Novel Magnetic Confinement Topologies for
Fusion Energy

Compact Steady-State Reactor Design Research

Research Focus

Investigation of alternative magnetic field geometries for plasma confinement in fusion reactors,
specifically targeting configurations that challenge conventional tokamak constraints while
maintaining or improving confinement stability. The objective is not incremental optimization of
existing designs but systematic exploration of the broader design space for magnetic confinement
fusion.

Conventional Constraints Being Questioned

Tokamaks dominate fusion research due to their demonstrated plasma stability, but they inherit
fundamental limitations: large physical scale required for adequate confinement time, complex
superconducting magnet systems, pulsed operation requiring periodic shutdown for current drive,
and geometric constraints that make maintenance access difficult.

The research question: Which of these constraints are fundamental physics limitations, and which
are artifacts of the historical development path? Can alternative field topologies achieve stable
confinement in more compact, steady-state, or maintenance-friendly configurations?

Approach

First-principles analysis of magnetic field topology requirements for stable plasma confinement.
Rather than starting from existing reactor designs and optimizing parameters, the approach
begins with the physics constraints (pressure balance, MHD stability criteria, particle and energy
confinement) and systematically explores what field geometries satisfy those constraints.

Key Investigation Areas
+ Steady-state field configurations — eliminating pulsed operation and the need for current
drive systems

- Compact confinement geometries — reducing reactor scale while maintaining adequate
confinement time

« Alternative coil topologies — simplifying magnet systems and improving maintenance
access
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« Plasma stability regimes — identifying naturally stable configurations requiring minimal
active control

Technical Challenges

Magnetic confinement is fundamentally a balance between plasma pressure (pushing outward)
and magnetic field pressure (pushing inward). Small deviations from equilibrium grow into
instabilities unless the field geometry provides natural restoring forces. The challenge is finding
geometries that are simultaneously:

- MHD-stable against major disruptions (kink modes, interchange modes)
« Capable of confining fast particles (alpha heating essential for ignition)

« Manufacturable with realistic magnet technology

« Accessible for maintenance and component replacement

Distinction from Tokamak Optimization

This is not stellarator research (which also explores alternative geometries but typically requires
complex 3D coil systems). The focus is on configurations that may be geometrically simpler or
operationally more practical than either tokamaks or stellarators, accepting that they may require
different approaches to achieving ignition conditions.

Current Status

Theoretical investigation phase. Exploring field topology space using first-principles MHD stability
analysis. No experimental hardware or simulation infrastructure at this stage — this is conceptual
design space exploration to identify promising configurations warranting further computational or
experimental validation.

Potential Impact

If successful, alternative confinement geometries could enable fusion reactors that are more
compact, easier to maintain, or capable of steady-state operation compared to conventional
tokamaks. This addresses practical engineering constraints that currently make fusion
economically challenging even if ignition is achieved.

The goal is not to compete with ITER-scale tokamak programs but to explore whether parallel
development paths might reach practical fusion energy through different design philosophies.
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