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SSSC Activities: AAS Journals focus issues

» Focus Issue on LSST Solar System Predictions
(Editor: Brian Jackson)

+ Hosted in the Planetary Science Journal, but
papers from across AAS Journals can be
included (Closes December 2027)

+ Focus Issue on LSST Solar System Analysis
Software (Editor: Chris Lintott)

+» Hosted in the Astronomical Journal, but

papers from across AAS
Journals can be included (Closes December

2028)



SSSC Activities: Science Nuggets

o

+ Bitesize summary of recent
science discovery or story. To put
it simply, they're a visual way to
announce and advertise your work
to the collaboration

= One example of a recent science
nugget: Valerio Carruba’s paper
on asteroid taxonomy in early
Rubin data (next talk)
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SSSC Activities: open source software

» Afew examples of open source software developed
by SSSC members:

+ Sorcha: a survey simulator for LSST, enabling \
realistic forward modeling of discoverability of

Solar System objects by the survey @rc Q d

¢ https://github.com/dirac-institute/sorcha

+ Layup: general purpose orbit fitting package,
optimized for dealing with the millions of objects
expected from the survey

+ https://github.com/Smithsonian/layup y\
+ SBDynT: detailed dynamical studies, such as % I_ U
determining mean-motion resonance occupation,

proper orbital elements, and orbital stability

» https://github.com/small-body-dynamics/
SBDynT
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B612 Foundation mirror

= The B612 Foundation is continuously indexing

observations submitted by the Rubin Observatory to
the Minor Planet Center

+ Currently, there are 8.1 million detections of = 300
thousand different objects available in the MPC

« https://bé12.ai/rubin-mpc-downloads/

+ Note that these detections are fully public,
independently of data rights!


https://b612.ai/rubin-mpc-downloads/

Early Science with Rubin: 3I/ATLAS

+ 3I/ATLAS: the third ever interstelar

object found in our Solar System __I

= Announced on July 2 2025, and

that same night, during an
engineering run, Rubin took
images of it!

» Archival data goes as far back as
June 21

+ 3l was initially in a region of low
galactic latitude, so images have a

high stellar density 31/ATLAS seen by Rubin on
July 32025

Chandler, Bernardinelli et al (2026) — ApJL, 1001, L35
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» Extensive archival

» Most of the Rubin

3l: Precovery images

work to extract
information from the
data

' N
.ao%;o@z? C

Science Pipelines S ' -~

. (’Z/ ()6 3 -
were still not working -t m I@
properly with dense
fields

+ We built a
custom pipeline
from scratch... in
less than a
week!

Chandler, Bernardinelli et al (2026) — ApJL, 1001, L35



3l: Precovery images

+ Intentionally
out-of-focus
image part of
one of the

o . L
engineering N QQ@@% .‘[@. ' .3.245@@2 ©

runs

» No real science 9‘"
to be done with M
it, but it's by far ‘
fe VerYOﬂe'S | 2025000220 | . ¥ ﬁ, » ‘ o -0
avorite :) 1@4%’2’ S e T g

Chandler, Bernardinelli et al (2026) — ApJL, 1001, L35



3l: orbit and astrometry

R/

» Persistent ~ 100 mas

L)

bias in astrometric | WAL PRI M il

DECam

residuals in 3l's orbit

seen in Rubin data
(and also DECam)

+ Potential tail-ward
bias or systematic
offsets in Rubin 06 -04 —02 00 0.2

RA Residual [arcsec]
astrometry?

Chandler, Bernardinelli et al (2026) — ApJL, 1001, L35



s it the LSST astrometry?

(]
—_—
-
—
=)
=S
(-

R—
-
(—
o
-’

AJ [arcsec]
Number of sources

Number of sources

i
1
1
i
]
]
]
i
i
]
i
i
I
I
:
il

—0.04 —0.02 0.00 0.02 —0.04 —0.02 0.00 0.02 0.04
Aacosd [arcsec] A« cosd [arcsec]

» Gaia DR3 positions of 66 thousand quasars when compared to Rubin data:
» (Aacosd) = — 2.6 mas, (Ad) = — 0.6 mas: phenomenal performance

+ 2.5 million (!) positions of 220 thousand asteroids derived from JPL Horizons
when compared to Rubin data:

¢+ (Aacosd) = — 8.5mas, (Ad) = — 21.7mas, hint of a bimodality?



s it the LSST astrometry?

