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1. COMSOL Simulation parameters:
Table S1: COMSOL Simulation Parameters.
	Category
	Parameter
	Value / Description

	Particle Properties
	Particle Type
	Alpha particles 

	
	Beam Velocity (vbeam​)
	1.63×107 m/s (241Am, ~ 5.5 MeV)

	
	Beam Current (Ibeam​)
	38 fA

	
	Relativistic Factor (γ)
	1.0015

	
	Generalized Perveance (K)
	7.5153×10−12

	Source Configuration
	Number of Sources
	4 point-like sources

	
	Radius of Each Source (rbeam​)
	1.5 mm

	
	Emission Pattern
	Isotropic

	
	Particles per Release (N)
	1,000

	
	Total Particles Simulated
	200,000

	Geometry
	Chamber Type
	Cylindrical

	
	Chamber Radius
	0.17145 m (6.25 inch)

	Fields
	Magnetic Field Strength (B)
	0 T and 3 T (uniform axial)

	Meshing
	Max Element Size
	0.0391 m

	
	Min Element Size
	0.00284 m

	
	Element Growth Rate
	1.4

	
	Curvature Factor
	0.4

	
	Narrow Region Resolution
	0.7

	Solver Settings
	Study Type
	Stationary (field) + Time-dependent (particle tracing)

	
	Time Range
	0 to 2.5×10−7 s

	
	Time Step Size
	3.0×10−9 s

	
	Relative Tolerance
	1×10−5





2. Alpha particle trajectories as a function of beam current: 
[image: ]
Figure S1: Alpha particle trajectories as a function of beam current.
(a–c) show the trajectories of an alpha particle beam emitted at a 30° angle from a source with a radius of 1 cm, with an energy comparable to that of 241Am alpha particles. The applied axial magnetic field is 3 T. The beam current is varied as follows: (a) 3 A, (b) 30 A, and (c) 300 A. 
COMSOL simulations were conducted using Particle Tracing Module to investigate the impact of space charge effects on the alpha particle trajectories as a function of beam current, shown in Figure S1 (a—c), under an applied axial magnetic field of 3 T. The alpha particle beam was emitted at a 30° angle from a source with a radius of 1 cm, with an energy comparable to those of 241Am alpha particles (5.5 MeV). The beam current was varied across three levels: keeping emission angle fixed at 30° and varying the emission current magnitude across three cases: 3 A, 30 A, and 300 A. The alpha particle beam was emitted at a 30° angle from a source with a radius of 1 cm, and the particle energy comparable to those of 241Am alpha particles. For each case, we maintained the number of particles per release, N = 1000. The effective frequency of particle release can be calculated using following equation S1.1
	
	(S1)


Where, I is the specified release current magnitude, N is the number of particles per release, and q is the elementary charge of an alpha particle (~ 3.2×10−19 C, accounting for its +2e charge). Using this expression, the estimated release frequencies for 3 A, 30 A, and 300 A are approximately 9.375×1015, 9.375×1016, and 9.375×1017 releases per second, respectively. These values illustrate the scaling behavior of particle injection as a function of emission current and allow us to analyze the resulting space charge-driven trajectory divergence, as shown in Figure S3 (a—c). The color axis represents the radial displacement of each particle from its initial position, highlighting the degree of trajectory deflection due to space charge effects. As the beam current increases, mutual Coulomb repulsion leads to visible distortion in particle paths. Although these high current regimes exceed the conditions in our current experimental setup, we include this scenario to illustrate the onset of space charge effects under intense beam conditions. It is observed that significant beam divergence occurs only at very high currents (300 A), which is practically unattainable. Note that actual fission fragments (q = +22e) will exhibit greater divergence (>2×) due to their higher charge-to-mass ratio and broader energy distribution. These results support the broader conceptual development of high-current alpha particle confinement for advanced propulsion systems, such as the FFRE.

Reference:
1.	Particle Tracing Module User’s Guide.  https://doc.comsol.com/6.1/doc/com.comsol.help.particle/ParticleTracingModuleUsersGuide.pdf.
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