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Centaur asteroids
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The Centaurs
Features and Peculiarities

. It is a transitinal population (Levison & Duncan 1997) with dynamical lifetimes between

the planets of ∼ 104 − 105 yr.

. The observed surface properties are not a simple juxtaposition of the properties of the

bodies at the origin (TNOs) or as end-states (JFCs), i.e. The color distribution is bimodal

(Tegler & Romanishin 2003, Melita & Licandro 2012), as observed in small TNOs (Peixinho

2014).

. Cometary-like comas have been observed on some members. e.g. (2060) Chiron,

sometimes attributed to phase changes of water-ice (Jewitt 2009).

. Only class of asteroids where rings have been detected.
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(10199) Chariklo

. H = 6.6

. mV = 18.5

. p = 4.5 %

. a = 15.75 AU

. e = 0.15

. i = 23 deg

. R1 = R2 = 122 km

. R3 = 117 km

. M(ρ = 1g/cm3) = 7 1018 kg

. Colors: | B-V | = 0.86 (Grey)
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Discovery of the ring system
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Occultation Band
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Modelled geometry of the system
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The “Gap”
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Features of the ring system

Braga-Rivas et al. (2014). Nature. 72. 508.

. Rin = 390.6 ± 3.3 km

. τO1
= 0.45

. Rout = 404.8 ± 3.3 km

. τO2
= 0.05

. W = 14.2 ± 0.2 km

. WGap = 8.7 ± 0.4 km

. τGap ¡ 0.004

. Mass ≈ 1013 kg

. Orbital Period: T ≈ 0.82 d

. Frecuencies: n ≈ 8.83 10−5 s−1 = 7.6 d−1

. To note: n ≈ nUrano ≈ nSaturnoExt

. τ ≈ τUrano ≈ τSaturnoExt

Observed features point to the existence of Shepherd Satellites.

Confirmation of Chariklo’s rings have been made at one further

occultation event, revealing an eccentric figure (Bérard et al., DPS 11/2015).

. Tν ≈ 104 años

. TPR ≈ 106 años

. RSatP astor
≈ 3 km (ρ = 1g/cm3)

. RSatGap
≈ 1 km (ρ = 1g/cm3)
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The case of a ring about (2060) Chiron

Ortiz J.L. et al. (2015):
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Formation scenarios

o Tidal disruption

o Collisions: On the asteroid/ On a satellite

X Cometary-like activity

Any scenario should be size dependent,

why we do not observe rings about larger asteroids?

and explain the existence of shepherds.
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Roche’s Classical limit, d

Murray & Demott (1999)

d = Rs

(

3M
m

)1/3

where:

Mass of (10199) Chariklo:M = 4 π
3
ρA2C

Principal axes of (10199) Chariklo: A = B,C

Density of (10199) Chariklo: ρ

Mass of the satellite :m = ρsA
3
sǫ

Density of the satellite: ρs
Principal axes of the sattellite: As = Bs ,Cs
Mean radius of the satellite: Rs

ǫ = 4 π
3
γ

γs =
Cs
As

δ = ρ/ρs

d = Rs

(

3 δ
γs

A2C
R3
s

)1/3
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The Classical Roche limit of (10199) Chariklo
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Breakup distance and Shepherd Satellites

Dobrovolskis (1990)

 

Satellite radius (km)
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Tidal Evolution

We only retain from the tidal potential the most significant order in cosψ andRs/r, whereψ is the angle between the asteroid

and the satellite.

Classical formulation of lag: l, i.e. sin(l) = 1/Q, whereQ is te quality factor.

Asteroid rotation and the satétilie orbit in the same sense and outside co-rotation (Ω < n), thus (Murray and Dermott 1999):

ȧ ≈ −
3k2
2αQ

a n m
M

(

A
a

)5

Where:

Semimajor axis: a

Rotación angular velocity: Ω

Orbital angular velocity: n

Love number : k2 = 1.5
(1+µ̄)

.

