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1. Introduction

Filamentary structures are a ubiquitous feature of the edge cross-field transport in the boundary of
magnetically confined plasmas. Efforts have so far concentrated on the characterisation of edge L-
mode and ELM structures. As a result, our understanding of the transport related phenomena in
inter-ELM periods is still limited. In this contribution, experimental results on edge turbulence during
inter-ELM periods in MAST will be presented, and compared with those of L-mode and ELM results.
Combined measurements of fast camera images and reciprocating Langmuir probes provide new
evidence for the filamentary nature of the transport during these periods.
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is made. Results are shown in figure 1 (d,e).

While Inter-ELM filaments are found to be the weakest fluctuations in the MAST scrape-off layer
(SOL), the light emission of L-mode is twice that of inter-ELM, and both are much smaller than the
stronger ELM disturbance. Taking into account field line pitch and blurring due to filament rotation,
toroidal widths (in the direction perpendicular to the field-line) of inter-ELM filaments have been
obtained from the width of their corresponding peaks in D, emission. Peak (most likely) values are
found to be in the range 10 — 11.5 cm while peak toroidal spacings are ~ 15 cm.

The spatiotemporal evolution of inter-ELM filaments is also described by fitting field lines to
filaments in sequential frames. Filaments in the vicinity of the last closed flux surface (LCFS) are
found to rotate with toroidal velocities in the range 3 — 12.5 km/s. It is also found that whereas
toroidal velocity for any given filament is on average constant, the collective motions of filaments is
more complex: filaments are not regularly spaced, and due to different toroidal velocities, their
spacing’s are constantly changing. It is for this reason that inter-ELM quasi mode numbers vary over
a large range, 10—40, with peak value ~ 22. In addition to toroidal rotation, filaments are also
observed to propagate radially outwards beyond the immediate SOL. See [2,3] for examples of this
motion. Typical radial velocities are in the range 1—2 km/s.
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In order to investigate any dependence of filament motion on plasma parameters, toroidal and
radial displacements of filaments have been tracked over a wide variety of parameters involving the
(a) Low density (b)  High density line-averaged density7,, toroidal field By,

plasma current [, and neutral beam heating
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the white line on the midplane images) and

Figure 3 Colour plots of intensity along white line as a time. At higher?,, there is an increase in the
function of time and distance in pixels.

number of filaments which leave the edge of the plasma, and o 03<omgy<OA45 & 055FeMay<0.75
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Figure 2 Radial distance of filaments from

corresponding to a constant radial velocity give a good LCFSas a function of time at high and low

densities.

away from the edge: For both high and low 7., linear fits

description of the data. Furthermore, filaments in high density
discharges expand on average faster than filaments at low density. Mean radial velocities are ~ 1.65
km/s and 1.2 km/s respectively for high and low densities.

3. Langmuir probe
Inter-ELM filaments have been characterised by the outboard midplane reciprocating system on
MAST. This consists of a circular array of 8 equally spaced Langmuir probes arranged in opposite
pairs, and biased to -220V to measure the ion saturation current, Isat. It was shown with the aid of
the camera that intermittent fluctuations in ion saturation current signals correspond to filaments
passing the probe [1,2]. Typical Isat values corresponding to these structures have been used to infer
a density for inter-ELM filaments which is in the range 5x10" - 2x10® m~3 .

Figure 4 shows on a log-linear scale the measured values 2 055NgmE<075  ® 03<nemgy<045

of Isat as a function of distance from the LCFS at high and
low 7,. Linear fits from 1-6 cm from the LCFS are shown
by the dashed lines. The fits yield particle e-folding
lengths of A4, ~41mm at high 7, , and 4;,,, ~ 28 mm
at low 7,. Monte-Carlo simulations, described in [4,5],

are performed in which a filament is assumed to
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propagate radially outwards with a velocity V. and lose 0.00 001 0.02 A?LOSFSO%) 0.05 006 0.07
particles on the parallel loss time scale 7, = L;/Cs

Figure 4 Log-linear plot of Isat values as a
. . I ) function of distance from the LCFS at high
speed). Two simulations are performed with initial radial and low density.

