CHALMERS

Runaway dynamics: sliding and screening
T. Fiilop!, O. Embréus’, L. Hesslow!, M. Hoppe!, G. Papp?, A. Stahl! and G. Wilkie!

Y Dept. of Physics, Chalmers University of Technology, Goteborg, Sweden

2 Max-Planck-Institute for Plasma Physics, Garching, Germany

We describe a theoretical framework for studying the effects of
partial screening and collisional nonlinearities on runaway electron
(RE) dynamics. We find significant enhancement of the collision
frequencies due to partial screening, already at sub-relativistic
electron energies. We show that Ohmic heating and the rate of heat
loss play an important role in transition to slide-away.

Motivation

e Improved understanding of RE formation and decay processes are of
prime 1nterest for the safe operation of large tokamaks.

Kinetic modelling

e CODE [1, 2] models acceleration in sub-Dreicer electric-fields, colli-
sions, avalanche RE generation and radiation losses.

e NORSE [3] 1s a fully nonlinear relativistic tool, that can be used even
when the runaway population becomes comparable to the thermal
population or when the electric field 1s of the order of the Dreicer field.

Effect of partial screening [4, 5]

e Generalized collision operator including partial screening
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e Model elastic collisions quantum-
mechanically using density func- -
tional theory [5]. ESl
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e Assume fast pitch-angle dynamics in Fokker—Planck equation [8]:
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where f = p?f. Averaged force balance: (e E!) = min, prs.

e Up to triply ionized argon ny, = 0.1np (synchrotron neglected) [9]
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e Using Fokker—Planck solver CODE with 0-D inductive electric field
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Nonlinear effects

e Electric field heats up the electrons. Heating can induce a transition to
the slide-away regime.
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Distribution function in a NORSE run with a constant electric field of £ = 0.15 V/m, ne =5 - 1019 m_g,

Zog = land B = 0 T. At the initial temperature 7, = 5.11 keV, we have F/Ep = 0.035 and
E/EC — 35.

ITER-like scenario with heat sink (HS) [10]

e E-field evolution calculated using linear tools [11]

e NORSE calculations show slide-away 1s reached early on in this
scenar10. Nonlinear treatment necessary to capture dynamics

e No HS: all energy supplied by the electric field remains;
Weak HS: energy removal rate is restricted to 0.5 MW/m?;
: keep bulk temperature at 10 eV.

e Energy reached by runaways depends strongly on time to slide-away
transition (a few particles to high energy or many to low energy)

| | s [ = T ‘
15 b) | h No HS b) -
. | h = = Weak HS ‘
INN | h Strong HS
a | ;
s |
=5y | : _ | No HS
| : //\ 1015 — — Weak HS
V Strong HS
0 el 1 1 1 T BRI
5 Itn 6 tw 7 tg 8 9 10 0.01 0.1 1 10 50

T — tTQ (ms) pH

(Left) Effective normalized E-field strength (Right) Tail of the parallel electron distribution. Thin lines
f at ty (no HS), tw (weak HS) and g (strong HS), and thick lines f immediately before the transition
to slide-away.

Conclusions

e Enhancement of both collisional drag and pitch-angle scattering due to
reduced screening lead to significant runaway electron decay.

e Analytical expressions for the effective critical electric field.
Current decay rate oc E<!/ L.

e Nonlinear collision operator: Important differences even when the
electric field 1s much less than the Dreicer field.
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