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Motivation

• Go beyond THESAN by getting higher resolution and an ISM model that 
“resolves” hot and cold phases 

• Perform zoom-in radiation-hydrodynamics simulations of 14 objects 
(~108-1013 M☉ at z=3) to study: 

• high-redshift galaxy formation 

• Lyman continuum escape -> driving reionization 

• observational tracers: Lyman-𝛼 & H-𝛼 emission, metal line emission/absorption 

• molecular hydrogen and dust formation



Our new zoomed-initial conditions code

Puchwein et al., in prep.; public release planned 
compatible with N-GenIC/Gadget-4 (e.g., TNG, MTNG, 
Thesan), easy to modify (Python/C++/OpenMP mix)
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Our updated galaxy formation model

• Based on the SMUGGLE model (Marinacci+19; low-temperature cooling -> 
cold/hot phase, local supernovae and wind feedback around star particles) 

• Coupled to multi-frequency radiation hydrodynamics (Kannan+20) 

• Jeans criterion for star formation (typically at n ≳ 102 cm-3) 

• Additional early stellar feedback in part of the runs (momentum injection around 
star particles in first 5 Myr) 

• model H2 and dust



The stellar mass-
halo mass relation

zoom 4x: mgas ~ 8x103 M☉ 

zoom 8x: mgas ~ 103 M☉ 

planned - zoom 16x: mgas ~ 102 M☉



The stellar mass-
halo mass relation 
at z=6

Sphinx curve from Fig. 4 of Rosdahl+22



Lyman-alpha & H-alpha emission
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Figure 1: H I column density surrounding one of our simulated galaxies (group 5760) at z = 3.7.
Prominent self-shielded clouds and filaments with high column densities are visible. These structures
significantly influence the escape of ionizing radiation and distinctively shape observable signatures such
as Lyman-↵ and H↵ emission.

Figure 2: H↵ (left) and Lyman-↵ (middle) line emission of one of our simulated galaxies (group 5760)
at z = 3.7. The right panel displays the velocity offset of the emitted Lyman-↵ radiation relative to
the galaxy’s systemic redshift. The properties shown here were calculated with the COLT line radiative
transfer code.
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image by Aaron Smith

simulated in post-processing with the Monte Carlo-RT code COLT



Time evolution of escape fraction - for a single galaxy 
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Metals and Dust
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Figure 4: The mass–(gas) metallicity relation, dust-to-gas ratio (DGR) as a function of gas phase metal-
licity, and dust temperature evolution (left to right). The gas phase metallicities are in good agreement
with observational data from at z = 3 and z = 8 from [8] and [9], respectively. The dust model does a
reasonable job of reproducing realistic DGRs and matching estimates from [10]. Finally, the dust tem-
peratures, highly sensitive to the galactic radiation field, are in excellent agreement with observations
[11].

silicate grains are the two main components of cosmic dust.
The most significant improvement to the dust modelling beyond THESAN is that we now track
the dust temperature. This quantity is coupled to the local UV field and the cosmic microwave
background. This enables us to accurately simulate local variations of dust temperature and
their correlation with other local properties, ultimately allowing us to provide insights on the
recently-observed higher-than-expected dust temperatures in galaxies. Some of the predicted
dust properties are shown in Fig. 4.

3.2 Production simulations

After overcoming delays detailed in our previous report, we are happy to report that we have
finally entered the production phase of the simulation project. Table 1 summarizes our current
state of the progress of the simulation programme. We expect to complete all main runs of
the sample by early summer. However, we request a sufficiently extended project timeframe
beyond this for potential follow-up simulations in case any of the effects found in the main
analysis require tailored runs to investigate in greater detail.

3.3 Resource usage

Approximately 14% of our allocated core-hours were consumed by the large number of test
runs that we performed during the necessary galaxy formation model modifications phase of the
simulation project. Since entering the production phase in late December 2023, our resource
usage has accelerated significantly and we are now using the computing time at a steady rate,
as demonstrated in Fig. 5.

4 Publications with the appropriate acknowledgement

No peer-reviewed works directly based on the results of this project have been published yet.
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stellar mass-gas metallicity dust to gas ratio dust temperature

z=4



• New Zoomed-Initial Conditions code 
(compatible with N-GenIC/Gadget-4 -> 
TNG, MTNG, Thesan; arbitrarily shaped 
high-resolution regions; easy to modify; 
public release planned) 

• New set of zoom simulations of Thesan 
objects with more detailed physics 
(RHD, low-temperature cooling, cold/hot 
phases, local feedback, dust modelling) 

• preliminary results: reasonable stellar 
mass-halo mass relations; bursty LyC 
escape (e.g. when feedback clears 
channels); metallicities, dust-to-gas ratios 
and dust temperatures in broad agreement 
with data -> stay tuned for more!

Summary HI fraction

video by Josh Borrow


