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Outline

๏ Voids for cosmology ?  

๏ The void-galaxy cross-correlation function 

๏ Constraints so far and recent results
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Why are voids great for cosmology? 

3

๏ By definition dark energy dominated objects (first regions to be dominated)  

๏ Low density + large scale= mimic current accelerated expansion status  

๏ Sweet spot: potential deviations from General Relativity more prominent 

๏ Generically sensitive to diffuse components  

๏ Allow to go beyond 2 pt correlation function  

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

๏ easier to modeling (exploit traditional GC techniques)
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Understand the 
void finder

๏ Voronoi tessellation + watershed transform = VIDE   
๏ Provides void detailed shape, takes mask into account 
๏ Widely used: BOSS (DR7, DR10, DR11, DR12), eBOSS (DR14), DES, Euclid, Roman, PFS, DESI 

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

4

=> ensure suitability for 
observed quantity, 
enhances S/N, tested

Void definition
 
https://bitbucket.org/cosmicvoids/vide_public/
src/master/, Sutter et al. 2015 A&C 
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What quantities do we measure to 
extract cosmological information ?

Void-galaxy cross-correlation function 
Void size function 
Void-void correlation function
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We have void centers, void radii, and tracers!
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= +the relationship between angular 
diameter distance and redshift 

(Alcock-Paczynski test)

redshift-space distortions (RSD) 
(deviation from the Hubble flow)Observed shape 

The void-galaxy cross-correlation function
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Lavaux & Wandelt 2011; ArXiv: 1110.0345 ApJ 
Ryden, B. S. 1995, ApJ, 452, 25  

c�z = H(z)rk
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Void stacks are spherically symmetric => tool for cosmology

Real 
space

Redshift 
space

https://arxiv.org/abs/1110.0345
https://ui.adsabs.harvard.edu/abs/1995ApJ...452...25R/abstract
https://arxiv.org/abs/1110.0345
https://ui.adsabs.harvard.edu/abs/1995ApJ...452...25R/abstract
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}Density profile modeling

de
ns
it
y

radius

RSD modeling
Ingredients

The void-galaxy cross-correlation function

7
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⇢vm(r)

⇢̄m
� 1 = �c

1� (r/rs)
↵

1 + (r/rv)
�

density contrast
R : ⇢ = ⇢̄

slopes before and after wall, linear fxs of rs/rv
slopes before/after wall

Real-space density profile reconstruction (Abel inverse transform)
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The void-galaxy cross-correlation function
Density profile modeling: No robust theoretical prediction, rely on commonly used prescriptions
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Fitting function  
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Hamaus, Sutter, Wandelt 2014; ArXiv: 1403.5499 PRL Pisani, Lavaux, Sutter, Wandelt 2014; ArXiv: 1306.3052 MNRAS 
Hamaus, Pisani, Choi, Lavaux, Wandelt, Weller 2020; ArXiv: 2007.07895 JCAP 

Line of sight

rp

rv

https://arxiv.org/abs/1403.5499
https://arxiv.org/abs/1403.5499
https://arxiv.org/abs/1306.3052
https://arxiv.org/abs/2007.07895
https://arxiv.org/abs/1306.3052
https://arxiv.org/abs/2007.07895
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RSD modeling

both have been applied to data 

9

v(r) ' �1

3

f(z)H(z)

1 + z
r�(r)
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     	 P. J. E. Peebles, The large-scale structure of the 
universe (1980), mass conservation at linear order.   �(r) =

3

r3

Z r

0
�(r0)r02dr0
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2 ``mainstream”prescriptions

Very first papers in the field would try to mitigate the effect of peculiar 
velocities to measure the AP information. 

…but velocities embed information!



