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The failures of models in the JWST era

Lovell+2021
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UV-calibrated simulations have too |
massive and/or too dusty galaxies S

Simple dust models incapable of
Katz+2023 predicting Lya observables, even
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with additional physics  Yuan+2025
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Dust properties change across cosmic time
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Dust physics have timescales similar to fundamental
ISM, making post-processing challenging

Just ~1% of the ISM
mass, but a lot of
iInfluence!
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Why | can’t get away with post proce(:i;sci:nGé)?
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z >10 galaxies

Bunker+23
Curtis-Lake+23
Arrabal-Haro+23
Hsiao+23
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Why can’t | get away with post processing?
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_ Dust thermo-chemistry Modelling and observables

* Fixed grain size distribution * H> formation » CO-H2 conversion factors
* Fixed composition » CO formation - Attenuation curves
* Mean ISRF * Photo-electric heating * IR emission
 Solar metallicity environment » Extinction - Stellar masses
*Low SFRs * lon recombination » Depletions/metallicity
- Radiation pressure * HIl region properties
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CALIMA

Molecules, dust and PAHs connected to galaxy formation
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CALIMA

Molecules, dust and PAHs connected to galaxy formation
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Flexible and self-consistent dust thermo-chemistry

Collisional cooling
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Sputtering
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e smallC: No size correction

===  smallC: With size correction

= largeC: With size correction 3

e smallSil: No size correction

== gmallSil: With size correction |

largeSil: With size correction

» Grain charging directly related to local RF

» Variable molecular hydrogen formation

e (Grain-assisted recombination

» Local extinction properties
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Grain charging

Mean grain charge vs v for a=0.005 pm
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PAHs as the molecular regime of the dusty ISM

Spilker+2023 Witstok+2023 18 79 80 81 sa M. es ss sr ss Ohivaei+2024
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The role of dust in molecular hydrogen and CO formation
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The role of dust in molecular hydrogen and CO formation
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The destruction of PAHs within HIl regions
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CALIMA

Heating and cooling In the presence of evolving dust and PAHs
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Heating and cooling In the presence of evolving dust and PAHs
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Heating and cooling In the
presence of evolving dust

and PAHs

t = 5.00 kyr
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CALIMA for the RAMSES community

In the public RAMSES:

v calima (0
m dust_charging.f90
1) dust_commons.f90 1, M
m dust_cooling.f90 M
1) dust_dynamics.f90
1) dust_init.f90 0
m dust_interface.f90 1, M
1M
M

m dust_photophysics.f90
ﬁ dust_rates.f90
m dust_seeding.f90

m dust_solver.f90 1, M
1) dust_surface_chemistry.f90

m dust_utils.f90 1, M
m dustbin_types.f90 1, M
& README.md

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

CALIMA can now be run with:

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.qg.
Dusty-SPHINX)

RTZ

Full model, considers
the individual ion
thermochemistry to
modify the full
iInteraction of radiation,
gas and dust/PAHs
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CALIMA for the RAMSES community

[ rerowe & The new version moves away from
fixed number of bins and grain
compositions

pyCALIMA

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.

CALIMA This is all c_oupled to fast (humba powered)
dust chemistry solvers to post-processed
simulations and get a Oth-order

pyCALIMA is a research codebase for modeling dust and PAH microphysics used in RAMSES simulations. It apprOXi mation for the local grain size
combines grain-size distributions, radiation, charging, sputtering, collisional cooling, and PAH-specific d iStri bUtiOn

photophysics into reusable Python modules plus export scripts that generate simulation-ready tables.

Related References

Talk to me if you’d like access




Conclusions

 Many questions remains as to the evolutlon of 4 -.

dust in the early Universe W %
* CALIMA provide the framework to explore the 3

evolution of the ISM across cosmic tu;ne from - 50

first principles |
* Live dust modelling results in non- -trivial : |

interactions with radiation, the molecular ISM .

and the thermochemistry

_ . § & FO70W

« CALIMA is now a portable theoretical AT 4

framework that can be used in many versions-
of future RAMSES simulations as well as in
post-processing

F438W  F218W
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The dust content of different phases of the ISM
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Dust Cooling/Heating

CALIMA

The influence of dust 0
modelling on the e e /
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