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Introduction One of the main issues threatening the success of future reactor-scale tokamaks
are disruptions. It is the sudden loss of confinement where the plasma rapidly dissipates a large
portion of its energy content onto the first wall, exposing the device to excessive mechanical
stresses, heat loads, and can lead to the formation of a runaway electron beam. Unmitigated
disruptions could potentially cause severe damage to the device and thus, modelling such events
is crucial for being able to assess the effectiveness of various mitigation techniques. The ITER
baseline disruption mitigation system will be based on shattered pellet injection (SPI) due to its
ability to rapidly inject material into the plasma to thermally radiate its stored energy, reduce
electromagnetic loads on surrounding conducting structures, and to inhibit the generation of
runaway electrons. In support of its development, a highly flexible SPI system was installed at
the ASDEX Upgrade tokamak (AUG) to investigate the impact of different fragment size and
velocity distributions on the disruption dynamics [1].

In this contribution, a one-dimensional fluid model of the plasma was applied using the
DREAM code [2], which is used to compare with AUG experiments the evolution of the plasma
current and the fraction of the initial energy content that is dissipated as radiation. The plume of
fragments is generated by sampling fragment size and velocity distributions that depend on vari-
ous injection parameters, such as the speed of injection. The goal of this work is both to validate
with experiment and to asses the impact that statistical variation in the fragment distributions

has on the resulting disruption dynamics.

Random sampling of fragments The generation of the fragment plume is performed in two
steps: a rejection sampling of fragment sizes, utilising an analytical distribution function for the
characteristic fragment size following the pellet break-up [3, 4]; and then assigning velocities
to the individual fragments. The fragment size probability distribution depends on the injection

speed, shattering angle and pellet composition — here being a mixture of deuterium and neon. It
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related with the relevant SPI parameters in a comparison to experimentally measured fragment
size distributions [4]. Fragments are sampled from this distribution in sequence until the total
volume of all fragments exceeds the pellet volume. In doing so, the total number of fragments
will depend on the specific random seed used during the sampling process.

In the second step, fragment speeds and directions are sampled independently from one an-
other. The speeds are sampled from a normal distribution, where the mean fragment speed
(Vfrag) is assumed to be given by the average of the injection speed v;j,j and its component par-
allel to the shattering surface at an angle of 6; = 25°, i.e. (Vfrag) = Vinj(1 +cos 6;)/2, and the
spread in speed is assumed to be Avgp,e / <Vfrag> = 20% [5]. Finally, each fragment is assigned
a direction in which it traverses through the plasma, which is sampled uniformly from the unit

sphere within a cone with an opening angle of 20°.

Simulation setup To emulate the effect of the stochastisation of the magnetic field that causes
the thermal energy to subsequently quench, an enhanced radial transport of heat, particles and
poloidal magnetic flux is applied as the electron temperature reaches below 10eV within the
resonant g = 2 surface. In practice, this is done by increasing a number of transport coefficients
to some maximum value that exponentially decays over a timescale of 1 ms. This is relevant in
three equations that are solved with the DREAM code, one of which is a modified version of
Faraday’s law of induction

e Vi + 5 {wtquma%t%} . M)
Together with Amperes’ law, equation (1) governs the evolution of the plasma current. It in-
cludes a hyperresistive term that acts to relax the current density while conserving the helicity
content of the plasma [6]. This results in a brief spike in the plasma current before it subse-
quently decays, and by setting Apax = 107> Wb?m/s, we observe similar magnitudes in the
current spike as seen in experiment. The electron thermal energy is evolved by an energy bal-

ance equation
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which includes Ohmic heating, radiative cooling and collisional heat exchange with other parti-
cle species present in the plasma, and a diffusive transport, for which we set Y, max = 102 m? /s

— its order of magnitude motivated by previous ASDEX Upgrade disruption simulations with
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Figure 1: Comparison of the plasma current evolution for varying contents of injected neon in experiment

measured data (black) and simulations (red). Each simulation is run 20 times using different random seeds while

sampling fragments.
ASTRA [7]. Each ion charge state is evolved according to the rate equation
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where the first term denote changes due to ionisation and recombination, the second is material
deposited by the fragments as they ablate (plasmoid drifts are neglected). The last term describes
advective and diffusive particle transport that is set equal across all ion species to be A; max =

—10°m/s and Dj max = 10°m? /s [7].

Neon fraction dependence compared with experiment Each simulation uses initial condi-
tions from the representative AUG shot #40655, for which kinetic profiles and magnetic equilib-
rium data is available by the reconstruction framework IDA [8]. Only the injection parameters
are modified between the various shots, mainly the fraction of neon fye in the pellet. To assess
the statistical variations when sampling the fragments, each simulation is run 20 times with

varying random seeds.
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For the same set of shots, we also compare
the fraction of radiated energy f;,q with experimental estimates [9]. fi.q 1S the fraction of the
initial total energy that gets dissipated as radiation during the duration of the disruption, and
is a metric of the mitigation effectiveness. Figure 2 shows how simulations agree well with
experiment in both magnitude and scaling in fxe., except for pure deuterium pellets, where f,q is
underestimated in our simulations. Again, this could possibly be due to the lack of background
impurities in the current simulation setup. Including a small amount of tungsten in coronal
equilibrium at the start of the simulation would introduce an additional channel for radiative
losses, which could yield higher f;,q for trace amounts of neon. It could also conceivably cause
an earlier trigger for the transport event, effectively decreasing f;,q for the higher neon contents.

This is something we intend to investigate in the future.
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