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We previously discovered the first evidence of a 
retrograde orbit of an extrasolar planet, HAT-P-7b (Narita 
et al. 2009) [1]. Although retrograde planets, which have 
orbits that run counter to the spin of their central stars, are 
absent in our Solar System, they occur in other planetary 
systems in the Universe. However, astronomers and 
planetary scientists did not know how such retrograde 
planets formed.

Generally speaking, planetary orbits are considered 
to be well aligned with the host star’s rotation, at least at 
the initial stage. Thus in a retrograde planetary system, it 
is expected that other bodies in the planetary system had 
altered the orbit of the retrograde planet.

We used the HiCIAO and HDS instruments of the 
Subaru telescope to search for such other massive bodies 
in the HAT-P-7 system. Consequently, we found a binary 
low-mass stellar companion at over 1000 AU, and another 
giant planet at over 5 AU in this system.

Then, how did the retrograde orbit of the planet 
develop? We consider that the existence of the companion 
star (HAT-P-7B) and the newly confirmed outer planet 
(HAT-P-7c) are likely to play an important role in 
forming and maintaining the retrograde orbit of the inner 
planet (HAT-P-7b) via the Kozai mechanism, a longterm 
process during which a more massive object has an effect 
on the orbit of another.

In the case of HAT-P-7b, we posited so-called “sequential 
Kozai migration” as an explanation of this retrograde 
planet. It suggests that the companion star (HAT-P- 7B) 
first affected the orbit of the newly confirmed outer 
planet (HAT-P-7c) through the Kozai mechanism, causing 
it to tilt. When the orbit of that planet inclined enough, 
HAT-P7c altered the orbit of the inner planet (HAT-P-
7b) through the Kozai mechanism, so that it became 
retrograde. This sequential orbital evolution of the planet 

is one of the scenarios that could explain the origin of 
retrograde/tilted/eccentric planets.

We have demonstrated the importance of this kind of 
follow-up observations for retrograde planetary systems 
to check for the presence of outer massive bodies, which 
may play an important role in understanding the entire 
picture of planetary migration. The findings provide 
important clues for understanding the origin of a variety 
of planetary systems, including those with highly tilted 
and also eccentric orbits [2].
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Artist's rendition of the HAT-P-7 system. We used the 
Subaru Telescope to discover the retrograde planet 
(nearest the central star), another giant planet (in the 
foreground), and a companion star (upper right) in this 
system.
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