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Need for accurate templates

GW detection: template-based searches

No exact solution for binary system
=⇒

Inspiral phase: Post-Newtonian waveform

Merger phase: Numerical relativity, still very time-consuming, not all
parameter space explorable

15 (17 or more) parameters needed
=⇒ need structure to break degeneracies
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Structure of the waveform

Wave interacting with detector:
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Structure of the waveform

Additional effect:

Spin-orbit precession =⇒ Si (x), L̂(x), δφ(x)

L̂

n̂

principal+ direction
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Summary

Potential differences between waveforms:

PN expansion of orbital phase (largest effect [Cutler et al., 1993])

Presence of different harmonics

PN expansion of harmonics amplitude

Spin-orbit precession

Additional effects (eccentricity, alternative gravity, etc)
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Sources of errors

Statistical errors: Originate from unpredictable nature of noise

Should tend to non-zero value dependent on detector specs as PN
accuracy increases
Decrease for lower separations

Theoretical errors: Originate from approximative nature of templates

Should tend to zero as PN accuracy increases
Increase for lower separations
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Spin-orbit precession

[Vecchio 2004], presence of spin, simple precession

[Lang & Hughes 2006], full precession equations
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Presence of different harmonics with
amplitude modulations

[Arun et al. 2007]

Antoine Klein (Zürich U.) SMBHB Detections Zurich ’10 7 / 13



Presence of different harmonics with
amplitude modulations

[Trias & Sintes 2008]
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Subdominant harmonics and spin-precession
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Antoine Klein (Zürich U.) SMBHB Detections Zurich ’10 9 / 13



Subdominant harmonics and spin-precession
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Theoretical errors

Difficult to evaluate, as exact waveform not known

Increase for lower separation/louder signal

Best evaluation: Order-by-order comparisons

[Cutler & Vallisneri, 2007]
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Hybrid waveform

Principle: waveform is Series in x and in ν = m1m2
M2

=⇒ BH perturbation theory −→ first order in ν

Hybrid waveform:
up to 2.5PN spin-dependent
up to 3.5PN spin-independent
up to 5.5PN 1st order in ν.
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Questions

Impact of eccentricity/alternative GR - Kerrness params?

Include merger and ringdown using NR?

Estimate theoretical errors comparing NR ←→ PN?

Quantify theoretical ←→ statistical errors?
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