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Impact cratering experiments on basalt targets were performed. Aluminum and steel spheres were impacted to basalt targe
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From Hadley Circulation to Superrotation: effects of equator-off heating on the transition

of atmospheric circulation
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Yasufumi Seking&, Hiroyuki Kurokawa*, Taishi Nakamot6
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IEarth and Planetary Sciences, Tokyo-Tech

The oblique angle of planetary rotation axis is thought as one of the most important parameters for the atmospheric circulatior
We study the effects of equator-off heating on the transition from Earth-like Hadley cell to Venus-like superrotation. The effect
of equator-off heating drives the seasonal variation of the atmospheric circulation.

We use a simple model; axisymmetric primitive equations on the spherical coordinates with the Boussinesq and Newtoniat
cooling approximation. The thermal Rossby number(RT ), the horizontal Ekman number(EH), and the latitude at which radiative
equilibrium potential temperature is maximum(f0), are treated as parameters. We construct the numerical calculation model an
integrate until the steady-state is established, however for some sets of the parameters the steady-state is not established bec:
of symmetric instabilities. A measure of a rigid rotation, Rg, and a measure of the intensity of superrotation, S, are introduced a
Yamamoto et al. (2009). Also we attempt to describe the effects by analytic calculations.

We find that when f0 increases, Rg decreases, and larger EH is needed to transit from Hadley cell to a rigid rotation, becaus
the zonal winds inside and outside the Hadley cells lose the component of a rigid rotation and gain the component of a non-rigit
rotation. We make the expression of the divisional latitude between the summer and winter cells as a function of S, RT and f(
for large EH. S decreases with increasing fO for large EH . In the case of two cells for large EH , the main upward transport of
the angular momentum through vertical wind at the divisional latitude between the summer and winter cells is effective and the
total transport of the angular momentum through vertical wind is upward because of the difference between the distribution of
upward flow and that of downward flow.
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Radiative effect on the type | migration
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Gravitational interactions between a low-mass planet and a gas disk are one of the most important physical processes in pla
etary formation. A planet excites density waves in a disk, of which the tidal torque acts on a planet and leads to the migratior
of the planet. This is known as the type | migration of a planet. A planet migrates toward a central star on a shorter timescale
than a lifetime of a disk. Previous studies adopted a disk with the constant temperature distribution and did not take into accour
the energy transfer in a disk. However, it was shown that density waves can be altered by a thermal structure of a disk. A plane
might move away from a central star (i.e., outward migration) if the entropy gradient of a disk is negative.

Yamada and Inaba (2010, MNRAS) studied the type | migration of planets in disks, considering a cooling effect of gas due to
radiation. They found that the total torque exerted on a planet by an adiabatic disk decreases with an increase in the power la
index of the entropy distribution. The torque changes the sign from positive (outward migration) to negative (inward migration)
at a= - 0.4, wherea is the power law index of the entropy distribution. They also found that the total torque decreases with an
increase in opacity of a disk if a cooling effect is taken into account. The type | migration is influenced by opacity of a disk.
Yamada and Inaba used a constant opacity in a disk even though it is expected to change in a disk because it depends on:
temperature.

We study the type | migration of a planet in disks with various opacities. We find that the total torque acting on a planet by a
disk strongly depends on opacity of the disk. We adopt a more realistically opacity model and find that the sign of the total torque
could change in a zone of a disk. Planets formed in other regions of a disk migrate toward the zone. Accumulation of planets i
the zone might accelerate further growth of planets.

0o0o0d0:0000,000000,0000,000 1,000,000
Keywords: migration, gravitational interaction, accretion disk, type | migration, density wave, radiation
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We have investigated the possible origin of the irregular satellites in the asteroid belt. The irregular satellites might not be
formed by accretion in a circumplanetary disk, as were the regular satellites. The inclination distribution and large semimajor
axes of the irregular satellites tell us that they must have formed elsewhere and later been captured into their current orbits aroul
their host planets. The original places where irregular satellites were formed have not been clarified so far. However, their low
albedo (around 0.05) derived from the observations may indicate that they are physically similar to asteroids rather than Kuipe
belt objects. Our study has been started on this observational indication.

The process of temporary capture of particles by a giant planet has been investigated by many authors. However, the effe
of another planet on the capture process has not been clarified. How effective/ineffective is Saturn in the capture of asteroid
by Jupiter? To answer the questions we calculate the orbit of mass-less particles initially distributed around the asteroid belt (2
5AU) under the perturbations by Jupiter and Saturn. Jupiter and Saturn have their current masses and in circular orbits with the
current semimajor axes. These two planets have no gravitational interaction between them (so-called restricted circular 4-boc
problem). During the calculation, we count the number of encounters of the particles within the Hill radii of Jupiter and Saturn
as the irregular satellite candidates (hereafter J-, S-candidates).

We find that (1) asteroids can be transported near both Jupiter and Saturn, (2) the number of J-candidates is about three timr
larger than that of S-candidates, and (3) the existence of Saturn is ineffective in the capture by Jupiter and changes the favor
conditions for capture.

On our poster paper, we will show the detailed results and analytical expression of them, and discuss the consistency of tt
produced candidates by our calculations and the observational results referring to the scenario of the long-term dynamical evol
tion of the captured objects around planets proposed by several authors so far.

gooob:b0booo,bbb,0on
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