Unveiling 3I/ATL.AS: A Messenger from Beyond the Solar Frontier

1. Introduction

Comet 3I/ATLAS is the third known object from outside our solar system to be discovered passing
through our celestial neighborhood. Astronomers have categorized this object as interstellar because
of the hyperbolic shape of its orbital path. (It does not follow a closed orbital path about the Sun.)
When the orbit of 3I/ATLAS is traced into the past, the comet clearly originates from outside our solar
system.

Fig:Hubble captured this image of the interstellar comet 3I/ATLAS on July 21, 2025, when the comet was 277 million miles
from Earth. Hubble shows that the comet has a teardrop-shaped cocoon of dust coming off its solid, icy nucleus.
Image credit: NASA, ESA, David Jewitt (UCLA); Image Processing: Joseph DePasquale (STScl)

2. Discovery

. How Comet 3I/ATLAS Got Its Name The name

3I/ATLAS” follows the official astronomical naming convention for interstellar objects:

The “3” denotes that it is the third confirmed interstellar object ever observed passing through our
Solar System — following 11I/‘Oumuamua (2017) and 2I/Borisov (2019) and now 3I/ATLAS (2025).
The “I” stands for “Interstellar”, indicating that this comet is not native to our Solar System, but
rather originated from another star system entirely.

“ATLAS” is derived from the Asteroid Terrestrial-impact Last Alert System, the automated sky-
survey project based in Hawaii that first detected the comet in July 2025.

Together, the designation 3I/ATLAS literally means “the third interstellar object discovered by
the ATLAS survey”.

. NASA Assets Observing Comet 3I/ATLAS

NASA's Hubble Space Telescope captured this image of interstellar comet 3I/ATLAS on July 21,
2025, when the comet was 277 million miles from Earth. Hubble revealed a teardrop-shaped cocoon
of dust coming off of the comet's solid, icy nucleus. Because Hubble was tracking the comet moving
along a hyperbolic trajectory, the stationary background stars are streaked in the exposure. Hubble’s




continuing observations allow astronomers to more accurately estimate the size of the comet’s
nucleus. Observations as of Aug. 20, 2025, indicate that the upper limit on its diameter is 3.5 miles
(5.6 KMs), though it could be as small as 1,444 feet (440 meters) across.

NASA assets that are planning to gather observations of 3I/ATLAS include: Hubble, Webb, TESS,
Swift, SPHEREX, Perseverance Mars rover, Mars Reconnaissance Orbiter, Curiosity rover, Europa
Clipper, Lucy, Psyche, Parker Solar Probe, PUNCH, and ESA/NASA’s SOHO and Juice.

3. Orbit and Trajectory
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Type: Hyperbolic orbit (eccentricity > 1)

Perihelion (closest to Sun): ~1.36—1.4 AU (around late October 2025)

Closest distance to Earth: ~1.8 AU (= 270 million km) — perfectly safe

Inbound direction: From the constellation Sagitta, near the Milky Way’s center

Speed: ~61 km/s (= 137,000 mph) relative to the Sun

After passing perihelion, 3I/ATLAS will head back into deep interstellar space — possibly
never to return. Its brief passage gives scientists a short window to study material formed
around another star.

Chemical Composition of 3I/ATLAS

A.

When astronomers first spotted Comet 3I/ATLAS in July 2025, they knew it wasn’t just
another icy visitor. It was traveling too fast, too steeply, and in a path that didn’t belong to
our Solar System. Soon, it became clear — this was only the third interstellar object ever
discovered, following 11/‘Oumuamua in 2017 and 21/Borisov in 2019.

But what truly stunned scientists wasn’t its orbit — it was its chemistry. The more telescopes
looked, the stranger 3I/ATLAS appeared.

A Coma Rich in Carbon Dioxide Using NASA’s James Webb Space Telescope (JWST),
researchers discovered that 3I/ATLAS has one of the highest carbon dioxide (CO-) levels
ever measured in a comet. At a distance of more than three times Earth’s distance from the
Sun, its CO2 was nearly eight times higher than its water content — an astonishing ratio.
This suggests the comet formed in a very cold region of its original star system, far beyond
the “COs: frost line,” where carbon dioxide can freeze solid. In other words, it was born in
the deep freeze of another world.

3I/ATLAS JWST IFU IR Image (2025-08-06) 3I/ATLAS CO2 4.3 Flux Map (2025-08-06) 3I/ATLAS H20 2.7#4n Flux Map (2025-08-06)
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Fig:Heatmap indicating the Chemical Compositions found in the 3I/ATLAS comet.




E. Water Ice That Defies the Sun Despite its distance from the Sun, 3I/ATLAS showed clear
signs of water vapor. Ultraviolet data from NASA’s Swift Observatory revealed a constant
release of water molecules — about 40 kilograms every second.

F. How could this happen so far from warmth? Scientists think the comet’s surface is
covered in fine icy grains, which heat up easily and release water vapor even when the
nucleus remains cold. This kind of “extended source” activity is unusual and hints at a
different internal structure compared to ordinary Solar System comets.

G. A Surprising Mix of Metals The real shock came when astronomers used the Very Large
Telescope (VLT) in Chile to study the comet’s metallic emissions.

