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Abstract. BINGO is a novel 40m-class telescope to be built in South America to observe Baryon Acoustic Oscillations through
a new technique called Intensity Mapping, using the 21 cm Hydrogen line to statistically detect galaxies at different distances to
measure dark energy. The transit telescope uses two large mirrors in a compact range configuration, ith a large focal plane of 50
horns, each 1.8 m wide and 4.7 m in length. These feed into room-temperature receivers with effective system temperatures around
50 K to record the very faint BAO signals.
Resumo. BINGO é um novo telescópio de 40 m que está sendo construído na América do Sul para observar as oscilações acústicas
de bários (BAO). A partir de uma nova técnica, Mapeamento de Intensidade (Intensity Mapping) e usando a linha de hidrogênio
21 cm, será possível detectar estatisticamente galáxias em diferentes distâncias e medir a energia escura. Este telescópio utiliza dois
grandes espelhos em uma configuração de alcance compacto, com um grande plano focal de 50 cornetas, cada qual medindo 1,8 m
de largura e 4,7 m de comprimento. Estes alimentam os receptores, que estão em temperatura ambiente, com temperaturas efetivas
do sistema em torno de 50 K para registrar os sinais BAO muito fracos.
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1. Telescope design

Figure 2. A schematic representation of the telescope

Figure 1. The preliminary BINGO telescope design

The BINGO telescope design is as simple as possible. It is a
transit telescope to use the Earth’s rotation to map the sky, with a
Compact Range Antenna design to have a large number of horns,
which under-illuminate the mirrors to have clean beams with low
sidelobes. The design is commonly used by Cosmic Microwave
Background telescopes, but this will be the first telescope of this
design on a scale of tens of metres.
BINGO will map a 15 × 360 cos(15 deg) degree region of the
sky at 960–1260 MHz with a resolution of 40 arcminute. This
means that the mirrors have to be around 40 metres across. They
will be wire mesh rather than solid surfaces, and the static design
drastically reduces the cost compared to a movable telescope.
For more background information on BINGO see Battye et al.
(2012, 2013, 2016); Dickinson et al. (2014).

2. Horns
To illuminate the mirrors correctly at these frequencies, the
horns have to be very large: 1.8 m in diameter, and 4.7 metres
long. The horns have corrugations so that they are sensitive to
the wide frequency range. These requirements mean that traditional manufacturing methods (machining from a solid piece of
metal, or bending sheet metal) is very expensive or impractical.
Instead, the horns are being constructed as a series of rings,
each of which are made from a shaped profile of one large and
one small ring, which are bent into a circle and welded in place.
A series of these rings are made with different sizes, and are
then attached to each other to build up the whole of the horn.
The first and last rings are machined, and are used to mount the
horn into the focal plane structure.
The completed horns will be tested at INPE’s horn testing
facility to make sure that they very low loss (∼0.1dB), work at
all frequencies, and have clean beams that match well with the
mirrors.
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Figure 4. Top: Waveguide components. Magic tees are blue, coax transitions yellow, colfets red. Bottom: A schematic of the receiver components.

so later-stage 1/f noise can also be removed. The receiver will
operate at room temperature, but will be temperature stabilised
to minimise signal fluctuations. It will use off-the-shelf components as much as possible. Custom-built filters will define
the receiver band and remove out-of-band interference (particularly from mobile phones, which are just below the BINGO
frequency band). The digital back-end will digitise the signal
and use Fourier Transforms to output spectra, which will then be
used in the BINGO pipeline to produce maps at each frequency,
and the cosmological results.
Figure 3. Top: A cut-away diagram of a horn. Middle: Bending part of
a horn profile. Bottom: Machining the first ring of the horn.

3. Waveguide components
After the horns, a number of waveguide transitions, a polariser,
and a magic tee convert the signal into one that can be amplified
by a receiver. The polariser takes the signal from the horn and
splits it into two polarisations, which are then processed separately but recombined
for the final sky maps (to reduce the ther√
mal noise by 2).
The magic tee takes the signal from the sky as well as a reference signal (provided here by a colfet, a reversed low-noise
amplifier). The two outputs are then the combination of the two
input signals, but with different phases.

4. Receiver modules
The receiver modules will be pseudo-correlation receivers,
which are often used in CMB experiments (such as the Planck
satellite). These provide very stable amplification: the input signal is split between two arms, amplified, and then recombined
to cancel out 1/f fluctuations from the amplifiers. Additionally,
phase switches between the arms alternate the output signals
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