» Mean asteroid residuals vs on-sky position : Directional dependency on the

sky lines up with coverage for
objects in the Northern
hemisphere

- Bias is more present on objects
discovered in the 2000’s and
disappears in asteroids
discovered before 2000
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» Conclusion: the LSST
astrometry is excellent, but

N

current orbit catalogs are
biased at a 20—40 mas level
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+ LSST astrometry is already
improving current orbit

catalogs
LSST Data Preview 2



3l: orbit and astrometry

+ The bias disappears if _
we account for the =R I ST
asymmetric coma and
tail when centroiding

the object
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» Mean shift of order

L)

10 mas, comparable to
the Rubin design 1) )2 —01 00 0.1

RA cos(Dec) Residual [arcsec]

requirements

Chandler, Bernardinelli et al (2026) — ApJL, 1001, L35



3l: photometry

2025-07-01 2025-07-02 2025-07-04 2025-07-12

0.00 0.06  0.10  0.00 0.02 0.00 0.01 0.02 0.000 0.025 0.050
At (days) At (days) At (days) At (days)

» MCMC-based color and variability estimation (Bernardinelli et al 2023)

+ Colors are similar in the optical to other comets in the Solar System, but deviate in
the near infrared, indicating less water ice

+ 2l was similar: Is this a trend, or have we been “lucky”?

= Variability constrained to Am ~ 0.014 mag

Chandler, Bernardinelli et al (2026) — ApJL, 1001, L35



3l: activity

(a)| [3I/ATLAS, 2025-06-21] | [Nearby Star, 2025-06-21]| [[(b)||3I/ATLAS, 2025-07-02 | N o 3IATLAS
T~ X \‘(\ —_————————————| TSl S it - .. Clipped (31/ATLAS)
’ % Stars (N=4)

Phot. offset
3I/ATLAS - background
Stars - background
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» Clear detection of a dust coma in precovery images from June 21, being the
earliest high resolution detections of 3I's coma

= Combined with the photometry, we estimate an upper limit fot 3I's radius of
R=6.6+0.5km

Chandler, Bernardinelli et al (2026) — ApJL, 1001, L35



3l: summary

» Despite the observatory
still being under
commissioning when
these images were iy | N
taken, Rubin data proved e i el
incredibly valuable for e e e
this unique object

+ Lots more 3| data to .
come in the Data -
Preview 2!

3I/ATLAS seen by Rubin on Dec 19 2025



Early Science with Rubin: Neptune Trojans

- Neptune Trojans are objects in the L,

and Ls Lagrange points in the Sun-

Neptune system L4 (Leading) Neptune 7,
S Oan C/O(Jd

» Pre-LSST, 31 such objects were known, [ . . ol —

Uranus \

27 being members of the L, cloud e

T |
L Neptune
Nl .Juplter P

» Most orbits show Gyr stability

» Their physical properties are similar
to the trans-Neptunian region

» Studies of the Ls cloud have been
historically hindered as, in the past 15
years, the cloud has been positioned

close to the Galactic center

» Of the 4 Ly known, only 2 are Gyr-

stable Credits: FlyAzure/J. Murtagh/NASA/JAXA



Schwamb, Bernardinelli et

al (2026) - ApJL, 1010, L36

Visits ~~«.

¢ 2025 MH348
@ 2025 NN8O

= The SV survey overlapped with the Ls cloud, with Rubin quickly discovering
three new candidate Ls objects

+ For two of them, archival PS1 astrometry helped constrain the orbits, whereas
for the third, more data is needed for more precise dynamical studies




Schwamb, Bernardinelli et

2025 MH348 2025 NN80  al (2026) — ApJL, 1010, L36
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+ Dynamical integrations of 2025 MH;,¢'s and 2025 NNg,'s orbits show Gyr stability, doubling

the number of stable Ls trojans

« All 4 long term stable Ls have i ~ 30" trend or coincidence?

= There is a known stability island in this region of the phase space. On the other hand, L,
objects show a wide range of inclinations
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» Colors and phase curves determined from the LSST

photometry show consistency with the L, clouds as
well as with the rest of the trans-Neptunian region

+ Unsurprising, but reassuring!




