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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: v5EHM, 
TEHM, pyEFPE, XPHM-STT4 , v5PHM_w/asym

- Memory in TPHM, TEOB
- Efforts to compute/include horizon fluxes beyond LO 

(explicitly)
- More NR-calibrated tidal models: v5THM and 

PhenomXP_NRTidalv3
- PM in EOB: SEOBNR-PM and LEOB
- Efforts in comparing different NR codes:

- SACRA vs BAM, (vs THC, SpEC) , evolution & ID
- SpEC vs GRAthena++

- New NR codes:
- GRoovy (GRHD)  & superB/NRPy
- AthenaK
- SpECTRE 

- New/larger catalogs! SXS, …

RG’s personal views, if I forgot 
something… whopsies?

https://inspirehep.net/literature/2860452
https://arxiv.org/abs/2503.13062
https://inspirehep.net/literature/2860452
https://inspirehep.net/literature/2862324
https://arxiv.org/abs/2506.19911
https://arxiv.org/pdf/2506.08888
https://arxiv.org/pdf/2411.04024
https://inspirehep.net/literature/2822674
https://inspirehep.net/literature/2727921
https://arxiv.org/abs/2503.18934
https://arxiv.org/pdf/2311.15978
https://arxiv.org/abs/2405.19181
https://arxiv.org/abs/2503.05487
https://arxiv.org/pdf/2506.02115
https://arxiv.org/abs/2411.10552
https://arxiv.org/abs/2411.11989
https://inspirehep.net/literature/2856251
https://arxiv.org/abs/2505.00097
https://arxiv.org/abs/2409.10383
https://arxiv.org/abs/2410.00265
https://arxiv.org/abs/2505.13378


EOB Phenom NR Surrogates

Quasi-circ MM < 1e-3 MM < 1e-3 “Exact”

Precession spin evo + twist spin evo + twist, NR 
informed

“Exact”

Eccentricity Aligned spins, steps 
towards precession

Aligned spins non-spinning only

Unbound Yes (with PM) No Psi4 for scatterings

Matter Yes (NR informed) Yes (NRTidal-like) No(t yet?)

Beyond GR Mostly parameterized Mostly parameterized No

Environment No Simplified No

High q Yes No Yes

maturityStatus of the two body problem
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Current gen detectors:

● 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…

→ …But we do need accuracy improvements in some 
region of the parameter space (high spins, high q)

https://inspirehep.net/literature/2938779
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Important to model Quasi-circular, 
aligned spins

Precession

Matter

Eccentricity

Environment

High mass ratios

Beyond GR
Can we even do this?!

→ TGR session

Everything is hard AND important!

● More than merger-ringdown, 
length of signals & hybridization

● For waveforms with matter, 
post-merger

● High mass ratios + eccentricity + 
precession



Challenges From PAX IX



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

● Marginalize over uncertainty in a 
model NR-informed parameters

● Add “calibration envelopes”-like 
parameters

● Combine posteriors from various 
models (based on evidence or during 
sampling)

● …

Challenges

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.161102
https://arxiv.org/pdf/2410.16859
https://arxiv.org/abs/2301.06630
https://arxiv.org/abs/2409.19404
https://arxiv.org/abs/2409.19404


Just build better models guys
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Accuracy requirement? Not clear! Possible to estimate SNR at which bias will 
appear via:

From Thompson+25:

Challenges

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


Warm-to-hot takes:

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

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

● WF generation speed  has not been discussed, because I 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!

● Waveform modeling is both competitive (who has the best model) and 
collaborative (we steal borrow ideas from one another all the time!) 
→ we progress fast!

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

● Plenty of stuff to work on: what should the focus be?
○ If you have strong opinions, make sure to attend the panel this afternoon!
○ If you do not have strong opinions, attend either way: it will be fun I promise
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- SACRA vs BAM, evolution & ID
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probably more?
- New catalogs! SXS, ICC, …
- Tails! From theory/test-mass to simulations
- Relativistic non-linear tides, tidal spin
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