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On the morning of 18 June 2025, the world’s astronomers and
sky-watchers alike received a long-awaited treat: the first images
from the newly operational Vera C. Rubin Observatory (Rubin)
(Fig. 1) [1]. Released to global fanfare, the images (Figs. 2 and
3)—panoramas of iridescent galaxies, shimmering nebulas, and a
trove of previously unseen asteroids—marked both a technical
milestone, capping more than a quarter-century of vision, engi-
neering, and collaboration, and the start of a scientific campaign
that has the potential to transform our understanding of the
universe.

For many, the moment was deeply personal. “It was incredible
to see the telescope and camera working together,” said Meredith
Rawls, a research scientist in astronomy at the University of
Washington (Seattle, WA, USA) who has spent nearly a decade
on the Rubin development team. “We could immediately see the
detail—the star fields, the galaxies—it is all there, validating years
of work by hundreds of engineers and scientists.”

The Rubin’s story began in the 1990s, with a simple yet auda-
cious idea to build a telescope capable of surveying the entire vis-
ible sky, repeatedly, in unprecedented detail. The initial concept is
credited to Tony Tyson, then an engineer at Bell Labs (Holmdel, NJ,
USA), where he had pioneered the use in astronomy of charge-

coupled devices (CCD), silicon-based electronic sensors that con-
vert light into electrical signals. Tyson’s vision was to use the tech-
nology to map the elusive dark matter that binds galaxies together,
using a new kind of wide-field telescope [2]. Now a distinguished
professor of physics at the University of California, Davis (Davis,
CA, USA), Tyson also serves as the Rubin’s chief scientist.

As the project evolved, so did its ambitions. By the early 2000s,
the concept had expanded from a “Dark Matter Telescope” to the
Large Synoptic Survey Telescope, with a mission to catalog every-
thing that moves or changes in the night sky [3]. In 2019, the
observatory was renamed in honor of Vera C. Rubin, the late
astronomer—she passed in 2016 at the age of 88—whose work in
the 1970s and 1980s on galactic rotation curves provided the first
compelling evidence for dark matter [3]. With more than 800 mil-
lion USD in funding from the US National Science Foundation and
Department of Energy, as well as private donors, construction of
the Rubin began in 2015 in the South American country of Chile
atop Cerro Pachén at an altitude of 2700 m, where the air is clear
and dry, ideal for the Rubin and the several other optical telescopes
that crown the site [1].

The Rubin’s optical system is only one of its many innovative
features. Its three-mirror design combines a concave primary,

Fig. 1. The newly operational Vera C. Rubin Observatory following an early
snowstorm in August 2025. Credit: NOIRLab/NSF/AURA (CC BY 4.0).
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Fig. 2. This image, among the Rubin’s first released, shows the Lagoon Nebula at a
very high resolution. Credit: NSF-DOE Vera C. Rubin Observatory (CC BY 4.0).
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convex secondary, and concave tertiary mirror into a compact
configuration optimized for wide-field imaging. The monolithic
8.4 m mirror is one of the largest and most complex optical
components ever fabricated, integrating two optical surfaces into
a single piece of borosilicate glass, which had to be polished to
within tens of nanometers of specification [2]. To maintain optical
alignment under varying gravitational loads as the telescope slews
across the sky, the mirror’s active system comprises 156 actuators
and wavefront sensors that continuously adjust its shape, counter-
acting flexure and thermal distortion [2]. Implemented with
sub-micron precision, the corrections ensure image quality across
a 3.5-degree field of view [4].

Supporting the optical system is a squat, lightweight steel
mount, engineered for speed and stability. The telescope can slide
to a new position in less than 5 s, then settle rock-solid for a 30 s
exposure [2]. “The camera’s wide field of view and the telescope’s
speed mean it can pan across the entire sky very rapidly,” said
Jeyhan Kartaltepe, a key Rubin science collaborator and associate
professor of physics and astronomy at the Rochester Institute of
Technology (Rochester, NY, USA).

