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Abstract. The JET experimental campaign has focused on studies in support of the ITER physics basis. An
overview of the results obtained is given both for the reference ITER scenario, the ELMy H-mode, and for advanced
scenarios which in JET are based on Internal Transport Barriers. JET studies for the ELMy H-mode have been
instrumental for the definition of ITER-FEAT. Positive elongation and current scaling in the ITER scaling law have
been confirmed, but the observed density scaling fits better a two term (core and edge) model. Significant progress
in neo-classical tearing mode limits has been made showing that ITER operation seems to be optimised. Effective
helium pumping and divertor enrichment is found to be well within ITER requirements. Target asymmetries and H-
isotope retention are well simulated by modelling codes taking into account drift flows in the scrape-off plasmas.
Striking improvements in fuelling effectiveness have been found with the new high field pellet launch facility. Good
progress has been made on scenarios for achieving good confinement at high densities, both with RI modes and with
high field side pellets. Significant development of advanced scenarios in view of their application to ITER has been
achieved. Integrated advanced scenarios are in good progress with edge pressure control (impurity radiation). An
access domain has been explored showing in particular that the power threshold increases with magnetic field but
can be significantly reduced when Lower Hybrid current drive is used to produce target plasma with negative shear.
The role of ion pressure peaking on MHD has been well documented. Lack of sufficient additional heating power
and interaction with the septum at high beta prevents assessment of beta limits (steady plasmas achieved with By up
to 2.6). Plasmas with non-inductive current (Iny/Ip=60%), well aligned with plasma current, high beta and good
confinement have also been obtained.

1. Introduction

The main results from the JET DT campaign were presented at the last IAEA conference
together with the preliminary results obtained with the new JET divertor, the high closure Gas
Box divertor (MKIIGB). In 1999, a high field side pellet injector was installed, mainly using
remote handling tools. It is to be noted that JET was operated for more than 2 years at full
specifications, including tritium, without human intervention in the vacuum vessel. Among
diagnostic improvements, the Motional Stark Effect diagnostic, allowing the plasma current
profile to be measured, has been made fully operational. The recent JET experimental campaign
has been mostly devoted to studies in support of the ITER physics basis, especially in view of the
redefinition of the ITER design leading to ITER-FEAT. The two main scenarios considered for
ITER have been studied. The reference ITER scenario is the ELMy H-mode scenario, which is
already well documented. Physics studies have focused on improving understanding and
optimisation of critical parameters: divertor physics, fuelling studies, MHD limits and
confinement issues. In JET, advanced scenarios are based on plasmas with Internal Transport
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Barriers (ITB), this scenario being in a much earlier stage of development. Corresponding
studies have focused on the extrapolability of this scenario: MHD stability, domain of existence
and fuelling, and to the development of integrated scenarios: steady plasmas at high beta, beta
limits and high non-inductive current drive fraction.

2. ELMy H-mode Studies
2.1. Divertor Studies

Divertor tile thermocouples have been used to measure the target energy deposition and give a
reasonable power balance. A substantial part of the ELM energy is deposited on the divertor
targets rather than on the vessel walls. A large asymmetry is observed, two or three times as
much energy going to the outer strike target than to the inner, which does not change
significantly with ELM frequency, from 0 to 250 kHz. Power profiles deduced from pulse by
pulse shifting of typical ELMy H mode plasmas show a narrow peak carrying out 50% of the
total divertor power (Fig.1), which is 2-3 mm in width, a feature that is not explained by
conventional models [1]. This feature has been confirmed using H-modes with the X point
resting on the septum, the high flux expansion associated with these plasmas meaning that the
septum only intercepts flux surfaces out to 2mm with 50% of the energy being deposited there.

