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The BORG inference framework

ÅA Bayesian Hierarchical Model:

ÅThe multi-million dimensional posterior distribution is 

sampled via Hamiltonian Monte Carlo.

initial conditions

total evolved matter density

biased galaxy distribution

selected sample

galaxy number count:
random extraction (Poisson)

Bayesian Origin Reconstruction from Galaxies

Jasche&Wandelt2013,1203.3639ÙJasche,FL&Wandelt2015,1409.6308ÙLavaux&Jasche2016,1509.05040ÙJasche&Lavaux2018,1806.11117
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The BORG SDSS analysis

ObservationsFinal conditionsInitial conditions

334,074galaxies, Ғ 17 million parameters, 3 TB of primary data products, 
12,000samples,Ғ 250,000 data model evaluations, 10months on 32 cores

Jasche, FL & Wandelt 2015, arXiv:1409.6308
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BORG infers the evolution of cosmic structure

Jasche, FL & Wandelt 2015, arXiv:1409.6308
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BORG infers Lagrangiandynamics in real data

ÅThedarkmatter phase-space
sheet has been studied so
far mostlyin simulations

ÅBORG infers Lagrangian
dynamicsin realdata

ÅIdentified structures have a
directphysicalinterpretation

Abel, Hahn & Kaehler 2012, arXiv:1111.3944

Shandarin, Habib & Heitmann 2012, arXiv:1111.2366

Neyrinck 2012, arXiv:1202.3364

Sousbie & Colombi 2016, arXiv:1509.07720

e.g.

FL, Jasche, Lavaux, Wandelt & Percival 2017, arXiv:1601.00093

5



Tracing the dark matter phase-space sheet

ÅDelaunay tessellation of elementary Lagrangiancubes

FL, Jasche, Lavaux, Wandelt & Percival 2017, arXiv:1601.00093

Abel, Hahn & Kaehler 2012, arXiv:1111.3944 ÙShandarin, Habib & Heitmann 2012, arXiv:1111.2366 Ù

Hahn, Abel & Kaehler 2013, arXiv:1210.6652 ÙHahn & Angulo 2016, arXiv:1501.01959 Ù

Sousbie & Colombi 2016, arXiv:1509.07720
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Dark matter stream density

FL, Jasche, Lavaux, Wandelt & Percival 2017, arXiv:1601.00093
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