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Abstract

This paper outlines a conceptual systems-level architecture for future high-flux fusion
power systems, with emphasis on survivability, adaptive maintenance, neutron moderation,
thermal buffering, and layered shielding ecology. The framework intentionally avoids
claims of solving fusion and instead focuses on integrating known and emerging
engineering directions into a coherent maintenance-oriented architecture. Specific
shielding lattice geometries, neutron-routing topologies, and repair-thread
implementations are intentionally omitted from this public version.

1. Introduction

Modern fusion development faces multiple simultaneous constraints including plasma
stability, neutron damage, thermal loading, material fatigue, maintenance accessibility, and
economic runtime viability. Current research often addresses these problems as separate
engineering domains. This paper proposes a conceptual architecture that treats the reactor
as an adaptive survivability ecology rather than a static containment vessel.

2. Design Philosophy

The proposed architecture is based on five principles:

e Layered survivability rather than single-material solutions.

» Adaptive plasma management using sensor-driven magnetic topology control.

¢ Modular maintenance and replaceable shielding regions.

 Separation of thermal, moderation, capture, and containment functions.

* Runtime resilience through distributed systems rather than monolithic structures.

3. Adaptive Plasma Ecology

The reactor concept assumes future integration of dense sensor networks, predictive
control systems, Al-assisted instability management, and adaptive magnetic field shaping.
Multiple magnetic systems are assumed to operate simultaneously for confinement, edge
stabilization, and helium ash routing. The objective is not perfect static confinement but
dynamic plasma ecology management.

4. Thermal and First-Wall Architecture

The conceptual architecture uses a circulating molten thermal interface layer as a sacrificial
and self-refreshing first-wall system. This layer is intended to absorb edge thermal events,
reduce direct solid-wall exposure, and support continuous thermal extraction and impurity
management.



5. Neutron Moderation and Shielding Philosophy

The architecture treats neutron handling as a layered process involving slowing, scattering,
capture, and damage localization. Pressurized hydrogen-rich moderation regions are
integrated with structural survivability layers and downstream capture materials. Exact
moderation lattice geometry and neutron-routing topology are proprietary and omitted
from this publication.

6. Modular Survivability Architecture

The shielding system is conceptualized as segmented and maintainable rather than
permanent. Runtime survivability is improved through isolated maintenance regions,
modular replacement strategies, distributed thermal extraction, and adaptive maintenance
cycling. This approach reduces reliance on hypothetical immortal materials.

7. Candidate Material Directions

Candidate material families discussed conceptually include SiC/SiC composites, boron-
bearing materials, refractory backing structures, hydrogen-rich moderation systems, and
adaptive composite architectures. Long-term neutron survivability remains an unresolved
engineering challenge.

8. Runtime Maintenance Philosophy

The architecture assumes future fusion systems will require continuous diagnostics,
modular shielding replacement, remote servicing, and adaptive runtime management. The
objective is not zero degradation, but controlled degradation within serviceable operational
windows.

9. Remaining Challenges

Major unresolved challenges include:

¢ Long-term neutron damage.

e Tritium handling and containment.

¢ Plasma sustainment economics.

¢ High-flux materials survivability.

* Maintenance complexity.

¢ Full-system economic viability.

This paper does not claim these issues are solved.

10. Conclusion

This work proposes a conceptual shift from static fusion containment toward adaptive
layered survivability systems. The architecture presented here is intended as a framework
for future discussion, simulation, and engineering exploration rather than a finalized
reactor design. Several implementation details related to shielding geometry and neutron-
management structures remain intentionally undisclosed.
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