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Julio C. Spinelli' and ChatGPT 5.1 Thinking*?

!Independent Researcher and Engineer
2OpenAl, San Francisco, CA

November 23, 2025

Abstract

For most people the word “comet” evokes a bright fuzzy star with a tail, briefly gracing the inner
Solar System and then vanishing back into the dark. C/2014 UN271 (Bernardinelli-Bernstein), usually
shortened to UN271, is a different kind of visitor. It is the largest long—period comet nucleus yet mea-
sured, with a diameter of order 130-140 km and an extremely dark surface. It was discovered while it
was still beyond Neptune and will not come closer to the Sun than just outside Saturn’s orbit, yet it is
already active, driven by gas jets at heliocentric distances where water ice is deeply frozen. Its path links
the region of the giant planets to the distant outer reaches of the Solar System, where the usual textbook
picture invokes a roughly spherical Oort cloud of icy bodies.

In this article UN271 serves as a guided tour through modern comet science. We summarize what
is known about its orbit, size, composition, and unexpectedly distant activity from contemporary sur-
veys and space observatories. We outline the standard Oort—cloud scenario, but keep it explicitly in
the category of model rather than established fact, and we discuss how the Milky Way’s gravitational
tide can reshape loosely bound comet orbits over millions of years. We place UN271 in context by
comparing it with familiar comets such as Hale-Bopp and C/2017 K2, and with interstellar visitors like
11I/’Oumuamua and 2I/Borisov. Along the way we touch on the “bubble” that the solar wind inflates
in the surrounding interstellar medium, the heliosphere, whose outer magnetic and plasma boundaries
UN271’s ancestors almost certainly crossed.

The emphasis is on separating three layers: measurements, model-dependent inference, and genuine
speculation. Observations constrain the orbit, size and activity; dynamical models connect UN271 to
an Oort-cloud-like reservoir and the Galactic tide; more exotic possibilities remain, at present, open
hypotheses.

1 Why This Comet Matters

Comets are time capsules. Most of the ones we read about in the news—Halley, Hale-Bopp, NEOWISE
and so on—follow orbits that bring them into the bright inner Solar System every few decades or centuries.
They are spectacular, but by the time we see them their surfaces have been baked and eroded by repeated
close passages to the Sun.

UN271 is different in three important ways:

1. Itis enormous: its nucleus diameter is measured in the range D ~ 130-140 km.[Lellouch et al., 2022,
Hui et al., 2022]]
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2. Orbital reconstructions indicate that it spends most of its time far from the planets, with a return time
of a few million years, so its surface may be comparatively “fresh”.[Bernardinelli et al.,[2021]]

3. Itis active far from the Sun: gas jets and a growing coma have been detected while it is still beyond
the orbit of Saturn, at heliocentric distances where sunlight is less than one percent of its strength at
Earth.[Farnham et al., 2021} Roth et al., 2025, ALMA Observatory, [2025]]

Because of its size and apparent freshness, UN271 is a natural laboratory for the physics and chemistry
of large icy bodies that may preserve conditions similar to those in which the Solar System formed. Because
of its orbit, it also links our everyday planetary neighborhood to the remote, almost mythic outer reservoir
of icy debris that many models call the Oort cloud.

2 Orbit and Possible Oort-Cloud Origin

2.1 A comet from far beyond Pluto

The JPL Small-Body Database lists UN271 with a perihelion distance ¢ ~ 10.95 au, an inclination 7 ~
95.5°, and an eccentricity extremely close to unity.[JPL Small-Body Databasel 2025]] In simple terms:

* The comet does not enter the inner Solar System,; its closest approach to the Sun keeps it just outside
Saturn’s orbit.

* Its path is tilted almost at a right angle to the flat disk of the planets.

* Its inbound and outbound trajectories are long stretched curves that spend almost all their time far
beyond Pluto.

For long—period comets, the most telling quantities are the barycentric elements: the orbit one would
obtain if the Sun and planets were replaced by their combined center of mass. For UN271 these imply
an inbound semimajor axis aj, ~ 2 X 10* au and an aphelion Qi, ~ 4 X 10* au.[Bernardinelli et al.,
2021], [Wikipedia contributors, [2025a]] After the current passage through the planetary region, gravitational
interactions with the giant planets are expected to reshape the orbit so that the outbound aphelion lies even
farther away, Qou; ~ 6 x 10% au.[Bernardinelli et al., 2021]]

Those distances are in the range where Oort-cloud models place their outer population. On that basis
UN271 is usually interpreted as a member of the outer Oort cloud, but it is important to remember that
the “cloud” itself is an inferred structure: we see incoming long—period comets and reconstruct a roughly
spherical source population that is consistent with those orbits.[Dones et al., [2008|] Within that framework,
UN271 sits comfortably in the outer halo; outside that framework, it is simply an object on a very large,
loosely bound orbit.

