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« STEP project: Designing and constructing the UK’s first prototype fusion power plant with 1.5GW target for fusion
power by 2040, delivering net electricity and tritium self-sufficiency

« Large vacuum volume - plasma burn-through challenging
- Limited centre stack space - only small Central Solenoid (CS) possible ->constrained V,,,, and magnetic flux in V*s
« Essential to evaluate plasma initiation feasibility and uncertainties with validated workflow - Yfactory-DYON
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« Core Function: The Yfactory code is a specialized computational tool designed to invert a general linear
dynamical model using a state-space representation.
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« Primary Objective: The algorithm's main goal is to calculate the optimal state trajectory x(t) and control inputs
u(t) needed to meet a predefined, time-evolving target output vector y(t).

« Governing Dynamics: System dynamics are guided by standard linear state-space equations where x(t)
represents currents in magnetic coils and passive structures, and u(t) denotes the applied coil voltages.

« System Matrix Coupling: A = - R/L and B= 1/L, while C and D couple currents x(t) and voltages u(t) to diagnostic
outputs V., (t), B,(t) and decay index n (= -R/B,dB,/dR ). x(t) and u(t) are column vectors, and A,B,C, and D are
matrices.

« Practical Application: In tokamaks, Yfactory optimizes magnetic configurations for plasma initiation by
calculating feedforward current and voltage waveforms in poloidal field coils to track a target poloidal magnetic
flux.

« Engineering Constraints: The algorithm accounts for real-world hardware limits — such as maximum coill
currents, voltages, and ramp rates — by using regularisation techniques as penalty terms when limits are
approached.
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« Core Function: DYON is a comprehensive predictive model that simulates Townsend breakdown and plasma 0 500 1000 0 500 1DDD¢E
burn-through by integrating a full circuit equation with global energy and particle balance equations. =
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« Operational Accessibility: The model is highly accessible because it simulates complex plasma behavior using 2
only control-room-level inputs, specifically the pre-fill gas pressure and the time-evolving coil currents calculated 1000 — | 1000 S
by Yfactory.

« Breakdown Assessment: DYON computes a two-dimensional, time-varying poloidal flux map to rigorously
evaluate the Townsend breakdown criterion along individual open magnetic field lines.

1 a : # of ionisation per 1 metre of a seed electron travel
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 Dynamic Volume Tracking: The initial plasma volume at breakdown onset — which strongly impacts the
subsequent burn-through phase —is dynamically calculated by integrating the volumes of closed field lines and

qualifying open field lines.

« Burn-Through Simulation: After breakdown, the code simulates the plasma burn-through phase by solving a
coupled system of differential equations covering circuit physics, electron/ion energy balances, and particle
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- Early Townsend Breakdown: Although the induced V,,,, reaches a peak value of 15V at t=100ms, Townsend breakdown
is initiated significantly earlier.

* Impurity Burn-through: The applied V/,,, is high enough to overcome the radiation barriers of D and O, successfully
completing O burn-through (ionisation of O%*) at around 150ms.

* Flux Surface Closure: Following successful breakdown and burn-through, I, increases steadily, and magnetic flux
surfaces become fully closed by t=200ms.
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 Initial Null Configuration: For successful

. — inductive plasma initiation, a wide magnetic « Caveats: These DYON predictions are not yet final because STEP hardware design is still being refined, such as the
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