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Abstract. In view of ITER and future fusion reactors, where internal transport barriers (ITBs) may form spontaneously,
there is a need to fully understand the physics of ITB trigger and sustainment in order to avoid it or control its strength. For
the first time on JET with metallic wall, we reveal the importance of the main ion isotope mass on ITB physics (triggering
and strength) by comparing a unique dataset of discharges performed in D, T and D-T. First principle calculations of the
reduction of anomalous transport with different isotopes are provided to shed light on the underlying physics.

1. ITB SCENARIO IN JET WITH Be/W WALL: EXPERIMENTS IN D, T AND D-T

This paper reports on experiments performed in JET-ILW (Be wall and W divertor) to obtain plasma discharges
at low density, ne, (low plasma recycling conditions) and high core ion temperatures (T;), with a strong internal
transport barrier in plasmas with different main ion hydrogenic isotopes: D, T and D-T. Contrary to the JET D-T
baseline and hybrid scenarios, aimed at maximum fusion power sustained for 5s [1], the D-T ITB scenario was
intended to provide a suitable, albeit transient, target plasma for the observation of toroidal Alfvén Eigenmodes
(TAES) destabilized by fusion born a-particles. This measurement was achieved during the after-glow phase of
the discharge, after NBI switch-off [2]. The JET-ILW ITB scenario was first developed in D plasmas [3] and
subsequently tested in T plasmas for isotopic dependencies. It was then executed in plasmas with D-T mixtures
in DTEZ2, with D-T gas injection and D-T NBI heating. Additional discharges were performed in the last JET D-
T campaign, DTE3, with D-NBI heating into T-plasmas. Due to the limited amount of time devoted to this
programme and its scientific focus on energetic particle physics, there was no emphasis on optimising the 1TB
scenario per se. As a result of this work, a unique dataset of plasmas with ITBs in D, T and D-T in JET with the
metallic Be/W wall is available for studies of isotope mass dependence of ITB trigger and strength.

The electron and ion kinetic profiles of one of such discharges (JET pulse #96852, D) are reported in FIG 1,
showing the presence of a strong ITB at mid radius in both ion and electron channel, in particular T; and ne. In
JET with C wall (JET-C), a ‘strong” ITB was defined in relation to a dimensionless figure of merit introduced
by [4], p*1i = ps/Lti (with ps the ion Larmor radius and Lr; the local ion temperature gradient scale length =
T/(0Ti/0R)). Strong ITBs were classified as having p*ri > 1.5 X p*irs (with p*irs = 1.4 x 1072 the empirically
found threshold value). This empirical criterion is found to be valid also for the dataset of JET-ILW ITB
discharges of this study. ne profiles were measured by High Resolution Thomson Scattering (HRTS) [5] or
profile reflectometry [6] (depending on diagnostic availability), Te profiles by ECE [7] and HRTS and T; and
toroidal angular rotation (Qr) by core and edge charge exchange spectroscopy (CXRS) on Ne X impurity, via
diagnostic Ne gas puffs [8]. Additionally, main ion core CXRS measurements are also available.

1.1 Main characteristics of the JET-ILW scenario with ITB

The main characteristics of the JET-ILW ITB scenario of this study are Br=3.43 T, Ip = 2.8 MA (qgs ~ 3.8), the
lowest density achieved in JET-ILW at this Is/Bt (ne < 4 x10'°® m®), high core ion temperatures (Ticore > 10 keV)
and auxiliary heating from NBI only (Pnei = 22 - 30 MW). FIG. 2 shows times traces of main plasma parameters
for D-T pulse #99946. Since the presence of an extended region of low, positive magnetic shear, §, in the plasma
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core is known to favour triggering of ITBs when gmin reaches rational values [9], [10], [11], to obtain a central g-
value qo ~ 1.5 the NBI heating was applied during the plasma current ramp-up phase to slow down the current
profile diffusion [10]. The g-profile is reconstructed using a bespoke EFIT equilibrium constrained by kinetic
pressure and fast ion pressure profile (computed by interpretative TRANSP [12] simulations) and benchmarked
by MHD markers and polarimetry. The ITB is consistently found to form at the location of the plasma q = 2
surface, as illustrated in FIG 3. This finding applies to all pulses of the dataset, regardless of the main ion
isotope mass.

