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Type-I ELMs are quasi-periodic events associated with H-mode plasma operations during

which energy is suddenly released from the pedestal region. A large fraction of this energy is

driven onto the divertor target tiles via parallel transport along magnetic field lines.

Figure 1:Striations observed during
type-I ELM on the outer target match
the intersection of B field lines with
the target (red curves).

The resulting heat load pattern exhibits spatially spaced stri-

ations (Fig. 1), interpreted as the footprints of the filamentary

structure of ELMs [1]. The large variability of patterns ob-

served as well as their displacement with outer strike point

position (OSP) make clear that these striations are not due to

layers on the target. A new infrared camera installed at JET

has been used to study the dynamic and spatial structure of

heat load on divertor targets during type-I ELMy H-mode. Its

high spatial resolution (1.7mm on outboard target) and frame

rate frequencyfIR (1/ fIR down to 35µs) allow an accurate

study of striations caused by the filamentary nature of type-I

ELMs seen on the divertor target tiles [2]. A simple model

based on transport on the scrape-off layer has been developed in order to mimic the striations.

Modelling of ELM striations

From pre-ELM equilibrium magnetic reconstruction, it is possible to map the magnetic field

lines starting at the outer midplane on the divertor plate (Fig. 2). It appears that striations ob-

served (Fig. 1) at different radial positions on the target start at different toroidal locations at

the midplane. To model these striations, we assume that during an ELM, particles are radially

released at the outer midplane and crossed the magnetic field lines at a constant velocityv⊥.
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Then, they reach the divertor targets strictly following themagnetic field lines. Power load on

the outer targetPELM
o , derived from a model discussed in [4] where a free-streaming approach

is assumed for particles released, is given by:
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whereEELM is the overall ELM target deposited energy,τ⊥ = rmid/v⊥ is the time required to

reach the field line located atrmid from the separatrix at the midplane andτ// = Lc/cs is the typi-

cal parallel transport time along field lines.
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Figure 2: Mapping of B-field lines
shows that striations seen at differ-
ent radial position start at different
toroidal angles at the midplane.

The sound speedcs is estimated with the pedestal top electron

temperature prior to ELM event and the connection length to

the midplanceLc, which monotically decreases with major ra-

dius R (37m at 1cm from the outer strike point (OSP) down to

20m at the edge of the tile, 10cm far from the OSP) is obtained

from pre-ELM equilibrium magnetic reconstruction. The heat

deposition on the target associated with each single filament is

modeled with a gaussian distribution with a full width at half

maximumδφ≈ 50◦, based on the radial width of the striations

measured on the target (Fig. 3).

Without further assumptions, the model is not able to re-

produce experimental patterns. Time required by filaments to

reach the target is only determined by perpendicular transport

at the midplane and parallel transport along field lines, so that

simulated profiles are always identical when experimental pat-

terns show a large variability. Experiment shows that the first striation observed during one ELM

appears at a random location on the target, without respect toτ⊥ + τ//. This led us assume that

not all particles are leaving the outer midplane at the same time (compatible with a recent anal-

ysis on JET [5]). As a consequence a random delay has been introduced in the model, allowing

filaments to start at different times: arrival on the target now depends on both delay and transport

time, so that the first striation can appear at every locations of the tile.

Comparison with experiment

In order to test our model we have compared experimental data with numerically generated

heat profiles. Experimental data are from discharges where ELMs losses are around 8% of the

plasma stored energy (for a core density of 6.1019.m−3 and 17MW of input power). For a typical

pedestal electron temperatureTe ≈ 1keV , simulated profiles show the best agreement for a value
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of v⊥ between 500m.s−1 - 1km.s−1 and a maximum random delay set to 70µs. These settings

are also compatible with results from [5].
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Figure 3:a. Experimental heat flux profile on the
outer target during Type-I ELM. b. Heat profiles
plotted against toroidal angle at the midplaneΦ.
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Figure 4:Simulated (dashed lines) and experi-
mental (plain lines) heat profiles on the outer tar-
get for 2 consecutive times during a type-I ELM.

One simulated heat flux profile obtained for stria-

tions with a mode number of 20 is shown on Fig. 4.

The agreement between simulated and experimen-

tal profiles is good, as striation locations on the tile

and time evolution are correctly reproduced. How-

ever, the early presence of striations very close to

the OSP is not reproduced by the model. Moreover,

simulated striations obtained in this area are very

close to each other and are quite small in contrast

to experiment (Fig.3a). These two findings suggest

that some phenomena not taken into account affect

the dynamics along field lines near the OSP.

Mode number analysis

To a striation observed at a given radial position

on the target corresponds a given toroidal location

Φi of the source at the outer midplane. A quasi

toroidal mode number (QMN) is derived from the

toroidal distribution of thes sources such that:

nQMN =
1
s

s

∑
j=1

2π
Φ j −Φ j+1

. (2)

When studying striations atτIR, time corresponding

to the maximum of power deposition on target dur-

ing one ELM, one can find that less striations than

expected are observed on the target (ass should be

equal tonQMN). In the present case (Fig.3a (blue curve)), only 13 striations (extrapolated to

360◦) are found for a QMN≈ 20. The missed striations presumably are in the vicinity of the

OSP, where profiles are perturbed and striations no more identified.

Fig. 3a also shows thats, the number of observed striations, and its associated QMN increase

during ELM event. The evolution of boths andnQMN have been systematically studied over 115

ELMs in a JET pulse, with a time resolution 1/ fIR = 41µs. Fig. 5a showsnQMN as a function

of the time (relative to the ELM event) normalized toτIR. The heat load distribution during the

rise of ELMs can be divided into two stages. First,nQMN increases from 4 to 20 (in average)

36th EPS 2009; S.Devaux et al. : Type-I ELM filamentary heat load patterns on the divertor target in JET 3 of 4



within a time interval corresponding to 0.4τIR. s varies together withnQMN and both quantities

saturate at the end of the first stage. During the second phase, power deposition on the tile still

increases but,s andnQMN staying constant, this increase is only due to an increasing amount of

energy carried by each single filaments. JPN 72345  Average over 115 ELMs
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Figure 5: Time evolution ofnQMN normalized
to τIR from experiment (a) and simulation (b).

Fig5b shows QMN evolution from 115 simulated

ELMs, where heat profiles have been obtained with

13 striations dispatched on the tile as expected for

a QMN of 20. The rising time of ELM has been set

to 200µs and the maximum delay to 70µs. The two

phases depicted earlier are also visible on the nu-

merical profiles, with comparable starting value for

nQMN, which reinforce our confidence in the model.

This agreement between model and experiment

allows us to give an interpretation of the increasing

of QMN. It has already been established that the

time required by particles to reach the wall differs

from one striation to the other, so that the increasing ofs with time is well understood. Con-

sequence of the delay between starting time of filaments is that striations appears randomly on

the target: the probability that the two first striations appear side by side is low. The measured

QMN is then lower than the expected 20, and increases with the arrival of new filaments. Its

maximum and actual value is reached when all striations are seen on the target.

Further work will investigate the impact of plasma parameters such asq95 on the QMN

reached at the maximum of ELMs. Value derived forv⊥ et random delay will also be inves-

tigating for different size of ELM and compare to ones found by other analysis.
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