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Cosmos Archaeology:
Explorations in Time
and Space

Since the dawn of time, humans have gazed at
the stars and attempted to comprehend the
cosmos. As recorded from Palaeolithic times to
the present, our concept of the Universe has
completely transformed. The expansion of our
perception has occurred in tandem with the
tools and technologies we have invented to map,
view, and chronicle the formation and origins

of the cosmos, from crude astrological charts
carved into bone to the new Square Kilometre
Array Observatory (SKAO), the largest radio
astronomy facility in the world.

In parallel, 20th-century advances in our under-
standing of the laws of physics have revolution-
ized how we comprehend the nature of the Uni-
verse. Once considered infinite, static, and
timeless, the cosmos is now understood to have
a dynamic and evolving geometry. It also ap-
pears to have a beginning: the Big Bang, whose
residual light we can now observe from 13.7
billion years ago. Cosmos Archaeology: Explora-
tions in Time and Space transports us beyond
the frontiers of both art and science as it turns
terabytes of abstract astrophysics data into
tangible encounters with the Universe.

The exhibition creates new interfaces for
scientific visualization of astronomical big data
through new media, immersive technologies,
and the visual arts. Cosmos Archaeology origi-
nates in a collaboration between EPFLs Lab-
oratory of Astrophysics (LASTRO) and the
Laboratory for Experimental Museology (eM+).



LASTRO works with the largest dataset of

the Universe, which is always growing. This data,
unlike the visible archives of early astronomy,
often consists of bundles of numbers measured
from light and its electromagnetic spectrum.
During two years of experimentation, the two
EPFL laboratories have conceived a variety

of new applications to visualize this abstract
astrophysical information within 3D real-time
interactive environments.

Cosmos Archaeology builds on this interdis-
ciplinary collaboration to represent the Universe
based on real data. Previously dispersed data-
sets have also been united for the first time in a
single immersive framework. Presented in a
half cave interactive installation, in The Dynamic
Universe we can travel the entirety of the
Universe at every possible scale, from the Earth
environment to the far reaches of the cosmos
detected by today’s instruments. As such, within
this exhibition, we too become true archaeo-
logists of the cosmos, excavating its history as
well as its depths.

Confined by gravitation to Earth’s surface, our
exploration of space has involved gradual
steps. The Archaeology of Light, a film created
from The Virtual Reality Universe Project
(VIRUP), evokes the history of our reach into the
cosmos and its structure and formation. In a
21-minute journey through time and space, this
3D filmlaunches us from Earth to pass through
the Solar System and beyond the perimeter of
our Galaxy, up to the traceable boundary of
the Universe and the origins of the most distant
light ever emitted, the relics of the Big Bang.

These virtual technologies invite us to dive into
new manifestations of the space-time continu-
um or to walk in the vicinity of natural and artificial

stars. The exhibition’s installations thus enable
anyone to navigate through the immense Universe
and its equally boundless data.

The exhibition features 19 unique projects
that encompass the instruments of astrophysics,
the visualization and sonification of the data
these tools collect, and the people who propel
this science. They encompass art and science
perspectives through diverse media from inter-
active experiences based on real-time data,
fulldome visualization, 3D film and documentary
cinema, to kinetic sculpture, ceramics, and
immersive sound installations. Many of these
works have been specifically conceived for
Cosmos Archaeology.

SKA Simulator is an interactive visualization
of the South African site of the Square Kilometre
Array Observatory, a vast international collabo-
rative scientific project that Switzerland recently
joined. The project gives us unique access to
visit this remote site and view a new generation
of astronomical instruments. Designed to det-
ect radio waves from even before the first stars,
the SKAO also promises to fill gaps in our knowl-
edge of the evolution of the Universe, as well as
locating potentially habitable exoplanets.

Mars is seemingly closer than ever, as demon-
strated in two separate works that take us on
distinct journeys to the surface of the red planet.
Simone Aubert’s Sounds of Space is an im-
mersive installation of audio clips relayed from
the Mars Perseverance Rover, whereas Florian
Voggeneder has created a photographic record
of analogue astronauts simulating human expe-
ditions on Mars. Serial space probes have also
precisely mapped the terrain of other planets,
including Venus. For artist Anna Hoetjes, these
datasets provided the basis for a series of



ceramic models of its surface, while Lily Hibberd
is using abundant radar imaging to rove over
and paint the surface of the planet.

