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Introduction

s ASDEX Upgrade (AUG): no runaway electron (RE) experiments in last year (water
leak in Dec. 2017, restart in July 2018) — further analysis of past exp.s

s \Well diagnosed experiments on existing tokamaks are indispensable for validation
of RE generation and suppression models, which can then be used for simulation

of reactor scenarios

s Quest for RE loss mechanisms during both thermal quench (TQ) and RE beam
lifetime, and ways to enhance losses are being pursued

s This talk is about

s how to pin down origin of RE current (loss or generation) scatter in similar
discharges?

s why 2" high-Z gas injection is effective for RE suppression in medium-
sized tokamaks but not in JET?

(both questions will remain questions)

Workshop on Theory and Simulation of Disruptions, July 16-18 2018, PPPL, USA 2



First exp.s in 2014
(~ 80 discharges by now)

otherwise uninteresting target
plasma: circular, low ng, B; ~ 2.5

T, PEcrH ~ 2 MW, Ip = 0.8 MA

RE beam (Irg < 400 kA for < 500

ms) is reliably generated with
argon puff

toroidal current is controlled

plasma has been mostly vertically
stable and w/o MHD activity

use of RMPs not discussed

AUG scenario for RE experiments

reference Ip(MA):
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Origin of RE current “scatter”?
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s Set of similar discharges, only 1*MGI, argon amount (N. ) varied

inj

IRE versus (left) N. . per plasma volume (V,_), (center) N. ./V_ during pre-TQ and
p p

inj inj

(right) ECRH energy injected (and absorbed?) after beginning of pre-TQ

No other parameter dependence found (pre-TQ time, Al, Al,, equilibrium .r)
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Density measurements

s RE generation/suppression depend strongly on local densities (ng, Ny, Z, Zef)

s no detailed density profiles during fast CQ (~ 2 ms)

s ng from CO, interferometer V-1 chord on AUG — used as proxy for ng seen by
RES
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lrg versus n_ and T,
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RE current calculated with 0-D model for several ng, argon density and Tg, values (lines
with different colours) and experimental measurements (yellow squares)
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Duration of disruption phases, scatter, — |
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0D RE generation and suppression model
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neither losses nor hot-tail; 1 = primary generation; 2 = avalanche + impurities
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Te and Zg¢f from OD model
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Fig. left: Measured fast Ip decay rate after TQ
Centre: calculated I, decay versus Tg
Right: calculated effective charge (Zff) versus Tg
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xenon (JET) **

high Z gas dissipates RE current in AUG, immediate effect (ms); effect consistent with
collisional dissipation  =====> =trigger time

no significant effect in JET (30 ms)

**C. Reux et al, Nuclear Fusion 55 (2015)

note: d(ne)/dt measured reflects particle flow from valve

note: background plasma T. < 2 eV in AUG; Tg ~ 5-15 eV in JET (C. Reux et al, TSDW 2017)
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lonization mean free path, mfp; = vy, ,/ (¢, n,) (M)
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Gas diffusion into RE beam

The diffusion equation in cylindrical coordinates

on(r,t) 10 on(r,t)
—— = — ——— + S(r,t 1
ot T or (r ) Or (r,%) (1)
was solved explicitly by the finite difference method and the assumptions
i m; Uy
D; = !95) Vi s pi = — = Vg = \/51&31,-5 = 3/ 270 oy, 114] (2)
e/; B,
1 € m Tg/ :
T — 1‘) 3/2 -0 14 ?)
Vii ! n.chfil-n.Aﬁ 14 (3)
InAi = 23 — In(== T; in eV [15] (4)
and a source of particles at the plasma edge of mtensity
F(t) .
S(r,t ———a(F —B}F 5
( ) 4’{' (l RU ( ) eff ( )

were F'(t) is the gas flow from the valve, F,;, is the fueling efficiency, a and Ry are the

minor and major radius of the circular plasma.

[14] J. Wesson, Tokamaks [15] NRL plasma formulary
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High Z gas diffusion into JET RE beam
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 JET RE beam like, injection of 2472 Paxm3 xenon c. Reux et al, Nuclear Fusion 55 (2015)
e To=5eVandZxe=3;30msrun

« DMV2 vol. =9.75 10-4 m3, diameter orifice = 30 mm (Kruezi SOFT 2014)

o Fes=0.6 % (to approximate ng measured — from publication)

« small Fesis limiting gas penetration towards RE beam
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Scatter of |zgafter argon-induced disruptions and lack of N, dependence

motivated (1) careful analysis of density measurements and (2) calculation of
RE generation with simple 0-D fluid model

Within uncertainties affecting density profile, experimental measurements fall
into ballpark of calculated I;¢; scatter difficult to explain

In AUG, RE beam background plasma has T, <2 eV — it is transparent to
injected impurities

JET plasma is has hotter plasma (7 eV) — gas injected must diffuse from edge
into core

Nevertheless, gas assimilation and not (or not only) diffusion limits
effectiveness of 2" high Z MGI
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Additional slides
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