2004 DDA Meeting, Cannes, France, April 19–23

Yarkovsky-driven origin

of the unstable population of asteroids in the 2:1 mean motion resonance with Jupiter

M. Brož 1, D. Vokrouhlický 1, A. Morbidelli 2, D. Nesvorný 3, F. Roig 4

1 Charles University, Prague 2 Observatoire de la Côte d’Azur, Nice 3 Southwest Research Institute, Boulder 4 IAG, Univ. de Sao Paulo, Sao Paulo

Yarkovsky-driven origin. . . 2

Yarkovsky-driven origin. . . 3

Questions to answer: • evolutionary paths? • lifetime?

• size distribution?

• # of resonant asteroids? Table of contents:

• 2:1 resonance: three dynamical classes of objects, their lifetime and size-frequency distribution • three possible source populations • a dynamical model involving Yarkovsky effect, its comparison with the observed populations • conclusions and future work

2:1 resonance objects (Roig et al., 2002): • Zhongguos (stable > 500 My) • Griquas (∼100 My) • highly unstable asteroids (∼10 My) Source populations: • Themis family • Hygeia family • background asteroids

Yarkovsky-driven origin. . . 6

Yarkovsky-driven origin. . . 7

Parameters of the model #1:

• Swift-mvs2-fp-y integrator, timestep 91 d,

timespan 1 Gy (no close encounters, resonant elements filter, Yarkovsky effect) • 1000 TPs for each source, 4 outer planets • initial conditions: TPs just below the separatrix of the 2:1 resonance; the range of e and i corresponds to the source population • rotational states: γ = 45∘ → outward drift, P = 4 to 12 h • thermal parameters: bulk and surface density 1300 kg/m3, thermal conductivity 0.01 W/m/K, thermal capacity 680 W/kg/K, Bond albedo 0.02, infrared emissivity 0.95

Yarkovsky-driven origin. . . 9

Yarkovsky-driven origin. . . 10

Yarkovsky-driven origin. . . 11

Yarkovsky-driven origin. . . 12

Yarkovsky-driven origin. . . 13

Yarkovsky-driven origin. . . 14

Parameters of the model #2: • semianalytic steady-state model

(Morbidelli & Vokrouhlický, 2003) • Runge-Kutta 4th order integrator,

timestep 0.5 My, timespan 4 Gy • ∼ 130, 000 TPs in total • semimajor axis evolution ← Yarkovsky effect • obliquity–spin–rate evolution ← YORP effect • collisional reorientations: τreor = 16.8 p [R]m My • fixed 2:1 resonance border: e(a) .= 10.82 − 3.32 a • lifetime in the resonance ← model #1

Yarkovsky-driven origin. . . 16

Yarkovsky-driven origin. . . 17

Yarkovsky-driven origin. . . 18

Conclusions:

• Yarkovsky-driven asteroids from outside the resonance ⇒ highly unstable population inside the 2:1 resonance in steady-state • Zhonnguos and Griquas are probably of a different origin • a similar results as for the asteroids in the J7/3 resonance, populated by Koronis and Eos families (Tsiganis et al., 2003) Future work:

• improvements of the YORP effect model for slow rotators • observational constrainst for resonant asteroids?

(e.g. spin states of unstable asteroids with γ < 90∘; their spectroscopic similarity with source populations)

Yarkovsky-driven origin. . . 20