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Status of the two body problem
Highlights of the past ~year (since last PAX IX):

- More eccentric (and/or precessing) models: :

- Memory in :

- Efforts to / horizon fluxes beyond LO

(explicitly)
- More NR-calibrated tidal models: and
- PMin EOB: and
[ - Efforts in comparing different NR codes:

- : ., evolution & ID
- SpEC vs

-  New NR codes:
- (GRHD) &

- W

- New/larger catalogs! .
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Status of the two body problem
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Important to model

- f

Current gen detectors:

® = NR simulatior ®
([

— ...But we do need in some
Beyond GR

Relatively short + weak signals '
Most events compatible with “vanilla” scenarios
Not sensitive to extremely high mass ratios,

environmental effects, super high eccentricity etc. — >

— Not (too) bad in terms of physics...
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_____________________ Important to model

XG A

Quasi-circular, Matter
aligned spins
- —

Everything is hard AND important! Eccentricity

. . T
. High mass ratios
e More than merger-ringdown, 2
: e Environment Q.
length of signals & hybridization =
: ~ >
e For waveforms with matter, N g
post-merger @ N2 c
e High mass ratios + eccentricity + )
precession




Challenges From PAX IX

What's the biggest challenge for numerical relativity and w

aveform modelling
for next generation detectors?

beyond GR and vacuum
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Challenges

m— SEOBNRVHM At the expense of some precision, one can
e s o e mitigate systematics due to accuracy:
o over uncertainty in a
model NR-informed
e Add -like
parameters

e Combine posteriors from various
models (based on evidence or

)
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Challenges

mmmm SEOBNRvSHM
mmmm Sample 66 from uniform prior
s Sample 60 from p(660 | A) prior

At the expense of some precision, one can
mitigate systematics due to accuracy:

over uncertainty in a
model NR-informed
Add -like
parameters
Combine posteriors from various
models (based on evidence or

)

Just build better models guys
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Challenges

Accuracy requirement? Not clear! Possible to estimate

appear via:

From

Inp Iny

2SNR2.

3
np (1 — .11 i)

1-— OT(SO, h(go)) = +1-— FFT(80, }I)

early estimates from Ref. [ “]. In particular, we note that
the bias SNRs depend on an individual model’s construc-

tion, and in rincile a “conservative” estimate of the bias

SNR can sometimes be correct. This leads to a far more

stringent accuracy requirement than in Ref. [ ']: model mis-
match uncertainties must be below 107° to be free of bias
in observations with SNRs of ~1000, an improvement of
four orders of magnitude over some current models. On the

will


https://arxiv.org/abs/2401.06845
https://arxiv.org/abs/2506.10530

Warm-to-hot takes: ‘

e For BBHs in vacuum, | think models will reach NR in ~15y time...
...But will NR reach the accuracy level that is needed (whatever that may be)?

e Matter and environmental effects are going to be MUCH more challenging to model
than reaching the accuracy threshold for vacuum GR

e WF generation speed has not been discussed, because | think it's a non-issue —
See Koustav’s talk on Wednesday

On the flip side: if (when?) we do manage to get all this under control, there is so much
science to be done! So much to learn!



In conclusion!

e \Waveform modeling is both competitive (who has the best model) and
collaborative (we steat borrow ideas from one another all the time!)
— we progress fast!

e \We are in a decent place for current gen detectors (with some exceptions in the
parameter space)

e Plenty of stuff to work on: what should the focus be?

o If you have strong opinions, make sure to attend the panel this afternoon!
o If you do not have strong opinions, attend either way: it will be fun | promise
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Status of the two body problem
Highlights of the past ~year (since last PAX IX):
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Status of the two body problem
Highlights of the past ~year (since last PAX IX):

- More eccentric (and/or precessing) models:

- Memory in ,

IMRPhenomTPHM+(2,0)+memory IMRPhenomTPHM

SXS:BBH_ExtCCE: 0001
— NRHybSur3dq8_CCE
~=- TEOBResumS-GIOTTO + (2,0)
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Status of the two body problem
Highlights of the past ~year (since last PAX IX):

- More eccentric (and/or precessing) models:

- Memory in :
- Efforts to / horizon fluxes

beyond LO (explicitly)

NNLO, fact.

PhenomD
PhenomD_Horizon

Number

-3.0 =25
log10(1 = M)

of 219 non-pr
ith Pheno:

12— 100Mg. The dashed li how the median values of the
distributions.
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Status of the two body problem
Highlights of the past ~year (since last PAX IX):

- More eccentric (and/or precessing) models:

- Memory in :
- Efforts to / horizon fluxes

beyond LO (explicitly) 1 (S = s
- More NR-calibrated tidal models: | = .. =

and
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Status of the two body problem
Highlights of the past ~year (since last PAX IX):

- More eccentric (and/or precessing) models:
- Memory in ,
- Efforts to / horizon fluxes
beyond LO (explicitly)
- More NR-calibrated tidal models:
and
- Attempts at comparing different NR codes:
- , evolution & ID
- SpEC vs / :
probably more?
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Status of the two body problem
Highlights of the past ~year (since last PAX IX):

- More eccentric (and/or precessing) models:
- Memory in ,
- Efforts to / horizon fluxes
beyond LO (explicitly)
- More NR-calibrated tidal models:
and
- Attempts at comparing different NR codes:
- , evolution & ID

- SpECvs / :
probably more?
- New catalogs! 1CC, ...

- Tails! From / to
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Status of the two body problem
Highlights of the past ~year (since last PAX IX):

\Y/ ' ' m
ore eccentric (and/or precessing) models:
:
J b j
:
- Memory in
)
- Efforts to / horizon fluxes
beyond LO (explicitly)
) :
i
- More NR-calibrated tidal models
R :
e Full model
a n 2 —— No tidal spin (effective Love)
6900 7000
Attempts at com diff t NR codes: i
_
empts at comparing differen codes:
1. Normalized (2,2) GW mode ha; of an equal mass BNS with masses M, > 5 Mg, and aligned dimensionless
. background spin 0.2 (bottom). The other NS always has zero background spin. The vertical, dotted
- eVOI utl O n & I D line marks the location where |has| reach maximum. The gray curve is from our full tidal EOB model, while in the red
] curve, the tidal spi oed when computing the back rea n on the orbit (wl disables both the Newtonian torque and
the post-Newtonian orbital hang-up due to the tidal spin-orbit coupling and reduc entially to an effective Love number
i between the two sets of curves remarkably similar to the d
- E VS | based on the effective Love number approach (see their fig. 3). T
L spin in producing faithful waveform models for BNS
probably more?
- New catalogs! ICC

- Tails! From / to
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