For orientation, Neptune orbits at about 30 au, the Kuiper belt extends to ~ 50 au, and the heliopause—
the outer boundary of the solar wind “bubble”—is at ~ 120-130 au.[Balogh and Izmodenovl,[2008]] UN271’s
inferred aphelion is hundreds of times farther than the heliopause.

2.2 Why models predict a spherical cloud

Early Solar System models pictured comets as part of an extended disk, a continuation of the asteroid belt
beyond Neptune. In the 1950s Jan Oort noticed that the orbits of long—period comets arriving from all
possible inclinations are hard to reconcile with a thin disk. He proposed instead a roughly spherical cloud of
icy bodies surrounding the Sun at distances of 103-10° au, now called the Oort cloud.[Dones et al.,[2008]]



One plausible scenario is that small icy planetesimals formed among the giant planets were scattered
outward during the early chaotic phase of Solar System evolution. Some escaped entirely; others were
placed onto very elongated, loosely bound orbits. Over millions of years the tidal field of the Milky Way
and flybys of passing stars would then have randomized the orientations of those orbits, turning an initially
flattened distribution into a nearly isotropic spherical halo.[Dones et al.,[2008|, [Bernardinelli et al., 2021]]

Under these assumptions UN271 becomes an illustrative example:

* Its inclination, close to 90°, is nearly polar, similar to what one expects if orbits are drawn at random
from an isotropic distribution.

* Its semimajor axis and period (of order a few million years) are typical of objects in the modelled
outer cloud, where the galactic tide is strong enough to slowly change perihelion distances but weak
enough that the comet remains bound to the Sun.[Bernardinelli et al., 2021]

To someone used to thinking only about the planetary disk, this almost vertical orbit looks exotic. In the
Oort-cloud picture it is simply one strand among many. Whether nature has actually built such a spherical
cloud, however, is still a matter of inference rather than direct detection; UN271 tests that inference but does
not yet prove it.

3 Anatomy of a Mega-Comet

3.1 Size, mass, and darkness

The first quantitative hints of UN271’s size came from its brightness in Dark Energy Survey images between
2010 and 2018.|Bernardinelli et al., [2021] Even at » ~ 30-34 au, when it appeared point-like, it was too
bright to be a typical kilometre-scale comet.

High-resolution follow-up with ALMA and the Hubble Space Telescope resolved this ambiguity. ALMA
observations at millimetre wavelengths measured the thermal emission from the nucleus, while Hubble
images used careful coma subtraction to isolate the central body.[Lellouch et al., 2022| Hui et al.| 2022]]
Both lines of evidence converge on a nucleus diameter of

D ~ 130-140 km,

with a red geometric albedo of only a few percent. In everyday language: UN271 is roughly half the size of
the main—belt asteroid Vesta, and its surface is darker than coal.

Assuming a typical cometary bulk density of a few hundred kg m 3, the implied mass is of order M ~
5 x 1017 kg, [INASAL 2022, Wikipedia contributors, |2025b] about 10° times the mass of a more familiar
kilometre-scale comet.

The escape speed from the surface is tiny by planetary standards, of order tens of metres per second.
Gas molecules in a jet that leave the surface at a few hundred ms~! easily escape into space, carrying dust
grains with them and building the vast diffuse comae and tails that give comets their visual drama.

3.2 What makes it a comet at 20 au?

Most comets only “switch on” once they are inside the orbit of Jupiter, where sunlight is intense enough to
heat dusty ice near the surface above the sublimation temperature of water. UN271 turns on much earlier.

Stacked images from TESS and deep ground-based exposures show a measurable coma already when the
cometis at ry ~ 25 au, well beyond Uranus, and a significant brightening between 2018 and 2020.[Farnham
et al., 2021} [Bernardinelli et al., [2021]] ALMA provides the decisive clue: clear detections of CO emission
lines and jets at vy ~ 16.6 au.[Roth et al., 2025,/ ALMA Observatory), |2025]]



At those distances the solar flux is very low. A simple energy—balance estimate gives an approximate
equilibrium blackbody temperature
Toq(r) = 278 K1~ 1/2,

with 7 in astronomical units. At = 16.6 au this yields Toq ~ 70 K. That is far below the temperature at
which water ice sublimates in a vacuum (typically = 150-170 K), but it is in the range where more volatile
ices such as CO and, to a lesser extent, COy can sublimate from porous surfaces on geological time scales.

