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Laser Ablation

Space debris poses an escalating threat to safe and 

sustainable use of space. To tackle this problem, several 

strategies are being explored, including spacecraft design 

enhancements, mission program revisions, space traffic 

management, and active space debris removal. 

 A promising approach for debris removal involves laser 

ablation, which employs laser-induced plasma techniques to 

adjust debris trajectories, facilitating safe re-entry into Earth's 

atmosphere for termination of debris or sending debris to 

graveyard orbits. This presentation will explore the use of 

nanosecond pulsed laser ablation (with fluence around 100 

kJ/m^2 and a 6 ns pulse duration) to develop efficient 

methods for space debris removal. 

 Furthermore, femtosecond pulsed laser ablation (with a 

100 fs pulse duration) will be investigated for its unique 

directional plasma plume, enhancing control in debris 

removal. This research will address key challenges, including 

real-time tracking and targeting, and showcase the potential 

of ground-based laser targeting in space for debris removal.

Change in Orbital Momentum

• Pulsed laser pulses provide unique opportunity for mass 

removal from materials including space debris

• Mass removal from laser ablation is highly dependent on 

laser pulse properties namely laser pulse duration and 

laser wavelength

• Typically, shorter wavelength and ultrafast femtosecond 

pulses lead to greater mass removal, which could be 

utilized for momentum change of space debris.

For this presentation, the orbits of ENVISAT, SL-16R/B 

and METEOR 3M were propagated. These three 

pieces of debris were chosen as they are no longer in 

use and pose an increased threat in Low Earth Orbit 

for future space missions4.
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The change in momentum will facilitate whether the debris can be slowed down enough to fall 

into Earth’s atmosphere or sped up enough to be pushed into a graveyard orbit. 

In this example, ENVISAT’s semi-major axis was reduced by 1000 km, scaled, and graphed 

against its original orbit which was also scaled. Earth’s atmosphere is also shown to see 

whether or not the new orbit will be pulled into the Earth’s atmosphere. 

The change in orbital angular momentum would come from a laser pulse and the energy 

released due to laser ablation. The pulse and subsequential ablation would affect the velocity of 

the satellite and thus, the momentum. 

The MATLAB function ode45 was used to solve the 

ordinary differential equations with high accuracy over 

a given time vector. For the example cases in this 

presentation, a time vector equal to one period of the 

specified objects orbit was used. 

In order to propagate and model orbits, MATLAB was 

used to solve the equations of motion for a two-body 

orbital dynamics problem3. The function solves the 

equations using a 6x1 state vector containing the x, y, 

and x position vector and the x, y, and z velocity 

vector. The function returns a 6x1 vector containing 

the x, y, and z velocity vector and the x, y, and z 

acceleration vector.
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Fig. 1 Laser ablation process explained for nanosecond and 

femtosecond laser pulse, Harilal et. al. 1

The image to the left shows the experimental set-up for 

conducting laser ablation studies. A pulsed laser (ns, fs) will 

be used for the ablation of surrogate space debris samples in 

a lab in a vacuum chamber. The plasma plume will be 

characterized using a spectrograph and ICCD detector. 

The goal will be:

• To estimate momentum change achieved using ns and fs 

laser ablation

• Role of laser wavelength, pulse duration and pulse energy 

on momentum change

• Role space debris material on laser ablation process.

Overall, this momentum change will be utilized in the 

modeling of orbits.

Fig. 4 Experimental setup for laser ablation 

studies in conjunction with plasma 

characterization studies

Fig. 2 and Fig. 3 ICCD time-integrated images of emission from 

ns and fs laser ablation in vacuum, displaying directionality of 

plasma for ultrafast laser pulses, Freeman et al.2 

This provides further opportunity for momentum manipulation of 

space debris using laser ablation

Fig. 5 MATLAB code for the equations of motion for a 

two-body system

Fig. 6 MATLAB code to solve the equations of motion

Fig. 7 ENVISAT Orbit for One Period (100 min)

Fig. 8 SL-16R/B Orbit for One Period (102 min)

Fig. 9 METEOR 3M Orbit for One Period (105 min)

• This study analyzes how a change in momentum due to laser ablation would affect a 

piece of space debris in Low Earth Orbit.

• Models of different orbits based of a state vector obtained via classical orbital elements or 

two-line elements will be utilized to illustrate the orbit of an object before and after the 

momentum change.

• Laser ablation will further be studied to observe how the pulse and strength of the laser 

affect both the mass removal and subsequent change in momentum and trajectory.

Fig. 10 ENVISAT Orbit for One Period (100 min)  Before and After a Semi-Major Axis 

Deduction of 1000km Due to a Change in Orbital Angular Momentum
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