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Ion Beam Far-Field Plume Analysis for Near-Earth Asteroid Defense

SONG Yeqing"®, LIHaochen"?, ZHANG Weijie"’, WANG Zeyang’, REN Junxue’, ZHANG Zun'

(1. Deep Space Exploration Laboratory, Hefei 230071, China;
2. National Key Laboratory of Deep Space Exploration, Hefei 230000, China;
3. School of Astronautics, Beihang University, Beijing 100083, China;
4. School of Space and Earth Sciences, Beihang University, Beijing 100083, China )

Abstract: To address ion beam deflection requirements for near-Earth asteroid defense, the plume characteristics and
divergence mechanisms of ion thrusters were examined, establishing a far-field plume simulation framework based on PSuM. Taking
the LIPS-300 thruster as an example, far-field ion beam plume simulations were conducted for typical defense scenarios. The
evolution of atomic number density distribution, ion number density and potential distribution, ion velocity distribution, and axial
momentum flux in vacuum were analyzed. Results indicate that within 35 meters of the target asteroid surface, the effective thrust
experienced by the asteroid could be considered equivalent to the rated thrust at the ion thruster nozzle. Beyond this distance, the
effective thrust diminished due to plume diffusion increasing with axial distance. Within 175 meters of the asteroid surface, the
effective thrust generated by the ion beam could satisfy the requirement to deflect a 50-meter-class near-Earth asteroid by one Earth
radius within five years. This study preliminarily verifies the engineering feasibility of ion beam deflection technology, providing
reference for mission design of ion beam-based near-Earth asteroid deflection operations.

Keywords: near-Earth asteroids; planetary defense; ion beam deflection; far-field plume

Highlights:

e The plume characteristics and divergence causes of ion thrusters are analyzed.

e Taking the LIPS-300 thruster as an example, far-field plume simulations were are conducted.

e  When the spacecraft is within 35 meters of the target asteroid’s surface, 100% momentum transfer efficiency can be achieved.

e When the spacecraft is within 175 meters of the asteroid’s surface, the effective thrust generated by a single ion thruster can

deflect a 50-meter-class near-Earth asteroid by one Earth radius within five years.
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