1

CMASS DR11
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RSD modeling with Gaussian streaming model

10
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Z
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<latexit sha1_base64="GhGdBITi7A/IojtdWGPSytQ5934="></latexit>

Gaussian probability distribution function for velocities
(Gaussian streaming model, Fisher 1995)

Hamaus, Pisani, Sutter, Lavaux, Escoffier, 
Wandelt, Weller 2016; ArXiv: 1602.01784 PRL 

Constraints 
accuracy

⌦m
<latexit sha1_base64="0JcJgV4p3KJC2W/EOQwHoUYScKA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxZsV7Ae0oWy2k3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZuq3nlBpFssHM04wEGQgWcQoMVZqd+8EDkhP9MoVr+rN4C4TPycVyFHvlb+6/ZimAqWhnGjd8b3EBBlRhlGOk1I31ZgQOiID7FgqiUAdZLN7J+6JVfpuFCtb0rgz9fdERoTWYxHaTkHMUC96U/E/r5Oa6CrImExSg5LOF0Upd03sTp93+0whNXxsCaGK2VtdOiSKUGMjKtkQ/MWXl0nzrOqfV/37i0rtOo+jCEdwDKfgwyXU4Bbq0AAKHJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8A5DOP3g==</latexit>

� =
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11%

<latexit sha1_base64="6UFmXMuKzJxhr2scif8+SjySC1A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5JIQb0VvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3m956o0iySj2YeU1/giWQhI9hkkucN66NqzW24OdA68QpSgwLtUfVrOI5IIqg0hGOtB54bGz/FyjDC6aIyTDSNMZnhCR1YKrGg2k/zWxeobpUxCiNlSxqUq78nUiy0novAdgpspnrVy8T/vEFiwms/ZTJODJVkuShMODIRyh5HY6YoMXxuCSaK2VsRmWKFibHxVGwI3urL66R72fCajZuHZq11W8RRhjM4hwvw4ApacA9t6ACBKTzDK7w5wnlx3p2PZWvJKWZO4Q+czx/8V42R</latexit>

1.2%
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<latexit sha1_base64="3FTkDYgK/TJ5RPQSkwcuhmLKcb8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4r2A9IQ9lsN+3SzW7YnRRK6c/w4kERr/4ab/4bt20O2vpg4PHeDDPzolRwg5737RQ2Nre2d4q7pb39g8Oj8vFJy6hMU9akSijdiYhhgkvWRI6CdVLNSBIJ1o5G93O/PWbacCWfcJKyMCEDyWNOCVop6I6JZqnhQsleueJVvQXcdeLnpAI5Gr3yV7evaJYwiVQQYwLfSzGcEo2cCjYrdTPDUkJHZMACSyVJmAmni5Nn7oVV+m6stC2J7kL9PTEliTGTJLKdCcGhWfXm4n9ekGF8E065TDNkki4XxZlwUbnz/90+14yimFhCqOb2VpcOiSYUbUolG4K/+vI6aV1V/Vr19rFWqd/lcRThDM7hEny4hjo8QAOaQEHBM7zCm4POi/PufCxbC04+cwp/4Hz+AL2vkZM=</latexit>

22%

<latexit sha1_base64="aoRGwuiuqXRwt90xxJMFM9gBPSE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCp7JbCtVb0YvHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSfX6sDoqV9yauwTaJF5OKpCjPSp/DccRSQSVhnCs9cBzY+OnWBlGOF2UhommMSYzPKEDSyUWVPvp8tYFqlpljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMeG1nzIZJ4ZKsloUJhyZCGWPozFTlBg+twQTxeytiEyxwsTYeEo2BG/95U3Srde8Ru3moVFp3eZxFOECLuEKPGhCC+6hDR0gMIVneIU3RzgvzrvzsWotOPnMOfyB8/kD/2SNkw==</latexit>

Profile from fitting function and marginalization 
Gaussian streaming model 
RSD & AP

https://arxiv.org/abs/1602.01784
https://arxiv.org/abs/1602.01784
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RSD modeling with linear model, multipole analysis of RSD

11
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Linear model 
Only RSD, No AP