ALMA observations indicate CO production rates of the order Qco ~ 1027 s—1 and total mass—loss rates
(gas plus dust) around 10 kg s~!.[Roth et al., 2025]] In plain language the comet appears to be shedding on
the order of a thousand kilograms of material every second while it is still more than sixteen times farther
from the Sun than Earth is. These numbers are not derived from theory; they come from measured line fluxes
and calibrated continuum emission. Interpreting them as CO—dominated outgassing is a model choice that
currently fits the data well, but other contributions (e.g. CO2, trapped gases, or more exotic mechanisms)
cannot yet be ruled out.

The key point is that UN271 sits in a thermal regime where some known volatile ices can sublimate
slowly, but the amount of energy available is meagre. The fact that the comet still manages to drive a large
coma and detectable jets in this deep—freeze environment is part of what makes it such an interesting object.
Whether those jets are powered purely by standard sublimation physics or by more complex processes inside
the nucleus remains an open question.

4 From the Heliosphere to the Galactic Tide

4.1 The Solar System’s magnetic bubble

The Sun is not just a source of light and gravity; it also emits a continuous wind of magnetized plasma.
This solar wind blows outward at hundreds of kilometres per second until its pressure is balanced by the
thin gas and magnetic field of the local interstellar medium. The region dominated by the wind is called the
heliosphere, and it is structured by several boundaries:[Balogh and Izmodenov), [2008|]

* the termination shock, where the supersonic solar wind slows down abruptly;
* the heliosheath, a turbulent region of shocked solar wind;

* and the heliopause, the contact surface separating solar-wind plasma from the surrounding interstellar
plasma and magnetic field.

Voyager 1 crossed the heliopause in 2012 at about 122 au; Voyager 2 did so in 2018 at 119 au, providing
in-situ measurements of the plasma and magnetic-field transition.[Richardson et al., [2019] Energetic neu-
tral atom (ENA) maps from the Interstellar Boundary Explorer (IBEX) satellite and follow-up work have
since been used to construct three-dimensional models of the heliosphere’s global shape.[Reisenfeld et al.,
2021alb]

In the standard picture the Oort cloud extends far beyond this bubble. Objects like UN271 would there-
fore spend nearly all of their million-year-long orbits moving through interstellar space, sampling the mag-
netic and gravitational environment that the Solar System as a whole is embedded in. This picture is again
model-based: the heliosphere has been probed directly only out to the Voyager distances, and everything
beyond that is reconstructed from remote sensing and theory.



4.2 How the Galaxy nudges comets

At aphelion distances of tens of thousands of astronomical units, the Sun’s gravitational grip is weak enough
that the Galaxy itself matters. The Milky Way’s tidal field—a slowly varying gravitational gradient arising
from the mass of the Galactic disk and halo—tugs gently on loosely bound orbits.[Dones et al., [2008]]

Over millions of years these tides, together with occasional close passages of stars, can:

* change a comet’s perihelion distance by several astronomical units;
* nudge an object that previously missed the planets into an orbit that crosses the giant planets;
* or, less often, unbind a comet entirely.

UN271’s current barycentric orbit is consistent with this slow sculpting. Backward integrations in pub-
lished work suggest that its previous perihelion was at ¢ ~ 18 au several million years ago; the galactic
tide and planetary perturbations together appear to have lowered the perihelion to the present ¢ ~ 10.95 au,
allowing the comet to make a deeper visit to the planetary region on this passage.[Bernardinelli et al., [2021]]
Those integrations rely on a specific dynamical model of the Galaxy and local stellar encounters; reality
may be messier, but the qualitative picture of gentle, long-term nudging is robust.

5 How Rare Is a UN271-Scale Comet?

The idea of a 130 km comet naturally raises the question: how often do such giants show up?

If we take a standard power-law size distribution for the unseen population of icy bodies, dN/dD o
D~7 with index v ~ 3.5-3.7 as suggested by survey work applied to smaller comets,[[Dones et al., 2008,
Bernardinelli et al., [2021] then the fraction of bodies larger than some diameter D scales roughly as N (>
D) o D=0 =D_ With v — 1 ~ 2.6, a 130 km nucleus is orders of magnitude rarer than a 1 km one.

Very roughly, if there are ~ 10'? Oort-cloud bodies with D > 1 km, extrapolating the same power law
suggests a few hundred thousand may reach sizes comparable to UN271.[Dones et al., 2008]] Spread over a
spherical shell tens of thousands of astronomical units across, only a tiny fraction of those will be nudged
into orbits that enter the planetary region within any given million-year window.

