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Cosmic Web

Void Evolution




Void Formation

Void Evolution

an illustration




Void Formation




Cosmic Web & Voids
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Voids become increasingly

spherical, due to anisotropic
outward directed force

Any initial configuration tends
towards “bucket” shape

Except for gentlest initial
density profiles, a ridge forms




tending towards “bucket” shape,
the void outflow is one with

uniform velocity divergence
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Any initial configuration tends
towards “bucket” shape

Except for gentlest initial
density profiles, a ridge forms Ry abeht — ] ppasEatnapas
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Cautun et al. 2015




Isolated voids tend to become more
spherical as they expand and evolve
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Voids never isolated: run into neighbours
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Void evolution largely dominated
by large scale (tidal) environment:

¢, (comoving)
= [aV]
LI TTTT I TTrTT I TTTT

IIIIIIIIII“'-IIIIIL[

lllllllll[ll!]l

lIIIIIIllIIII IIIIII!III[III

05 1 15 2 05 1 15 =2
voids always represent a(t) a(t)
. ] 3 . TTT l TTTT ] TTTT I TTTT I TTT TTT I TTTT I TTTT I TTTT I | o
restricted density fluctuation: |z <1

F\J _Illllllllll[lllllll

a
ol
o

Vm/ v]-[

IIIIIIIIIIIl_llIIIILl

Evolution homogeneous ellipsoidal void in
external tidal field T,

IIIE

o
o

| I — l 11 1 l 1 10

lllllilll

f1

IIIIIIIII| IIIIIIIIIIIIIIIIIIIIIII

4
0.5 1 1.5 2 0 0.5 1 1.5 2 2.5
d’R 2 a(t) a(t)
dtzm =-27G O Pe + g_am P Rm _TmmRm

O
n

u







Bootes Void:
Substructure

BCOTES SUPERVOID
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| Bahecall-Soneira(B82) Rift

VIRGO BUPERVOID

Platen et al. 2009




Multiscale
Infrastructure
Voids:

manifestation

Hierarchical
Buildup of
Voids

Johan Hidding "
2012 -
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Void Substructure

Zoomin: 3levels

Substructure on
all scales:

amplitude
diminishing towards
smaller scales
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Void Hierarchy

Void formation: - via gradual merging of voids
- demolition of small voids

Dubinski et al. 1993
Van de Weygaert & van Kampen 1993
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Constrained Void Simulations:

Van de Weygaert 1991
vdW & van Kampen 1993

CRF formalism:

Bertschinger 1987
vdW & Bertschinger 1996




Hierarchical

Web Evolution:

Void hierarchy
expressed in
multiscale structure

velocity outflow

Spine, tp+bottom -
74 L u ,:* T

Aragon-Calvo & Szalay 2012




Dries, vdW & Hidding 2015




Void Dichotomy

Voids emerge out of

Primordial Gaussian Density Field:
)

Why is void population:




as voids expand and meet their
peers, they merge into ever
larger voids ...

when‘embedded within an

overdense or tidally sheared
region (filaments ...), weak voids
get squeezed out of existence...




Hierarchical

Web Evolution:

Adhesion simulation

buildup Cosmic Web




Extended Press-Schechter

Barrier Excursions

® Spherical linear collapse overdensi

e Collapse time:

e Initial density field:
prediction object formation time:

dependent on:

e Critical density value:




Void Evolution:
the Two-Barrier Formalism

Two critical barriers:
e embedded in underdensity
VOID-IN-VOID
e embedded in overdensity
VOID-IN-CLOUD
e to be counted in as voids, take only the ones who pass the void
barrier, but do not pass through the cloud barrier at larger scale

Void-in-Cloud:
e key towards explaining absence small voids
e small voids get demolished in overdensities
e population of cosmic “halos” dominated by small clumps (divergent)

—~——

void ranks dominated by voids ~ specific void size




Extended Press-Schechter

Barrier Excursions

e Spherical linear collapse overdensity:

e Collapse time:

Initial density field:
prediction object formation time:

dependent on:

Critical density value: cumulative random walk:
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Void Volume Distribution

e Small Void tail suppressed

e Peaked Void Size Distribution

e Self-Similar Evolution:

e Volume-filling:

e Excess Void Expansion:
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Void Population & Excursions

Two-barrier SvdW
void excursion set formalism:

correcting simple assumption
delta_v criterion:

Jennings et al. 2013:
void volume occupation constraints

dn/dinr (h/Mpc)?
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SDSS voids recovered velocity and density profiles
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SPES
void-galaxy
correlations &(o,)
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Paz, Ceccarelli, Padilla et al.
2013

Volume Limited Sample
Mr < -20.3
330 voids Z < 0.12
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