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ABSTRACT.

The Type I ELMy H-mode regime is the reference regime for inductive operation of ITER [1]. A
major drawback of this regime is the periodic large power loads on plasma facing components
associated with Type I ELMs hat may lead to unacceptable divertor target lifetime reduction when
extrapolated to next step devices [2]. Type I ELM energy losses in JET are well correlated with the
pedestal plasma parameters [3], but there is a considerable scatter in this dependence, indicating
that other additional factors contribute in a significant way to the mechanisms determining the
Type I ELM energy loss from the main plasma. In order to determine some of these additional
factors, a wide range of experiments has been carried out at JET, including scans of additional
heating power (6 — 18MW), deuterium fuelling rates (0 — 102 57! ), plasma current (1.1 — 3MA),
o5 (2.8 — 5.2) and plasma shaping (& = 0.20 — 0.43). In these experiments the ELM energy loss,
pedestal parameters and gradients (only for a set of plasma configurations and plasma currents [4])
and ELM crash characteristics (ELM energy loss,width of the ELM affected volume, duration of
the ELM-crash from MHD activity, etc.) have been determined. Figure 1 shows the values of

pedestal temperature and density before the Type I or III ELMs for the discharges in this study.

1. GLOBAL PEDESTAL AND ELLM CHARACTERISTICS.

Type I ELMs at JET occur when the values of density and emperature a the H-mode pedestal (nped,
Tped) exceed a certain limit , which depends on discharge parameters. The scatter around the average
value of this limit for Nped and Tped is very small (typically less than 20%) for a large range of main
plasma parameters (i.e., average limit values). Despite this reproducibility of the pedestal plasma
parameters before the ELLM, the collapse of the edge pedestal temperature (ATe’ped)and densi y
(Ane,ped
Fig.2 for AWg; s, illustrating the “natural” ELM variability caused by the variations in the ELM

) and the associated ELM energy loss (AWg; y)show a much larger variation as shown in

collapse for similar pre-ELM pedestal plasma parameters in a large range of discharges. In this
paper we will study the correlation of the average values for Type I ELM energy and particle losses
with plasma parameters.

The Type I ELM frequency at JET,fELM,scales approximately with PINP/Ip2 and,for given Ppyp/
Ip2 ,itincreases with the level of gas puffing (or nped) in the absence of Type I/Il mixed regimes [5],
which for the discharges considered in this study were only found in the high triangularity
configuration (8 = 0.43) HT3 a currents of 2.5MA. Ip, (o5 scans have been performed in this
configuration a 2MA (qg5 = 3.6 — 5.2) and 2.5MA (q95 = 3.6 — 4.6). In these scans it has been
observed that f \; ~qgs » With 3< o <4,at similar normalised pedestal densities Noed/M Greenwald-
Measurements of pedestal plasma gradients in the discharges at 2MA [4 ] indicate that for similar
nped/nGreenwald the pedestal pressure gradients are similar a both qq5 indicating that the increased
fg1 M 18 probably linked to changes in edge transport with increasing qgs [6 |. For a range of plasma
conditions, the average power flux (fg; \; X AWg; ) carried by he Type I ELMs in JET reaches

~50%of Piypyt and, hence, it is a dominant term in the total power balance.



2. TYPE 1 ELM ENERGY AND PARTICLE LOSSES.
With increasing np.i/nG qopyqq the normalised Type I ELM energy losses (AWgy \ /W ,eq)
decrease.This is mostly due to the decrease of ELM conductive losses (as estimated by relative
drop of the pedestal plasma temperature at he ELM (ATELM/Tped)),while ELM convective losses
(as estimated by relative drop of the pedestal plasma density a the ELM (AnELM/nped)) remain
approximately constant,as shown in Figs.3 and 4. For similar nped/nGreenwal g the higher Ip discharges
have large values of Thea and ATy \/Tp.g. and consequently larger AWEL MW peg- Discharges
ATgp M/ Tpeq and AWg /W

par icularly a low n, 4/NGeenyalg- Increasing g95 leads o a substantial reduction of ATgy /T p.4(~a

with higher levels of additional heating show smaller Ang; »,/n

ped’ ped>

factor >2) but not of Angp /.4, indicating that increasing connection lengths at the plasma edge

ped>
lead to a reduction of conductive losses during ELMs but not of convective losses. In the transition

from Type I to Type III ELMs both Ang; \4/n ATgp M/ Tpeq show a sharp,decrease in agreemen

ed’
wi h the marked reduc ion of AWy at this :ansition.

