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Abstract.
Since the last IAEA Conference JET has been in operation for one year with a programmatic 
focus on the qualification of ITER operating scenarios, the consolidation of ITER design choices 
and preparation for plasma operation with the ITER-like wall presently being installed. Good 
progress has been achieved, including stationary ELMy H-mode operation at 4.5MA. In matched 
NBI+ICRF heated H-mode plasmas with up to 100% of ICRF heating the confinement was found 
to be independent of the heating mix. The high confinement hybrid scenario has been extended to 
high triangularity, lower r* and to pulse lengths comparable to the resistive time. The steady-state 
scenario has also been extended to lower r* and n* and optimised to simultaneously achieve, in 
stationary conditions, ITER-like values of all other relevant normalised parameters. Dedicated 
physics studies have demonstrated reduced core ion stiffness in plasmas with high rotational, and 
low magnetic, shear, allowing gradients with normalised ion temperature gradient lengths up to 8 in 
the fastest rotating hybrid discharges. Effective sawtooth control by fast ions has been demonstrated 
with 3He minoity ICRH, a scenario with negligible minority current drive. ELM control studies 
using external n = 1 and n = 2 perturbation fields have found a resonance effect in ELM frequency 
for specific q95 values. Complete ELM suppression has however not been observed, even with an 
edge Chirikov parameter larger than 1. Pellet ELM pacing has been demonstrated and the minimum 
pellet size needed to trigger an ELM has been estimated. In disruption studies with Massive Gas 
Injection up to 50% of the thermal energy could be radiated before, and 20% during, the thermal 
quench. Halo currents could be reduced by 60% and, using argon/deuterium and neon/deuterium gas 
mixtures, runaway electron generation could be avoided. Most objectives of the ITER-like ICRH 
antenna have been demonstrated; matching with closely packed straps, ELM resilience, Scattering 
Matrix Arc Detection and operation at high power density (6.2MW/m2) and antenna strap voltages 
(42kV). Coupling measurements are in very good agreement with TOPICA modelling.

1.	 Introduction
Since the last IAEA Conference [1] JET has been in operation for one year with a maintained 
programmatic focus on the qualification of ITER operating scenarios [2], the consolidation of ITER 
design choices and the preparation for future plasma operation with the JET ITER-like Wall [3, 
4]. Machine and sub-system reliability has been very good (with neutral beam power in excess of 
22MW being achieved in several pulses) and has allowed strong progress in the JET Programme, 
including stationary Type I ELMy H-mode operation with plasma currents up to 4.5MA [5] and 
a dedicated Helium campaign to evaluate key aspects of plasma control and H-mode operation 
for the ITER non-activated phase. The latest experimental campaign ended in October 2009 and 
JET has since been in shutdown for the JET Enhancement Programme 2 (EP2) upgrades, chiefly 
the installation of the ITER-like Wall (ILW) and the upgrade to the Neutral Beam Injection (NBI) 
system [6]. The ILW project sees the replacement of all Carbon Fibre Composite (CFC) Plasma 
Facing Components (PFCs) with beryllium for the first wall (solid Be and 8mm Be-coated Inconel) 
and tungsten in the divertor (10-15mm and 20-25mm W-coated CFC tiles for the inner and outer 
divertor respectively [7,8], and bulk W for the horizontal tile for the outer strike point in high 
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performance scenarios [9, 10]). The Neutral Beam upgrade will bring the maximum power from 
22MW to 34MW with the pulse length extended to 20s. Before the end of the campaign the new 
Enhanced Radial Field Amplifier [11] (together with a few new diagnostics) have been installed 
and fully commissioned [12], demonstrating its capability of controlling plasma vertical position 
with the largest Edge Localised Modes (ELMs) [13]. Installation tasks for the EP2 upgrades are 
scheduled to be completed by the end of 2010, with plasma operation restarting in 2011.

