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Unequal mass binaries

» Astrophysical black hole binaries
— equal mass case not favored

* Supermassive black hole binaries
— typical mass ratio: 0.3 + 0.03

L. A. Gergely, P. L. Biermann, Astrophys. J. 697, 1621 (2009).
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Variables

N: unit vector pointing t
to the observer from the
source

r. separation vector

I: intersection of the
planes perpendicular to
J and L

X: arbitrary vector in the
plane perpendicular to J




Search for gravitational waves

* Gravitational wave detectors
— LIGO, Virgo, LISA, Einstein Telescope

» Search for waves with matched filtering
— small SNR, template of waveforms needed
— calculation time high

« Simple, but accurate waveforms are
needed



Gravitational waveforms

» Post-Newtonian (PN) gravitational

waveforms were previously calculated

L. E. Kidder, Phys. Rev. D 52, 821 (1995).
K. G. Arun, A. Buonanno, G. Faye, E. Ochsner, Phys. Rev. D 79, 104023 (2009).

* Approximate waveforms for equal mass
case by Arun et al.

* QOur aim is to get an approximation for
unequal mass binaries



Spin-Dominated regime

\

Ratio of spins ﬁ

Small mass ratios (v)

/

S, neglected

Ratio of the Newtonian orbital angular
momentum (L) and larger spin S;:
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Spin-Dominated regime

'« The PN parameter Gkl
Increases as the black holes approach

each other
. Small v

* « At the end of the inspiral S, dominates

over L



Spin-Dominated regime

S.>Ly — introduce new small parameter

Keeping terms up to ', and neglect &2

Total angular momentum (J) conserved to
2 PN order o

6.5 S1

L. E. Kidder, C. M. Will, A. G. Wiseman, Phys. Rev. D 47, R4183 (1993).
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Angle span by J and S, (B4) is small, of
order &




Spin-Dominated Waveforms (SDW)

* Double expansion in the small parameters
e and &

o Structure of the waveforms:
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Structure of SDW

terms from double terms from double
expansion through p, expansion through &
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spin-orbit contributions gravitational wave tail



Leading order terms
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Non-precessing case
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Limits of validity

* Our approximation holds

— From &= kRN —— D G’m/czfrl = 10002

— To B

J. Levin, S. T. McWilliams, H. Contreras, Class. Quant. Grav. 28 175001 (2011).

[e1,89] exists if v < Vpax =0.316 =1 : 32

* For how long (At) is the SDW in the
sensitivity range of detectors?
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Parameter evolution

‘e As ¢ increases throughout the inspiral
— [, doesn't
¢ =e v < 0.1 fe[elSS

L* However €2 increases at a faster rate

}

« What terms do we need to keep as ¢?
Increases?




What terms to keep?
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The SDW is not valid
In this region



Phase of the gravitational wave

* Orbital angular frequency evolution up to 2

PN Order (B. Mikdczi, M. Vasuth, L. A. Gergely, Phys. Rev. D 71, 124043 (2005).)
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. Integrating twice gives the phase
 After the double expansion:
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Summary

Derived a waveform based on
— small mass ratio — v2 neglected
— considering the last part of the inspiral

Introduced a small parameter &, and
double expanded the waveforms in € and &

Examined the validity of SDW
Gave the phase in this approximation



Thank you for your attention



Tail term

* The gravitational wave tail from 1.5 PN
amplitude correction gives some
contributions that can be observed into the
phase by redefine it as:
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