This is clearly a model-dependent statement: we are extending a size distribution measured for much
smaller bodies into a regime where there are very few data points. Within that model, however, UN271 is a
low-probability event that happens to have occurred in the first era of all-sky digital surveys, when we have
the instrumentation to track such a comet while it is still beyond Saturn.

6 Other Comets and Interstellar Visitors

UN271 does not exist in isolation. It is part of a broader comet zoo that ranges from small inner—Solar
System regulars to interstellar interlopers whose origins lie around other stars.

6.1 Distantly active cousins

C/2017 K2 and C/2010 U3 are often mentioned in the same breath as UN271 because they, too, became
active at large heliocentric distances, likely driven by CO and CO; instead of water.[Dones et al., [2008]]
UN271 extends this behaviour to still larger sizes and, thanks to ALMA, gives us our best resolved look at
distant molecular jets.



Figure 1: Artist’s impression of the interstellar object 11/’Oumuamua, based on its colour and highly elon-
gated, tumbling light curve.[Seligman and Laughlin, 2024, [ESA/Hubble et al., [2017]]

6.2 How it differs from 11, 21, and 31

The first two confirmed interstellar objects, 1I/’Oumuamua and 2I/Borisov, follow unbound, hyperbolic
trajectories with eccentricities e > 1 and velocities at infinity of tens of kilometres per second.[Seligman
and Laughlin, 2024, Trigo-Rodriguez et al., |2025] They pass once through the Solar System and do not
return. 1I/°’Oumuamua showed an unusual light curve and a non-gravitational acceleration with no obvious
dust coma; 2I/Borisov looked more like a hyperbolic analogue of a dynamically new Oort-cloud comet,
with a conventional dusty coma and gas composition but an origin outside the Solar System.[Seligman and
Laughlinl 2024, Trigo-Rodriguez et al., 20235]

3I/ATLAS (C/2025 N1) sits in a different category again. It is smaller than UN271 but moves faster
than both 11 and 2I and combines a retrograde, nearly ecliptic hyperbolic orbit (e ~ 6.1, ¢ ~ 175°) with
a cluster of photometric, morphological, chemical, polarimetric and dynamical peculiarities.[NASA 2025,
Loeb, 2025} [Wikipedia contributors, [2025¢]]

The orbital situation is similarly interstellar but the morphology is stranger. In addition to the official
images, a series of high-contrast stacks attributed to the Cassandra / ORACLE VI/ ARGUS-VIS I platform
show multiple narrow jets that remain almost fixed in inertial space while the comet moves, rather than
forming a single anti-solar dust tail, as discussed and previously validated by [Spinelli, 2025a]. In PDF
viewers that support embedded animation, Figure 2] shows one such animated stack.

Observations and early analyses point to COs—dominated outgassing with only a few percent water by
mass, strong nickel emission with little or no corresponding iron, extreme negative polarization, persis-
tent sunward and anti-sunward jets, rapid brightening and unusually blue colour near perihelion, tightly
collimated jets that remain unsmeared by rotation over very large scales, and a non-gravitational acceler-
ation that, if attributed to outgassing, would imply substantial mass loss without visible disruption of the
nucleus.[NASA, 2025, [Loeb, 2025

A recent Bayesian analysis by Spinelli takes these “Loeb anomalies” for 3I/ATLAS as a starting point
and asks how likely it is, under broad natural assumptions, to see all of them in a single object by chance.[Spinelli,
2025b] Each anomaly is assigned a probability anchored in Loeb’s estimates and the underlying observa-
tional literature, and Monte Carlo simulations are used to explore the joint probability under different cor-
relation and survey—selection scenarios. Under independence the joint probability is of order 10~2%; even
with generous domain—level correlations and optimistic assumptions about how many effective discovery
opportunities surveys have had, the selection—adjusted probabilities remain far below the percent level in



the tested configurations.[Spinelli, 2025b]] Spinelli’s conclusion is that, within the framework of those as-
sumptions, 3I/ATLAS is an extreme outlier for purely natural cometary physics and that intentional origin is
therefore a hypothesis worth considering alongside more conventional models, pending a natural mechanism
that coherently explains geometry, timing, morphology, chemistry, polarization and dynamics.

