Stellar Occultations by Asteroids Observed with the Unistellar Network:
The Cases of (16583) Oersted and 2013 LUZ28
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UNISTELLAR 2024 Citizen Science Observations - Date: 2024-01-01
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The Cosmic Blindness
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Aims: Finding a workaround for people living in

light-polluted areas
9 8 7 6 5 4 3 2 1

Inner-City Sky City Sky Suburbany Bright Suburban Sky Rural/Suburban Rural Sky Typical Truly Excelient Dark . .
pansion | oy . )| - Methods: Kickstarter campaign to develop a smart
Ill— BN — telescope with enhanced vision technology (2017,
>$2M)

- Results: >15,000 smart telescopes delivered to
customers, largest network of citizen astronomers

80% of humanity



Unistellar

oo Spec & Citizen Science
. gy Sy .~ + eVscopes
1‘ p - Control with phone app
- Autonomous fleld detection

- Real time stacking
- Aperture: 114 mm, 85 mm

- Network > 15,000 eVscopes

+  Sclence Campalgns:
- Transients

- Exoplanets

- Occultations

- Comets

- Planetary Defense
- Satellites (artificial)

ODYSSEY/ODYSSEY Pro Evscope 1/ eQuinox Evscope 2/ eQuinox 2

34' x 45" FOV 37 ' x28 FOV 47" x 34 FOV
0.93"/pix 1.72 “/pix 1.33 “/pix
Sony IMX415 Sony IMX224 Sony IMX347




"Come for the Images, Stay for the Science”
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Centaurus A Eagle nebula +

Lagoon Nebula

Pillars of creation

New image processing called "Vivid Vision™ was released in October 2024
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Making It Easy to Become a Citizen Astronomer

SC ience m@Select for export Local Time® Name
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Select the type(s) of event you want to include, then enter your location and a local date SO WYy

Scientific Events Prediction

This page helps you find scientific events to observe from your location within a chosen
date range. The results include to pre-format the Unistellar app's Science

mode for each observation.

range. Click the “Generate” button below to get a list of the events available in your sky. >
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Keyboard shortcuts | Map data ©2024 [ Terms |

Type of events (click to select/unselect):

) Event
gi; Satellites
Duration : 3h25m04s s

Planetary defense

Cometary activity

03

Catalog

¢ Connect

Science

&

Gallery

Easy to use Science

mode In the Unistellar

APP

WARNING! Sat:

Location of the observation:

Enter the address from which you plan to observe

Search an Address...

Or enter the coordinates directly in degrees (range -180 to 180 for longitud

-

Latitude

Longitude

Timezone detected : EDT

Starting Date:

04/16/2024, 08:28 PM

By default, events up to 10 days from the starting date will be displayed

Advanced Parameters »

Generate

| ocation taillored
predictions

Cardinal direction :

Altitude :
Constellation :

Category :

Exposure Time :
Cadence :

Gain :

Coordinates

Settings

ENE
26°
Hercules

full visibility

268.0291°
17h 52m 06.99s

37.5463°
+37°32' 46.78"

17 Apr 23:22

TOI-1259 Ab

18 Apr23:19

Qatar-10b

19 Apr 23:07

X0-7b

21 Apr00:25

Qatar-1b

Visibility maps




Transient Lead
Science Team Lead
| Dr. Tom Esposito

Co-founder of Unistellar
“ | Chief Scientific Officer
‘@54 1| Dr. Franck Marchis

Comet Lead

Exoplanet Lead
Dr. Ariel Graykowski

Dr. Lauren Sgro

| OQutreach + Education

" o ol ,.- Planetary Defense Lead
*é Dr lan Weaver

s” ‘ Dr. Ryan Lambert

Occultation Lead

A Office Mascot
Dr. Josef Hanus

10011111




SETI science Pipelines

-
—
-



Web Site — hub for science

https://science.unistellar.com/

Live view of uploaded observations

21700 5 Sep-2024 (UTC) 2ETI

# Asteroid Occultations
# Cometary Activity

# Cosmic Cataclysms
# Exoplanet Transits

# Planetary Defense
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UNISTELLAR

Useful iInformation — description of scientific modes, their aims, guidelines, predictions,

etc. Open access. New feature: user accounts.

