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1. Introduction

Magnetic triggeing of typel ELM is one oftheideas aiming at the control of typ&LMs to
have a higher frequency for mitigationtbke peakheat load on divertor plateBased on this
ideg there weresuccessfuexperimentsising avoltageperturbation irthe G-coils which are
locatal inside the vacuum vessebf TCV for vertical instability contro[1]. To prove the
applicability of this method, similaexperimentswvere performed in ASDEXUpgrade by
controllingthe PFcoil currentg[2]. In these experimentthe vertical plasma movement was
induced by forcinghe plasma to followa preprogrammed vertical positiomsteadof the
successivepulse inpus on the G-coil voltage used inthe TCV expeaiments The vertical
position is programmed to hawesinusoidal shape withoth higherand lowerfrequenges
thanthe natural typel ELM frequency.The typel ELMs are triggered when the plasma is
moving down contrary to TCV experimentin which ELMsare triggered when the plasma
moves up. This discrepangave rise to a difficulty inthe physical understanding of the
triggered ELMs. In TCV experiments, the triggered ELMs seem to result fagoositively
induced current by the plasma movements. Howe®SDEX Upgrade plasmas have
triggered ELMs when the induced current is negative at the edge retiorder to
investigate tk opposite behavigr observedin the experimentsithe DINA-CH integrated

tokamak simulator has been ugafl

2. Magnetictriggering of ELMs
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In the simulation,the density and the temperature profiles are fixed in time. Pedestal
temperature and density profiles aih@ edgebootstrap current induced by them halso

not beentakeninto account due to the absence of a pedestaemodINA-CH. Therefore,

the plasma current variation the edge regiomnly indicatesan external current source
driven bythevertical plasma movements atiek external linking flux change.

For the TCV simulation pulse#20333 haveenrepeated withthe same method whickas
already reported i previous papefl]. In the simulationshown in Figurel, the G-coill
current and vertical plasma movements are more prompt ttieee inthe experiment.
Though theG-coil resistance and inductanceeed reexamation to explain these fast
responssg the simulation results argoodenough to investigate the magnetic response of the
TCV plasma. As already reported and discussed, the triggered ELMs are observed around the

end ofthecurrent variation and verticalggma movements.
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Figure 1. Time responses of plasmas during the magnetic triggering of ELMs
TCV and (b) ASDEX UpgradePF 10— 13 are known as IColo, IColu, Ipslon &

Ipslun, respectively.

In the ASDEX Upgrade simulation, the control action is governedhmdifference between

the real plasma positiomnd the reference plasma positioithis createsa very complex
relationbetweenthe plasma pmtion, PFcoil currents, image currents t¢ime vacuum vessel
and passive stalskrs, plasma current and controll8mmilar current variatiosin the active

control coilsiColo and IColucomparedwith the experiment ha been achievedHowever,
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the variaion of the vertical plasma position is less than tbaserved irthe experiment.In
the experiments, ELMs are observed when the plasma is moving down and the edge current

of the plasma starts to rise from its minimum value.

3. Candidatesfor the ELM triggering

The first possible candidate for the ELM triggeringaiplasma currentlensityvariationin

the edge region. Ithe simulations fobothTCV and ASDEX Upgrade, thmaximumplasma
currentdensityvariation by the plasma movement and the extern&ing flux changeis
about 50%0f its average value at the edge regiBasides this, there @nother interesting
observationon the plasma currendensity variation The temporal change dhe plasma
currentdensityin the inner region has a differengsitoits changeat the edgeThough these
imply several possibilities of different pathsa stability diagram depending on the type of
ELMs or dynamical changes of the stability diagram ifsihiére is no obvious explanation
for the opposite ELM behamir in thetwo plasmas.

The second candidate adocal pressure gradient changethe edge region. This change has
arather small variationThe maximum change &ound 6% ofts average valudhisis also
not enough to giva goodexplanation for oppsite ELM behaviar in two plasmas, because
the local pressure gradients increase when the plasmas are moving down TiCYcdimd
ASDEX Upgradecases.

The last candidate sflux surface deformatiopatternat the edge region depending on the
plasma movementsshown in Figure 2For the TCV plasma, the flux surface deformation
patterns are obtained during the plasma current variations at the edgeimeggyreement
with the experimental observatiofhe passive stabgers located insidéhe vacuum vessebf
ASDEX Upgradeplay a roleas an external linking flux source aokatea local expansion
or shrinkageof the flux surface near themt the same time, they have a shielding effect
againstother external flux changecaused byhe vacuum vessel compomis and the active
PF-coils. Therefore, when the plasmas are movingpposite direction, upward in TCV and
downward in ASDEX Upgrade, they have similar flux surface deformation patiérine
time of thetriggered ELMs.This is an observation that coulte a clue fora physical
explanation of triggered ELMs. To find out the relation between the flux surface deformation

and the stability at #hedge region, stability analysis has been performed and is reported in

[4].
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Figure 2. The third candidatethe flux surface deformation patternELMs are
triggered.(a) and(c) : plasma movements and the flux surface deformation in TC\
ASDEX Upgrade, respectivelyb) and(d) : the flux surface deformation in TCV a
ASDEX Upgrade, respectivelhAll arrows are amplified by 20 times to make th

visible.

4. Conclusions

By simulating the plasma responsgith a full simulation of theplasmacontrol system,
vacuum vessel and Rioils, the magnetic triggering of ELMs in ASDEX Upgradhas been
compared withthat in TCV. A new candidate for the explanation of ASDEX tjul, the
flux surface deformation pattern, has been suggested. The passivesestabilASDEX
Upgrade has the same effeas the G-coil in TCV and this causes the opposite ELM
behaviar with respect to the plasma motioRor the validation of B new cadidate,

experiments with a radial plasma movement have been profuys@8DEX Upgrade.

This work was partly supported by the Fonds National Suisse de la Recherche Scientifique.

References

[1] A.W. Degelinget al, Plasma PhysControl. Fusior45 (2003)1637#1655
[2] P.T. Langet al., Plasma Phys. Control. Fusidf (2004) L31L39

[3] JY. Favezet d., Plasma Phys. Control. Fusiei (2002) 171193

[4] S.Yu. Medvedeet al., This Conference, paper n85064