Because of the T, 4 influence on the ELM conductive energy losses discussed above, AWy \i/
wped is better correlated with V*ped (see Fig.5) than with nped/nGreenwald (see Fig.6) for JET Type I
ELMs. Despite the good overall correlation shown in Fig.5 some deviations from this correlation
are found, as expected from the arguments above, for discharges with large Pinp. These discharge

have smaller AWEr MW ped for similar values of V¥ ed than discharges with lower Pip (this is

clearer at lower v* ). Discharges a high q¢5 indeed have very small ELM energy losses AWg; \//
wped

of the diamagnetic loop and it is not possible to quantify the deviation from the collisionality

ped
.Unfortunately, for the conditions explored so far in JET, AWg; 5, is under the detection limit

correlation for such discharges.

3. ELM AFFECTED VOLUME AND TIMESCALE OF ELM COLLAPSE.
In order to determine possible factors besides V*ped that may account for the scatter in Fig.5, the
volume of the plasma over which the ELM collapse occurs has been characterised at JET by high
time resolution ECE measurements of the plasma temperature before and after the ELM. Figure 7
shows the normalised radius of the innermost point reached by the temperature collapse caused by
the ELM (1-pELM) for a range of plasma conditions. The new experiments are in good agreement
with previous JET results [3]with discharges at lower triangularities and higher qo5 having the
smaller ELM affected volumes and with the ELM affected volume being weakly dependent on
plasma density. However, there is no direct correlation between this ELM affected volume and the
ELM energy loss that can explain the scatter in Fig.5. Smaller AW /W ped is associated with
smaller ATELM/Tped for given plasma global parameters, with the temperature change caused by
the ELM being smaller in magnitude but occurring over the same volume of the plasma. Hence, the
factors that determine the scatter in Fig.5 remain to be identified.

Finally, the duration of the ELM collapse has been characterised a JET by using the characteristic

time of the pedestal plasma soft X-ray emission collapse following an ELM and by the duration of



the period of broadband MHD activity associated with the Type I ELMs. Both measurements indicate
that the ELM collapse time in JET is of the order of 200 — 300 s and it is basically independent of
plasma (global) and pedestal conditions, as shown in Fig.8 (Tgy ) estimated from the duration of
the MHD broadband activity). This indicates that the mechanism that leads to the destruction of the
edge flux surfaces during an ELM is not of a Kadomtsev-type reconnection but probably of an
explosive-type [7] but a comparison of the timescale magnitude and dependence on plasma
parameters with JET experimental data remains to be done.

CONCLUSIONS.

A large datase of simultaneous measurements of ELM bulk plasma losses, pedestal parameters and
gradients, ELM divertor fluxes and MHD activity for a large range of Ip, o5, © and Pinp has been
obtained at JET in density scans from Type I to Type IIIl ELMy H-modes (reaching the H-L transition
in some cases). The new results are in broad agreement with previously found trends for JET Type
I ELMs. Deviations from previously observed trends of AW 5y with V*ped occur a high q¢5 and
high Pinp (a lower V*ped)' These deviations are not explained by accompanying variations in ELM
affected area. Further detailed analysis of the existing measurements and further experiments are
needed to provide a firmer basis to extrapolate the measured ELM energy losses to ITER in a more
precise way than so far done. In particular, this issue will be addressed in extensive low V*ped
experiments (high I+ high P. ) a ITER-like V*ped values tha will be carried ou in the JET 2003/

np
2004 experimental campaigns.
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Figure 2: Histogram of the Type I ELM energy loss for a
large range of plasma conditions at JET.

Figure 1: Pedestal plasma parameters before ELMs for
the JET experiments described in this paper.
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Figure 4: Normalised Type I ELM pedestal temperature
drop versus pedestal density (normalised to the
Greenwald limit)for the same dataset as Fig. 1.

Figure 3: Normalised Type I ELM pedestal density drop
versus pedestal density (normalised to the Greenwald
limit)for the same dataset as Fig.1.
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Figure 5: Normalised (to the pedestal energy) Type I ELM
energy loss vers s pedestal collisionality for the same
dataset as Fig.1.
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Figure 7: ELM affected radius (1-pg;y,) versus fuelling
rate for a series of previous discharges in the JET Mkl
Gas Box divertor and some of the recent experiments.
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Figure 6: Normalised (to the pedestal energy) Type | ELM
energy loss versus pedestal density (normalised to the
Greenwald limit) for the same dataset as Fig. 1.
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Figure 8: D ration of the ELM (from broadband MHD
turbulence analysis)versus pedestal density (normalised
to the Greenwald limit)for the some of the discharges in

Fig.1.



