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The failures of models in the JWST era 
Lovell+2021

Katz+2023
Yuan+2025

Dust modelling needs to 
go hand in hand with 
ISM modelling

Simple dust models incapable of 
predicting Lya observables, even 
with additional physics

UV-calibrated simulations have too 
massive and/or too dusty galaxies



Dust properties change across cosmic time

Markov+2024Shivaei+2026



Why I can’t get away with post processing?

Schneider+2006

Cloud 
fragmentation 

enriched by Pop III

Ionisation properties 
of HII regions 

Shielding from UV 
radiation

Hirashita&Ferrara2001

Just ~1% of the ISM 
mass, but a lot of 

influence!

Ferrara2024

Radiation pressure

Molecule catalysis

Photo-electric heating

Elemental 
abundances and 

enrichment

Dust physics have timescales similar to fundamental 
ISM, making post-processing challenging

Katz,RM+2022



Why can’t I get away with post processing?

Draine&Li2007

Diffuse ISM grain properties Dust thermo-chemistry Modelling and observables
•Fixed grain size distribution

•Fixed composition

•Mean ISRF

•Solar metallicity environment

•Low SFRs

•H2 formation

•CO formation

•Photo-electric heating

•Extinction

• Ion recombination

•Radiation pressure

•…

•CO-H2 conversion factors

•Attenuation curves

• IR emission

•Stellar masses

•Depletions/metallicity

•HII region properties

•…

Katz,RM+2022
Bisbas+2025





CALIMA
Molecules, dust and PAHs connected to galaxy formation



CALIMA
Molecules, dust and PAHs connected to galaxy formation



CALIMA
Flexible and self-consistent dust thermo-chemistry
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Collisional cooling Sputtering Grain charging

•Update ion interactions (~40 yr old)

•Grain charging directly related to local RF

•Variable molecular hydrogen formation

•Grain-assisted recombination

•Local extinction properties



CALIMA
PAHs as the molecular regime of the dusty ISM
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H2 formation
Sputtering

Photo-electric heating
Spilker+2023 Witstok+2023 Shivaei+2024

Omont+2025

101 102 103 104 105 106

∞(G0

p
T/ne) [K1/2 cm°3]

10°22

10°21

10°20

10°19

10°18

P
in

j,
P

re
c
[e

rg
s°

1
]

NC = 54

NC = 418

101 102 103 104 105 106

∞(G0

p
T/ne) [K1/2 cm°3]

0.2

0.4

0.6

0.8

1.0

P
op

u
la

ti
on

fr
ac

ti
on

s

Anion

Neutral

Cation

Dication

PAH bottom-up 
formation



CALIMA
The role of dust in molecular hydrogen and CO formation

Dust temperature

Small-to-large 
mass ratio

0.1Z⊙



CALIMA
The role of dust in molecular hydrogen and CO formation



CALIMA
The destruction of PAHs within HII regions



CALIMA
Heating and cooling in the presence of evolving dust and PAHs
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CALIMA
Heating and cooling in the 
presence of evolving dust 
and PAHs



CALIMA for the RAMSES community

In the public RAMSES:

Re-designed self-
contained modules, with 
minimal interaction points

CALIMA can now be run with:

HD/MHD RT RTZ
Growth, destruction 
and evolution of grains 
can be tracked, and 
accreted metals modify 
classic cooling curves 
(see Dubois+2024)

The effect of local dust 
properties are directly 
propagated into the 
radiative transfer (e.g. 
Dusty-SPHINX)

Full model, considers 
the individual ion 
thermochemistry to 
modify the full 
interaction of radiation, 
gas and dust/PAHs



CALIMA for the RAMSES community
The new version moves away from 
fixed number of bins and grain 
compositions
pyCALIMA allows for easy computation od 
run-time tables for many more compositions:


Olivine, metallic Iron, Pyrrhotite, Fayalite, 
Troilite, Enstatite, Quartz, Forsterite, Silicon 
Carbide, Alumina, etc.

This is all coupled to fast (numba powered) 
dust chemistry solvers to post-processed 
simulations and get a 0th-order 
approximation for the local grain size 
distribution

Talk to me if you’d like access 
to the repo!



Conclusions

• Many questions remains as to the evolution of 
dust in the early Universe 

• CALIMA provide the framework to explore the 
evolution of the ISM across cosmic time from 
first principles 

• Live dust modelling results in non-trivial 
interactions with radiation, the molecular ISM 
and the thermochemistry 

• CALIMA is now a portable theoretical 
framework that can be used in many versions 
of future RAMSES simulations as well as in 
post-processing



Curro Rodríguez Montero - RUM2026

THANK YOU



CALIMA
The dust content of 
different phases of the 
ISM
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CALIMA
The influence of dust 
modelling on the 
thermochemistry of the ISM
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b)

Dust Cooling/Heating

PE heating Dust recomb. cooling

+ Dust PEH

+ PAH PEH

+ PEH (Tielens)


