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ΛCDM in crisis?

Å╗  tension
Late Universe probes give

5σ higher then Early type probe

ÅὛ tension

ÅDESI result

Credit: Di Valentino (2021)



ΛCDM in crisis?

ÅὌ  tension

Å╢ tension
DESY3+KiDs gives 

3σ lower value then Planck 

ÅDESI result

Credit: DES and KiDs Collaboration(2023), E. Abdalla  et al. (2022)



ΛCDM in crisis?

ÅὌ  tension

ÅὛ tension

ÅDESI result
Dynamic dark energy ◌◑
+unresolved

Cosmological degeneracy

Credit: DESI collaboration.  (2024)



Need of new cosmological probe

Overdense region 

Underdense region

With position and 
velocity
2pcf power spectrum

Velocity Field

With angular momentum

Credit: Agrawal(2017), Courtois et al. (2013)

Credit: Lee & Park (2006)



Voids?

Largest, extremely 
underdense regions 
surrounded by 
filaments and 
sheets ,

Ideal for probing initial 
conditions and 
cosmological parameters.

VOID

A Void from AbacusSummit c000 By Kang



Raw data - AbacusSummit
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Single parameter deviation
from Planck 2018 result 

We choose 14 cosmologies + Planck
That have maximum of 

Credit: The AbacusSummit Team
And used only  ÌÏÇά ρρȢυhalos



Void identification

Hoyle & Vogeley (2002)

Voidfinder algorithm

Precise underdense criteria

Works well on observational 

data

Reveals complex void 

structures

VoidFinder Algorithm, by Kang



Void distribution and shape from AbacusSummit c000, by Kang



Void properties

On ςÈ Ὃὴὧperiodic box,
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Planck 2018
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Dimensionless void spin vector 
Pseudo angular momentum of void

without mass term  

= No need to know 
single halo mass Normalization term 

ὠ : Mean Circular velocity at Ὑ

Ὑ : Effective radius 

Kang&Lee(JCAP, 2025)



Void spin distributions

For the first time, we found that 
The distribution of Void Spin in cosmology
can be fitted well with 

Generalized gamma distribution
ʘʬʺʪɛʺʽʵɛʶʣʸʣʳʧʺʧʸʹɛˁʯɩɛö˃

Kang&Lee(JCAP, 2025)



As cosmological probe

4σ
significance

On 

12%
„ difference

1σ
significance

On 

2%
„ difference

1σ
significance

On 

10%
ɱ Ὤdifference

0.1σ
significance

On 

3.3%
ɱ Ὤdifference

+ no statistically significant (<1 Ā) difference on
10% difference in ◌, 100% difference in ╜ⱨ

Kang&Lee(JCAP, 2025)



Why meaningful?

Credit: Costanzi et al. (2013) (up)

Valentino et al. (2021) (bottom)

>8σ
significance

<1σ
significance

Potential to break 
cosmological 
degeneracies.

Kang&Lee(JCAP, 2025)



High Ɑ  > More Void

with high j

Low Ɑ  > Less Void 

with High j

Ɑ on void spin

Higher density fluctuation 
due to High Ɑ

Change the strength of large 
scale tidal field
Resulting   

high void spin amplitude

Kang&Lee(JCAP, 2025)



Observational feasibility

Kang&Lee(JCAP, 2025)



Observational feasibility

High j

Big ɝὺ Small ɝὺ

Small ɝὺ Big ɝὺ

Parallel
to observer 

low j

Kang&Lee(JCAP, 2025)

Perpendicular
to observer 



Future works

Constraining cosmological 
parameters with observed void

Starting from lightcone simulation. 

In DESI and SDSS catalog + LSST.

Develop physical model from first principles

Probing large scale parity violation 



Future works

Constraining cosmological parameters with 
observed void

Develop physical model from first 
principles
Strengthen theoretical foundation

Probing large scale parity violation 



Future works

Constraining cosmological parameters with 
observed void

Develop physical model from first principles

Probing large scale parity violation 
Void spin distribution as probe of parity violation



Summary | Q&A

Effective Ɑ / ἫἬἵconstraint without degeneracy.

We've numerically discovered that void spin 
distribution which very well described in 

generalized gamma distribution has 

potential to work as effective constraints, 
showing separable dependence on Ɑ and 

ἫἬἵἰ while remaining 

insensitive to, ╜ⱨ, ◌Ȣ
Arxiv here: 

Mail me: kanggeonwoo@snu.ac.kr

mailto:kanggeonwoo@snu.ac.kr
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