The total neutron rate computed by interpretative TRANSP simulations is in good agreement with that measured
by fission chambers once constrained by state-of-the-art neutron spectroscopy analysis, validating the core
plasma fuel ratio. Time-of-flight (TOFOR diagnostic) measurements are used for D and T plasmas [13] and
diamond detectors data for D-T plasmas [14]. The edge plasma isotopic ratio is measured by high resolution H,
D, T Balmer-a spectroscopy of a Penning discharge within the neutral gas analysis diagnostic in the JET sub-
divertor plenum [15]. After ITB onset, the thermonuclear (TH) contribution to the total neutron rate increases
significantly, reaching up to 50-60% of the beam-target (BT) component in the D-T plasmas and ratios of TH
/BT ~ 1 inthe T pulses at peak neutron rate.

1.2 Motivation of the study: easier ITB onset and stronger ITB in Tritium plasmas

The motivation of this study is the observation that the main ion isotope mass has an impact on ITB access and
strength: 1TB onset is easier, namely occurs at lower NBI input power, in T plasmas and, once formed, the ITB
is stronger in T plasmas than in D and D-T counterpart discharges. In the best performing ITB discharges of the
dataset, the T pulse achieves an ITB with the highest core T; and core Qu, despite having the lowest NBI power
(23 MW), compared to 26 MW in the D-T pulse and 31 MW in the D pulse. In FIG 4a we compare the ion and
electron temperature profiles of the best performing pulses with ITB in D (#96852) and T (#99206), at the time
of ITB onset (dashed lines) and strong ITB (solid lines). For both discharges, the time of strong ITB is 50 ms
before NBI switch-off. The ion ITB foot is found at a larger radius in T than in D in the fully developed ITB
phase. FIG 4b shows that the core ion heat diffusivity x;, computed by TRANSP, is lower for T than D and over
a wider plasma volume, reaching neo-classical values (TRANSP + NCLASS). As the T pulses also have the
lowest plasma density, in order to understand the physics at play it is necessary to decouple isotope mass effects
from density effects on ITB trigger and strength.

1.3 Pacing pellets and ITB scenario with type 111 ELMy edge

An additional feature of the ITB scenario in JET-ILW was the use of high-field-side pellet pacing (~ 2 mm, 40-
45 Hz pellets) to mitigate type | ELMs for W control, to prevent large W influxes into the core plasma from the
pedestal region. We recall that ITBs are not compatible with type | ELMy pedestals, as reported in many
tokamaks, e.g. [16]. D pacing pellets were used in D and D-T plasmas, while H pacing pellets had to be utilized
in T plasmas, since T pellets were not available on JET (and D pellets were not allowed in T plasmas, due to
14MeV neutron budget constraints). As a consequence, the tritium ITB plasmas have a sizeable H concentration
at the edge (~ 11-17%) and an effective isotope mass At ~ 2.8. In fact, Aesr could be somewhat different at the
pedestal, compared to the sub-divertor measurement, due to the high pellet efficiency there. A few discharges
were performed in D with H pacing pellets, for comparison, and they are included in the pedestal analysis of
Section 2. FIG 5 shows that the pellets request window starts at the time of the NBI power step to ~ 20 MW and
the phase of pellet triggered ELMs (indicated by blue markers with value = 1 in the bottom panel of FIG 5)
occurs in the discharge phase with large type | ELMs, since ELM triggering by pellets depends on pellet mass,
speed and pedestal conditions [17]. In this phase, we observe a combination of natural and pellet-triggered type |
ELMs. Subsequently, a clear transition to a phase with small/high frequency type Il ELMs occurs, with
decrease in edge density, where the pellets no longer trigger ELMs. The ITB forms and grows in this phase with
reduced pedestal performance. We note that the cause-effect of this transition is not yet clear, namely whether
the transition from type | to type 11l ELMy pedestal, due to a reduction in Psp, triggers the ITB onset or whether
the formation of a transport barrier at mid-radius reduces the power flux through the separatrix, leading to the
transition from a type | ELMy pedestal to a type Ill ELMy pedestal, with lower nepep and Tepep. A similar
picture is observed in both D and D-T plasmas.

