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Mitigation of RE at JET with shattered D2 pellets
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  Power balance at equilibrium: sources = losses a-heating  n 2 v DT (T) Energy confinement time additional heating Internal energy  nT Towards ignition: the triple product (Lawson) 5 Self-heated Fusion (ignition) nT  E > 6 10 21 m -3 .keV.Strong anisotropy of the transport: // to B >>  to B  Fast homogenization of magnetic flux surfaces  Magnetic surfaces are (at leading order) isobar, iso-temperature, isocurrent Lorentz Strong anisotropy of the transport: // to B >>  to B  Fast homogenization of magnetic flux surfaces  Magnetic surfaces are (at leading order) isobar, iso-temperature, isocurrent  Lorentz force balances pressure gradient WEST (CEA Cadarache) Tungsten (W) Environment Steady state Tokamak JET tokamak (EU) Focus on three critical issues:  Fast particles: hybrid MHD, turbulence  Plasma-wall interaction: the kinetic side  Coulomb collisions: towards an efficient (non-linear) operator Y. Sarazin Plasma-wall interaction  the divertor 13 Interface with plasma facing components: in general, hot & diluted plasma  emission of impurities  inefficient pumping  Preferable solution: dense, cold & radiating plasma  appropriate device = divertor  Heat exhaust (10 MW.m -2 )  Pumping ashes (He)  Controlling impurity influx  Fueling the plasma with D-T  Resilience to transient heat loads at JET with shattered D2 pellets [Reux et al., PRL 2021] Disruptions = sudden (few ms) loss of confinement  Huge forces on plasma vessel  Runaway Electron beam v e  c  up to 100 MJ in ITER  Strategies: detection, avoidance and/or mitigation Ideal MHD approach valid if w >> k.v & k  r << 1 Vertical instability [Artola 2021] JOREK [Huysmans 2007; Czarny 2008; Hoelzl 2021]  Works well for ideal global modes (w  A  1) Numerical bottlenecks:  Implicit schemes to filter out fast time scales  Small resistivity (h ITER 10 -9 )  small scales (h 1/2 )  Nonlinear dynamics is important (e.g. crashes, …)  Inversion of (very) large sparse matrices Mainly governed by // motion:  Different electron & ion inertia  Space electric charge @ wall  Large E // in the sheath  Accelerates ions / confines electrons  Vanishing current the wall  Bohm (fluid) criterion: v i =  c s at sheath entrance [Bohm 1949; …; Riemann 1991; Stangeby 2000; Ghendrih 2011] v (2ef/m e ) 1/2 F e (v)  Physical & numerical issues:  Strongly distorted distribution functions (non-Maxwellian)  Broad range of scales: L //  2pqR >> l sheath  l D  Kinetic Bohm criterion?  Important role of reflected ions [Martinez-Sanchez 2015]  100m  10 -4 m
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