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GW polarizations
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GW polarizations: nonspinning
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Waveform: nonspinning
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Inclination (©)
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Dependence on inclination
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Radiation power (source frame)
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Non splnnlng GW polarlzatlons (©=0)
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Non spinning polarizations (© =pi/3)
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Non spinning polarizations (©=pi/2)
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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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Energy loss due to GW radiation
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GW Polarization of spinning binary
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Waveform of spinning binary
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Radiation power (source frame)
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Modulation magnitude

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
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Modulation magnitude

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
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Amplitude modulation with Spin (Angle=pi/2, S2=0)
e J
L

precessing cone

1/

>

S1

>

S1

N\




Amplitude modula

tion with Angle (S1=0.9, S2=0)
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aligned-spin binaries
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(see the pyCBC tutorial:
http://pycbc.org/pycbc/latest/html/waveform.html#plotting-frequency-evolution-of-td-waveform)
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spin-mass degeneracy
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spin-mass degeneracy
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GW phase: nonspinning
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Phase evolution from
post Newtonian (PN)



Post Newtonian Energy & Flux
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Phase evolution

Energy balance equation : orbital binding energy loss = GW emission energy
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TaylorT4, T1,2,3,.. : time domain models



TaylorF2

5/6 1x102 :

h( f—7/6 iY(f i L S
2 3 f’?‘-*'m«m

/ D eff -

stationary phase approx.

50 100 200 500
Frequency [Hz]

Figure 3.2: Fourier domain TaylorT4 and SPA waveforms from a

non-spinning binary. We assume the same binary model as in figure 3.1
TaylorT4 (red) and SPA (blue) waveforms coincide at 40 Hz.
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Waveform modeling

@ Post-Newtonian (PN) approximation: slow motion approximation
(v/e << 1)
@ Perturbative theory: small mass ratio (m/M < 1)
@ Effective-One-Body approach: combination of PN, Perturbative approach

and NR time-domain model !!

Binary parameter space

Separation —»

Perturbation theory,
self-force

Numerical Relativity

1 Mass ratio —» o0

[Leor Barack]



Phenomenological model : IMRPhenom

frequency-domain model !!
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Constructing Hybrid waveforms
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Fourier amplitudes of hybrid waveforms
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Fourier amplitudes of hybrid waveforms
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Best-match ampli

tude parameters
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IMR phase
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Best-match phase parameters
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Early inspiral amplitude : TaylorF2
TaylorF2
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Model PhenomA PhenomB PhenomC
Mass range [Mg)] 50 < M <200 M < 400 M < 350
Mass ratio range qg<4 qg <10 qg<4

Detector initial LIGO, Virgo, advanced LIGO initial LIGO advanced LIGO




BBH Models

Family Short name Full name Precession Multipoles (7, |m|) Reference
EOBNR EOBNR SEOBNRv4_ROM X 2,2) [57]
EOBNR HM SEOBNRv4HM_ROM X 2,2), 2,1), (3,3), 4,4, 5,5 [26,32]
EOBNR P SEOBNRv4P v 2,2), 2,1 [33,118,119]
EOBNR PHM SEOBNRV4£I¥VI v 2,2),2,1),3,3),4,4), 5,5 [33,118,119]
Phenom Phenom IMRPhenomD X 2, 2) [120,121]
Phenom HM IMRPhenomHM X 2,2),2,1),@3,3),3,2), 4, 4), 4,3 [22]
Phenom P IMRPhenomPv2/v3* v 2, 2) [23,122]
Phenom PHM IMRPhenomEVCSHM v 2,2),2,1),@3,3),@3,2), 4 4), 4,3 [24]
BH-NS Models
Full name (implemented in LAL) References
Short label (used in this work) Base model Corrections
SEOBNRv4_ROM _NRTidalv2 [14-16] [17.18]
SEOBNR_T
SEOBNRv4_ROM _NRTidalv2 NSBH [19] [14-16] [17.18, 20]
SEOBNR_NSBH
IMRPhenomPv2_NRTidalv2 [21-23] [17. 18]
IMRPhenomP_T
IMRPhenomNSBH [24] [25] [18. 20]
IMRPhenom _NSBH

TABLE I: Waveform models used in our analysis for NSBH
systems.




Thanks !



