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Extreme mass ratio inspirals (EMRIs)

• Direct capture gives eccentric EMRIs (when entering LISA band). Hills mechanism low eccentric, disk 
migration essentially circular. Inclination generic in essentially all cases. 

• Direct capture is assumed to dominate, gives e~0.7 when entering LISA band, e~0.2 when plunging (Babak 
et al. 2017), this can change with model assumptions (e.g. Pan et al. 2021)



How will LISA see EMRIs?
For contrast: Massive black 
hole binary in LISA



How will LISA see EMRIs
A realistic example



Why is this?
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Self-force program



A two-timescale decomposition (1PA)
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Referring to the two-timescale decomposition of Hinderer & Flanagan (2008, 0805.3337)

https://arxiv.org/abs/0805.3337


Status of self-force program
• Full self-force on generic orbits in Kerr (van de Meent 2018, 1711.09607), but not very efficient yet

• Adiabatic waveforms for generic Kerr orbits (Hughes et al. 2021, 2102.02713)

• Second-order fluxes on quasi-circular Schwarzschild orbits (Warburton et al. 2021, 2107.01298)

• Corresponding 1PA waveforms for quasi-circular inspirals (Wardell et al. 2021, 2112.12265)

• Second-order fluxes for generic orbits in Schwarzschild: WIP (computationally challenging and laborious implementation)

• Second-order fluxes in Kerr: WIP (also conceptually challenging, some recent progress from Loutrel et al. (2020, 2008.11770) and 
Toomani et al.(2021, 2108.04273), upcoming Leather et al.)

• Passage through resonances: WIP (Recent progress in Lukes-Gerakopoulos & VW (2021, 2103.06724))

• Spin of secondary: WIP (see next slide)

• Transition to plunge: WIP (laborious implementation for circular, theoretical work needed for generic, WIP Durkan, Zimmerman,
Küchler, Compére,…)

https://arxiv.org/abs/1711.09607
https://arxiv.org/abs/2102.02713
https://arxiv.org/abs/2107.01298
https://arxiv.org/abs/2112.12265
https://arxiv.org/abs/2008.11770
https://arxiv.org/abs/2108.04273
https://arxiv.org/abs/2103.06724


Spin of secondary 

• Spin-curvature effect on geodesics can be solved analytically (Witzany 2019, 
1903.03651) or by a semi-analytical frequency-domain decomposition (Drummond & 
Hughes 2022, 2201.13334)

Kerr equatorial (Skoupý & Lukes-
Gerakopoulos 2022, 2201.07044)

• Generic Kerr is WIP (energy and angular momentum fluxes underway, Carter constant 
needs analytical work)

https://arxiv.org/abs/1903.03651
https://arxiv.org/abs/2201.13334
https://arxiv.org/abs/2201.07044


External matter and modified gravity

• Even the adiabatic level requires solving wave equations on non-Kerr (Petrov non-D) backgrounds without 
spherical symmetry. This is hard and very few people are actually doing it. (Some WIP Hussain & Zimmerman, 
Li et al.… (2206.10652); Brito et al.)

https://arxiv.org/abs/2206.10652


Closing notes

2104.13388

2102.08135

https://arxiv.org/abs/2104.13388
https://arxiv.org/abs/2102.08135