At the heart of the Rubin is its camera, a 3200-megapixel behe-
moth, the largest digital camera ever built for astronomy (Fig. 4)
[5]. Weighing nearly 3000 kg and spanning 1.65 m, the camera’s
189 CCD sensors can capture images—each read out in just 2 s—
so detailed that displaying one at full resolution would require a
wall of 400 ultra-high-definition televisions [2,5]. To minimize
electronic noise, a sophisticated cryogenic system cools the camera
to —100°C [6]. The observatory dome is equally advanced,
designed to minimize air turbulence and stray light. Even the exte-
rior is coated to reflect sunlight and keep the interior cool. Inside, a
maze of sensors, motors, and control systems work in concert to
keep the telescope precisely aligned and operating at peak effi-
ciency [7].

If the Rubin is a marvel of hardware, it is equally one of software
and data engineering. Every night, the telescope will generate 20
terabytes of data—more than all previous optical telescopes
combined in a single year [2]. Over its planned 10-year survey,
the Rubin will amass a data archive of 500 petabytes, cataloging
more than 20 billion galaxies, 17 billion stars, and millions of solar
system objects [7]. The immense size of this database means
“astronomers are going to have to rethink how they work,”
Kartaltepe said. “For a typical telescope, you take your own data

Fig. 3. Another of the Rubin'’s first released images shows the two spiral galactic
members of the Virgo Cluster (NGC 4301 on the left, and Messier 61 on the right).
The tri-colored streaks scattered throughout the image are asteroids scooting across
this portion of the night sky. Credit: RubinObs/NOIRLab/SLAC/NSF/DOE/AURA (CC
BY 4.0).

Engineering 59 (2026) 4-6

Fig. 4. The Rubin’s camera, shown here, has a 63 cm diameter focal place and 3.2
billion pixels of 0.2 arcseconds per pixel. Six filters are available, with 5 in the filter
wheel at any given time. Credit: Todd Mason/LSST Corporation (CC BY-SA 4.0).

and process it yourself. Because the Rubin is so big, no one will
be able to do that themselves—there is a whole team that is pro-
cessing the data.”

Handling the data deluge is a global network of fiber-optic
cables, high-performance computing centers, and sophisticated
algorithms. Images are first transmitted from Chile to the SLAC
National Accelerator Laboratory in Menlo Park, CA, USA, in under
10 s, where they are calibrated, cleaned, and compared to previous
observations [2]. Within a minute of the data being downloaded to
SLAC, the system can generate alerts that go out to scientists
around the world for up to 10 million “transients”—objects that
have moved, changed brightness, or appeared suddenly—every
night [2]. “Rubin will allow us to see how the universe changes
night to night,” Kartaltepe said. “We will be able to track super-
novae as they explode, asteroids as they move, and watch as activ-
ity around the central supermassive black holes of galaxies
changes.”

The scientific centerpiece of the Rubin is the Legacy Survey of
Space and Time (LSST), a 10-year campaign to create the most
detailed, dynamic map of the universe ever assembled [8]. Every
three nights, the Rubin will image the entire southern sky, building
up a time-lapse “movie” of the cosmos that will allow astronomers
to study everything from the slow assembly of galaxies to the fleet-
ing explosions of supernovas [2].

The Rubin’s wide field of view differentiates it from the James
Webb Space Telescope (JWST), another recently inaugurated tele-
scope associated with enormous expectations [9]. While the JWST
can peer further into space with higher precision than the Rubin,
allowing it to capture some of the universe’s earliest stars and
galaxies, it must be targeted to very specific parts of the sky
[9,10]. Another important difference is that while the view of
Rubin will be occasionally obstructed by the ever-proliferating
constellations of satellites orbiting Earth, JWST’s vantage point
1.5 million kilometers from Earth means the space telescope will
be unaffected [11]. The two telescopes are complementary, how-
ever, with it likely that the Rubin’s robust, all-seeing transient
detection will identify phenomena that the JWST can then zero
in on in much finer detail [12].

