
+ many collaborators, highlights: N. Hamaus (LMU, Munich), S. Contarini (MPE), G. Verza (CCA, NYU), B. Y. Wang (CMU), D. 
Spergel (Princeton, Flatiron), B. Wandelt (IAP), C. Kreisch (Princeton), L. Thiele (Princeton, IPMU), R. Panchal (Princeton), M. 
Aubert (LPC), M.-C. Cousinou (CPPM), S. Escoffier (CPPM), G. Lavaux (IAP), M. Habouzit (MPIA), E. Massara (Waterloo),…. 

Unraveling cosmology with cosmic voids

Alice Pisani
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Galaxy maps contain information beyond the 2-point correlation function.

©SDSS

<latexit sha1_base64="ZIyHTVWuFJfToHXcMnwTFpml8UM=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadk1IZpb0IvHBMwDkiXMTjrJ6OyDmVkhLPkCLx4U8eonefNvnE0iqGhBQ1HVTXeXHwuutON8WLmV1bX1jfxmYWt7Z3evuH/QVlEiGbZYJCLZ9alCwUNsaa4FdmOJNPAFdvy7q8zv3KNUPApv9DRGL6DjkI84o9pITTkolhy7lqFKFqRcM8SpuE65TFzbmaMESzQGxff+MGJJgKFmgirVc51YeymVmjOBs0I/URhTdkfH2DM0pAEqL50fOiMnRhmSUSRNhZrM1e8TKQ2Umga+6QyonqjfXib+5fUSPbrwUh7GicaQLRaNEkF0RLKvyZBLZFpMDaFMcnMrYRMqKdMmm4IJ4etT8j9pn9lu1a40K6X65TKOPBzBMZyCC+dQh2toQAsYIDzAEzxbt9aj9WK9Llpz1nLmEH7AevsEgMSNbQ==</latexit>r
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Voids have a unique sensitivity to cosmology.

Dark energy dominated (first!) 

Sensitive to diffuse components 

Sweet spots to test gravity 

(⌃m⌫)
<latexit sha1_base64="qoRD+7qI5INlc6izuyhpQM93LeU=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHBC9n1ET0SvXjEKI+EXcnsMMCEmdnNzKyGbPgPLx40xqv/4s2/cYA9KFhJJ5Wq7nR3hTFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWiHWlDNJ64YZTluxoliEnDbD4fXEbz5SpVkk780opoHAfcl6jGBjpYeyf8f6AiPR8WVy3CmW3Io7BVokXkZKkKHWKX753YgkgkpDONa67bmxCVKsDCOcjgt+ommMyRD3adtSiQXVQTq9eoyOrNJFvUjZkgZN1d8TKRZaj0RoOwU2Az3vTcT/vHZiepdBymScGCrJbFEv4chEaBIB6jJFieEjSzBRzN6KyAArTIwNqmBD8OZfXiSNk4p3Wjm/PStVr7I48nAAh1AGDy6gCjdQgzoQUPAMr/DmPDkvzrvzMWvNOdnMPvyB8/kDcmuR1g==</latexit>

Pisani, Massara, Spergel et al. 
2019; ArXiv: 1903.05161 , B. AAS

Multi-scale sensitivity  (sizes 10 - 100 Mpc/h) 

Easier to model (traditional techniques, models 
valid down to small scales) 
Keep memory of initial conditions 
High signal-to-noise for dark matter Arcari, Pinetti, 

Fornengo 2022 
JCAP Arxiv: 2205.03360

https://arxiv.org/abs/1903.05161
https://arxiv.org/abs/2205.03360
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Void definition
A void definition must be well tested, suitable to your dataset and should enhance 
the S/N of the measurement we wish to do. We also wish to link it to theory!

Provides void detailed shape. 

Suitable for both simulations and 
surveys (accounts for mask). 