⇠̄(r) =
3

r3

Z r

0
⇠(r0)r02dr0

<latexit sha1_base64="r8qZuPTojYK6DJDwNOFtg7h8UcY="></latexit>

⇠s` (s) =
2`+ 1

2

Z 1

�1
⇠s(s, µ)P`(µ)dµ

<latexit sha1_base64="ISmFE2h/29aAtpzdCOEXKm5HSpU="></latexit>

Cai, Taylor, Peacock, Padilla 
2016; ArXiv: 1603.05184; MNRAS 

⇠0(r)� ⇠̄0(r) = ⇠2(r)
3 + �

2�

Hamaus, Pisani, Choi, Lavaux, Wandelt, 
Weller 2020; ArXiv: 2007.07895 JCAP sub. 

https://arxiv.org/abs/1603.05184
https://arxiv.org/abs/1603.05184
https://arxiv.org/abs/2007.07895
https://arxiv.org/abs/2007.07895
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Void-galaxy cross correlation: Final analysis from the combined BOSS sample 
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Model profile from deprojection (model independent)

Linear model as for multipoles analysis
Accounts for AP & RSD

State of the art 
methodology

Hamaus, Pisani, Choi, Lavaux, Wandelt, 
Weller 2020; ArXiv: 2007.07895 JCAP sub. 

https://arxiv.org/abs/2007.07895
https://arxiv.org/abs/2007.07895
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Tested on mocks
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Void-galaxy cross correlation: Final analysis from the combined BOSS sample 

https://arxiv.org/abs/2007.07895
https://arxiv.org/abs/2007.07895
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Void-galaxy cross correlation: Final analysis from the combined BOSS sample 
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=> 2 nuisance parameters   
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Weller 2020; ArXiv: 2007.07895 JCAP sub. 
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Void-galaxy cross correlation: Final analysis from the combined BOSS sample 

https://arxiv.org/abs/2007.07895
https://arxiv.org/abs/2007.07895
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Calibration 
…  calibrated on mocks 
- -  calibrated on sims 
-  calib. on mocks and sims 
—  none (model independent)  

Planck 2018

+ eBOSS DR16 void constraints 
(eg Aubert et al. 2020) 

RSD constraints

AP constraints

https://arxiv.org/abs/2007.07895
https://arxiv.org/abs/2007.07895
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RSD only (filled markers) 
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Calibration 
…  calibrated on mocks 
- -  calibrated on sims 
-  calib. on mocks and sims 
—  none (model independent)  

Planck 2018

+ eBOSS DR16 void constraints 
(eg Aubert et al. 2020) 

RSD constraints

AP constraints

https://arxiv.org/abs/2007.07895
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RSD only (filled markers) 
RSD+AP (open markers) 

Calibration 
…  calibrated on mocks 
- -  calibrated on sims 
-  calib. on mocks and sims 
—  none (model independent)  

Calibrated on mocks 

Planck 2018

+ eBOSS DR16 void constraints 
(eg Aubert et al. 2020) 

RSD constraints

AP constraints

https://arxiv.org/abs/2007.07895
https://arxiv.org/abs/2007.07895
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Take home messages

17

๏ The void-galaxy cross-correlation function         is a robust tool for Cosmology.  

๏ Brings competitive cosmological constraints! AP constraint reach sub-percent level.  

๏ Importance of model independent techniques. 

๏ Velocities have turned from being a systematic effect into becoming a powerful source of 
information to constrain the growth rate of structure.  

๏ DESI, Euclid, LSST, Roman, SPHEREx will provide              voids each!
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Take home messages

Thank you for your attention!

17

๏ The void-galaxy cross-correlation function         is a robust tool for Cosmology.  

๏ Brings competitive cosmological constraints! AP constraint reach sub-percent level.  

๏ Importance of model independent techniques. 

๏ Velocities have turned from being a systematic effect into becoming a powerful source of 
information to constrain the growth rate of structure.  

๏ DESI, Euclid, LSST, Roman, SPHEREx will provide              voids each!
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Supplementary slides:

Systematic tests: tracer bias and fiducial cosmology
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