@UNISTELL/;R 2ET|

4

Unistellar: The Largest Network of Backyard
Astronomers

Franck Marchis
SETI Institute/Unistellar; fmarchis@seti.org

Tom Esposito23, Ryan Lambert!, Paul Dalba'4, Joé Asencio?, Guillaume

Blaclard?,Dan Peluso'? Laurene Sérol Ariel Graykowski!
>900 Unistellar citizen scientists

]
16ETI Institute; 2 Unistellar; 3 UC Berkeley, 4 UCSC, 5 USQ, 6 AMTA
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@ UNISTELLAR's Enhanced V'is'iOn Telescope

"eVscope" Specs

* 4.5 inch aperture

- CMOS RGB sensor (Sony IMX224), 400-900 nm O
- 37' x 28' FOV; 1.7 "/pixel i T
- Alt-Az mount B

« Controlled from smartphone or tablet app

- Autonomous field detection - M

« Portable (10 hr battery, 15.4 Ibs incl. tripod)

* On-board computer & GPS

.
Onboard Computer

Images uploaded to Unistellar cloud storage via WiFi

"
SETI cloud pipeline processes data into light curves @ UNISTELLAR
and fits models in 10 min - 2 hr per data set




Team size 66

46
35

21
4 12

2017 2018 2019 2020 2021* 2022

Summer retreat 2020 at Observatoire des Baronnies Provencales




Unistellar-SETI

Astronomers in our San Frncisco Office

Dr. Tom Esposito
posi Dr. Ryan Lambert Dr. Lauren Sgro Dr. Paul Dalba

Space Principal
Occultation researcher

Planetary Defense researcher Citizen Science researcher

Transit researcher
March 2022

March 2022 May 2022

March 2021

Dr. Ariel Graylowski
Comet Lead Researcher

June 2022
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THE ENHANCED VISION
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THE ENHANCED VISION
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Outreach - More than a telescope...

Weekly Challenges Cultural & Entertainment events

Partnerships with Science groups
DEEP SKY DISCOVERIES

QUEENS CHARTER SCHOOL STUDENTS TO EXPLORE OUTER SPACE THANKS TO

*BY: WOMEN "

Unistellar Panel

By All, For All :

Citizen Science to reveal Cosmos
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#UnistellarChallenge

ASTERO_iD )DAY
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Social Media videos Wortsshop

ser) YD B Stargazing nigh
Transnt NASASRUNCHES 225 A powerful telesc
GETTING READ!

Luc ISSION | Wersiau
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REVIEW 1:39 v EW -
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Transit 101: Become an Launch of Lucy, NASA's

Exoplanet Hunter with First Mission to the

your eVscope Trojan Asteroids

SETI Live: Getting Ready
for Lucy's Launch!

YouTube - Unistellar YouTube - Unistellar YouTube - Unistellar
5 days ago 1 week ago 1 week ago




WORLDWIDE COMMUNITY

+

~7,000 eVscope users around the @orld
>500 joined science campaigns

and in Slack workspace




Who Are Our Citizen Astronomers (so far)

Amateur Astronomers -ﬁ\‘
T B w oy
Urban Families




SCIENTIFIC PARTNERSHIPS
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Three main scientific campaigns for citizen scientists

Planetary Defense Asteroid Occultations Exoplanet Transits

Orbits & Shapes of Shapes of Asteroids Planet Timing & Confirmation
Near-Earth Asteroids

~
(Y

TESS candidate
313 Chaldaea TOI 1019.01

Asteroid 159402 1999AP10 ‘ — ‘
@ - Josef Durech \Ctu a I

& Josef Hanus
: /scope
AN It curve!
% € b \ \ | Star: TIC 341420329 ; Planet: TOI 1019.01; Rp/R*: 0.142; Star Temp (K): 7550
& e =
\ A
-20 (
N\

Transit duration (h): 4.7; Max transit depth (%): 2.4
Observation: 06 April 2021; Christchurch, New Zealand; Observer: Dr John W Pickering

Created by citizen scientist

John W. Pickering >
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ASTEROID OCCULTATIONS

Summary in Numbers

PREDICTIONS ’ RESULTS from 2020-01 to 2021-10
* 10 worldwide areas

* 6 events per week 353 asteroid occultations

167 citizen astronomers

+70 positive detections

Choose your continent to find out if an occultation will happen near your location!