The T plasmas, instead, evolve differently throughout the discharge. The H pellets request time window is
identical to that in the D and D-T pulses, but the pellets do not trigger ELMs. The T plasmas transition into H-
mode with type Il ELMs and remain so for the entire duration of the NBI heated phase (see FIG 6). Indeed, the
low-density plasmas of our study access H-mode from the low density branch of P, where the power
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threshold is very high [18]. As the discharge progresses in time, the power through the separatrix, Psep, after
reaching a maximum value at maximum Pyg, decreases in time due to the (moderate) increase in bulk radiation
(see top panel of FIG 6), thus the plasma falls even ‘deeper’ in the type IIl ELMy regime. The edge density
strongly decreases in time, and the ITB forms in this phase. After ITB onset, the density profile becomes very
peaked, due to a sizeable reduction in pedestal density and increase in core density. In the low recycling
conditions typical of these plasmas, the phase prior to the L-H transition carries an important legacy for the
subsequent, high-power phase of the discharge. This is clearly exemplified by a pair of discharges at similar Pg)
~ 25 MW and injected gas rate ~ 5 x 10% efs, but with different Pyg and gas waveforms before the L-H
transition. T pulse #99198 has a gradual Png increase and lower gas injection (thus lower NBI fuelling and gas
fuelling), has very low density and transitions into H-mode with type 1l ELMs. It thus remains at low density
throughout and eventually forms an ITB. Conversely, the D pulse (#97770) has an earlier L-H transition due to
the higher Pnei (and thus larger NBI fuelling) and higher gas injection rate. It transitions to a type | ELMy H-
mode and thus naturally evolves to higher plasma density and does not trigger an ITB.

2. ISOTOPE MASS DEPENDENCE OF LOW-DENSITY PEDESTALS WITH TYPE Il ELMs

In the plasma phases with type 1ll ELMs, the pedestal top density, nepep, decreases with Aess from D to T, as
shown in FIG 7 for a subgroup of the dataset with similar Pngi = 23.5-26.5 MW. This is opposite to what is
observed in type | ELMy H-modes, where nepep increases with Aerr [19], [20], likely due to a reduction in inter-
ELM particle transport with increasing main ion isotope mass. The trend of decreasing nepep With Aesr iS
consistent with a strong contribution of neutral fuelling in setting the pedestal density structure in low recycling
conditions, where neutrals with same energy but different isotope mass have a mean free path that scales as
1/VA. This is corroborated by analysis of the pedestal density width, A, which is found to be narrower in T
than in D in the same dataset of low-density plasmas with type Il ELMs. We recall that, instead, in type |
ELMy H-mode pedestals Ane does not vary with Aes from D to T [19], while a steepening of the pedestal density
gradient is observed from D to T, accounting for the increase in nepep With Aefr in those conditions.

