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Introduction: The asteroid (25143) Itokawa, 

which was known as 1998 SF36, is the target asteroid 

of HAYABUSA mission. HAYABUSA mission is 

the asteroid sample return mission of Japan. 

HAYABUSA arrived at Itokawa in September 2005 

and explored it by taking a lot of images and physical 

data. Now we know that Itokawa is very strange 

looking asteroid with a lot of boulders. The origin of 

Itokawa is quite interesting. When the observational 

results of HAYABUSA are analyzed, the knowledge 

of the orbital evolution can be helpful. Therefore, we 

studied the orbital evolution of Itokawa. 

Present Orbit of Itokawa:  The present orbit of 

Itokawa is shown in Fig.1. Its orbit goes beyond the 

orbit of Mars and the perihelion distance is smaller 

than the Earth orbital radius. The orbital inclination 

of Itokawa is small (1.7 degs) so its orbital plane is 

quite near to that of the Earth (=Ecliptic plane). 

Therefore, Itokawa approaches the Earth and Mars 

frequently. In Fig.1, the positions of asteroids whose 

orbit are determined are also plotted. The asteroids 

plotted inside of the Mars orbit are members of Near 

Earth Objects (NEOs) and they may approach the 

Earth closely. Some of NEOs also spend some time 

in the main asteroid belt. Itokawa is one of the NEOs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1  Orbit of Itokawa 

The thick line is the orbit of Itokawa, and other 

lines are orbits of Mercury, Venus, Earth, and 

Mars, from inside to outside. The positions of 

asteroids on 1 September 2005 are also plotted. 

If an asteroid evolves on an orbit which makes it 

have planetary encounters, its evolution is chaotic. 

This means that the negligibly small difference in the 

initial condition will become very large quite soon. 

There is error in the determined orbit, and by this 

error we cannot predict its future orbit if the orbital 

evolution is chaotic. In such a case, it is also difficult 

to know the orbit in the past. Asteroid Itokawa is 

indeed in such situation. 

Orbital Evolution of Itokawa: When we study 

orbital evolution of celestial bodies in chaotic state, it 

is not enough to calculate their orbital motion simply. 

For example, in the case of Itokawa, the small error 

in the initial condition grows very rapidly, and after 

the calculation of about 200 years, the error becomes 

as large as the scale of the orbit itself. In order to 

know the orbital evolution for the chaotic motion, we 

consider many hypothesis objects (“clone”), whose 

initial orbits are slightly different from the nominal 

orbit. Then those orbits are calculated and studied by 

statistical methods. 

Orbital evolution on short time scale to the past: 

At first, we studied the orbital evolution of Itokawa 

on short time scale [1]. We generated 729 clones of 

Itokawa by changing the original orbit slightly. Then 

we calculated the orbital evolution of these clones to 

the past for about 5000 years. We found that the 

orbits of clones are almost identical for only about 

200 years to the past, but the orbits become different 

for each clone on timescales greater than 200 years. 

Therefore, as already mentioned above, the orbit of 

Itokawa can be estimated accurately only for about 

200 years. 

However we can also say that the orbit of Itokawa 

possibly existed near the present orbit at 5000 years 

ago. Fig.2 shows the orbit of all the clones at 5000 

years ago. Some of the clones have orbits which 

separate well from the others, but most of them reside 

in the dark belt, which extends around the current 

orbit. 

Orbital evolution on long time scale to the future: 

Next, we studied the orbital evolution of Itokawa 

about 100 million years in the future [2]. On such a 

long time scale, only a small number (39) of clones 

can be calculated due to computational cost. On such 

a long timescale, the orbit variation is quite large. 

Fig.3 shows how the orbits of clones change. We 

found that after about one million years orbits are so 
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scattered that the memory of the original orbit is 

completely lost.  

In this calculation, we found that the fate of 

Itokawa is most probably a collision with the sun or 

planets (Mercury, Venus, Earth, Mars). Only in a 

small probability, it collides with Jupiter, or it is 

thrown away farther than Saturn, or it is still alive 

orbiting in the near earth region. The probability of 

colliding with the earth is about once in one million 

years. The collision frequency of about Itokawa-size 

objects (about 500m) is said to be about once in 

several hundred thousand years, so the collision 

probability of Itokawa is rather high as only one 

object.  

Where Itokawa comes from: We estimated the 

origin of Itokawa by using a steady state model of 

orbital evolution of NEO [3]. Here we use NEO 

model of Bottke et al. [4]. The result is that Itokawa 

most likely comes from the 6 secular resonance or 

Mars-crosser region. This means that the most 

probable source region of Itokawa is the inner part of 

the main belt, which is consistent with the fact that 

Itokawa is S-type asteroid. However, it is difficult to 

know when the orbit of Itokawa became current one. 

The typical time scale of such orbital change is about 

several million years. Maybe we can get some clues 

from the observation by HAYABUSA. 

Summary: The orbital evolution of Itokawa is as 

follows: 

<Past> Itokawa originates from the inner part of the 

asteroid main belt, and was most probably injected 

into the 6 resonance or became a Mars-crosser 

before being a NEO. 

<Present> Itokawa is in an orbit that approaches the 

earth and Mars. The orbit motion is strongly chaotic 

and we can trace its orbit only for about 200 years. 

<Future> Itokawa will most probably collide with 

the Sun or a terrestrial planet. In a small probability, 

it remains alive more than 100 million years, or its 

orbit becomes larger than that of Jupiter. The 

probability of the collision to the earth is about once 

in one million years. 

In summary, Itokawa has evolved to the current 

orbit from the inner part of the asteroid belt, and it 

will collide with the sun or the planets (Mercury, 

Venus, Earth, Mars). This is the typical evolution of 

near earth objects. This means that Itokawa is likely 

representative of the NEO population and then, the 

information that HAYABUSA will provide will be 

important for Spaceguard as well as for the studies 

dedicated to the origin of asteroids and the asteroid-

meteorite relationship.  
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Fig.2 Orbits of Itokawa clones 5000 years ago 

The orbits of 729 Itokawa clones at 5000 years ago 
are shown. The orbits with dots are those of planets. 

Fig.3 Orbital evolution of 39 clones to the future 

At the beginning (left), all the orbits of clones are identical, but after one million years later they scatter very much (right). 
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