2. Progress in the qualification of ITER operating scenarios
2.1 ELMy H-mode
The dependence on the edge pedestal and ELM characteristics on the normalised ion gyroradius
r* = ri / a have been explored in joint JET and DIII-D experiments. Taking advantage of the difference 
in machine size a factor 4 variation in r* was achieved, keeping other dimensionless parameters (n* 
and bpol) at the top of the H-mode pedestal fixed [14,15]. The results rule out a strong dependence 
of the pedestal width on r* which is predicted by some theoretical models [14].
	 Following earlier observations of a dependence of the fractional ELM losses on r* in DIII-D 
[16], a specific attempt has been made to elucidate a similar dependence on JET. As shown in Fig.1, 
the JET DIII-D comparison seems to point out a size dependence of the fractional ELM losses, 
although JET data alone seems to have little or no dependence on r*. The scaling of ELM sizes 
to ITER thus remains an open issue, pointing out the need on ITER for a robust and flexible ELM 
suppression/mitigation system. 
	 Extrapolations from present day devices to the ITER QDT = 10 baseline scenario are based 
predominantly on ELMy H-modes heated by positive NBI with dominant ion-heating and significant 
toroidal momentum input. In contrast, plasma heating in ITER will be by a-particles, negative NBI, 
Ion Cyclotron Resonance Heating (ICRH) and Electron Cyclotron Resonance Heating (ECRH) 
with dominant electron heating and insignificant levels of momentum input. Exploiting the recent 
improvements in resilience of the JET ICRH systems (see Sec. 5) to ELMs the effect of heating 
mix and rotation on the confinement has been investigated in matched pairs of NBI-only and  NBI + 
ICRF-heated low triangularity (d = 0.25) 2.5 MA / 2.7 T (q95 ~ 3.6) H-mode plasmas [17]. In increasing 
the fraction of ICRH power from 50% (Ptot ~ 16 MW, Ploss / PL-H ~ 2) to 100% (Ptot ~ 9 MW, Ploss / PL-H 
~ 1.2) no significant differences were found compared to the matched NBI-only plasmas. The plasma 
confinement is found to be independent of the heating mix, Fig.2, density and temperature profiles in 
the core are similar and Ti ≈ Te despite the different heat, particle and torque deposition profiles. The 
pedestal pressure is also independent of the heating mix and there is no obvious correlation between the 
ELM size / frequency and the heating mix. The toroidal rotation in the ICRH-dominated plasmas was 
approximately 10 times lower at the edge and 5 times lower in the core. The plasma density in these 
discharges was around 65% of the Greenwald density and Zeff was typically 1.7 - 2. 

2.2 Hybrid scenario
The hybrid scenario is a promising route for ITER because it might allow the achievement of Q=10 
at lower plasma current and for longer pulses than the baseline scenario. At the 2008 IAEA FEC 
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it was reported that confinement enhancement up to 40% above the IPB98(y,2) scaling [18] was 
transiently achieved. Using a current ramp-down technique prior to the main heating phase to tailor 
the target q-profile JET hybrid plasmas now routinely achieve confinement improvements over the 
standard H-mode. Since 2008 the hybrid scenario has been extended to high triangularity (d ~ 0.4) 
and lower r* (r* ~ 3.5×10-3) at 2.3T and up to 2MA [19]. Pulse lengths in excess of 6 s (~tR) have 
been achieved at fGreenwald ~ 0.75 and bN ~ 3. Improved confinement has been obtained with H98 
approaching 1.3 - 1.4 in plasmas where MHD and plasma-wall interactions were avoided. In these 
conditions low magnetic shear in presence of high rotation may also lead to reduced ion stiffness 
and contribute to the overall confinement (see Sec 3.1). 