Live view of processed data

Find Your Event Asteroid Occultations

Planetary Defense

Comets

Satellites More

Cosmic Cataclysms

Exoplanets

UNISTELLAR

SETI + Unistellar Network Data Processing Status

. Event Observation | Start | End
Campaign Event Telescope City/Country | .
Date (UTC) Status Time | Time
Highland
) ) September @ 6 Sep
20240903 _transit_Qatar-1b_transit_03 9vr _ Park, US,
3,2024 Processing 1507
New Jersey
.
) September . 6 Sep | 6 Sep
20240906_transit_WASP-52b 8cm Failure
6, 2024 14:58 | 14:58
) ) September ® Shimoishii, 6 Sep
20240906_transit_WASP-52b_transit_06 8cm .
6, 2024 Processing Japan 14:19
) September Nagakunidai, | 6 Sep | 6 Sep
20240906_transient_TXDel v8v Success
. N 6, 2024 Japan 13:05 | 13:14
% ) September Shimoishii, 6 Sep | 6 Sep
COSMIC 20240906_transient_SVul 8cm Success
6, 2024 Japan 13:00 | 13:05




Occultations

Science Goals:

Improvements of the orbits

Physical characterization - size and

shape. Direct method for size

determination

With Unistellar Network:

Map the shape and size of an asteroid

(Improved predictions)

Detection of satellites (1 C

=

Refine the orbit for future observations

=T), rings,

double stars, diffraction effects, etc.




Occultations

Occultation by (541) Deborah Occultation by (759) Vinifera Occultation by (54428) 2000 LN27 Occultation by (2390) Nezarka
by Margaret Loose on Apr. 3, 2025 by Margaret Loose on Mar. 25, 2025 by Margaret Dunford on Mar. 24, 2025 by Andrew Wendelborn on Mar. 21, 2025
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Occultations

How: © UNISTELLAR

Asteroid Occultatlons Date: 2024-01-01

We provide predictions tailored for selected
location, together with observation setup via an <z o
App deeplink (exposure time, duration, gain,, RAwf m%
Dec), ~9,000 predictions worldwide each month

\‘ .

We can do up to 50 ms exposures and secutely N ,.5'\'_‘_ A\
detect events for stars up to 12 magnitude (with NS
300 ms exposures) -

We process data and then analyze the
lightcurves with a convolutional neural network
algorithm (ODNet, Cazeneuve et al. 2023)

. . \‘v’ —— - Occu]tatlon Observation (3)
We had about 400 observations in 2024, e :_}__POSItIYf‘QSEB‘I/t_étlo_[\/(O) |
INncluding 54 positive detections. We expect e DY, P osssniins P

slightly higher values in 2025

Still some issues to solve... Detecting short
events, filtering reliable results, reporting to
IOTA, fixing technical issue sometimes causing
dropping frames, etc.



Occultations

* Didymos & Dimorphos

- We collaborate with ACROSS project from the University of Nice, France

- They provide up-to-date predictions of targets of interest, for example, specific
NEAs (Didymos, Phaethon) or TNOs

- We detected occultation by both Didymos and Dimorphos by our eVscope
50ms exposures, bright star —9 mag (Tanga et al,, in prep)

- Lightcurve Is affected by diffraction

ADTA W X2119  File bong processed n £\ Fothy\ Astro\ MO D X2E01-21_Didymos' Zaknt, snessered with Tanges
- o Sar Sameter srald e Curve repont Wl Mk o Hans and Tps * Exit. Faght-chiok on phat 0 Gapley bavwe o Torwya
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Didymos&Dimorphos: Lightcurve processed by Tangra/AOTA (left) and the movie depicting the event (right).



Occultations

(468861) 2013 LU28 2025 Jon30 12221 9x 105.0+2 7 km. PAI03.2" +6.9°

TNO 20]3 LU28 Geocentnic X -2507.2+0.8 Y 41]-5.'&1-1_..‘5_1_?:rf1__ N T

. Two chords for TNO 2013 LU28 (ACROSS event)
. Night Jan 29/30 2025

- 9observations, 2+1 pos, 4 neg
- Results provided to Dave Herald, data uploaded to ACROSS

- Align nicely with the others (chords 13,19), after time shift
correction for one observation

Occultation by (468861) 2013 LU28 Occultation by (468861) 2013 LU28
by Charles Shryock on Jan. 30, 2025 by Ivan Venzor on Jan. 30, 2025
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O CC u | ta t i O n S ASTEROID (16583) OERSTED