Against this backdrop, UN271 plays a complementary role. Its orbit is bound and characteristic of a very
loosely tethered comet, its current motion is well described by gravity alone within present measurement
uncertainties, and its observed activity so far fits within the broad family of CO—driven distant activity seen
in other large comets.|Bernardinelli et al., 2021} Farnham et al., 2021, Roth et al., |2025] Yet its nucleus
is orders of magnitude more massive than that of any confirmed interstellar object, and it spends most of
its life in a region where the heliosphere ends and the Galactic environment begins. As we improve our
measurements, UN271 can act as a reference point for what a gigantic, slowly inbound comet from the outer
reaches of the Solar System looks like, while 3I/ATLAS remains an illustrative example of how far from
that baseline an object can appear once we step into the interstellar population. Both pieces are useful: one
anchors the familiar but still mysterious physics of mega—comets, the other highlights just how incomplete
our current catalogue of small-body behaviours may be.

UN271, by contrast,

* has a bound orbit with negative specific orbital energy;
* spends millions of years attached to the Sun, albeit at enormous distances;

* and, within current astrometric precision, does not require large non-gravitational accelerations to fit
its trajectory.[JPL Small-Body Databasel 2025]]

Interstellar objects are exciting because they are literally extrasolar material. UN271 is exciting because
it appears to be local: a giant fragment of the same protoplanetary disk that built the planets, stored for eons
in a distant reservoir and now returning for a brief, observable visit. That interpretation fits the data we have;
alternative possibilities, including more speculative ones, would need new evidence.

7 Mission Opportunities and Future Observations

Current orbit solutions indicate that UN271’s closest approach to the Sun occurs at ¢ ~ 10.95 au, be-
yond Saturn, and that it stays at heliocentric distances greater than ~ 10 au from Earth.[JPL Small-Body
Databasel, 2025| SpaceReference.org, [2025] These are purely geometric statements based on fitting the avail-
able astrometry; they do not, by themselves, address questions about the object’s internal nature.

From an exploration perspective, UN271 is a demanding but enticing target. Several teams have explored
trajectories that would use Earth and Jupiter gravity assists to intercept the comet near or shortly after
perihelion.[Hibberd et al.l 2021} |Various, 2021, Wikipedia contributors, [2025a] Relative speeds in these
scenarios are of order ~ 12-14 km s~!, comparable to other deep-space flyby missions.

A spacecraft flying through the inner coma of UN271 could directly sample CO-rich gas, dust grains,
and possibly large icy fragments from a nucleus that has barely been processed by solar heating. Even
without a dedicated mission, continued monitoring with Hubble, JWST, ALMA and large ground-based
telescopes will let us watch its coma and jets evolve as it approaches and recedes from perihelion in the
early 2030s.

8 Conclusions: A Slow-Motion Firework at the Edge of the System

C/2014 UN271 is a slow event stretched over decades: discovered beyond Neptune, currently active beyond
Saturn, destined—according to current orbit fits—to glow faintly and then fade as it climbs back toward the



outer reaches of the Solar System.

Seen from the right perspective, this slow motion is precisely what makes it compelling. UN271 is large
enough to challenge our ideas about comet formation, and fresh enough to preserve information from both
the birthplace of the planets and the spherical halo of debris that may orbit with us through the Galaxy.

For students and the scientifically curious, it offers an ideal entry point into several big ideas:

* how comets are built and why their surfaces are so dark;
* how a flattened protoplanetary disk can, in models, give rise to a spherical Oort cloud;
* how the heliosphere carves out a magnetic bubble in the interstellar medium;

* and how the Galaxy itself—through its gravitational tide and passing stars—quietly sculpts the outer-
most parts of our planetary system.

In everyday life the Solar System feels static: the same planets, the same constellations, the same Moon
cycles repeated over and over. UN271 is a reminder that, on longer timescales, we may live inside a dynamic
ecosystem of ice and rock, buffeted by galactic forces and occasionally visited by giants from the deep.

At present our hard knowledge about this comet is limited to what telescopes and orbit fits can tell us:
size, reflectivity, gas production, and trajectory. Theories about its origin in a spherical cloud of icy bodies,
or about the detailed physics powering its distant jets, are inferences that fit those data but have not yet
been uniquely tested. More exotic possibilities—ranging from unusual geology to even more speculative
ideas—remain open. Keeping those levels clearly separated is essential if we want to let UN271 teach us
something genuinely new about the heavens it comes from.
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Figure 2: Animated Cassandra / ORACLE VI/ ARGUS-VIS I stack of 3I/ATLAS, previously validated by
Spinelli| [2025a]]. The animation shows multiple narrow jets that remain nearly fixed in inertial space as the
comet moves across the field, rather than forming a single, broad anti-solar tail.
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Figure 3: ALMA image of interstellar comet 2I/Borisov. The coloured streaks are background stars whose

images are trailed because the telescope is tracking the comet. Image credit: ESO/ALMA.[ALMA Obser-
vatory, [2021]]
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