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•  Definition 
•  Methods 
•  Our catalog! 

Illustris Simulation 

Voids? 





Why Voids? 
Hierarchical Structure for mass in the Universe 

Existence of Voids! 

These regions must be the least evolved (relative to densest regions) 

What can this say about their inhabitants? 

Less Interactions 

Star Formation 

Accretion of matter onto a central SMBH 

Other galaxy properties 

Nature vs. 
Nurture! 

Occupy 50% of 
the volume of the 
universe 

(That’s a lot) 



Finding Voids and their Inhabitants 

Colberg et al. 
(2008) 

Green – Void Region 
Blue – Void Galaxies 
Red – Center of Void 

Initial distribution 
Blue - Galaxies 
Grey - Dark matter 

•  Variety of methods used for 
finding voids 

•  How matter, dark and 
luminous, are distributed in 
the universe 

 Observations Simulations 



Two Most Recent Void Finder Studies 

Pan et al. (2012) Nadathur & Hotchkiss (2014) 
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Voronoi Tesselation 

Watershed 

Zones! 

•  Simplest shape: spherical 
•  Third nearest neighbor 
•  Grow spheres 
•  Form hierarchy from overlapping 

spheres 
•  All galaxies inside these spheres 

are void galaxies 

•  No assumption of void shape 
•  ZOBOV 

•  Form Voronoi tessellation, take 
inverse to get density 

•  Use watershed to form ‘zones’ 
•  Code publicly available 

•  Modify parameters  
•  Build our own samples 

10 h-1 Mpc thick slab of parent sample  



Brightness and z Distribution: Comparing 
Apples with Apples 
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 Nadathur Parent Sample 

Calculated Intrinsic Brightness (2011 cosmology) Intrinsic Brightness from KIAS (2004 cosmology) 
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Redshift (Distance) 

Using KIAS 

Redshift (Distance) 



Comparing Pan and Nadathur’s Void 
Samples 

Black Galaxy 
Blue Nadathur Void Galaxy 
Green Pan Void Galaxy 

Pan Nadathur 
Parent 
Sample 

~120,000 ~178,000 

Void gals 
Identified 

8046 (7%) 86282 (49%) 



Optimizing Voids with Nadathur’s 
Void Finder Algorithm 



Black Galaxy 

Blue Nadathur Void Galaxy 

Green Pan Void Galaxy 

Red N. Void Galaxy w/Density Cut 

Orange Pan & N. Void Galaxy 

Yellow Pan & N. Void Galaxy W/Density Cut 

Pan Nadathur 
Parent 
Sample 

120,000 178,000 

Void gals 
Identified 

8046 
(7%) 

86282 
(39%) 

Void gals 
with my cut 

19122 
(10.7%) 

Comparing Pan and optimized 
Nadathur’s Void Samples 

Pan Nadathur 

2110 
 17012 5936 25% 12% 



Now the Fun Begins… 

•  Much to do: 
– Try other density cuts 
– Stronger tests of consistency 
– Resolve absolute magnitude disparity 

•  All with the final goal of comparing 
properties of galaxies in voids and in walls 
(normal density regions) 



Questions 


