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Outline

lntroduction

Voids as tools For Cosmology

Finding voids and measuring the expansion
Can we access to the real space nformation?
Can we master peculiar velocities on voids?
What can we expect from the future?

YV VV V V VY
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Standard model and precision cosmology

ACDM

Ordinary matter

ark matter
3%

Actually lots of

unknown!

A powerful tool to timprove
understanding ts the study of

the Universe af large scales
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cow\Pfex
Filamentary supercluster
structures

The cosimic web

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

VOIDS

' Alice Pisani —
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Ave voids there?

Einasto

Credit: Thompson and
Gregory 1977

Abell

Credit: Jaan Einasto private collection

13h 12h

" \15000

First CfA Strip
266 = &6< 325

mg £ 155

Credit: de Lapparent et S
al. 1986
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Voids For cosmology

Matter ts sub-dominant

* Dark energy

* Modified gravity ———===="7 ’
%k Neutrivos

Modify GR 1 the low-

denstty regime

More sensitive to diffuse

components

' Alice Pisani — CPPM & IAP — Precision Cosmology with Cosmic Voids — March 2017 7/ 43'



Where are we look

Sensitive af

more scales! '

\ M ’
. Credit: Padmanabhan et al. 2012 (ArXiv: 1202.0090)
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So, voids can be used for cosmology but first ...

we need fo find them!
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VIDE: Void IDentification and Examination

Sutter et al 2015, based on Zobov (Neyrinck 2008)

galaxy survey of | > voids
or simulation -
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I VIDE: Void IDentification and Examination I

galaxy survey Voronol
or simulation tessellation

S\ A tessellation with physical meaning.
TESSELLATION

Tracer
e

All points
closer to
the tracer

than to any ‘ : |
other poin’[1 VORONO|
pocat = 77— TESSELLATION

We have a local estimation of the density
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VIDE: Void IDentification and Examination

galaxy survey Voronol . Watershed

tessellation transform

or simulation

Merge cells tn basius,
and basins are merged if
the border with lower
denstty 15 common,

Watershed line Catchment basins

Neyrinck 2008

Density cuts:

1) all cells mean density <-0.8
2) density in Reff/4<-0.8 ——
+ exclude voids below mps
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VIDE: Void IDentification and Examination

galaxy survey Voronoi Watershed » voids
or simulation tessellation transform

ANY SHAPE

VIDE takes into account survey
boundaries and masks
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We have voids, now how
do we use them to
measure the expansion of

Fhe Universe?
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Standard objects

S~ -~ Knowh Length

Kinow
Lumimos&j
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What we measure:

Real [ength scales:

AT'J_
ATH

Az

Relation?

bhysical sizes of the object

A@ AT | in the transverse direction

ATH in the longitudinal direction

Cosmology, of course |

Ar; = Da(z)A0 cAz = H(z)Ar
angular diameter Hubble parameter
distance
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Alcock-Paczynski test (1979)

Ar |

what we A TN what we
Az |

know / \\  don’t know

To perform the test we meame SILYQILCI’l
Az Da(z)H(2)
A0 cZ

Ey\ <
The deviations from ( )

fiducial cosmology
cause geometrical
distortions.

C  dz

H(z)=H0\/Qm(1+Z)3+QX Did=112), &G
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Barbara Ryden ntuition: apply
the Alcock-Paczynskt test on voids

_— 43 h~!Mpc (HOD HighRes) — 20 h ' Mpc ( — 20 h ' Mpc (

HOD HighRes, z = 0.) HOD HighRes, z = 0.)
}' Ly - y

Vouds have different shapes but spherical average

shape w1 an 1sofropic and homogeneous universe!

We can use stacked voids for the test

=> Promistng with new surveys. |Lavaux & Wandelt 2012
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The void shape tells us the | . .
Peculiar velocities of galaxies
cosmology, but what are the also affect that shape.
systematics?

_—

cz = Hod + vcost

“measured

ZCOS?’)’LO

Velocities will be our main
source of systematics!
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We can reduce the systematics by acting on fwo fronts

2 better modeling the real space shape

2 studying the effect of peculiar velocities
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A method to obtain the real shape of vouds!

Line of sight
Key idea: Projecting the 3D
distribution along the line of sight, the

confribution of peculiar velocities

disappears.

