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the swiss knife for astronomy !    Flexible telescope used on alerts
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The “Station de Planétologie des Pyrénées” (S2P),
 Pic du Midi observatory







Caracterize Interplanetary 

matter

The study of interplanetary matter
is fundamental for our
understanding of the Solar System
Solar System:
Formation (meteorites)
Evolution (impact flows on 

Earth and other planets)
Impact risks
...

nterplanetary matter covers a large number of objects from micron dust to 1000 km asteroids



Evolution du système solaire

B.Carry F DeMeoMigration of planets = mixing of matter    (Nice model !)



- FRIPON 1 cm => 1 m
- Almahata Sitta (3 m, asteroid discovered before its fall) 
- Chelyabink (17 m, every 200 years?)
- Comet SL9 (50-300 m, falls every 100 years?)
- Benou (500 m, space mission Osiris-Rex) 

The small bodies of the System 

at Pic du Midi

Diamètre (m) des objets tombant dans notre atmosphère 

Statistics on falling objects
in the Earth's atmosphere 

FRIPON : from one centimeter to one meter :
missing link between dust (zodiacal light 
and shooting stars) and asteroids (telescopes and
impacts on giant planets)

Chelyabinsk

Ryugu

Almahata Sitta / 2008 TC3

Comète SL9

LSST exhaustive detection limit ~ 150 m



After the fall of the comet 
Shoemaker Levy 9 in 1994, 6 
collisions with Jupiter were 
observed

1 event per year ? 

Observation of interplanetary 

matter
nterplanetary "rocks" :

Impacts on Jupiter

From 5 m to 500 m

Comets and asteroids

Fall of the cometShoemaker Levy - 9 
Pre-impact images
Impact of the H nucleus on July 18, 1994

(Pic du Midi Observatory, F. Colas et al)



Observation of interplanetary matter 
program "Lucky Planet"

“Flux d'impacts dans le système solaire et datation des surfaces”

Mission “JUNO” : 
Jupiter follow-up









996 FG3 (Marco Polo-R target)

- Spectral and optical properties
- Astrometry        

Photometric telescope



Near Earth Object
(99942 Apophis)  

“Key holes”
Thèse D. Bancelin 
(2011)

Astrometric telescope

Program EURONEAR



ESA mission to Venus : EnVision

Venus atmosphere



Pico

 Cam

Lucky Cam

ePARADISE

  V 1.0

/ SIRIS

T1M – Pic du Midi

the swiss knife for astronomy !

For solar system objets and others ;-)

Flexible telescope used on alerts



EPARADISE                                                                CCD E2V

                                                                                    (pico cam)  

Sur les images « normales » CCD, il est impossible d’obtenir des 
positions d’Amathée en même temps que celles de satellites 
Galiléens. 
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Filter J, Jupiter in Linear (CTIA) response stack

of 40 exposure of 5s each with NDRO

readout noise reduction

APPLICATION CASE : ASTRONOMY PIC 

DU MIDI 

JUPITER

Filter J, Jupiter in Linear-Log response stack of 80 exposure of 2s each

with NDRO readout noise reduction



SATURNE
Stack of 40 exposure of 10s each. No NDRO, just

one classical read at the end of each 10s

exposure. Log an Lin response on each exposure.

Filter J, Stack of 40 exposures of 10s. (Log and

Lin response mixed on each)

11/07 22H55 UT

Same image, inverted, with display

levels fully stretched : here lowest J

magnitude is 13.85

Stack of 40 exposure of 10s

each. No NDRO, just one

classical read at the end of

each 10s exposure. Log and

Lin response mixed on each

exposure.

APPLICATION CASE : ASTRONOMY PIC 

DU MIDI 
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APPLICATION CASE : ASTRONOMY PIC 

DU MIDI 

Uranus  

Filter J, Uranus (CTIA) NDRO readout noise

reduction, stack of 500 exposure of 600m. 24

October 2021. We can see satellites, pole

clouds, and rings !

Same image, inverted, and surimpose with

position of Uranus satellites and rings … rings

confirmation!



























T1M – Pic du Midi
Versatile instrument (Swiss knife for solar system studies and beyond !)

Open to a large community

- Long exposure CCD camera : Astrometry and Photometry (TN0, NEO, asteroids, comets, GRB, GW..)
- sCMOS short pose camera : 
- Fast photometry (occultation, NEO)
- Lucky imaging (giant planets)

- SIRIS SWIR camera: near satellites, giant planets, GRB, GW..
- Adaptive optics :
- - Satellites
- Giant planets
- .....

Publications : 6 to 7 articles per year for the last 10 years
Mode of operation : small team, flexible use

https://t1m.omp.eu/



2024: news rooms for 30 persons

Possibility to organise schools and workshop
1 m, 0,6 m telescopes available ans also small instruments !
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