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Abstract: Laser propulsion has emerged as a promising technology for revolutionizing space exploration by 

offering rapid and efficient spacecraft propulsion. This paper proposes a novel system that integrates dense corona 

discharge with electrical mechanisms to significantly enhance the efficiency and effectiveness of laser propulsion. 

Leveraging plasma physics and laser technology, this system harnesses the synergy between dense plasma and 

laser-driven propulsion, significantly exceeding the capabilities of conventional systems. Theoretical analysis and 

computational simulations reveal the potential for increased thrust, improved energy conversion efficiency, and 

enhanced controllability, paving the way for next-generation spacecraft propulsion technologies. 
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1. Introduction 

 

he realm of space propulsion is undergoing a paradigm shift with the innovative fusion of lasers and plasma. 

This amalgamation unlocks a plethora of possibilities for revolutionizing propulsion efficiency and 

capabilities. By capitalizing on the unique properties of lasers (precision, controllability) and plasma (high energy 

density, fluid-like behaviour), a new frontier in propulsion technology is being pioneered [1]. 

 

This integration offers a multitude of advantages over traditional methods, including: 

 Enhanced Thrust Generation: Combining lasers with plasma can achieve significantly higher thrust 

levels compared to conventional systems. 

 Improved Energy Conversion Efficiency: Energy utilization becomes more efficient, enabling further 

travel distances with the same fuel resources. 

 Precise Control and Maneuverability: Lasers offer unprecedented control over plasma, allowing for agile 

spacecraft maneuvering and targeted trajectory adjustments. 

 Temperature Control and Stability: Controlled laser interaction with plasma ensures a predictable and 

consistent propulsion performance through precise temperature and flow dynamics management. 

 Reduced Propellant Consumption: By manipulating plasma behavior with lasers, propellant 

requirements can be minimized, increasing mission duration and payload capacity. 

 Reduced Wear and Tear: Optimized laser-plasma interaction can minimize system wear and 

tear, extending spacecraft lifespan and reducing maintenance needs. 

 Space Debris Mitigation: The intense energy of lasers can be used to alter the trajectories of space 

debris, preventing collisions and safeguarding operational spacecraft. 
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These diverse potential applications highlight the transformative potential of laser-plasma propulsion in 

revolutionizing space travel. 

 

2. Literature Review 

                                Figure-1: Solar Sail [Image Courtesy: Breakthrough Starshot] 

Laser propulsion is a beam-powered technology where a remote laser source (often ground-based) provides 

energy, separate from the reaction mass carried onboard. This differs from conventional rockets, where both 

energy and reaction mass come from onboard propellants. The basic concepts of photon-propelled "sail" systems 

were conceptualized by Eugene Sanger and György Marx, while laser-energized rocket concepts emerged in the 

1970s with Arthur Kantrowitz and Wolfgang Moeke. Laser propulsion relies on the momentum transfer generated 

by laser beams interacting with a material, propelling the object forward [3-5].  

3. Scientific Methodology 

This research investigates the feasibility of combining dense corona discharge with electrical mechanisms to 

augment the efficiency of laser propulsion. This system utilizes the interaction between high-powered lasers and 

dense plasma to generate propulsive plasma waves. By analyzing research papers from peer-reviewed journals 

and authoritative websites, the intricate dynamics of this interaction are explored. The generated plasma waves 

serve as the driving force for spacecraft propulsion, enabling rapid acceleration and improved manoeuvrability. 

4. Research Overview 

Figure-2:  Artist Concept of Laser Plasma Propulsion System 

• Laser-plasma interactions have garnered significant interest for space propulsion due to their potential 

for high-thrust and efficient systems [6]. When a high-energy laser interacts with dense plasma, a plasma wave is 

created, which can be harnessed for thrust generation. 
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• This approach holds promise for developing more powerful and efficient thrusters compared to 

conventional methods, potentially revolutionizing spacecraft capabilities. However, it's crucial to acknowledge 

that this technology is still in its early stages of development and implementation. Further research and 

development are necessary to address challenges and ensure its viability for real-world space travel. 

5. Results and Discussion 

Our research study demonstrates the promising potential of utilizing high-beam lasers interacting with dense 

plasma to generate propulsive plasma waves for efficient and powerful space propulsion systems. This technology 

offers significant advantages for enhanced spacecraft maneuverability and exploration capabilities. Nevertheless, 

it's crucial to emphasize that the practical application of this technology is subject to further research and 

development. Addressing technical challenges and ensuring system reliability are essential steps before real-world 

space travel implementation. 

6. Conclusion 

The interaction between high-beam lasers and dense plasma has the potential to revolutionize space travel by 

enabling more efficient and powerful propulsion systems. This technology holds promise for advancing spacecraft 

maneuverability and exploration capabilities. However, continued research and development are necessary to 

overcome current limitations and ensure practical implementation. This underscores the critical role of ongoing 

research and experimentation in the field of laser-driven plasma-based propulsion systems for unlocking the vast 

potential of space exploration. 
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