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COOL ORBITAL ANIMATION OF SMALL BODIES IN SS
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Adapted from Forman et al. (2016)
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Mass distributions for Antarctic meteorites, near-Earth asteroids and the inner main 
belt. The two largest NEOs (433) Eros and (1036) Ganymed, both S-types, were not 
included because they dominate the NEO populations mass (Binzel et al. 2015). 





Meteor: light generated when debris hits the atmosphere 

Fireball: a bright meteor (brighter than Venus in the night 
sky) 

Meteoroid: the body that generated the meteor  

Meteorite: a meteoroid that survived the meteor phase

Terminology 

Matlovic & Toth 2020





 



 











http://drive.google.com/file/d/1e6Al6jf_sPQxYU7ijU_ltvebEnk3r7IB/view


● 2% of Earth’s 
surface 

● 19 institutions 

● 10 fireball networks 

https://gfo.rocks/





https://www.fripon.org/



Problems… 



You cannot figure out where 
something can from exactly!

Because of 
chaos 





Debiased Near-Earth Object Models ! 







Nesvorny et al. 2024



Nesvorny et al. 2024



What happens when we apply these models to fireball data? 
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Jupiter-family 
comets



Image Credit: ESA Rosetta Mission
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21 Jan 2024 - Asteroid 2024 BX1 Impact 









Jenniskens 2018





Nishiizumi and Caffee (2012)







Thank you!

Email:  patrick.shober@obspm.fr









Physical characteristics 
of meteoroids using 
fireball observations? 



● 646 fireballs
● 661 JFCs  



% of clones reaching q > 2.5 au



FIREBALL RESULTS
● Low levels of chaos ● 1-5% of the DFN, EFN, MORP, and 

FRIPON fireball datasets are 
dynamically consistent with JFCs 

● Only 8-21% are likely to 
have experienced 
significant encounters 
with Jupiter 

● The physical strengths alone is 
not a reliable indicator of 
discriminating between 
asteroidal and cometary source 
regions for fireball data