Widely used: BOSS (DR7, DR10, 
DR11, DR12), eBOSS (DR14), 
DES, Euclid, Roman, PFS. 

 
https://bitbucket.org/cosmicvoids/vide_public/
src/master/, Sutter et al. 2015 A&C 
based on ZOBOV (Neyrinck 2008)

Void IDentification and Examination

https://bitbucket.org/cosmicvoids/vide_public/src/master/
https://bitbucket.org/cosmicvoids/vide_public/src/master/
https://bitbucket.org/cosmicvoids/vide_public/src/master/
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Yue Bonny 
Wang

No a priori on the shape.  
Void’s shape is not regular on a 

one-to-one basis!

Void definition: VIDE    (Void IDentification and Examination)

Wang, Pisani et al. 2023, ApJ 955 131,  
Arxiv: 2212.06860

Using voids means 
more than one 

application!Giovanni 
Verza

Verza, Pisani, Carbone, Hamaus, Guzzo 
2019; ArXiv: 1906.00409 JCAP

We have void centers, 
void radii, and tracers!

Ryden, B. S. 1995, ApJ, 452, 25  
Lavaux & Wandelt 2011; ArXiv: 1110.0345 ApJ 

https://arxiv.org/abs/2212.06860
https://arxiv.org/abs/1906.00409
https://ui.adsabs.harvard.edu/abs/1995ApJ...452...25R/abstract
https://arxiv.org/abs/1110.0345
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Shape

Numbers

Clustering

Dark energy
Modified gravity

Neutrinos

Pisani et al. 2014 MNRAS 

Pisan
i et 

al. 2
015 P

RD 

Kreisch, Pisani et al. 2019 MNRAS 

Hamaus, Aubert, Pisani et al. 2021 A&A

Kreis
ch, P

isani
 et a

l. 20
21 Ap

J 

Verza
, Pis

ani e
t al.

 2019
 JCAP

 

Contarini, Verza, Pisani et al. 2022 A&A 

Massara et al. JCAP 2015 

⇠vv
<latexit sha1_base64="/Q1zZpHuTjs5E7L65pLs2G6T7gI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQZdFNy4r2Ae0IUymk3boZBJmJsUa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvs39zoRKxWLxoKcJ9SI8FCxkBGsj+Xa1/8j8foT1SEbZZDLz7ZpTd+ZAq8QtSA0KNH37qz+ISRpRoQnHSvVcJ9FehqVmhNNZpZ8qmmAyxkPaM1TgiCovmwefoVOjDFAYS/OERnP190aGI6WmUWAm84hq2cvF/7xeqsNrL2MiSTUVZHEoTDnSMcpbQAMmKdF8aggmkpmsiIywxESbriqmBHf5y6ukfV53L+ru/WWtcVPUUYZjOIEzcOEKGnAHTWgBgRSe4RXerCfrxXq3PhajJavYOYI/sD5/AIrzk6k=</latexit>

Nv
<latexit sha1_base64="4s0uyLE13vxRy+VNMxgmpVWKkUo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG1dSwT6gM5RMmmlDk8yQZApl6G+4caGIW3/GnX9jpp2Fth4IHM65l3tywoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh+C73OxOqNIvlk5kmNBB4KFnECDZW8h/6vsBmpEQ2mfWrNbfuzoFWiVeQGhRo9qtf/iAmqaDSEI617nluYoIMK8MIp7OKn2qaYDLGQ9qzVGJBdZDNM8/QmVUGKIqVfdKgufp7I8NC66kI7WSeUC97ufif10tNdBNkTCapoZIsDkUpRyZGeQFowBQlhk8twUQxmxWREVaYGFtTxZbgLX95lbQv6t5l3Xu8qjVuizrKcAKncA4eXEMD7qEJLSCQwDO8wpuTOi/Ou/OxGC05xc4x/IHz+QN1rJH1</latexit>