H. They found nickel (Ni) gas glowing brightly — even when the comet was far from the Sun
— but iron (Fe) was strangely missing. Normally, these two metals are released together in
similar amounts, but in 3I/ATLAS, nickel dominated completely.

I. This gave the comet an unusually high Ni/Fe ratio, something never seen before.

J. One theory is that the metals might be locked in volatile organometallic compounds such as
nickel or iron carbonyls — complex molecules that can evaporate at relatively low
temperatures. This could explain why nickel appeared early while iron lagged behind.

K. Heat Maps and Spectral Fingerprints Using JWST’s infrared instruments, astronomers
created heat maps of 3/ATLAS’s coma — the glowing cloud of gas around its icy nucleus.
Bright yellow and white regions showed strong CO: emission, especially near the sunlit side
of the comet.

. Fainter blue regions marked where water vapor and dust were more abundant.

Additional spectral peaks revealed smaller traces of carbon monoxide (CO) and carbonyl
sulfide (OCS).

These maps give scientists a chemical “weather report” of the comet — showing how
different gases emerge, mix, and evolve as sunlight warms the surface.

<> What These Clues Reveal Together, the data paint a picture of a comet that likely
formed around another star, in a region much colder than where Earth or Jupiter formed.

Q. Its COq-rich, metal-heavy composition hints that it may have originated in a metal-poor,
ancient star system — perhaps more than 10 billion years old. After forming, gravitational
disturbances could have ejected it into interstellar space, where it wandered for eons before
passing through our Solar System.
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After uncovering its mysterious chemical makeup, scientists realized that 3I/ATLAS isn’t just another comet
— it’s a messenger from another star. Its bizarre composition, rich in carbon dioxide and nickel but almost
barren of iron, points to an origin story unlike anything in our Solar System. This discovery has raised one

of the most intriguing questions of all: what kind of world could have created something so different?




Why 3I/ATLAS Is Different from Other Comets

Comet 3I/ATLAS stands apart because it’s not from our Solar System. Its hyperbolic orbit shows it’s an
interstellar visitor, moving too fast to be bound by the Sun’s gravity.

Unlike typical comets that release mostly water vapor, 3I/ATLAS emits large amounts of carbon dioxide,
hinting it formed in an extremely cold, distant region around another star.

Even more surprising, it contains nickel without iron, an unusual metallic composition never seen before.
This rare Ni/Fe ratio suggests it formed under unique chemical conditions beyond our solar
neighbourhood.

In short, 3I/ATLAS is not just another icy rock — it’s a messenger from another star system, carrying
secrets of an alien world by showing different type of behaviour, chemical-compositions and other
parameters.

The Alien Mothership Theory Science or Speculation?

When 3I/ATLAS was first observed, its strange path and unusual composition immediately reminded
scientists of another mysterious visitor — ‘Oumuamua, the first interstellar object discovered in 2017. Both
objects behaved so oddly that some researchers began wondering if they could be artificial rather than
natural.

Harvard astronomer Avi Loeb proposed that such interstellar objects might be alien probes or debris from
extraterrestrial technology. In the case of 3I/ATLAS, its accelerated motion, non-water-based activity, and
high nickel content sparked similar debates.

However, most scientists remain cautious. The consensus is that while 3I/ATLAS is unusual, there’s no
concrete evidence linking it to alien technology. The “mothership” idea remains an intriguing hypothesis,
not a confirmed fact.

Still, these theories serve an important purpose — they push astronomy to think beyond the ordinary,
exploring whether life or intelligence could exist elsewhere in the galaxy.

Conclusion

Comet 3I/ATLAS is not merely a frozen ball of dust and ice; it is a celestial messenger — a traveler from a
distant star system that has ventured across unimaginable distances to reach our Solar System. Every
molecule within it carries a story of a world that once orbited another sun, billions of years ago, under
completely different cosmic conditions.

Its unusual chemistry, rich in carbon dioxide and nickel but strangely lacking in iron, tells us that the
processes that shaped it were not the same as those that shaped our own comets. Its hyperbolic orbit, cutting
swiftly through the Solar System, reminds us that it is not bound to our Sun — it came from the stars and
will soon return to them. These facts force us to rethink how planetary systems form, evolve, and disperse
material into interstellar space.

The early fascination with 3I/ATLAS — the debates about alien probes, mysterious signals, and metallic
compositions — shows how powerfully such discoveries stir human imagination. But beyond speculation
lies something far more profound: this comet is proof that our galaxy is dynamic and interconnected. It
drifts through space carrying dust, gas, and metals that may one day seed another star system with the
building blocks of planets — or even life itself.




Each interstellar object like 3I/ATLAS reminds us that the universe is not divided by borders. It is a vast
ocean of motion and exchange, where comets, asteroids, and even microscopic particles move freely
between stars. When such an object passes near Earth, it gives us a rare glimpse into the shared chemistry
of the cosmos — a sample of another solar system delivered right to our neighborhood.

In the end, 3I/ATLAS is more than a comet; it is a bridge between worlds, a silent traveler that connects our
Solar System to the infinite beyond. Its brief passage through our skies is a reminder that we are part of a
larger cosmic story, one that stretches across galaxies and epochs — and that somewhere, out there, other
civilizations may be watching their own interstellar visitors, wondering about us.
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