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The generation of runaway electrons (RE) during
massive material injection (MMI) in both present-day
and future fusion devices, such as ITER, is described
adequately only under consideration of kinetic effects in
the presence of partially ionized impurities [1][2]. The
importance of these effects is demonstrated in first-of-a-
kind integrated simulations of massive gas injection
(MGI), background plasma evolution, and RE generation
in artificially induced disruptions in ASDEX Upgrade
(AUG) [3]. A solid understanding of the processes
governing electron runaway is mandatory to ensure
successful operation of ITER through design of an
effective disruption mitigation system, since RE currents
of several MA generated during a disruption can severely
damage plasma facing components, thus jeopardizing the
ITER mission. Experimental investigation of RE
generation in present-day devices, e.g. at AUG [4][5], is
therefore complemented by computational studies.

For the simulation of RE generation following MMI,
a toolkit based on the coupled 1.5D transport codes
ASTRA-STRAHL [6][7] has been developed [3]. The
background plasma is evolved by ASTRA, evaluating the
macroscopic  transport equation 0tY=—VFY+Sy.
Similarly, the density of individual impurity charge states
is evolved by STRAHL, considering rate coefficients for
electron-impact ionization and recombination from
ADAS [8]. In the process, impurity radiation is calculated
for application as an energy sink term. The generation of
REs can be described either by aforementioned state-of-
the-art models [1][2] or by commonly used formulae
[9][10]. The implementation of the latter in ASTRA has
been verified successfully against calculations by the
disruption code GO [11].

Modeling RE generation in AUG discharges of argon
(Ar) MG, the evolution of key plasma parameters (such
as plasma current evolution, line integrated electron
density, etc.) is calculated well in agreement with
experimental observations. Importantly, experimental
observations can be explained in this framework only
through application of state-of-the-art models for
electron runaway in the presence of partially ionized
impurities [1][2]. Neglecting aforementioned Kkinetic
effects by describing RE generation through commonly
formulae, simulations fail to capture experimental trends,
such as e.g. onset of RE generation and magnitude of
post-disruption RE current. Consequently, kinetic effects

in the presence of partially ionized impurities are crucial
to describe electron runaway during MMI.

In the simulations presented, injection of material
into the confined plasma is well described by a 1D
approach. Despite the complexity and 3D nature of MGI
using individual gas valves, the approach chosen is found
suitable as e.g. the line integrated electron density is
reproduced. Here, neutral Ar is assumed to propagate
from just outside the LCFS into the core plasma with

thermal velocity vy, =+/T/m = 246 m/s until being
ionized. The transport of ionized material is governed by
both neoclassical and MHD phenomena. As the bulk of
the material injected reaches the g = 2 surface, an MHD
(m,n) = (2,1) mode and higher harmonics are excited,
giving rise to additional transport [6]. To describe this
effect, a OD model of transport coefficients decaying
exponentially with time is found suitable; the magnitude
of which is determined from one AUG discharge [3].
The same coefficients can also be applied in simulations
of other, similar AUG discharges. Still, further studies
using a non-linear MHD framework will have to assess
the applicability of the chosen transport coefficients.

Since the toolkit presented is found suitable for the
study of electron runaway in MMI scenarios, the impact
of varying impurity amounts, species and composition
(in particular the impact of D, admixture [1]) on RE
generation is to be explored further and compared to
experimental observations (see e.g. [11]).
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