⇠vg
<latexit sha1_base64="uLBtPvyN0Skp0z4o0YXUoquAA3c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KooMuiG5cV7APaECbTSTt0ZhJmJsUa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45YcKo0q77bZXW1jc2t8rblZ3dvf2qfXDYVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3+Z+Z0KkorF40NOE+BwNBY0oRtpIgV3tP9Kgz5EeSZ5NhrPArrl1dw5nlXgFqUGBZmB/9QcxTjkRGjOkVM9zE+1nSGqKGZlV+qkiCcJjNCQ9QwXiRPnZPPjMOTXKwIliaZ7Qzlz9vZEhrtSUh2Yyj6iWvVz8z+ulOrr2MyqSVBOBF4eilDk6dvIWnAGVBGs2NQRhSU1WB4+QRFibriqmBG/5y6ukfV73Lure/WWtcVPUUYZjOIEz8OAKGnAHTWgBhhSe4RXerCfrxXq3PhajJavYOYI/sD5/AHQok5o=</latexit>

Pisani, Massara, Spergel et al. 
2019; ArXiv: 1903.05161 , B. AAS

Not at the same degree of maturity !

Many different void statistics

https://arxiv.org/abs/1903.05161
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+

The observed void-galaxy cross-correlation function ⇠vg
<latexit sha1_base64="uLBtPvyN0Skp0z4o0YXUoquAA3c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KooMuiG5cV7APaECbTSTt0ZhJmJsUa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45YcKo0q77bZXW1jc2t8rblZ3dvf2qfXDYVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3+Z+Z0KkorF40NOE+BwNBY0oRtpIgV3tP9Kgz5EeSZ5NhrPArrl1dw5nlXgFqUGBZmB/9QcxTjkRGjOkVM9zE+1nSGqKGZlV+qkiCcJjNCQ9QwXiRPnZPPjMOTXKwIliaZ7Qzlz9vZEhrtSUh2Yyj6iWvVz8z+ulOrr2MyqSVBOBF4eilDk6dvIWnAGVBGs2NQRhSU1WB4+QRFibriqmBG/5y6ukfV73Lure/WWtcVPUUYZjOIEz8OAKGnAHTWgBhhSe4RXerCfrxXq3PhajJavYOYI/sD5/AHQok5o=</latexit>

AP test

2. Alcock-Paczynski (AP) distortions: Relationship 
between measured quantities and physical sizes

c�z = H(z)rk

<latexit sha1_base64="Pu/Byb3yAvinB3Gfd655DJQHhaY=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3YloBZCUIuUEcwDskuYndxNhsw+mJkVkiWFjb9iY6GIrR9h5984SbbQxAMXDufcy733eDFnUlnWt7Gyura+sZnbym/v7O7tmweHTRklgkKDRjwSbY9I4CyEhmKKQzsWQAKPQ8sb3kz91gMIyaLwXo1icAPSD5nPKFFa6poF6twCVwSPr2ql8anopk5MBOEc+KRrFq2yNQNeJnZGiihDvWt+Ob2IJgGEinIiZce2YuWmRChGOUzyTiIhJnRI+tDRNCQBSDedPTHBJ1rpYT8SukKFZ+rviZQEUo4CT3cGRA3kojcV//M6ifIv3JSFcaIgpPNFfsKxivA0EdxjAqjiI00IFUzfiulAZ0CVzi2vQ7AXX14mzbOyXSlf3lWK1essjhwqoGNUQjY6R1VUQ3XUQBQ9omf0it6MJ+PFeDc+5q0rRjZzhP7A+PwBG6SXyg==</latexit>

r? = DA(z)�✓

<latexit sha1_base64="OXgCm+uwHW66mBC1qoZDcnbHCbU=">AAACB3icbVDJSgNBEO1xjXEb9SjIYBDiJcxIQD0IUXPwGMEskAlDT6eSNOlZ6K4R4pCbF3/FiwdFvPoL3vwbO8tBEx8UPN6roqqeHwuu0La/jYXFpeWV1cxadn1jc2vb3NmtqSiRDKosEpFs+FSB4CFUkaOARiyBBr6Aut+/Hvn1e5CKR+EdDmJoBbQb8g5nFLXkmQfSS90YZDy8KHvp5TD/cOyWQSB1sQdIPTNnF+wxrHniTEmOTFHxzC+3HbEkgBCZoEo1HTvGVkolciZgmHUTBTFlfdqFpqYhDUC10vEfQ+tIK22rE0ldIVpj9fdESgOlBoGvOwOKPTXrjcT/vGaCnbNWysM4QQjZZFEnERZG1igUq80lMBQDTSiTXN9qsR6VlKGOLqtDcGZfnie1k4JTLJzfFnOlq2kcGbJPDkmeOOSUlMgNqZAqYeSRPJNX8mY8GS/Gu/ExaV0wpjN75A+Mzx/pdplb</latexit>

