Exploring small bodies and moons

In the outer Solar System with SHARP

M. Lippit
A. Longobardo?, D. Fedele

TINAF - Osservatorio Astrofisico di Arcetri, Firenze

2INAF - IAPS - Istituto di Astrofisica e Planetologia Spaziali, Roma

Unveiling the Universe with SHARP: a Spectrograph Proposal for MORFEO@ELT, Palazzo Brera, 30 September 2024 to 2 October 2024

Finanziato
dall'Unione europea
NextGenerationEU

7, Ministero .
¥~ dell’'Universita [taliadomani
“5¢> e della Ricerca :

IVATORIO ASTROFISICO DI ARCETRI

GIRIPRESA € RESILIE




Common Picture of the Solar System




Common Picture of the Solar System

...but there is a whole different Solar System...




Jupiter Moons

Jupiter = 67 moons
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Adrastea
Discovered in 1979 by David C. Jewitt.
G. Edward Danielson.
*  PARAMETERS
Distance from Jupiter: 129.000km
Eiiropa Dimensions: 20x16x 14 km
Discovredin 1610by Gatle Gali. Ganymsde Nean Dersiy & 885em

Discoveredin 1610 by Galieo Gailel

PARAVETERS
670.900km
PARAVETERS
MmDumdﬂ:',Js!s?;km Distance from Jupiter: 1.070.400km
OnsalPorod:353d i Mean Diameter: 5268km
Mean Density: 3,01 g/cm’ Orbital Peniod: 7,15d
Mean Densiy: 1.93glcm® Metis
Discoveredin 1979by S. Synnott.
Amalthea @ PARAMETERS
Discoveredin 1892by E E. Bamard.
PARAMETERS b
Distance from Jupiter. 181.366km
To
Discoveredin 1610 by Galdeo Gaile:
PARAMETERS
Distance from Jupiter. 421.700km
‘Mean Diameter. 3642 km
Orbital Period: 1,764
Mean Density: 3,53 g/cm”
Callisto
Discoveredin 1610 by Galileo Galiei
‘Thebe . PARAMETERS
Discoveredin 19796y S. Symott Distance rom Jupitr: 1.882 700km
Mean Dismeter 4520km
D earmverers Himalia Orblal Pariod: 18,004
Distance from Jupiter; 221.889km Discoversdin 1904by C. D, Parrine. Mibdn Dacaly. 5, 03glcin.
Dimensions: 116x98xBdkm
Orbital Period: 16,11 h PARAMETERS
Mean Density: 0,86 g/em” Distance from Jupiter. 11.460.000km
Mean Dismeter. ca170km
Orbital Period: 250,560
Mean Density: 1,63g/em”

Credits: Antonio Ciccorella, https://it.wikipedia.org/wiki/File:Small_bodies_of the Solar_System.jpg



Saturn Moons

Saturn - 64 moons

/2008517
Narvi

mas
Discoveredin 1789 by Wiliam Herschel.

PARAMETERS

Distance from Satum: 185,520 km
Mean Diameter- 397 km

Orbital Period: 22,6

gem®

Mean Density: 1,14,

Pan
Discoveredin 1990 by Voyager Team

PARAMETERS
Di

istance from Satum: 133.563km

Mean Deameter: 23 km
Orbital Period: 13,8h

Mean Density:0,42g/cm®

Daphnis
Discovered in 2005 by Cassini Team.

PARAMETERS
Distance from Satum: 136.505 km
Mean Deameter. 7 km

Orbital Period: 14,2h

Mean Density:0,34glern’

rometheus
Discoveredin 1980 by Voyager Team.

PARAMETERS
Distance from Satum: 139.353km

Pandora
Discoveredin 1980 by Voyager Team

PARAMETERS

Distance from Saturn: 141.700km
Dimensions: 114x84x62km
Orbital Period: 15,1h

Mean Density: 0,49 glem’

Dimensions: 194x190x154km
Orbital Period: 16,7h
Mean Density: 0.63g/cm’

Epimetheus

Discoveredin 1966 by R. Walker,

Q, PARAMETERS
Distance from Satum: 151.422km

Dimensions: 144x108x98km
Orbital Period: 16,7 h
Mean Density: 0,64 g/cm’

Telesto
Discoveredin 1980 by B. Smith,
H. Reitsema, S. Larson, J. Fountain.

