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* voids are underdense regions in the large-scale structure

12h

* different void-finding algorithms:
* spherical
» watershed (zobov and voxel)

e different:
* voids
* void properties

200

* benefits Revolver
OFEH0)

Revolver EIE
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https://pylians3.readthedocs.io/en/master/index.html
https://github.com/seshnadathur/Revolver
https://bitbucket.org/cosmicvoids/vide_public/wiki/Home
https://github.com/seshnadathur/Revolver
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Cosmic voids

Great Lakes from space
Credit: SeaWiFS Project, NASA/Goddard Space Flight Center, ORBIMAGE
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Cosmic voids

* voids come in different shapes and orientations
* on average spherically symmetric — stacking

 stacking lowers noise in measurements
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voids come in different shapes and orientations
on average spherically symmetric — stacking

stacking lowers noise in measurements

Example: matter density 00;




voids come in different shapes and orientations

on average spherically symmetric — stacking

stacking lowers noise in measurements
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redshift-space distortions (RSD) LOS%

(constrains gravity through growth of structure)

Alcock-Paczynski effect (AP)

(constrains expansion history of the Universe)




Cosmic voids

redshift-space distortions (RSD) L0S
(constrains gravity through growth of structure)
* voids are spherically symmetric in real-space *

e peculiar velocities add RSD
 void shapes deformed

Alcock-Paczynski effect (AP)

(constrains expansion history of the Universe)

July 2023 Cosmology from Home | Sladana Radinovic¢ 12



Cosmic voids

redshift-space distortions (RSD) Los
(constrains gravity through growth of structure) 5
* voids are spherically symmetric in real-space *

e peculiar velocities add RSD
 void shapes deformed

Alcock-Paczynski effect (AP)
(constrains expansion history of the Universe)
* we infer distance from angles and redshift
e wrong cosmology gives wrong distance

 void shapes deformed
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Cosmic voids

redshift-space distortions (RSD)
(constrains gravity through growth of structure)
* voids are spherically symmetric in real-space
e peculiar velocities add RSD
 void shapes deformed

Alcock-Paczynski effect (AP)
(constrains expansion history of the Universe)
* we infer distance from angles and redshift
e wrong cosmology gives wrong distance

 void shapes deformed
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Void-galaxy cross-correlation function

* 3D cross-correlation function
* Landy-Szalay estimator:
Di1Dy — Di1Ry — DoRy + R1 Ry

gLS (Ta )u) —

R Rs
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Void-galaxy cross-correlation function

* 3D cross-correlation function

* Landy-Szalay estimator: 0.00 —
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Void-galaxy cross-correlation function

e coordinate transformation: real-space — redshift-space
* general expression:

velocity distribution function

TR o ACER) o

redshift space cross-correlation

S (o~ vrp)”
\/ﬁaw(r) 202 (r)

Y|

* assuming:
 void-galaxy pairs conserved
e (Gaussian velocity distribution (Gaussian streaming model, e.g. Paz et al. 2013, Cai et al. 2016)
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Void-galaxy cross-correlation function

e coordinate transformation: real-space — redshift-space
* general expression:

velocity distribution function

14}5””“L|:/1+£ NPy, x)dvy

redshift space cross-correlation

Alcock-Paczynski effect

T DE(z) Lo L
* assuming: . _ Du(2) T q

Q|| =

. ] D%‘l(,)
 void-galaxy pairs conserved

e (Gaussian velocity distribution (Gaussian streaming model, e.g. Paz et al. 2013, Cai et al. 2016)
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Void-galaxy cross-correlation function

e coordinate transformation: real-space — redshift-space
* general expression:

velocity distribution function

TR o ACER) o

redshift space cross-correlation

S (o~ vrp)”
\/ﬁavu (r) QUEH (r)

* assuming:
 void-galaxy pairs conserved
e (Gaussian velocity distribution (Gaussian streaming model, e.g. Paz et al. 2013, Cai et al. 2016)

* templates + linear continuity equation 1
vr(r) = —gfaHfrA(r) x fog

Elena Massara et al. 2022
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Reconstruction

* selection effects when finding voids in redshift space

* reconstruction recovers real-space positions
* (unlike in BAO analysis, only RSD removed)

Galaxy power spectrum quadrupole

* solve Zeldovich equation to get 150001 —— teal space
. . reconstructed real space
d IS p | a Ce me nt fl e | d & redshift space
5 é‘* 10000 1
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pOSitiOnS (Nadathur & Percival 2018) k[ Mpe™]
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Pipeline

* Run velocity field reconstruction on observed galaxy positions

Observed galaxy positions

* Find voids in the real-space galaxy field

Real-space positions

 Calculate vgCCF with:
1. real-space galaxies
2. redshift-space galaxies

* parameter estimation using MCMC
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Pipeline

* Run velocity field reconstruction on observed galaxy positions

Observed galaxy positions

* Find voids in the real-space galaxy field

reconstruction

Real-space positions

* Calculate vgCCF with:

1. real-space galaxies Void positions
2. redshift-space galaxies

* parameter estimation using MCMC
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Pipeline

* Run velocity field reconstruction on observed galaxy positions

Observed galaxy positions

* Find voids in the real-space galaxy field

Real-space positions

void finding (pick a finder)

 Calculate vgCCF with:

1. real-space galaxies Void positions
2. redshift-space galaxies
Get CCF
L . J \
* parameter estimation using MCMC £ (s ) € (r. 1)
Fit!
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Euclid

Copyright: ESA/C. Carreau

* launch: July 2023
 galaxy clustering and weak lensing

e spectroscopic redshifts for ~107 galaxies
09 < Z < 18 Euclid footprint, Scaramella et al. 2022
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* Flagship simulation

* only one octant L —_ AETAREMB
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* down-sampled to 60%
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Results

1. analysis on Flagship L7 i
* perfect reconstruction (using true real 16-
space positions) 3 s ’
* realistic reconstruction ‘;‘H * 101
* realistic reconstruction with redshift ’ 100 I I }
errors ] 0.9
0.6 - perfect reconstruction

realistic reconstruction

realistic recon. with o. = 0.001

0.4 1

fos
o
o
==
i
P
==

0.3 1

1.0 1.2 14 1.6

July 2023 Cosmology from Home | Sladana Radinovic¢



1. analysis on Flagship 171

 perfect reconstruction (using true real 16 -

space positions) &5

* realistic reconstruction ZZM_
* realistic reconstruction with redshift

errors e
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Results

1. analysis on Flagship
 perfect reconstruction (using true real
space positions)
* realistic reconstruction

e realistic reconstruction with redshift
errors
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Results

Radinovic et al. 2023

1. analysis on Flagship of T )
* perfect reconstruction (using true real o O )
space positions) S I
* realistic reconstruction 2 ;
. . : : 3
* realistic reconstruction with redshift 1.2 1
errors .
0.8 1 —o— Fuclid
. 0.7 - —%— Nadathur et al. 2020
2. scaled up to Euclid volume " Woodfinden et al. 2022
' ' | SDSS void
* fit to synthetic data vector £os voids
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Results

1. analysis on Flagship e
: : v 1,00ttt 3 3 5
* perfect reconstruction (using true real y : .
space positions) S s |
* realistic reconstruction g -
. : : : 3
* realistic reconstruction with redshift 1.2 1
errors N
0.8 1 —o—  Fuclid
0.7 - —%— Nadathur et al. 2020
2. scaled up to Euclid volume " Woodfinden et al. 2022
* fit to synthetic data vector £os
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SDSS voids
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Flat wCDM cosmology
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Thank you

Questions?
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