r? = rk

<latexit sha1_base64="UBuuIi+32Sr2JMLbdTTKzddKEyo=">AAACAHicbZDLSsNAFIYn9VbrrerChZvBIrgqiRTUhVB047KCvUAbwmR60g6dTMLMRCghG1/FjQtF3PoY7nwbp2kW2vrDwMd/zuHM+f2YM6Vt+9sqrayurW+UNytb2zu7e9X9g46KEkmhTSMeyZ5PFHAmoK2Z5tCLJZDQ59D1J7ezevcRpGKReNDTGNyQjAQLGCXaWF71SHrpIAYZZ9c5EUk4B5551Zpdt3PhZXAKqKFCLa/6NRhGNAlBaMqJUn3HjrWbEqkZ5ZBVBomCmNAJGUHfoCAhKDfND8jwqXGGOIikeULj3P09kZJQqWnom86Q6LFarM3M/2r9RAeXbspEnGgQdL4oSDjWEZ6lgYdMAtV8aoBQycxfMR2bDKg2mVVMCM7iycvQOa87jfrVfaPWvCniKKNjdILOkIMuUBPdoRZqI4oy9Ixe0Zv1ZL1Y79bHvLVkFTOH6I+szx+6mpco</latexit>

" = 1
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c�z
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= DA(z)H(z)
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" =
[DAH(z)]meas

[DAH(z)]fidpick
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[⌦m,⌦⇤] , calculate

+

Void stack in 
redshift space 

Cosmological 
   model

⌦m
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3. Redshift-space distortions 
(RSD)  modeling due to 

galaxies peculiar velocities
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Tested on mocks
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Measure 
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Theoretical 
  model

The observed void-galaxy cross-correlation function ⇠vg
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How will it perform with future surveys? 
The observed void-galaxy cross-correlation function ⇠vg
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The void size function

Contarini, Verza, Pisani et al. 
2022 Euclid collaboration paper 
A&A, ArXiv: 2205.11525  
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w0waCDM model - fixed calib.

w0waCDM model - relaxed calib.
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The void size function: Euclid forecasted constraints

https://arxiv.org/abs/2205.11525
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The void size function: forecasted constraints combined

⇠vg
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The void size function: first data application
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The void size function: first data application
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Voids can fill us in on rising cosmology tensions
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Voids can fill us in on rising cosmology tensions
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Voids can fill us in on rising cosmology tensions
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MassiveNuS                 JL et al. 2018, 1711.10524
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2018 
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What about neutrinos?

There is a signal in void 
statistics. 

⇠vv
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https://arxiv.org/abs/1808.07464
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Kreisch, Pisani, Villaescusa-
Navarro, Spergel, Wandelt, Hamaus 
and Bayer ApJ, ArXiv: 2107.02304 

Combined

Void numbers 
Void clustering 
Cluster counts 
Halo clustering 

What about neutrinos?
The GIGANTES void catalogs suite:  
15000 VIDE void catalogs  
+ 7000 cosmologies 

⇤CDM

https://gigantes.readthedocs.io/

But for neutrinos the theoretical 
aspect needs development, 
and modelling all the statistics 
together is a challenge…

https://arxiv.org/abs/2107.02304
https://gigantes.readthedocs.io/
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Leander 
Thiele

Thiele, Massara, Pisani et al. 
2023 ArXiv: 2307.07555 

Simulation Based Inference: 
Learn the likelihood from 
simulated samples

1) Building the simulations 
• Using halo occupation distribution, tuned 

on preliminary tests with QUIJOTE sims 
and data. 

