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We present here a plan in 3 steps to design an orbiting debris remediation system comprised of a super-wide 
field-of-view telescope and a novel laser system operating from the International Space Station (ISS). The 
EUSO (Extreme Universe Space Observatory) telescope has been designed for operation onboard the ISS for 
the detection of ultra-high energy cosmic rays. Equipped with 2.5 m optics and a field of view of ±30 degrees, 
the EUSO module can also be utilized for the detection of high velocity fragmentation debris in orbit near the 
ISS. Once detected, the CAN laser system will deliver a sequence of pulses to the debris surface inducing 
ablation and hence momentum impulse to reduce its velocity. The range of the detection/removal operation can 
be as large as 100 km. We will use a step by step approach employing ISS : 1) Proof of principle 
demonstration of the detection (and, if possible, laser impulse technology) with ISS based small prototype 2) 
Technical demonstrator debris removal that consists of the EUSO telescope for the detection and a 1.5 m 
Cassegrain telescope with a space CAN laser for tracking and impulse delivery for debris re-entry, and 3) A 
free-flyer mission dedicated to debris remediation in a polar orbit with the alititude ~800 km. 

  

This document is provided by JAXA.
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Concept of our technical demonstrator 
of the laser removal 

• EUSO 
– Detection 
– Position and velocity 

• Crude determination  

• CAN laser system 
– Search beam 
– Position and velocity 

• Fine determination 

– Shooting Operation 
 

アブレーションによる反力 

Lindahl et al. 2013 

This document is provided by JAXA.
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Mourou et al. 2013, nature Photonics, 7, 258-261 

Space CAN laser system 
CAN=Coherent Amplify Network 

This document is provided by JAXA.



宇宙航空研究開発機構特別資料　JAXA-SP-14-013432

Reaction Force by Laser Abration 

Reentry by reaction force of  
laser ablation 

This document is provided by JAXA.
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Three steps of debris removal 
• Target Debris 

– a=1-10 cm、 d～100 km、ｖrel～1-10 km 
• Detection（～0.1 seconds） 

– EUSO telescope ±30° 
– position（Δθ<0.07°）and velocity (1%） 

• Tracking（～1 seconds） 
– Cssegrain telescope（1.5m）（～1 seconds） 
– Pencil beam illumination（Δφ～0.07°Δτ～1ns） 
– position（Δθ<10-6 rad, ΔR～1 km） 

• Laser Shooting（～10 seconds） 
– Ep～10 J、Rｐ～104 Hz 

 
 

JEM-EUSO and Mini-EUSO 

This document is provided by JAXA.
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Detection Limit 

Three steps of demonstration 

1. Mini-EUSO on ISS 
– Proof of  Principle Mission 
– 25 cm UV telescope 

2. EUSO class telescope (K-EUSO) on ISS 
– Technical Demonstrator for Laser Removal 
– 2.5 m UV telescope CAN Laser System 

3. Dedicated Removal Mission 
– Dedicated system of Laser removal 

 

This document is provided by JAXA.
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Laser Shooting Operation  

1. Mini-EUSO 

• Proof of principle system  
• Selected by ASI asVUS-2 (Human Space Flight 

2)  
• Russian International Collaboration  mission 

– long-term program of space experiments on the 
ISS 

• Detection   
• Tracking 

– and Irradiation by Lidar (if possible) 
 

This document is provided by JAXA.
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Mini-EUSO mechanics 

• Experiment 
“Relaxation” on the 
ISS 

15th International JEM-EUSO Meeting 17 

Mechanical interface with UV window could be similar. 

Decision of STAC! 
• From the May, 26 the 

experiment is included 
in the long-term 
program of space 
experiments on the ISS 

15th International JEM-EUSO Meeting 18 

This document is provided by JAXA.
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Three steps of demonstration 

1. Mini-EUSO on ISS 
– Proof of  Principle Mission 
– 25 cm UV telescope 

2. EUSO class telescope (K-EUSO) on ISS 
– Technical Demonstrator for laser Removal 
– 2.5 m UV Telescope CAN Laser System 

3. Dedicated Removal Mission 
– Dedicated system of Laser removal 

 

2.EUSO class telescope  
(K-EUSO) on ISS 

• Technical demonstrator of Laser Removal 
• 2.5m UV telescope FoV=±30° 
• 1.5 m Cassegrain for tracking 
• CAN laser system 100 kW and 104Hz 
• Operation Range: 100 km 
• 10 (Backward)-300 (forward) debris  

 
 

This document is provided by JAXA.
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K-EUSO 
補正レンズ 
(EM, PFM/FM) 

PMTs  

大気モニタ用レーザー 

Debris Flux at ISS orbit (~400 km) 

This document is provided by JAXA.
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Reduction in orbit radius  
by an operation 

Three steps of demonstration 

1. Mini-EUSO on ISS 
– Proof of  Principle Mission 
– 25 cm UV Telescope 

2. EUSO class telescope (K-EUSO) on ISS 
– Technical Demonstrator for laser Removal 
– 2.5 m UV Telescope CAN Laser System 

3. Dedicated Removal Mission 
– Dedicated System of Laser Removal 

 

This document is provided by JAXA.
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3. Dedicated Debris Removal System  

• Polar orbit from 1000 km→600 km 
• 2.5 m EUSO + Space CAN laser (500 kW) 
• Operation Range: 100km 
• 103(backward)-105 (forward) operation 
• Most of debris (1-10 cm can be remove) 

Polar orbit (~800 km) 

This document is provided by JAXA.
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Parameters of Systems 
Prototype on 

ISS 
Technical 

Demonstrator on 
ISS 

Dedicated system 

Target Debris Size (cm) >1  10>a>0.5 10>a>0.5 

Target Debris Distance (km) 10-100 100 100 

EUSO Aperture (m) 0.25 2.5 2.5 

EUSO FoV ±14° ±30° ±30° 

Tracking Optics (m) 0.1 1.5 1.5 

Laser system Solid state 104 fibre 104 fibre 

Pulse Energy (J) 0.1 10 10 

Pulse Duration (ns) 1 0.1 0.1 

Repetition rate (kHz) 0.1 10000 50000 

Average power (kW) 0.001 100 500 

Event per year 20-30 
(detection) 
2-3 irradiation) 

10 (backward) 
300 (forward) 

105(forward) 
103(backward) 

Summary 
• Reentry by Laser Ablation: 1-10 cm 
• Laser ejection from Space craft 

– Detection EUSO telescope 
• Super wide field（～60°）, super high speed
（~microseconds） 

– Tracking system of 1.5 m and CAN laser (100-500 W) 
• Three steps 

– Mini-EUSO: IUV window on ISS 
– EUSO+ CAN laser on ISS 
– Dedicated free flyer  polar orbit 1000 km→500 m 

• Rotation suppression: ~1W 

This document is provided by JAXA.
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気球実験 
CNES+JEM-EUSO  Collaboration 

気球飛行 2014 August 23 

This document is provided by JAXA.
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Laser flasher event 

光学試験 

This document is provided by JAXA.
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Laser track 
Event profile 

Helicopter equipped with laser and 
xenon flasher (NASA funding) 

This document is provided by JAXA.
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無事着水 

 

This document is provided by JAXA.




