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Abstract. The sky-averaged (global) 21-cm signal is a very promising probe of the Cosmic
Dawn, when the first luminous sources were formed and started to shine in a substantially
neutral intergalactic medium. I here report on the status and early result of the Large-Aperture
Experiment to Detect the Dark Age that focuses on observations of the global 21-cm signal in
the 16 � z � 30 range.
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1. Introduction
Observations of the highly-redshifted 21-cm emission are considered the most powerful

probe of the birth of the first luminous sources and the consequent epoch of reionization
(see McQuinn, 2016; Furlanetto, 2016; for recent reviews). In particular, the sensitivity
required to measure the sky–averaged (global) 21-cm signal may be achieved with rel-
atively short observations (from a few tens to a few hundreds of hours) using a single
dipole. Before widespread reionization, observations of the global 21-cm signal would
target two specific transition phases:
• the birth of the first luminous sources in the Universe, expected to happen at z ∼

25 − 30 and to tightly couple the spin temperature to the InterGalactic Medium (IGM)
temperature, generating 21-cm emission via resonant scattering of Lyα photons (Field,
1959). As the IGM is colder than the Cosmic Microwave Background (CMB) at these
epochs, the 21-cm is expected to appear in absorption against the CMB. The intensity and
timing of this absorption feature depends strongly on the intensity of the Lyα radiation
from the first stars as well as the feedback processes occurring in these first galactic halos
(e.g., Furlanetto, 2006);
• the IGM heating epoch, when X-rays from the first stellar black holes starts to heat

the IGM, eventually driving the gas temperature above the CMB (e.g., Pritchard and
Furlanetto, 2007; Mesinger, Ferrara and Spiegel, 2013).
The Large-Aperture Experiment to Detect the Dark Age (LEDA; Greenhill and Bernardi,
2012; Bernardi, McQuinn and Greenhill, 2015) aims to detect the global 21-cm signal in
the 16 � z � 30 range, attempting to characterize the birth of the first luminous sources
as well as the X-ray heating epoch.
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Figure 1. One of the LEDA outrigger antenna stands equipped for global 21-cm observations
and located at the Owens Valley Radio Observatory (from Price et al., 2017).

2. LEDA observations of the global 21-cm signal from the Cosmic
Dawn

The biggest challenge that global 21-cm observations need to face is the separation
of bright foreground emission that, for single dipole experiments, is essentially Galac-
tic synchrotron radiation. The separation leverages on the spectral difference between
the 21-cm signal and the synchrotron foreground and requires to achieve a high accu-
racy in both radiometric calibration (Monsalve et al., 2015) and accurate measurement
(and/or mitigation) of the chromatic instrument primary beam (Bernardi, McQuinn and
Greenhill, 2015; Mozdzen et al., 2017).

LEDA (Figure 1) adopts a twofold strategy in order to mitigate systematic effects:
• the development of custom electronics in order to achieve accurate calibration of

radio frequency signal chain over a wide bandwidth (Price et al., 2017). The custom-
developed receivers are deployed on four dipoles so that independent measurements help
to further identify and correct systematic effects;
• cross-correlation of the individual dipoles with an array of ∼ 250 similar dipoles

spread over a ∼ 200 m diameter area to provide an interferometric array capable of
observing at frequencies between 30 and 88 MHz. Interferometric techniques can be used
to measure the spatial and spectral structure of the dipole beam (Bernardi, McQuinn
and Greenhill, 2015).

Early observations were carried out on February 11th 2016. Two hours of data were
calibrated using a three-position switch in order to correct for time variations of the
receiver gains and set the absolute flux density scale. The final calibrated sky tempera-
ture was achieved by correcting for frequency structure in the bandpass using both lab
measurements and models of the synchrotron emission and the dipole beam response
(further details of the data calibration can be found in Bernardi et al., 2016).

https://doi.org/10.1017/S1743921318000674 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921318000674


100 G. Bernardi

Figure 2. Posterior probability distribution, marginalized into one and two dimensions and
plotted in the [0, 1] range, for the synchrotron foreground and 21-cm models, fitted to the
LEDA data. The dark and light shaded regions indicate the 68- and 95-per-cent confidence
regions (from Bernardi et al., 2016).

Foreground separation was perfomed using a Bayesian sampling of the likelihood func-
tion (Harker et al., 2012; Bernardi et al., 2016):

Lj (Tant(νj )|Θ) =
1√

2πσ2(νj )
e
− [T a n t ( ν j )−T m ( ν j , Θ ) ] 2

2 σ 2 ( ν j ) , (2.1)

where Tant(νj ) is the observed sky temperature at the frequency νj , Tm (νj ,Θ) is the
model spectrum function of the parameter set Θ, and σ(νj ) is the standard deviation of
the instrumental noise. The model spectrum was taken as the sum of a log-polynomial
expansion for the synchrotron spectrum and a Gaussian absorption trough for the 21-cm
signal:

Tm (νj , p0 , ..., p7 , AHI , νHI , σHI) = 10
∑ 7

n = 0 pn

[
log1 0

(
ν j
ν 0

)]n

+ AHI e
− ( ν j −ν H I ) 2

2 σ 2
H I . (2.2)

Figure 2 shows the recovered best fit parameters. Measurements led to fairly tight con-
straints on the foreground parameter space and to the first data-driven constraints on
the 21-cm signal parameters, leading to reject Gaussian like models with amplitude
AHI > −890 mK and width σHI > 6.5 MHz at the 95-per-cent confidence level in the
16 � z � 30 range.
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3. Conclusions
I have presented an update on the search of the global 21-cm emission in 16 � z � 30

from LEDA, focused to understand the formation of the first sources in the Universe.
Initial data place constraints on the signal amplitude below 890 mK in absorption against
the CMB and future longer observations may be able to place maningful constraints on
extreme 21-cm models for which, for example, structure formation starts at lower redshift
with a very high efficiency.
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