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Ine a cosmic void:

 Hoffman et al. 1982

 El-Ad & Piran 2000

* Padilla, Ceccarelli, Lambas 2005

« ZOBOV Neyrinck 2008 (e.g VIDE)... and many more...

it o

- # Types of void finders:
4 - Integrated density
'Y  (in mass or in halos)

N~ : — Using the diff. density field,
ogiegige. “ by smoothing or
< " 8 tessellating the space
B - Analyzing the dynamics
{1~  (orbits, hessian matrix,
g grav. potential)

Colberg et al. 2008

n what you want to do...



y voids?

* Plenty of reasons:
— Curiosity: Obvious features of the LSS
— Coherent velocity fields
— Primordial environment to study galaxy formation

- They are sensitive to the cosmological model:
|. Matter content and growth rate (recall Carlos Correa talk)
Il. Dark energy models (e.g. Pisani et al. 2015)
lll. Modify gravity models (e.g. Cal, Padilla & Li 2014)
V. Neutrino mass (e.g. Massara et al. 2015)

Mostly based on void-galaxy cross correlation and
void abundance statistics
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Figure 6. Marginalised lkelihood distributions onto the £, - 2 plane tor the case PR = 30 h“'h‘i!‘ﬁ: tor gach MXXL snapshot. From
the inner to the outermost, the coloured contour levels enclose 1o (68.3%), 20 (95.5% ) and 3o (99.7%) confidence regions, Dashed lines
indicate the respective MX XL wvalaes, whereas the white orosses, the best Bt valoes.

ea et al. 2019 (MNRAS in press)
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FIG. 16, Parameter constraints on the dark energy equation of state w, curvature Qg and Hubble constant Hy in 2-parameter
extension to the standard Hat ACDM cosmological model referred to as owCDM, comparing the results for the combination
of Planck with BOSS consensus results [16] (red contours), and with the addition of the CMASS void results from this work
(blue). Contours enclozge G8% and 95% of the probability. The improved Alcock-Paczynsld measurement provided by our void

analvsis significantly tightens constraints on dark energy and curvature in this class of models without the need for additional
primary data.

al. 2019 (submitted 1 April )




boratories

A hierarchy of voids: Much ado about nothing

SVdWwW model, 2003

T A AR ok EA A LR AR R BN A
-
"

B 4 Tt 2
Ravi K. Sheth! & Rien van de Weygaerl
'Dl:;.lt. of Plegaice ond Asbronemgy, Urnesewily of Prédeburgl, ST O ifeen Ji PA 152600, L5
z.l'l.'||;.|l|f_|||f.| Foglifale, Dovveesdy of Corvnieagin, PO, How NINL ST00F A1 Choomengen, The Naifusd
Emwail; rhed 20k, sfu wepgoert fosbre. rugonl

e AR E *
;:& L Ny _ o i _.

- -
= " - =
L 4 -

Excursion set theory can be used to predicts
the void abundances
(Markov process)

The model depends on the cosmological
parameters

Works for voids defined over the mass

Do not work properly for voids identified over
biased tracers
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The abundance of voids and the excursion set formalism
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Figure 5. An illustration of a spherical void identifled using the
goncs output from ZODBOY after Voronoi tesscllation of the re-
gion, The Void # 1 cutput from ZOBOV given in Table [ is
shown as three shaded zones, a {klue), & (red) and ¢ {cyan). The
core particle of zone & is shown as a green cross while the void
we dentily in this region of a1 piven densily s shown as B gresan

circle.

derdensity Voids

Padilla and friends...
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Figure 1. Slice of the numerical simulation box, corresponding o 100 =
z < 110h~"' Mpec, showing the positions of semi-analytic galaxies (black
dots) and voids found from the galaxy positions {grey dots). The circles
indicate the spatial extent of the voids,




Cosmological exploitation of cosmic void statistics

New numerical tools in the CosmoBolognalLib to extract cosmological
constraints from the void size function

& > - +3 3
Tommaso Ronconi!-? and Federico Marulli®*+*

I SISSA - International School for Advanced Studies, via Bonomea 265, I-34136 Trieste, |
* Dipartimento di Fisica e Astronomia - Universita di Bologna, viale Berti Pichat 6/2, I-40
4 INAF - Osservatorio Astronomico di Bologna, via Ranzani 1, 1-40127 Bologna, ltaly

* INFN - Sezione di Bologna, viale Berti Pichat 6/2, I-40127 Bologna, Ttaly

CosmoBolognalib is a friendly and useful
library on C++ for a wide variety of
cosmological and LSS analyzes.

