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Levison et al. (2009)



Asteroid families

● synthetic proper elements 
(Kneževic & Milani 2003), 
identification by the HCM 
& SDSS colours

● physical properties for 
82 families (D

PB
, LF/PB, age)

● PB sizes from 
Durda et al. (2007)

● definition of the 
“production function” 
N

families
 with D

PB
 > D



The Late Heavy Bombardment

● the Nice model relates 
the LHB to an instability 
of the cometary disk 
beyond Neptune

● the evolution of intrinsic 
collisional probabilities 
and impact velocities

● what was the SFD 
of the cometary disk?



Collisional model of the MB 
vs comet population

● Boulder collisional code 
(Morbidelli et al. 2009)

● Q
D
 of Benz & Asphaug (1999)

● we fit the observed SFD 
of the main belt

● ~ 10 families with 
D

PB
> 200 km (OK)

● we usually obtain 
~ 100 families (!)

● with D
PB
> 100 km

comets

main belt

different 
random 
seeds

we do not output
D

PB
 < 50 km families



Physical lifetime of comets?

● if comets disrupt immediately below q
crit
 = 1.5 AU, 

the number of D
PB 
= 100 km families drops down to ~ 30



Can families overlap initially?

● 100 synthetic families with D
PB
= 100 km - proper elements

● no! the families are too compact after the disruption



Can families be dispersed by 
the Yarkovsky effect?

● SWIFT integrator & MC model - the evolution over 4 Gyr
● partially! there are persistent structures in inclinations



A jumping-Jupiter scenario

● Morbidelli et al. 
(2010)

● close encounters 
between planets

● fast migration of 
Jupiter & Saturn



Perturbation by migrating planets?

● “jumping-Jupiter” scenario (Morbidelli et al. 2010)
● no! inclinations cannot be perturbed sufficiently



Comminution of asteroid families

● initially steep SFD (Durda et al. 2007) become very flat 
after cometary bombardment and 4 Gyr of evolution



Comminution of asteroid families

● yes! comminution (together with the YE dispersal) 
can explain the paucity of DPB= 100 km families



“Pristine zone” 
between 2.82 and 2.97 AU

● bounded by resonances, only one big family (Koronis)



“Pristine zone” 
between 2.82 and 2.97 AU

● the “small” families, 
e.g. 918 Itha, 
5567 Durisen, 
12573 1999 NJ53, 
15454 1998 YB3, 
have very flat SFDs

● are they remnants 
of old DPB= 100 km 
families affected 
by comminution?!



Conclusions and future work

● the LHB as predicted by the Nice model would create 
~ 100 families DPB > 100 km in the main belt 
which are not observed, because:

1. comets disrupt frequently below qcrit= 1.5 AU,
2. families are almost destroyed by comminution, or
3. the SFD of comets was shallow with D0 

~ 150 km.

● there may exist remnants of DPB 
= 100 km families 

in the “pristine zone” (a = 2.82 to 2.97 AU)?

● a motivation for studies of high-velocity 
collisions between hard targets (asteroids) 
and very weak projectiles (comets)



(918) Itha family spectra



Family D
PB

 vs age distribution



Trey et al.: Vesta cratering



Hayabusa: particles from Itokawa



Walsh et al.: Grand-tack scenario



Levison et al. (2011)







Lisse et al.: LHB in the η Corvi system?



Lisse et al.: LHB in the η Corvi system?
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