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Motivation: Precision Inference
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Extreme- and intermediate-mass-ratio inspirals will last in
the LISA band for months to years.
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Extreme- and intermediate-mass-ratio inspirals will last in
the LISA band for months to years.

Waveform accuracy requirements for vacuum-GR signals of
~1 rad over the entire inspiral.
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Extreme- and intermediate-mass-ratio inspirals will last in
the LISA band for months to years.

Waveform accuracy requirements for vacuum-GR signals of
~1 rad over the entire inspiral.

(Unmitigated) glitches and other non-stationarities in the
data can induce systematic biases in EMRI/IMRI inference.

Motivation: Precision Inference

Biases and precision degradation in EMRI inference due to
mitigated and unmitiigated glitches in the LISA data

(Boumerdassi et al. 2026)
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Extreme- and intermediate-mass-ratio inspirals will last in
the LISA band for months to years.

Waveform accuracy requirements for vacuum-GR signals of
~1 rad over the entire inspiral.

(Unmitigated) glitches and other non-stationarities in the
data can induce systematic biases in EMRI/IMRI inference.

Beyond-vacuum-GR effects secularly and perturbatively
modify the vacuum-GR evolution, inducing potentially large
systematic biases during inference.
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Motivation: Precision Inference

Impact of an unmodelled planetary migration
effect on the measured vacuum-GR parameters

(Kejriwal et al. 2024)



Segment the data into shorter, contiguous blocks, each
analyzed coherently and combined incoherently.
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The Semi-coherent Approach
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Semi-coherent Posteriors for
Long-Inspiral Trajectories



Decompose the parameter space into “static”
and “evolving”                      parameters.

Segment the data into shorter, contiguous blocks, each
analyzed coherently and combined incoherently.
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The Semi-coherent Approach

Waveform accuracy requirements need only be satisfied
over the much smaller block length.
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The Semi-coherent Approach

Waveform accuracy requirements need only be satisfied
over the much smaller block length.

Glitches and other instrumental artifacts are limited to
individual blocks, do not bias the inference of other blocks.
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Segment the data into shorter, contiguous blocks, each
analyzed coherently and combined incoherently.
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The Semi-coherent Approach

Waveform accuracy requirements need only be satisfied
over the much smaller block length.

Secular perturbations from beyond-vacuum-GR effects do
not build up significantly over individual blocks, allowing
consistency of the block-level posteriors with the truth.

Glitches and other instrumental artifacts are limited to
individual blocks, do not bias the inference of other blocks.
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Semi-coherent Posteriors for
Long-Inspiral Trajectories

Decompose the parameter space into “static”
and “evolving”                      parameters.
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Some novel techniques

evolving set
in ith block

non-evolving set
in ith block

#blocks

semi-coherent
likelihood

Motivated by C. Rover “A Student-t based filter for
robust signal detection”(2011)

Heavy-tailed Student-t distribution-based likelihood for
maximizing overlap in the presence of systematic biases in
individual blocks.
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Some novel techniques
Markovian initial

condition

Transition
probability priors
are also Student-t

Heavy-tailed Student-t distribution-based likelihood for
maximizing overlap in the presence of systematic biases in
individual blocks.

Markovian Student-t prior for weakly-coherent trajectory
priors across blocks (trade-off between degeneracies and
robustness).



Heavy-tailed Student-t distribution-based likelihood for
maximizing overlap in the presence of systematic biases in
individual blocks.
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Some novel techniques

Markovian Student-t prior for weakly-coherent trajectory
priors across blocks (trade-off between degeneracies and
robustness).

Sequential Gibbs sampling for “feasible” Bayesian inference:
lowered dimensionality for healthy convergence.

Sequential Gibbs sampling framework in SPLIT: instead
of inferring D  globally, we sequentially sample each
block, conditioned on the current state in all other

blocks.

infer
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T = 1.0 year vacuum-GR EMRI injection in Example I,
Kejriwal 2026

Year-long plunging, equatorial eccentric EMRI injection
(PN5AAK) with SNR = 50.0 with N  = 5, D  = 3, and D  = 4.blocks static evol

Results: vacuum-GR (consistency)
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Results: vacuum-GR (consistency)

1D residuals consistent with the truth. Fractional loss of
optimal SNR due to segmentation (but also windowing)
leads to broader posteriors v/s FC.

Year-long plunging, equatorial eccentric EMRI injection
(PN5AAK) with SNR = 50.0 with N  = 5, D  = 3, and D  = 4.blocks static evol

1D residuals (vacuum-GR injection) SC v/s FC,
Kejriwal 2026
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Results: vacuum-GR (consistency)

1D residuals consistent with the truth. Fractional loss of
optimal SNR due to segmentation (but also windowing)
leads to broader posteriors v/s FC.

Full-dim posteriors show retention of correlations between
evolving and static parameter sets; Phases take the biggest
hit, as expected.

Year-long plunging, equatorial eccentric EMRI injection
(PN5AAK) with SNR = 50.0 with N  = 5, D  = 3, and D  = 4.blocks static evol

Full-dim posteriors (vacuum-GR injection) SC v/s FC,
Kejriwal 2026
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Results: accretion (robustness)
0.5 year-long plunging, equatorial eccentric IMRI injection
with SNR = 50.0 with N  = 5, D  = 2, and D  = 4.blocks static evol

T = 0.5 year accretion IMRI injection in Example III,
Kejriwal 2026
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Results: accretion (robustness)

Deviation of the
environment-rich
injection from a
vacuum-GR
template at the
true parameters
(based on Duque
et al. 2025)

0.5 year-long plunging, equatorial eccentric IMRI injection
with SNR = 50.0 with N  = 5, D  = 2, and D  = 4.blocks static evol
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Results: accretion (robustness)
0.5 year-long plunging, equatorial eccentric IMRI injection
with SNR = 50.0 with N  = 5, D  = 2, and D  = 4.blocks static evol

Posterior coverage show (much) better consistency with the
truth v/s the fully-coherent method.



KEJRIWAL · SPLIT

Outlook
Cost of SC inference ~order-of-magnitude higher than FC.
SBI may help.

Current pipeline fixes equal-length blocks. Not necessary in
principle.

Impact of instrumental artifacts currently unexplored. To
change in the near future.

Best applied as a step between search and final posterior
inference(?) Ultimately, FC has the constraining power for
high-precision astronomy promised by LISA EMRIs.

Application beyond LISA possible. 3G will face many similar
issues.

Dependencies
FastEMRIWaveforms (Chapman-Bird et al. 2026)

Eryn (Karnesis et al. 2023)

Optional Dependencies
fastlisaresponse (Katz et al. 2022)
LISAAnalysisTools (Katz et al. 2025)



Bonus Slides



Results: stationary noise



Decorrelation timescale
The semi-coherent likelihood assumes independence of
noise between blocks.

Noise is typically correlated across the entire observation
window. However, it can be shown to be approx.
uncorrelated given a decorrelation threshold.

Checked for LWA and TDI-1  Gen A-channel PSDs. Found
that the decorrelation timescales are small enough for any
reasonable size of N . 

st

blocks
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