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Summary

The Cosmic Dawn (CD) and Epoch of Reionization (EoR) are among the least understood
epochs from the history of our Universe. Large-scale cosmological simulations are useful to
understand this era and help prepare for future observations. Tools21cm is a data manipu-
lation and analysis package for studying such cosmological simulations. It is written in the
python programming language and designed to be very user-friendly.

The 21-cm signal, produced by the spin-flip transition of neutral hydrogen, is a unique tracer
of matter in large-scale structures present during the EoR and CD (e.g. Furlanetto, Oh, &
Briggs, 2006; Pritchard & Loeb, 2012). This signal will be cosmologically redshifted and
thus found at low radio frequencies. Much of the functionality of Tools21cm is focused
on the construction and analysis of mock 21-cm observations in the context of current and
upcoming radio telescopes, such as the Low Frequency Array (LOFAR; Haarlem et al., 2013),
the Murchison Widefield Array (MWA; Tingay et al., 2013; Wayth et al., 2018), Hydrogen
Epoch of Reionization Array (HERA; DeBoer et al., 2017) and the Square Kilometre Array
(SKA; Mellema et al., 2013). Tools2lcm post-processes cosmological simulation data to
create mock 21-cm observations.

Radio telescopes typically observe the redshifted 21-cm signal over a range of frequencies
and therefore produce 21-cm images at different redshifts. A sequence of such images from
different redshifts is known as a tomographic data set and is three dimensional. Tools21cm
can construct such tomographic data sets from simulation snapshots (Datta et al., 2012; Giri
et al., 2018a). When constructing these data sets, it can also add the impact of peculiar
velocities, leading to an effect known as redshift space distortions (e.g. Jensen et al., 2013,
2016; Giri et al., 2018a). See Giri (2019) for a detailed description of tomographic 21-cm
data sets.

Tools21cm also includes tools to calculate a wide range of statistical quantities from simulated
21-cm data sets. These include one-point statistics, such as the global or sky-averaged signal
as a function of frequency, as well the variance, skewness and kurtosis (e.g. Ross, Dixon, lliev,
& Mellema, 2017; Ross, Dixon, Ghara, lliev, & Mellema, 2019). It can also characterise the
spatial fluctuations in the signal through spherically and cylindrically averaged power spectra
(Giri et al., 2019; Jensen et al., 2013; Ross et al., 2017) and position dependent power spectra
(Giri, D'Aloisio, et al., 2019). It also has the capability to find interesting features, such as
ionized regions, in (tomographic) image data (Giri et al., 2019, 2018b) and from these to derive
statistical quantities, such as size distributions (Giri et al., 2018a) and topological quantities
such as the Euler characteristic (Giri et al., 2019). Such statistical characterisations of the
data are required when comparing observations with simulations using a Bayesian inference
framework in order to derive constraints on model parameters (e.g. Greig & Mesinger, 2015).
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