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Abstract. The large-scale distribution of neutral hydrogen (Hi) in the universe is luminous through its 21cm emission. The goal of
the Baryon Acoustic Oscillations from Integrated Neutral Gas Observations – BINGO – radio telescope is to make the first detection
of Baryon Acoustic Oscillations (BAOs) at radio frequencies through 21cm Intensity Mapping (IM). The telescope will span the
redshift range 0.127 < z < 0.449 with an approximate instantaneous area of 88.5 square degrees. In this work, we will investigate
different constructive and operational scenarios of the instrument, generating sky maps as they should be seen by the instrument
and use them to evaluate the efficiency of a component separation method (GNILC) to recover the Hi signal. The analysis has been
carried out using the IM simulation pipeline developed by the collaboration. According to the results obtained, the application of the
GNILC method on simulated data shows that it is feasible to extract the cosmological signal across a wide range of multipoles and
redshifts. The results are comparable with the standard PCA method.

Resumo. A distribuição em larga escala do hidrogênio neutro no universo é deetctavel por meio de sua emissão de 21cm. O objetivo
do telescópio BINGO é fazer a primeira detecção de Oscilações Acústicas de Bárions na banda radio por meio do Mapeamento de
Intensidade de 21cm. O telescópio abrangerá a faixa de redshift de 0,127 < z <0,449 com uma área instantânea aproximada de 88,5
graus quadrados. Neste trabalho, iremos investigar diferentes cenários construtivos e operacionais do instrumento, gerando mapas
do céu como devem ser vistos pelo instrumento e utilizá-los para avaliar a eficiência de um método de separação de componentes
(GNILC) para recuperar o sinal de Hi. Os resultados foram obtidos usando a pipeline do projeto BINGO. De acordo com os
resultados, a aplicação do método GNILC nos dados simulados mostra que é viável extrair o sinal cosmológico em uma ampla gama
de multipolos e redshifts. Os resultados são comparáveis com o método PCA padrão.
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1. Introduction

BINGO is a unique radio telescope designed to make the first
detection of Baryon Acoustic Oscillations (BAOs) at radio fre-
quencies (Wuensche et al. 2021). This will be achieved by mea-
suring the distribution of Hi gas at cosmological distances us-
ing a technique called Intensity Mapping (IM) (Peterson et al.
2006). Along with the Cosmic Microwave Background (CMB)
anisotropies, the scale of BAOs is one of the most power-
ful probes of cosmological parameters, including Dark Energy.
BAOs are a signature in the matter distribution from the recom-
bination epoch and manifest themselves as a small but detectable
excess of galaxies with separations of order of 150 Mpc.h−1.
This excess is the imprint of the acoustic oscillations gener-
ated during CMB times and its linear scale is known from basic
physics. Note that BAOs show up in the distribution of galaxies
at redshifts less than that of the epoch of reionization (z < 5).

The telescope will be built in a low Radio Frequency
Interference (RFI) site in northeastern state of Paraiba, in the out-
skirts of Serra da Catarina, Vale do Piancó. It will operate in the
frequency range 980 MHz - 1260 MHz with two dishes in a com-
pact, Cross-Dragone, configuration. The primary dish will be a
40m-diameter paraboloid and the secondary, a 34m-diameter hy-
perboloid, with no moving parts (Fig. 1). With a feed horn ar-
ray of up to 56 receivers (BINGO Phase 1 will have 28 horns),
it will map a 15◦ declination strip, centered at 15◦ declination,
as the sky drifts past the telescope, with an angular resolution
(FWHM) of ≈ 0.67◦. The horns are massive structures, with 1.9
meter opening diameter and 4.3 m length, and the first prototype
was already manufactured and tested in Brazil (Wuensche et al.
2020).

Figure 1. BINGO concept view. The optics alignment follows a
North-South line, with the primary reflector pointing North. On
the left is visible the horn structure.

