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Pictures:

It is Fall, but it has been cloudy recently and we have gotten some rain (much needed). On Saturday,
October 4, I held a star party in the street in front of my house for International Observe the Moon Night.
We had 11 adults and 5 children. The children got one of my meteorite handouts and also a Sky &
Telescope map of the Moon. The upper left picture shows one of my neighbors attempting to get a picture of
the Moon through the telescope. Nancy came out and pointed out some constellations and told sky stories.
The upper right picture was taken by me through the 8-inch telescope. The lower left picture, with a higher
magnification eyepiece is Saturn. Saturn’s moon Titan is there. The exposure is just long enough to capture
Titan, pointed out with the arrow. The lower right picture was taken the next night by my daughter (20x
hand-held!) of the Moon and Saturn, a little less than 3 degrees apart.




Astronomy in the News
3I/ATLAS Update:

New information is coming in just about

every day. So let me try to summarize it.

Some of the articles below repeat, in part,

what has already been said or have been

updated to either new information/analysis or
after manuscript peer reviews. On the right is

a combined set of images taken by ESA’s

ExoMars orbiter. This is made up of a series

of 5 second exposures. Because the comet is

moving relative to the spacecraft, the background stars are streaked.

e Comet 3I/ATLAS made its closest approach to Mars on October 3 and a distance of about 28 million
kilometers, 18 million miles.

e [t will make its closest approach to the Sun on October 30, at a distance of 1.3 AU (203 million km, 126
million miles).

e [ts closest approach to the Earth will be about 1.8 AU (270 million km, 170 million miles) in December

e [ts closest approach to Jupiter, in March, will be 54 million km (33 million miles)

e The comet was imaged by at least three Mars orbiting spacecraft. Mars Express may not have seen it as
its images are limited to 0.5 seconds. Mars Reconnaissance Orbiter may have seen it, but no images
have as yet been released (a lot of processing needs to be done)

e The comet was observed by a rover on the surface of Mars. Because the integrations were long and the
imager did not track the comet, the comet images were streaked. This is an image artifact, not the shape
of the comet!

e The full extent of the coma could not be determined because of the limitations of the cameras.

e None of the images would have been able to resolve the nucleus as it is estimated to be less than 10 km
in diameter and the imagers, at that distance, would not have resolved anything less than about 100 km
in diameter

e As the comet approaches its closest distance to the Sun, water ice is now being seen sublimating from its
surface.

https://earthsky.org/space/new-interstellar-object-candidate-heading-toward-the-sun-al 1pl3z/

https://www.livescience.com/space/comets/interstellar-comet-3i-atlas-may-come-from-the-mysterious-frontier-of-
the-early-milky-way-new-study-hints

https://www.esa.int/Science Exploration/Space Science/ESA s ExoMars_and Mars Express observe comet 3
I ATLAS

https://www.msn.com/en-us/news/technology/a-spacecraft-snagged-its-first-photo-of-an-interstellar-comet-see-it-
now

https://www.livescience.com/space/comets/closest-view-yet-of-interstellar-comet-3i-atlas-captured-by-mars-
orbiter

https://www.livescience.com/space/comets/comet-3i-atlas-is-losing-water-like-a-fire-hose-on-full-blast-rewriting-
what-we-thought-we-knew-about-alien-star-systems

Starlink:

Here are some facts. There are presently more than 8,000 Starlink satellites in Low Earth Orbit, between
340 and 550 km (211 to 340 miles). For comparison, the International Space Station (which can boost itself
to maintain its orbit) is at 400 km and the Hubble Space Telescope is at 500 km. These satellites have an
expected lifetime of 5 to 7 years. This is based on the amount of fuel they have to maintain their orbits.
However, thanks to unusual solar activity over the last few years, one to two satellites are deorbited every
day, most (but not completely) burning up in the atmosphere. When there is high solar activity, the Earth’s
atmosphere expands and there is increased atmospheric drag on these satellites. In the first half of 2025,


https://www.livescience.com/space/comets/closest-view-yet-of-interstellar-comet-3i-atlas-captured-by-mars-orbiter
https://www.livescience.com/space/comets/closest-view-yet-of-interstellar-comet-3i-atlas-captured-by-mars-orbiter

about 500 Starlink satellites were decommissioned and I assume deorbited. As an extreme example of the

loss of satellites, in 2022, soon after launch and before the satellites could get into their final orbits, there

was a Coronal Mass Ejection that led to the loss of 40 Starlink satellites all at once.
https://earthsky.org/human-world/1-to-2-starlink-satellites-falling-back-to-earth-each-day/

New Comets:

On October 2, Tim Hunter, with an 11-inch telescope took these images. Comet Swan on the left and Comet
Lemmon on the right. The link below has a nice summary of what we might expect for the rest of October.
The comet becomes an evening object in mid-October and is most likely to be best seen the last week of
October. I have included a finder chart for the comet.

https://www.space.com/astronomy/comets/new-comet-lemmon-could-shine-bright-enough-to-be-seen-with-the-
naked-eye-this-october

Here is the finder chart for Comet Comet Lemmon
. . . (C/2025 A6) 2 hours
Lemmon for observing it as a morning before sunrise. ‘ ~ s
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“A map showing the approximate Gehisbapaiming sky

location of Comet Lemmon in white
circles as it appears in the evening sky
in mid-to-late October. (Image credit:
Created by Anthony Wood in Canva)”
https://www.space.com/stargazing/how
-to-find-comet-lemmon-in-the-night-
sky-as-it-brightens-this-october-2025
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https://earthsky.org/human-world/1-to-2-starlink-satellites-falling-back-to-earth-each-day/

JWST, Doomed Star:
The spiral galaxy NGC 1637 is located
about 40 million light-years away from us. In
June, astronomers detected the explosion of
the supernova SN2025pht. Fortunately, the
astronomers were able to find archived
images of this galaxy made with the mid-
infrared camera on JWST and even older
images from HST. With these images, they
were able to pinpoint the red supergiant star
that created the supernova. This is the first
time that a connection has been made
between a supernova and its source in the
infrared. What the astronomers found was
that the star was shrouded in an unusual
amount of dust that hid the star from visual
observations.
https://earthsky.org/space/webb-sees-
doomed-star-before-it-exploded

“This image shows a combined

JWST and HST view of the spiral galaxy
NGC 1637. It is located some 40 million
light-years away. The box in the lower
right (enlarged in the upper right) shows
the doomed star, a supernova known as
SN2025pht. Image via Northwestern/
NASA/ ESA/ CSA/ STScl/ Charles
Kilpatrick and Aswin Suresh
(Northwestern).”

