Second LP for the observation of
centaurs and TNOs
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Why?

TNOs are the most pristine objects In the
Solar System
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The Large Programme

P.l.. M.A. Barucci
~ 500 hr of observation
October 2006 till November 2008
4 instruments: FORS*, ISAAC, SINFONI
Over 40 objects observed




Science
1. NTT




Polarimetry: Bi-modal population (Bagnuolo et
al. 2008).
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Science
2. VLT




Photometry: VRIJHK colors of 45 objects (1
new)
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Spectroscopy:
Visible: 44 object:

NIR: 40 objects
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Concluding & forthcoming...
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109 spectra of 72 objects (SINFONI@VLT + NIRC@Keck)
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Fin // Fim // The end
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A simple time-line

1801 (1) Ceres
1930 Pluto
1930 Leonard

A N AN

planets, the.minor planets, and the giant planets. Is it not
likely that in Pluto there has come to light the firsz of a
series of ultra-Neptunian bodies, the remaining members
of which still await discovery but which are destined
eventually to be detected:




A simple time-line

1980
1992
2006
2009

Fernandez

(15769) 1992 QB1
(134340) Pluto
~1300 known objects
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In general

High excitation level
Large color dispersion
CTNOs are bi-modal

CTNB “finishes” by 48 au

How do we explain it all...??




Models



Some ideas

Planetary migration
Fernandez & Ip (1984)

Resonance sweeping
Malhotra (1994)

Hot & cold pops of CTNOs
Gomes (2003)

Push-out mechanism
Levison & Morbidelli (2003)

Neptune's migration
Gomes et al. (2004)
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Converging

Nice model
Tsiganis et al. (2005), Levison et al. (2008)

X-planet model
Lykawka & Mukai (2008)




Compact S0.Sy. at t=0

Jup. & Sat. cross their mutual 2:1 MMR

It “nicely” explains:
- J. Trojans

- LHB

- Regular Sat.

- TNB

Nice model
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Nice model

TNB
cross of 2

1 MMR

5 Myr
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Nice model

Results:

Low Inc. objects formed with a > 29 au.
High inc. objects are a mixture of pops.
Edge “naturally” forms.

High excitation of CTNOs




X-Planet model

Primitive cold TNB extended up to 50 au
The story goes like...
massive body scattered by Neptune
pre-excitation of the TNB
migration of planets starts

body migrates as well and gets captured in a MMR.




X-Planet model

Results

Outer Body's effect --> edge and first hot CTNOs
Migration --> res. & rest of hot CTNOs

Long term evolution --> rest of pops

Too many res. objects

No LHB




X-Planet model

Physical characteristics:

a=100-175au
g > 80 au, inc = 20-40 degs
probably captured in a r:1 MMR with Neptune
Mass: 0.3-0.7 Me

V = 14.8-17.3 at perihelion




- How could we put this Into contextJP

Colors
Vis & NIR spectroscopy
Binaries
Sub-populations

What shall we expect?




Models vs. Observations




Predictions vs. Observations

Bulk of data belong to

- Centaurs
- CTNOs

- Plutinos




Centaurs
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Classical TNOs

Brucker et al. (2009)
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Binaries are more numerous among cold CTNOs

Benecchi et al. (2008)

TNBs have components of the same color
--> primordial colors?



Haumea's group



Some perspectives



10 m class telescopes



ELTS

GMT 25 m Las Campanas

TMT 30m Mauna Kea

E-ELT42m ?



Finally...

Large surveys:
e.g., Pan-Starrs

New Horizons



And... | believe observers and dynamicists should
walk together



Gracias! Y perd n por usar ingl sen
la presentaci n

Pero antes....




Trabajar en ESO:

WWW.ES0.0rg

Visitantes (hasta 3 meses)
Doctorados
Fellowships (15 de octubre)

Staff positions



What else can we do?

Where's the planetoid?? Not found yet

Search for Sedna-like objects... None found yet
(Schwamb et al. 2009)

Observe resonant populations.

Alvarez-Candal et al. (2008) + Fornasier et al. (2009)



Classical TNOs

Nice model predicts ecc. too large.
Nice model: hot & cold pops. separated at ~5 deg.

X-Planet: pops separated at ~15 deg.

Levison et al. (2008)



Predictions vs. Observations

CTNOs

Binaries:

- TNBs are more common among the cold pop.
- Formed by capture and probably primordial.

- Identical colors (Benecchi et al. 2009)

- Cold TNBs --> mostly red.

High spatial resolution, E-ELT?



Predictions vs. Observations

CTNOs

Brucker et al. (2009)

Peixinho et al. (2008)



Cold CTNBs are more numerous than hot CTNBS

Albedos of CTNOs

High albedo, red color, low absolute magnitude,
and high rate of binarity are all characteristics
that differentiate cold Classical KBOs from hot

Classical KBOs