Flows in the scrape-off layer (SOL) play an important role as exemplified in Fig.2 showing that
when the magnetic configuration is varied from normal to reversed [IB, the SOL flow reverses
from the inside to the outside. Understanding the role of drifts is indeed important for ITER.
Observed asymmetries are well modelled with the EDGE2D code when various drifts are taken
into account [2]. The flow pattern consists mainly of the ion Pfirsh-Schluter flow and of the
return parallel flow created by the poloidal ExxB drift. [IB and centrifugal drifts cause the largest
asymmetries consistent with the effect of the jxB forces.
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Deposition and H-isotope retention has also been found to be highly asymmetric with deposition
predominantly in the inner divertor. The majority of the tritium retained in JET after the DT
campaign is in the form of flakes deposited on the water-cooled louvres, which are shadowed
from the plasma. This asymmetry is consistent with the outboard to inboard flow that occurs in
normal JET operating conditions. If such a drift is included in the DIVIMP model [3], the
deposition asymmetry can be well reproduced assuming higher sputtering values than those
usually taken are used and that some redeposition processes are taken into account.

Helium exhaust in a reactor is a determining factor in fusion efficiency and is determined by a
combination of intrinsic transport of helium and of enrichment and helium compression in the
divertor. Specific experiments on helium transport and exhaust have been made by using argon
frosting techniques which allow an helium pumping of about 75 % of the deuterium pumping to
be achieved for several pulses (typically 3) following a fresh layer of argon on the cryo-panels
[4]. Studies have been mainly performed in ELMy H-mode plasmas similar to those considered
for ITER. As shown in Fig. 3, in optimum pumping conditions, a ratio for T*p(He)/Tg of 7.6 has
been found (Tp*=Tp/(1-Refr), Rer being the He recycling coefficient), well below the required
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maximum value of 15 considered for ITER. As well, the helium enrichment in the divertor has
been found to be 0.5<n(He) <1.0, well above the value of 0.2 required for ITER. These results
are encouraging in showing that helium transport and exhaust might not be a problem for the
ITER reference scenario.

It is important on a given experiment, such as ITER, to be able to reach high steady confinement
regimes, which is generally achieved with a type I ELM H-mode. But, the power required to
maintain such a regime is about 1.8 times the threshold power for H-mode (Fig. 4), with an
irreproducibility of about 20% probably indicative of vessel conditioning effects [5]. It is to be
noted that increasing triangularity decreases the power threshold and that Type I ELMs revert to



type III ELMs in the MKIIGB divertor, while they were reverting to L-mode in the MKII
divertor.

Among the physical parameters that influence the width of the edge transport barrier, the
influence of fast particles (effect of ion larmor radius) is an important issue for a burning plasma
experiment such as ITER. A comparison has been made between ELMy H-modes with a variable
proportion of NBI, producing fast ions mainly at the edge and of ICRH which produces a large
population of fast ions mainly in the core [6]. As shown in Fig 5, Elms of similar frequency are
produced in NBI and ICRH dominated plasmas in conditions where gas fuelling and edge
densities were carefully matched. Although the edge fast particle concentration varies from 4%
to 0.4% in this scan, both edge and core parameters do not vary significantly, core confinement
of ICRH plasmas being slightly higher due to a more central heat deposition. In these regimes,
fast ions do not play a dominant role for the edge stabilisation between ELMs.

2.2. Fuelling Studies

The installation of a pellet launcher on the high field side (HFS) of JET was motivated by the
more effective fuelling which can be anticipated due to the ExB acceleration of the cold ablatant
cloud in the direction of increasing major radius as already observed in other experiments
(ASDEX-U, DIII-D). Penetration of the pellet is weakly dependent upon the speed of the pellet
and decreases strongly with Te. In contrast, the net radial outward displacement is proportional
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FIG.5.Divertor a emission for ELMy H-mode with launch trajectories. Typical ablation profile and
variable NBI and ICRH power levels. All discharges are schematic indication of ExB drift beyond
both fuelled with D + 5%H at a constant rate of 1x10°s™. ablation. zone are shown for inboard launch.

