
38 Quest Vol. 17 No. 4 | 2021 QUESTONLINE.ORG.ZA

NEWS | ASTRONOMY

Detecting radio signals from the early universe in the here and now

A telescope built in the Karoo from wooden poles, PVC 
piping and wire mesh will allow astronomers to look back 
in time to when the first stars and galaxies formed, about 
13 billion years ago.

The HERA telescope is a project of the United States’ 
National Science Foundation, the Gordon and Betty Moore 
Foundation and member institutions, including some from 
South Africa. In fact, the South African Radio Astronomy 
Observatory (SARAO) is the hosting organisation, because 
the telescope is situated next to SARAO’s MeerKAT 
telescope, about 75 km north-west of Carnarvon in the 
Northern Cape. Like MeerKAT, the telescope is a radio 
telescope, in this case designed to detect low-frequency 
radio waves in the 100–200 MHz range.

A team of between five and 20 artisans from Carnarvon 
have been constructing the telescope since 2015, and it has 
now been completed. Astronomers could get to work with 
observations during the construction phase, though, and the 
first scientific papers detailing these were published in 2021. 

This is because the telescope is made up of 350 antennas, 
each consisting of a 14 m-diameter wire-mesh dish with a 
feed suspended above it. The immobile dishes point straight 
up at the sky, with 318 of them packed close together in a 
hexagonal grid 300 m wide, and the remaining 32 set apart 
as ‘outriggers’ to increase the resolution by a factor of four. 
The first observations were carried out over the 2017–2018 
summer using about 50 dishes.

HERA stands for Hydrogen Epoch of Reionisation Array, and 
the telescope is specifically designed to detect fluctuations 
in the hydrogen emissions signal (as measured by the 21 cm 
spectral line) during and prior to the period known as the 
‘epoch of reionisation’.

After the Big Bang, some 13.7 million years ago, the universe 
was initially just a hot, dense ‘soup’ of fundamental particles. 
Protons and neutrons soon combined into nuclei, but it took 
more than 300 000 years for the soup to cool enough for 
these nuclei to bind with electrons to form neutral atoms, 
mostly of hydrogen but with some helium too.

As the universe cooled and expanded further, the fog 
of neutral atoms obscured any light being emitted, so 
astronomers call this time the cosmic Dark Ages. Eventually, 
the first stars and galaxies began forming as fog and dust 
clumped together under gravitational forces, producing light 
in the so-called Cosmic Dawn. Their ultraviolet radiation 
reionised the surrounding hydrogen atoms by splitting them 
into protons and electrons, forming bubbles of transparency 
amidst the fog. 

Over time, as more stars and galaxies burned bright, the 
universe became completely ionised and transparent, about 
a billion years after the Big Bang. 

HERA

Each wire-mesh dish has an antenna feed suspended above it. D
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Some of the artisans from Carnarvon who helped build the 
HERA telescope, with visiting scientists.
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