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Runaway electrons (RE) are one of the consequences of tokamak plasma disruptions. They 

may form multi-MA beams of electrons up to several MeV. Avoidance or suppression of such 

beams is therefore required to ensure reliable operation of future tokamaks. Shattered Pellet 

Injection (SPI) is the disruption and runaway mitigation method planned for ITER [1]. An SPI 

system similar to the ones foreseen for ITER was recently installed on JET. REs ccould be 

generated in JET with argon shattered pellets at high toroidal magnetic field in a similar way 

as with Massive Gas Injection (MGI). Conversely, pre-emptive injection of a deuterium 

shattered pellet before a disruption that would have generated REs leads to RE avoidance; but 

a full-blown RE beam is generated if the pellet arrives a few milliseconds later than the 

thermal quench, similarly to MGI. The success of late mitigation of a full-blown RE beam 

depends on the characteristics of the companion plasma collisionnally coupled to the beam. 

High-Z shattered pellet injections lead to a higher resistivity of the companion plasma/RE 

beam system, which accelerates the RE beam current decay and destabilizes it vertically. A 

significant RE current remains when the beam hits the plasma facing components, leading to 

localized energy deposition. The effect is qualitatively similar to mitigation performed with 

MGI [3]. On the other hand, late mitigation of the RE beam by a deuterium shattered pellet 

leads to a lower resistivity of companion plasma, leading to an increase of the RE current in a 

similar way to DIII-D observations [4,5]. Despite a current up to 1.2 MA, the termination of 

the RE beam happens in these cases in only a few ms, with no apparent localized damage. 

The final kink instability leading to the RE loss does not lead to conversion of magnetic 

energy to kinetic energy. The RE current is converted to ohmic current which decays on its 

resistive timescale. A model of the coupling between the cold companion plasma and the 

runaway beam is proposed with a focus on the final termination phase. The extrapolability of 

deuterium-induced benign RE termination scenarios for ITER is discussed. 
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