to the temperature of the ablatant and the duration of the acceleration time, i.e. the time
necessary to short out the polarisation field. The H-mode edge temperature is high which
privilege the ExB acceleration but is detrimental for ablation. This allows core fuelling in an H-
mode to be achieved. As can be seen in Fig 6, the geometry of the pellet centrifuge, which can
inject 4mm pellets up to 10 Hz either on the outboard or the inboard side is optimised for good



penetration in H-mode [7]. Fuelling efficiencies have been measured in L-mode plasmas
showing that indeed some deposition occurs beyond the tangency radius. For outboard fuelling,
the change in electron density profile aligns spatially closely to the predicted ablation profile
from the Neutral Gas Shielding (NGS) model [8]. The inboard launch unambiguously fuels the
core region beyond the zone of ablation, consistent with the effects of the ExB drift. The contrast
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between HFS and low field side (LFS) launch is more dramatic for H-mode plasmas. Outboard
pellets produce virtually no fuelling. As shown in Fig.7, a doubling of central density together
with a peaking of the density profile is obtained, to the expense of a decrease in energy
confinement attributed to a degradation of edge pedestal. HFS pellets allows densities much
higher than the Greenwald density limit (ng) to be achieved, up to n/ng=1.6, but with H¢7=0.5.1t
is possible to optimise the sequence of HFS pellets to increase confinement at high density [9,
10]. In effect, the pedestal parameters quickly recover after successive pellets while the plasma
core density decays on a longer diffusion time scale comparable to the energy confinement time.
Therefore, interrupting the pellet sequence allows a partial recovery of the energy content before
the density decays fully. As shown in Fig.8, it is possible with this technique to maintain a good
confinement with density in the range of the Greenwald density limit. Plasmas with good
confinement corresponding to Ho; of 0.9 have been achieved for n/ng=0.85 in this way. Such a
technique of pellet sequencing is very promising for application to ITER and needs to be further
optimised

2.3. MHD Stability

Neo-classical tearing modes (NTM), which are triggered by other MHD events, usually
sawteeth, can limit the plasma pressure well below ideal MHD beta limits and provide an upper
limit to achievable fusion power. NTMs can cause a local flattening of the electron temperature
around the q=3/2 or 5/2 magnetic surfaces in a pattern typical of a magnetic island. An



exploration of the dependence of the main plasma parameters around values of interest for ITER
has been performed, especially in studying effects which might improve performance such as
shaping and plasma current. Raising the plasma current, i.e. lowering qos results in improved
confinement and thus could increase the ITER operating domain. The critical beta for the onset
of NTMs is plotted qos, in Fig.9 [11]. The data are from a scan in plasma current but also shown
are the data corrected for magnetic field and density variations using standard scaling laws. For
qos >3, there is a small decrease of the Bnerit, the NTMs reducing the confinement by 5 to 20%,
while for lower values of qos there is a sharp fall off in accessible Bneit. In the low q domain,
NTMs can eventually lead to disruptions and it appears not possible to make use of improvement
in confinement associated with higher plasma current. Present ITER parameters (qos~3.3) are set
in the safer range.

Increasing plasma shape is also a way to improve plasma performance. Variation of both
elongation and triangularity appears to not affect significantly beta threshold for NTM onset. It is
important to understand the underlying physics of the NTM in order to separate elongation from
triangularity effects and to support extrapolation for ITER. Analysis is based on the modified
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Rutherford equation for the growth rate of an island which is used for the NTM stability equation
[11]. Data have been analysed in terms of physics parameters: tearing stability parameter,
bootstrap current, ion polarisation current and possibly additional transport effects in the island.
While there is a substantial scatter of data in a plot with By versus the normalised larmor radius,
p*, correlation and scatter are substantially improved when local parameters are used as shown
in Fig.10. Local parameters include the scale lengths for safety factor, Lq, and for pressure
gradients, Lp. The normalised poloidal larmor radius is indicative of the ion polarisation current
that can dynamically screen the island. A more conclusive analysis is complicated by various
effects that act in opposite way such as NTM seeding and shielding from the ion polarisation
current. In effect recent studies indicate that triangularity is stabilising while elongation is
destabilising [12]. Firmer conclusions require operation at lower p* in order to



Confinement time normalised to

FIG.11. Confinement time normalised for power, current and
field versus density for various shapings. The HH point at low
densitv has a lower confinement due to the onset of NTMs.

