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The BORG inference framework

Bayesian Ongin Reconstruction from Galaxies

A A Bayesian Hierarchical Model

p
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k Negative ' Binomial) /

A The multimillion dimensional posterior distribution is
sampled viaddamiltonian Monte Carlo

Jasche & Wandelt 2013, 1203.3639 — Jasche, FL & Wandelt 2015, 1409.6308 — Lavaux & Jasche 2016, 1509.05040 — Jasche & Lavaux 2019, 1806.11117
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Redshiftcompleteness
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Lavaux & Hudson 2011, 1105.6107
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BORG at work: Bayesian chronemography

Initial conditions Final .conditions Observations
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67,224galaxiesf 17 millionparameters5 TB of primary data product§,0,000samples,
£ 500,000forward and adjoint data model evaluationk,5 millionCPUhours

Jasche & Lavaux 2019, 1806.11117
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BORGPM density field: full Hoear dynamics
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Mass profile of theComa clusterin
agreement with gravitational lensing and

' X-ray observations down to a feipc.
Jasche & Lavaux 2019, 1806.11117 — FL, Lavaux & Jasche, in prep.
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The phasespace structure of dark matter: tools

Delaunay
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Hahn & Angulo 2016, 1501.01959
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Lavaux & Wandelt 2010, 0906.4101

FL, Jasche, Lavaux, Wandelt & Percival 2017, 1601.00093
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Velocity field in theupergalactiplane

Thegravitationalinfall of known structures can be observed.

Prideaux-Ghee, FL, Heavens, Lavaux & Jasche, in prep.
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Number of streams and vorticity

Number of streams Velocity potential Norm of vorticity
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In earlier work (L. Jasche, Lavaux, Wandelt & Percival 2017, arXiv:1601.00093

Nitreams

these werepostdictions Thanks ta3ORGPNfull nonlinear dynamics),
we have now actuaineasurements with uncertainties.

Prideaux-Ghee, FL, Heavens, Lavaux & Jasche, in prep.
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The multtistream regime and velocity dispersion

A The breakdown of;; ~ 0
velocity dispersion or anisotropic stress due to the multiple

, describing the generation of

stream regime, is generlcally knownssellcrossing
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Taruya & Colombi 2017, 1701.09088
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Buehlmann & Hahn 2019, 1812.07489
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Velocity dispersion in the local Universe
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Prideaux-Ghee, FL, Heavens, Lavaux & Jasche, in prep.
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LICH Initial structures inferred by BORG
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Prideaux-Ghee, FL, Heavens, Lavaux & Jasche, in prep.
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LICH final structures inferred by BORG

A Clusters Filaments Sheets Voids
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Prideaux-Ghee, FL, Heavens, Lavaux & Jasche, in prep.
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How is information propagated%annon entropy:
H[P(T |d]——ZP 7)|d) logo(P(T;(%)|d))  in shannons (Sh)

Initial cgmndltlons Final cgnditions

FL, Lavaux & Jasche, in prep.
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How much did the data surprise UBdfmation gain:

P(T;(x)|d)\ .
DxiL[P(T(2)|d)||P(T)] = — ZP T)|d) logQ( (73((15“6-))| )) in shannons (Sh)
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FL, Lavaux & Jasche, in prep.
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A decision rule to build catalogues of objects

A{ LI OS 2F vy aGaAyLMzl FSIidz2NBagy
{Ty = potential void, T; = potential sheet, Ty = potential filament,
T3 = potential cluster, Ty = vortical void, T5 = vortical sheet,
Tg = vortical filament, T7 = vortical cluster}
A{ LI OS 2F od Gl OGA2Yyasy
{a; = “decide structure T;” for 0 < j < 7,
a_; = “remain undecided”}

ﬂA problem ofBayesian decision theary
one should take the action thahaximiseghe utility

U(a;(7)|d) = Z G(a;|T;) P(Ti(Z)|d)

A How to write down the gain functions?

FL, Jasche & Wandelt 2015, 1503.00730
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Gambling with the Universe

A One proposal: o
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FL, Jasche & Wandelt 2015, 1503.00730
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Pl ayi ng the

FL, Jasche & Wandelt 2015, 1503.00730 - FL, Lavaux & Jasche, in prep.
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