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VOID_004 VOID_DO05 VOD_008 VOD_008 VOID_009
J121808.24+372644.1 J114303.01+404938.1 J10223527+453821.2 J151211.61+243344.1 J153132.44+343055.8
. g~ -
VOID 013 VOID D18 VOD 022 VOD 025 VOID 028
J092252 91+513243.6 J141016.05+472839 J104807.05+430525 4 J141326.45+503841.7 J103013.14+310650.4
»
- . - ~
VOID_035 VOID_038 VOD_041 VOD_051 VOID_055
J085453.6+181924.7 J144338 46+322002.7 J145650.984+313308.5 J121716.54+1247428 J114124.92+4152219
- » - '
VOID_061 VOID_D68 VOD_060 VOD_071 VOID_078
J145314 6+4620108 J093602.68+515638.6 J111020.61+134558 1 J142540.62+443835.3 J145000.32+324756.3
. ' '
VOID_080 VOID_088 VOD_0g8 VOD_114 VOID_121
J122123.12+303650. 4 J135836.3+2021214 J153035.83+264408 5 J154452.18+362845.6 J105042.23+315119.6
) > R4




SDSS Voids & Voids (Hal's
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Void Finding (SDSS & 6dF): poster Danny Pan (nr. 65)
present. Erwin Platen '




Void [ nvironment of Galaxi’cs

(see contributions Flatcn, 5tanonii<, )




[__mergence
of \oids:

basic characteristics



Primordial (iaussian Perturbations




Gravutatlenal lnstablllty

th

f’roto voids:
Frlmordlal dcnsntg chrcssmns




Void [Tormation

Origin of Voids:

e \oids natural Pro&uct gravitational instabilitg

. \/oicjs evolve out of Primor&ial underdensities:

UHACrécnsitg
Gravitg Deficit
Matter Emigration

J Frimorclial Densitg Troughs Fresent«Day voids




\/ond ]:ormatlon

cosmology: *"',ﬁ ‘ .~ i - by % ’ { ‘t j
Q. =1.0,[H,=70km/s/Mpc . ji' . . G

initial conditions: g R 5.
undcrc]cnsitg, h
R ~+h' Mpe -
Gaussian field, P() ~kos .5 -




Void f_volution.
Thc Fchcct 5 hcrc To E hat as wcu

_.{

Qe Bubblc Thcorcm”

Voids become incrcasinglg

5Phcrica|, due to anisotropic

outward directed force

® Tophat Con{:iguration

Ang initial con{:iguration tends
towards tonﬁat (“buckct”) 5!13}36

® Dcnsitg Ridge
Exccpt for ge ntlest

initial clensitg Pro{:ilcs, a riclge forms




oid E_x]:)ansion

® Supcrhubblc ExPansion
Tcncling towards “bucket? shapc,

the void outflow is one with uniform

vclocitg divcrgcncc:
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\oid Sociologyz

Interactions & Substructure



- as voids grow, theg collide with
surrounc]ging structures

-~ voids retain moderate c]ensitg Perturbations,
bg definition |6] < 1:
tidal influence of environment remains
rc]ativclg ]argc throughout a void’s life ...

~ complcx hierarchical bui]dup




Void [ nvironment

Local Universe
PSCz map
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Tidal ]nﬂucnccs: Aligning \/oids

‘-— Large Scale External Tidal Influences: |

Voids:
- are not spherical
- have distinct elongated shapes




P e /A,

e F o

zoom-in:

DTFE density +
WVF +

void orientation

i |

i

0

- }‘{fi* ;J\H




Filter Radius




Zooming in

over 3 lcvcls:

5ubstructurc on

CVCI’ﬂ 5C8|C:

AmP]itudc
diminishing at

sma“cr sca]cs




Hierarchical
= volution

(Sheth & vdW  2004;
Tigrak &vd\W 2009, Flatcn et al. 2009)



Hicrarchical Void Evolution

L]

Ao rangia
LJDFJ“DU”

* Density field represented
bg Particlcs

o Selectatz=3
particles of segmentation

(ie.in filaments and walls)

o Fo"ow the Particlcs

along their Patl‘:s




° Mcrging Voids
as voids cxpancl and

meet their peers, thcg

merge into ever 1argcr

voids ...

