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Infrared Radiation

Every part of the electromagnetic 
spectrum – from radio waves to visible 
light to x-rays – can tell astronomers 
something different about our universe. 
However, perhaps the most interesting 
part to study is the infrared range. 

Lying next to the visible part of the 
spectrum, infrared waves have longer 
wavelengths than red light. Although 
they cannot be seen with human eyes, 
they can often be observed using 
optical telescopes. However, infrared 
radiation also contains an abundance 
of information that cannot be gathered 
through visible observations alone. 

All the same, infrared observations face 
a major challenge: as the waves pass 
through Earth’s atmosphere, they are 
strongly absorbed by water vapour, 
making them incredibly difficult to 
observe from the ground. Fortunately, 
there is one clear solution to this 
problem. 

Launching the Spitzer Space 
Telescope

In 2003, NASA’s Spitzer Space Telescope 
was launched from Cape Canaveral in 
Florida, and sent into orbit around the 
Sun – trailing slightly behind the Earth 
but gradually drifting away from it.  
From this prime position, the telescope 
could easily study infrared radiation 
originating from sources many billions 
of lightyears away, completely free from 
the influence of Earth’s atmosphere. 

In addition, the spacecraft was 
equipped with a supply of ultracold 
helium. Since the detector itself would 
normally produce its own infrared 
radiation due to its heat, it would 
typically introduce noise to its own 
observations. However, when cooled to 
−271°C by the helium, Spitzer became 
well suited to studying wavelengths 
across the infrared range. 

Dubbed ‘NASA’s Great Observatory for 
Infrared Astronomy’, the Spitzer Space 
Telescope was principally designed 
to investigate four major topics: the 

early universe, giant planets and brown 
dwarfs, the planet-forming debris disks 
surrounding newly-formed stars, and 
the extremely bright regions found at 
the centres of some galaxies. 

To do this, the telescope was fitted 
with three cutting-edge instruments. 
The most important of these was an 
arrangement of four array detectors 

The Spitzer Space Telescope. CREDIT: 
NASA/JPL-Caltech.
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From 2003 until 2020, NASA’s Spitzer Space Telescope provided an 
unprecedented view of our universe in infrared. One of the most 
important instruments aboard the telescope was the Infrared 
Array Camera (IRAC), which was designed and operated by a team 
led by Dr Giovanni Fazio at the Center for Astrophysics | Harvard 
& Smithsonian. Across its 16-year run, the camera gave crucial 
insights into processes ranging from galaxy formation in the 
ancient universe, to emissions from supermassive black holes. 
The discoveries enabled by Dr Fazio and his colleagues could soon 
be instrumental in aiding observations from even more advanced 
telescopes. 
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named the Infrared Array Camera (IRAC), whose design and 
operation had been spearheaded by Dr Giovanni Fazio of the 
Center for Astrophysics | Harvard & Smithsonian since 1984. 

The Infrared Array Camera

At the time of its launch, the IRAC represented a significant leap 
forward in the capabilities of space-based infrared detectors 
– boasting high sensitivity, a large field of view, and the ability 
to produce images in four different infrared wavelengths 
simultaneously. 

For five years after its launch, the instrument operated just 
as well as Dr Fazio and his colleagues had hoped, with high 
quality images being produced across the infrared spectrum. As 
expected, the Spitzer had used up its supply of helium by 2009, 
and lost its ability to observe longer infrared wavelengths as the 
spacecraft warmed up. 

Fortunately, this didn’t stop the IRAC from picking up shorter 
infrared wavelengths, closer to the visible range. As a result, the 
detector could continue operating in full capacity in two of its 
four wavelength bands until 2020, until Spitzer finally retired 
after a 16-year run. 

Over that time, the IRAC captured striking infrared images of 
a wide variety of astronomical structures, and led to several 
important discoveries about their formation and evolution. Dr 
Fazio was involved in two particularly important branches of 
this research: exploring the formation and evolution of galaxies 
in the early universe, and the characteristic emissions from 
material found at the centre of our own galaxy. 

Observing Ancient Galaxies

For much of its first few hundreds of millions of years, the 
universe was a largely dark, uneventful place, full of hydrogen 

atoms in their neutral, unionised form. Yet as matter was drawn 
together under its own gravity, it eventually came to form stars. 
The intense radiation from these stars stripped the electrons 
from neutral hydrogen atoms to form hydrogen ions, initiating a 
new era called ‘reionisation’. Around this time, matter was also 
coalescing on larger scales to form the first galaxies. 

Because of the limited speed of light, the wavelengths emitted 
by the most distant galaxies we can observe began their 
journeys many billions of years ago, just as the reionisation 
era was getting underway. As a result, they can provide 
astronomers with a clear window into this long-distant period 
in the history of the universe. 

Prior to Spitzer, there was much debate among astronomers 
as to how early on in the reionisation era that galaxy formation 
first began. Through infrared observations made by the IRAC, 
as well as visible and ultraviolet observations from the Hubble 
Space Telescope, significant strides have been made towards 
solving this intriguing mystery. 