2.3 Advanced tokamak / steady-state scenario
The performance and stability of the advanced tokamak scenario with Internal Transport Barrier (ITB) 
has been extended to 1.8MA / 2.7T (q95 ~ 4.7), achieving dimensionless parameters approaching the 
ITER steady-state targets for high triangularity (d ~ 0.4) plasmas with global r* / r*ITER ~ 2 and n* 
/ n*ITER ~ 4 [20], Fig. 4. In addition to around 22MW of NBI, up to 8MW of ICRH and typically 
2.5MW of LHCD was applied to a q0 ~ 2 target chosen to optimise the bootstrap current. Relatively 
weak ITBs are formed (typically correlated with the q = 2 surface rather than with negative shear) 
allowing to simultaneously achieve bN ≥ 2.7, H98 ≥ 1.2, Te ~ Ti, fbootstrap ~ 0.4, fGreenwald ~ 0.65 and 
a large thermal energy fraction, fTH ~ 0.8, in stationary conditions (~10 tE). Gas injection added 
to improve the ICRH and LHCD coupling lead to Type I ELMs  about 40% smaller than natural 
ELMs and clean plasma conditions, Zeff ≤ 2. In all discharges there is however evidence that the 
q-profile is evolving, signifying a shortage of non-inductive current. TRANSP interpretive modelling 
indicates a bootstrap fraction in the range of 36 – 45% and NBI current drive of 20% of the plasma 
current. An additional 35% of non-inductive current drive would therefore be needed to make these 
scenarios fully steady-state. Predictive CRONOS [21] modelling indicates that it would be possible 
to maintain the q-profile needed to sustain the ITB, and hence maintain the performance, with the 
off-axis current drive that could be provided by the recently proposed ECRH / ECCD system for 
JET [22].

2.4	Qualification of Helium operation for the ITER non-activated 
phase

During the initial non-activated phase, ITER must operate either hydrogen (H) or helium (4He) 
plasmas to commission systems, evaluate ELM-mitigation techniques and develop operating 
scenarios for DT operation. The high L-H power threshold in hydrogen (around twice that in 
deuterium) appears to preclude hydrogen H-mode operation in ITER, leaving helium as the likely 
choice. A dedicated helium campaign with the NBI system fully converted to helium has been 
carried out at JET, using the technique of argon frosting for both divertor and NBI cryopumps to 
ensure helium pumping, in order to qualify plasma scenarios in helium.
	 The L-H power threshold of matched 1.7MA / 1.8T deuterium and helium discharges was found to 
be ~4MW at ne = 2.5 - 2.9×1019 m-3, irrespective of the helium concentration [23]. At lower density, 
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ne = 2.1×1019 m-3, the threshold was however higher in helium than deuterium. The threshold power 
for Type III to Type I ELMs was also similar for both gasses, approximately twice the L-H power 
threshold. Scaled to the ITER half-field baseline scenario (7.5 MA / 2.65 T, fGreenwald = 85%) using 
the Martin08 scaling [24] the L-H power threshold in helium should be 30 - 42 MW (or 20 – 65 MW 
for an appropriately chosen 95% confidence interval). The power threshold for Type I to Type III 
ELMs would correspondingly be 42 – 48MW (23 - 86MW). For a matched helium/deuterium pair 
of discharges, the pedestal width was found to be similar, 2.1±0.5 cm in helium and 2.5±0.5 cm in 
deuterium, but the pedestal pressure in helium was only 70% of that in deuterium. Correspondingly, 
the energy confinement in helium plasmas normalised to the IPB98(y,2) scaling law was found to 
be around 70% of the confinement in deuterium.
	 Heat load studies of the outer divertor target using a fast high resolution infrared camera revealed 
that while the radial ELM heat load profiles are similar for helium and deuterium plasmas, the inter-
ELM and time averaged heat load profiles are broader with helium. The power arrival time / heat 
pulse durations for helium are also much longer, leading to lower peak heat loads [25].
	 Helium operation also allowed the flux consumption and heating requirements for current profile 
control during the current-rise, q95 = 3 flat-top and ramp-down in ITER helium plasmas to be 
assessed [26]. JET performed ITER scenario demonstration discharges in deuterium in 2008 [27] 
that contributed to the modification of the ITER coil design and have been used as a reference for the 
helium discharges. Good control of the internal inductance is achieved with both gasses during the 
current ramp-up using a full bore plasma shape with early X-point formation at 0.8MA, equivalent to 
forming a diverted plasma at 4.5 MA in ITER. Early heating is required to keep li below 0.85 when 
using the fastest current ramp rate available (0.36 MA/s), still maintaining an MHD stable plasma 
up to q95 = 3 with a transition to H-mode that in JET deuterium discharges occurs at 7 - 9MW and 
in helium at 8 - 11MW.  During the current ramp-down the plasma inductance can be maintained 
within the ITER limits by remaining in H-mode. If heating is not available, simultaneous control 
of the internal inductance and avoidance of flux consumption can be achieved by combining an 
appropriate ramp-down rate with a strong reduction in plasma elongation to reduce the vertical 
instability growth rate. Apart from higher flux consumption for helium discharges during plasma 
initiation deuterium and helium discharges are very similar with respect to key requirements for 
ITER plasma control. 

