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The BORG SDSS run
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ObservationsFinal conditionsInitial conditions

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

Jasche, FL & Wandelt 2015, arXiv:1409.6308
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COLA: COmoving Lagrangian Acceleration

ÅWrite the displacement vector as:

ÅTime-stepping (omitted constants and Hubble expansion):
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: :

Tassev & Zaldarriaga 2012, arXiv:1203.5785
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Tassev, Zaldarriaga & Einsenstein 2013, arXiv:1301.0322
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Non-linear filtering improves the fit

4FL 2015, arXiv:1512.04985 (chapter 7)
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DARKMATTERVOIDS
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Identification of 
voidsVIDEGalaxies

Dark matter voids: pipeline

ωBiased tracing 
of matter

ωLimited 
number

ωSelection 
effects

Galaxies

ωQuantification 
of 
uncertainties

ωInference of 
Dark Matter

ωBias model

BORG
ωDark matter 
field

ωHigh density 
of tracers

Non-
linear 

filtering

Identification of 
voidsVIDE
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Why BORG? How?

& 
Sutter et al. 2013, arXiv:1309.5087

Sutter et al. 2013, arXiv:1311.3301

VIDE toolkit: Sutter et al. 2015, arXiv:1406.1191

www.cosmicvoids.net

based on ZOBOV: Neyrinck 2007, arXiv:0712.3049

FL, Jasche, Sutter, Hamaus & Wandelt 2015, arXiv:1410.0355

http://www.cosmicvoids.net/
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BORG unveils many more voids

Voids are 

objects:
10x more voids require 100x 
more galaxies!
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Void number function

Voids in constrained
regions only

FL, Jasche, Sutter, Hamaus & Wandelt 2015, arXiv:1410.0355
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Reduction of statistical uncertainty in voids catalogs

8

Ellipticity distribution Radial density profile

FL, Jasche, Sutter, Hamaus & Wandelt 2015, arXiv:1410.0355
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PHASE-SPACEPROPERTIESOFDARKMATTER
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Inference of the dark matter phase-space sheet

ÅThe dark matter phase-space 
sheet has been studied so far in 
simulations

ÅBORG infers 

in real data

ÅIdentified structures have a 

direct
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Neyrinck 2012, arXiv:1202.3364

Abel, Hahn & Kaehler 2012, arXiv:1111.3944

Shandarin, Habib & Heitmann 2012, arXiv:1111.2366

e.g.

FL, Jasche, Lavaux & Wandelt 2016, arXiv:1601.00093
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2LPTCOLA

Non-linear filtering improves density samples
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Abel, Hahn & Kaehler 2012, arXiv:1111.3944

Hahn, Abel & Khaeler 2013, arXiv:1210.6652

Hahn, Angulo & Abel 2015, arXiv:1404.2280

Tessellationof the initial gridof particles,
then Lagrangiantransport

flow tracers

mass tracers

FL, Jasche, Lavaux & Wandelt 2016, arXiv:1601.00093
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Lagrangiantransport of the velocity field
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see Hahn, Angulo & Abel 2015, arXiv:1404.2280

Jasche, FL & Wandelt 2015, arXiv:1409.6308

Velocityfield: 2014 vs 2016

FL, Jasche, Lavaux & Wandelt 2016, arXiv:1601.00093
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BAYESIANANALYSISOFTHEDYNAMICCOSMICWEB
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Cosmic web classification procedures
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ÅThe :

uses the sign of                    : eigenvalues of the tidal field tensor, 
Hessian of the gravitational potential:

Hahn et al. 2007, arXiv:astro-ph/0610280

void, sheet, filament, cluster?
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T-web structures inferred by BORG

FL, Jasche & Wandelt 2015a, arXiv:1502.02690

Final conditions
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T-web structures inferred by BORG

FL, Jasche & Wandelt 2015a, arXiv:1502.02690

Initial conditions
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Cosmic web classification procedures
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ÅThe :

uses the sign of                    : eigenvalues of the tidal field tensor, 
Hessian of the gravitational potential:

Å :

uses the sign of                    : eigenvalues of the shear of the 
Lagrangiandisplacement field: 

Å :

uses the darkƳŀǘǘŜǊ άǇƘŀǎŜ-ǎǇŀŎŜ ǎƘŜŜǘέ όƴǳƳōŜǊ ƻŦ 
orthogonal axes along which there is shell-crossing)

Hahn et al. 2007, arXiv:astro-ph/0610280

Lavaux & Wandelt 2010, arXiv:0906.4101

Falck, Neyrinck & Szalay 2012, arXiv:1201.2353

Lagrangian
classifiers

void, sheet, filament, cluster?

now usable 
in real data!

and manyothersȣ
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FL, Jasche & Wandelt 2015a, arXiv:1502.02690

FL, Jasche, Lavaux & Wandelt 2016, arXiv:1601.00093 18
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COSMICWEBCLASSIFICATION

USINGDECISIONTHEORY

19



Florent Leclercq (ICG Portsmouth) Cosmicweb analysiswith the BORG SDSS run

A decision rule for structure classification

Å{ǇŀŎŜ ƻŦ άƛƴǇǳǘ ŦŜŀǘǳǊŜǎέΥ

Å{ǇŀŎŜ ƻŦ άŀŎǘƛƻƴǎέΥ

ÅA problem of :
one should take the action that maximizes the utility

ÅHow to write down the gain functions?

20FL, Jasche & Wandelt 2015b, arXiv:1503.00730
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ÅOne proposal:

ÅWithout data, the expected utility is

Å²ƛǘƘ            Σ ƛǘΩǎ ŀ fair game always play

ά έ ƻŦ ǘƘŜ [{{

ÅValues             represent an aversion for risk 

ƛƴŎǊŜŀǎƛƴƎƭȅ άέ ƻŦ ǘƘŜ [{{

Gambling with the Universe

21

ά²ƛƴƴƛƴƎέ

ά[ƻƻǎƛƴƎέ

άbƻǘ ǇƭŀȅƛƴƎέ

άtƭŀȅƛƴƎ ǘƘŜ ƎŀƳŜέ

άbƻǘ ǇƭŀȅƛƴƎ ǘƘŜ ƎŀƳŜέ

voids
sheets
filaments
clusters

1.74

7.08

3.83

41.67
(T-web, final conditions)

FL, Jasche & Wandelt 2015b, arXiv:1503.00730
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0ÌÁÙÉÎÇ ÔÈÅ ÇÁÍÅȣ
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Final conditions

voids

sheets

filaments

clusters

undecided

Initial conditions

FL, Jasche & Wandelt 2015b, arXiv:1503.00730