As both neutral fuelling and particle transport contribute to setting the inter-ELM pedestal density structure, the
latter also requires investigation. To this end, gyrokinetic (GK) simulations, with the code GENE [21], of the
low-density type IIl ELMy pedestal of the ITB scenario are on-going, to identify the dominant micro-
instabilities at play and assess the isotope dependence of pedestal heat and particle transport in these conditions.
Initial, local, linear electromagnetic simulations have been carried out at three pedestal radial locations, top (wn
= 0.91), mid-gradient region (yn = 0.97) and pedestal foot (wn = 0.98), with 3 plasma species (electrons, main
ions and Be impurities, with same dilution as for the case with the actual impurity mixture in experiment,
namely Be + Ni + W) starting from the equilibrium of T ITB pulse #99206. With increasing wavenumber kypi,
the dominant micro-instabilities are found to be micro-tearing modes (MTM), Trapped Electron Modes (TEM) /
Ubiquitous Modes (UM) and Electron Temperature Gradient Modes (ETG). Neoclassical transport is found to
be negligible. GENE non-linear simulations are in progress. The pedestal stability of the low-density type Ill
ELMy plasmas is analysed with linear, ideal MHD stability with the Helena/ELITE codes [22], [23]. As
expected for these conditions, the operating point is found to be deeply stable to ideal peeling-ballooning modes.

In summary, in the low-density plasmas with type Il ELMy edge, the T plasmas evolve to lower pedestal
density. This has important consequences for the core transport properties in the discharge phase with ITB, as
addressed in the following section.

3. ISOTOPE DEPENDENCE OF ITB TRIGGER AND STRENGTH

It has long been known that several physical effects are key to ITB triggering and strength. They are linked to
stabilization of the dominant core plasma turbulence. In JET, with dominant NBI heating, the dominant core
micro-instabilities are typically lon Temperature Gradient (ITG) modes. Work in JET-C had shown that the q =
2 and q = 3 surfaces play a major role in the formation of ITBs in plasmas with low, positive magnetic shear § =
r/q dg/dr [9], [10], [11]. More recently, [24] have shown with local, nonlinear GK simulations, that turbulent
eddies can extend in tokamak plasmas along magnetic field lines for hundreds of poloidal turns when § ~ 0 and
that the eddies’ self-interaction can strongly reduce transport. This mechanism is put forward as a potential
explanation of why ITB trigger is easier in the vicinity of g = rational surfaces.

An important mechanism for stabilizing ITG turbulence is ExB shearing [25], [26], which was shown to play a
major role in JET-C ITBs [27]. Here we define the ExB shearing rate as wexs = | R Be/By o/or (E/RBe) | (s1),
with E;, defined by the equation for radial force balance, E; = 1/(Ze n;) dpi/or -ve By + vy Be. For plasmas with
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dominant NBI heating, which is the case of the discharges of this study, a major role is played by the external
momentum input, with the (vy Be) term as the driving term. In addition, in the phase with fully developed ITB
the diamagnetic term of E; also plays a role in the quantification of mexs due to the strong pressure gradient.

ITG modes are also known to be stabilized by increasing values of Ti/T.. For the low-density plasmas with ITB
and type Il ELMy edge of this study, we expect the ion-electron coupling to be weak, Pej ~ Z2/m; (neni/Tel®)
(Te-Ti), as indeed confirmed by TRANSP power balance. Furthermore, as Pe.i is inversely proportional to the
isotope mass, we also expect larger Ti/T. for the T plasmas, with lower n. and higher isotope mass.

Stabilization of ITG modes by fast ions, via dilution and/or pressure, has been shown to be an important player
in ITBs, on certain tokamaks, e.g. on AUG [28]. As discussed in the next section, this mechanism is not a major
player in the JET-ILW ITB plasmas analysed. The fast ion dilution in the plasma core, ng/n;, varies between ~
15-25 % at ITB onset and ~ 10-20% in the phase with fully developed ITB, as derived by TRANSP
interpretative simulations. There is no significant variation in ng/nj amongst the D, T or D-T plasmas
considered. A recent experimental study and comparison with GK (GENE) simulations of the isotope
dependence of core heat transport in JET-ILW D vs T plasmas shows a reduction in T; stiffness with increasing
hydrogenic isotope mass, which is attributed to increased thermal electromagnetic (EM) stabilization of ITG
turbulence with increasing isotope mass [29]. We therefore explore also this effect, as part of the core GK
analysis presented in section 3.2.

