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1. Introduction

The SOL plasma parameters and power loadings in double-null (DND) ST geometry
were measured and analysed for the first time on START [1], where severa unusual features
were observed, including strong in-out/up-down power asymmetries and significant SOL
currents. However, interpretation of the data was complicated by a blanket of high neutral
density surrounding the START plasma (a result of the fuelling scheme, fully open divertor
geometry and large vessel to plasma volume ratio), which was believed to give rise to large
charge exchange losses from the SOL.

The larger successor to START, the Mega Ampere Spherica Tokamak (MAST) at
Culham, has now been successfully commissioned and obtained first tokamak plasma in
December 1999. The present plasma performance [2] already includes over 1 MA plasma
current, significant ion heating from NBI auxiliary heating, densities up to 1.8XNgreenwaid and
H-mode operation (the main operating parameters are summarised in Table1). Preliminary
investigations of plasma conditions

Operating Parameters g‘;gg %‘g (including power loading) at each of the
Major radius, R (m) 0.7_885 082 four strike points in MAST ha\_/e been
Minor radius, a(m) 0.5 — 065 0.57 undertaken for a number of Ohmic DND
Plasma aurrent, I, (MA) $2 0.44 plasmas, with flat top plasma currents of
Asped ratio, A >13 144 = 9,.+-3
5 fidd onads B (D =22 = about 500kA and n,of around &10' m.
Paux (MW) < 65 0 The results are presented together with
Pulse length (3) <5 0.15 initial Qataindicating that, ase?q_oede_d from
Ne (x 10° m?®) 1-18 ~1 modelling [3], neutral densities in the

MAST vessl are substantially lower than in
Table 1. Main operating parameters of MAST. Parameters
for shot 2321 at time 144 ms are given on the right hand
column aswell asthe general parameter ranges on left.

START, much reducing the uncertainties
introduced by large darge exchange losses.

Vacuun Vessel

2. Experimental setup

MAST iswell equipped with arrays of high : |
spatial resolution, swept Langmuir probes |
covering al four strike paint regions at the same “
toroidal location (Fig. 1). The inbaard strike
points (ISP presently fal on the ~40 cm
diameter centre wlumn. This is proteded by
graphite tiles in which there ae 212 flush-
mounted probes gaced 3mm apart and arranged
in two arrays covering the upper and lower ISP
regions. The outboard strike points (OSP fall
on a series of radial graphite ribs, two of which < -
(one upper and ore lower) are installed with Fig. 1. A schematic view of the MAST
arrays of 90 flush-mourted probes, spaced Langmuir probe arrays, 576 probesin all
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10mm apart.

Data were analysed for
the period after the formation
of a clear DND configuration
(Fig.2), with the inboard
Separatrix well separated from
the centre column. Care was

taken to select data from well-
established plasmas, with low
Lol levels of MHD activity, and

arfgour 7

Inner strike Domt

- divertor coil Outer strike point for which good-quality data
— = was available at al 4 strike
Fig. 2. Visible light image for shot 2321 (Ohmic only), showing points simultaneously.

lower inner and outer strike points at time 140 ms.

3. Results
3.1 Target parameter results

Fig. 3 shows the target profiles of ion saturation current (1), €ectron temperature (Te),
electron density (ne) and electron pressure (pe) across the upper ISP for shot 2321. Except for
Te (the analysis of which is subject to the largest uncertainties), the profiles are characterised
by a wedl defined peak 120 SEE . —
corresponding to the separatrix ook
location and a clear exponentid - ¢
fall-off inthe SOL. Similar setsof £
data were obtained for each of the =
other 3 strike points.

The target profile data are
summarised in Table 2 together
with estimates of the experimental
uncertainties for this preliminary
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anaysis. Unlike  START

observations [4], there is only g sl

weak evidence within e

experimenta| uncertainties for 1.24 1.25 1.26 1.27 1.28 1.24 1.25 1.26 1.27 1.28

up/down asymmetries in target » # )

parameters. However, clear Fig. 3. Target plasma parameter profiles across the upper
. ISP at time 144 ms for shot 2321. Peak | is regarded as

asymmetries are observed between the separatrix lacation.

the inboard and  outboard
temperature and density scale lengths, which are around an order of magnitude larger on the
outboard side as a result of the strong poloidal flux expansion characteristic of the ST. This
effect is aso observed in measurements of the separatrix density, which are substantially
lower on the outboard side.

One more interesting observation relates to the temperature and density decay lengths at

the targets. At three of the four strike points, the ratio A% : AX" lies between ~5-8. Thisis
higher than usually encountered in conventional aspect ratio devices and perhaps indicative of
a significant difference between heat and particle diffusivities in the ST SOL and/or low
recycling conditions at the targets. The ratio at the lower OSP is just 2.5 for reasons which
remain to be understood. To this end, work is on-going to implement Onion-Skin method
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Parameter Strike Point L ocation
Upper
Inboard QOutboard
T (eV) 1645 17+8
NP (x 107'm) 18+3 3.2+1
SOL + +
ATe (cm) 3.1+0.9 43+21
oL + +
Ane (cm) 0.71+0.1 5.7+1.7
L ower
Inboard Outboard
T (eV) 1648 20+10
N (x 107m) 13+4 2.0+0.6
SOL + +
ATe (cm) 4.4+2.2 27114
0L + +.
Ane (cm) 0.76+0.23 11+3.4

Table 2. Summary of the target profile data for shot 2321
at time 144ms.