• Standard 5-dim HOD plus 
• velocity biases 
• linear redshift evolution 
• secondary/assembly bias  

2) Create a light-cone 
• mask 
• fiber collisions 
• n(z)

What about neutrinos?

https://arxiv.org/abs/2307.07555


 22/05/2024     —      Co φ GDR @ Ip2I Lyon  —   Alice Pisani    — / 2522

Leander 
Thiele

Thiele, Massara, Pisani et al. 
2023 ArXiv: 2307.07555 

• galaxy auto power spectrum 
• void size function 
• void galaxy cross power spectrum

What about neutrinos?

https://arxiv.org/abs/2307.07555
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Hints of neutrinos constraints! 

Leander 
Thiele

Thiele, Massara, Pisani et al. 
2023 ArXiv: 2307.07555 

With conservative scale cut of kmax=0.15 hMpc-1, 
voids tighten upper bound on neutrino mass.

(kmax = 0.15)

https://arxiv.org/abs/2307.07555
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Number density also plays a role!
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<latexit sha1_base64="f8ykqYN7UJJc2IIHrZ7C7xrL7So=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArGnMMevEYwTwgWcLspJMMmX0w0yuGJeLFX/HiQRGv/oQ3/8bJJgdNLGgoqrqnp8uLpNBo299WZml5ZXUtu57b2Nza3snv7tV1GCsONR7KUDU9pkGKAGooUEIzUsB8T0LDG15N/MYdKC3C4BZHEbg+6weiJzhDI3XyB22Ee0zfSTwZwzgp2+cPJdse006+YBftFHSRODNSIDNUO/mvdjfksQ8Bcsm0bjl2hG7CFAouYZxrxxoixoesDy1DA+aDdpN095geG6VLe6EyFSBN1d8TCfO1Hvme6fQZDvS8NxH/81ox9spuIoIoRgj4dFEvlhRDOgmEdoUCjnJkCONKmL9SPmCKcTSx5UwIzvzJi6R+WnRKRefmrFC5nMWRJYfkiJwQh1yQCrkmVVIjnDySZ/JK3qwn68V6tz6mrRlrNrNP/sD6/AFyKZde</latexit>

805 600

<latexit sha1_base64="fBBZ5WOCGYuvVlW2/EZjwgM5DII=">AAACAXicbVDLSgNBEJyNrxhfUS+Cl8EgeAq7QaLegl48RjAPSJYwO+kkQ2YfzPSKYUku/ooXD4p49S+8+TdOkj1oYkFDUdU9PV1eJIVG2/62Miura+sb2c3c1vbO7l5+/6Cuw1hxqPFQhqrpMQ1SBFBDgRKakQLmexIa3vBm6jceQGkRBvc4isD1WT8QPcEZGqmTP2ojPOLsnURBd5yUypMr2x7TTr5gF+0Z6DJxUlIgKaqd/Fe7G/LYhwC5ZFq3HDtCN2EKBZcwzrVjDRHjQ9aHlqEB80G7yWzzmJ4apUt7oTIVIJ2pvycS5ms98j3T6TMc6EVvKv7ntWLsXbqJCKIYIeDzRb1YUgzpNA7aFQo4ypEhjCth/kr5gCnG0YSWMyE4iycvk3qp6JSLzt15oXKdxpElx+SEnBGHXJAKuSVVUiOcTMgzeSVv1pP1Yr1bH/PWjJXOHJI/sD5/ACOYlqs=</latexit>

26 900

<latexit sha1_base64="yCcelPXrjt+h7hEddlXGoopUKio=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclYyI7bLoxmUF+4C2lEyaaUMzD5I7YhlGcOOvuHGhiFs/wp1/YzqdhbYeCBzOuTcnOW4khQZCvq2V1bX1jc3CVnF7Z3dv3z44bOkwVow3WShD1XGp5lIEvAkCJO9EilPflbztTq5mfvuOKy3C4BamEe/7dBQITzAKRhrYpR7we8juSVxJ2SRNqjXyQAhJ8cAukwrJgJeJk5MyytEY2F+9YchinwfAJNW665AI+glVIJjkabEXax6ZDDriXUMD6nPdT7LwFJ8YZYi9UJkTAM7U3xsJ9bWe+q6Z9CmM9aI3E//zujF4tX4igigGHrB5kBdLDCGeNYKHQnEGcmoIZUqYt2I2pooyML0VTQnO4peXSeus4lxUnJvzcv0yr6OASugYnSIHVVEdXaMGaiKGHtEzekVv1pP1Yr1bH/PRFSvfOUJ/YH3+ABwLl7k=</latexit>