A series of GK simulations have been carried out with the code CGYRO [30], starting from the equilibria of
selected D and T discharges, to understand the impact of isotope mass on ITB trigger and strength, as well as the
roles of magnetic shear, toroidal rotation shear, Ti/Te, fast ions and thermal EM stabilization. Prior to this, we
need to identify any potential impact of density on the g-profile and its shear in the JET-ILW plasmas with ITB.
The main findings of this analysis are presented in the next section.

3.1 Impact of density scan on magnetic shear in plasma with ITB

In this section we assess whether variations in plasma density affect the g-profile of JET-ILW plasmas with
ITB. We already established in Section 1.1 that the ITB foot is located at the plasma q = 2 surface, regardless of
the main ion isotope mass. To this end, we analyse a systematic density scan carried out in the early phase of the
hybrid scenario with performance overshoot [31], at Is/Bt = 2.1 MA/3.45 T and D plasma, generating high core
and edge T; [32]. The plasma density was varied at H-mode entry from pulse to pulse, over eight discharges at
same Pnei = 29 MW, via variation of gas level or timing. While the density variations strongly affect core and
edge Ti and core Oxor, they have a negligible impact on § in this early phase of the pulse. Core (and edge) Ti and
Qur, as well as ITB strength, all increase with decreasing density. From the large increase in core Qo at lower
density we expect stronger ExB shear stabilization of core turbulence in these conditions.

Analysis of MHD spectra from the Mirnov pick-up coils reveals an n = 1 MHD mode appearing at the same
time in all 8 pulses, regardless of density. The n = 1 mode is identified as being a rotating island, rotating with
similar frequency fuup ~ 10-15 kHz in all 8 pulses. As magnetic islands form where the magnetic tension
vanishes, for kj ~ (m - ng) = 0 with m and n integers and n = 1, g must also be integer for kj to vanish. By
relating the MHD mode frequency to the plasma toroidal rotation frequency (fmup ~ N wiwr / 27), We pinpoint the
radial location of the g = 2 surface, which coincides with the 1TB foot location (Rmag ~ 3.6 m), for all 8 pulses
regardless of density. This indicates that the g-profile is very similar in all 8 pulses in the early phase of the
discharge with performance overshoot, and that § is largely independent of plasma density variations in the
phase leading to ITB formation. We thus conclude that while a favourable g-profile with low, § > 0 and q = 2
surface is necessary for ITB onset, it is not a sufficient condition for developing a strong ITB.

3.2 Core gyrokinetic analysis

We have so far assumed that the dominant micro-instabilities in the core plasma of the JET-ILW ITB scenario
are ITG modes. In this section we confirm this assumption by means of GK simulations with the code CGYRO.
Next, we report the key results from a series of linear GK simulations assessing ITG turbulence stabilization by
magnetic shear, Ti/Te, fast ions and thermal EM effects, as well as non-linear simulations assessing mode
stabilization by ExB shear and Mach-number for varying main ion isotope mass.

Linear, flux tube GK simulations confirm that ITGs are the dominant micro-instabilities in the core plasma of
the JET-ILW ITB scenario, both before and after ITB onset. This finding is confirmed by scans in a/Lti, a/Lve
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and a/Le. The simulations were carried out at three radial locations, pwr = 0.4, 0.55 and 0.7 for the equilibria of
D pulse #96852 and T pulse #99206. The isotope mass dependence is in line with the gyro-Bohm dependence of
ITG turbulence scaling as 1/VA, verified with a scan in T (/D) concentration in the D (/T) pulse. The linear
growth rates peak at kypunit = 0.3, thus all linear scans are carried out at this value (punit = V(mp Te)/(B €)). A
scan in magnetic shear, with +£50% variation from the experimental value $exp, cOnfirms that stabilization of ITG
modes for decreasing § is an important effect for these plasmas. The stabilizing effect is present at all three flux
tubes and both at ITB onset and in the fully developed ITB phase. Furthermore, trends with § with or without
fast ions included are very similar. GENE simulations on the same equilibria find similar trends.