The scientific goals of the LSST are as ambitious as its scale.
Chief among them is the study of dark matter and dark energy,
the mysterious substances that make up 95% of the universe’s
mass-energy content. By mapping the distribution of galaxies
and measuring the subtle distortions caused by gravitational
lensing, the alteration of the path that light takes due to the warp-
ing of space by massive objects, the Rubin is expected to help unra-
vel the nature of these cosmic enigmas [13]. “By having these fairly
deep images over large areas of the sky, we will be able to basically
map out the mass distribution of the universe,” Kartaltepe said.
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But the Rubin’s mission goes far beyond cosmology. The obser-
vatory will catalog millions of asteroids and comets, including
thousands of near-Earth objects that could pose a threat to our pla-
net [5,14]. It will discover and monitor supernovae, kilonovae, and
other cosmic explosions, providing crucial data for understanding
the life cycles of stars and the origins of heavy elements. It will
map the structure of the Milky Way, trace the orbits of distant
Kuiper Belt objects, and search for the elusive “Planet 9” at the
edge of our solar system [2].

The unprecedented scale and speed of the Rubin’s LSST endea-
vor have driven innovation at every level, from optics and mechan-
ics to software and data science. One of the most significant
advances is in the realm of data processing and analysis. Rawls,
who is a member of Rubin’s Data Management and Commissioning
teams, described the complexity of orchestrating thousands of sub-
systems across the observatory: “Every image we take goes
through dozens of automated checks before it is even stored,”
she said. “The software verifies pointing, focus, telemetry, and
image quality in real time.”

This level of automation, she added, is essential for maintaining
the survey’s required cadence, with the telescope slewing, settling,
exposing, reading out, and moving on every 30 s, all night long.

Artificial intelligence and machine learning play a significant
role in this automation, especially in identifying and classifying
the flood of transient events. But Rawls cautioned that human
oversight remains essential. To this end, one of the Rubin’s most
revolutionary features is its commitment to open data. Unlike
many previous observatories, which have restricted access to data,
Rubin will make its images and catalogs readily available to astron-
omers, students, and the public around the world. “The beauty of
Rubin is that it is a survey for everyone,” Kartaltepe said. “Once
the data are public, anyone can download it and search for their
own phenomena—whether that is quasars, dwarf galaxies, or
supernovae. The infrastructure is designed to empower discovery
at all levels.”

Rawls echoed this sentiment: “We are trying to make things
reasonably accessible so that even if you are an undergrad or grad
student learning your way around Python, you can just open up a
Jupyter Notebook and do some very basic queries and start to do
real science.”

The observatory’s data products will be released within
moments of detection, with its real-time alert stream for transient
events. Seven community “alert brokers” will further filter and
classify these alerts, enabling researchers to focus on the phenom-
ena most relevant to their interests [7]. This is where Anais Moller
and her team come in. Méller, an astrophysicist and senior lecturer
at the Swinburne University of Technology in Melbourne, Australia,
co-leads Fink, one of the seven Rubin community brokers (the
others are ALeRCE, AMPEL, ANTARES, Babamul, Lasair, and
Pitt-Google) [15]. These intermediaries process the nightly stream
of detections, filtering, classifying, and distributing alerts to the
global scientific community. “Through a mixture of engineering
and scientific research, we have built a system from scratch tai-
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lored to handle terabytes of data per night for 10 years and pin-
point the most exciting detections,” said Moller, whose own
research focuses on using Type la supernovae to measure the
expansion of the universe and probe the nature of dark energy.
“Each broker is independent, and each has a different philosophy
and community. With Fink, we want to touch as many science
cases as we can, while other brokers may focus more on specific
phenomena like extra-galactic science.”

Regardless of what the Rubin reveals, Moller said that the
observatory’s ultimate impact, while likely substantial, is impossi-
ble to predict at this point. “Two things are certain, though,” she
said. “It will change the way we do science, and it will open up a
whole universe that we do not yet know about.”
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