780 000

<latexit sha1_base64="Q8yheO0Lvx4gKSdTmNgEUle0Hoc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgaZlNosZb0IvHCOYByRJmJ7PJkNnZZWZWCCH+gxcPinj1e7z5N04eB00saCiquunuChLBtcH428msrW9sbmW3czu7e/sH+cOjho5TRVmdxiJWrYBoJrhkdcONYK1EMRIFgjWD4e3Ubz4ypXksH8woYX5E+pKHnBJjpWaxhJ8wxt18AbvXlfJFyUPYxTMgb5kUYIFaN//V6cU0jZg0VBCt2x5OjD8mynAq2CTXSTVLCB2SPmtbKknEtD+enTtBZ1bpoTBWtqRBM/X3xJhEWo+iwHZGxAz0sjcV//PaqQkr/pjLJDVM0vmiMBXIxGj6O+pxxagRI0sIVdzeiuiAKEKNTShnQ1h5eZU0iq536Xr35UL1ZhFHFk7gFM7Bgyuowh3UoA4UhvAMr/DmJM6L8+58zFszzmLmGP7A+fwBvfeOiA==</latexit>

230 000 <latexit sha1_base64="5jP9KTbAn7vKK/7wnY9VPnC97Gw=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ0+WSY5BLx4jmAWSIfR0epImPQvdPUIY4j948aCIV7/Hm39jZxFU9EHB470qqur5ieBKY/xhra1vbG5t53byu3v7B4eFo+O2ilNJWYvGIpZdnygmeMRammvBuolkJPQF6/iTq7nfuWNS8Ti61dOEeSEZRTzglGgjdUpVfI8xHhSK2MbVmlt2EbYr5Tp2S4Zgp1THVeTYeIEirNAcFN77w5imIYs0FUSpnoMT7WVEak4Fm+X7qWIJoRMyYj1DIxIy5WWLc2fo3ChDFMTSVKTRQv0+kZFQqWnom86Q6LH67c3Fv7xeqoO6l/EoSTWL6HJRkAqkYzT/HQ25ZFSLqSGESm5uRXRMJKHaJJQ3IXx9iv4n7ZLtuLZzUyk2Lldx5OAUzuACHKhBA66hCS2gMIEHeIJnK7EerRfrddm6Zq1mTuAHrLdP8tqOrQ==</latexit>

250 000

<latexit sha1_base64="GDpS9yHM6CDjMJ45DyuvqaDfD+o=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHoxWMUs0Ayhp5OT9Kkl6G7Rg1D/sOLB0W8+i/e/Bs7y0ETHxQ83quiql6UCG7B97+93NLyyupafr2wsbm1vVPc3atbnRrKalQLbZoRsUxwxWrAQbBmYhiRkWCNaHA19hsPzFiu1R0MExZK0lM85pSAk+7bwJ7AyOxWS6JGnWLJL/sT4EUSzEgJzVDtFL/aXU1TyRRQQaxtBX4CYUYMcCrYqNBOLUsIHZAeazmqiGQ2zCZXj/CRU7o41saVAjxRf09kRFo7lJHrlAT6dt4bi/95rRTiizDjKkmBKTpdFKcCg8bjCHCXG0ZBDB0h1HB3K6Z9YggFF1TBhRDMv7xI6ifl4Kwc3JyWKpezOPLoAB2iYxSgc1RB16iKaogig57RK3rzHr0X7937mLbmvNnMPvoD7/MHQOuTAQ==</latexit>

Roman

Hundreds of thousands of voids



‣ Void analysis: active field of galaxy clustering! 
‣ Many statistics, not at the same degree of maturity  
‣ DESI, Euclid, Rubin, Roman, SPHEREx, PFS :  a unique set of >             voids per survey!  
‣ Voids can independently constrain 
‣ Voids can contribute to the tension landscape: impressive constraining power coming soon! 
‣ There are challenges that we need to address to exploit voids’ power at their best.

