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Observations vs simulations

● observed proper elements ap, ep, sin Ip, complicated shape, 
halo, neighbor families, background  HCM useless!→

● synthetic (evolved) families: unknown & variable vcutof

of families

vs



Dynamical model

● modified SWIFT integrator (Levison & Duncan 1994)
● Yarkovsky thermal efect, da/dt
● captures in mean-motion and secular resonances, de/dt, dI/dt

● YORP efect, dω/dt, dγ/dt (Capek & Vokrouhlický 2004)
● collisional reorientations (Farinella etal. 1998)
● mass shedding (Pravec & Harris 2000)

● digital filters for mean and proper elements

(Brož etal. 2011)

ˇ



Problem 1: Selection of asteroids

● we can always select a subset (using SDSS, WISE data) to 
decrease a contamination by interlopers

● for Eos family it's easy! (K-type), but only 1/10th of asteroids

“good-looking”

a note on WISE
albedo distribution
(Masiero etal. 2011)

a* = (0.0, 0.1)
i‒z = (‒0.03, 0.08)
pV > 0.07



2: Apples vs oranges (SFDs)

● the size-frequency distributions (SFDs) should match for 
both observed and synthetic populations  rescaling←

● random selection of synthetic asteroids at every single 
timestep of the simulation (or even multiple selections) 

∆t



3: Non-uniform background

● background is not uniform in the MB (cf. boundaries)
● synthetic backgrounds with the same SFD as the observed...

... and ap, ep, sin Ip generated randomlycf. background



“Understandable Black Box”

observed family → ← synthetic familythe best fit



Boxes and χ2 metric

● boxes in (ap, ep, sin Ip), aligned with resonances, also in D

● initial conditions: isotropic disruption, velocities ~ 1/D, DPB = 380 km

proper semimajor axis vs eccentricity



Boxes and χ2 metric

● boxes in (ap, ep, sin Ip), aligned with resonances, also in D

● not only upper, but also lower limit for tage= (1.3 ± 0.2) Gy!

 ← the best fit
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Boxes and χ2 metric

● boxes in (ap, ep, sin Ip), aligned with resonances, also in D

● not only upper, but also lower limit for tage= (1.3 ± 0.2) Gy!

χ2 = (Nobs‒ Nsyn)
2 / (σobs + σsyn)

poissonian uncertainties σ = N 0.5

2 2



Bad fit 1: Ejection velocity tail

● for vej < 200 m/s we cannot explain K-types below J7/3 MMR

● vej up to 400 m/s is needed! (for small asteroids)



2: Parent body inclination

● for nominal inclination of Eos (sin Ip = 0.1726) the best fit 
is rather poor (χ2 ~ 240) 

● a shift ∆sin Ip ~ +0.005 is needed



3: True anomaly f > 120 deg

● for f < 120 deg, too many captures in z1 secular resonance, 
consequently, wrong boxes are populated (χ2 ~ 600)

● f > 120 deg is needed ↓



Conclusions

● it's important to account for: colours, SFDs & background
● for Eos it's possible to explain shape in ap, ep, sin Ip (in 3D)
● the age estimate still scales with the bulk density ρ
● but the collisional model also gives tage= (1.3 ± 0.3) Gy

 

● Future work: other promising families (Flora, Koronis, ...)



DAMIT database

● 30 + 35 = 65 asteroids in Eos core + halo  many more ←
compared to Hanuš etal. (2013)



Dynamical evolution of spins

●

●

●



Swift integratorN-body



Swift integrator (cont.) as of Brož et al. (2011)



Eos parent-body size

● a simplified scaling (Durda et al. 2007), cf. Tanga et al. (1999)

● uncertainties: multiple fits have low χ2, interlopers
● systematics: number & distribution of SPH particles

Eos family PB size
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