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Extreme Mass Ratio Inspiral (EMRI) & Waveform

 Compact Object (CO) + Massive Black Hole (MBH) =
EMRI

e Inspirals very slowly, so it 1s precise probe to study the
central black hole.

e Orbits are highly eccentric and relativistic.

V. Cardoso et al., arXiv:1908.11390

e The waveform exhibits many harmonics.

EMRI Strain

e Signal builds up slowly, in a 14 -17 dimensional parameter - | I — cros ozt
space. | | |

e A fully coherent template bank would need ~10*°
templates, so search 1s challenging. |
| |

00000
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Why Time-Frequency ?

e Distinguishable mode by mode .
e Inclusion of noise non-stationarities.

e Sparse representation in time-frequency plane.

SOBHB 1e-23 EMRI ——
0.10 0.008 |35
0.007
0.08 . 3.0
0.006
— 2.5
N
L 0.06 3 ., 0.005 W
> - 2.0 S5
5 g 0.004 2
o 0.04 .
T 2 T 0.003 >
0.002 1.0
0.02 1
0.001 0.5
0.00 0 0.000
| 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (s) le7 Time le7

Figure: Time-frequency map of SOBHB and EMRI



Foundations

e Mode-by-mode decomposition in amplitude/phase:

h(t) = dﬁ Z Almn(t)—ZYlm(Ha ¢)e_iq)m”(t)

L [.m,n

e Taylor expansion of amplitude and phase:

A. Time domain: A(t) ~ A7)
(1) ~ D(1) + 27f(2)(t — ©) + 2f()(t — 7)°

B. Frequency domain:  A®v) = A(f)
D) ~ O(f) + 271(Hw — f) + 2t (f) (v — f)*

e Analytical maps (A, ®) — (h,,h,) and/or (A,®)— LISA Instrumental Response

e Short Time Fourier Transform (STFT) of y(¢) = F(¢)h(t + d(t)) [Marsat & Baker 2018]
using Fresnel Kernel.



Which harmonics are kept

e FastEMRIWaveform (FEW) mode selector at threshold € = 1072, then keep the harmonics above 1 % of the
squared SNR: the dashed line.
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Figure: Per-harmonic contribution to the squared signal-to-noise ratio
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Time-frequency map of EMRI
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Time-frequency map of SOBHB (Credit : @Gael Servignat)

e GW Response Data

e GW Response Model

e Residual
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Overlaps
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Figure: Mismatch 1 — O (left axis) and overlap O (right axis) on the model
support, all channels together and A, E, T separately.

Ghosh et al. (in prep)
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Conclusions and Future work

» LISA time-frequency response for any time-domain wavetform.
 Noiseless parameter estimation for EMRIs & SOBHBs.

» Implemented in Numpy version tiwaves and JAX version jaxtfwaves, both public.
- To be incorporated in globalfit pipeline Gee-Moo (APC): stay tuned!

- Semi-coherent or hierarchical EMRI search on the sparse support (maybe)!


https://gitlab.in2p3.fr/lisa-apc/tfwaves
https://gitlab.in2p3.fr/servignat/jaxtfwaves

Thanks for your attention
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Source

[W] Waveform Plugin [R] Time-Frequency Response
Bl [W] Trajectory integration (FEW ODE) B8 [R] Arm Response
28 [W] Teukolsky Amplitudes [R] Other parts of response including TDI

Ghosh et al. (in prep)
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