
Could enhanced 
structure formation 
ease large-scale 
cosmological 
tensions?

University of St 

Andrews

By Alfie Russell
Supervisors: Hongsheng Zhao & Indranil Banik
Summer student: Oscar Cray



Introduction

ÅLarge-scale tensions in cosmology

ÅMy simulations

ÅὌ  and ή within a Local Hole

ÅLocal bulk flows and bulk flow reversal



Large-scale tensions in cosmology



Enhanced structure formation

High local bulk flows (Watkins+ 2023)

High velocity cluster mergers 
(Asencio+ 2023)

High redshift galaxies (Robertson+ 
2023)

El Gordo cluster - ESO



Supervoids and the Local Hole

Local Hole ς Pablo Carlos Budassi

ά[ƻŎŀƭ IƻƭŜέ ǿƛǘƘ мнл Mpc radius 
observed in near-IR, X-ray and radio 
(Wong+ 2022; Böhringer+ 2015; 
Rubart+ 2014) 
 
ɿ πȢςππȢπς (Wong+ 2022)

Overproduction of ~100 Mpc voids 
inferred from Integrated Sachs-Wolfe 
effect (Kovács+ 2019; Kovács+ 2022)



The Hubble Tension

Early-time and late-time 
measurements of H0 disagree! 
Related to the Local Hole?

Cosmology Intertwined 2021



How to simulate enhanced 
structure formation?



Simulating enhanced structure formation

¦ǎŜ ǘƘŜ άI˄5aέ ƳƻŘŜƭ ǘƻ ǎƛƳǳƭŀǘŜ ŜƴƘŀƴŎŜŘ ǎǘǊǳŎǘǳǊŜ ŦƻǊƳŀǘƛƻƴ 
(Angus 2009)

Self-consistently produces 100s Mpc scale supervoids (Angus+ 2013)

Not a perfect model!

Åe.g., does not reproduce observed cumulative halo mass function



Components of ˄ I5a

The ˄  is the MOND interpolation function, ˄(y):

ʉ      Ҧ     Ὣ ʉ Ὣ  

ὥ ρȢς ρπ άί

The HDM is Hot Dark Matter (11eV sterile neutrinos)

Assume FRLW background metric and use Planck 2018 parameters



Comparisons and vantage points

Useful to know how changing the model changes results, so run comparison 
simulations

ÅɽCDM ς Newtonian gravity + Cold Dark Matter initial conditions

ÅɽHDM ς Newtonian gravity + Hot Dark Matter initial conditions

Å˄CDM ς MONDian gravity + Cold Dark Matter initial conditions

¦ǎŜ ά±ŀƴǘŀƎŜ Ǉƻƛƴǘǎέ ǘƻ ǇǊƻōŜ ƻōǎŜǊǾŀōƭŜǎ

ÅSplit simulation box into ςυ smaller chunks

ÅSearch for a reference particle in each chunk to measure observables from

ÅParticles roughly correlate with where galaxies should be



Simulation parameters

Cosmological collisionless N-ōƻŘȅ ǎƛƳǳƭŀǘƛƻƴǎ ǳǎƛƴƎ άtƘŀƴǘƻƳ ƻŦ wŀƳǎŜǎέ ŎƻŘŜ όTeyssier 
2002; Lüghausen 2014)

ɇɳὫ ɇɳʉ
Ὣ

ὥ
Ὣ

800 cMpc/h box length and 2563 particles

Initialised at z=199 and initial conditions produced with CAMB and MUSIC 
(https://bitbucket.org/SrikanthTN/bonnpor/src/master/)

For smaller scale hydrodynamical simulations of vHDM see Wittenburg+ 2023



ɽCDM ɽHDM

C˄DM ˄I5a

Density maps

Projected through 
whole box at ᾀ π

Large-scale structure 
enhanced by HDM

All structure 
enhanced by MOND 
gravity


