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1. Introduction

The analysis of experimental data shows that typical giant ELMs in JET are triggered by a
short MHD event (with ATMHD < 1msy which effectively increases the electron thermal
conductivity in the outer part of the plasma column up to a level which is much higher
than the corresponding value for L-mode plasmas. This short MHD burst in JET is usually
followed by a relatively long (with Ar; =(10+ 30)ms) phase of strong density
fluctuations and enhanced transport, after which the plasma returns to a quiescent H-mode
phase. Numerical analysis performed with the predictive transport code JETTO allows us to
conclude that the second phase of the ELM can be reproduced using the same plasma
transport coefficients as the conventional L-mode phase. Analysis shows also that the time
average energy confinement time for the ELMy H-mode plasma is mainly controlled by
the L-mode part of the ELMy H-mode and not by its MHD part, in spite of the fact that
anomalous transport is much larger during the MHD event.

2. Modelling of the ELMs in JET

Giant ELMs give an interesting example of fast global modification of plasma transport
properties in JET. Following the DIII-D definition [1] we will discuss here only type I ELMs
which repetition frequency increases with the heating power and which lead to a significant
reduction in plasma performance (210%).

The characteristic evolution of electron temperature during successive giant ELMs
measured by the new 48 channels heterodyne radiometer system is shown in Fig. 1,
together with the Do signal for shot #30592 (Ip = 2.5MA, Bt =2.8T, Pin =
13MW, <ne>=3.0-1019p/m3) . These measurements, combined with the soft X-ray
measurements [2] indicate that JET giant ELMs have a global character- the electron
temperature is changed during MHD event not only near the plasma edge but far inside the
plasma volume. The characteristic radial extent of Te drop at the onset of the MHD event
increases with ELM amplitude and reaches value of AR > 04m. The characteristic delay
time between the onset of the Te drop near the edge and at mid radius is less than the
diagnostics resolution time A7~ 1ms and cannot be explained by the conventional theory
of heat pulse propagation. The ELM appears to be triggered by an MHD event, which is



accompanied by the excitation of a broad band range of magnetic fluctuations. This short
MHD burst is followed by a relatively long (with A7y = (10 + 30)ms) phase of enhanced
transport, after which the plasma returns to a quiescent H-mode phase. This second part of
a giant ELM is accompanied by a broad band of density fluctuations with a spectrum which
is similar to those in L-mode plasma. Two successive ELMs are separated by a quiescent
H mode phase which duration varies from ELM to ELM. Such a behaviour is similar to
that found in DIII-D in the intermediate range of heating power and called compound ELM
[1]. Compound ELMs in JET are quite regular when the heating power is well above the
threshold of L-H transition.

We performed predictive numerical modelling of typical giant ELMs on JET keeping in
mind the experimental observations. The main objective of this modelling were the
following. First of all we have checked whether transport coefficients during the second
phase of compound ELMs indeed correspond to L-mode confinement. Hence we have tried
modelling this phase with the Bohm model previously used for the modelling of the L-

mode JET plasma:
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where a,-L ~ 3 eL ~6-107*[3]. Subsequently we have tried to find a transport model
which reproduces the MHD events. In order to model this phase we adopt the following

expression for the electron thermal diffusivity:
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where X 5 is an electron thermal diffusivity in L-mode, o is a numerical factor (varying
from ELM to ELM, generally «<10), p is the normalised radial coordinare (p=1 at the
separatrix) and Ap is the normalised radial width of the region with enhanced transport
(usually Ap<0.2-0.3). We point out that we are not proposing equation (2) as a model for
the MHD event: from the use of model (1-2) we will deduce the radial width of the MHD
event Ap and we will be able to evaluate the impact of the MHD event on the global
confinement time.

The result of the modelling of one of the giant ELMs of shot #30592 is shown in Figs. 2:
as it can be seen, the L-mode phase is necessary in order to obtain good agreement with the
data. For this simulation we have used a=5 for the ELM at t=11.82s and Ap=20cm.
Similar results have been obtained for the giant ELMs of discharges #33032 and #33648.
From our simulations we can also deduce information on the relative importance of the
various phases in determining the global energy confinement time of ELMy H-mode JET
plasmas. In order to proceed in this way, we have to define a proper time average of the

th
energy confinement time for ELMy H-mode plasma <TE>:
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where Tx , Tk, and Ty are the computed energy confinement time during MHD , L-

mode and H-mode phases of a compound ELM respectively and Afpgp, Aff and Aty - the
characteristic duration of these phases. For further discussion it is convenient to introduce
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the enhancement factor {7 X =<TE> TE which shows how much an gffective

energy confinement time in ELMy H mode exceeds the level of L-mode confinement. The
main characteristic of plasma confinement for three successive ELMs for shot #30592,
discussed earlier, compound ELMs for shot #33032 and for shot #33648 are listed in
Table.

shot f’g;”D ey | Argoms) | 7E(s) | Atgy(ms) | TE(9) <f'£>(s) H
#33648 1 0.05 |40 0.25 120 1 0.53 |2.13
#33032 2 0.04 |40 0.41 80 2.3 0.67 1.8
#30592 3 0.04 30 0.18 130 1.1 0.45 2.1
large

#30592 3 0.06 |30 0.2 180 1.15  [0.6 2.8
medium

#30592 2 0.06 20 0.2 70 1.3 0.49 2.3
small

From this table the relative importance of the various phases of ELMs in determining the
time average electron thermal conductivity of ELMy H-mode JET plasma can be deduced.
It follows from our analysis that in the case of giant ELMs the L-mode phases is the most
important one in determining the global confinement, while the MHD event is less
important due to its short duration.

3. Conclusions.

Experimental study and transport analysis of giant ELMs in JET reveales that such ELMs
have a composite structure - each of them is triggered by short MHD event which modify
electron temperature not only near the plasma edge but also far inside the plasma volume.
This short MHD event turns into much longer phase of enhanced transport that can be
modelled as an L-mode. A quiescent H-mode phase then follows. Therefore the ELMy H-

mode plasma in JET (in cases when type I ELMs are dominant) is a composition of three
different phases: short (with 7,y = Ims) MHD with transport coefficients much larger

that in L-mode plasma, longer (with 7; = 10 — 30ms) phase of enhanced transport during

which transport corresponds to L-mode confinement and finally ELM-free H-mode phase.



The relative importance of each phase depends on the amplitude of the ELM with a general

trend that the relative importance of L-mode phase grows with ELM amplitude.
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Fig.1. Time evolution of the D psignal and of the Fig. 2. Time evolution of the experimental (solid
electron temperature at different radial positions line) and simulated (dotted and dashed lines) at
during giant ELMs in shot #30592. different radial positions during giant ELM of

#30592 at t=11.83 5. The dotted line represent the
result of modelling without a phase of L-mode-like
transport after the initial MHD phase.