PARAMETERS
Distance from Satum: 294,660 km
Dimensions: 30x25x 15km
Orbital Period: 1,88d

NOT TO SCALE

Calypso
Discoveredin 1980 by 8. Smith,
H. Reitsema, S. Larson, J. Fountain.

PARAMETERS

Distance from Saturn: 294.660km
Dimensions: 30x23x14km
Orbital Period: 1,88d

Tethys
Discoveradin 1684 by Giovanni Cassini

PARAMETERS
Distance from Saturn: 294.619km
Mean Diameter: 1066 km

Orbital Period: 1,88d

Mean Density: 0,9g/om®

Credits: Antonio Ciccorella, https://it.wikipedia.org/wiki/File:Small_bodies_of the Solar_System.jpg
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Methone
L o ) - Helene
. Dlscovered i 2004 Ly, Césalel Teen | | Discoveredin 1980by P. Laques, J. Lecaches.
PARAMETERS .
Oiseanoe flom Setiv; 104.000km: o Disonce fom Satur: 377,400k
A Dimensions: 36%32x30 km lapetus
Orbital Period: 24 h e by
e Mean Density: 0,31 glem® Orbital Period: 2.73d Discoveredin 1671 by Giovanni Cassini.
PARAMETERS
Distance from Satum: 3.560.820km
Mean Diameter: 1472km
Orbital Period: 79,324
Mean Density: 1,27 glem’
Atlas Dione
»  Discoveredin 1990by Voyager Team Discoveredin 1684 by Giovanni Cassini.
PARAMETERS PARAMETERS
Distance from Saturn: 137.670km Distance from Saturn: 377.396 km
Dimensions: 40x20 km Mean Diameter: 1123 km
Orbital Period: 14,4h Orbital Period: 2,73d
Mean Density: 0,46 g/cm’ Mean Density. 1,5glcm®
Phoebe
Discoveredin 1898 by William Pickering
PARAMETERS
istance from Saturn. 12.952.000km
Dimensions: 219x217x204km
En Cel ad us Orbital Period: 550, 11d
———————————— Mean Density: 1,64 glem’®
N Polydeuces Rhea
C ryogen | C Discoveredin 2004 by Cassini Team. Disc: in 1672by Giovanni Cassini
PARAMETERS p
. PARAMETERS
. Janus Distance from Satum;: 377.400km e )
U Can|S| n i i Mesn Diarnstac 3 74m Mean Diameter: 1528 km Titan
Discoveredin 1966 by Audouin Doltfus. Orbital Period:2,73d. Orbital Period-4,51d Discoveredin 1655 by Christiaan Huygens.
PARAMETERS Density: 1,23g/lem’
% 7 PARAMETERS
W outanceom Satum: 151.42240m Distance from Satum; 1.221.870km
Mean Diameter. 5152 km

Orbital Period: 15,94d
Mean Density: 1,87 glem®

Kiviug
iscovered in 2000 by Brett James Gladman.

o PARAMETERS
Distance from Satum: 11.365.000km
Mean Diameter: 16 km
Orbital Period: 449,2d

Hyperion

Discoveredin 1848 by

W.C. Bond, G. P. Bond, W. Lassel
PARAMETERS
Distance from Satumn: 1.481.100km
Dimensions: 360x280x225km
Orbital Period: 21,27d