Star Mapping Sculpture mobilizes a collection
of aluminium plates pierced with tiny holes
used to map stars in the most distant galaxies
for the Sloan Digital Sky Survey, measuring
the accelerated expansion of the Universe and
its future evolution. Stars and galaxies form
islands of light in dark space, which is also known
to be filled with invisible matter of unknown
composition: dark matter. Using Einstein’s gen-
eral theory of relativity to magnify these effects,
Space Time Elastic applies simulated gravita-
tional lenses in an interactive installation to repro-
duce the phenomena used to uncover the earli-
est galaxies and the dark matter of the cosmos.

A fundamental characteristic of the human
species is the fierce desire to investigate the
limits of our territory and expand our habitat. After
traversing our planet, the celestial vault hovers
above us as the ultimate dimension for explo-
ration. Cosmic Collisions, an interactive data
browser of 500 of NASA’s celestial images, lets
us fulfil this desire by surfing through these im-
ages while stretched out under a cinematic dome.

Uncoupled from the Earth, astronauts perform
an empirical experiment in the environment
of space. The impact of this sojourn on Claude
Nicollier, Switzerland’s first and only astronaut
to date, is presented in the navigational browser
Space Heroes. Other formerly forgotten heroes
of astronomy come to light in two documentaries
respectively devoted to Jocelyn Bell and Edward
Dwight.

Today, space exploration is increasingly ques-
tionable as our orbital neighbourhood is pop-
ulated with a multitude of active satellites and

space debris. EPFL is creating solutions for
sustainable technologies and methods for more
ecological operations. One of the results of
this research is the start-up ClearSpace, whose
model of the first robot to collect space debris

is presented in Space Cleaner AR. Two further
installations, Dark Cloud of Debris and Orbits-
Triptychon, visualize and sonify the pollution

of the near-Earth environment. Lastly, five works
by Project Adrift focus on the theme of space
junk. These include a sound installation tracking
52,829 of these objects orbiting the planet
alongside a cabinet of 17 symbolic pieces of do-
nated terrestrial debris, reminding us of our col-
lective responsibility for what takes place in space.

eM+ is a transdisciplinary laboratory
at the intersection of cultural and
scientific data, immersive visualisation
technologies, and aesthetics.

LASTRO covers a wide range of
expertise in astrophysics and cosmol-
ogy, with a focus on advanced
research and high-quality education
for the next generation of astro-

physicists.



_A3.8 « Lookback time [Gyrs]

























8
Visit

Virtual Orbital

2022

Looped video on two circular screens.
Engineers: Florian Cabo, Laurent Novac.
Production: EPFL Pavilions. Realised

with the support of the EPFL Interdisciplinary
Seed Fund.

LASTRO, eM+

Images: Courtesy of LASTRO and eM+.

As the most successful effort ever to
map the cosmos, the Sloan Digital Sky
Survey (SDSS) has created remark-
ably detailed 3D maps of the Universe.
The SDSS includes deep multicolour
images encompassing one third of the
sky and data on many millions of astro-
nomical objects. Yet another project
called lllustrisTNG has developed
simulations for cosmological galaxy for-
mation and for large-scale cosmic
structures. These cosmological nume-
rical simulations have now reached
a level that allows for the inclusion of
several billion mass elements.

Despite extraordinary advances
to build a tangible model of the Universe,
much more needs to be done for this
information to become accessible to
everyone. Astrophysicists are now devel-
oping new tools to translate and to
explore very big cosmological datasets.
This is an arduous enterprise, not only
because of the nature of these datasets
but also in terms of their complexity
for our perception and cognition. This is
why LASTRO and eM+ are develop-
ing new methods to explore these big

datasets through large-scale immersive
systems and custom interfaces, and
scientific observation and simulation.

Virtual Orbital Visit is a portal into the
results of this collective and interdis-
ciplinary scientific endeavour. Generated
from five of the most important data-
sets available to this collaborative project,
we start with a trip from our home
planet to the International Space Station.
The Sloan Digital Sky Survey then ex-
plodes this perspective of the Universe
as it provides insights into deep space,
allowing us to appreciate its full extent
for the first time. Farthest beyond our
imagination yet, lllustrisTNG shows us a
model of the entire Universe and its
formation over time as far back as 13.7
billion years. Our only remaining task is
to dismiss stereotypes of science
illustration and look at the true data of
the Universe with open eyes.
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SKA Simulator

2022

Interactive installation, 6DoF interface.
Concept: Sarah Kenderdine. Engineers:
Hadrien Gurnel, Samy Mannane, Loic Serafin.
Production: EPFL Pavilions, with the support
of SKAO.

eI+

Images: Courtesy of LASTRO and eM+.

