Neutral Pressure Gauges in Fusion: Model Validation and Real-Time Control from AUG/W7‑X to ITER/SPARC and beyond.
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Neutral pressure at the plasma boundary is a key observable for validating physics-based plasma models and for real-time fueling and exhaust control in the operation of magnetic confinement fusion devices. Linear hot‑cathode ionization manometers provide absolute neutral density measurements with kilohertz temporal resolution in strong magnetic fields and the harsh in-vessel environment. This talk summarizes the learnings and open questions encountered during the operation of pressure gauges at ASDEX Upgrade (AUG) and Wendelstein 7-X (W7-X), as well as our laboratory-led development of ITER manometers, with ongoing deployment on SPARC.
The talk explains the operating principle and engineering of these specialized linear manometers, including feedback-controlled thermionic electron emission, the acceleration and oscillatory motions of electrons, signal chopping, the ionization of neutrals, and the measurement of the ion current. The talk motivates the development history of various sensor heads, with a focus on electron emitter concepts, including thoriated tungsten wire used at AUG, LaB6 at W7-X, and indirectly heated ZrC, which is foreseen for ITER and SPARC.
At AUG, 25 toroidally and poloidally distributed gauges, which are integrated into real-time machine control, provide the most comprehensive neutral gas measurement coverage worldwide for tokamaks. The same holds true for the stellarator W7-X, which has 18 measurement heads installed. Coupled to plasma edge codes, by e.g., the EIRENE package, these measurements are an important basis for code validation. This is particularly true for core-edge integrated solutions, where the achievable neutral compression is a key factor in overall plasma performance and the resulting wall loads.
[bookmark: _GoBack]Finally, key challenges for applying this diagnostic in future devices are addressed. Sudden ion-current “jumps” can lead to multiple sensitivity states of the device, thereby increasing the measurement uncertainties by up to 30%. Extending the pressure range to some tens of pascals without reaching the manometer saturation limit and ensuring the functionality at high magnetic fields is another important task that meets the demands of future fusion reactors. These challenges will be addressed by a comprehensive 3D gauge model, which is currently being developed and carefully validated in the 8T magnet of the neutral-gas laboratory. When combined with potentially improved electron emitter concepts, the model should guide the design of further prototype gauge heads that are best suited to the variety of upcoming fusion experiments and, ultimately, commercial fusion reactors, where reliability, radiation hardness, and lifetime are of the utmost importance.  
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