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COMET SHOEMAKER - LEVY 9 IMPACT ON JUPITER: PLUME, 
EJECTA, AND SCALING OF FRAGMENT SIZE: Toshiko Takata, Geological 
Institute, University of Tokyo, Tokyo, 113 JAPAN 

Three-dimensional numerical simulations of long- term plume evolution induced by the 
impact of comet Shoemaker-Levy 9 (SL9) are presented. Results show that at 6 minutes 
after the impact, the ejecta starts to fall back on the Jovian atmosphere and 'splash back' is 
observed. However, the initiating time of splash back largely depends on initial conditions 
of setting the heat source. Ejecta pattern observed by Hubble Space Telescope is also 
reproduced by a simple particle model, in which the fall back ejecta produces the crescent 
shape feature. Analytical scaling relation between the impact energy of fragments of SL9 
and maximum plume heights is also presented. This scaling relation agrees with results of 
three-dimensional numerical analysis of impact of fragments of 2 0.5 km-size. 

[PLUME] Numerical analysis using SPH (Smoothed Particle Hydrodynamics) code 
is extended to realize the long-term (e.g. > 10' minutes) plume evolution and its falling 
back on the Jovian atmosphere. Variable kernel lengths of SPH particles are achieved 
so that particles can interact in a large space. Our previous three-dimensional numerical 
analysis for the first three minutes [I] shows that the shock wave propagates faster upward 
and backward of the entry direction due to the stratospheric structure of the atmosphere. 
The space of shock-heated atmospheric gas bounded by shock waves develops like a cone- 
shape open to the upward along the fragment trajectory. Therefore, in oder to conduct 
numerical calculations of long term-plume evolution, the heat source is assumed to be a 
swarm of gas particles ejected from a cone whose center-line inclined toward the trajectory 
with the angle of N 20" from the vertical direction. The total energy of swarm of particles 
is equivalent to the impact energy of 2 km-size fragment. 

Results show that the plume gas starts to fall back on the Jovian atmosphere at - 6 minutes after the impact and atmospheric gas ejects to the space like secondary 
ejecta [Fig.l]. It results in the atmospheric motion equivalent to 'splash back' [2]. It 
can contribute to the increase in the intensity of light curves observed by near-infrared 
telescopes [3] at N 6 minutes after the impact. However, the magnitude and the initiating 
time of 'splash back' largely depends on initial conditions of heat sources, such as, the size, 
the shape, and the total energy. 

[EJECTA] The feature of crescent shape, which is dark in the visible wavelength and 
bright in methane absorption bands, observed by Hubble Space Telescope is considered 
as the falling back ejecta [4]. To calculate the distribution of crescent shape-ejecta, a 
simple particle model is conducted. Gas particles are ejected from the cone-heat source in 
a constant gravity field, so that they expand and reach the maximum plume height of - 
3000 km. Then they fall back onto the Jovian atmosphere, assuming the deceleration at 
the altitude of - 1500 km due to the atmospheric gas pressure, and the vertical downward 
velocity of 1 km/s, while keeping the original horizontal velocity. On these conditions, the 
ejecta pattern of the crescent shape is realized at the altitude of - 800 km [Fig.2]. The 
temperature of the ejected atmospheric gas from the impact site is estimated - 2000 K 
and the principal cooling process of ejecta is radiation. Therefore, when the ejecta fall 
back on the Jovian stratosphere, a large difference of gas temperature between the ejecta 
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and hydrostatic atmosphere should still exist. 
[SCALING] Three-dimensional numerical simulations result in the log-scale relation 

between maximum plume heights (h) and fragment sizes (D) [5,6]. Applying the theory 
of explosion in the inhomogeneous atmosphere by Companeet [7] and the ablation model 
of meteoroids in the hydrostatic atmosphere [8] to the expanding shock-heated cavity, the 
relation of h oc (Dl In D)3 is obtained. This analytic scaling-relation agrees with the rela- 
tion between fragment sizes and plume heights estimated from the numerical simulations 
for fragments of 2 0.5 km-size. Therefore, the equivalent maximum plume heights of im- 
pact of 4 fragments (2700 - 3300 km) observed by HST [4] can only be explained by the 
equivalent sizes of these fragments. The expected difference in their sizes are within 10 %. 
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Fig 1. SPH simulations of plume evolution at 9 minutes after the impact of a fragment of 
2 km-size; (a) cross section along the trajectory of a fragment, (b) cross section from the 
earth orbit. 

Fig 2. Simple particle model of formation of crescent shape-ejecta; Horizontal distribution 
of ejecta, at 7, 22, and 30 minutes after the impact. Ejecta particles eject from the origin 
of the coordinate. 
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