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Introduction:  Impact processes have significantly 

influenced the formation and evolution of the solar 

system bodies. Average collision velocity of asteroids 

to the Earth is estimated to be about 13 km/s [1]. While 

the mean collision velocity between the main-belt aste-

roids larger than 50 km in diameter is 5.3 km/s, the 

mean impact velocity for high-inclination object such 

as Pallas is found to be much higher than the typical 

main-belt bodies (11 km/s) [2]. In order to understand 

the collisional evolution of asteroids, interplanetary 

dust particles, and debris discs, it is of importance to 

conduct impact experiments over a wide range of colli-

sion velocity. However, acceleration of macroscopic 

projectiles to velocities higher than 10 km/s has been a 

major technological challenge. Consequently, the de-

tails of impact ejection process at such impact velocity 

(higher than 10 km/s) have remained highly unknown 

so far. In this study, we conduct impact experiments to 

study ejection process at collision velocity higher than 

10 km/s using a GEKKO XII-HIPER laser at Institute 

of Laser Engineering of Osaka University in Japan [3]. 

Experiments:  Glass and aluminum spheres of 

about 100-300 µm in diameter were accelerated to or 

higher than 10 km/s by laser ablation and were shot 

into basalt and anhydrite blocks. When the laser beam 

irradiation starts, a part of the projectile sphere vapo-

rizes and creates high temperature plasma. The expand-

ing pressure of the resulting plasma accelerates the 

projectile. We observe the acceleration process of pro-

jectile using an X-ray streak camera and an X-ray fram-

ing camera. Aerogel blocks, 5 mm in thickness and 

aluminum foils, 0.8 µm and 10 µm or 0.1 mm in thick-

ness were deployed in front of the target in order to 

capture the ejecta from the target. They were covered 

with a stainless-steel plate, 0.5 mm in thickness with 3 

mm-diam. holes. In order to minimize the effect of the 

plasma on the target, aerogel blocks and aluminum 

foils, we placed an aluminum plate of 2 mm in thick-

ness as a shield between the projectile and the target. 

Projectile passes through a hole of 3-5 mm in diameter 

bored in the aluminum shield and collides with the tar-

get block. Figure 1 shows the experimental configura-

tion. We observed the surface morphology of the aero-

gel blocks and aluminum foils under an optical micro-

scope after the experiments. The surfaces of the aero-

gel blocks and aluminum foils were heavily damaged 

probably by the plasma. 

The most prominent crater was found on an anhy-

drite (CaSO4) cube target, 15 mm on a side (shot 

#32107). The projectile was aluminum sphere of 318 

µm in diameter and the impact velocity was 11.9 km/s 

according to the X-ray streak camera image. The im-

pact angle of the projectile was 71 degree from the 

surface. Apparent craters were not formed at some 

shots probably because the projectile was broken apart 

before hitting the target. 

We then analyzed the surface of the aerogel block 

used in shot #32107 by an Electron Probe Micro-

Analyzer (JEOL JXA-8900) and counted the number 

of particles which contain the target material. The larg-

est particles found on the EPMA images could be iden-

tified with those in the optical images. We also ob-

served and analyzed the aerogel block using a Scan-

ning Electron Microscope (JSM-5610) and X-ray 

Energy-Dispersive Spectroscopy. 

 

 
 

Figure 1.  The experimental configuration, where θ 

and φ denote the ejection angle from the target surface 

and the incident angle to the aerogel block or alumi-

num foil, respectively. 
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Results of shot #32107:  There were many par-

ticles on the aerogel blocks and a large number of very 

small holes were observed on the aluminum 0.1 mm 

foil. EPMA mapping analyses of two 3 mm diameter 

regions on the aerogel surface showed that most of the 

particles consisted mainly of aluminum. Since both the 

shield and the projectile were made of aluminum, we 

cannot determine the source of the aluminum particles 

found on the EPMA images. However, the total area of 

the aluminum is too large for the projectile-only origin. 

Some of the particles which contain the target ma-

terial (Ca or S) have nearly spherical shape that is in-

dicative of being melted by the high-velocity impact. 

Figure 2 shows a spherical particle, 40 µm in diameter, 

which is about a tenth of the projectile. We measured 

the area of the particles which contain the target ma-

terial (Ca or S). The equivalent area diameter was 

adopted as the particle diameter. Figure 3 shows the 

size distribution of ejecta, which ranged from a few µm 

to tens of µm in diameter. The raw number of the par-

ticles is converted to the number per solid angle, using 

the diameter of the region (3mm), the distance from the 

target and the regions on the aerogel (32.5 mm and 

32.8 mm) and the angle of the impact onto the aerogel 

(85 degree and 76 degree from the aerogel surface). 

The slopes between 3.4 and 45 µm of the red plots and 

blue plots are approximately -0.9 and -1.7, respectively, 

and are shallower than the previously obtained slopes ~ 

-2.5 for the fragments from basalt targets at ~ 4 km/s 

impact of 7 mm diameter nylon projectile [4.5], requir-

ing further intensive investigation. 

References:  [1] W. F. Bottke et al., (1994) In Ha-

zards Due to Comets and Asteroids (T. Gehrels and M. 

S. Matthews, Eds.), pp. 337-357. Univ. of Arizona 

Press, Tucson. [2] W. F. Bottke et al., (1994) Icarus, 

107, 255-268, 1994. [3] T. Kadono et al., J. Geophys. 

Res., accepted. [4] N. Asada (1985) J. Geophys. Res. 

90, 445-12, 453. [5]A. M. Nakamura et al, (1994) Pla-

net Space Sci., 42. 1043-1052. 

 

 

 

 

 

 

 

 

 

 

    

 
Figure 2. SEM image (a) and EDS spectrum (b) of 

nearly spherical particle captured on aerogel surface 

which contain the target material (Ca) at shot #32107 

(anhydrite target).  
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Figure 3. The cumulative size distribution of ejecta 

captured by aerogel in shot #32107. The red and blue 

plots correspond to the different ejection angles from 

the target surface. 
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