 From this projection
we reconstruct a 3D
profile without the
contribution of

\peculia,r velocities. Y

We can obtain the spherical density profile of stacked voids (n real space.
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The Abel tnverse transform

To test the reconstruction we need a
class of Functions for which the tnverse

(s known: Abel Pairs But ...
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Abel inverse transform:
mathematically well-defined
but ill-conditioned!
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Reconstructed g(r,)
g(r,) from simulation

0 ' 0 2 4 6 8 10 12 14 16 18
0 5 10 15 . ' Mpo)
r, (h"'Mpc)

Stack from 10 to 12 Mpc/h

arXiv:1306.3052 (A. Pisani, G.Lavaux, P. M. Sutter, B. D. Wandelt 2013)
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http://arxiv.org/abs/1306.3052

Reconstruction from stacked void

with HOD model

[ Neen(M)) = 114 erf(

logM — log M in ) |
Olog M

(Ngat (M) = ( Neen (M)) (MMiMOf

Rockstar halo finder  + HOD model assigus central and satellite galaxies
(Behroozi <t al. 2013) to a dark matter halo (Cheng ot al.2007)

Matching the feafures of SDSS DRF
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Reconstruction from stacked void of HOD model

o(r,) I(r,)

1.4
1.2
1
0.8
0.6
0.4
0.2
0
-0.2
0.4

- I(rp) i
ReprOJected I(r ) ------------

0 10 20 30 40 50 0 10 20 30 40 50
r, (h""Mpc) I (h™"Mpc)
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REAL DATA from SDSS

Dim (5-15 Mpc/h) &) 1(rp)
1.8 —————— 110 —T T
0 03 0.6 09 1.2
1.6 .
105
14 - §
1.2 1100 +
1 . .
) 57
08 | 197
06 190 +
0.4 | -
85 I(r) -
- 0.2 1 | |Reprojected I(r) ------------
0L ] go
0 2 4 6_18 10 12 14 0 246 8101214 0 2 4 6 8101214
r, (h "Mpc) r, (h'lMpc) I (h'lMpc\ £\ E
Stack radius Redshift Dataset Galaxies Voids e(\de“ ?\D 3
515  0.050.10 dim2 173929 173 el wnae? wout
10-15 005010 dim2 43527 41 Mo qon @
20-25  0.10-0.15 brightl 21241 17 WA\% =

SUWIT
25-45 0.15-0.20 bright2 51913 37 No,as/

arXiv:1306.3052 (A. Pisani, G.Lavaux, P. M. Sutter, B. D. Wandelt 2013)
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http://arxiv.org/abs/1306.3052

Average real space void from SDSS DRF
matches stmulations

Density

- g(r)
- - HSW fit: §=-1.139, 3=15.446, 0=0.921, r,=0.738

—0.5

0.2 0.4 0.6 0.8 1.0 1.2
T/RV
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What do we know about voids?
Modeling the void ...

w*w

1@:

STATIC!!!!  DYNAMICS 7?77

How do velocities impact the way the void A
7£l.“0(~2)’ selects \/OI.O(S? .\L!A)
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HOD nopv

Lot s give a look at vouds... Versus

. 54 ' Mpc (HOD HighRes) HOD + pv
el 4 "G

100 | L

[s the cosmological signal
washed out by velocities i a

certain Kind of voids?

Can we dentify them and
boost the cosmological signal?

A. Pisani, P.M. Sutter, B. Wandelt, 2015b arXiv:1506.07982
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Peculiar velocities: which voids are affected most?

/ [ — HighRes

10 20 30 40 50 60 70 10° 10°
R [h ' Mpc] R [h~'Mpc]

cooom
NPowo

Fraction Matched

Small and shallow voids are the most affected.
=> Apply cuts to boost the signal to noise for

cosmological information.
A. Pisani, P.M. Sutter, B. Wandelt, 2015b arXiv:1506.07982
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Aun EMPIRICAL RECIPE: optimal cuts for real surveys!

Maxtmize the number of
unmatched removed and the
number of mafched kepf

1, 1.10
Q
S unmatch
1.05f b removed
h Nmatch
3 kept

10 15 20 25 30 35
R [ Mpc]

T — B e

We only keep voids very mildly affected by velocities!
This correction does not need any prior knowledge!

