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Known 
luminosity



8 / 76Alice Pisani — CPPM (France) — Cosmology with voids @ Summer School — 18 July 2017

CDM
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1977

Credit:  Thompson and 
Gregory 1977

EinastoAbell Longair

Credit: Jaan Einasto private collection
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1986

Credit:  de Lapparent 
et al. 1986
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complex filamentary 
supercluster structures

emptier 
(not empty!) regions 
from 10 to 100 Mpc/h

Sloan Digital Sky Survey
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galaxies voids

VIDE: Void IDentification and Examination

?
Sutter, P. M., Lavaux G., Hamaus N., Pisani A., Wandelt B. D. et al., Astronomy & Computing (1406.1191) (ZOBOV, Neyrinck 2008)
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galaxies Voronoi
tessellation

TESSELLATION

TESSELLATION
VORONOI

Galaxy
All points 

closer to the 
tracer than 
to any other 

point

⇢
local

=
1

V
cell

A tesselation with a physical meaning

VIDE: Void IDentification and Examination

Local density 
estimation

Sutter, P. M., Lavaux G., Hamaus N., Pisani A., Wandelt B. D. et al., Astronomy & Computing (1406.1191) (ZOBOV, Neyrinck 2008)
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Icke & Van de Weygaert (1987)
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galaxies Voronoi
tessellation 

Watershed
transform

Merge basins if the wall 
between then is at a 

lower density.

Neyrinck 2008

VIDE: Void IDentification and Examination
Sutter, P. M., Lavaux G., Hamaus N., Pisani A., Wandelt B. D. et al., Astronomy & Computing (1406.1191) (ZOBOV, Neyrinck 2008)

Merge cells Platen et al. 2007
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Captures the 
shape of voids in 

detail

VIDE: Void IDentification and Examination

voids

27

Credit: Sutter et al.  2012

Sutter, P. M., Lavaux G., Hamaus N., Pisani A., Wandelt B. D. et al., Astronomy & Computing (1406.1191) (ZOBOV, Neyrinck 2008)

galaxies Voronoi 
tessellation 

Watershed
transform

A VOID

Captures 
hierarchical 
pattern of 

cosmic web

Takes mask into 
account
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Void finder choice

Depends on application (on what we wish to 
measure)  
Depends on the survey features ! 
Ex: VIPERS 

Take Home Message: Definition is not a problem, consistency is.
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�r?

�rk�z
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c�z = H(z)�rk

in the transverse direction�r?
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angular diameter 
distance

Hubble parameter

�r? = DA(z)�✓

physical sizes of the object 
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�r? = �rk

what we 
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c�z
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The deviations from 
fiducial cosmology 
cause geometrical 

distortions.
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1995
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cz = H0d+ vcos✓

zmeasured
z
cosmo
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Result I
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Result I
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Result I
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Result II

arXiv:1306.3052 (A. Pisani, G.Lavaux, P. M. Sutter, B. D. Wandelt 2013, MNRAS)

http://arxiv.org/abs/1306.3052


44/ 76Alice Pisani — CPPM (France) — Cosmology with voids @ Summer School — 18 July 2017

Line of sight
Projection Re-Projection
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arXiv:1306.3052 (A. Pisani, G.Lavaux, P. M. Sutter, B. D. Wandelt 2013)

Dim (5-15 Mpc/h) 

Result III

http://arxiv.org/abs/1306.3052
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HOD nopv 
versus 

HOD + pv
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HOD nopv 
versus 

HOD + pv
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arXiv:1506.07982 (Pisani, Sutter, Wandelt, 2015b)



53/ 76Alice Pisani — CPPM (France) — Cosmology with voids @ Summer School — 18 July 2017

arXiv:1506.07982 (Pisani, Sutter, Wandelt, 2015b)
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ArXiv: 14045618v2 ArXiv: 1602.06306
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     	 P. J. E. Peebles, The large-scale 
structure of the universe. 1980.  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Average real space 
void from SDSS DR7

ArXiv: 1403.5499 Hamaus et al. 2014, 1306.3052 Pisani et al. 2014
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Hamaus et al 2015 ArXiv: 1507.04363
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Hamaus et al 2016 arXiv: 1602.01784
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arXiv: 1602.01784
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arXiv: 1602.01784; Phys. Rev. Lett. 117, 091302  (Hamaus, Pisani, Sutter, Lavaux, Escoffier, Wandelt, Weller 2016)
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Hamaus, Cousinou, Pisani, Aubert, Escoffier, Weller 2017 ArXiv:1705.05328 
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Pisani, Sutter, Hamaus,  Alizadeh, Biswas, Wandelt, Hirata  — Phys. Rev. D 2015 arXiv:1503.07690
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Pisani, Sutter, Hamaus,  Alizadeh, Biswas, Wandelt, Hirata  — Phys. Rev. D 2015 arXiv:1503.07690
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Sloan Telescope 
Sacramento Mountains, Sunspot
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