URSI AP-RASC, Sydney, Australia, 17 — 22 August 2025 ‘@

Bayesian Identification of Global 21cm Signal Depth Origin

Dominic Anstey*m(z), Harry Bevins(1)(2)
(1) Astrophysics Group, Cavendish Laboratory, J. J. Thomson Avenue, Cambridge, CB3 OHE, UK
(2) Kavli Institute for Cosmology, Madingley Road, Cambridge, CB3 OHA, UK

1 Extended Abstract

The Global 21cm signal represents one of the most promising methods for providing direct measurements of the
intermediate stages of the development of the Universe, in particular the Cosmic Dawn and Epoch of Reionisation.
The maximum possible depth of this signal is determined by the difference between the brightness temperature of
the cosmic radio background and the physical temperature of the hydrogen gas in the Intergalactic Medium (IGM).
Standard astrophysics predicts a maximum signal depth of approximately 200mK [1]. However, many theories
have been proposed that could enhance the signal depth, predominantly by either increasing the radio background
brightness or enabling additional cooling of the gas. It will potentially be difficult to determine which of these is
the origin of an abnormally deep 21cm signal measurement based on the detected signal alone. However, a deep
signal due to excess radio will also contain that excess radio as a component of the foreground.

As a result, we present a method by which the origin of a deep signal can be determined based on Bayesian model
fits using a physically motivated foreground. By utilising the radio foreground model developed for the Radio
Experiment for the Analysis of Cosmic Hydrogen (REACH) [2], coupled with models of excess radio contributions
and the corresponding 21cm signals, provided by training the GLOBALEMU emulator [3] on simulations of the
EoR made using 21cmSPACE [4], we will demonstrate that these deep signal origins can be confidently and
reliably distinguished based on the Bayesian evidences of the model fits of foregrounds, as shown in Table 1.
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Table 1. Bayesian evidences of fits of simulated 21cm data that include excess background or excess cooling, to
models that differ in the 21cm signal included, the foreground included, or both.
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