Neptune Trojans in the full LSST

» Both L, and Ls clouds will be repeatedly measured by the full
LSST

» Simulations show we should expect 150-300 Neptune Trojans
total
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Murtagh, Schwamb, Bernardinelli
et al (2026)-AJ, 171,90




Early Science with Rubin: 2026 ED 4

+ Eris

* . Haumea -

» Last week, Rubin announced a new dwarf planet candidate: 2026 ED x4
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Eris %

Dw rfPle etCa didate
. 2026 ED

Dwarf fanet Candidate
2026 ED

-
= With an absolute magnitude of H, & 2.9, we can estimate a

diameter 600 km < D < 1000 km, which makes this a dwart
planet candidate

# This is the largest trans-Neptunian object discovered since

2007

+ Eris
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Dwarf Planet Candidate
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» EDj;q is a very bright object, m. ~ 19.6, begging the question: how
did every other survey miss it???

= Interestingly enough, this is a region of the sky that had not been
systematically searched for TNOs before, due to its proximity to

the Galactic plane (similar to the Lss!)
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» Propagating Rubin’s astrometry backwards, ED ;s shows up
in archival DECam data, further narrowing down its orbit...
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sorts of archival data, including photographic plates from

Murtagh, Chandler et al (2026) - on arXiv tonight




2026 ED;4's light curve

— combined (N=565); P, = 10.36 h

--- 1% FAP

he combination of LSST and - (e o S I S
archival data for this object
enables a tentative light curve o s e T A

solution with a period
P = 10.361 h and an amplitude of

Am = 0.11 mag

ATLAS

» This is consistent with a round T8 e veram
object, but occultations are - ' '
needed to further narrow down
this object’s shape

Phase (P, = 10.361 h)

Murtagh, Chandler et al (2026) - on arXiv tonight
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2026 ED;4's dynamics

The incredibly long astrometric
baseline for this object allows for
excellent determination of its
orbital dynamics

ED ;4 shows a resonance sticking
behavior, where its orbit
alternates between librating in
the 12:7 resonance and showing
non-resonant behavior

= This makes its orbit chaotic
over long time scales

circulating
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Murtagh, Chandler et al (2026) - on arXiv tonight



’ SMALL BODY EXPLORER = | OBSERVATORIES

Overview = C *
Simonyi Survey Telescope, Rubin Observatory (X05)
Observatories . : :
Simonyi Survey Telescope, Rubin Observatory -30.244671°,-70.749420°
Submissions The 8.4-meter Simonyi Survey Telescope is the primary instrument of the Vera C. Rubin Observatory. The observatory is named after Vera C. Rubin, the
Oblects American astronomer whose pioneering measurements of galaxy rotation curves provided some of the first strong evidence for the existence of dark
jec

matter. The telescope is named after American philanthropist Charles Simonyi, an early supporter of the project. The observatory conducts the Legacy
Survey of Space and Time (LSST).

Object Browser

STATION At a Glance

X05 — Simonyi Survey Telescope, R... v

TOTAL OBSERVATIONS SUBMISSIONS ACTIVE YEARS AVG OBS/SUBMISSION
TIME GRANULARITY
SUBMISSION DATE RANGE
2025-06-23 > 2026-10-07 0 OBJECTS OBSERVED NUMBERED DISCOVERIES UNNUMBERED DISCOVERIES
> > >
298,120 0 34,504

+ How do you keep track of Rubin discoveries?

+ Tool initially meant for internal use only, but quite
widespread now: https://sbx.dirac.dev/station/X05



https://sbx.dirac.dev/station/X05

Population

Currently known
(approximately)

Rubin estimates

Reference

Near-Earth objects

Kurlander, Bernardinelli

(NEOS) 38 thousand 127 thousand et al (2025)
Main belt asteroids 14 millior 5.1 million Kurlander, Bernardinelli
(MBA) e ' et al (2025)
, , Kurlander, Bernardinelli
Jupiter Trojans 15 thousand 110 thousand et al (2025)
Hildas 6 thousand 33 thousand Fleming et al (2026)
Centaurs 300 2 thousand Murtagh et al (2025)
Trans-Neptunian Kurlander, Bernardinelli
objects (TNOs) 5 thousand 37 thousand et al (2025)
Neptune Trojans 31 150-300 Murtagh et al (2026)
Interstellar objects 3 50 (optimistic) Dorsey et al (2025)

After its 10 years of operations, LSST will completely

change minor planet research!




Summary

» The Rubin Observatory and its Legacy Survey of Space

and Time are already transforming the way Solar System
science is done

» Unprecedented leap in number of objects, and in high
quality data available per object

+ The LSST era is here

» 31, a new dwartf planet and Ls Neptunian Trojan already
demonstrate the power of the observatory... even
though the Rubin has just come out of commissioning!



