An Insight into the Solar System History through the Size Distribution of Jupiter’s Trojans
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Introduction

The Jupiter Trojans are asteroids sharing the orbits with Jupiter,

Size distributions of the L4 and

(1)The number ratio of L4 to L5 (L4/L5) is 1.3~2.5. The L4

We investigated the cumulative size distributions (N(>D)ecD®) of population is larger than L5 one.

but lay 60 degrees ahead or behind of Jupiter. We call the leading
swarm the L4 Trojans, while the trailing swarm the L5 Trojans. 2538
Jupiter Trojans have been discovered so far (Aug. 10, 2008). The
Trojans are far from the Earth and darker than main belt asteroids.
That's why the knowledge of Jupiter Trojans has been limited,
especially about physical properties. However, two systematic
asteroids surveys performed recently (SDSS and SMBAS) revealed
the size distribution of Jupiter Trojans with a wide size range of 2 km
to 200 km in diameter. The surveys estimated the total population of
the L4 and L5 swarms. Meanwhile, several theoretical studies
proposed the origin of Trojans. Specially, people think the best
model of planet migration is the Nice model which was proposed by
**** et al. (2005). It can explain the complicated dynamical structure
of TNOs, the orbital distribution of current Jupiter Trojans (especially
inclination distribution) and the timing of Late Heavy Bombardment.

The Nice model suggests the origin of Jupiter Trojans is the Kuiper
belt objects. Along the Nice model, Molvideri et al. (2005) simulated
the orbital evolution of the Kuiper belt objects defused by Neptune
which was scatterd by Saturn on the eccentric orbit when the Jupiter
and Saturn got into the 2:1 resonance at the early stage of the solar
system, and then found that a part of the Kuiper belt objects were
trapped into the Trojan orbits by Jupiter and represent the orbital
distribution and total mass of current Trojans. However, the Nice
model can not explain the population asymmetry of the L4 and L5
swarms which recent asteroid surveys found.

Here we explain our asteroid survey : SMBAS which is the

the L4 and L5 Trojans separately.
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Fig.2 Size distributions of L4 (top) and L5
(bottom) Trojans from SMBASs. The box
histograms show the differential H, distribution
and the crosses with error bars show the
cumulative H, distribution. Each upper abscissa
represents the diameter corresponding to the H,
by assuming an albedo of 0.04. The solid and
dashed lines in the top panel show the best-fit
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Fig.3 Fig.3 Composite cumulative size
distributions of L4 (top) and L5 (bottom)
Trojans. The scale values for combining are
adjusted to the above distributions from
three surveys and Trojan catalog to coincide
each other at H=9.7, 12,1 and14.1 mag in
the top panel. The ordinate scale values of

(2) The slope of cumulative size distribution is about 2.2 in

both swarms in the size range of 5 to 200 km in
diameter. Namely the size distribution is identical in the
both swarms.

(3) As for small asteroids (D<5km), the slopes are different

between L4 and L5 swarms. The slope of L4 swarm is
shallower than L5.

There are two possibilities.

(a) planet migration, (b) long term perturbation from Saturn
(a) Gomes 1998, AJ 116, 2590 —

>The hypothesis of planet
migration was tested by
numerically integrating orbits =
of Trojan-type asteroids.
>He found that there is a
significant trend of Jupiter
Trojans survivors to the L4
point and most Trojans are
expelled in the beginning of
the migration when
asymmetry between L4 and
L5 is established. After that,

<= Table.1 of Gomes 1998, AJ 116, 2590

(b) Freistetter 2006, A&A, 453, 353
>A long term perturbation from Saturn
causes an asymmetry for the size of

this asymmetry is maintained
through the migration
process.

stable area around L4 and L5 points of
Jupiter. The larger stable area around
L4 may be related to the larger
population of L4 swarm.

the bottom panel are adjusted at H=9.7 and

deepest survey for Jupiter Trojans. Coupling the observational e
mag.

results and theoretical studies, we will discuss the formation process
of Jupiter Trojans.

slopes of b=2.4+/-0.1 for 5km<D<10km and
b=1.3+/10.1 for 2km<D<5km, respectively. The
solid line in the bottom panel shows the best-fit

slope of b=2.1+/- 0.3 for 2km<D<5km. Table.1 Slopes of cumulative size distributions
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Total populations of the L4 and L5 Trojans

the MBAs survey. The survey areas We made a new surface density model of Trojan cloud using the
are a bit off from the exact positions of known L4 Trojans.
Lagrangian points. But we could . L Trojansi 1996 Sop. 12)

detect many Jupiter Trojans, as well

as MBAs. The observations were ~
done at oppositions. The R-filter g
was used. z

Selection of r Trojans

Fig.1 Ecliptic longitude and latitude e wi L4
components of apparent motions of asteroids
detected in SMBAS-I (left panel) and SMBAS-
Il (right).

