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Summary
Galaxies are thought to reside inside of large gravitationally bound structures of dark matter,
so-called haloes. While the smallest of these haloes host no or only a few stars, the biggest host
entire clusters of galaxies. Over cosmic history, haloes often collided and merged, forming bigger
and bigger structures. Merger trees, i.e., catalogues of haloes evolving and connections between
them as they grow and merge, have become a vital tool in describing and understanding the
history of cosmological objects such as our Galaxy. Semi-analytical models, built on top of such
merger trees, are a common approach for theoretical studies in cosmology. The semi-analytical
nature of such models is especially beneficial when the dynamic range in spatial and time
scales that need to be considered becomes too large for numerical simulations.

Ancient Stars and Local Observables by Tracing Halos (A-SLOTH) is such a semi-analytical
model and it is designed to simulate star formation in the early Universe in a fast and accessible
way. It uses merger trees, either from numerical simulations or generated by statistical
algorithms to describe the history of galaxies. The processes of baryonic physics, in particular
gas cooling, star formation and stellar feedback are described with approximations and statistical
models. The range of applications for this model is extensive and we, therefore, make it
available to the scientific community. We also provide full documentation.

Statement of need
Attempts to model the early Universe are notorious for the wide range in spatial and time
scales that they need to consider (Greif, 2015). Therefore, a wide range of authors has resorted
to developing semi-analytical models for investigating the high-redshift Universe (Brauer et
al., 2019; de Bennassuti et al., 2017; Ishiyama et al., 2016; Visbal et al., 2018). These
models differ widely in their scope, and often they are specifically geared towards addressing a
specific issue or question. With A-SLOTH, we offer a highly capable semi-analytical model
that can make predictions in numerous areas, ranging from 21-cm cosmology to metal-poor
stars in the Milky-Way (Chen et al., 2022; Hartwig et al., 2015, 2018; Hartwig, Volonteri,
et al., 2016; Hartwig, Latif, et al., 2016; M. Magg et al., 2018, 2016; Mattis Magg et al.,
2022; Tarumi et al., 2020). This model was originally based on the Extended-Press-Schechter
algorithm and more specifically the GALFORM code (Parkinson et al., 2008) but has since
evolved to use merger trees from numerical simulation. A-SLOTH has the primary purpose of
quickly simulating star formation in the early Universe and connecting it to present-day and
high-redshift observables, such as the metallicity distribution function of the Milky Way or
the ionization history of the Universe. By modifying the parameters of the models governing
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the high-redshift processes and repeated comparison of the results, a user can investigate
the relationship between assumptions about poorly understood processes in the high-redshift
Universe and astrophysical observations. Because the model is highly optimized, A-SLOTH
can build up a Milky-Way-like galaxy star by star in only a few minutes. The code is written in
a modular way, such that users can add new physics and go from an idea to a set of predictions
in a short time and without developing a completely new model of high-redshift star formation.
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