' Alice Pisani — CPPM & IAP — Precision Cosmology with Cosmic Voids — March 2017 32/ 43|



So to deal with velocities we have an empirical recipe
that looks promising.

A complementary method 15 fo model the effect of
velocities by constructing a model for the redshift space
distortions.

The velocity pattern also brings tuformation!
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Linear(y modeling the RSD and the void profile

=> constrants on gravity

(tnear growth rate of

structures)

=S constraints on matter

confent

arXiv: 1602.01784; Phys. Rev. Lett. 117, 091302 (Hamaus, Pisani, Sutter, Lavaux, Escoffier, Wandelt, Weller 8016)
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We have a set of tools to beat

systematics, constraints will
already be timproved with

current data (such as <BOSS
data) but ... what about

increasing stafistics ?
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Back to the future: betting on LSS with upcoming surveys

SDSSDR7 6.7 -10° galaxies
EUCLID 5.0-10°

WFEIRGST

.7':,,;
/e \

Density profiles of ) ?
increased precision + a .H 0 mamn Vol A
huge statistic for AP test I W Y A
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Theorv Simulation

Sheth Vau de Weygaert Tuned on the survey fo obtain

excursion set model For void fhe Pamk.mefjer of the model
and marginalise on parameter

abundance (2004) 2R T

Survey
Take nto account features Roalistic

s> 251 1mation of the

number of voids

such as galaxy number
denstty, survey area, redshift

covering
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Void abundance to comnstrain DE

T . 0)02—1.0,0)3:—0.2
ﬁ - wy=—14, w,=0.0
i - wp=—0.6, w,;=0.0
— 3.0 wo=—1.0, w,=0.0
| ,
o ,
2 z
O i
< 2.5 wWo -+ W,
T | z+1
<20
X ﬁ
g0
= ,
1.5
1.0
20 30 40 50 60 70
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Comparmg Future Surveys

E 2 Planck+HST 2 Planck+HsT W
. — — Planck + HST + SN | 7 o — — Planck + HST + SN |

U ) .".. — Planck + HST + Euclid Voids | I .." "'.. — Planck + HST + Wfirst Voids | F

C 1 )

| £ o 2 0 | S
L _ |
o Lo
-16 -14 -12 -1.0 -08 -06 -04 -16 -14 -1.2 -1.0 -08 -0.6 -04

Wy Wo

Abundance , density profiles of

7.8 X 1()5 ncreased precision & a huge 2.5 % 1()5
statistic for AP test

Pisani, Sutter, Hamaus, Alizadeh, Biswas, Wandelt, Hirata — Phys. Rev. D 80185, arXiv:1503.07690
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Combintng future surveys:

““““““ — — Planck + HST+SN
R — Planck + HST + SN + Wfirst Voids
10 — Planck + HST + SN + Euclid Voids
- | Planck+HST+SN+Combined voids |
0.5
| (]
: ng with SN
= f
0.0
-0.5
-10.

-13 -12 -11 -10 -09 -08 -0.7
Wo

Pisani, Sutter, Hamaus, Alizadeh, Biswas, Wandelt, Hirata — Phys. Rev. D 80185, arXiv:1503.07690
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So far we focused on spectroscopic surveys, but voids

can be found also 1 photometric samples
(see 2.9. 1605.03982, DES collaboration)

Until now, using void Finding algorithms with spherical
aSSumPHom. Can we use G{QOYI.H’IW\S with Pr«ec[:e SI’IGPQ
detection?
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Voids from (SST, a

fempting challenge!

Large Synoptic Survey Telescope \/Ol.of Sl'\aP-Q? MSl.Mg
stmulations fo assess power

volds have amazing

combining power with SN

void [ensing

. votd counts
OP'L'“"Q{. fo ~ particularly sensitive scan the hierarchical
CO”S'L.MM modifted fo dark energy structure of voids at
gravity modsels (+combine with a different level
clusters)

Vouds from photometric surveys promise to unlock enhanced constraints
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. gk _ - X e | *?" b
9 flm( vow(s on a(afa awo( Use H'IQW\ for cosmo{ogy (AP fesf vow(

abundance)

votd science already provides tight contfratnts !

voids 1n photometric surveys such as LSST are promising !

(abundance, [ensing, combine with LSST leader topics such as SN, clusters)
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