The BINGO partners are Brazil, United Kingdom, China and
South Africa. The project is mainly funded by FAPESP, a São
Paulo state funding agency, and has received funds from other
Brazilian and Chinese agencies, as well as electronic compo-
nents from UK and China. A detailed description of the project
is available in Abdalla et al. (2021).

2. Simulations and data processing

In the radio band the natural tracer is the 21cm line of Hi, but the
volume emissivity associated with this line is low, meaning that
detecting individual galaxies at z ∼ 1 requires a very substan-
tial collecting area. The idea of BINGO is to exploit the broad
beam at low-frequencies to carry out IM and hence measure the
overall integrated Hi brightness temperature of a large number
of galaxies, taken together as a tracer of the large scale struc-
ture. Hi fluctuations signal is ∼ 200 µK, more than a 1000 times
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weaker than the smooth spectrum foreground signal. Therefore,
the main difficulty in doing a statistically significant BAOs de-
tection at radio frequencies is to properly handle and remove the
high intensity Galactic and extragalactic signals in the BINGO
frequency band.

Here, we briefly describe the data processing and imaging
algorithm used to obtain the BINGO maps we use for our analy-
sis. More details of the IM pipeline can be found in Bigot-Sazy
et al. (2015). In order to test and optimize the design of the in-
strument and the survey characteristics along with the data anal-
ysis process itself, a set of computational routines, that simulate
the BINGO operation, has been used. The input is composed of
maps of different emission mechanisms, produced by theoretical
models or by observations, as well as by the inherent noise of the
instrument and contamination from the environment. The num-
ber and arrangement of horns, optical design and receiver char-
acteristics are input as detailed features of the radio telescope.
The pipeline produces, as output, TOD which can be turned into
maps that simulate the signal picked up by the instrument dur-
ing a given period of operation. Then, this output data is be-
ing passed through a component separation process, in order to
recover the cosmological Hi component. A number of different
scenarios of the instrument have been considered. The generated
sky maps, as seen by the instrument, are used to evaluate the ef-
ficiency of the component separation method to recover the Hi
signal. In Figure 2 we show a flowchart of the BINGO simula-
tion pipeline.

Figure 2. BINGO mission simulation flowchart.

The pipeline operation makes use of a mission simulator,
which processes all the input information such as beam shape
and number of horns, observation time, knee frequency, number
of channels, etc., and the relative output TOD is used to produce
the maps at each frequency determined by the band and the size
of the channels.

In the BINGO frequency range (∼ 1 GHz), the most intense
foregrounds are the galactic synchrotron and the extragalactic
point source emissions. In addition to astrophysical sources, the
systematic noise inherent to the instrument also has a great influ-
ence on the contamination of the observed signal. Thus, the effi-
ciency of the component separation process depends on the char-
acteristics of each component. Therefore, the signal detected by
a radio telescope is the composition of cosmological, astrophys-

ical (galactic and extragalactic) emissions and electronic noise
generated by the instrument.

3. Component separation

The component separation process aims to extract the signal
of interest from the measured signal, evaluating the correla-
tions of measurements at different frequencies, external con-
straints and/or physical emission models. The process of sep-
arating components is crucial for the intensity mapping since
the desired Hi signal is much weaker than the foregrounds. In
particular the foreground intensity is typically 104 times larger
than the cosmological signal (21cm Hi emission). In addition
to these components, instrumental effects such as 1/ f noise can
also be removed by the separation process. The tool chosen to
perform the component separation is the Generalized Needle
Internal Linear Combination (GNILC) and this module has been
fully developed inside the collaboration.