Mean Density-0,54 glom®



Uranus and Neptune Moons

Uranus - 27 moons
2
iz i 5
o3 2 3 g H
£ 233 8 .
5 ¥ |: 8
Hda g o 18 i Posd i i P ]
38 MEGE I O2 H 3 i H H i i
e e @ r . . .. . . . . .
N T T T T T T Iy A M N R S SN NN S M NN SR SN RA| Y N NN NN SN H
50,000 100000 500.000 1,000,000 5.000.000 10.000000 15000000 20.000.000 25,000,000
km km km km km km km ki km
i Ariel TR
Cressida Puck itania
Discovered in 1986 by Stephen P, Synnott Discoveredin 1985 by Stephen P. Synnott. Oicovendla 19615y Wik Lasssl. Discoveredin 1787 by Willam Herschel
PARAVETERS
PARAMETERS PARAMETERS PARAMETERS
® DistancosomUranus:61.767km . Distance from Uranus: 86,004 km Do s e0900Nm) Distance from Uranus: 435910 km
Dimensions: 92x74km Mean Diameter: 162km Pty by Mean Dismeter. 1578km
OrbialPario: 11,040 OrtiPoriod 18,24 froserlrciny-ol OrbtiPeriod 874
Juliet Mean Density. cat,3g/em® MeanDensity: ca1,3glem® Decely: Mean Density. 1,72g/em’
Cordelia Discoversdin 1986y Stephen P. Symnot
Discoveredin 1986 by Richard . Terre
PARAMETERS
PARAMETERS . Distance from Uranus: 64 400 km
«  DistancofomUranus 497524 Dimensions: 150+74km
Dimensions: 50x36 km Orbital Period. 11,49h Belinda
Orbital 82n Moan Density.ca1,3glcm” Discoveredin 1986 by Stephen P. Synnott.
Moan Donsiy:ca 3gkem’
® oweress
Distance fom Uranus: 75 300km
Ophelia Portia Dimensions: 128x64km Miranda
Discaveredin 1985 by Richard J. Terrl, Discoveredin 1985y Steghen. Synnott Ol Perod: 15h Discoveradin 1948 by Gerard Patar Kuper: Umbriel bl
HoanDarsiy.cat gk’ Discoveredin 1851 by Wikl Lassel Dlscavuredin {7871y
PARAMETERS PARAMETERS PARAMETERS
®  Distance from Uranus: 53.764 km Distance from Uranus: 66. 100km Distance from Uranus: 129.872 km PARAMETERS P TERS
Dimansions 54x38km 156¢126km Mean Diamtec 472km Distance rom Uranus: 266.600km fiomomeiccc A
Ol Period 8,881 Orbial Poriod 12,187 Ot Period 1410 T169km Dlared s haiion o8
Mean Deny.cat, 3 Mean Densiy:cat, gt Moan Density: 1,2g/em* OrbialPariod 414 Ol Poriod 13,460
Mean Density. 1.4 glem’ Mean Donciy. 163gm®
Neptune - 14 moons
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Galatea
S—. n P. Synnott Proteus
o 1960y StophenP. 9 Discoveredin 1989 by Stephen P. Synnott.
PARAUETERS
Dl fensiaphine: 61,503 PARAMETERS
prirtiner el Drstancerom Neptune: 117.647hm
Orbital Period. 10.08h Diar 420km
Thalassa Density.ca 0,75 gem® Orbital Period: 1,12d.
Discoveradin 1889 by Richard . Tl Moan Donsiy.ca 1,3

Voysger Team

e 50.075km
on: 108¢100x
Orital Priod: .44 5 —_—
ghivie 3l S Despina il Waliar Lassal
Lood Discoveredin 1989 by Stephen P. Synnott. D hitesety c
PARAVETERS
PARAMETERS Distance from Neptune: 354 800 km
. Distance from Neptune: 52 526 km Mean Diameter. 2707 ke
Dimensions: 180x148x 128 km Orbital Period: 5,87d
Orbital Period.7.92h Mean Densiy:2.03g/em”
Mean Density. ca 1,2 glem® B
Naiad
Discoveredin 1989 by Richard J Terl,
Voysger Team
wm  PARAMETERS Larissa Nereid
Distance from Neptuns: 46 227 km Discoreredin 1981 by Harod J. Retsara, Discoversdin 1949 Gerard . Kuper.
Dimensions: 96x60x52km Wilam 8. Hubbard, Larry A. Lebofsky.
OrbitalPoriod 6,961 Owid J. Thoen PARAVETERS
MeanDonsiy.ca 1.3gém’ Distance fomNeptune: 5 513767 km
PARAMETERS Moan Dismeter 340k
Distance fom Neptune: 73.548km Orhite Porod 3600
Dimensions 2161204 163km
OrtalPeriod 13,2
Mean Densiy.ca 1.2gkm’