3. Plasma transport and core stability
3.1 Momentum transport and intrinsic rotation
Plasma rotation is well known to have beneficial effects on MHD modes, such as resistive wall 
modes and neoclassical tearing modes, and sheared plasma rotation is an important factor in plasma 
turbulence stabilisation. The combination of sheared rotation and low magnetic shear for example 
appears to play a role in the improved core ion confinement observed in hybrid and advanced tokamak 
scenarios [28]. In light of the low external momentum input of the ITER 1MV NBI system, a robust 
understanding of momentum transport and intrinsic momentum sources and sinks is crucial. 
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The radial profiles of the inward momentum pinch and Prandtl number have been determined on 
JET using modulated NBI powers and torques and compared to linear gyro-kinetic code predictions 
using GKW [29] and GS2 [30], [31]. Quantitative agreement is found in the dependence of the 
pinch number, Rvpinch/cf (with R the torus major radius, vpinch the pinch velocity and cf the toroidal 
momentum diffusivity), and the diffusive Prandtl number, Pr = cf/ci, on the inverse density gradient 
length, R/Ln = R|∇n|/n. The dependence on other parameters is weak, and neither Rvpinch/cf nor Pr 

depends on collisionality. Rvpinch/cf is found to be between 3 and 5 around the plasma mid radius 
(r/a = 0.4 - 0.8), only increasing above 5 for R/Ln > 3. Pr, which does not depend significantly on 
any of the parameters scanned, is typically 1.5 - 2 at the plasma mid radius and increases with 
plasma minor radius.
	 In JET plasmas with normal toroidal magnetic field ripple, d BT = 0.08%, the intrinsic toroidal 
rotation in the absence of significant momentum injection by NBI is always small, wf < ±10 krad/s, 
also in ICRH-dominated H-mode plasmas with bN up to 1.3 [32]. This is in conflict with existing 
multi-machine scaling laws for the intrinsic rotation, which predict an Alfvén-Mach number an 
order of magnitude larger [33]. At the ITER ripple level, dBT = 0.5%, the JET intrinsic rotation is 
near zero. At higher toroidal field ripple the edge rotation is near-zero and the core is rotating in 
the counter-current direction, faster in plasmas with Type III than with Type I ELMs. A separate 
study has analysed the relative loss of toroidal momentum to plasma energy associated with ELMs, 
showing that the momentum losses are consistently larger than the energy losses, Fig. 5. The losses 
of momentum are observed to penetrate deeper into the plasma during large Type I ELMs than the 
losses of energy, r/a = 0.65 as compared to r/a = 0.8. As a result, the time averaged toroidal rotation 
at the top of the pedestal decreases with increasing ELM frequency.

3.2 Sawtooth stability control
Effective sawtooth control has been demonstrated with 3He minority ICRH with toroidally directed 
antenna spectra and the resonance tangential to the q = 1 surface [34]. Since the minority ion 
current drive for this scenario is expected to be negligible in JET (and in ITER) due to the electron 
drag current, this demonstrates the direct kinetic response of highly energetic ions on the internal 
kink mode. The effect is explained by fast ions with wide drift orbits intersecting the q = 1 surface 
predominantly on the high field side (good magnetic curvature) or low field side (bad magnetic 
curvature) due to asymmetric parallel velocity distributions [35]. Using 4 MW of ICRH the sawtooth 
period could be decreased (-90° antenna phasing) or increased (+90° antenna phasing) by more than 
a factor 2, Fig. 6. This direct effect of fast ions on the sawtooth stability is encouraging for ITER, 
where the ability of the ICRH system to control the magnetic shear by Ion Cyclotron Current Drive 
(ICCD) is expected to be weak [36]. 