JWST, Galactic Collision:
The galaxy NGC 3627 is 31 million light-years
away, in the direction of the constellation Leo.
A doctoral student and his advisor observed this
spiral galaxy as part of the student’s research
from the Physics at High Angular Resolution of
Nearby Galaxies Survey, PHANGS. They
noticed the faint “contrail” of gas and dust,
separate from the galaxy’s spiral arms. Their
modeling concludes that this contrail was
formed when a compact mass of about 10
million solar masses passed through the galaxy.
While it was most likely a black hole, they
could not rule out a compact galaxy.
https://www.livescience.com/space/astronomy/
james-webb-telescope-finds-remarkable-
evidence-that-a-black-hole-plowed-through-a-
galaxy-leaving-an-enormous-scar-behind

“NGC 3627 was spotted with
a contrail, (Image credit:
NASA, ESA, CSA, STScl, J.
Lee (STScl), T. Williams
(Oxford), PHANGS Team”
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The contrail highlighted in the
image is 6 kiloparsecs, or 20,000
light-years, long — one-fifth the
width of the Milky Way

galaxy. (Image credit: Zhao and Li
2025, arXiv; CC BY-SA 4.0)


https://earthsky.org/astronomy-essentials/how-far-is-a-light-year/
https://science.nasa.gov/mission/webb/
https://science.nasa.gov/mission/hubble/
https://earthsky.org/astronomy-essentials/how-far-is-a-light-year/
https://earthsky.org/astronomy-essentials/how-far-is-a-light-year/
https://earthsky.org/astronomy-essentials/definition-what-is-a-supernova/
https://news.northwestern.edu/stories/2025/10/webb-telescope-unveils-doomed-star-hidden-in-dust?fj=1
https://arxiv.org/abs/2509.20832
https://creativecommons.org/licenses/by-sa/4.0/

Light Pollution:
This is an interesting article. There is a company that proposes to launch satellites with very large (54
meters, 177 feet across). Eventually they propose to launch up to 4,000 into orbit. The goal would be to
illuminate specific areas of the Earth, such as solar panel farms. These would illuminate an area of about 7
km across (according to the authors of this paper), 50 to 100 times brighter than the Moon. Since the
satellites would be orbiting the Earth, the illuminated areas would sweep across the surface, illuminating
everything in its path (think “Star Trek I'V: the Voyage Home.” This is real light pollution! The author of the
article is very skeptical that the company will be able to produce the amount of light that they propose, and I
suspect that there will be a lot of opposition. Think of your star party all of a sudden being lit up by
something brighter than the Moon and the potential for eye damage if you or one of your students looks at it
through a telescope.
https://www.sciencealert.com/radical-plan-to-beam-sunlight-on-demand-at-night-sparks-concerns

Meteors, Meteorites, Asteroids, and Comets:

As of October 15, 2025, there are 1,469,576 known minor planets (5,176 added since September 26). Of
these, 847,427 are numbered (no change). There are 4,613 known comets (no change). Of these, 604 are
numbered (1 more). There are 39,718 (182 more) Near-Earth Objects (NEOs). There are 877 NEOs larger
than a kilometer (0.6 miles) in diameter (no change). There are 11,455 NEOs larger than 140 meters (460 ft)
in diameter (19 more). [A note: there are two sources for these numbers, and they never agree exactly, even
if they are updated the same day. JPL has more total asteroids by over 10 thousand (JPL includes Trans-
Neptunian Objects which IAU may not) and the IAU has more NEOs by a few hundred. I use JPL for total
asteroids and IAU for total NEOs.] 2,260 NEOs have been discovered since the beginning of the year. A
potentially hazardous asteroid is an asteroid whose orbit could bring it with 0.05 AU of Earth and is
estimated to be at least 140 meters in diameter. However, many of these have orbits that are fairly-well
characterized so there is little to no risk of their hitting Earth in the near future. ESA lists just those that have
some potential chance of hitting Earth, usually due to orbital uncertainties. This is why my team observes
them on the VATT so that we can reduce these uncertainties. ESA’s “At Risk™ list as of October 15, 2025,
is 1,838 Near-Earth Objects (4 more).

Asteroid Close Approaches:

In the last 30 days, 25 asteroids have been observed to have come closer to the Earth than the distance to
the Moon (LD) with estimated diameters from about 1.1 meters in diameter to about 44 meters in diameter
(if high or low reflectivity, respectively). There were nine additional asteroids observed that came as close
as 1.0 to 2.0 times the distance of the Moon, with estimated diameters between 2.5 and 49 meters. In the
next 60 days, no asteroids are predicted to come closer to us than the Moon and none between 1.0 and 2.0
times the distance to the Moon.

