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1. Introduction In all tokamaks the power threshold for H-mode accBgs,s observed
to increase approximately linearly with density [1]. However, a mininRygras a function of
ne has been demonstrated on several tokamaks including COMPASS-D [2, 3], ALCATOR C-
Mod [4] and DIII-D [5]. TheRy, for the ITER ELMy H-mode may exceed the available heating
power except at densities appreciably lower than the desired operating condtict0étm—3.

An operating scenario under consideration for ITER starts with the transition into H-mode at
low ne followed by an increase ine to the required operating condition. Hysteresis between the
L-H and the H-L transitions is expected to maintain the H-mode duringidhise. Therefore,

it is important to characterise H-mode access in present day tokamaks under conditions of very
low density.

The departure oR, on JET from the ITERne scaling at very low densities was first re-
ported by Horton et al in [6], Righi et al. in [7] and Sartori et al. in [8]. Low density data from
COMPASS-D, JT-60U and JET have also been compared with Alfven Drift Instability theory
by Igitkhanov et al. in [9]. This earlier JET work is extended here with experimental results
from ne, By andqgs scans under conditions of low plasma density both with the Septum and the
Septum Replacement Plate (SRP) in the MKIl Gas Box (MKIIGB) divertor configurations.

2. Low Density L-H Transition Experiments Density scans were performed with
the MKIIGB Septum divertor at,/B; values of 2.5 MA/2.7(2.6) T, 2.5 MA/2.4 T and 2.2
MA/2.4 T. The L-mode target density was held constant, while the additional heating was slowly
ramped up at a rate of 1 MW/s, as illustrated by an example shot in figure 1. The L-H transition
for this shot is clearly seen as a sharp drop in the divé&tpsignal and corresponds to a reduc-
tion in turbulence as measured by reflectometry shown in figure 1(b). Generally, NBI heating
was used for the higher density plasmas, but for the lowest densities it was necessary to use
ICRH additional heating power only, due to operating constraints. All the plasmas examined
used a lower single null configuration, with both inner and outer strike points on the vertical

*See Appendix of J Pamela et al., Fusion Energy 2004, (Prdt1m0 Conf. Vilamoura, 2004) IAEA Vienna
(2004)
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Figure 1:(a)General plasma parameters for an example MkIIGB Septum shot (53181) part of
the density scan at 2.5 MA/2.6 T and (b) from top to bottom, reflectometry measurements of
radial position of the cut-off layer, integrated spectrogram and a sliding FFT spectrogram of
the reflected signal for shot 53181.

targets of the MKIIGB divertor and had deuterium fuelling. The pedestal electron temperature,
Teped, in these shots has been measured with a multichannel ECE radiometer with a time reso-
lution of 1 ms, while the the line average edgas the interferometer measured line integrated
ne divided by the chord length in the plasma.

The values o, and TeIonI at the L-H transition for the three sets lpf/B; scans with the
MKIIGB Septum divertor are shown in figure 2 as a function of edge deritys defined as
the total input power less shine through power losses for NBI, less the rate of change of stored
magnetic energy. All three sets of data show a minimurRjnas a function of density and
clearly demonstrate th&;, deviates from the ITER, scaling for the lowest density plasmas.
Te'[’ed also has a dependence in the low density regime, with the highek values in the
scans at the lowest valuesmf, which indicate thaf, cannot be the controlling parameter for
H-mode access under the low density regime.

The effect of plasmdc s on By, has been investigated by subtracting the bulk radiated power
from Ry, to give Psgpi.e. the power flowing across the separatrix in to the SRkepandZg+¢
are plotted in the top and bottom graphs respectively, in figure 3 as a function ohgdgee
edgene dependence d¥sgpis very similar to that oB, andZe ¢t decreases monotonically with
increasingne, showing no evidence of a sharp turning point.

On DIII-D increased values d¢#;, at low density were attributed to NBI heating required dur-
ing the initial current ramp up phase to avoid locked modes [5]. When an error field correcting
coil was used on DIII-D to reduce the locked mode density limit, the increas, iat low
density was eliminated. Since it was not necessary on JET to use additional NBI heating during
any phase of these ICRH only heated plasmas to avoid locked modes, the higher védyes of
at low ng cannot be attributed to surplus power. However, analysis of the JET low-density shots
shows that they are indeed very close to the locked mode density limit at the L-H transition.

It is also interesting to note th&Y, is influenced by a change Ip at constanB; at the lowest
values ofne. In figure 2 atne = 1.8x13°m~3, Ry, is very similar forl,/B; = 2.5 MA/2.4 T and
2.2 MA/2.4 T. However, ate = 1.3x13°m~3 and 0.8x18°m~3, Ry, is 1.5-2 MW higher at,, /By
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Figure 2:Ry and corresponding pedesta(l,!mfd values plotted as a function of the edgefor
MkIIGB Septum divertor.

of 2.5 MA/2.4 T than at 2.2 MA/2.4 T. On the other hand, in a sepdiatamp experiment at
B: = 2.4 T,l, was varied from 2.5 MA to 3 MA at the L-H transition. The edge edgevas
held constant at 1.3x18m2 andR;, demonstrated no dependencelpm the range scanned.
The contrast between these two results may be due to the differenceljrtivegge explored.
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3. Conclusions Density scans carried out on JET with the MkIl GB septum divertor have
shown that at very low plasma densities a minimun®jpexists. The increase iR, does not
appear to be dependent on increasigg; at the lowest densities, with subtraction of the bulk
radiated power making no significant difference to thedependence. There is a sensitivity
of Ry to gos at fixed By at the lowest densities, with a decreasd grfrom 2.5 MA to 2.2.

MA reducesR by 1.5 - 2 MW. The effect of the divertor septum on H-mode access in the
low density regime was examined by repeating reference density scans with the SRP, but no
evidence of departure d¢#,, from the standard ITER scaling was found for lowest densities
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Figure 4:(a)Rp and (b) ‘Qped at the L-H transition plotted as a function of edgeat 2.5 MA/2.7
T for the MkIIGB Septum and the MkIIGB SRP divertors

explored. If a minimunmBy, exists it has been shifted to an even lower valuaoivith the

removal of the septum. Finally'epe‘j was found to be very similar for the two sets of divertor

data.
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