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Infer dilation parameter 𝞪
BAO peak position: (DA²/H) /rs1/3

AP effect (relative dilation        ): HDA
𝞪⟂
𝞪∥

Baryon Acoustic Oscillations as a Standard Ruler

Credits: Planck 2020
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Distance Measurements from Spectroscopic Surveys

Credits: eBOSS 2021
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Cosmic Web

Credits: Park 2005

Large Scale Structures

Voids
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Cosmic Void Definitions

Credits: Colberg 2005

Credits: Hoffmann 2012

Credits: Neyrinck 2008

Credits: Hoyle 2002
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DIVE : Delaunay Triangulation Void Finder

Set of Points

Delaunay Tetrahedra (DT)
=

Empty Circumphseres
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DIVE algorithm and DT Voids

Galaxy Catalogue

DT Voids defined by their:
- centers
- radius 

Galaxies

Void centers

Allows overlapping

Larger statistics
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Distribution of Voids

Two void populations:

● Void-in-clouds: small voids

● Void-in-voids: large voids

Follow underdensities

Follow halo distribution
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Radius Dependency

DTVoids Density Profiles
Two void populations:

● Void-in-clouds: small voids

● Void-in-voids: large voids

Follow halo distriubtion

Follow underdensities

Distinguishable by their radius
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Void Correlations

s

Void 2PCFXCF: void-gal
s

Small voids: positive bias

Large voids: negative bias
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Optimal Radius Selection

Credits: Liang 2016

Radius chosen to optimize BAO SNR

Void 2PCF

left dips right dips
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First BAO Detection with Voids

BOSS CMASS DR11

Credits: Kitaura 2016

Void 2PCF

Rv > 16 Mpc/h
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Sensitivity to Number Density

DTVoids size 
function: depends on 

tracer density

Tracer density: varies 
locally due to 

observational effects

What is the impact on the clustering of voids?

Underlying 
density field 
(cosmology, 

epoch)
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Sensitivity to Incompleteness

gal 2PCF

XCF

void 2PCF

Galaxies Small voids

Large voids
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SDSS data: LRG and ELG samples
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LRG (a): BOSS DR12 0.2<z<0.5

LRG (b): BOSS DR12 0.4<z<0.6

LRG (c): CMASS+eBOSS 0.6<z<1.0

ELG : eBOSS 0.6<z<1.1
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SDSS data: LRG and ELG Void samples
S

A
M

P
LE

S

LRG (a): BOSS DR12 0.2<z<0.5

LRG (b): BOSS DR12 0.4<z<0.6

LRG (c): CMASS+eBOSS 0.6<z<1.0

ELG : eBOSS 0.6<z<1.1

Void catalog obtained from post-reconstruction catalogs
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LRGs/ELGs: Optimal Radius 

x2

remove 
~60-70% voids
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Multi-tracer BAO analysis: Two Approaches 

Approach A Approach B

Fit multiple data 
vectors 
simultaneously

ξ gg

ξ gv

ξ vv

Combine galaxies and voids by computing 
joint correlation function

ξ gg≅ξ comb + ξgv ξ vv+w w2

Constant weight
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Multi-tracer BAO analysis: Approach A
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Multi-tracer BAO analysis: Approach B

w = -0.05 w = -0.2
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Void BAO model - Standard model

Typical dewiggled BAO power spectrum template:

Correlation:
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Void BAO model - Voids

Typical dewiggled BAO power spectrum template:

Template provided by mocks ~ (1+ck²)
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BAO Analysis Pipeline
Spectra

3D map

Covariance

𝞪

Template or (1+ck2)

ClusteringSimulations

Vo
id

s Weight
Selection

(𝛔𝞪)

Clustering

Radius
Selection

Model

Vo
id

s Measured 
parameter
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LRGs/ELGs: Results - Best-fitting alpha
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LRGs/ELGs: Results - Uncertainty
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LRGs/ELGs: Results - Data

Improvement ranging from 5 to 15%
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SDSS data: eBOSS QSO sample

Low number density: an order of magnitude lower than for other SDSS tracers
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QSOs: Correlations of mocks

Difficult to understand the BAO signal

Difficult to determine the best radius cut with SNR

Strong exclusion effect

Void 2PCF XCF
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QSOs: Void Optimal Radius

Creation mocks with and without BAO wiggles
Selection of optimal radius cut to enhance BAO SNR using the 
difference between the two kind of mocks

Void 
2PCF XCF
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QSOs: Data Correlations

For the BAO analysis the XCF is used jointly with the QSOs 2PCF

QSO 2PCF XCF

Rmin is 36 Mpc/h
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QSOs: Results - EZmocks

Joint fit 2PCF and XCF with template 
model compared to 2PCF alone:

● 5.41% average error improvement

● Improvement for 71.6% of the 
EZmocks

Similar results for DESI 
volume-like mocks
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QSOs: Results - Data

No improvement due to 
cosmic variance

Subsampling the dataset 
recovers mocks statistics
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Cosmology Constraints from SDSS Voids
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Cosmology Constraints from SDSS Voids
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Future work

● DESI data 

● Anisotropic distance measurements 
(2D alphas)

● Model improvement with theoretically 
modelling sphere exclusion

2021 - 2026
+30 M spectra
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Summary

● BAO measurements from cosmic voids defined geometrically as empty 
spheres with a radius threshold as one more free parameter for 
under-densities selection

● Cosmic voids are robust to unknown sources of small incompleteness 
● For most cases two multi-tracer approaches yield similar results
● Statistically voids contribute to ~10% improvement on BAO constraints for 

LRG and ELG post-reconstruction
● Statistically voids contribute to ~5% improvement on BAO constraints on 70% 

of the cases for QSO (pre-reconstruction)
● Combining voids and SDSS galaxies leads to a 17% improvement on OLh2, 

and 6% for Om and H0 from a joint BBN+BAO constraint in flat-LCDM 
compared to SDSS galaxies+QSOs only
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Multi-tracer BAO analysis: Covariances
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Cosmology Constraints from SDSS Voids