IPB 98(y,2) without ng and K

enter in a parameter space in which seed sizes are predicted to fall, raising thresholds as
anticipated for ITER operation.

2.4. Confinement of ELMy H-modes

Confinement issues for ITER include the optimisation of shaping at plasma densities close to the
Greenwald density limit. Configurations with large differences in elongation and also
triangularity have been developed at ITER s request in view of the new ITER-FEAT design. In
particular, elongation is a parameter which can improve confinement as shown in the IPB98(y,2)
scaling law which is the reference for ITER:

T=0.0562x P —0.6930.1510.93 Ka 0.78 n 0.41 a 0.58 R1.39M 0.19

Three configurations were developed: the low elongation, low triangularity configuration
corresponding to: K=1.53 and 0=0.21, the high elongation, low triangularity configuration to
K=1.9 and 0=0.23 and the high elongation, high triangularity to K=1.95 and &=0.35. For each
configuration, the minor radius and qos were maintained respectively at 0.85m and 3.3. A gas
scan was performed in ELMy H-mode plasmas with Ip=1.8 MA and q9s = 3.3. To assess the
effect of shaping, elongation and confinement loss at high density, confinement is normalised to
injected power, magnetic field, plasma current and major radius as given in terms of the IBP98
scaling law. As shown in Fig.11, energy confinement increases with elongation and a regression
analysis gives T ~ K, "* ", in line with the wider JET database [13]. Further scenarios to study
the effect of current and magnetic field were also developed and their positive scaling was found
to be in line with the ITER scaling law.

The effect of triangularity was found to be quite small in contrast with earlier results from JET
and ASDEX-U [14], but optimisation of the scenario such as using different gas fuelling was not
done. Relative effects of upper against lower triangularity might also plays a role. Nevertheless,
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in all scenarios there is a fall in confinement as the density is increased towards the Greenwald
limit. This is believed to be due to pedestal degradation. A two term scaling law has been
developed [13] with separate terms reflecting the core confinement, taken as gyro-bohm, and the
pedestal confinement based on pedestal measurements. Density scaling is positive for the core
and negative for the pedestal:

1=0.0148 I"*n"* R P* M** +029 PR K> M n™" P

The confinement data from shaping experiments normalised to this new scaling law are shown in
Fig.13. The data now fit much better at high density with little systematic difference between
data with different of elongation and triangularity.
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domain for bifurcation remains inaccessible in
most cases in JET. It is more accessible when
more concentrated central particle sources and
heavier impurity species are used. In effect,
encouraging results have been obtained with H-modes sitting on the septum and using argon as a
seed impurity [15]. A short delay after the gas puffing, an increase in the stored energy and of the
density occurs, with a tendency to a peaking of the density profile. Carbon remains the main
impurity in the core. In the afterpuff of septum H-modes, plasmas with good confinement at
high-normalised density are thus achieved. In the database of the factor of merit: Hgo7x
Greenwald density limit fraction shown in Fig.13, a figure of merit of 0.9 has been achieved at
densities close to the Greenwald limit. With further optimisation, these techniques might be
considered for application to ITER.

FIG.13. Data base for the H97xng fraction
versus Greenwald fraction for the various
scenarios developed to achieve RI modes.