It has a cleaning module to filter void catalogs
allowing comparison with models

The cleaning on ZOBOV/VIDE is large

When running over integrated density
voids the cleaning algorithm keeps
everything

" — Vin
iy ¥ :l. s T e VIDE suneleaned
- r& v a - & (.”PH.I:J skep 1
o v [ ] 1% Clean step 1 +2
¥ -3p B Cleanstepl 4243
flry
=
T
-2
& 4
E b
E te.t
% 5 r )
6l ; ‘ . j :
1 10 50

r [Mpe/h

Fig. 2. The void size function at the different steps of the cleaning pro-
cedure. The blue dots show the distribution of voids detected by VIDE
from a ACDM N-body simulation. The green triangles are obtained by
applying both the ry, -t criterion and the central density criterion
(first step). The red upside-down triangles show the void distribution
after having rescaled the voids (second step), while the orange squares
are the final output of the cleaning al gorithm in case the larger-favoured
overlapping criterion chosen (third step) is the decreasing central den-
sity (for the density contrast criterion see Fig. D.1 in the Appendices).
The black line shows the Vdn model prediction.



on spherical (vaN friendly?)
IoNs (abundance theory friendly)

The ReCipe: Hardin, Michaels, Saff 2016
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Ruiz et al. 2013: Spherical Voids (as Nelson’s good friend)
1) Maximal Sphere (maximum size, not overlapped)
a) Seeded on low density Voronoi cells (o < dseed). [ PRI
b) Radius increases up to a density threshold (A < Aiim). SRR e RErRR e
c) Random walking around center until converges Healpix Fibonacci '
d) Overlapping cleaning

The Popcorn correction: add more spheres to fill the void:
2) Over each Maximal Sphere we seed new spheres following
a Fibonacci covering

15

3) Each seed is expanded again keeping only the largest one
for which the join space of accepted sphere satisfy A < Alim

10

4) The whole surface is covered again removing seeds inside
the region.

5) The queue of seeds is visited depending on the sphere size
of the root sphere

6) The process is repeated from 3) until no sphere could be g B i ——— =
expanded without satisfying A < Alim or its volume 9 5 10 15 2
contribution is below certain threshold (5% to 10%) Y

eres satisfying the criteria A < Aiim




ting the volume

* How to compute the volume of an arbitrarily system of spheres is not trivial
(analytic formula only available for the case of 2 spheres).

* Montecarlo integration is expensive and imprecise.

 Luckily this was solved on the context of Chemistry:

ARVO: A Fortran package for computing the solvent accessible
surface area and the excluded volume of overlapping spheres
via analytic equations ™

Jan Busa *™¢, Jozef Dzurina ™, Edik Hayryan *¢, Shura Hayryan ®, Chin-Kun Hu **,
Jan Plavka "¢, Imrich Pokorny "¢, Jaroslav Skiivanek "¢, Ming-Chya Wu *

L Institute of Physics, Academia Sinica. Nankang, Taipei 11529 Taiwan
b Depariment of Applied Mathematics, Technical University i Kodice, 040 01 Kosice, Slovak Republic
€ Labomtory of Computing Technology and Automation, Jeint Institute for Nuclear Research, Dubna, Russia

Received 25 September 2003; accepted 4 August 2004

* These results were verified using montecarlo integration being 100x more faster and just limited
by floating point precision.




Ical Voids

Spher

Slide at Z=600 LCDM 1024 an 1000 Mpc
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AP or RSD).

b/a ve o/b Nmem==3 Halo shapes isocontours

The shape is computed using a

' montecarlo approach:
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— Integrated density A and normal velocity V

Void in Cloud (S-type, Ceccarelli et al. 2013) -
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This work (A < 0.9) Halo mass > 10%°
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Preliminary results seems promising (at least for me)....
a proper modeling of halo-void bias is needed




The use of voids as cosmological probes is not only potential is a reality

Void galaxy cross correlation probes have some systematic errors (recall Carlos
talk) however they are now been used on real data

In contrast, studies of the abundance face serious problems due to the bias
effect on theoretical modeling

Geometrical and dynamical distortions on abundance measurements are
correctly assessed (Correa et al. in preparation)

Integrated density void finders seems to relate more naturally with the models

However assuming spherical shape produces some deviations from models like
VdN

Our new void definition have the potential to
describe more accurately abundances while
recovers other sources of information like the
void shape.

However our work is in progress (tons of to-dos)
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