Between September 18 (observed) and December 1 (predicted in the next 60 days), 15 asteroids with
estimated diameters between about 70 meters and 690 meters in diameter have passed/will pass between 2.2
and 18.6 lunar distances of the Earth. Of the eight large asteroids that have been observed to pass within 20
LD (0.05 AU) of the Earth between September 18 and October 5, four were discovered prior to this year.
One was discovered in 1998, two in 2018, one in 2009, and one in 2022. Four were discovered in 2025. One
of these was discovered about seven months before closest approach (this was noted last time). Of the seven
asteroids that are predicted to pass within 20 LD (0.05 AU) of the Earth between October 26, 2025, and
December 1, 2025, all seven were discovered prior to 2025. One was discovered in 1982, one was
discovered in 2003, one was discovered in 2007, one was discovered in 2016, one was discovered in 2019,
one was discovered in 2020, and one was discovered in 2022. There have been 209 asteroids that were seen
or are predicted to come within 20 lunar distances of the Earth (about 0.05 AU) between September 15 and
December 15 (last 30 days to next 60 days). Of these 172 have been observed (by October 15) and 37 are
predicted (after October 15). Of the 37 predicted close approaching asteroids, seven were discovered in
either September of October. This will give you an idea of how many close approaching asteroids are likely
to be discovered in the next month! We did not have very good weather on our last run. We observed only
four asteroids of interest and one of them, 2025 SY 10 that passed us at a distance of 15.6 times the lunar
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distance and has an estimated diameter between 16 and 35 meters. While it does not get very much closer
than this, our observations showed that 2025 SY 10 had a similar close approach three years ago and another
in three years. It appears to be at or very close to an orbital resonance with Earth, for each time the Earth
orbits the Sun twice, 2025 SY 10 orbits the Sun three times.

Asteroid Close Approaches:

Asteroid 2025 TF Asteroid 2025 TQ2
On October 1, astronomers discovered asteroid 2025 TF, a small (1.2 to 2.7 meters, 4 to 8.8 feet in
diameter) Apollo asteroid that passed only about 400 km (250 miles) above the Antarctic a few hours
earlier. The next night, astronomers discovered 2025 TQ2, a small (2 to 4.4 meters, 6.5 to 14.5 feet in
diameter) Aten asteroid that passed 4,850 km (3,000 miles) above Canada soon after it was discovered. Both
of these asteroids were discovered by the Catalina Sky Survey, one from Mt. Lemmon and the other from
Mt. Bigelow). 2025 TF has an orbital period of 2.05 years and a mean distance from the Sun that is just
beyond Mars. It crosses the orbits of Venus, Earth, and Mars, and has close approaches to both Earth and
Mars (not as close as this one). 2025 TQ2 has an orbital period of 0.78 years and a mean distance from the
Sun of 0.85 AU (between Venus and Earth). It crosses the orbits of both Venus and Earth. Between 1980
and 2180 there were/will be 74 close approaches (from 5 to 80 times the distance to the Moon) to Venus, the
Earth, and the Moon. In 1982, 2025 TQ2 came closer to the Earth (and the Moon) than the distance to the
Moon (calculated, not observed), but not close as its 2025 approaches to the Earth and the Moon (observed).

https://earthsky.org/space/2-asteroids-safely-buzzed-earth-sep-oct-2025/

https://www.sciencealert.com/a-rock-just-came-within-270-miles-of-hitting-earth-and-we-only-noticed-after

Tumbling Asteroids:

There appears to be a relationship between the rotation rate of asteroids and whether or not they tumble. The
authors have found, and have been able to model, that small asteroids tend to rotate more slowly and are
more likely to be tumbling. The Yarkovsky—O'Keefe—Radzievskii—Paddack (YORP) effect (differential
heating and cooling of an asteroid as it rotates) tends to spin up smaller asteroids. However, slow rotators
that are tumbling due to impacts tend to get stuck in this state as the YORP effect is minimized by the
tumbling of these asteroids. I think that there is a typo in the article. The on-line article states: “Below the
gap lie slow, tumbling asteroids with rotational periods under 30 hours.” I think this should be over 30

hours.
https://www.spacedaily.com/reports/Gaia_data uncovers_hidden link between_asteroid_collisions_and_chaotic
_spin_states999.html



Asteroid Belt Mass Loss:
Scientists have estimated the mass loss in the asteroid
belt. There is essentially no source to replenish the belt
other than from migrating Centaurs (not taken into
account by the authors as far as I can tell). They model the
loss of small asteroids due to the gravitational effects of
Jupiter, Saturn, and Mars. These asteroids are flung out of
the Solar System or create planet-crossing asteroids, the
NEOs. They assume that 25% of the zodiacal dust is
created by asteroid impacts (80% of the mass loss). With
these estimates (far from “precise” as stated in the article
linked below) and come up with a mass loss of 0.0088%
per million years. Working back, this implies that the
asteroid belt was 50% more massive 3.5 billion years ago.
They seem to imply that these numbers are good to about
a factor of 2. At present, the mass of the asteroid belt is
about 3% of the mass of the Moon. I would note that
models of the formation of the Solar System estimate that B el
the asteroid belt lost 99.9% of its mass in the first 100
million years thanks to interactions with the giant planets.
https://www.universetoday.com/articles/the-asteroid-belts-  The asteroids of the inner Solar System and Jupiter, the
slow-disappearing-act belt is located between the orbits of Jupiter and Mars
(Credit : MDF at English Wikipedia)

"Trojans”

“Greeks"

