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INTRODUCTION

Understanding the impact of edge localized modes (ELMs) induced particle and energy fluxes in

the divertor plates remains as one of the major concerns in the fusion community for future devices

like ITER. ELMs affect both energy and particle confinement, thus providing particle control in

improved confinement regimes. However, large amplitude ELM events might lead to unacceptable

power loads in the divertor plates. The possible link between the amplitude and the radial propagation

of ELMs might have an important consequence in the extrapolation of the impact of ELM in the

divertor plates on future devices.

This paper presents the investigation of the radial propagation of ELMs in the JET Scrape-Off

Layer (SOL) region.

EXPERIMENTAL RESULTS

The radial propagation of ELMs and the structure of fluctuations are under investigation in the JET

SOL region using Langmuir probes located in the upper part of the device. The experimental set up

consists of arrays of Langmuir probes radially separated 0.5cm, allowing a unique investigation of

the propagation of ELMs events and fluctuations with good spatial (0.3cm) and temporal (2ms)

resolution. Plasma fluctuations are investigated using standard signal processing techniques and

500kHz digitisers. Plasmas studied in this paper were produced in X-point plasma configurations

with toroidal magnetic fields B = 1-2.5T, Ip = 1-2MA, PTotal = 2-13MW (H-mode plasmas).

The frequency spectra of density and potential have been investigated during the ELMs occurrence.

Modifications in the frequency spectra of fluctuations have been observed before and after the

arrival of the ELM event propagation. In particular, bursts in frequency spectra (50-100 kHz) have

been detected after the ELM arrival in potential signals but not in density signals.

Figure 1 shows the time evolution of the ion saturation current as measured by two probes radially

separated during the ELM propagation in the SOL region (B = 1T, I = 1MA). The response of ion

saturation current and potential signals show an increase followed by decay during EMLs. However,

it should be noted that the shape of ELMs, as measured by Langmuir probes with high frequency

ADCs, shows high frequencies structures. We denote the initial sharp change in the time evolution of

the ion saturation current traces by the time of arrival of the ELM event propagation. Typical time

delays for the time of ELMs arrival are in the range of 2-10µs for sensors radially separated 0.5cm.

This implies a radial velocity in the range of 1000m/s. Perturbations in ion saturation current and

potential signals induced by the appearance of ELMS are observed up to 7cm beyond the LCFS in the

SOL region (Fig.2). This result implies that the ELMs convective SOL-width is much broader than

the typical SOL-width measured during time intervals between ELMs (about 1cm).

Turbulent particle transport and fluctuations have been calculated, neglecting the influence of

electron temperature fluctuations, from the correlation between poloidal electric fields and density

fluctuations at the inner probe position. The poloidal electric field has been estimated from floating

potential signals measured by poloidally separated probes, Eθ = ∆Φf/∆θ with ∆θ ≈0.5cm. Fluctuations
~
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in the radial component of ion saturation current gradients have been computed as

∇Is (t) = [Is
         (t ) - Is         (t)] with < ∆Is > = 0, where Is      and Is       are the ion saturation current

fluctuations simultaneously measured at two different plasma locations radially separated 0.5cm.

An effective radial velocity has been defined as the normalized E×B turbulent particle transport to

the local density: vr    = <IsEθ>/IsBT where Is is the ion saturation current of the inner probe. This

effective velocity is not affected by uncertainties in the probe area.

Experimental results show a strong coupling between E×B transport, fluctuations in the radial

gradient and ELMs (Fig.3). Figure 4a shows the expected value of the radial effective velocity

versus fluctuations in the radial gradient (∇Is/σ). Radial effective velocities increase up to 2000m/s

during ELMs. Furthermore this radial velocity is consistent with the E×B velocity as shown in

figure 4b. The present experimental results suggest that the radial velocity of ELMs increases with

the ELM size.

The size of the radial perturbation (∇Is) linked to ELMs decreases as increasing the distance to

the LCFS. However, a preliminary investigation of the radial speed of ELMs at different radial

location in the SOL region [r - rLCFS = (1 – 6) cm] shows that the maximum radial speed of ELMs

does not depends to the distance to the LCFS.

The effective radial velocity for large transport events (i.e. ELMs) is rather similar to the radial

velocity of large transport events reported in L-mode plasmas [1]. Interestingly this value is rather

close to the speed of 200m/s reported during the evolution of transport through the L-H transition in

JET [2]. However, ELMs radial speed in the SOL is much larger than the effective radial velocity of

pure diffusive models for the SOL region. These results might suggest the existence of different

transport mechanisms for small (diffusive) and large transport events (non-diffusive) in the JET plasma

boundary region [1].

Mach probe measurements have shown that during the appearance of ELMs, perturbations in the

ion saturation current are larger (about a factor of 3) in the probe facing the outer divertor (e.g. region

of bad curvature) than in the probe facing the inner divertor (e.g. region of good curvature). This result

implies that ELMs have strong ballooning character.

CONCLUSIONS

These results imply that ELMs arrival time to the plasma wall can be comparable to, or even smaller

than, the characteristic time of transport to the divertor plates (in the range of 0.1-0.5 ms); in these

circumstances we have to consider the competition between parallel and radial transport of ELMs to

explain and predict particle and energy fluxes onto the divertor plates in ITER. The large radial speed

of ELMs might explain experimental results showing that only about 60% of the energy losses due to

large type I ELMs arrives to the divertor plates [3].

The possible link between the amplitude and the radial propagation of ELMs might have an important

consequence in the extrapolation of the impact of ELM in the divertor plates on future devices. A

systematic investigation of the link between the radial propagation and the size of ELMs is in progress

in plasma regimes with different ELMs properties (i.e. amplitudes, frequencies) in JET.
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Figure 1: Time evolution of the ion saturation current as
measured by two probes radially separated during the
ELM propagation in the SOL region (B = 1T, I = 1MA).

Figure 2: Radial profiles of ion saturation current during
and between ELMs.

Figure 3: Time evolution of Hα, radial gradients (∇Is) and E×B transport signals on H-mode plasmas
~
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Figure 4: (a) Effective radial velocity versus fluctuations in the radial gradient; (b) Poloidal electric fields versus
radial gradient. Measurements were taken at r-rLCFS ≈1 cm.
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