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Context

● Leap forward in observational data
→ JWST (z ∼ 10-15)
→ SKA

HST (2017) JWST (2022)

SMACS 0723 Galaxy Field. Credit NASA, ESA, CSA and STScI



Context
● Why disc galaxies?

○ Mergers, Accretion, and Feedback → Galaxy sizes

○ Galaxy morphology → Growth history

○ JWST showing potential disc-like structures at z ≥ 10 
Ferreira et al. 2022



Simulation

● N-body, hydrodynamical, cosmological simulation

● Box-volume with side lengths of 100 Mpc

What is Phoebos?

● Intentionally weak stellar feedback

● No effective equation of state model

→ Multi-phased gas

How is it different?



What do we get from Phoebos?

● Stellar mass function matches observations at 
high redshift

van Donkelaar et al. 2025
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Simulation

What do we get from Phoebos?

● Stellar mass function matches observations at 
high redshift

● Good agreement on the stellar-to-halo mass 
relation

van Donkelaar et al. 2025
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Simulation

What do we get from Phoebos?

● Stellar mass function matches observations at 
high redshift

● Good agreement on the stellar-to-halo mass 
relation

● Recovers the observed slope of the stellar 
size-to-mass relation

● Matches the specific star formation rate



Investigating disc formation

● Snapshot: medium resolution run, z = 8

● Halo list:
○ adaptive-mesh AMIGA Halo Finder code
○ roughly 10 Million Haloes

● Look at the top 1000 most baryonically massive haloes  

● Find discs using:

→ ratio of mean circular velocity and the radial velocity dispersion

→  kinematically cold object → disc-like structure

○ where



for the cold gas particles (T<30’000K) for the star particles



for the star particlesfor the cold gas particles (T<30’000K)



for the star particles

→ 20 potential discs

for the cold gas particles (T<30’000K)



face-on side-on

Number of gas particles = 2430,    gas:

Total baryonic mass 

* Images contain all the gas particles
   in the halo, not just the cold gas



face-on side-on

Number of gas particles = 2430,    gas:

Total baryonic mass 

Number of stellar particles = 113,    stars:



face-on side-on



face-on side-on

Merger



→ only 15 haloes

face-on side-on

Merger



Preliminary Results & Future Goals

● v/sigma vs Halo Mass

● Investigate the properties of the found discs

● Try to locate more discs in Phoebos

● Figure out why the gas particle dynamics is 
different from the stellar particles



Thank you for 
listening



Bonus Slides



● Evolved with ChaNGa, initial conditions built using music2

● Spatially homogeneous time-dependent cosmic UV background
(Haardt & Madau 2002 model)

● Turbulent diffusion of thermal energy

● Metal diffusion

● cooling of H and He species

● cooling from the fine structure lines of metals

● Supernova feedback
○ Blast wave feedback model of Stinson et al. (2006)
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