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HOW A PAPER COMES
INTO BEING
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Simbelmynë: an end-to-end code for synthetic galaxy surveys
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This step is the 
computational bottleneck

https://simbelmyne.florent-leclercq.eu/
https://arxiv.org/abs/1502.02690
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The tCOLA framework: temporal COmoving Lagrangian Acceleration (2013)
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https://arxiv.org/abs/1301.0322
https://arxiv.org/abs/1203.5785
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The real challenge of parallelisation: long-range gravity
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https://dl.acm.org/doi/10.1145/1465482.1465560
https://arxiv.org/abs/2010.03567
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Let’s define some concepts
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https://arxiv.org/abs/1802.03537
https://arxiv.org/abs/2107.07405
https://arxiv.org/abs/2410.07548
https://arxiv.org/abs/2502.13243
https://arxiv.org/abs/1811.06533
https://arxiv.org/pdf/1802.04271
https://arxiv.org/abs/2206.04594
https://arxiv.org/abs/2304.06099
https://arxiv.org/abs/2312.09271
https://arxiv.org/abs/2408.07699
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A first attempt at
spatial decoupling (2015)
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https://arxiv.org/abs/1502.07751
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Perfectly parallel cosmological simulations
using spatial comoving Lagrangian acceleration (sCOLA)
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non-local local
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https://arxiv.org/abs/2003.04925
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The ideas that didn’t work (2016-2017)
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Andrew’s suggestion (2018): why don’t you use the exact boundary conditions?
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https://dx.doi.org/10.1086/173417
https://dx.doi.org/10.1093/mnras/266.1.227


The solution to boundary artefacts and the perfectly parallel algorithm (2020) 
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https://arxiv.org/abs/2003.04925


Along these lines, we can do better in terms of accuracy! (2024-2026)
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THE STORY CONTINUES:
sCOLA LIGHTCONES
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Lightcones and mock catalogues with sCOLA
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sCOLA versus Gadget-4 lightcone simulations (2026)
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(PRELIMINARY)



The Silmarilli simulations (2026+)
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WAIT, DIDN’T YOU PROMISE 
SOME ML IN THIS STORY?
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The tCOCA framework: temporal COmoving Computer Acceleration (2024)
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LPT

tCOCA

MLres
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https://arxiv.org/abs/2409.02154
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Time stepping and force calculations in tCOCA

20

https://arxiv.org/abs/2409.02154


ML-safe use of neural networks
in N-body simulations

𝑘 = 1 ℎ/Mpc
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https://arxiv.org/abs/2409.02154
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Putting it all together (2026+): perfect parallelism & ML-safety
spatial comoving COmputer acceleration (sCOCA)
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Tiling for scaling field-level inference of initial conditions (BORG)
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https://arxiv.org/abs/1203.3639
https://arxiv.org/abs/1409.6308
https://arxiv.org/abs/1806.11117
https://arxiv.org/abs/1909.06396
https://arxiv.org/abs/2505.10682
https://arxiv.org/abs/2606.10020
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Conclusions: Potentially brilliant, a history of boundaries
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