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Analytic Precessing Waveform

Kesden+ (arxiv:1411.0674)



Modeling Precessing Systems

adiation reaction




[gnoring Radiation Reaction

C = (j, L,51,55, Seff) — const

Kesden+ (arxiv:1411.0674)



Planar Pendulum

(‘f:)Q ~ (8% — 57)(S5% — 8%)(5% — 53)

S?(t) = S5 + (82 — S%)sn*((t), m)

Brizard (arxiv:0711.4064)



Stop Ignoring Radiation Reaction
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Coordinate System

Does our coordinate system even make sense now”?




Precession Phase
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A. Pound



Precession Phase
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Building the Waveform

il(f) — /h(t)@QWiftdt rapidly-varying phase

f__M_\
N/ w?/3(1 + cos? L)eszt_%q)wb dt

e~ o

slowly-varying ” ”
amplitude

Approximate the -

integral by the
contribution of the
stationary point ._ 400 600 800 1000
only =




Shifted Uniform Asymptotics
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Faithfulness F ~ (hy|hs2)
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Analytic Control
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Assessing Systematics
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How good is a waveform?
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Littenberg+ (arXiv:1210.0893)
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How good is a waveform?

Xeff
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Sufficient but not necessary

(6hIOR) <1 = 1— F <

1
2SNR?

Lindblom+ (arXiv:0809.3844)
Flanagan, Hughes (arXiv:gr-qc/9710129)

1. Ignores dimensionality
2. 1oo strong

Baird+ (arXiv:1211.0546)



Sufficient and necessary
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Whats on LIGO's horizon?

SNR =25, FF—F>1—0.994
SNR = 100, FF — F >1— 0.9996

SNR =500, FF —F >1-—0.999984



Analytical Models
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Numerical Relativity: Convergence
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Numerical Relativity: Comparisons
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What we can measure

Xeff
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Spin Disk
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Spin Magnitude
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Spin Angles

Xeff

1.00

0.75

0.50

0.25

0.00

-0.25

-0.50

-0.75

-1.00

= =+ Prior
- precessing EOBNR
—— precessing IMRPhenom

0.00 025 050 0.75 1.00
Xp

180°

150
120

. 90
60

30

0

= =+ Prior
- precessing EOBNR
-~ precessing IMRPhenom

0" 60" 1207 180" 240" 300" 360

LIGO, VIRGO (arXiv:1606.01210)



2.5

— Flatiny .

—— Flat in spin components
—— Flat in magnitude and direction
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Astrophysical Spin Priors

Cosmic SFR, WR initially zero spin
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Hotokezaka+ (arXiv:1702.03952)

Isotropic Fallback Kicks
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Theoretical Spin Priors
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More Questions



More Questions: Astrophysical Inference

Cosmic SFR, WR initially zero spin Cosmic SFR, WR initially synchronized cosmic SFR, WR initially synchronized cosmic SFR, WR initially synchrorized
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More Questions: Eccentricity
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How Important are spins
for small eccentricities?

How Important are spins
for eccentricities near 17

How about LISA?



More Questions: Eccentricity
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Can unmodeled burst
searches recover eccentric
precessing systems more
efficiently?



More Questions. Searches
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precessing search?
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More Questions: lesting GR
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How do systematics
" affect TGR?
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Thank you!



