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Cosmic Voids

» There are several void finders, e.g. using the 3D density:

— Spherical (Padilla etal. 2005)
— Watershed (Platen et al. 2007)

» orusing the weak lensing signal

— Troughs (Gruen etal. 2016)
— Tunnels (Davies et al. 2018)

» Voids are an excellent tool to probe cosmological models (e.g. Contarini etal. 2022)

» The definition of a void is crucial yet still ambiguous (Nadathur et al. 2015, Libeskind et al.
2018)

Can we trace voids based on other data, i.e. its gravitational lensing signal, and correlate
these to the intrinsic (3D) voids?
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Software pipeline

» We present a highly reproducible pipeline following the Maneage template (Akhlaghi et
al. 2021)

» Please check out (Peperet. al. 2023): https://codeberg. org/mpeper/lensing
» The main steps are as follows:

Npm = 2562, Lpox = 120Mpc/h, Qu = 0.3,Qp = 0.7,h = 0.7
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https://codeberg.org/mpeper/lensing
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Method: Mathematical basis

Blue variables are taken from the N-body simulation; Red variables are used to detect voids
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Weak lensing approximation

Sachs optical scalars
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Method: Void detection
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Method: Void detectionin 2, 0, o
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Results: Detected voids using the surface overdensity X

Comparevoidsintheprojected plane

(red crosses) with the intrinsic (3D) 40 200
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Results: Radial profiles of detected voids using the surface overdensity ¥
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Results: Detected voids using the expansion ¢/
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Results: Radial profiles of detected voids using the expansion 6
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Results: Detected voids using the shear o
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Results: Radial profiles of detected voids using the shear o
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Method: Void detection in the weak lensing shear
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Results: Radial profiles of detected voids using the weak lensing shear
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Part Il - Void matching

Do we recover the intrinsic (3D) voids?
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» We find fewer voids in the four detector variables

» We match the 2D and 3D voids based on proximity in the xz-distance and the size

(effective radius).
The closer we are to zero the more significant is our

— Generate 100, 000 random result.

sets for each quantity X  Py;(3D|2D) Px,(2D|3D)

— Compare the median distance > 0.027 0.0038
o 0.01 3.0x10°°
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Summary

| 2
>

>

>

We do not recover all voids

We find a high significance between the positions of projected voids and the voids
identified in the 3D density distribution

With sufficient data it seems feasible to identify voids based on geometrical optics
parameters, though the algorithm will need more work

Pipeline availableat: https://codeberg. org/mpeper/lensing

Future extensions:

>

>
>
>
>

Use velocities and the Integrated-Sachs-Wolfe effect
Add detector noise

Give source galaxies a variety of redshifts

Use full information of the shear

Can we implement the routine for redshift bins similar to Sinchez et al. 2017
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https://codeberg.org/mpeper/lensing

Weak lensing signal measurements

» Gruen, Friedrich et. al. 2016 investigate

the lensing signal in the verification data
of DES

» They define troughs as underdense
cylinders using the projected galaxy
positions

» The authors find a strong correlation
between underdense troughs and a

lensing signal around the centre of the
trough

But can we correlate the signal to the 3D
voids?
Image Credit: Gruen et. al 2016, MNRAS
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Voronoi tessellation
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Method: Light tracing

» Trace the lensing signal on lightraysin
N-body simulations

> Assume the propagation of light rays is
not affected by local inhomogeneities

» Send120 x 120 light rays through the
density distribution

z (Mpc/h)

» Ifalightray leaves the box use the T3
torus (periodic boundaries)

-60 -40 -20 0 20 40 60
y (Mpc/h)
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Light propagation
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Image Credit: Sasaki 1993, Progress of
Theoretical Physics

» The lensing effect will be studied by the
effect on a bundle of geodesics (a light
bundle)

» Assume an irrotational null geodesic

» The connection vector Z* related
neighboring geodesics; the evolution of
Z¥ contains all needed information
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Matching
Do we recover the intrinsic (3D) voids?
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The best matched void is found via P,?fj = P)(<x,z),-,,- Pﬁl_,j.
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Matching 2
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Matching

X2p(Mpc/h)
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Matching o
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Matching
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Future extensions - Line of sight velocity
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Future extensions - Integrated Sachs Wolf Effect
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