(where L is the connection length and Cj is the ion sound
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velocities of 1.65 and 1.2 km/s respectively. An ion temperature of 30 eV is also assumed for both
cases. The radial distribution of Isat at the mid-plane is shown in figure 5 and is in excellent

agreement with the experimental data. The filament which 0%
travels at 1.65 km/s, representative of the high density _ i
scenario, has a higher A;,,~ 40 mm than the filament in s
the low density scenario where 4;,,, ~ 30 mm. g 1%

The mechanisms underlying the radial motion of 8 , . ! . <.
filamentary structures in the SOL have been addressed by 0.00 0.02 o.gctrLngezm)vos 0.10
several theories. The curvature and non-homogeneity of

Figure 5 The radial distribution of Isat at the
midplane for two simulated filaments moving
dependent guiding centre drifts of particles. with constant radial velocities of 1.65 and 1.2

the magnetic fields in these models result in charge-

A first model is the sheath dissipative regime and is based on the assumption of electrostatic
sheaths at divertor target plates. An analytical solution for the radial velocity is given by [6]:

Vi _ (&)2 Lyns
Cy L,/) Rn
where n; is the filament’s density, n; is the plasma density near the targets, Cs = \/T/_M is the
plasma sound speed, M is the ion mass, p;is the ion-gyro radius, L is the filament perpendicular size.
A second model is the interchange regime and relies on the interchange drive due to the effective
buoyancy of the plasma in a non-uniform magnetic field. The scaling for the maximum radial velocity
takes the expression [7] :

v (2Llnf>°-5
C; \ R n

The quantities L,, L, C; and ngp;, were found to be constant for the set of high and low density
discharges considered. Hence, the predictions for the ratio of the velocities at high and low density

can be expressed as:
high highy ® high\ %
A i I
sat
Tow low ~ low
Vr nf Isat

where the a exponent would equal 0.5 and 1 for the set of interchange and sheath scalings
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Figure 6 (a,b) Ratio of experimentally measured and simulated Isat values at high and low density, and (c) a exponent as

a function of distance from the LCFS. Experimental values of « lie below both sheath and interchange limits.

Do

respectively. Figure 6 shows the ratio of the measured Isat values at high and low 7, binned as a
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function of distance from the LCFS. The solid line is the exponential fit obtained from the particle e-
folding lengths estimated earlier. Monte-Carlo simulations of the ratio of Isat signals also yield a
similar trend, as shown in figure 6 (b).

The difficulty which arises when relating to predicted velocity scaling is immediately apparent since
the ratio of the Isat values is not constant as a function of distance from the LCFS. Taking V,.=1.65
km/s, and V.=1.2 km/s, the a exponent, shown in figure 6 (c), is given by the expression:
[high -1

a~0.28 log (%)

sat

Experimental values of alpha decrease from 0.3 in the proximity of the LCFS to 0.2 approximately
6cm from the edge, and are therefore factors of 4 and 2 smaller than sheath and interchange limits
respectively. We conclude that neither model agrees with experiment.

4. Conclusions and Summary

Results on edge turbulence during inter-ELM periods in MAST are presented. It is shown through
combined measurements based on fast camera images and reciprocating Langmuir probes that
filamentary structures influence the transport during these periods. A comparison of the D, light
emission amplitudes reveals that inter-ELM filaments are the lowest fluctuations in the MAST SOL
relative to L-mode and ELM filaments. Physical properties such as size, density and mode numbers
have also been characterised, along with measurements of the spatio-temporal evolution: Inter-ELM
filaments are found to rotate in the vicinity of the LCFS, and propagate radially outwards. Motion of
these filaments is found to depend strongly on plasma density such that with increasing density,
there is an enhancement of the radial transport which is clearly manifested by an increased number
of filaments which leave the edge and travel faster into the SOL. With the aid of camera images, it is
shown that intermittent fluctuations in ion saturation current signals correspond to inter-ELM
filaments passing the probe. Measured radial e-folding lengths indicate higher fall-offs at higher
densities. Similar trends are also obtained in Monte-Carlo simulations of a filament propagating
radially and losing particles on ion parallel loss timescales. Finally, a discussion is presented on how
the radial velocity and Isat measurements have been used to test the predictions made by different
models. The scalings observed in the data are at least a factor of 2 smaller than the models. In fact,
the scalings have been found to vary as a function of distance in the SOL — a feature which is not
captured in either model.
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