£ . s L The relative velocity of Earth to

: L asteroid get largest at opposition.
3 . If we observe near opposition, we
can easily distinguish asteroids in
N each group of solar system

£ H=M, -5log{a(a -l ) ..Mv: apparent mpgriiess Wi thel-patiensemi-major axis.

We chose asteroids having ~ -8
arcmin/day velocity as Jupiter
Trojans.

Detected Jupiter Trojans

probably the same origin

FOV. of Suprime-Cam ~ 0.25 deg?

‘

SMBAS- 2001.Feb.22, 25
Our surveys have been planned as

Generally, separate asteroid groups have different size distributions.
Thus, it is natural to think almost identical size distribution suggests the
same origin. Since the relative impact velocities and impact probabilities
in L4 and L5 swarms are not so different (Davis et al., 2002, in
ASTEROID lll, p.548), colligional evolution in both swarms would not
be so different. From visual and near infrared spectroscopic
observations, Dotto et al. (2008, Icarus, 183, 420) found that the L4
and L5 Jupiter Trojans swarms are very homogeneous population.

The result of their observations may be one of evidence that the both
swarms are originated from the same source.

Observing point

We calculated sky number

i densities of each mesh. Then

we estimated the total number

so that the estimated sky

number density matched the

observed sky number density.

Sky number densities

32°ahead of L4 14.7/deg?
22°behind of L5 13.8/deg?

SMBAS

A possible idea is the proto-planetary gas drag.

Peale 1993, Icarus 106, 308 oTespOnIng LM
>The stability of small planetesimals in the
presence of a 13 M, proto-Jupiter and of
the nebular drag was investigated. o
»>He found that during growth of Jupiter, the
the orbits of Trojans can be stabilized at L5
than at L4.

Marzari & Scholl 1998, Icarus 131, 41 g
>The trapping rate in Trojan orbit in the :
presence of growing Jupiter and gas drag
was investigated.

Fig.4 Sky plot of the positions in ecliptic
coordinates for 970 known L4 Trojans at the
opposition of 1996 Sep.12 (top). The
histogram was composed of positions of 970
Trojans at 10 oppositions. Latitudinal Estimated total number (D>2km)
marginal distribution of 9700 Trojans (left)
and longitudinal marginal distribution of the L4 (6.3£1.0)x 10*

L5 (3.4+0.54) x 10¢

same obijects as the top panel (right).
The number ratio of total population from SMBASs L4/L5=1.3~2.5
The L4 swarm has a larger population than L5. According to SDSS data analyzed by >They found that L5 has more trapped bodies
Szabo et al. (2007), the number ratio is L4/L5=1.6=20.1 (for D>10km). than L4 for small Trojans.
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The detection limit was ~ 24
mag (corresponding to 2km in
diameter) in our both surveys.

Motion, Brightness — Size

Asteroid diameter (D) is estimated from its absolute magnitude (H).
The H is estimated from apparent magnitude and distance of
asteroid by following equation.

H=M, -5Slog{a(a-1)}

On the estimation of H, we assumed the mean color V-R of 0.48
based on known Trojan's data, because we used the R-filter.
According to Dotto et al. (2006 Icarus, 183, 420), Jupiter Trojans are
quite similar in their spectra. Hence, a color deviation from the
assumption of V-R=0.48 would affect the diameter estimate less
significantly than does the uncertainty in a estimate, the latter being
up to 20 %. Since we observed asteroids at opposition, we did not
consider the phase effect. We ignored light variations due to
asteroid's spin.

The a is estimated from the apparent motion of the asteroid. Since
we can't determine the orbital eccentricity from the short term
observation, we assume all asteroids have circular orbits (as for the
estimation of a, and the evaluation of the errors, see our papers).

The D is calculated by the following equation.

logD(km) =3.31-0.5logA-0.2H A:albedo=0.04

Here, we assumed albedo of 0.04, which is a typical value for the
primitive small solar system bodies.

Mv: apparent magnitude with the V-band,
a: semi-major axis.
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