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Challenges

Computational

» Today: Source characterisation takes
hours to O(week)

» Future: More, longer, louder, overlapping
signals

» Exploration of a wide parameter space
(eccentric, precessing, compact objects
in non-trivial environment, calibration,
glitches, ...)

» Time/frequency-dependent detector
response
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Accuracy

» Models remarkably accurate, but subject
to numerous uncertainties: NR
resolution, analytical approx.,
inter-/extrapolation, missing physics, ...

» Accuracy requirements scale with SNR”

» Future: More, longer, louder, overlapping
signals

» Systematics may become dominant
source of uncertainty
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Computational Challenges

Some simple estimates:
3
» Rate~ V ~ D} ~ (p/po)

» Duration T ~ 5M, */*(nf;)~8/3 /256
factor > 400 from 30 Hz — 3 Hz

» Detector moves while signal in band;
long-wavelength approx. not always valid
= t/f-dependent detector response

> : “..standard
data compression techniques become
impractical, and the full problem becomes
computationally infeasible...”

» New techniques needed (ML?)
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Accuracy Requirements

Likelihood log A ~ ||d — h(0)|*/2
Neglecting noise |hy — h(6)|| ~ 2p% (1 — (ho, h(6)))
—_——
=M

Linearization ||hy — h(0)||> ~ L';j A0'AG;
Credible interval |hy — h(9)[]* < x4(p)
Criterion M < x%(p)/(2p%)

» This is very conservative, does not
take direction of difference into
account. See [Thompson et al 2025]
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Accuracy Requirements
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Accuracy Requirements

<~ | ‘ a ,
- (2) Fe & N g
61 ] ] Ny NSRS <9
1072 4— - ) )
I SESSS
\ . S=g
627 1 £ 1073 5 '
S " S
< —1]
= e I S 10
s v I
—
5]
~ 0
58 - B % -&- NR -
p=50 g 10~6 4 =#= PN-NR hybrid ~
—60 | E = SpEC SXS_BBH.0308 semi-analytical models
56 p= ] = PhenomPv2 vs NR numerical relativity
— p=250 1077 5 PhenomPv2 vs hybrid detector calibration error
- - - 102 10°
230 235 240 245

FRANK OHME

Network SNR p

MAX PLANCK INSTITUTE



Examples
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—— Overall
—— IMRPhenom
—— EOBNR 1.0

35 4

© 30 0.8
= EEENNEAY . e e
o
2, 0.6
& 25 . - /¥
| A e - xPHM KT
0.4 [ - XOda |
' . | ~_~_ ~— TPHM |
20 ! 1 — NRSur | _________|
0.27 —  VSPHM |
T T 1 T II T T . . - . - v . . v - v
25 30 35 40 45 50 250 300 350 400

"L.lqnurce /N[ o

(1+ 2)M[M,)
FRANK OHME



Examples
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Accounting for Systematics

» Waveform models will continue to improve, but we need a paradigm shift

» Complete signal models should not only provide a “best guess”, but a waveform “bundle”
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Proposed Ideas

» Analyse using a discrete set of models, combine their results (uniform prior, evidence
based prior, NR mismatch informed prior)

— Limited by inaccuracy of most accurate model
» Provide uncertainty in tuning coefficients

» Provide error envelopes for waveforms

FRANK OHME




Proposed Ideas

» Analyse using a discrete set of models, combine their results (uniform prior, evidence
based prior, NR mismatch informed prior)

— Limited by inaccuracy of most accurate model
» Provide uncertainty in tuning coefficients

» Provide error envelopes for waveforms

le-21

25 ~ ~
20 ; :’e‘\vr:::)se: A, 6¢re) ~ Np=0,0=0.002) h - A() (1 + 5A) el¢0(1+6¢)

15 —— rel-phase: 64, 6¢el ~ Nu=0.01, 0= 0.002)
—— abs-phase: 64, 6¢ ~ Mu=0,0=0.002)

1.0 m ﬂ m —— abs-phase: 64, 6¢ ~ Au=0.01,0=0.002)
/AN Hian
AR\ A\ W \W

—-0.06 —-0.04 0.
Time (s)

hi(t)

FRANK OHME



Example: GW191109
AN
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Example: GW191109
A
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Localizing the Issue
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The Spin of GW191109 AN
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Summary AN —

» Computational demands will grow rapidly
— new methods for compression & efficient analysis

» Accuracy requirements just satisfied at the moment; becoming more demanding with
growing SNR and more observations
— further waveform refinements, more and longer NR simulations, new methods for
building accurate models

» Waveform systematics need to be quantified and included in analyses
— Promising first approaches available. Need to re-evaluate science potential under
potentially dominating systematics
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