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LIGO O1 and O2

In Solar Masses
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Binary Black Hole with eccentric orbit

Plausible source for LIGO
Many sources for LISA
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week ending

PRL 116, 241102 (2016) PHYSICAL REVIEW LETTERS 17 JUNE 2016
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Properties of the Binary Black Hole Merger GW150914

EOBNR models are called SEOBNRv2, SEOBNRv3 and
SEOBNRV2_ROM_Double Spin, rcspcclwcly_). Bayesian
analyses that use the dc > precessing spi ydel [55] are
more time consuming and are not yet lmalucd The ILSU]lS

will be fully reported in a future publication.

An altemative inspiral-merger-ringdown phenomeno-
logical formalism [79-81] 1s based on extending frequency-
domain PN expressions and hybridizing PN and EOB with
NR waveforms. Henceforth, we use “IMRPhenom™ to
indicate waveforms within this formalism. Several wave-

form models that include aligned-spin effects have been




State of art for EOBNR

Total mass:

Mass ratio:

GW150914 (1.24), LVT151012 (1.77), GW151226 (1.89),
GW170104 (1.61), GW170608 (1.71), GW170814 (1.21)

Spin:
GW150914 (<0.24), LVT151012 (<0.3), GW151226 (<0.35),
GW170104 (<0.42), GW170608 (<0.3), GW170814 (<0.18)

(BCV)

GW150914, LVT151012 & GW151226 assume no
precession, GW170104, GW170608 & GW170814 gain little
constrain on precession

All announced CBC GW events assumed



Effective One Body Numerical Relativity model

EOB formalism: improved PN [Buonanno and Damour, PRD 1999]

EOBNR: set more parameters and fit NR [Buonanno, Pan, et al, PRD 2007]
calibrate to NR results [Buonanno, Pan, et al, PRD 2009 (nonspinning, equal
mass black holes), 2010 (nonprecessing, spinning, equal-mass black holes),

2014 (generic mass ratios and aligned spins), 2014 (spinning, precessing)]
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set more parameters and fit NR [Buonanno, Pan, et al, PRD 2007]
NR results of NASA group
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calibrate to NR results [Buonanno, Pan,
al, PRD 2010 (nonprecessing, spinning,
equal-mass black holes)

NR results of Caltech/Cornell group
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AMSS-NCKU result, Cao, Pan, Yo, et al, 2012




SEOBNRE model

] ) ne p—plun

dFE - dE
dt  dt

Assume small eccentricity expansion

(c) part effectivly more than 4 PN
Elip part about 2PN



SEOBNRv1 ——
-SEOBNRE

without elliptic correction
with elliptic correction -
flux based on waveform
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ax-model for eccentric BBH

PHYSICAL REVIEW D 95, 024038 (2017)
Complete waveform model for compact binaries on eccentric orbits
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adiabatic approximation model



O case

ax model
SEOBNRE
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SXS:BBH: 0106 ——
SEOBNRE

m1:m2 =1:5
e =0.02
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Perturbation model for extreme
mass ratio BBH

Teukolsky equation
based model:

1.Trajectory of
small BH



Teukolsky m1:m2 = 1:1000
SEOBNRE
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Summary

« EOBNR is promising to convert NR to
reliable GW theoretical model

« SEOBNRE the EOBNR model including
eccentricity

» Eccentric BNS, what astrophysics?



