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Illustris Simulation 
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• Large empty structures in the Universe  
• Multiscale sensitivity (from 10 to 100 

) 
• Voids’ studies require accessing large 

volumes and highly detailed maps of 
galaxy distribution 

• New generation surveys will provide us 
with this data (Euclid, Roman,…) 

• Nature of dark energy, , test 
general relativity 

Mpc h−1

∑ mν

COSMIC VOIDS 



• Spherically symmetric once stacked
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COSMIC VOID PROPERTIES  



• Spherically symmetric once stacked
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Void center

COSMIC VOID PROPERTIES  



• Spherically symmetric once stacked
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Void center

Void radius Rv

COSMIC VOID PROPERTIES  



• Spherically symmetric once stacked
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Void center

Void radius Rv

• Universal density profile  

COSMIC VOID PROPERTIES  



Geometric distortions  

Alcock-Paczynski (AP) effect from assuming 

an incorrect cosmological model  

Dynamic distortions  

Redshift Space Distortions (RSD) 

 from galaxy peculiar velocities  
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DISTORTIONS
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: measurements with BOSS data 
Hamaus et al. 2020

ΛCDM : Forecast with Euclid Flagship 
Radinovic et al. 2023

wCDM

STATE OF THE ART



Eliminate redshift space distortions (RSD) 
using a Zel’dovich reconstruction 

(implemented by E. Sarpa) to gain statistical 
improvement.
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• Resdhift-space analysis : 

 Void analysis with linear models use only 
large voids (  Hamaus et al. 2020): 
issues with the modeling for small voids  

Selection effect (Correa et al. 2023)

Rv ≳ 3mps

DEALING WITH REDSHIFT SPACE DISTORTIONS 

https://arxiv.org/pdf/2007.07895
https://ui.adsabs.harvard.edu/abs/2022MNRAS.509.1871C/abstract


• Use reconstruction technique to model 
galaxy peculiar velocities 
(numerical modeling of RSD) 

• Identify voids in Reconstructed-space 

• Constrain AP from residual distortions

NEW !

• Resdhift-space analysis : 

 Void analysis with linear models use only 
large voids (  Hamaus et al. 2020): 
issues with the modeling for small voids  

Selection effect (Correa et al. 2023)

Rv ≳ 3mps

DEALING WITH REDSHIFT SPACE DISTORTIONS 

Eliminate redshift space distortions (RSD) 
using a Zel’dovich reconstruction 

(implemented by E. Sarpa) to gain statistical 
improvement.
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https://www.aanda.org/articles/aa/abs/2022/02/aa42073-21/aa42073-21.html
https://ui.adsabs.harvard.edu/abs/2022MNRAS.509.1871C/abstract
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Density field in 
z-space*

Void Finder Void Catalog in 
z-space

Cross-Correlation + Likelihood Analysis
Extract  and ϵ β

Void Finder Void Catalog in  
r-space

Cross-Correlation + Likelihood Analysis
Extract  and ϵ β

Linear velocity 
Reconstruction

Density field in  
r-space*

*z-space = redshift-space 
*r-space = reconstructed-(real)-space

STRATEGY



Probability to find a galaxy  at distance 
 and angle  from the void center .  

g
r θ v

New estimator:

Davis-Peebles estimator: 

ξDP
vg (r, μ) =

nR

n
DvDg(r, μ)
DvRg(r, μ)

− 1

Void-galaxy pair
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VOID-GALAXY CROSS-CORRELATION FUNCTION



Modeling for the Void-galaxy cross-correlation function and its multipoles: 
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Model for Real-Space 
ccf 

Real-space ccf monopole 
measured in mocks

Add RSD 
1. Linear model presented 

in Cai et al. 2017 
2. Empirical modification 

(nuisance parameters M 
and Q)

Add AP distortions  
Following the method 
presented in Kazin et 

al. 2013

+

&ξs(s, μ) = ℳ{ξ(r) +
2
3

βξ̄(r) + 𝒬βμ2[ξ(r) − ξ̄(r)]} rt(rf , μf )
Rvt(rf , μf )
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+

MODELING DISTORTIONS



Real-Space RSD  AP 
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RSD + AP 

MODELING DISTORTIONS



Redshift-space: anisotropies (only RSD) Reconstructed-space : no anisotropies
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Data: Cubic Box, , from Quijote Simulation High Resolution, Lbox = 1000 h−1Mpc z̄ = 0.5



Void-galaxy cross-correlation function multipoles
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Void-galaxy cross-correlation function multipoles

• Anisotropies: RSD 

• The reconstruction 
restores isotropy 
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Redshift-Space                                        vs                               Reconstructed-Space

 ϵ = 1.026 ± 0.017
β = 0.428 ± 0.053

 ϵ = 1.004 ± 0.012
β = 0.007 ± 0.010

Redshift-Space Reconstructed-Space

Preliminary
Precision on  : ϵ

1.7 %
Precision on  : ϵ

1.2 %

All the voids in the 
sample - no cut 

RESULTS

 from the true value 1.5σϵ ϵ = 1  from the true value 0.3σϵ ϵ = 1
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State of the art :  

Redshift space analysis with larger 
voids Rv > 3mps

New method with analysis in 
reconstructed space:  

All the voids in the sample 

Losing of voids≃ 60 %
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Precision on : ϵ
1.2 %

Precision on : ϵ
2.1 %

State of the art :  

Redshift space analysis with larger 
voids Rv > 3mps

New method with analysis in 
reconstructed space:  

All the voids in the sample 



• Studied the impact of a linear reconstruction in cosmic voids 

• First analysis correlating galaxies and voids in reconstructed space 

• Differences between pure redshift-space and pure reconstructed-space 
analyses  
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Take home message :  

Reconstructed-space analysis : more accurate and more precise in 
recovering the AP parameter ϵ

CONCLUSIONS
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• Test the robustness of the method against an Alcock-Paczynski test (in 
progress…)   

• Apply the method to data 

Vide voids

Centers shifted by hand

(Radinovic et al. 2024)

FUTURE PERSPECTIVES

https://arxiv.org/pdf/2407.02699


Thank you for the attention 

giulia.degni@uniroma3.it
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Test robustness of the reconstruction: 
sensitivity to the smoothing scale Rs
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Backup slide: Test robustness of the reconstruction 2

r/rv

°0.05

0.00

0.05

ª 2
(r

/r
v
)

r/rv

0 1 2 3
r/rv

°1

0

1

ª 2
°

ªf
tr

u
e

2

0 1 2 3
r/rv

0.73

0.74

0.75

0.76

0.77

0.78

0.79

f


