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Part I: History of the Universe
according to CDM model Λ



Earliest galaxy discovered by Hubble: 
z=11, universe~400 million years old!



Earliest galaxy discovered by Hubble: 
z=11, universe~400 million years old!

But can we go further?





Hubble observes around 
the visible, which makes it 
great for making beautiful 
images of nearby galaxies!



. . . but for high redshift 
objects their light falls out 
of Hubble’s range :(



JWST to the rescue!

Redshift 14 galaxy discovered, when the universe 
was only 280 million years old! 

(and more distant ones waiting confirmation)



Part II: Galaxies in the New Frontier 
• First observations with JWST in 2022 

• Unexpected results: galaxies seemed brighter, more massive and more 
structured than expected in this young universe 

• The universe seemed too young to produce these galaxies. . . was this the 
beginning of the end of CDM? Λ



Not so fast!
Initial papers like these were found to have errors in their redshift measurements



Not so fast!

• Overabundance of bright galaxies:  

• Initial analysis used models of star formation valid 
in the local universe  

• . . . but the young universe was denser with less 
metals, meaning star formation was more efficient! 

• Testing these models has shown that these bright 
galaxies fit well within the CDM framework  Λ

Star formation efficiency is 
higher at higher redshift!



. . . So what is galaxy formation like in 
the early universe?

• JWST has clearly shown that early galaxies are very different than those in the 
local universe 

• Studying them is harder because of limited resolution

Local galaxy High redshift galaxy



. . . So what is galaxy formation like in 
the early universe?

Local galaxy High redshift galaxy

How can we 
connect what we 

observe to physical 
processes?

What are the 
observational 

biases affecting 
our results?



Part III: Cosmological Simulations 

• SPHINX cosmological simulation 
developed at CRAL 

• Relatively small volume -> high 
resolution! 

• Can study star formation and 
feedback mechanisms in the early 
universe 

What I’m actually doing in my PhD ;)



Bridging simulations and observations

Simulated galaxy

JWST observed galaxies



Bridging simulations and observations

Simulated galaxy

JWST observed galaxies



Creating ‘Mock’ Observations
Galaxy star particles from simulation Each star emits light, 

following a spectrum that 
depends on their age 



Creating ‘Mock’ Observations

Trace light emission in radiative 
transfer code RASCAS, and apply a 

JWST filter transmission



Creating ‘Mock’ Observations

Light emission in 
RASCAS,  JWST filter 

transmission

Add instrumental effects 
like Point-Spread-Function, 
noise, and low resolution



Creating ‘Mock’ Observations

Light emission in 
RASCAS,  JWST filter 

transmission

Add instrumental 
effects

Comparison!I now have a framework 
to make meaningful 

connections between 
observations and 

simulations!



Thesis goals 

• What modes of star formation dominated the early universe? (Bursty and 
intense?)


• How do star formation and feedback mechanisms shape galaxy morphology?


• How does dust attenuation affect the observed features of galaxies? 


• How accurate are our current methods at recovering physical properties? 


