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The BORG inference framework

Bayesian Origin Reconstruction from Galaxies
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« The multimillion dimensional posterior distribution is
sampled vidHamiltonian 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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The 2M++ galaxy compilation
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Lavaux & Hudson 2011, 110
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BORG at work: Bayesian chrono-cosmography

Initial conditions Final .conditions Observations
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Supergalactiplane
67,224galaxies= 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 non-linear 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 phase-space structure of dark matter: tools

Delaunay
tessellation of Abel, Hahn & Kaehler 2012, 1111.3944
elementary Shandarin, Habib & Heitmann 2012, 1111.2366

Hahn, Abel & Kaehler 2013, 1210.6652
Hahn & Angulo 2016, 1501.01959
Sousbie & Colombi 2016, 1509.07720
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Generalises DIVA,
Lavaux & Wandelt 2010, 0906.4101

53 53
FL, Jasche, Lavaux, Wandelt & Percival 2017, 1601.00093
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Velocity field in the supergalactic plane
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Thegravitationalinfall of known structures can be observed.

FL, Lavaux & Jasche, in prep.

Florent Leclercq Cosmic web analysis and information theory 7



Number of streams and vorticity

Number of streams Velocity potential Norm of vorticity
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In earlier work l(@@ﬂ@r@qﬂ Jasche, Lavaux, Wandelt & Percival 2017, arxnv:ﬂﬁ@m@@%),

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

FL, Lavaux & Jasche, in prep.
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LICH initial structures inferred by BORG

N Clusters Filaments Sheets Voids
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FL, Lavaux & Jasche, in prep.
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LICH final structures inferred by BORG

N Clusters Filaments Sheets
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FL, Lavaux & Jasche, in prep.
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How is information propagated? Shannon entropy:
H[P(T(Z)|d)] = ZP 7)|d) log,(P(Ti(Z)|d))  in shannons (Sh)

Initial c%ndltlons Final conditions

FL, Lavaux & Jasche, in prep.
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How much did the data su rprise US?  Information gain:

Dy [P(T(&)|d)||P(T)] = — ZP #)|d) log, ngyd)

Inltlal condltlons Final cgnditions

in shannons (Sh)
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FL, Lavaux & Jasche, in prep.
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A decision rule for structure classification

-Space of 8 *input features’”:
{Ty = potential void, T; = potential sheet, Ty = potential filament,
T3 = potential cluster, Ty = vortical void, T5 = vortical sheet,
T = vortical filament, T7 = vortical cluster}

-Space of 9 “actions’”:
{a; = “decide structure T;” for 0 < j < 7,
a_; = “remain undecided” }

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

Ula;(7)|d) = ZG(%‘ITz’) P(Ti(z)]|d)

* How to write down the gain functions?

FL, Jasche & Wandelt 2015, 1503.00730
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m potential voids
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One proposal: O vortical clusters
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Gambling with the Universe
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FL, Jasche & Wandelt 2015, 1503.00730
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M potential voids O vortical voids

@ potential sheets O vortical sheets

O potential filaments O vortical filaments
@ potential clusters O vortical clusters

AR A B undecided

Playing the game...
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The Aquila Consortium

* Created in 2016. Members from the UK, France, Germany &
Sweden.

« Gathers people interested in developing the Bayesian
pipelines and running analyses on cosmological data.

The Aquila consortium Overview Wiki People Projects Publications Talks Contact Q
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Data science meets the Universe. ===

wThe Aquila consortium for Bayesian Large Scale Structure
inference.

Our mission

We are an international collaboration of researchers interested in developing and applying cutting-edge statistical inference
techniques to study the spatial distribution of matter in our Universe. We embrace the latest innovations in information theory
and artificial intelligence to optimally extract physical information from data and use derived results to facilitate new
discoveries.

Get notified when new results are published [\r@AquilasScience’

Our latest results

www.aguila-consortium.org
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Conclusions
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