Credits: Antonio Ciccorella, https://it.wikipedia.org/wiki/File:Small_bodies_of the Solar_System.jpg



Dwarf planets, Asteroids, Comets and TNOs

Pluto - 5 moons

Several asteroids
§
s H s
Vesta i 2 i :
Dicovredin 1807 by Hench W, Cters. 3 ¥ . X H
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Ceres :
Discoveradin 1801 by Giuseppe Piazzi 2Pallas — NOTTOSCALE
Dacoveredin 1802y Haich W, Oters.
PARAMETERS 2 Nix
Bt bomsun 27640 o Discoveredin 2006 by Hubble Space Telascope.
Nioan Diamarr 953 4k Gisunce o Sun: 277 AU .
Ordital Periodt 4.6y Dimensions: 550+516x476km PARAMETERS
corat Pencd 507 el Parod 462y Distancs frorm Pluto: 48,694 km
NioanDanety 2 1656m FoeosweaTorn t Dlstacs fom Pl 480
Orbital Period: 24,85d ‘
TP ——— 7
e Hi‘iaka
PARANETERS Pluto
froid 674U Discoveredin 1930 by
Distance rom sun:2. .
BT ik T o Torean Eris Makemake Haumea
Dacowredin 1884ty Joramn Ot Pariod 436y NOTTOSCALE
Paine Retatons Pariod 7211 PARAMETERS
N Moan Gonsty. 32 Distance from Sun: 39,48 AU | Hydra
= pARAETERS Mean Diameter: 2370km . Discoveredin 2005by
- Orbital Period: 247,68y Hubble Space Telescope.
Distance tom Sun: 206AU
Dimersions 598225 4x 186k Mean Densiy. 1,88 g/em’ .
Orbital Period. 4,84y 7 PARAMETERS
oo Gonaty 265 | Distance from Pluto: 64.738 km 2
NOT TOSCALE. Dimensions: 33x43 km
21 Lutetia
3 Discoveredin 1852y Hermam 1 5, Gokdschmat ‘ Orbital Period: 2.73d Weywot
HIERGROUE 133 Eros 1 eamaveers N
Dicoaradin 1898 by Ca Gustay We ®© .
| Bieetomsn 24380
PARAMETERS Dimensions: 121x101%75km
2 Clss: ur Ol Period. 38y Charon
D Geetomsun 1540 Rotatons Parod 16
Dimarsions 344017, 2411.2km l laandansiy. 3 gk Discoveredin 1978 by James W. Chvisty
OrbauParod 178y
Rotescna iz 8271 AT
Mosii0umety: 26T o Distance from Pluto: 17.536 km uaoar
oo e Sed 2007 OR Q
— N e edna 10
AEIazALL 981 Gaspra Discaveredi 1885 by oham Paiza Mean Density: 1,65g/cm’
Gaconeredn 19160y GrgorNkciami Nesirin = =
< " PARANETERS
PARAMETERS K/ Cuse.Co
Distancetrom Sun: 264AU
L Becetomsimz21au f Dimersions 8648484
i | Dimensions: 18,2x10,5+8,9km Ortital Period 4.3y
Ot Parod 328y arcd 1749

h
Mean ensiy: 2.7 gfcm’ waman)

Some Periodic Comets

) i
NOT T OTTOSCALE OTTOSCALE
- . % ~ 67P/Churyumov-Gerasimenko
i ., - 19P/Borrelly . Tempel1 K s & G
. e 81P/Wild Z 103P/Hartley i redin 1904 by Alphonse Louis Nicolas Borrelly. Discoveredin 1867 by Wilhelm Tempel. Discoveredin 1969 by Kiim Ivanovié Curjumo,
Discoveredin 1978 by Paul Wild. D Discoveredin 1986 by Malcolm Hartley. Z Discoveredin 1904 by Alp : Y. o R Svetiana Ivanovna Gerasimenko.
A
S PAWE‘;E;ASU PARAMETERS v Apheike: 4, 73:5 ::i?ﬁME‘TEEiU
= # i 1,59AU Porinaton 054U 4 Dimensions: 8x4km Dimensions: 7,6x4,9km Forhelon 120U
L& gm'ﬂ'fnigxo‘fyk'" Qlmeneicns "g”"f"’" ) Orbital Period: 6,8y ;”."_‘;‘g;’;,";ggg;,m, Pibrociod Gddy
4 o el bAY Orbital Period. 6,46y J Mean Density: 0,3g/cm’ Mean Density: 0,47 g/cm’