Venus, Co-Orbiting Asteroids:
Fact: there are about 20 known asteroids that are co-orbital with Venus. Their mean distance from the Sun is
the same as that of Venus, but because of interactions with Venus, Mercury, and the Earth, they have
somewhat elliptical orbits that sometimes bring them close to the Earth. The authors model the known
asteroids and conclude that there may be many more co-orbitals with lower eccentricities that may be
difficult to see from Earth. Since these orbits are not stable for periods of 10s of thousands of years, they
could potentially become Earth impact hazards. A note, please ignore the artist’s illustration in the second
article that has nothing to do with reality (how many asteroids there are). The third link is to an animation of
the orbit of asteroid 2020 QUS. It was first observed in 2020 and just recently recovered, so it now has a
much better determined orbit. It has an orbital period of 224.5 days vs. 224.7 days for Venus. It is truly a
Venus co-orbital. However, its elliptical orbit takes it inside the orbit of Mercury to outside the orbit of
Earth. JPL has a site with the orbital parameters for asteroids and it gives close approaches to the planets (I
use this all the time for the Newsletter and for observing). It shows, for a period from 1900 to 2200, 250
close approaches to Mercury, Venus, and Earth. Of these there is only a period of 35 years (2020 to 2055)
where they are close approaches to Venus, less than 30. This is due to the small difference in orbital periods.
Once it moves away from Venus, it stays far away for a long time. Because the orbit is elliptical and close to
the period of Venus, as both Venus and 2025 QUS orbit around the Sun, from the perspective of Venus, the
asteroid seems to make a peanut-shaped motion relative to Venus. This is a prime example of the type of
asteroid that the authors of the paper discussed above are concerned about.
https://www.spacedaily.com/reports/Invisible asteroids near Venus may pose long term danger to Earth 99
9.html

https://earthsky.org/space/invisible-asteroids-venus-earth/

https://i.imgur.com/hkpxXW7.mp4



https://i.imgur.com/hkpxXW7.mp4

Moons and Rings:

As of September 28, 2025 (last update), there are 419 moons (satellites) orbiting six planets (the same). As
of October 7, 2025 (last update), there are 594 asteroids, dwarf planets, Centaurs, and Trans-Neptunian
Objects with companions (1 more than the last update on September 20). There are 571 binary systems (1
more), 16 triple systems (same), 1 quadruple (130 Elektra), and 1 sextuple system (Pluto), for a total of 616
companions (1 more). To break this down, 108 Near-Earth Objects (no change) have companion moons (5
have 2 moons, same), 35 Mars-Crossing Asteroids (same) have companion moons (1 with 2 moons), 300
Main Belt Asteroids (1 more) have companion moons (1 with 3 moons, 8 with two moons, and 1 with 1
moon and rings; 1 also has dual asteroid/comet designation), 8 Trojan Asteroids have companion moons
(same), and 143 Outer Solar System Objects (dwarf planets, Centaurs, and Trans-Neptunian Objects) (same)
have companion moons (2 with 2 moons, 1 with 5 moons). There are 4 TNOs and Centaurs with moons that
have or are suspected to have rings (same) and 1 with rings but no moons. For those of you doing the Solar
System Classification activity, this is a good example of how there is overlap among planets, dwarf planets,
and asteroids as to how we classify them based on characteristics (moons and rings in this case. There are
more satellites/moons of asteroids than there are of planets, 593 vs. 419. There are also more asteroids with
rings than there are planets with rings, 5 vs. 4.

Impact History of the Moon:

South Pole-Aitken is the largest and oldest crater on
the Moon and one of the largest known in the Solar
System. It is about 2,500 km (1,600 miles) in
diameter and about 6.2 to 8.2 km (3.9 to 5.1 miles)
in depth. It is estimated to be about 4.3 billion years
old. Previous studies have concluded that the impact
was a glancing blow (the crater is elongated). This
study, in contrast to previous studies, concludes that
the impactor was moving in a southward direction
so that material from the impact would have piled
up on the south rim, near the South Pole. This is
also near the proposed site of the Artemis mission
that will bring humans back to the Moon.

South Pole-Aitken Basin with its estimated size shown with

South Pole. Original crater may have been larger.
https://www.spacedaily.com/reports/Lunar mega basin_signals radioactive ejecta and reshapes Moon origin
story_999.html



Cool Side of the Moon:

Yes, I am fussy. Dark Side of the Moon was an
album released by Pink Floyd in 1973. The
article linked below should have been entitled
Far Side of the Moon, not Dark Side of the
Moon (the far side has a day/night cycle). That
said the research reported in the article
discusses results from China's Chang'e-6
sample return mission to the far side of the
Moon. Chang'e-6 landed in South Pole-Aitken
Basin which, as mentioned in the previous
article, is 4.3 billion years old. The sample
brought back was formed at a temperature that
was 100°C (200°F) cooler than the rocks
brought back by the Apollo missions. The
authors thus propose that the mantle on the far
side was 100°C. This would be consistent with

“A new study reveals that temperatures are cooler in the mantle on
the far side of the Moon, as indicated by samples returned by
China's Chang'e-6 mission. Credit: Matt Jones”

the higher content of radioactive material found on the near side of the Moon. [Comment] The authors do
not seem to have taken into account that the Apollo samples are older (3.1 to 3.6 billion years vs. 2.8 billion
years for the Chang'e-6 samples, so they are sampling material that has been brought in from other regions
of the far side. I do not know what the significance of the age difference might imply.
https://www.universetoday.com/articles/new-research-says-the-dark-side-of-the-moon-is-also-the-cold-side

Enceladus, Complex Chemistry:

In 2008, the Cassini spacecraft that was orbiting
Saturn flew through the ice geysers created by
geothermal activity beneath the surface of
Saturn’s moon Enceladus. Previous studies
analyzed primarily the material that went into
forming the Saturn’s E Ring and had detected
water ice and a few other molecules. The authors
of this research went back to look at the fly-
through data and were able to detect the subtle
absorption features a range of non-biologically
created organic molecules—the building blocks
of life. The implication is that, in its interior
where it is warmer, there exists the organic
molecules that are necessary for life as we know
it.