[N § WV
\L\\\\;\E /J

///[/

. Co”apsing Voids
W["ICI'I cmbcddcc‘

in ovcrclcnsitg, small

pi! %
74; 51’/"\3’\‘9 \x\\
" A

void co”apses along

\i rN il / / 22l R ;
12 14 12
h-t Mpc h-t Mpc

10 12
h-! Mpc
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fix-ans

e \oid E_xPansion & Qutflow

T wo modes void flows:
. Co"apsing Voids




Extcndcd Frcss~5chcchter

Barrier Crossing

e Spherical

linear collapse overdensity
A (r,S,,,t) > critical density 3,

Collapse time:
Acon (N = Oc/ Ay o1 Spy)

Precise prediction
object formation time
from initial field Ay, o(r,S;,)

—

Collapse Barrier: cumulative random walk:

dk
3

Critical density value: 0s(X; A) = /
EdS , QO:]': 80 ~1.69 |k|<k‘m
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0.8

volume-filling

|

0.4
0.2

0

N 9
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Void Merging T ree
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Non-local: \/oidPatch
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Void-Clustcr Dicl'notomy

> \oids emerge out of
F»rimordiai (Jr‘:rxsit}, (J@Pressiorxs
> [rimordial (yaussian Dr’:nsit},) ield:
,—';_fjmmr:‘r;rg overdense
underdense
> | wo-mode void evolution:

\/oid Poi@ulatiorx not dominated lr)t) small voids !




Void Ga]axg

™ nvironment

search for loneliest galaxies



Voids: Dark Matter

GIF

Simulation:

LCDM

DTTFLE c]cnsitg field




\/oids:

Dar‘c Matter vs. Galaxics

Mi"cnniUm

Simulation:

LCDM




SDSS Voids &
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051,

0.1

| . verylonely galaxy;
PR

1A

SDSS void near

Galaxy Typc

0.53

0.5

sampled by

galaxies different brightness:
no difference
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Watcrshcd Transform: Morse Theorg
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“Colliding SDSS Void 7

SDSS void near
very lonely galaxy

« “WVoid” galaxy in
tenuous wall

« Boundary between
two voids

« Amongst most lonely
galaxies in our vicinity:
ren > 4h*t Mpc

ng




“Colliding SDSS Void 7

a = 4.1 a =92 a = 16.5

« Are we seeing a
galaxy at the L S
crosspoint of two - { e -

merging voids ... ?

a=258 a=373 . a=510

£ ‘.‘:w‘;.
i
S A

a = 66.7 y ) a = 84.7 ] a = 1048




Declination (J2000)

WSKT: void galaxy kcy program

o |
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HI surface density HI velocity map HI position-velocity:
Juxtaposition: optical rotating disk/ring

]__oncly Po'ar ring ga'axy

(Stanonik et al. 2009: see Stanonik poster)



2000)

Declination (J:

WSRT void galaxy kcg program

52 i’f)'-l’)"'

>

No ‘detectable starlight in polar ring

35'00"

S\
‘/\@/

1oh2gm24s

ght Ascension (J2000)

HI contours + optical + UV

Galex UV map,
central “star cluster”: active star formation

Loncly Po'ar rng ga'axy

(Stanonik et al.

2009: see Stanonik poster)



(Cold Flow Accretion from Voids 2

+62°36'00")

Declination (J2000)
Velocity (km/s)
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Right Ascension (J2000)




LEEG: ]__onc|3 & E_mpty [ nvironment (Ga
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Voidé (ﬁapping disk); Voicho (tidal tail ?)

see Stanonik nr. 20 poster il



Summargz

e \/oid evolution marked bg environment
e \oids evolve Iﬁierarc:f‘uica"y:
2 Void Frocesses: Merging & Co”apsc
e \Void distribution Pea‘ccd around characteristic scale
o Kcmnants of Protovoid gcomctrg: void substructure

« \Void hicrarchy manifest in void galaxg mor]:)hologg ?