The Universe resonates with radio waves
at similar frequencies to those used

for radiocommunication systems. Some
of these waves have been propagating

in the cosmos for up to 13.7 billion years.
Analysis of these signals allows astro-
physicists to study the formation of the
first stars and galaxies. They can also
reveal the potential of molecules to signal
extraterrestrial life, and the investigation
of the theory of gravitation on cosmolog-
ical scales. Detecting these extremely
faint waves requires huge observatories
in very remote terrestrial locations to
avoid the 3G/4G/5G mobile network, as
well as other radiocommunication sys-
tems. The Square Kilometre Array tele-
scope, or SKA, for which LASTRO is

a collaborator, consists of an array of an-
tennas and dishes at two sites, one each
in South Africa and Australia. Construc-
tion began in 2021 and will eventually
form the largest telescope in the world,
with a total collecting area of one square
kilometre.

SKA Simulator offers the chance to
descend into and explore the heart of the
South African SKA site. In an arid

and silent natural terrain, parabolic radio
dishes protrude from the ground, de-
tecting radio waves from the Universe.
A six degrees of freedom (6DoF) con-
troller lets us navigate in between, around,
and above the instruments. The monu-
mentality of the SKA project is palpable
in its expansive network of dishes.
Wandering the observatory site witnes-
ses the extent of these dimensions.
Italsoreflectsthe vast spatio-temporal
scale involved in exploring the Universe
and in the study of the apparition of

the galaxies that host our planet.










14 /15 The Silent Pulsar of the Universe

and The Lost Astronaut

Ben Proudfoot

is a Canadian filmmaker from Nova Scotia.

While astrophysicists trace the past of
the Universe, astronauts envisage the

exceptional resilience of an unrelenting

few motivated by their unlimited fas-

future of humanity in space. Until recently, cination with space. Presented in Cosmos

these professions were unofficially re-
served for a minority from which women
and people of colour were excluded.
The integration of a wider diversity of
people into these domains required

Archaeology, two films re-establish the

contribution of two pioneers who were
unjustly dismissed by the scientific
institutions of their time and forgotten
in the history of space exploration.

14 The Silent Pulsar
of the Universe

2020

Documentary film, sound. 16:09
minutes. Director Ben Proudfoot,
featuring Jocelyn Bell Burnell.
Produced by Breakwater Studios.

Images: Stills from The Silent Pulsar of the Universe, courtesy of Breakwater Studios.

Motivated by her passion for physics,
every single day of her entire PhD,
Jocelyn Bell single-handedly operated a
Cambridge University radiotelescope
and analysed the unpredictable signals
it detected. Her scientific knowledge
and tenacity led to the discovery of the
first pulsars, remnants of stars that
behave like cosmic clocks that are now
used to study the laws of gravitation.
Although the Nobel committee chose

to ignore Bell by awarding her thesis
director the prize for her work, sub-
sequent controversy gave rise to a new
scientific prize that was awarded to
Bell 50 years later in recognition of her
scientific discoveries.

15 The Lost
Astronaut

2020

Documentary film, sound. 12:59 minutes. Director
Ben Proudfoot, featuring Edward Dwight Jr. Produced
by Breakwater Studios.

Images: Stills from The Lost Astronaut, courtesy of Breakwater Studios.

As a child, Edward Dwight was fascinated
with the sky he saw from his family’s
farm in Kansas City. He became a pilot
and was the first African American
selected to join NASA'’s astronaut train-
ing programme. Despite his unwavering
commitment and achievements, the
NASA administration did not allow him
to pursue any space missions. Undaunted,
Dwight became an artist, advancing
African American representation through
his artwork in lieu of his space visits.




16 Sounds of
Space

2022

Sound installation, 8-speaker array, circular
sofa. 30 minutes, looped. Sound samples
from ESA and NASA. Produced by EPFL
Pavilions.

Simone Aubert

is a Swiss-based multidisciplinary artist.

Most people imagine that the obser-
vation of the Universe is undertaken by
visual means. New technologies and
approaches are however expanding the
sensory range of our encounters with
space, most notably with sound. Today,
space probes that cross the solar sys-
tem send us radio waves emitted by the
magnetic fields of gaseous planets.
These signals are then transcribed into
sounds. For artist Simone Aubert,
these sound bites are at odds with the
vacuum of space, which is silent. We
need the unique atmospheric conditions
of the planets for our voices to res-
onate beyond Earth.