3. Advanced Scenarios Studies

The aim of advanced scenarios is to produce plasmas with higher confinement and higher beta
(both Bn and Bp) than the reference ITER ELMy H-mode. They are produced in JET with the so-
called optimised shear scenarios [16] generating plasmas with internal transport barriers. The



latter are characterised by sharp discontinuities in the temperature and/or pressure profile
gradients. Triggering of ITBs is very sensitive to the plasma current profile. Wide ITBs are
usually produced when a low order rationale q surface is present within the plasma [17] and the
foot of the ITB follows the radial evolution of the q =2 (or 3) surface which normally expands in
time, thus producing wide barriers. Corresponding target magnetic shear values are low or close
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to zero, but not negative (Fig.14). Application of Lower Hybrid Current Drive (LHCD) during
the pre-heat phase allows negative values of the magnetic shear to be achieved with more
internal ITBs that do not expand with time [18]. The two scenarios can co-exist producing
multiple ITBs, increasing the flexibility of the scenario.

3.1 MHD stability

Most of the disruptions occurring during high performance plasmas with ITBs have been found
to be due to n=1 kink modes and are well reproduced with ideal MHD codes [19], including
some stabilisation effects from the wall. Disruptive stability limits have been found within 5% of
calculated stability limits using the MISHKA code assuming a stabilising wall at 1.3 times the
main plasma radius. These disruptions can be avoided by reducing the ion pressure peaking for
operation at a given By [20]. As discussed in the following section, this can be achieved through
operational techniques and non-disruptive plasmas with higher By can be produced close to the
boundary limits. Other soft MHD events limit performance of ITB plasmas. Snakes [21] which
are a double helix structure (m=2, n=1) can induce a local erosion of the ITB, which can
eventually lead to large ELMs, and the subsequent destruction of the barrier. Snakes reside at or
near the foot of the ITB with a radial extent of 5-10 cm, a poloidal extent of 30-60 cm and rotate
at the local plasma frequency. Also, high n tearing modes (n up to 8) are routinely observed.
They start from very small amplitude and increase locally the heat transport. Their neo classical
nature has not been clearly established and as discussed later, they reduce confinement but are
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not necessarily limiting Bn. The lower the ion peaking pressure, the less harmful are the MHD

events.

3.2 ITB domain of existence

Developing scaling laws for the existence domain of ITBs, in view of defining the power needed

on ITER to produce ITBs is an important issue. A
strong dependence of the total injected power
needed to generate an ITB with the magnetic field
has been found as shown in Fig.15. It is
interesting to note that the threshold power is
reduced by a factor of 2 when LHCD is used in
the pre-heat phase. Recent experiments indicate
that this reduction is even more important at 3.4 T
[22].

Central heating is important to reduce the power
threshold and the domain of ITB existence for
different target current profiles is increased when
the central power is increased. It has also been
found that the power threshold is similar when
NBI only or when equal NBI and ICRH power
are used to trigger an ITB. The resulting ITBs are
of similar quality and this shows that the initial
torque is not a predominant effect. When equal
ICRH and NBI power are used, ITBs are
produced with similar ion and electron
temperature profiles indicating that the improved
confinement is not due to a hot ion effect. These
facts are of interest for ITER since injected torque
and central ion heating will be much reduced as
compared to present experiments. A heuristic
model which combines turbulence suppression or
mitigation with combined ExB shear flow effects
and of low or negative magnetic shear is being
developed with some success [23] but a
comprehensive parameter dependence model is
not yet available.

Piot (MW)

200

150

Target g, close to 2 ] A
Type Il ELMy H-mode edge
[ )
Y |
[ J
v ITB after LHCD preheat
® Mark IIGB g
B Mark 1A S
0 ! ! ! ! 3
15 2.0 25 3.0 35 4.0

Toroidal magnetic field (T)

FIG.15. Total power (NBI + ICRH) needed
to trigger an ITB as a function of the
magnetic field for different scenarios.

1.0
— 0.8

0.6

(1022

0.4

0.2

Te, various radii

(keV)

(Mw)

J600.147112¢

FIG.16. HFS pellet fuelling of an ITB. Te is given from ECE

3.3 Fuelling of ITBs

Fuelling the plasma core within an internal transport Barrier is an important issue for advanced
scenarios since fuelling from NBI in ITER will be relatively low as compared to present
experiments. Attempts have been made to use HFS and LFS pellet fuelling on ITB plasmas [7].