Q

Shadow path of 3925 (Tret'yakov)
on 2021-07-21

VavaavAY

895 (Helio) — 2021-05-22
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ASTEROID OCCULTATIONS

Shadow hunters: a Space-focused adventure!

t 4
Goals:

- Shapes & Sizes of Trojan & Main-belt Asteroids
- Find Moons & Rings around Asteroids

California
= Colorado

.- “

%
-
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It




ASTEROID OCCULTATIONS

Shape of Asteroids

s % ¢ & ) 4
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Prediction path by M. Buie (SWRI)




Europa Occultation
A few days ago in Namibia
[SCIENCE & EXPLORATION |

Jupiter's moon Europa
to obscure distant
star

ESA / Science & Exploration / Space Science / Gaia

Success!
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EXOPLANET TRANSITS

Planet Timing & Confirmation

Goals: Help NASA TESS!
= Refine transit timing of Jupiter-sized
planets for future follow-up

= Help NASA/ESA to confirm newly
discovered exoplanet candidates
(TESS)

= Transit timing variations & close
environment (moons/rings)

Credit: John Pickering (citizen scientist)

Star: TIC 341420329 ; Planet: TOI 1019.01; Rp/R*: 0.142; Star Temp (K): 7550
Transit duration (h): 4.7; Max transit depth (%): 2.4
Observation: 06 April 2021; Christchurch, New Zealand, Observer: Dr John W Pickering




EXOPLANET TRANSITS

Timing & Confirmation

Unistellar Network Exoplanet WASP-148b TTV search
Results since April 2020 with AFA (France)

WASP-148b (2021-08-09)
1.03 ;

388 Transit Observations

1.02 — model fit
exp. depth

—- exp. start/end
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EXOPLANET TRANSITS

Timing & Confirmation

Combining simultaneous observations from Intercontinental Observation

multiple eVscopes leads to:
CROSS-ATLANTIC

« ~N"2improvement in mid-transit time precision PLANET HUNTING
« Jlonger duration detections iy o
: R Y0
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TOI 2031.01 (2020-11-18) )

Bruno ¥ Bruno's data

RGSUltS: Tl b ‘ ' I Ul UM I 1l . AFEamcs) Justus' data
HD 189733b i g WLl 1 :

Average
of all data

Model of transit
based on data

Relative Flux

Predicted
transit depth

!t Predicted transit
start & end times
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+  mid-transit time

Differences between
model and data

Residual Flux

Mid-transit time from joint fit to 3 eVscope observations: : , ,
-1.71 + 0.68 min (relative to predicted) *® " fime since mid-transit (minutes)




HUMAN MADE OBJECTS: JWST

JWST+Booster by Aad Verveeq Flare by B. Guillet

RESULTS

20

UNISTELLAR
NETWORK
OBSERVERS

139JWST

OBSERVATIONS

12/25 TO 02/11
47 NIGHTS

© UNISTELLAR




JWST Observation 12/26

Overview lightcurve (still a lot are missing)
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Booster seen on Dec 25th
: : Flare after MCCM on Dec 26
g § After deployment
e 2.5 amplitude lightcurve
* Detected even at the L2 (now a
challenge)
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More detail at SPIE Montreal
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SPACE ROCKET LAUNCH

Falcon 9 launch on Vanderberg Space Launch Complex 4, on November 21 2020, captured 3 miles away

9:17 wiacm 9:17 " 9:18 wl4c @
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Status: Operator 2 ﬂ‘l EF Status: Operator 2 Status: Operator G ﬂ'l =
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ive-View On & Sky Tracking Off ( v O Sky Tr ng Off Live-View On & Sky Tracking Off




The Future >

‘,g
= Chabot, Community Colleges, ...
More science campaigns . Mtse,aa,
= comet searches, supernova photometry,

satellite constellation tracking

Easier Science
More translations (Spanish, Arabic, Portuguese,..)
More Partnerships with Space Agencies and
private industries
Follow us & Join us!

Wem in
& UNISTELLAR

The Universe Awaits

More Education 7 (

In year of isolation, this $3,000 telescope may have
changed citizen astronomy forever




