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EMRI Waveforms
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EMRI Waveforms

h = ∑
lmnk

Almnk(t) Slmnk(θS, ϕS) exp[ − iΦmnk(t)]
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EMRI Waveforms

h = ∑
lmnk

Almnk(t) Slmnk(θS, ϕS) exp[ − iΦmnk(t)]

Φmnk = m + n + k
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FastEMRI Waveform  Architecture

Domain Choice 
(TD, FD, TFD, Wavelet)
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Waveform Speed

Slowest point 
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(p0, e0) = (10,0.7)
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Mode content
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Mode selection

fractional power
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Mode selection

fractional power fractional power
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Conclusions
• EMRIs have many harmonics but we can 

decide how many to include!

Available Waveforms:

Schwarzchild Eccentric 
(Fully relativistic)

Generic Kerr 
(PN5+AAK)

Kerr Circular (AAK)  
+ Accretion effects

bhptoolkit.org/FastEMRIWaveforms

Reach out if you want to 
develop EMRI waveforms!

• Fast generation due to GPU acceleration

• Flexible to include new trajectories/physics



Mode Selection
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Relativistic Amplitudes (Injection & Template)

AAK Amplitudes (Template)

e 0
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Relativistic Amplitudes (Injection & Template)

AAK Amplitudes (Template)

The importance of relativistic Waveforms
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Mismatch Models



Input Parameters 
 (M, η, a, p0, e0, x0, Φφ0, Φθ0, Φr0)

(dL, θS, ϕs, θK, ϕK)
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FastEMRI Waveform  Architecture

Domain Choice 
(TD, FD, TFD, Wavelet)

p, e, xI

Ylm / Slmkn

Almkn

Sparse Byproducts

Φφ Φr Φθ



16

AAK vs FEW
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Extreme Mass Ratio Inspirals

Mass of the Black Hole   
M ~ 105 - 107M⊙

Mass Ratio   
 η ≈ 10−6 - 10−4

Mass Compact Object   
 μ ≈ 1 - 10 M⊙

Signal duration  years∼ 1 − 4
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Mode selection


