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    A disruption in a tokamak is a sudden loss of plasma confinement. During a disruption the 

stored energy is dissipated on the ms timescale, resulting in potentially damaging thermal heat 

loads on plasma facing components (PFC) and electromagnetic forces on the vessel structures. 

Disruptions typically consist of a thermal quench (TQ) followed by a current quench (CQ). The 

TQ is characterised by the conduction of thermal energy to the PFC. The CQ is the dissipation 

of electromagnetic energy through resistivity in the plasma and coupling to vessel structures. 

High electric fields can arise during the CQ, causing electrons to be accelerated to relativistic 

velocities often resulting in runaway electron (RE) beams. This is of significant concern to 

ITER as the high energy of the electrons and potential for localised impact can lead to damage 

of in-vessel components. 

    A versatile Massive Gas Injection (MGI) system exists on TCV that is capable of injecting 

controlled quantities of gas and multiple gas species during a discharge. Five piezo valves 

capable of opening and closing in 0.3ms regulate the gas injection. The valves are operated by 

independent power supplies and gas lines, permitting injections of chosen gas species or flow 

rates during the discharge. Varying the gas reservoir pressure and valve opening duration 

controls both the total injected quantity and the flow rate allowing for the injection of gas 

quantities between 1-2% and 5000% of the plasma particle content within 10ms. This 

versatility allows the investigation of three areas of tokamak physics: transport of impurities 

without significant perturbation to the plasma, disruption avoidance experiments using plasma 

destabilisation without an immediate disruption and disruption mitigation studies. 

    Transport studies have been conducted using controlled injections of Krypton and Xenon 

into a stable plasma. Here, the transient behaviour of impurities as they moved into the core 

and any poloidal asymmetries are probed. Disruption avoidance studies were performed with 

this MGI system through controlled injections of Neon that destabilise NTMs. This approach 

produced a reliable disruptive scenario on which the real-time control system could be 

optimised with the goal of closing the control loop capable of detecting a destabilised NTM 

and switching the discharge trajectory to a safe shutdown. 

    Disruption mitigation studies, using injections of over 10x the plasma bulk content, were 

explored on TCV. Pure Neon and Argon injections are employing with further experiments 

planned that explore mixtures of these gases with Deuterium. Over the last five years, TCV has 

developed reliable recipes to create RE beams with a range of injection gases and maintain 

them for over a second. Experiments explored the mitigation of RE beams through Krypton 

and Xenon gas injection and the use of Deuterium injection to flush the background plasma 

with the goal of mitigating the current carrying channel and reheating the plasma again. 

    This paper presents the technical details of the MGI system including aspects such as 

magnetic shielding design and flow rate calculations. Examples of its use in experiments will 

demonstrate the applicability of such a system and the new range of physics studies it has 

enabled on TCV whose primary goal is to address disruption mitigation physics. 
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