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n stars and fundamental physics

Neutron star mergers and multimessenger observations probe

® Equation of state of ultradense matter [1]
® Expansion of the universe (Hp) [2]

e Tests of GR, populations, nucleosynthesis,...
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Challenges for Einstein Telescope

e Einstein Telescope
® ~ 30,000 binary neutron star mergers/year
® ~ 100 with detected electromagnetic counterpart

¢ Challenge: Data analysis (Bayesian inference) needs to scale up:
® Single-event: analyze each event independently
® Population: combine events into science insights

e Solution: GPU-acceleration x algorithm innovations
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Single-event
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Single event: slice-within-Gibbs sampler (2607 .28265)

® Waveform generation is expensive

e Slice-within-Gibbs [3]: move in 'blocks’
° : new waveform generations, cached

® Fast: projections, reuse cache

e Inference (for LVK signals!) in 15 mins with no approximation, or
faster than signal duration (128 s) with relative binning
[1 Relative binning

[ Full likelihood, 4 GPUs
[] Full likelihood, 1 GPUs

(A — Inner Kernel Development
Custom Slice within Gibbs (SwiG)
/ Improved mixing (This Work)
/ Fast-slow optimisation
+/ Simple blacke integration
Custom GW kernel

128s
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Towards ET with the BeNL community

® Development extended towards ET signals
® RIPPLE ©): state-of-the-art waveforms (talk by Robin)
® 1M ©): developing samplers (Thomas C. K. Ng)

e Strong BeNL presence (Harsh Narola, Peter T. H. Pang, Fabian
Gittins, Isaac C. F. Wong,...)

Robin Chan Thomas C. K. Ng
RN =
8

-

New hardware-accelerated and accurate gravitational waveform
approximants for fast parameter estimation

[# Oct 9, 2026, 11:50 AM

@® 20m
9 Aula Magna RIPPLE JIM
/\ GPU-accelerated Bayesian inference for diffracted gravitational
+ Jef Heynen, Mick Wright, wave signals

Justin Janquart for lensing!
13 Oct 8, 2026, 5:50 PM
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https://github.com/GW-JAX-Team/ripple
https://github.com/GW-JAX-Team/jim

Population — equation of state
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Equation of state inference with JESTER

® Target: Equation of state (EOS) posterior from N events d;
P(9E0S|{d1, e dN}) X ﬁ({dl, e dN}‘eEos) X W(GEOS)

e Sequential Monte Carlo: particles from prior to posterior through a
sequence of intermediate densities p;

® JESTER ©) [4]: used by LVK and ET
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https://github.com/nuclear-multimessenger-astronomy/jester

Likelihood tempering vs. data tempering

@ Likelihood tempering:
pe(0) < L({dh,...,dn}|0)"7(0) Br:0—1
® Data tempering:
p:(0) x L({d1,...,d:}|O)m(0) t:1— N

Likelihood tempering Data tempering
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Adaptive hybrid algorithm (2610.07975)

e ET catalogs will grow rapidly: sequentially update posteriors [5]
e Effective sample size (ESS): metric for adaptive batching

® Use likelihood tempering for robustness

Current posterior Data tempering
P(Opos | {d,, - d,}) Build queue of new events
dy iy dyyis dn*q
observe

O ESS>a OESS>(1 ESS>0¢Q

Oros Update posterior
Run likelihood tempering
n—n+q togetp(Opos|{dy,....d, . }) ESS<a

A )
0EOS
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Proof of concept (2610.07975)

® Toy catalogue: 1 month of binary neutron stars (GW) (~ 1500)
® Runtime ~ 2 hrs; expectation for 1 year: ~ 2 days

® Processing events ‘in real time’, as we will do it ~ 10 years from now!

Batch number
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Proof of concept (2610.07975)

® Toy catalogue: 1 month of binary neutron stars (GW) (~ 1500)
® Runtime ~ 2 hrs; expectation for 1 year: ~ 2 days

® Processing events ‘in real time’, as we will do it ~ 10 years from now!

Batch number
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Population — equation of State + cosmology
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recasts (2607 .28438)

® Multimessenger forecasts (1 year of mergers) for population +
equation of state 4+ cosmology [6] with JESTER

® GW + kilonova + GRB afterglow on CPU (NMMA €))

¢ Single-event analysis becoming the bottleneck

— narrow+ETL narrow+ETA
— wide+ETL wide+ETA

Population + Equation of state + Cosmology
-aw

+ host z _é"*‘
+ light curve
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https://github.com/nuclear-multimessenger-astronomy/nmma

Conclusions

* Challenge: ET will see O(10*) binary neutron
star mergers per year

® Solution: GPU X algorithmic innovations
® Single-event: slice-within-Gibbs
® Population: sequential Monte Carlo

® Results:

® ripple, jim:
® LVK signals (and lensing!)
® ET under development

Data tempering

® jester

® Scale to O(10%) sources

® Multimessenger forecasts

A

® Strong BeNL presence! , i, o
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Zero noise results
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