Cosmic web analysis with the BORG SDSS rt

Florent Leclercq

Institute of Cosmologgnd Gravitation, University of Portsmouth
http://icg.port.ac.uk/~leclercg/

{CG N LR

Portsmouth

October 3% 2016

In collaboration with:
Nico Hamaug.mu) Jens JaschExcC Universe, Garchinguilhem Lavaugapr),
Will PercivalicG)Paul M. Sutte(onhio State U,) Benjamin WandelgAp/u. lliinois)


http://icg.port.ac.uk/~leclercq/

Ipc/h|

\

1

T

The BORG SDSS run
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334,074galaxiesf 17 millionsparameters,3 TB of primary data products,
12,000samplesf 250,000data model evaluationsl,0 months on 32 cores

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

AWrite the displacement vector ass = Sy.pT + SMC

Tassev & Zaldarriaga 2012, arXiv:1203.5785

A Timestepping (omitted constants and Hubble expansion):

Standard:
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Tassev, Zaldarriaga & Einsenstein 2013, arXiv:1301.0322
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Non-linear filtering improves the fit
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Dark matter voids: pipeline

Why BORG? How?
SparSity & Bias VIDE toolkit: Sutter et al 2015, arXiv:1406.1191

WWW.cosmicvoids.net

Sutter et al. 2013, arXiv:1309.5087
Sutter ef al 2013, arXiv:1311.3301 based on ZOBOV: Neyrinck 2007, arXiv:0712.3049

uBiased tracing wQuantification
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: imi uncertainties Identification of
Galaxies number BOR nference of voids
uSelection Dark Matter
effects uBias model

FL, Jasche, Sutter, Hamaus & Wandelt 2015, arXiv:1410.0355
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http://www.cosmicvoids.net/

BORG unveils many more voids|{ -

Void number function

BN SDSS galaxies (diml sample)
SDSS galaxies (bright1 sample)

11 BORG reconstructions
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11 dark matter simulations

\Voids in constrained
regions only

Voids arePoisson-
dominated objects:
. . . . . . . 10x more voids require 10C
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Ry [Mpc/h] more galaxies!

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




Reduction of statistical uncertainty in voids catalogs

Ellipticity distribution Radial density profile
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Inference of the dark matter phasespace sheet
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FL, Jasche, Lavaux & Wandelt 2016, arXiv:1601.00093
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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

FL, Jasche, Lavaux & Wandelt 2016, arXiv:1601.00093
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Lagrangiantransport of the velocity field

see Hahn, Angulo & Abel 2015, arXiv:1404.2280

Velocityfield: 2014 vs2016

FL, Jasche, Lavaux & Wandelt 2016, arXiv:1601.00093 |E\



BAYESIANANALYSISOFTHE DYNAMICGOSMICWVEB




Cosmic web classification procedures

void, sheet, filament, cluster?
A TheT-web:

uses the sign oft1, fo, (13 . eigenvalues of the tidal field tensor,
Hessian of the gravitational potential:  T;,(x) = 9,0, P(x)
Hahn et al 2007, arXiv:astro-ph/0610280
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T-web structures inferred by
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FL, Jasche & Wandelt 2015a, arXiv:1502.02690
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T-web structures inferred by

400 g

Initial conditions,,

300 ;‘3

—x [1\[1)0//1}

—a [Mpc/h]

400

300

Mpc/h]

200

—

-z '[l\Ip(-/h]

100

500

400 500 0 100 200 300 400
z [Mpc/h)

0 100 200 300
z [Mpc/h)

FL, Jasche & Wandelt 2015a, arXiv:1502.02690




Cosmic web classification procedures

void, sheet, filament, cluster?
A TheT-web:

uses the sign oft1, fo, (13 . eigenvalues of the tidal field tensor,
Hessian of the gravitational potential:  7;;(x) = 0;0,P(x)
Hahn et al 2007, arXiv:astro-ph/0610280

A DIVA:

uses the sign oh1, A2, A3 : eigenvalues of the shear of the

Lagrangiamlisplacement fleld: Rem(q) = 0 Ve(q) L agrangian
Lavaux & Wandelt 2010, arXiv:0906.4101 classifiers

A ORIGAMI : now usable

uses thedarkY I G 0 S NI ALIOISA & KSS U ¢ |06 yhoadses
orthogonal axes along which there is skatbssing)
Falck, Neyrinck & Szalay 2012, arXiv:1201.2353

andmanyothers8




Comparing classifiers
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FL, Jasche, Lavaux & Wandelt 2016, arXiv:1601.00093
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A decision rule for structure classification

A{ LI OS 2F dGAyLzi FSIFidz2NBagy
{Ty = void, Ty = sheet, Ty, = filament, T3 = cluster}

A{ LI OS 2F alFOUAZ2Yyacty

{ag = “decide void”, a; = “decide sheet”, as = “decide filament”,

az = “decide cluster”, a_; = “do not decide”}

5% A problem ofBayesian decision theory:
one should take the action that maximizes the utility

Ula;(Zx)]|d) = ZG(%ITz’) P(Ti(Zy)|d)

A How to write down the gain functions?

FL, Jasche & Wandelt 2015b, arXiv:1503.00730




ALos /.08 (T-web, final conditions)
@ voids

@ sheets

O filaments

O clusters
1.74

Gambling with the Universe

AOne proposal: , 1

Py ° if jef0,3]andi=j &a2AayyAry3s
Glaj|Ti) =4 _, if j€0,3]andi#£; o[ 22aAy3IE
( 0 if j=—1. ab2G LI &

A Without data, the expected utility is
Ul@j)=1—a ifj#1 attlreay3a (kS
Ula_1) =0 ab2d LIXLFeAy3
A2 A K 1 fair game=) alway&play G Q& I
=) cspeculativemapé 2 F G KS [ {{
AValuese > 1 representaversion for risk
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FL, Jasche & Wandelt 2015b, arXiv:1503.00730
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