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@) ELM mitigation and suppression in ASDEX Upgrade @% W
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@) ELM suppression as observed in ASDEX Upgrade
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@) Outling @%&

Conditions for ELM suppression in ASDEX Upgrade

o Isthe density threshold a collisionalty [mit?

o Plasma response to the magnetic perturbation
o Dalety factor constraints

o No rotation threshold observed

o Gonclusions from transitions into and out of ELM suppression

see also: W Suttrop ef ai, Nucl. Fusion 58 {2018) 096031
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@) tdge operational space of ELM suppression @’3&
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14 o ped < 3.3 X 10"
B NoMp, ELMy

=80 ~7kpa| @ n=2 ELMs suppressed S
; L 1= Mitigated ELMs Collisionalty imit; T o</

However, no transitions L (v = const

| —
M2
1

small ELM peaestal pressure limi

A
10} 1= | {recluced with MP compared to axisymmetrc
Case)
08l Conjecture:

C0lge stavility (shaping, B /4", i
governs ELM sppression operationa
space

pedestal electron temperature [ keVV]

L —
L -

0, =5.3x10% m™

" = cont

20 25 30 35 40 45 50 55 60 65
nedestal electron density [10Y m~]

Woltgany Suttrop &f af ELM suppression in ASDEX Upgraoe, EX/7-3 0



@) Poloidal spectrum variation to identify plasma response @%ﬁ W
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@) Poloidal spectrum variation to identify plasma response @%ﬁ W
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@) cdge safety factor (gs) constraints
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@) A model for ELM suppression @%ﬁ W

A Model for ELM suppression by RMP ~ ASDEX Upgrade ELM suppression experiment;
Resonant response ¢ = m/n to magneic

nerturbation stops expansion of H-mode edge
transport barrier before ELMS are destanilised.

otable

1. Alignment of resonant surfaces with barrier knee?

9‘_hme

pressure

Radiugs
width  gradient

capped  set by local
at stable  effects (KBMs)

value
R Moyer et al, Phys. Plasmas 24 (2017) 102507
M Wade et al, Nucl. Fusion 55 (2015) 23002
P Snyder ef ai, Phys. Plasmas 19 (2012) 56115
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@) s there a resonant surface at the barrier knee?
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@) s the resonant response shielded? @’3&

Resistive response can be recuced (shielaea) by nelical currents induced by cross-field flows

2-Hluic MAD: @, | governs figld shiglcing M Becoulet ef af Nucl. Fusion 52 (2012) 054003
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@) s the resonant response shielded?
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@) s the resonant response shielded? @’3&

Kinetic mocel shows that a resonant response field 5, and ennanced radial transport can oceur.

M Heyn et al, NF 54 (2014) 64005

Additional “kinetic” resonance at Wg,5=0yp  Ogyp="UInthe vicinity of some rational surface:
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@) Transitions into and out of ELM suppression

Occasionally, repefitive fransitions are observed:

ik .
Edge safety factoy| g, ASDEX Ungrade 433120
aa
Y
3 , .
o . creperaline-2veraged oensiy
, uif
EG 24
rz.ﬁf-
2.4:
th
E?MPEDH ppression  ELMy ~ suppression  ELMy  suppression ELMy
q

} current (x0.1)

Ouerdvetorhemoarent ¢ WA

soL Impuriy ion {B%*) toroidal rotation

kms=s

‘Limit cycle” osciliations
[possibly controlled by gss}

During Suppression:

Strong rotation braking towards
2610 flow

— Resonant torque

ELMing pnases:
Initial negative (ctr-NBI) rotation
— Dommant NTV torque (7

Wolfgang Suttrop &f

ELM suppression in ASDEX Upgrade, EX/7-3 14



@) Backtransition from ELM suppression @%&

Backtransition from ELM sppression:
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@) Mode! vs. experiment
\&
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A Model for ELM suppression by RMP ~ ASDEX Upgrade ELM suppression experiment;
Resonant response ¢ = m/n to magneic

nerturbation stops expansion of H-mode edge
transport barrier before ELMS are destanilised.

otable

9‘_hme

pressure

Radius

width  gradient
capped  set by local

at stable  effects (KBMs)
value

1. Alignment of resonant surfaces with barrier knee?
Yes. /]

2. Resistive response at resonant surfaces?
— Not expected in all cases from 2-fluid MHD (X)
— Requires particle resonance:
(r, = Qyp = 0 SUrface exists ( )
— Strong rotation braking during Suppression (/|

3. Alignment of resistive response with barrier knee?
In some cases torque is exerted further inside (X)

But — wnat else can cause tne aaditional fransport
that keeps the plasma edge stadle against ELMs?
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@) Broadband turbulence causes transport across edge barrier

Broadband mode, Infensity non-axisymmetric
Fived frequency reflectometry, rotating MP
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@) summary

o Robust ELM suppression by Magnetic Perturbations in ASDEX Upgrade

o Main features:

> Amplification of MP by Idgal plasma response

> Resistive reponse at various surfaces {locations), role unclear

> Pedlestal pressure elow ELM staoilty limit

> Broadband turbulence causes aaditional transport across barrier
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