Credits: Antonio Ciccorella, https://it.wikipedia.org/wiki/File:Small_bodies_of the Solar_System.jpg



On the importance of studying small bodies

A - Origins of the Solar System

« Among the least altered bodies from
the solar system formation

« EXxpected to preserve during time
material from the protosolar nebula
and our proto-planetary disk

« Reveal key clues about our origins

Credits: TU Braunschweig, https://www.tu-braunschweig.de/en/igep/research/planet-formation
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On the importance of studying small bodies

A - Origins of the Solar System B - Origins of life on our planet

« Among the least altered bodies from * Earth formed in a water-poor region

« Comets and other water-enriched

the solar system formation _ _ ,
y bodies may have delivered essential

» Expected to preserve during time species to our planet

material from the protosolar nebula

and our proto-planetary disk & \\T' '
» Reveal key clues about our origins - — |

Credits: NASA



Moons as Habitable Worlds

~ Europa - Life could exist in
an ocean below this moon’s
'cy surface, shielded from
upiter’s radiation.

Enceladus - Water below this
Saturnian moon’s surface is near
boiling. A probe might sample a
plume of material spewing from
its south pole for signs of life.

_Mercury
Venus
Earth
Mars

Credits: David Pierce/KQED

Jupiter

>

Saturn
Uranus

Neptune

Titan - Chemistry abounds on
this Saturnian moon, which

ethane, and - perhaps - life.

features lakes of methane and




SHARP + MORPHEO @ ELT

Spectral and Spatial investigation with unprecedented details of the composition of

small bodies/moons surfaces and atmospheres



SHARP + MORPHEO @ ELT

Spectral and Spatial investigation with unprecedented details of the composition of

small bodies/moons surfaces and atmospheres

Simultaneous spatial measurements of
active comets to understand their
physics and chemistry

Comet NEOWISE - Photograph by JUAN CARLOS CASADO,
SCIENCE PHOTO LIBRARY



SHARP + MORPHEO @ ELT

Spectral and Spatial investigation with unprecedented details of the composition of

small bodies/moons surfaces and atmospheres

Surface investigation of Dwarf Planets

Simultaneous spatial measurements of and TNOs searching for icy signatures

active comets to understand their
physics and chemistry
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SHARP + MORPHEO @ ELT

Spectral and Spatial investigation with unprecedented details of the composition of

small bodies/moons surfaces and atmospheres

Spectral imaging to determine structure
and composition of moons’ atmospheres

Titan

November 4, 2022

Cloud A Cloud B Cloud A Cloud B

/ Kraken Mare . .
‘ | t Adiri
% Belet
lower atmosphere and clouds atmosphere and surface

Atmospheric Haze

Titan as observed by NIRCAM-JWST



SHARP + MORPHEO @ ELT

Spectral and Spatial investigation with unprecedented details of the composition of

small bodies/moons surfaces and atmospheres

Spectral imaging to determine structure Spectral imaging to monitor volcanic (and
and composition of moons’ atmospheres cryogenic) activity of “active” moons
Titan

November 4, 2022

Cloud A Cloud B Cloud A Cloud B LBT: 23 Nov. 2023 LBT: 10 Jan. 2024

.
~

Atmospheric Haze

Adiri

Belet

lower atmosphere and clouds atmosphere and surface

Titan as observed by NIRCAM-JWST SHARK-VIS detection image of Io, Conrad, Al et al., 2024



SHARP + MORPHEO @ ELT

Knowing and understanding the chemistry and physics of small bodies and moons of the Solar
System is fundamental to understand the origins and evolution of our planetary system

These bodies are also of astrobiological interest, since they may have involved in the past delivery
of water and organics in the innser solar system and/or are nowadays in conditions that may favour
the development of life

Instruments such as SHARP + MORFEO @ELT applied in this context can allow the deep spatial

and spectral study of these bodies with unprecedented details

Thank you very much for your attention! @
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