A diagram of how scientists think hydrothermal activity occurs
on Enceladus. (ESA)

https://earthsky.org/space/organics-in-enceladus-ocean-chemistry-cassini-astrobiology/

https://www.sciencealert.com/fresh-evidence-of-complex-chemistry-found-in-the-alien-ocean-of-saturns-moon

https://www.livescience.com/space/saturn/scientists-find-best-evidence-yet-that-icy-moon-enceladus-is-habitable



Ancient Ocean on Ariel:
Going one planet out to Uranus’ moon Ariel. The
authors looked at Voyager images of Ariel. The surface
has a very high reflectance and smooth areas, implying
recent cryovolcanism (ice volcanoes/geysers). Based on
their observations of the surface features on Ariel, the
authors conclude that, in the past, Ariel’s orbit was
more elliptical and so more susceptible to tidal heating
and likely to have, at one time, a deep subsurface ocean.
https://mailchi.mp/psi/lupgwjl2xc-
13910806?e=ba8816f75¢

“New research suggests that Ariel, a moon of Uranus,
might have once harbored an ocean over 100 miles
(about 170 kilometers) deep. Credit: NASA/JPL-
Caltech/PSI/Mikayla Kelley/Peter Buhler”
Planets and Dwarf Planets:
Active Dwarf Planet:
From Wikipedia: “Makemake is a nearly spherical object with
an average diameter of 1,430 km (890 mi), which is about 60%
the diameter of Pluto or 11% the diameter of Earth. In terms of
diameter, Makemake is the fourth largest known dwarf planet and
trans-Neptunian object in the Solar System, after Pluto, Eris, and
Haumea.” It is 1.5 times the diameter of dwarf planet Ceres.
Methane ice and other ices were first detected on Makemake
about 15 years ago, and, with its high reflectance (82%) it was
assumed that Makemake was an active dwarf planet. I should note
that while Makemake is red in color, the image on the right does
not accurately show its high reflectance (standard white paper has
a reflectance of 70%). The spectrum below is almost entirely due
to surface ices but at about 3.3 microns, you can see an emission
feature which is due to methane gas fluorescence. This implies an
atmosphere 100 billion times less dense than Earth’s atmosphere ~ “A 3D model of Makemake, a dwarf planet in

and a million times less dense than Pluto’s atmosphere. This the Kuiper Belt. (Image credit: NASA
atmosphere could be permanent or transient, due to Visualization Technology Applications and
cryovolcanism. It should be noted that previous mid-infrared Development (VTAD))” Note: The true

observations have detected what has been interpreted to be a hot ~ reflectance is much higher, about 80%.

spot, a possible cryovolcano, similar to what is seen on

Enceladus.
Near-Infrared Spectrum of Makemake (JWST NIRSpec) “The near-infrared spectrum of Makemake, as
measured by the James Webb Space Telescope.
- 1.01 s The absorption signatures of methane (CHy) at
% 0.8 4 e 1-2 pm are very prominent in Makemake's
g 0.6 fluorescence spectrum, which indicates it is very abundant on
g 0.4 Makemake's surface. Other chemical compounds
2,51 detected on Makemake include ethane
0.0 Cﬂ4!|| LTI T T e € O s iy = L (C:Hg), include ethane acetylene (C:H>),
1.0 15 2.0 25 3.0 35 4.0 45 5.0 deuterated methane (CHsD), and possibly
Wavelength (um) ethylene (C2H4)_”
https://www.space.com/astronomy/dwarf-planets/this-dwarf-planet-has-gas-makemakes-methane-surprises-
scientists
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https://en.wikipedia.org/wiki/Mean_diameter
https://en.wikipedia.org/wiki/Earth_radius
https://en.wikipedia.org/wiki/Near-infrared
https://en.wikipedia.org/wiki/Electromagnetic_spectrum
https://en.wikipedia.org/wiki/James_Webb_Space_Telescope
https://en.wikipedia.org/wiki/Absorption_band
https://en.wikipedia.org/wiki/Methane
https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Ethane
https://en.wikipedia.org/wiki/Acetylene
https://en.wikipedia.org/wiki/Ethylene

Civilization on Earth:

This is an interesting article, based on a Press SatbonRegation .
Release for a paper given at a recent Planetary s
Sciences Conference, so the conclusions of the SiicateWeathering il
authors have not been peer reviewed. The on-line R <
article includes the diagram on the right to explain ' N S T i ankoy e oy sy
the importance of plate tectonics. The researcher £ b T i scenifdae
propose that even if an exoplanet is in a habitable Ui S— ,
zone, while there may be lower lifeforms, there cd 5
cannot be advanced civilizations with plate tectonics S ——
for a variety of reasons. 2 / ey g
https://www.universetoday.com/articles/civilization- crbonck
cant-arise-without-plate-tectonics-and-carbon-
dioxide Earth's carbon-silicate cycle keeps too much carbon dioxide
from building up in the atmosphere. Image Credit: By John
Garrett -
https://www.skepticalscience.com/print.php?n=1959, CC BY-
SA 3.0,

https://commons.wikimedia.org/w/index.php?curid=74327875

Mercury’s Core:

