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Introduction
◉Collisions between particles in disk structures

◦ Low-velocity collisions ( < cm-m/s) among mm-m sized particles 
occur in disk structures.

◦ The outcome of collisions are important
⁃ Sticking?  Rebound?  Fragmentation?

Saturn’s ring Protoplanetary disk



Previous Studies
◉Low-velocity impact experiment
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Redrawn from Supulver et al, 1995

Ice Ball

Ice Block

Pendulum
Apparatus

• Free-fall setup
 vi > 10cm/s

⇒ free-fall height of 
0.51 mm

• Pendulum system
 vi < 1 cm/s

• Low-gravity
 vi > 1 cm/s 
 drop tower or 
 parabolic flight
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Previous Studies
◉Observation of impact experiments
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• High-speed camera
時間分解能: Δt = 2 ms
空間分解能: 120 μm /pix

• Laser displacement meter
時間分解能: Δt = 50 μs
空間分解能 1μm
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Experimental Method
◉Experimental condition

◦ Sample preparation and impact experiment 
were conducted in a cold room at -15 °C.
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a ba b

Porous ice samples Ice samples
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Laser

Target

Impactor

Electro
magnet

◉Low-velocity impact experiment (2023 ver.)
◦ Impactor was dropped on target freely (vi = 10-100 cm/s).
◦ The release of ball was controlled 
 by an electromagnet.
◦ Time displacement of ball position was 
 measured by 1D laser displacement meter.
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◉Low-velocity impact experiment (2025 ver.)
◦ Impactor was dropped on target freely (vi = 10-100 cm/s).
◦ The release of ball was controlled 
 by an electromagnet.
🆕 No-rotation dropping system

◦ Time displacement of ball position was 
 measured by 1D laser displacement meter.
 🆕 2D laser measurement is also available

Electro
magnet

Acrylic 
Box

Target

LaserImpactor
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◉Restitution coefficient
◦ The ratio of the rebound velocity to 

the impact velocity.
◦ This value Indicates the energy 

dissipation during collision.
◦ 𝜀 = 	 ⁄!! !"
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Appendix
◉Sample preparation

◦ Small icy grains (~100μm) were formed by freezing small water 
droplets splashed in liquid nitrogen. 

◦ Samples are formed from small these icy grains.
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