(OSM) [5] analysis for the MAST SOL, and
to supplement target probe data with
upstream measurements from reciprocating
probe and helium line ratio diagnostics.
Rather more speculative, given the
preliminary nature of the data, is an estimate
of the SOL callisionality, which is often
characterised in terms of the quantity
V*:L////\ee, where Ly is the parallel
connection length and Ae, the electron-
electron mean free path. Only a rough
estimation of the collisionality is currently
possible due to uncertainties in the
evauation of L. However, typical measured
values of target density (~2.5x10"m™) and
temperature (~20eV) at the outboard strike
points, combined with L, of around 50m

(scaled from START data), indicate that the outboard SOL is marginally collisional (v'~7) for

the Ohmic shot considered. A higher density
(1.5x10"¥m®) and dlightly lower temperature
(~16eV) at the inner strike points, together
with Ly of around 40 m, suggests that the inner
SOL iscollisional in nature (v ~50).

3.2 Power to the target plates

Estimates of power flow to the strike
points are summarised in Table 3. The peak
heat flux density (™) shows a significant
infout asymmetry at both upper and lower
targets, with the inboard tiles subject to ~5
times higher values (~IMWm?) than the
outboard ones, but with a strike point width
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Fig. 4. Heat flux density profiles on the outboard side for
shot 2321 at time 144ms.

Parameter Strike Point L ocation
Upper
Inboard Outboard
g*® (MWm?) 1.05+0.2 0.20+0.06
A2 (cm) 0.53+0.1 4.8+1.4
Power (kW) 21+4 137+41
Lower
Inboard Outboard
o™ (MWm?) 1.05+0.3 0.18+0.05
A2t (cm) 0.61+0.2 6.6+2
Power (kW) 23+7 118+35

Table. 3. Summary of the power flow results for shot
2321 at time 144ms

nearly 10 times as narrow. The total power
flow to each target was estimated by
integrating across both the SOL and private
flux region (PFR) heat flux density profiles
and assuming toroidal symmetry. The power
flowing to the outboard divertor targets is
typically ~5-7 times higher than that to the
inboard side (~130kW), while the tota
power flowing to each of the upper and
lower targets is approximately the same
(~150kW), giving a grand total of ~300kW.
Fig. 4 shows the heat flux density
profiles on the outboard side at both upper
and lower targets with fitted exponential fall-
off curves. No marked difference between
upper and lower profiles was observed (apart
from a shift in the radia position, resulting
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from a vertical displacement of the core plasma). The heat flux density width, Aq, in the SOL
at the inner strike paints is typically around 5nm (and wider than 1 cm in the private flux
region), whilst that at the outer strike points exceals ~5cm (and ~4-6 cm in the PFR). This
gives avaue of ~1.5cm for the inner total strike point width and ~10 cm for the outer width
(aresult of strong outboard flux expansionin the ST).
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4. Discussion
Making the assumption that the plasma was in steady state and taking the core radiated

3 PsoL ~450KW for shot 2321. The measured

. target power load o ~300KW thus

= SOL. This value may be cntrasted with

3 E results from START, in which typically

tiles [1]. This difference may be explained

by a reduced level of charge exchange

7 n, ~1a0’m? START, a result of much lower neutral

20 25 30 35 40 45 50 densty in the MAST ves=l and thus
density in MAST indicae areduction by a

fador ~50 compared to START (Fig. 4),

confinement times and longer pulse

lengths which alow plasma refuelling to

A useful ratio is that of the outboard to

inbcard total power efflux. At ~6.5, this

0 0 100 150 ng geometric ratio of outer to inner separatrix

Time (ms) surface aea which, for a typicd DND

START (upper 2 traces) and MAST (lower 2 traces) plasmas observations from START [1] and
indicates that geometric effeds in the ST are augmented by increased transport at the
a large Shafranov shift in the ST). This effect has sgnificant implicaions for the design of
future ST power plant scde devices by direding the bulk of power to the outboard side,

power fradion from bolometry to be ~40%, the net SOL inpu power is estimated at
represents ~2/3 of the power entering the
only ~1/3 of Pgo arrived at the divertor
/ collisions in the MAST SOL compared to
fime (m2) | . plasma elge. Measurements of the neutral
due to substantiadly higher particle
evolve beyondthe initial gas-puff stage.
ratio is ggnificantly in excess of the
Fig. 5. Vessel neutral (blue) and plasma (red) densitiesfor typical - equjli brium, is around 3.This is smilar to
outboard side, perhaps resulting from stegp gradients in flux surface parameters (arising from
where the larger strike point radius and high flux expansion ameli orate target power loading.
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