4. First wall power and particle loadings
4.1 ELMs and their amelioration
The understanding and mitigation of ELMs is one of the main issues for reliable ITER operation. 
ITER will require reliable ELM control over a wide range of operating conditions and it is therefore 
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essential to develop a suite of different ELM mitigation techniques. On JET, ELM control studies 
using Resonant Magnetic Perturbations (RMP) produced by the external Error Field Correction 
coils (EFCCs), rapid radial field changes (“vertical kicks”), gas injection and pellet pacing  have 
progressed towards establishing the necessary conditions for mitigation, the impact on the plasma 
confinement and the effect on the divertor heat loads [37, 38, 39]. 
	 The application of EFCCs and kicks in high triangularity (d = 0.43) H-mode plasmas  (2MA / 
2.2 - 2.4T, q95 = 3.6 - 3.9, PNBI = 7 - 12MW, PICRH = 1 - 2MW) with low natural ELM frequencies, 
fELM ~7 - 15 Hz, allows  an increase in ELM frequency by a factor of 5 with kicks and 3.5 with 
EFCCs [37]. The increase in ELM frequency is associated with a decrease in the normalised energy 
loss per ELM, Fig. 7. Notably, all ELM control methods (EFCCs, kicks and gas) follow the same 
trend in DWELM / WPED with fELM and the mitigated ELMs can be sustained also at low pedestal 
collisionality. Both EFCCs and kicks are associated with a density pump-out which reduces the 
core density by ~30%. This can be compensated for by gas puffing, but at a cost in confinement. 
Toroidal rotation braking (up to 50%) is observed extending over the whole plasma column with 
EFCCs, whereas with kicks a ~10% reduction in the edge rotation is found due to the increased 
losses of toroidal momentum at the higher ELM frequency, see Sec. 3.1. 
	 On DIII-D, in-vessel RMP coils producing an n = 3 perturbation field allows Type I ELMs to 
be completely suppressed in narrow windows of the edge safety factor (q95 = 3.5 - 3.9 and q95 ~ 
7.2) [40,41]. On JET, ELM control studies with n = 1 or n = 2 perturbation fields induced by the 
EFCCs have not yet shown complete ELM suppression, even in plasmas with edge vacuum Chirikov 
parameters greater than 1. In low triangularity plasmas (d ~ 0.2) a q95 scan at fixed toroidal field 
(1.84 T) and low pedestal collisionality (n* ~ 0.1) however shows a resonance effect, where the 
ELM frequency increases a factor 4 - 5 at specific values of q95 with n = 1 fields applied. For non-
resonant values of q95 the ELM frequency only increases a factor of about two with the n = 1 field 
applied [42,38], Fig. 8. The same effect is also found with an n = 2 field. This multiple resonance 
effect can be qualitatively predicted by a model in which the ELM width is determined by a localised 
relaxation to a profile which is stable to ideal external peeling modes.
	 Pellet pacing up to 10Hz has been demonstrated in 2.0MA / 2.3 T (q95 = 3.8) plasmas with 11 
MW of NBI heating using the fuelling section (nominally 2.2×1021 D / pellet, 200m/s) of the High 
Frequency Pellet Injector (HFPI) for low field side injection. While the natural ELM frequency in 
these plasmas was also around 10 Hz, the ELMs were synchronised with the pellets - confirming 
the ELM pellet pacing technique on JET. The minimum pellet size (and thereby the minimum 
unavoidable fuelling) required to trigger ELMs has been estimated from the Da signal from pellets 
with a large size scatter injected with the pacing section of the HFPI from the vertical high field 
side. The observations indicate that a pellet needs a mass greater than 1 - 1.6×1019 D to reliably 
trigger an ELM. According to modelling, pellets of this size should penetrate to at least half the 
pedestal width [43].
	 Fast high resolution infrared measurements on the outer divertor target have shown that the width 
of the ELM heat load profiles increases with relative ELM size, for natural as well as mitigated 
ELMs regardless of the mitigation method used. For small ELMs, the radial extent of the ELM heat 
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load profiles is 2.5 times broader than the inter-ELM value of ~4 mm. In all cases the ELM wetted 
area is larger than the inter-ELM area and the broadening increases with ELM size [44,45].