Local, linear GK simulations with comparative broad scans in Ti/T. for the D pulse (pwr = 0.43) and the T pulse
(pror = 0.47) confirm stabilization of ITG modes by increasing Ti/Te. However, stronger ITGs stabilization by
TilTe is found for the T case at fully developed ITB, as shown in FIG 8. As discussed earlier, the T plasma, with
lower density and higher isotope mass, is characterized by much weaker ion-electron coupling, both at ITB
onset (Ti/Te ~ 1.5) and at fully developed ITB (Ti/Te ~ 2.2) compared to the D plasma (Ti/T. ~ 1.2 and ~ 1.3,
respectively).

Inclusion of NB fast ions leads to stabilization of core ITG modes, primarily due to dilution effects. The
separate roles of fast ion dilution and pressure gradient on ITG stabilization was assessed with additional linear
GK runs. Overall, the impact of fast ions on ITG modes is modest for the D and T ITB pulses considered,
yielding a maximum variation of + 20% in growth rate when the fast ion density is scanned by * 40% of the
value derived with TRANSP interpretative simulations.

Contrary to what reported by [29], we do not observe any impact of isotope mass on thermal EM stabilization of
ITGs in the core of ITB shots #96852 (D) and #99206 (T). This result was obtained with linear simulations at
pror = 0.43 (/ 0.47) for the D (/ T) equilibrium and Be scans, and by changing the ion mass fromDto T (/ T to D).
The experiment is seen to be close to a mode transition, currently under investigation.

Non-linear CGYRO simulations reveal the major role played by ExB shearing in regulating ITG turbulence. A
scan in ExB shearing rate, ye = wexe / (Cs,p/a), and Mach-number is performed for the GA-standard case and
varying the main ion isotope mass from H to D to T (see FIG 9). The GA standard case has similar gradients to
those of the JET-ILW pulses at ITB onset (a/Lne ~ 1 and a/Lt ~ 3) and the variations in ye (from 0.0 to 0.3) and
Mach-number (from 0.0 to 1.0) encompass the experimental ranges: ye ~ 0.2-0.3 and Mach ~ 0.5-0.8. As shown
in FIG 9 from top left to bottom right panel, the normalized heat flux decreases with increasing yg, in particular
for the ion channel, and the isotope mass dependence reverses with increasing ye, leading to a stronger reduction
in heat transport in T, consistent with the experimental observations. Furthermore, the high Mach-numbers in
experiment exacerbate the isotope dependence of ITB onset and strength, favouring the T plasmas.

4. CORE W TRANSPORT IN THE JET-ILW SCENARIO WITH ITB

Core impurity transport studies in plasmas with ITB in JET-C had reported core impurity accumulation due to
dominant neoclassical (NC) impurity transport inside the ITB, where turbulent transport is stabilized [33], [34].
Impurity peaking increased with impurity charge (C, Ne, Ni) and was ascribed to an inward particle pinch inside
the ITB radius.

For the JET-ILW ITB scenario plasmas, we have studied core W NC transport with the drift kinetic code NEO
[35] for T ITB pulse #99206. Intrinsic impurities are Be, W and Ni. In the simulations, W is treated as trace
impurity, with Be and Ni as non-trace impurities, due to their sizeable concentrations. We found that impurity-
impurity collisions are important in these plasmas and need to be retained for accurate core W transport
predictions. Conversely, simplified NC transport approximations (such as FACIT [36]) yield predictions
contrary to the experimental trend. The complex interplay of high Mach number (M, ~ 0.6), enhancing impurity
screening at low plasma collisionality, but enhancing inward convection with increasing Zes (/ increasing
collisionality), regulates the high and mid-Z impurity dynamics. The W and Ni density profiles initially peak at
the low-field-side (LFS) of the tokamak and are flat or even hollow at the plasma centre. In the NBI-heated
phase of the plasma discharge, as the ITB progressively grows in strength, the W and Ni radiation profiles
maxima move radially inwards. Core W accumulation is predicted by NEO in the phase with strong I1TB, due to
weakening of W outward convection vy after the ITB is formed (see FIG 10). This is due to stronger Vn; effects