As shown in Fig.16, the confinement barrier is temporarily suppressed following a HFS pellet
launch likely due to large changes in the plasmas edge. The ITB subsequently quickly recovers
while the density decays but the time duration of the applied power was not long enough to
possibly benefit from an increase in central density. These results are encouraging, but
substantial optimisation remains to be done (time sequence, speed and size of pellets, ) before
this technique can be effectively used to fuel the ITB core.

3.4 High performances steady I'TBs

Steady high performance ITB plasmas are achieved by controlling the plasma edge pressure with
injection of noble gases, usually argon, with gos close to 3 and high pumping at the edge [24].
This is in order to optimise plasma performance by operating at relatively high plasma current.
With about 40% radiation, mainly from the edge, plasma current diffuses slightly faster and large
steady q=2 surfaces can be established resulting in wide ITBs without too much peaking of the
ion pressure. MHD problems such as n=1 tearing modes are thus avoided and deleterious effects
induced by snakes are minimised. The MSE diagnostic indicates that the magnetic shear stays at
slightly negative values. By carefully timing of the injected power waveform so to have a slow
build-up of the pressure profile, steady plasmas with an efficiency factor Hgox[By in excess of 7
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can be obtained (Fig. 17). It is to be noted that the ELM activity with argon injection remains at a
very low level. At a magnetic field of 3.4T, steady ITB plasmas with a DD neutron yield of
4x10'"°n/s have been maintained for several confinement times (Fig.18). The estimated
equivalent fusion power in DT is 10 MW with an equivalent Qpr of 0.4 [25]. The high
performance phase can remain steady for as long as the additional heating power is applied but
very often some events terminate prematurely the high yield phase by triggering an ELM free
phase followed by a large type I ELM resulting in the subsequent destruction of the ITB. A
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systematic study has indicated that the likely cause for these events is plasma interaction with the
septum [26]. When the plasma beta is high enough while the strike points of the separatrix
remain at the corner of the divertor plates in order to benefit from the highest pumping rate,
plasma contact with the septum occurs (Fig.19). High pumping is needed in order to maintain the

BT =26T |p =2.6MA t=6.5s ”g B;=25-26T I,=2.5-2.6MA
\ \ N '
L [ ]
g o " °
u
2.4 O °
m™ O
| o E
O o
By 2.01 o®E "
o O
]
L g
o u]
- u]
1.6
S L o omwithout septum avoidance 8
g o e with septum avoidance 8
22 2.4 26 28 3.0 3.5 12 ‘ m} ‘ ‘ (solid ;‘Joints arPT from corﬁsecutive‘ pulses) é
12 16 20 24 28
R (m)

Pngi + Picrr (MW)

FIG.19. Last closed magnetic surfaces for pulse FIG.20. JET database for steady N versus total

without (#49617) and with (#49621)septum power at Bt~2.6T. Solid squares are for ITBs

avoidance technique allowing high beta pulse to produced in consecutive pulses with similar

be maintained. scenarios. Solid circles are with septum
avoidance techniques

edge parameters in the parameter space convenient for ITB formation (low density and high
temperature at the edge [5]. Contact with the septum induces release of gas at the edge and the
resulting change in the edge parameter space favours the production of ELM free plasmas. By
moving the LCMS strike points on the divertor plates once the ITB is formed, septum interaction
is avoided and steady By of 2.5 can be maintained for as long as the power is applied.

3.5 Beta limits and high 3 operation

An important issue for the assessment of the potentiality of advanced scenarios in ITER is to find
at which beta it is possible to operate. As shown in Fig.20, the JET database for steady ITB
plasmas at 2.6T [26,27] seems to indicate a saturation of By at a level of about 2.6. This database
covers a large variety of scenarios. When consecutive pulses with an identical scenario are
compared, saturation is not evident. In addition, data with the highest combined power (26 MW)
were done with the septum avoidance technique resulting in slightly lower performance.
A more definite answer on beta limits will be obtained when the septum is removed and when
higher additional heating power becomes available. The database at 3.4T does not show
indications of By saturation with the available power.



