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The competition between transport processes parallel and perpendicular to the magnetic field

in the scrape-off layer (SOL) of a tokamak determines the radial profiles of variables such

as temperature and density that impinge on divertor and first-wall surfaces [1]. These profiles

impact erosion of plasma-facing components and thus affect reactor lifetimes. A large portion

of the radial flux of particles and heat in the SOL is carried intermittently by mesoscale coherent

structures known as filaments (alternatively blobs, avaloids, IPOs) [2, 3].

The bulk of past filament measurements have used Langmuir probe based techniques, with a

minority of studies employing other diagnostics such as gas puff imaging (GPI) and beam emis-

sion spectroscopy (BES). In machines where the edge neutral density is high enough to facilitate

it, direct wide-angle fast visible imaging of the plasma holds great potential for scrape-off layer

studies. Visible imaging benefits from being a passive technique that can operate reliably over

a wide range of conditions, for the whole duration of a pulse, while measuring a large section

of the plasma.

In this proceeding we use Langmuir probe measurement techniques to perform a like for like

comparison of visible camera measurements and Langmuir probe measurements for the first

time. The emission intensity observed in visible camera images and Langmuir probe ion satura-

tion current can both be considered proxy measurements of plasma density. However, they also

have differing, weaker dependencies on electron temperature and neutral gas density that pre-

vent a fully quantitative comparison of the two measurement techniques. Thus this diagnostic

comparison enables camera measurements to be put into context alongside more familiar Lang-

muir probe measurements and understand the commonalities and differences between what the

two techniques observe.

We have developed an inversion technique to map unfiltered (primarily Dα ) emission in cam-

era images onto a magnetic field aligned basis. Under the assumption that filaments are strongly

aligned to the magnetic field, as has been widely observed in the past, regions of intense emis-

sion in the inverted plane can be studies to infer the positions, amplitudes, sizes and velocities of

the imaged filaments. The details of this technique are discussed in detail in [4]. By considering

temporal, radial or toroidal slices through the inversion data, 1D series are produced that are
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similar to those produced by a reciprocating probe diagnostic.

Figure 1: Time series

In the absence of a single MAST pulse

with both fast camera and Langmuir probe

data, two similar pulses were studied. The

camera analysis was performed on MAST

pulse 29840 and the reciprocating Langmuir

probe (RCP) analysis on pulse 29023, both

of which were ohmic, L-mode, double null

plasmas with a flat top plasma current of

400 kA and line averaged plasma density

of 4 × 1019 m−3. The camera analysis was

performed over a time window lasting 90

ms, with a frame rate of 100 kHz, while

the Langmuir probe reciprocation occurred over 400 ms with a sample rate of 500 kHz.

Figure 2: Conditional averaged waveforms.

Figure 1 compares time series from each

diagnostic. The top panel shows the time

varying intensity of the average visible emis-

sion along a the field line intersecting the

mid-plane at the separatrix (rsep = 0 cm). The

bottom panel shows the ion saturation cur-

rent drawn by the probe tip at the separa-

trix. Thus, an important distinction between

the two is that, while the RCP measurement

indicates the fluctuating plasma density at a

point, the camera measurement describes the

fluctuating plasma density averaged along a

field line passing though an equivalent point in the SOL. Under the assumption that filaments

are field aligned, a filament passing the point of interest will manifest similarly in each case as

a sharp spike in intensity.

Indeed, this is observed in the time traces which have a strong resemblance. Those spikes

whose intensity exceed 2.5 standard deviations above the mean are indicated with crosses. The

shape of these spikes is compared via conditional averaging in Figure 2. In each case a time

window of 200 µ has been taken around each peak above µ + 2.5σ and the average of these

windowed signals calculated. For both diagnostics the peak shape is described well by a highly
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symmetric double exponential. The rise (fall off) times for the camera and the RCP waveforms

are 25 µs (26 µs) and 5 µs (7 µs) respectively. This absence of a sharp rising edge and trail-

ing wake in conditionally averaged waveforms has previously been observed in MAST [5, 6].

Figure 3: Radial profiles of the mean, variance and

skewness of intensity fluctuations.

The approximately ×5 greater width of the

waveform in the camera measurements can

be attributed to the nature of the field line av-

eraged measurement. For a given filamentary

fluctuation observed by the two diagnostics,

any deviation of the equilibrium magnetic

field from the filament structure along the

whole visible length of the field line will re-

sult in the camera presenting a broader wave-

form than the RCP. In addition to this, line of

sight effects can lead to significant emission

remaining on a section of a field line after

the centre of the filament structure has moved

past that field line. This effect is minimised my applying a point spread function correction op-

eration during the inversion process, but will still lead to some degree of broadening of the

conditionally averaged waveform. Lastly, whereas the RCP signal has the potential to be influ-

enced by small scale, local, non filamentary fluctuations at the probe tip, all peaks in the camera

data must necessarily result from structures encompassing large parallel extents of field lines

that are thus filamentary in nature. Thus, some small scale non filamentary fluctuations may be

excluded from the camera measurements that included by the RCP.

Figure 4: Intensity autocorrelation.

Radial profiles of the mean, variance and

skewness of the camera fieldline intensity

and RCP ion saturation current are presented

in Fig. 3, showing close agreement between

the two. Both show the typical exponential

fall off in the mean with slight flattening in

far SOL as well as a rise in skewness with in-

creasing distance from the separatrix, corre-

sponding to the increased relative amplitude

of the filaments in the far SOL [7].

The temporal scales present in the fluc-
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tuating signals can be quantified using the

autocorrelation function shown in Figure 4. Fitting the autocorrelation function with

the expression A f it(t) = exp[−(t/(τac)
β−1] the autocorrelation time τac can be ex-

tracted. As seen with conditional averaging the camera signal has a longer auto-

correlation time of τac = 40µs compared to 9 µs for the RCP. This can be at-

tributed to the same causes given for the broadened conditionally averaged waveform.

Beyond around 3 cm into the SOL, the field lines come into contact with the P5 poloidal field

coil, resulting in further drops in each statistical moment.

Figure 5: Waiting times.

Figure 5 shows the distribution of waiting

times τwait from each diagnostic. As is typ-

ically observed, they are well described by

exponential distributions indicating that fil-

ament generation is a Poisson process. For

Ithresh = µ + 2.5σ the camera has a waiting

time of τwait = 560 µs compared to 110 µs

for the RCP. The apparent lower intermit-

tency of the camera fluctuations in large part

results from the increased width of the peaks,

which acts to raise the mean and standard

deviation and thus cause fewer peaks to fall

below the threshold amplitude. The increased peak width will also lead to merging of some

smaller peaks again increasing the waiting time. Therefore, if the intensity threshold is lowered

to Ithresh = µ+0.2σ in the camera analysis, the τwait = 110 µs observed by the RCP is obtained.

RCP filament analysis techniques have been successfully applied to visible camera data, en-

abling results from the two diagnostics to be directly compared. Radial profiles of mean, vari-

ance and skewness of intensity agree well between the two diagnostics. Conditionally averaged

peaks share a symmetrical double exponential shape, but have longer autocorrelation times in

the camera data due to the field line averaging. Waiting times, are exponential in both cases,

with ×5 longer waiting times for the camera data likely due to increased peak widths.
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