O(105)

<latexit sha1_base64="Yuyl/xMnxnEb3WMzv/GYXn6Nbm0=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWomzIjFXVXdOPOCvYB7VgyadqGZjJDklHK2E9x40IRt36JO//GTDsLbT0QOJxzL/fk+BFnSjvOt7W0vLK6tp7byG9ube/s2oW9hgpjSWidhDyULR8rypmgdc00p61IUhz4nDb90VXqNx+oVCwUd3ocUS/AA8H6jGBtpK5d6ARYDwnmyc2k5Dr3p8ddu+iUnSnQInEzUoQMta791emFJA6o0IRjpdquE2kvwVIzwukk34kVjTAZ4QFtGypwQJWXTKNP0JFReqgfSvOERlP190aCA6XGgW8m06Bq3kvF/7x2rPvnXsJEFGsqyOxQP+ZIhyjtAfWYpETzsSGYSGayIjLEEhNt2sqbEtz5Ly+SxknZrZQvbivF6mVWRw4O4BBK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TEbXbKynX34A+vzB+oRkyM=</latexit>

 22/05/2024     —      Co φ GDR @ Ip2I Lyon  —   Alice Pisani    — / 2525

Thanks!

Take home messages

<latexit sha1_base64="DxHNiyJX7LmAqHGliDsR/5urDdw="></latexit>

⌦m,⌦⇤, w0, wa, f,⌃m⌫
<latexit sha1_base64="kpQFmshjkDnHTH1Arkdduu137pk=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4kJIU7WNXdNNlBfuAdiiZNG1Dk8yQZIQy9BfcuFDErT/kzr8x01ZQ0QMXDufcy733BJHgxiL04WXW1jc2t7LbuZ3dvf2D/OFR24SxpqxFQxHqbkAME1yxluVWsG6kGZGBYJ1gepP6nXumDQ/VnZ1FzJdkrPiIU2JT6aIxQIN8ARURQhhjmBJcKSNHarVqCVchTi2HAlihOci/94chjSVTlgpiTA+jyPoJ0ZZTwea5fmxYROiUjFnPUUUkM36yuHUOz5wyhKNQu1IWLtTvEwmRxsxk4DolsRPz20vFv7xebEdVP+Eqii1TdLloFAtoQ5g+DodcM2rFzBFCNXe3QjohmlDr4sm5EL4+hf+TdqmIy8Wr28tC/XoVRxacgFNwDjCogDpogCZoAQom4AE8gWdPeo/ei/e6bM14q5lj8APe2yd5Xo3l</latexit>

, H0
<latexit sha1_base64="5JO785FmUZqELBnpet8BKpw6wwk=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4kJIpWqe7ohuXFewD26Fk0kwbmmSGJCOUoX6FGxeKuPVv3Pk3ZtoKKnrgwuGce7n3niDmTBuEPpzc0vLK6lp+vbCxubW9U9zda+koUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjC8zv31HlWaRvDGTmPoCDyULGcHGSrcn9z3NhgL3vX6xhMrIolqFGXE95FpSq3mVSg26MwuhElig0S++9wYRSQSVhnCsdddFsfFTrAwjnE4LvUTTGJMxHtKupRILqv10dvEUHlllAMNI2ZIGztTvEykWWk9EYDsFNiP928vEv7xuYkLPT5mME0MlmS8KEw5NBLP34YApSgyfWIKJYvZWSEZYYWJsSAUbwten8H/SqpTdavns+rRUv1jEkQcH4BAcAxecgzq4Ag3QBARI8ACewLOjnUfnxXmdt+acxcw++AHn7RN8DpDT</latexit>, �8