4.2 Disruption studies for ITER
The experimental disruption studies on JET have focussed on the understanding of asymmetric 
Vertical Displacement Event (VDE) disruptions and on disruption amelioration by Massive 
Gas Injection (MGI) as a means to reduce the impact of disruptions on the tokamak structure 
(electromagnetic forces from halo and eddy currents and localised heat loads from convection and 
runaway electrons) [46,47]. In addition, an extensive survey of all JET disruptions during the last 
decade has allowed the sequences of events and root causes of the dominant classes of disruptions 
to be identified [48].
	 During asymmetric VDE disruptions the plasma current and vertical current moment are n = 1 
toroidally asymmetric, leading to sideways forces that in JET can be as high as 4 MN [49]. In most 
JET disruptions the plasma current asymmetry rotates in the counter-current direction at ~100Hz, 
although with large scatter. For ITER, the dynamic amplification of structural forces that would occur 
if the rotating modes resonated with the vessel at the 8 Hz fundamental mechanical vessel frequency 
is a concern. Large plasma current asymmetries (~10%) in JET disruptions are however observed 
only for short to moderate current quench times (up to 40 - 60ms, corresponding to 200 - 300ms 
in ITER if scaled with the plasma cross section area [50]) and the asymmetries are significantly 
smaller for longer quench times [51]. This implies that, at the ITER vessel resonance frequency, 
large asymmetries will only be able to complete a very small number of rotations, limiting the 
dynamic force amplification.
	 Disruption halo currents, convective heat loads and runaway electron generation can all be 
reduced by massive gas injection with the recently installed Disruption Mitigation Valve (DMV) 
using argon/deuterium and neon/deuterium gas mixtures [47]. Halo currents can be reduced by 
up to 60% provided the Thermal Quench (TQ) is initiated before a significant vertical movement 
has taken place. The peak heat loads during the thermal quench can be reduced by enhancing the 
radiation with MGI. In the cooling phase up to 50% of the thermal energy stored in the plasma 
before the DMV is activated is lost, predominantly by radiation before the TQ. About 40% of the 
remaining energy is radiated during the TQ. Thus, only 30% of the initial energy is lost by convection 
to plasma facing components during the TQ, only a small fraction of which is found in the divertor. 
For VDEs, which have the most peaked heat loads, the peak heat load on the upper dump plate can 
be reduced from 3.3MW/m2 to 1.8MW/m2 when MGI is employed [49]. 
	 Runaway electron generation is successfully avoided by the injection of Ar/D2 or Ne/D2 
mixtures, due to the suppression of the Dreicer mechanism. In contrast, injection of pure Ar leads 
to runaway generation even at low toroidal magnetic fields. Although runaway electrons can be 
safely avoided by MGI in JET disruptions the density reached is still a factor 50 below the critical 
density for avalanche suppression which is essential in ITER where runaway currents of up to 10MA 
are expected due to the strong avalanche amplification. In order to keep forces on PFCs from eddy 
currents tolerable in ITER, the current decay time must stay above the lower bound of tCQ / S ≈ 1.7 
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ms/m2 (with S the pre-disruption plasma cross-section area). This limit can be reached with pure 
Ar MGI in JET, whereas the deuterium mixtures show a slower current decay. 
	 An extensive survey of all 2309 JET disruptions with Ip > 1 MA that occurred from 2000 to 
2010 has allowed the sequences of events and root causes of the dominant classes of disruptions 
to be identified [48]. The dominant root cause of JET disruptions was found to be Neoclassical 
Tearing Modes (NTMs) that lead to locked modes, followed by human factors and density control 
problems, Fig. 10. More than half of all disruptions were caused by reasons other than pure physics 
instabilities, eg. subsystem failures (22%), control errors (15.8%), human errors (8.3%) or plasma-
wall interactions (7.8%). Since the start of JET operations in 1983 the global disruptivity has 
decreased from ~20% to 3.4% thanks to increased operational experience and improved technical 
capabilities. About 0.4% of all JET disruptions are however caused by very fast and unpredictable 
events which may set a lower limit for the JET disruption rate. 