This is the first of several (four) surface or core-related ,

papers for the terrestrial planets. For decades, , ca 27 Lowermantie

astronomers have been trying to explain why Mercury is A s

different than Earth or Mars. The core of Mars makes up Wb et

25% of the total mass of Mars and the core of the Earth ‘

makes up 30% of the mass of the Earth. In comparison,

the core of Mercury makes up 70% of the mass of

Mercury. As can be seen on the right, Mercury Mercury is about 2,400 km in diameter and has an 1,800

essentially lacks a crust. The researchers note that, in the  km core. Earth is about 12,700 km in diameter and has a

early Solar System, collisions of equal-mass bodies were ~ core about 7,000 km in diameter. (Left: NASA-APL/

more likely than bodies of different masses. The Right: By Isadoraoflbiza - File:Earth poster.svg, CC BY

researchers propose that there was a glancing collision 3.0)

between two equal-mass bodies, both a little more than twice the mass of the present Mercury. Their

simulations appear to support this theory for the present-day Mercury. The second article has a more

detailed model for the interior of Mercury. The authors do not discuss what happened to the second body.
https://www.sciencealert.com/mercurys-bizarre-core-may-be-the-result-of-a-collision-with-its-twin

https://earthsky.org/space/mercury-collision-solar-system

Venus’ Surface: _
Two separate research projects are reported here. In < P A
both, geophysicists have relied on the reexamination i
of Magellan radar data from over 30 years ago and !?-{',-f e
thermal modeling of the interior of Venus. In the first o ;
(published) paper, the researchers have been able to NS‘ i

model what are called coronae, crown-like features | & <

on the surface of Venus. There are about 740 that ®
have been identified and range in size from a few 7
hundred kilometers to about 2,000 km in diameter.

The hot interior of both Venus and Earth cool by the
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https://commons.wikimedia.org/w/index.php?curid=146405186
https://commons.wikimedia.org/w/index.php?curid=146405186

rising of hot material from their mantles, similar toa  “Coronae marked in dark green pock Venus' surface amid
lava lamp. Because Earth has a thinner crust and larger and taller rises marked in orange. Image: Venus
plate tectonics, these plumes reach the surface a Quickmaps”

volcanoes. On Venus, the crust is thicker (about 600
to 750 km, 350 to 450 miles thick) which acts as a
barrier to the upward movement of these plumes. The
largest can break through this barrier and form the
large volcanic features seen on Venus. The smaller,
weaker ones spread out, providing a source of hot
mantle material that will eventually leak to the
surface where they form the low dome-like coronae.

The last link (second report) was just a Press Release
of an abstract at a planetary science conference, so,
unfortunately there are no related images. On Earth
and the Moon, lava will flow below the surface,
creating lava tubes. These can be seen only when
their roofs collapse. The researchers report the
discovery of four crater chains that are associated
with collapsed lava tubes on Venus.

Fotla Corona (Miss Piggy)

https://www.space.com/astronomy/venus/mysterious-crown-like-features-on-venus-may-finally-have-an-
explanation

https://today.ucsd.edu/story/an-explanation-for-the-look-of-venus-mysterious-surface
https://www.universetoday.com/articles/scientists-discover-first-evidence-of-lava-tubes-on-venus

Earth’s Core:
The core/mantle (outer ) is about 2,900 km (1,800 miles) below the
surface of the Earth. The outer core/inner core boundary is about
5,100 km (3,200 miles) below the surface of the Earth. For
comparison, the deepest hole ever drilled has in Russia that went
down about 12.3 km (7.7 miles). The only way that we can study the
interior of the Earth is by seismology, the study of earthquakes.
Seismologists measure the speed at which elastic waves pass
through the layers of the Earth. From this, we know that the Earth
has a crustal lay, a mantle, an outer (liquid) core, and an inner (solid)
core. We know that the core is mostly iron with a little bit of nickel
(5% to 10%) and some silicon and sulfur, similar to what we see in
meteorites (the cores of large asteroids). The authors have used
seismic data to try to determine the exact conditions at the boundary
between the inner and outer core, where the temperature and
pressure are just right for the solid iron (and other elements) to be
able to melt. With their models, they conclude that the core must
also contain about 2.5% carbon (also found in meteorites) for their
models to match their observations. -
https://www.sciencealert.com/the-shape-of-earths-core-could- Earth's core is slowly losing heat to the surface,
be-explained-by-one-mystery-ingredient which powers tectonic movement.
(forplayday/Getty Images/Canva)
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https://www.canva.com/photos/MADAmZvlDgA/

Martian Interior:

The InSight lander operated from 2018 to 2022, measuring
marsquakes on Mars. Here are the results of two new studies.

In the first article, the authors used seismic waves to study the
core of Mars. This is similar to the work done above. As in the
paper above, they are trying to determine the composition of
Mars’ core, its mixture of iron, nickel, silicates, sulfur, oxygen,
and carbon. It has always been thought that there were sufficient
elements other than iron and nickel to lower the melting point of
the core at the predicted temperature and pressure at the core, i.e.,
the core is too hot to have solidified. However, the new study
finds that Mars does have a solid core. The authors are continuing
their research to be able to explain this. ey | Marite Bl ouercors [lmnercon |

This is where I wish I knew more impact physics. The authors, A comparison between the structures of Earth

using InSight data, have discovered dozens of “blobs” in Mars’ (left) and Mars (right). (Bi et al., Nature, 2025)

mantle, material that is distinctive from the surrounding mantle

material. They conclude that they are seeing the remnants of the massive impactors that impacted on Mars

early on in its history. While their interpretation may be correct (I am not an expert), this reminds me of the

decades-long discussion of mascons (mass concentrations) on the Moon. These are gravity anomalies often

associated with impact features. It was shown that they could not be due to the remnants of asteroid impacts.

