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I have performed several computer simulations over the last 2 calendar years. Most of the 

simulations were continued from the previous year, while I started a new set of simulations 

during the H23 year with expected completion during the H24 year. The three main research 

topics covered in this project -- 1. Small body dynamics; 2. Early solar system evolution; 3. 

Planet formation and global evolution -- represent an unprecedented comprehensive work 

done on the dynamics of the asteroid belt, Kuiper belt, and planet formation during the early 

solar system using massive planetesimal disks with and without self-gravity. Since the majority 

of main simulations are complete, I intend to analyze the core data over the next months. I 

anticipate that the main results from these simulations will be summarized in a number of 

publications in international refereed journals and conferences over the next two or three years. 

Because most of the work done in H23 was a continuation of that in H22, some contents of this 

report are similar to that submitted last year.  

 

The first results of project topic 1 were summarized in a paper published in early 2012. The 

results concern the long term orbital evolution of Haumea and its system of fragment family 

members, with and without self-gravity among the largest members. The main results are 

shown below (see also figure).  

 We can reproduce the orbital distribution of 

the currently known members of the Haumean 

collisional family. However, the model suggests 

that the family fragments appear spread over a 

wider range of orbital elements compared to 

the observed family region. 

 The orbital diffusion of the stable theoretical 

family fragments over 4 Gyr is extremely small, 

while some 25-40% of the fragments were lost 

from the solar system via planet scattering. 

 The theoretical family fragments were found 

to populate all four dynamical classes within 

the trans-neptunian belt. This process is 

sensitive to the orbital evolution of Neptune too. 



Concerning topic 2, all simulations of dynamical evolution of planets and small bodies in 

massive planetesimal disks with and without self-gravity are complete. The main goal is to 

understand what the typical outcomes are for these systems, and what these results can tell us 

about the early evolution of the solar system and extrasolar systems. The obtained data also 

covers the outcomes for systems that supposedly contained the four giant planets and one or a 

few planetary bodies in the outer solar system. In some cases, the terrestrial planets and both 

the asteroid and Kuiper belts were taken into account in the simulations. Besides, the results 

are statistically meaningful against stochastic behavior of such systems, because I performed 

5-10 runs of each specific initial configuration for all systems. Therefore, all the simulations 

provide the most comprehensive ever picture of the early evolution of the solar system. At the 

moment, I just have started analyzing the data so I will report the preliminary or even final 

results at a later data (This will depend on how well the analysis and interpretations of the 

results evolve at this end). However, I believe I will be able to disseminate the first such results 

during the H24 year and the remaining main results over the H25 year. 

 

Concerning topic 3, the first set of simulations is complete and the analysis of the data is also 

virtually complete. In short, we found that even under diverse initial conditions for the early 

migration of the giant planets during terrestrial planet formation, it seems that the orbital 

perturbations caused by this migration and instabilities among the giant planets (via mutual 

mean motion resonance crossings) can strongly shape the outer asteroid belt and the 

properties of planets formed beyond the location of Earth. This implies that Mars-like planets 

are more sensitive to the perturbations by the giant planets during early stages of planet 

formation. However, even in more extreme cases, the main constraints of terrestrial planet 

formation, such as a small mass for Mars, are not consistently satisfied. This will provide 

several hints on the early evolution of giant planets and other conditions during terrestrial 

planet formation. Nevertheless, these results are preliminary and more detailed results will be 

presented in the second semester, as I am currently working on a paper about this topic. 

 