Rethinking Reionisation

In a study published in 2016, measurements taken by both 
Spitzer and Hubble were used to investigate a galaxy named 
GN-z11. Positioned more than 13 billion lightyears away from 
us, this galaxy is one of the oldest known to astronomers – 
forming around 400 million years after the Big Bang. 

Previously, calculations had predicted that reionisation in the 
early universe must have peaked roughly 550 million years after 
the Big Bang. Intriguingly, however, these new observations 
from the IRAC and Hubble showed that GN-z11 had a similar 
brightness to galaxies observed around the time of this peak, 
despite being 150 million years older.

Infrared image of the Helix Nebula taken by NASA’s Spitzer Space 
Telescope. CREDIT: NASA/JPL-Caltech.

Deep-field view of the sky dominated by galaxies. Very faint, 
distant galaxies are circled in red. CREDIT: NASA/JPL-Caltech/

ESA/Spitzer/P. Oesch/S. De Barros/I.Labbe.
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This result suggested that the build-
up of galaxies could have been well 
underway shortly after the beginning of 
reionisation – far earlier in the universe’s 
history than many astronomers 
previously thought. If correct, this would 
suggest the need for a fundamental 
re-think of how stars and galaxies first 
formed. 

Ultimately, Dr Fazio and his colleagues 
hope that the IRAC’s observations will 
now fuel future interest in this mystery. 
Today, new generations of upcoming 
space telescopes have built on the 
capabilities of their predecessors, 
and could soon lead to discoveries 
of large numbers of similarly ancient 
galaxies – potentially transforming our 
understanding of how they formed and 
evolved. 

Analysing Sagittarius A*

While most black holes form as massive 
stars collapse in dramatic supernova 
explosions, the supermassive black 
holes found in the centres of many 
galaxies are far larger still – reaching 
billions of times the mass of our Sun. At 
the centre of our own Milky Way galaxy, 
around 27,000 lightyears away, lies the 
supermassive black hole Sagittarius A*. 
Typically, any material surrounding such 
an enormous body will possess vast 

amounts of energy, causing it to glow 
brightly. Unusually, however, Sagittarius 
A* is extremely dim – emitting roughly 
100 million times less radiation than its 
maximum possible limit.

With a high density of nearby stars 
creating a bright background to the 
black hole, astronomers have long 
seen Sagittarius A* as a compelling 
and challenging target for observation. 
In a 2014 study, Dr Fazio’s team used 
IRAC measurements to study a disk of 
gas orbiting and falling into the black 
hole. Such material caused Sagittarius 
A* to fluctuate in brightness at infrared 
wavelengths at a rate of about four 
times in 24 hours.  These continuous 
observations were about twice as long 
as the fluctuations measured in any 
previous infrared observations, opening 
up new possibilities for future studies. 

Variability Across the Spectrum

Infrared is far from the only type of 
radiation emitted by material falling into 
supermassive black holes. In addition, 
waves from across the electromagnetic 
spectrum can be found – from radio 
waves to x-rays. Building on their 
observations of the gas cloud orbiting 
Sagittarius A*, Dr Fazio’s team combined 
Spitzer’s data with x-ray measurements 
taken by several other space telescopes 

to explore the variability of different 
wavelengths in more depth. In their 
2021 study – one of the last to use data 
gathered by the IRAC – the researchers 
discovered that x-rays flares emitted 
by the black hole on short timescales 
were less variable than its infrared 
wavelengths. 

After analysing the results with 
advanced mathematical models, 
the researchers concluded that this 
difference arose because the processes 
responsible for infrared and x-ray 
wavelengths are intrinsically linked. As 
fluctuating infrared wavelengths interact 
with electrons within the infalling 
material, scattering effects related 
to quantum mechanics will produce 
distinctive fluctuating x-rays, after a 
certain time delay. 

This discovery was an important step 
forward in our understanding of the 
enigmatic conditions surrounding the 
heaviest single bodies in the universe. 
However, Dr Fazio and his colleagues 
hope that the many lines of research 
initiated by the IRAC’s observations are 
only just beginning. 

Informing Future Observations

Throughout its lengthy and highly 
productive lifetime, the IRAC has led 
astronomers to draw highly advanced 
insights into primordial galaxies, 
supermassive black holes, and a variety 
of other areas. Now, these researchers 
are eagerly hoping to continue exploring 
the infrared universe through a 
successor to Spitzer: the James Webb 
Space Telescope, which is scheduled for 
launch in late-2021. 

Encompassing many of the latest 
advances in technology, the telescope 
will allow them to characterise the 
physical properties of these features 
far more easily. By building on the 
discoveries of Dr Fazio and his team, 
their efforts could finally answer some 
of the most pressing questions about 
the nature of our universe. 

Infrared image of the core of the Milky Way taken by NASA’s Spitzer Space Telescope. 
CREDIT: NASA/JPL-Caltech.
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