Asteroid Occultation

Positive detection

Prediction

(16583) Oersted —example of a multi-chord event 0155920 Projection of Oersted's
with our small contribution 20s 10| shape superimposed on
Main-Belt the occultation profile =
This is what we aim for :fHA"‘
7
Small MBA that is poorly characterized Prédenice
Observations
14 stations, 13 positive detections, one is a 20154556
grazing and one a miss, one eVscope, most 20195158
observers are frorn Czechia, two from Latvia e o

4.8

Light Curve On the night of March 3rd to 4th, 2024

We used the profile, together with the
available photometry, for the shape
optimization and size determination (ADAM
algorithm, Viikinkoski et al. 2015)

TTTTTTTTT

First spin state and shape solution for Oersted,

reliable size estimate (Hanus et al,, submitted

to A&A) o : — f(a) - Residuals
Residuals + f(a)

Shape model will be available in DAMIT

database

Relative flux

Bottom figure depicts the fit to the
photometry from Gaia DR3

14 15 16 17 18 19 13 14 15 16 17 18 19 13 14 15 16 17 18 19
Phase angle [deg] Phase angle [deg] Phase angle [deg]




Occultations

(16583) Oersted —example of a multi-
chord event

Non-Convex Model Without Color Correction

But even more can be done...

We also used the shape model and
WISE thermal infrared data to
constrain thermophysical properties
by the thermophysical model

8 (deg)

- Upper figure —shape model from
front, side and top

20 30 0 &0 70 80 90100
Thermal Inertia (W m~2 s~05 g-1)

- Middle figure depicts the
therm.ophysical model fit to the | o O Wodel P
WISE infrared fluxes, thermal inertia baa

- Bottom figure —fit to the WISE
thermal infrared data in rotation
phase

W3 Flux [mJy]
W4 Flux [mly]

0.4 0.6 . . 0.4 0.6
Rotational phase Rotational phase
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Occultation by (342842) 2008 YB3
by Georges Simard on Jul. 28, 2025
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Asteroid Occultation

Many observers in the path -> 7
. ASTERO'ID (342842) 2008 YB3
O bse rvatl O nS On the night of July 27th to 28th, 2025

Prediction Citizen Scientist
Timing (UTC) Name
. 04:21:16.23 Georges Simard
Al | n eg at IVe’ ba d | u C k. .o Maximum Duration Location
212s Canada
Object type
Centaur

4 stations on OWC - but no
observation S

Disappearance (UTC)

Reappearance (UTC)

Upper figure —shadow path with its
uncertainty

Light Curve

Measured Flux

04:20:50 04:21:40
Time



Summary

Unistellar network is the largest
community of potential citizen

astronomers (>15,000
( ) UNISTELLAR 2024 Citizen Science Observations - Date: 2024-01-01

Several types of scientific observations pr f'” & i S
are supported v FoeeT S
t{. \--,.\é{;’a 3 / "
B %% N\
We focus on physical characterization AT RG> ol X
of asteroids via optical photometry J I SN ;"f’ |
and stellar occultations & 3 N W W
}i\\ ) \J).;\ } E‘r \,J ) 'g‘%\
Stellar occultations represent a direct | ( ‘&Mﬁwl 3,
method for size determination & . ( R ) | N ¥ D

The aim is to obtain multi-chord DY "

observations, which help to refine the g

shape as well (cf. Oersted)

We allow non-scientists to contribute == = | =a, oo *
tO SCieﬂce some ppl ta ke |t SeriOUS|y » Occultations (3) e [ransients (1) e Comets (1) Defense (0) e Exoplanets (4)
got independent on us

Tool for popularization of astronomy



What will come neXt? ) .
SkyMapper.io - a decentralized
network of telescopes con nected via
S kyB rldg:@ess the. eolleetlve power of a globel telescope

network |n|t|0|II :

rvetlons remetely with teI&eopes eonvenlently

@,Y M_'A b /I/cg;eel’ ||9Fthe’p0|th of t@e occultetlon S |fferent tlme— ‘

zone latitude .dgfker’y etc
‘aﬁ"'z S =

P;:e iction —fally remote multleh doecultetlo Ni




Observations

Citizen Sclence Growth

6000 ® Total observations ® Occultations ® Comets ® Exoplanets
Cosmic Cataclysms Planetary Defense —Linear (Total observations) —Linear (Occultations)
®
Almost
5,000
10,000
observations
. In 2024
4,000
3,000
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