An attempt to produce plasmas directly
relevant to ITER advanced scenarios with a
high bootstrap current content and qos in the
range of 4 to 5 has been done. Good ITBs
were produced for Bt=2.5T and Ip=1.5 MA in
spite of significant ELM activity and some
temporary collapses of the barrier. The
difficulty was to produce plasma
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drive. Although a higher bootstrap current
would be needed in ITER, a very encouraging
feature is the fact that the total non-inductive
current is rather well aligned with the total

FIG.21. Radial profiles of various components of the
plasma current from TRANSP analysis of pulse
49793 (Bt=2.5T, Ip=1.5MA). The dotted curve is an
extrapolation of the total non-inductive assuming full
current drive, thus showing the good alignment
between total and non-inductive current drive

current as shown in Fig.21. This scenario can
be substantially optimised, in particular following the removal of the septum.

7. Summaries and conclusions

JET studies of the reference ITER ELMy H-mode have been instrumental for the definition of
ITER-FEAT. The positive scalings of current and elongation which appears in the ITER 98
scaling law have been confirmed in a series of dedicated experiments. Increase of shaping of
ITER-FEAT is therefore well supported. Confinement degradation at high density is attributed to
a pedestal degradation. JET data fit better a two term model using respectively core confinement
with a positive density scaling and edge confinement with a negative density scaling. MHD limit
studies have focused on neo classical tearing modes. They show that ITER parameters are in the
safer domain. Significant progress has been made in disentangling the role of various physics
parameters but further work is required.

Using argon frost techniques, helium pumping and divertor enrichment have been found to be
well within ITER requirements, therefore confirming in a large machine data already obtained on
smaller devices. Target asymmetries and H-isotope retention, including tritium, are well
simulated by modelling when taking into account drift flows in SOL and high sputtering factors.
It has been found that a power of about 1.8 times the LH power threshold is required to maintain
high confinement type I ELMs, a possible option for ITER. Fast particles do not seem to affect
the edge.



Striking improvements in fuelling effectiveness has been found with the new high field side
pellet launcher. Densities well above the Greenwald density limit have been achieved but with a
degradation of confinement. By optimising the pellet sequence, it has been possible to maintain a
good confinement at densities close to ng. As well, Radiation Improved scenarios have been
developed. Encouraging transient results have been obtained in the after-puff phase of septum H-
modes.

Significant progress has been made developing integrated advanced scenarios with Internal
Transport Barriers. Access domain studies have covered a wide domain including power
threshold versus magnetic field and magnetic shear, comparison between ion heating and
electron heating schemes, MHD boundaries for steady high beta operation and beta limits.
Encouraging results for ITER have been produced: lower power threshold with negative shear
(LHCD pre-heat) and influence of injected torque not predominant for ITB triggering
(comparison ICRH/NBI). In spite of interesting modelling progress, a comprehensive scaling
laws is still missing. MHD boundary limits have been explored identifying an operating domain
where high beta ITB plasmas can be maintained for as long as the power is applied. The time
duration of high By plasmas is limited by a plasma interaction with the septum. Beta limits
cannot be properly assessed due to insufficient additional power and this septum interaction.

Integrated scenarios are in good progress by using edge impurity radiation control and pressure
control. Steady fusion yield of 4 10'°n/s have been achieved, equivalent to ~ 10 MW in a 50% D-
T mixture. Attempts to fuel an ITB with pellets have not yet been successful. This will require
substantial optimisation. Plasmas with high By, high Bp and good confinement have been
produced with 60% of the current being non-inductively driven with a good alignment with the
total plasma current. Although a substantial development remains to be done, these results are
very encouraging for application to ITER.
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