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I"@Véteire LESIA ERC Lucky Star project

Laboratoire d’Etudes Spatiales et d’Instrumentation en Astrophysique

Home Ephemerides Predictions Campaigns Results Publications

Lucky Star project

This page presents the ERC project Lucky Star whose aim is to study the solar system beyond Neptune with stellar occultations. The

project is led by Bruno Sicardy in collaboration with groups from Paris, Meudon, Granada and Rio.

The solar system beyond Neptune contains largely unaltered material from the primordial circumsolar disk. It also kept the memory of the early
planetary migrations, and thus contains essential information on the origin and evolution of our planetary system. The aim of the project is to
study the Trans-Neptunian Objects (TNOs) using the stellar occultation technique. It consists in observing the passage of remote TNOs in front
of those "Lucky Stars", that reveal shapes, atmosphere and rings of bodies from sub-km to thousand-km in size. Very few teams in the world
master this method. The European-led network coordinated by B. Sicardy is now leader in predictions, instrumentation, observations and
analysis related to stellar occultations, with innovative approaches and unprecedented results. In the last decade, our group led the field by
discovering rings around the asteroid-like object Chariklo, detecting sub-km TNOs and drastic variations of Pluto's atmospheric pressure.

Based on those noteworthy discoveries and unique skills of ours, the project will coordinate the following work packages :

1. Rings around small bodies - Understand the newly found Chariklo's rings, tackle the theory of rings' origins and evolutions around small
bodies, discover new ring systems around other bodies.

2. Very small, sub-km TNOs and Oort Cloud objects - Constrain the collisional history of our early outer solar system, and possibly detect
Oort Cloud objects.

3. Pluto's atmosphere - Explore Pluto's atmosphere and its atypical seasonal cycle, search for atmospheres around other TNOs.

4. Explore specific, large TNOs - Provide their sizes, shapes, albedos and densities. These programs are timely in

Horizons Pluto flyby in July 2015, and the ESA/GAIA mission expected to provide a greatly improved astrometric cat

On this website, you will find the predictions of stellar occultations by a selection of objects for the current year, the er

the predictions, the puk ns of the team and a selection of useful
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Main goal: do science!
Rings around small bodies: search and dynamics
Sub-km TNOs, serendipitous events
Pluto’s atmosphere

Target specific large TNOs




equipment: 5 EMCCD Raptorphotonics, 10 Cmos ZWO
travels: on-site campaigns, meetings, visitors
personnel: 6 post-docs

+5 PhDs (4 defended) not supported, but directly working
in the project
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15t data release “DR0O” July 2016 (Pluto stellar occ. July19, 2016)

DR1: September 2016 =2 typical accuracy 5 mas, 5-10 times better than
ground-based astrometry

DR2: April 2018 - typical accuracy 1 mas, for TNOs!

flyby July 2015, flyby January 2019 ya
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Highlights
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Chariklo’s ephemeris, a bootstrapping approach using GAIA
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Chariklo’s ephemeris, a bootstrapping approach using GAIA
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doi:10.1038/nature24051

The size, shape, density and ring of the dwarf planet
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Ring dynamics around non-axisymmetric bodies
with application to Chariklo and Haumea
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Lower atmosphere and pressure evolution on Pluto from
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Triton occultation
October 5, 2017

an early Gaia DR2 star!
85 light curves so far...
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Radius (km)

Triton’s atmosphere
comparison Voyager 2 (1989) and ground-based stellar occultation (2017)
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see Joana Marques Oliveira’s talk
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the Titan central flash of July 3, 1989

Sgr/Tian occultation — 3 July 1969

1 1

m. l-m “lv

A A A A A A A A ™ a
22.65 22.7 22.7%
Time UT (hour)

a tribute to H.-J. Bode
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Triton central flash,;Constancia, Portugal

Triton + star —p L]

Neptune —0m—— .

Courtesy of:
Rui Gongalves (observations)
Erick Meza (data analysis)




Normalized flux

2

Triton occultation — October 5, 2017

spherical |
transparent
atmosphere
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AP, (=1 min) ' B,
| l' 1 LAN \I
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Calern C2PU 104cm

8.555x10* 8.56x10* 8.565x10* 8.57x10* 8.575x10*  8.58x10*
UT (sec)






Rings around small bodies: dynamics, simulations

Internal structures

Pluto & Triton seasonal cycles, search for new atmospheres
Focus on specific targets

Collisional history of the early Solar system
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Pluto, Triton, TNOs and Centaurs Stellar Occultations
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Number of detected chords

Pluto, Triton, TNOs and Centaurs Stellar Occultations

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Other-Chords s
LuckyStar-Chords s

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ééééééééééééée'e
%, %y %y s gy W, 0, 0, 0y, 0 0, O 0 0, %,

e 6 7 g )

Year

Gaia DR2

@




after 3 months ——
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Salo et al 2004
collisional code of Saturn’s rings
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Mike Kretlow/Li
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Normalized flux
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Pluto 18 July 2012 stellar occultation
from ESO Very Large Telescope/NACO
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Pluto occultation June 1, 2022, G= 13.0 I I Triton occultation October 6, 2022, G=11.4

Lucky Star => ] -

by: LuckyStar
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Normalized stellar flux
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Thank you !
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