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Fig. A-1. Schematic figure of gypsum targets after impacts: (a) cratering region, (b) transition region, in which

flank of the target was chipped off.
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Table A1 Experimental Conditions

Run No. Impact
Mass Mass  Velocity Angle

Maximum
fragment size

g kg km/sec degree g
<Disruption of Cubic target>

DC0 0.21 1.166 4.34 0 237.3
0_21 0.11 0.749 3.84 0 447.7

D45-1 0.21 0.935 4.44 45 223.4
D45-2 0.21 1.072 4.30 45 366.0
D45-3 0.21 0.900 4.00 45 296.5
D45-4 0.21 1.650 4.28 45 779.0
D45-5 0.11 0.299 4.60 45 46.6
D70-1 0.21 0.633 4.08 70 185.6
D70-2 0.21 0.630 4.17 70 176.0

<Disruption of spherical target>
DSp-1 0.21 0.465 2.12 0 291.3
DSp-2 0.21 0.457 2.00 0 288.8
DSp-3 0.21 0.599 2.00 45 551.5

Table A2 Impact angle dependence

d e R
Q* 461 -1.17 0.86
Q*cos �i 440 -0.98 0.90
Q*cos1.5�i 400 -0.96 0.89
Q*cos��i 342 -1.00 0.86
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Fig. A-2. Specific energy and mass fraction of the largest fragment: (a) data from cratering experiments and

impact on spheres are included with single impact angle dependence of cos�i. (b) data from cratering experiments

are excluded and degree of impact angle dependence was varied.
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Fig. B-1 Sample pictures of the experimental run No. 0_02.   (a) Settings  from a top-

view camera. A coordinate, initial positions of the target, a scale, and a section of a crater made by

this impact are overlayed on the pre-impact picture with a set of fragment collecting cells. (b) ( 51

msec) to (d) (55 msec) Sample frames from this run in the later phase. Fragments were outlined and

named. In this series of pictures, fragments outlined in red and green were checked. Too see the

move of the fragments obviously, sample frames were picked up every 10 frames (every 2.2 msec).

(a)
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(b) 51 msec

(c) 53 msec

(d) 55 msec
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Fig. B-2 Sample trajectories of the experimental run No. 0_02. The direction of the

z-axis is opposite to the Fig. B-1. The coordinate and the crater made by this impact are shown in

the first figure. 376 fragments out of 910 fragments were listed here. These figures include the

fragments those were rejected after measurement and analysis as fragments after secondary colli-

sions. Because, in this pick-up phase, I’ve checked as much fragments as possible, aiming to check

all the fragment observable. With these trajectory polts, collected data for each fragment are checked.
 - 167 -



 - 168 -



  - 169 -



 - 170 -



 - 171 -



Fig. B-3 Sample velocity measurement plots of the experimental run No. 0_02.
the x-axis represents the time after impact, and the y-axis represents the positions of the fragments.

In this velocity measurement phase, trajectory of each fragments was checked again, and fragment

showing some strange movement will be rejected.
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Fig. C-1. Sample frames of rotation measurements: Rotation of a fragment No. 01 out of the experiment No. 0_06.
The fragment on each frame was outlined manually.
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Fig. C-2. Fragment dimensions with the time
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Fig. D-1. Ejection time from the target surface and ejection velocity of each fragment: The slit was not

employed in empirical No. 0_06, and it was employed in those No. 0_01 and 0_02. Ejection times of the empirical

run No. 0_02 were calculated for two cases: the surface of the target was set as it was planed, the surface of the target

was set 10 mm backward.
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Fig. D-2. Histograms of ejection time from the target surface: Ejection times of the empirical run No. 0_02 were

calculated for two cases: the surface of the target was set as it was planed, the surface of the target was set 10 mm

backward.
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Fig. E-1. Schematic figure of the concentric regions, the crater, and the slit.
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