The impacts would have vaporized the impactors. It was finally determined that the mascons were caused

by a combination of the melting of the lunar material within the crater and flooding of the craters with

magma. Both increased the density of the underlying material. A similar process has been seen on Mercury,

so is it more likely that this is what they are observing, not leftover pieces of asteroids?
https://www.sciencealert.com/nasas-insight-lander-reveals-a-surprise-at-the-very-core-of-mars

https://www.spacedaily.com/reports/Martian_mantle preserves_shattered fragments from_early planetary colli
sions_999.html

https://www.livescience.com/space/mars/dozens-of-mysterious-blobs-discovered-inside-mars-may-be-the-
remnants-of-failed-planets

Martian WindS'

1 [

On the left are actual ust devils on Mars. Above are the
tracks of many dust devils over a period of time.
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https://www.sciencealert.com/nasas-insight-lander-reveals-a-surprise-at-the-very-core-of-mars

Planetary geologists have used more than 20 years of data from two European Space Agency satellites, Mars Express and
ExoMars to catalog over 1,000 dust devils on the surface of Mars. They were also able to determine the direction and speed
of over 370 of these dust devils. The geologists found some wind speeds more than 150 km/hour (100 miles per hour),
higher than had ever been recorded by any lander/rover on Mars. Because the atmosphere is so thin on Mars, one would
barely feel the effects of a dust devil. However, the high speeds mean more dust is carried into the air which, as in the case
of InSight, covers solar panels and reduces solar panel efficiency.

https://www.spacedaily.com/reports/Two_decades of Mars images reveal fast moving dust devils and stron

ger winds 999.html

https://www.esa.int/Science Exploration/Space Science/Mars_Express/Dancing_dust devils trace raging winds
_on_Mars

More Evidence for an Ancient Mars Ocean:
As I have mentioned in the past, it has been about 50
years since planetary geologist first published evidence
for the existence of an ancient ocean on Mars. This has
been both from images as well as from mineralogical
samples (from space and from rovers). The authors of
this new research have compared a 300-million-year-old
“backwater” in Arkansas. On Earth, backwaters “form
where rivers narrow before emptying into oceans.” The
authors have found similar features on Mars, consistent
with water flowing in an ancient martian ocean. "%
https://www.universetoday.com/articles/yes-mars- 3 L g ﬁ»’
once-had-an-ocean-says-new-research o e

® ESA/DLR/FU Berlin %)
€C BY-SA301G0

“The ESA's Mars Express captured this image of an
ancient, dried-up river system that spans nearly 700 km
(435 mi) across the surface of Mars. Credit: ESA/Bjorn
Schreiner/FU Berlin”

Exoplanet Update:

As of October 17, 2025, there are 7,778 confirmed extra-solar planets (78 more since September 26, my last
update) orbiting 5,321 stars (53 more), with 1,080 star systems (10 more) having more than one exoplanet
orbiting them. In addition, there are 2,474 candidate exoplanets (no change) orbiting 2,162 stars (2 less),
with 146 stars (1 more) having more than one exoplanet orbiting them. Most of these candidate exoplanets
are likely to be real but need to be confirmed by more detailed ground-based observations or other
techniques. I have always used the complete list from the Catalogue of Exoplanets. This includes
“exoplanets” with masses greater than 13 times the mass of Jupiter which are more likely to be brown
dwarfs. If I limit my list to exoplanets having a mass less than 13 times the mass of Jupiter, the total number
is obvious less. Here are the revised statistics: 6132 confirmed exoplanets (31 more) orbiting 4,582 stars (20
more), with 1,016 star systems (14 more) having more than one exoplanet orbiting it. In addition, there are
2,027 candidates (unconfirmed) orbiting 1,871 stars, with 127 having more than one exoplanet. There are
817 binary star systems with about 1,065 exoplanets orbiting one of the stars and there are 35 star systems
with 43 exoplanets orbiting both stars in the binary system. Three more star systems have three exoplanets
orbiting both stars.
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Very Young Exoplanet:

AB Aurigae is a pre-main-sequence star that is classified as an

AQO star. It is about 2.4 times the mass of the Sun and

500 light-years from us. AB Aurigae was known to host a
forming exoplanet AB Aurigae b, at a distance of about 93 AU
from the star. However, it was shrouded in dust and not seen
directly. In these observations, the authors looked at hydrogen
emission and were able to determine that the exoplanet is still
accreting material from the surrounding dust and gas.
https://earthsky.org/space/baby-planet-ab-aurigae-b-protoplanetary

Image from the Very Large Telescope (VLT) in Chile showing the

growth of baby planet AB Aurigae b (bright spot near

in its protoplanetary disk. Image via T. Currie et al./ The

Astrophysical Journal Letters (CC BY 4.0).

Stars:

The Very Hungry White Dwarf:

Late last year, I wrote about white dwarfs that
appeared to have consumed one or more of their
asteroids/exoplanets. In this research, astronomers
are seeing this in action. The white dwarf WD
1647+375 appears to be in the process of tearing
apart and consuming an exopluto, a small icy
body that is assumed to have formed much farther
out and is now orbiting very close to its host star.
The astronomers analyzed the elements in a
fragment of the exopluto and found oxygen,
carbon, nitrogen, and other elements that are
presumed to have come from volatile ices such as
water, carbon monoxide, and carbon dioxide.

1s about

the bottom)

“Artist’s concept of the white dwarf star WD 1647+375
surrounded by a disk of rocky and dusty debris. This hungry
white dwarf is tearing apart and consuming a Pluto-like object
with its immense gravity. Image via NASA/ Tim Pyle
(NASA/JPL-Caltech).”

https://www.stsci.edu/contents/news-releases/2025/news-2025-024.html

https://earthsky.org/space/hungry-white-dwarf-pluto-hubble-space-telescope/
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https://www.eso.org/public/teles-instr/paranal-observatory/vlt/
https://earthsky.org/space/birthplaces-of-new-planets-protoplanetary-disks-lupus-alma/
https://iopscience.iop.org/article/10.3847/2041-8213/adf7a0#apjladf7a0f1
https://iopscience.iop.org/article/10.3847/2041-8213/adf7a0#apjladf7a0f1
https://creativecommons.org/licenses/by/4.0/
https://earthsky.org/astronomy-essentials/white-dwarfs-are-the-cores-of-dead-stars/
https://science.nasa.gov/asset/hubble/white-dwarf-accreting-icy-object-illustration/

