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The Kuiper Belt
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. The historic Arrokoth flyby revolutionized our
understanding of planetesimal formation, and
deciding the longstanding accretion mode in
favor of pebble accretion.

Multiple KBO observations from New Horizons
contlnue to uncover large-scale characteristics
itical for understanding planetary system

ti here and elsewhere

| Kuiper Belt amplifies
1 KBO search now to
izons can reach
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Observations from Earth vs. Space
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HST/WEFC3: Discovery of Arrokoth, Buie et al.
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Pointing Relative to Other Studies

New Horizons Full Trajectory

Distance from Sun (AU): 65.08 /" .
Distance from Earth (AU): 6407

Distance from Arrokoth (Al): 23.06
Round-Trip Light Time' (Wh:mm:ss): 17:45:40
12 Jul 2026 14:00:00 UTC

[CLASSY

,/ ’

I //

galactic plane galactlc plane

Oh

e

ISh

12h

4

S. D. Benecchi, PSI, 15 July 2026

Fraser et al. 2022ff. CLASSY: the Classical and Large-A Solar SYstem survey
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Synthetic KBO a=74.964 AU, e=0.466, New Horizons Flyby 2030-01-01
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® The current “Romancal” pipeline X
(L1-=>L2) does not properly ID and 0
CmRodeI moving objects, it assumes Fitting a R e oo

S. :

®* Knowing WHERE small bodies are Ci:]JSLrTlll[C):tzy

located allows one to properly -
odel and subtract these objects romanctagiroach | romancl Aniroac, Noja -
j/det/exp in HLWA | ' | ' ﬁ

Fitting a
Moving Object
in L1 Data



Cumulative # of Cold Classical KBOs
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Kuiper Extéfded:Mission 2
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Studles on‘

Level F

2L,
et E)

. Ma5|ero Joesph ”Technlcal Memo ‘The Impact of Nancy Grace
Roman Telescope’s default image processing on the detectability of
moving Solar system objects” 2025.
https://arxiv.org/abs/2509.20469

* Holler, Bryan. “The Roman Space Telescope as a Planetary Defense
Asset” 2025 PASP. Volume 137, Issue 10.

2508.14412

sic Nonlinearity Correction Algorithm for
1e-Ramp” 2025.
9132



https://arxiv.org/abs/2509.20469
https://arxiv.org/pdf/2508.14412
https://arxiv.org/pdf/2512.09132

2 Requwes some a d;tlona‘l mformatlon to be sto fdf om Level 1-> Level 2 processing
® DQ flags and CR jump locations up the ramp (2D DQ array vs 3D Resultant DQ Array)
® Per-pixel chi-sq
® Difference between uniform weight and optimal weight slope

® New tools in development (not in romanacal but could enhance the Roman mission):
® Clustering algorithms to identify moving object streaks

® Inputs required: DQ Array

im Brandt’s new model and retrieval method

i guess of position/velocity of moving object

ionally fast clustering on the DQ array of a single image can
e and remove and most importantly preserve astrophysic
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« (Both) Top eft: Roman I-
sim L1 last resultant from
uncalibrated data of
moving body

(Left) Top right: L2
calibrated image with
romancal showing remnant
artifact or ghost; not
suitable for science

(Right) Top right: L2
calibrated image with
romancal showing streak is
ompletely removed;

S. D. Benecchi
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» Tim Brandt New Method: i
 Calculate full maximum likelihood of a streak over all pixels with all resultants
- Ansatz: static astronomical scene + point source moving at constant velocity

- Outputs:

« Best-fit static count rate for each pixel

« Best chi squared for each pixel

« Best-fit track of the moving object

' the moving object (x, y, vx, vy, flux)

ake streaks, but not gradually over the entire
arent temporally in L1 data (next slide).

e to minimize chi squared and remove it
able information about the source
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—)resultant dq or group dgarray

~ #As asmall body streaks across plxels changes in flux are flagged as
cosmic rays

¢ Correlated positions in the flattened dg array can be used to cluster
cosmic rays to identify streaking objects

o Further inspection of the resultant dq array (not currently saved or

available for analysis) would correlate clustered cosmic ray flags in time

ustering would almost certainly associate groups
oving bodies and remove most if not all of
pecting the 2D dq array

ays would not be observed up the ramp
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Recommendation
e 1,:1”%' M I n I m
* Decide on pproach provides tf 'ﬂ;best information on initial guesses for

moving object p05|t|ons/ve ocity A
« DQ flags/jump locations (DQ extension of standard output)
» Per-pixel chi-sq
» Difference between uniform weight and optimal weight slopes

* Add/save selected keyword(s) and content (already calculated in the pipeline) to
L1 outputs

®* Meta data about streak identification in image (Boolean), location (pixel coordinates and
small cut-out region)

. ving Body Candidate (MBC)

he needed inputs to avoid re- processing full
NEXUS compute resources) - only “stamps” a
o produce science results




