPhenom



BBH Models

GW150914 PE



BH-NS Models



NS-NS Models

GW170817 PE



Thanks !