GNILC is a non-parametric method developed by
Remazeilles et al. (2011) with the initial purpose of sepa-
rating the signal from the CMB radiation, but later applied to
the Hi intensity mapping by Olivari et al. (2016), whose role
is to separate the various types of emission that make up the
signal, thus allowing the recovery of the cosmological signal.
In this case, a data set containing the intensity (or temperature)
measured xi(p) at a given frequency i and at a given pixel p, can
be represented by:

xi(p) = si(p) + ni(p) (1)

where si(p) is the cosmological signal map to be recovered
and ni(p) is the foreground map, together with the noise inherent
to the components of the instrument. In addition, it is assume that
this signal is uncorrelated with the foregrounds.

4. Some results

For the purposes of this discussion we have artificially divided
the simulation parameters into two categories. The first group
are considered to ‘fixed’ parameters which, at this stage of the
development of the instrument we are unable to change. They
include the site position, frequency range, survey area (which is
governed by the drift scan strategy) and the overall system tem-
perature. The second are ‘configurable’ parameters such as the
number of horns, time of observation and 1/ f spectral index. A
number of horn configurations have been tested in order to eval-
uate the possibility of BINGO operation with different number
of units than the nominal setup. We have also allowed the total
integration time to vary in order to understand how long will be
required to achieve an acceptable Hi signal recovery. The instru-
mental parameters used for the simulations are presented in the
following Table 1.

In order to test the sensitivity of the method as a func-
tion of the simulation parameters, we attempted to recover the
power spectra for scenarios with a different number of feeds
(28 and 56), different 1/ f noise correlations and different ob-
servation times. To have a quantitative measure of the ability of
the GNILC method, we compare the results with the standard
Principal Component Analysis (PCA) method, which is com-
monly used in Hi intensity mapping simulations (Alonso et al.
2014).

Figure 3 shows the power spectra of the input Hi plus noise
signal and the GNILC and PCA recovered Hi plus noise signal,
relative to the scenario with 28 feeds and one-year observation
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Table 1. Simulation parameters.

Parameter Value

Beam resolution (◦) 0.67
Observation time (yr) 1, 2

Frequency range (MHz) 980 - 1260
Number of feeds n f 28, 56

Number of channels nch 30
Knee frequency (Hz) 0.001
1/ f spectral index β 0.001, 0.12, 0.25, 0.6

Tsys (K) 70

time. In the bottom panel of Fig. 3 we plot the cross-correlation
coefficient, defined as
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The cross-correlation coefficient is a complementary way to
measure the signal recovery sensitive to scale-dependent signal
loss. We can see that the recovery of the two methods is compa-
rable throughout the entire range of multipoles ≈ 12 < ` < 330.
The performance also depends on the range of angular scales.
The cross-correlation coefficient is < 1 throughout almost the
entire range of multipoles, while on smaller scales its value in-
creases, showing that the recovered spectrum is contaminated.
The results show that the component separation method does
not affect significantly the wanted signal statistics, but it under-
estimates the power spectrum (Fig. 3). Further analysis details
and results are beyond the scope of this proceedings, and can be
found in (Liccardo et al. 2021).

5. Final remarks

BINGO is a transit telescope designed to make the first detection
of BAOs at radio wavelengths, through the detection of the 21cm
Hi emission and, consequently, the construction of a 3D map of
total matter distribution. In this way, the telescope will provide
independent cosmological data to complement optical surveys at
the redshift interval 0.127 < z < 0.449.

In this work we have presented, for the first time, results
from the application of the GNILC method to a set of end-to-
end simulations generated with the IM pipeline developed by
the BINGO collaboration. The foreground cleaning method did
show satisfactory results with the parameters adopted in this
work. In line with the results of this work, we can say GNILC
can reconstruct the Hi plus noise signal, for the IM BINGO ex-
periment, with an (absolute) accuracy of ∼ 12% after five years
of observation. This result may be improved by adding more
horns to the telescope. The reconstruction is good even in the
presence of systematics, like 1/ f noise, which was not consid-
ered in previous works. This has been an encouraging result
since this systematic will be present, to a great extent, in the
real data, and is the most complex contaminant to remove.

The Bingo Collaboration can be found at
http://www.bingo.telescope.org.
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