At the outset of her composition work,
Simone Aubert noticed that much of
the data derived from space and convert-
ed to sound was noisy and not very
melodious. Instead, she decided to work
with live sounds recorded on or around
planets. For Sounds of Space, Aubert
collected recordings from European

Space Agency (ESA) and NASA data-
sets of Saturn, Jupiter, and Earth from
its stratosphere.

The only ‘authentic’ sounds she could
find were recorded on Mars by NASA’s
Perseverance rover, including the noise
of Martian wind, the vehicle’s wheels
rolling over the surface, and the sound
of Ingenuity, the first Martian helicopter.
With this raw material, the artist made
an original score: an ‘octophonic’ sound
creation of space sounds composed
around a single voice, in a physical mani-
festation of our connection to the
Solar System and the Universe.

Images: CC-BY-0.3. Courtesy of NASA.

Images: CC-BY-0.3. Courtesy of NASA.

Image: Courtesy of eM+.
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Venusian Rover

2022

Three-screen video installation on
circular screens, looped.

Lily Hibberd

is an interdisciplinary artist
based in France.

Images: Courtesy of Lily Hibberd.

Venusian Rover probes the surface of
Venus through a series of 50 paintings.
These painted images are based on
scientific imaging of the surface of Venus
made by Synthetic Aperture Radar,
mostly from the NASA Mariner 10 mission
of 1974. Known as our sister planet,
Venus also possesses more than 2000

dance, and Wheatley for Phillis Wheatley
the first black writer to be recognized

in the United States of America. Lise Meit-
ner, the Nobel prize winning Austrian-
Swedish physicist has her own crater,
while Carmenta Farra embodies the
Roman goddess of springs, and Baker
Crater is named in memory of the French

places named after females and mytho- American pilot and activist Josephine

logical women of Earth.

Starting on the edge of Didilia Corona,
the site of the first Russian landing of
the Venera 4 probe on 18 October 1967,
we encounter 50 locations and their
female counterparts. Valleys, mountains,
volcanic peaks, craters, and deep crevas-
ses, all usually shrouded under the
planet’s impenetrable atmosphere are
finally revealed. In this intimate en-
counter with Venus, Earth’s sister planet
reflects our own civilization back to
us. As such, we discover craters named
for the Ancient Greek astronomer
Aglaonice, Ba‘het Corona dedicated to
the Egyptian personification of abun-

Baker.




18 Aphrodite Terra,

Venera

00307-00310

2021

Installation of four ceramic land-
scapes, coloured engobe with
transparent glaze. 60 x 60 cm per
tile. Project curator: Claudia
Schnugg. Produced with the gen-
erous support of the European
Ceramic Work Center, Mondriaan
Fonds, Stichting Stokroos,
Stichting Van Achterbergh-Dombhof.

is a visual artist and filmmaker
based in the Netherlands.

Anna Hoetjes

The four ceramic 3D landscapes in this
series represent mountain ranges on
Venus in the poetically named region of
Aphrodite Terra. These landscapes are
based on radar images capable of pierc-
ing the thick atmosphere of the planet,
to reveal details that cannot be observed
by the human eye. Disconnected from
the planet on which they are observed,
these coloured reliefs seem to float freely
in space. As isolated tiles and surfaces
without a base, they underline the fact
that our vision of outer space is a complex
patchwork made of many different frag-
ments and perspectives.

The extraterrestrial terrains of
Aphrodite Terra are made of earthly clay,
connecting the soil of both planets.

The amalgamation of colours in the series
refers to temperature scales made of
Venus’s surfaces that the artist sourced
from NASA’s database. The scientific
visualization of wavelengths from space
is a technique used to translate imper-
ceptible and abstract data into informa-
tion our retina can perceive. Paradox-
ically, the use of colour in space science
often entails a relatively subjective
translation of data. The colours of

Aphrodite Terra are likewise fantastical
imaginings of Venus’s surface, re-
minding us of our limited perception

of the natural world around us.

The glazed tones of Aphrodite Terra
also reference a specific light analysis
technique known as spectroscopy. From
the mid-19th century, this technique
transformed astronomy as it revealed the
chemical composition of astronomical
objects from their colour spectrum.
Spectroscopic technology is still used
today, as in the SDSS project of Star
Mapping Sculpture (see #1). Even though
they are not renowned as such, 19th-
century Harvard College Observatory
astronomers Annie Jump Cannon,
Williamina Fleming and Henrietta Swan
Leavitt pioneered stellar spectroscopy.
Aphrodite Terra thus reminds us of the for-
gotten contribution of female labour to
contemporary astrophysics.

Images: Courtesy of Anna Hoetjes. Photo: Annelies Verhelst.
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