Effective rigidity: µ̄ =
19µ

(2ρg(A)A)
Gravity at the surface of the asteroid: g(A)

Mean Rigity of water ice: µ = 4Nm−2

Therefore, k2 = 1.6 10−4 , si ρ = 1gcm−3 .
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Tidal travel-time
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Frecuency distribution in the SS

Source: MPC
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Collision on (10199) Chariklo

Housen & Holsapple (2011) - Gravity regime:

me(v > ve) = 3k
4π

ρ
ρs

[

(

x
c

)3
− n3

1

]

ve(x) = C1 vr
[

x
c

(

ρ
ρs

)ν]−1/µ (

1 − x
n2R

)p

x: distance to the center of the crater

R = (R2
1R3)

1/3

Scaling constants for water ice:

ν = 0.4

k = 0.3

p = 0.3

n1 = 1.2

n2 = 1.3

We search for:

−GM
2Ro

< −GM
R + 1

2 ve(x) < −GM
2Ri

MRS ∼ M(v > vi) − M(v > vo)
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Results
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Summary of results

. Mass ejected in the ring

location:

4.3 1012kg → 3.2 1013kg (*)

. Total mass displaced:

4.3 1012kg → 8.4 1017kg

. Impactor Radii: 0.2 → 1.6km

. Impact Velocities:

1.0 → 1.8kms−1

. Diameter of craters:

23.0 → 32km.
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Timescales for the event

At the present location of (10199) Chariklo

Impacts on Uranus or Neptune: (Levison et al. 2000)

nU&N = 3.410−4yr−1,

Scaling to the cross section of the asteroid:

nCH ∼ 2.210−8yr−1.

In the trans-Neptunian belt:

nCHTN ≈ πA2PIC(R−q
1 − R−q

2 ) = 4 × 10−12 yr−1 (Delloro et al. 2013)

Where:

Intrinsic probability of collisions: PI = 1.2910−22km−2yr−1

Mean relative velocity: vr(TN) = 1.65kms−1

Size distribution: C = 4.7104, q = 4.2

Size limits: R1 = 0.2km , R2 = 1.6km
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Catastrophic collision on a satellite

We assume:

MSat ≈ MRing

Breakup law: (Benz and Asphaug 1999):

MLR
MSat

= −s
(

Ki
Q∗ − 1

)

+ 1
2 ∼ 1

2

where:

Q∗ ≈ 210−6erggr−1

mi =
4
3πγiρiA

3
i ,

Hence:

Ai =

(

3
2πρiγi

Q∗MSat
v2
i

)1/3

And: Ai ≈ 150m, where we assume, vi = 3kms−1

Timescale at present location: nSat ≈ 10−12yr−1,

At the trans-Neptunian belt nSat ≈ πA2
SatPICA−q

i
= 5.5 × 10−14yr−1,
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Discussion

o It is not clear that the rings lie inside the Classical Roche limit distance from the asteroid for a 1km-size satellite.

o A 5km-sized object would disrupt at the ring location, taking into account the strength of the material.

o Tidal evolution is to slow to produce the approximation of a 1-km satellite to its breakup distance about (10199) Chariklo. A

100-km “binary satellite” would approach its distruption distance in the dynamical time of the asteroid. A large fraction of

mass must be loss in this scenario.

o If the presently observed roration period of ∼ 7hs is confirmed -and primordial, the tidal approach is highly unlikely, given

the rotation rates distribution observed in the Solar System. The co-rotation period at the present ring location is ∼ 20hs.

o Both collision scenarios are physically plausible, but the estimated timescales are longer than the dynamical lifetime of a

Centaur asteroid, assuming typical impact probabilities taken form the literature (see for example Levison et al. 2000).

o A suitable collision on the body of the asteroid becomes almost certain on the dynamical lifetime of the asteroid if collision

rates as suggested by observations of impacts on the major planets are assumed (about 1 order of magnitude larger than

the ones estimated with numerical simulations, Hueso et al. 2013).

o The collsional scenarios are size-dependent, but it remains to be explained why all the observed larger bodies do not posses

rings.

o With slight modifications the same arguments can be made for the case of (2060) Chiron.
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