Betelgeuse Companion:
I have previously reported on the imaging of a
companion star to the red supergiant star
Betelgeuse. An image from the discovery paper is
shown on the right. Unfortunately, because of its
orbital period, it may be a year or two before more
images can be made of Betelgeuse B. The research
reported here is based on X-ray observations of the
companion to Betelgeuse. Based on prior modeling
of the combined light from Betelgeuse A and B
and then the direct imaging of B, it was thought
that the companion could have been a white dwarf
or neutron star. However, the more recent X-ray
observations are more consistent with a relatively
young star with a mass about 1.5 times that of the
Sun. While it is not mentioned in the online article,
one would assume that Betelgeuse A and B would
have formed at the same time. Since A is thought
to be 10 million years old, that would mean that B
is also 10 million years old, a young star that has
not evolved as much (as quickly) as the more
massive (15 to 20 times as massive as the Sun)
Betelgeuse A.
https://earthsky.org/space/new-details-betelbuddy-
betelgeuses-companion-star/

Supernova and Black Holes:

Nearby Supernova:

Researchers had previously reported a spike on the
Pacific Ocean floor in the radioactive isotope
beryllium-10. This spike occurred about 10 million
years ago. Beryllium-10 is produced when cosmic
rays from a nearby supernova interacted with the
Earth’s atmosphere. This led a group of astronomers
to look for a potential source of this supernova. They
modeled the movement of nearby star cluster (which
are the lost likely place for a supernova event. They
determined that there was a nearly 70% chance that
one of these clusters was close enough about 10

million years ago to be a candidate for the location of

a supernova.
https://www.sciencealert.com/mysterious-anomaly-in-
pacific-ocean-hints-at-nearby-supernova-explosion

The beryllium-10 spike in Pacific Ocean
ferromanganese crusts between 9 and 12 million years
ago. (Koll et al., Nature Communications, 2025)
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Betelgeuse

Companion

Dec 9th, 2024
Gemini North/ 'Alopeke

“The ‘Alopeke instrument on the Gemini North Telescope first
captured Betelgeuse’s companion — nicknamed Betelbuddy —
on December 9, 2024. Now, on October 8, 2025, Carnegie
Mellon University researchers revealed more details about the
companion star. Image via International Gemini

Observatory/ NOIRLab/ NSF/ AURA. Image Processing: M.
Zamani (NSF NOIRLab).”
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https://noirlab.edu/public/programs/gemini-observatory/gemini-north/
https://earthsky.org/brightest-stars/betelgeuse-will-explode-someday/
https://noirlab.edu/public/images/noirlab2523c/
https://www.nature.com/articles/s41467-024-55662-4

Black Hole Merger Kicked Through Space:

As the online article mentions, astronomers have
been detecting gravity waves for about 10 years.
In 2019, astronomers observed the merger of
two black holes. They were able to observe the
gravity waves from two different locations and
so were able to measure the mass and spin rate
of the merged black hole as well as the mass of
the merging black holes, 29.7 and 8.4 times the
mass of the Sun. Because the masses were so
unequal, the merger resulted in an unequal .
emission of energy, giving the merged back hole RS-
a kick and allowing the astronomers to measure
the speed and direction of the merged black hole.

“Computer simulation of the black hole binary system

While looking for related articles I found more GW150914 prior to merging. Credit: SXS”

recent observations of a pair of black holes. These authors, using the same two sites on the ground, were

able to confirm some theoretical predictions that come out of Einstein’s Theory of General Relativity. If you

feel like delving into this, you can read the second article below.
https://www.sciencealert.com/sound-of-a-black-hole-kicked-through-space-heard-in-a-stunning-first

https://www.universetoday.com/articles/black-hole-merger-provides-clearest-evidence-yet-that-einstein-hawking-
and-kerr-were-right

Orbiting Black Holes:

Galaxy OJ 287's Central Black Holes Compared to Earth’s Solar System

Sizes of Black Holes in Galaxy OJ 287 Relative to
the Solar System - April 29,

2020 http://www.spitzer.caltech.edu/images/6796-
$5¢2020-11b-Sizes-of-Black-Holes-in-Galaxy-OJ-

287-Relative-to-the-Solar-System

180°

OJ 287 is a galaxy that is about 4 to 5 billion “A theoretical diagram (left) showing where the black holes and
light-years from us. It is a variable object that their jets were at the time of the image, and the radio image
was first seen on photographic plates in 1887. (right). (Image credit: Valtonen et al, 2025.)”

The central supermassive black hole has an accretion disk that creates a jet that shines at about a trillion
times as bright as the Sun. The variability is due to the secondary black hole punching through the accretion
disk twice every 12 years (its orbital period). It is estimated that the primary black hole has a mass more
than 10 billion solar masses. The secondary black hole revolves in a highly eccentric orbit with a mean
distance of about 10,000 AU and has a mass estimated to be about 150 million times the mass of the Sun. In
this research, the authors have combined radio observations from ground-based and space-based telescopes
and have, for the first time, been able to resolve the jets from the pair of black holes (the figure in the upper
right). Note that you cannot see the black hole directly. I should note that the Wikipedia page on OJ 287
shows an earlier image of the two jets using the VLBI, but not as well-resolved as this image.

https://www.livescience.com/space/black-holes/groundbreaking-image-shows-two-black-holes-orbiting-each-

ther-for-first-ti
other-for-first-time 17


http://www.spitzer.caltech.edu/images/6796-ssc2020-11b-Sizes-of-Black-Holes-in-Galaxy-OJ-287-Relative-to-the-Solar-System
http://www.spitzer.caltech.edu/images/6796-ssc2020-11b-Sizes-of-Black-Holes-in-Galaxy-OJ-287-Relative-to-the-Solar-System
http://www.spitzer.caltech.edu/images/6796-ssc2020-11b-Sizes-of-Black-Holes-in-Galaxy-OJ-287-Relative-to-the-Solar-System