on NC transport than the screening VT; effects (Vnc ~ (Crs (R/L1i) — R/Lni), with Crs = - Hz/K7). However,
despite core W density peaking with strong ITB, the total radiated power remains low (Prag ~ 6 MW, compared
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to Pnei ~ 23 MW) until NBI switch-off and the electron temperature profile is peaked, likely due to the
beneficial edge conditions with small/high frequency type 11l ELMs moderating W influx through the pedestal.

5. CONCLUSIONS

Strong internal transport barriers have been achieved transiently in JET-ILW in a low-density scenario with NBI
only, with low, positive magnetic shear and q = 2 surface and with type Ill ELMy edge in D, T and D-T
plasmas. The ITB scenario was designed and executed only to enable physics studies of a-driven TAEs in D-T
and not in view of optimizing the scenario itself in terms of sustained performance. Despite the limited
experimental time devoted to this scenario, the unique dataset collected has allowed unravelling the origins of
the isotope mass dependence of ITB onset and strength in JET-ILW. Easier ITB onset - at lower Pygi - and
stronger ITB is observed in T plasmas, favoured by the combination of multiple effects: i) optimal entry into H-
mode with type 111 ELMs (plasma remains at low density throughout the entire phase with NB heating); ii) nepep
decreasing with At in low recycling conditions (leading to higher core toroidal rotation); iii) stabilization of
core ITGs by Ti/Te increasing with Aerr and with decreasing density; iv) larger decrease in core heat transport
due to ExB shear stabilization of core ITGs for larger Aess and larger Mach number (the latter favoured by lower
plasma density). While W and Ni radiate at the tokamak LFS at the time of ITB onset, NEO simulations of core
W NC transport predict core W impurity accumulation in the discharge phase with fully developed ITB (strong
density peaking, low collisionality, high Mach-number), due to NC inward convection inside the ITB. Due to
the sizeable concentrations of Be and Ni impurities in these plasmas, the effect of impurity-impurity collisions
cannot be neglected in the core W transport prediction. This precludes the use of simplified NC transport
approximations, which yield predictions contrary to the experimental trend. Despite core W density peaking
with strong ITB, the total radiated power remains low and the T, profile is peaked until NBI switch-off, likely
due to the beneficial edge conditions with type 111 ELMs moderating W influx through the pedestal.
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FIGURE 1. lon and electron kinetic profiles for JET-

ILW pulse #96852 (D) at t = 6.5 s (time
developed ITB). A strong ITB is observed in both ion

and electron channels.
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FIGURE 3. Left: g-
profiles of ITB pulses
#99946 (D-T) and #99206
(T) with overlayed MHD
markers; Right: T, n. and
g-profiles of T ITB pulse
#99206: t = 6.5s is the
time of ITB onset, t
6.95 s is the time of fully
developed ITB (50 ms
before NBI switch-off).

FIGURE 4-right.
Comparison of power-
balance core ion heat
diffusivity (TRANSP) for
JET-ILW ITB shots
#96852 (D - blue) and
#99206 (T - magenta) and
neoclassical value yinc
(TRANSP/NCLASS).

FIGURE 4-left. lon and electron temperature profiles for JET-ILW ITB shots #96852 (D - blue) and #99206 (T - magenta).
Dashed line: time of ITB onset; solid line: fully developed ITB.
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FIGURE 5. 50-50 D-T shot #99946 illustrates the transition FIGURE 6. Time evolution of main parameters of
from a phase with pellet paced, ‘large ELMs’ and no ITB to JET-ILW ITB shot #99206 in tritium.
a phase with small/ high frequency type Il ELMs and ITB.
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