5.	 ITER-relevant Ion Cyclotron Resonance Heating studies
Three ITER-relevant Ion Cyclotron Resonance Heating (ICRH) systems have been successfully 
tested on JET [52]; the ITER-Like Antenna (ILA) [53- 56] based on a similar design concept as 
the ITER ICRH antenna [57] with a closely packed array of short low inductance straps, two of the 
conventional “A2” antennas now equipped with External Conjugate-T (ECT) matching and two A2 
antennas with 3dB hybrid couplers. All systems have demonstrated enhanced ELM resilience and 
have allowed up to 8.6 MW to be coupled on H-mode plasmas with Type I ELMs [17]. 
	 Most objectives of the ILA have been demonstrated; matching of an array of closely packed 
straps, ELM resilience using internal conjugate-T matching, arc detection using Scattering Matrix 
and Sub Harmonic Arc Detection (SMAD & SHAD) systems [58,59] and operation at ITER-relevant 
power densities (up to 6.2MW/m2 on L-mode, 4.1MW/m2 on H-mode) and RF voltages (42kV, 
also on ELMy H-mode plasmas). No evidence of increased impurity production has been found at 
these power densities which are up to 6 times higher than hitherto achieved on JET [55]. The main 
issue of concern for ITER was the low coupling (0.8 Ω/m) measured for the ILA on H-mode plasma 
with 5 cm strap to separatrix distance, lower than the originally anticipated 1.5 Ω/m. To assess the 
implications of the measured coupling for the coupling predictions made for ITER using RF codes 
such as TOPICA [60] a strap-separatrix distance scan with well-diagnosed L-mode edge density 
profiles was carried out and the coupling compared to TOPICA modelling. Good agreement for the 
effective strap resistance per unit length, R'eff, and the effective conductance at the RF probe, Geff, 
within the error bars was found, Fig. 11 [56]. This is in agreement with earlier TOPICA validation 
on Tore Supra [61], DIII-D [62] and Alcator-CMod [60] and, provided the edge density profiles 
used are realistic, gives confidence in the predictive capability of the code for ITER.

Conclusions and outlook
Since the last IAEA Conference JET has made significant progress towards the qualification of ITER 
operating scenarios and the validation of ITER design choices and technologies. The exploitation 
of the ILW in the coming years will make JET the principal experiment for the development of 



9

plasma scenarios compatible with the material combination foreseen for the active phase of ITER. 
The neutral beam power upgrade will allow stable H-mode operation at higher plasma currents 
and magnetic fields, allowing access to lower r* and n* and higher bN for reduced uncertainties 
in extrapolations to ITER. The increased pulse length will also be essential to progress the hybrid 
and steady state scenarios for ITER. This work is planned to lead up to a full deuterium-tritium 
campaign in the 2015 time frame for fully integrated tests of the Q=10 ITER baseline scenario, 
including the required active techniques for plasma-wall compatibility (impurity seeding, active 
ELM mitigation) in a metallic machine.
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Figure 1: Fractional ELM losses from JET and DIII-D ρ* scan as function of ρ* and ν*.
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Figure 2: Confinement enhancement factor H98(y,2) versus 
normalised density.

Figure 3: Hybrid discharge (δ~0.4) at 75% of the 
Greenwald density with H98y2 maintained at 1.3 for one 
resistive time.
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Figure 4: Dimensionless parameters for JET Pulse No: 
78052, 1.8MA  / 2.7 T (red) normalised to ITER SS targets 
compared to previously best performance, Pulse No: 70069 
1.5MA/2.3T (blue).

Figure 5: Normalised thermal energy drop versus 
normalised momentum drop per ELM.

Figure 6: Sawtooth control with 3He minority ICRH. Figure 7: Normalized ELM energy loss (to the pedestal 
energy) versus ELM frequency (high δ, q95 = 3.6-3.9,  PNBI 
= 10-12MW).
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Figure 8: ELM frequency resonances in q95 with n=1 fields applied by EFCCs.

Figure 9: Pellet monitor (Dα) pulse height against pellet request. Pellets triggering an ELM shown in red. 1V pulse 
height corresponds to ~ 1 – 1.6×1019D / pellet.
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Figure 10: Root causes of JET disruptions. Figure 11: The coupling in terms of effective conductance 
calculated from TOPICA data. Representative error bars 
are shown of ±1cm on position and ±21% on power.
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