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Extreme-Mass-Ratio Inspirals (EMRIs)
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Launch: December 2035
Mission lifetime: 4 years (can go up to 10)
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EMRIs complete ~ 10° orbital cycles during LISA
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EMRIs have different flavours ...
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Accretion disk usually boosts the EMRI formation rate per individual MBH by ~107-10°

Pan et al. PRD 104, 063007 (2021)



Quase-Periodic Eruptions = Wet EMRIs (??)
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Franchini et al. A&A 675, A100 (2023)



Accretion disk

Derdzinski et al. MNRAS 501, 3540 (2021)
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Relative velocity of the secondary w.r.t. to the gas flow
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h ~ 0.02 — 0.1 ininner disk region
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EMRIs are supersonic at moderate eccentricity
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Wake structure varies in subsonic vs supersonic motion
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hydro-inspired fits that match the asymptotic analytics

For supersonic motion, migration timescale << damping of eccentricity
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Can constrain accretion rate and viscosity simultaneously
Not possible for circular motion w/ migration torques



Multimessenger Wet EMRIs: Improved sirens?

If GW-content gives us info on fEdd/€

Mass/Spin measure - € estimate ‘ JEda estimate

N

Luminosity estimate
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Magnitude estimate from GW only

A frada/ frdaa ~ 0.1 ‘ AMAGN, Rubin/MAGN, Rubin ~ 0.01

Could assist host galaxy / EM counterpart (QPE) identification



Global Fit
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Speri et al., Nature Astr. 6, p. 1356-1363 (2022)



EMRI parameter space is dangerously degenerate
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Global Fit: how to study beyond-vacuum GR physics w/ LISA?

\ / Post-processing
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Take-home message
Formation/Inference of Wet EMRIs is still in quite unexplored
Many questions to explore and understand better but so far...

More detailed modelling 8 More interesting phenomenology

But unclear how to search for extra physics in the Global Fit

Strong-field + astro + data community should (need) to talk more
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We find that disk-induced migration provides the dominant perturbation to the inspiral,

with weaker effects from the mass accretion onto the CO and hydrodynamic drag.
Kocsis et al. PRD 84, 024032 (2011)
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EMRIs are a novel probe of stellar populations in the close vicinity of MBHs. A typical EMRI
observation will provide a measurement of the sBH mass to ~1% and the eccentricity and
inclination of the sBH orbit to 107> and 107* respectively. The emerging picture is that
environmental effects will be detectable in a variety of realistic astrophysical scenarios. Even a
single successful measurement would provide invaluable information on the presence of matter
in the form of stars, gas or dark matter, only a few Schwarzschild radii from the MBH horizon.

LISA "Red Book’, arXiv:2402.07571




Beyond-vacuum GR effects compete with 2nd-order SF
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Uses the FastEMRIWaveform package

Katz et al. PRD 104, 064047 (2021)



Physics we missed

o gk D~

Relativistic effects in dynamics + disk structure
Wake's curvature

Stochasticity (magnetic fields?)
Radiative/thermal effects

Retrograde orbits (eccentricity excitation)

!

Corrections of O(1 —10) ?

Mass accretion



Inner region « -disk:  X(r) = X ( d )3/2 h(r) = hg <1OM>

10M r
e <h e>h
Subsonic Supersonic
(Global) Migration Torques (Local) Dynamical Friction
(@) o< —=(Xo/hg)a’ (@) o< (Zo/ho) a*/e
(&) ox —(Xo/hy)a’e (&) oc —(3g/ho)a® /e
e te/te ~ h* < 1 te/te ~ (e/h)* > 1

For supersonic motion, migration timescale << damping of eccentricity
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Since the eccentricity damping may not be as efficient as inclination

damping, there might be some eccentricity residual on captured BHs

Wang et al., arXiv:2308.09129



Same EMRI system for a /M = 0.99
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AAK underestimates relative power on early inspiral
Where environmental effects are more important!



Relativistic corrections are also important for cosmology
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Khalvati et al., arXiv:2410.17310




