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Abstract  
 
  Recent experiments on JET with the ITER-like wall (JET-ILW) have advanced core–pedestal–exhaust integration at plasma 
currents of 2.5–3.2 MA, supporting the ITER Q = 10 baseline and future D–T devices. Using a high-triangularity baseline 
and closed divertor in vertical divertor configuration, the so-called JET-ITER baseline, neon seeding enabled radiative 
divertor operation with partial detachment whilst improving confinement. Sustained plasmas with high neon content were 
maintained over several confinement times without active detachment control, aided by low tungsten levels and stationary 
conditions in both D–D and D–T regimes. These results provide key data for physics-based extrapolation to ITER, clarifying 
access, sustainment, and the coupled behaviour of core, pedestal, and exhaust under optimized impurity seeding. 

 
A. INTRODUCTION  

Recent advances in core-pedestal-exhaust integration at high plasma current in JET with tungsten (W) divertor 
and a beryllium (Be) first wall are vital in support of robust achievement of the ITER Q =10 baseline scenario and 
provide unique insights for the design of the next step D-T devices, including DEMO and STEP. A viable exhaust 
solution for a reactor-grade plasma must sustain a high radiative fraction (frad) - achieved through injection of 
extrinsic impurities - to dissipate the power flux in the scrape-off layer (SOL) and divertor regions which would 
otherwise lead to intolerable divertor target heat fluxes [1]. Simultaneously, a sufficiently hot pedestal must be 
maintained to ensure good energy confinement, above the H-mode power threshold, ideally without Edge 
Localised Modes (ELMs), but with particle control and minimising main chamber erosion from fast ion and 
chatge-exchange (CX) neutral sputtering.  

Over the 2022-2023, dedicated “JET-ITER baseline” experiments have been performed in D and in D-T 
while approaching the core-edge-exhaust integration conditions required for ITER baseline plasmas [2,3]. These 
plasmas are developed at high input power (Pin =30-35MW), with high plasma current (Ip=2.5-3.2MA) and with 
a magnetic configuration close to that of ITER: high triangularity (du=0.36-0.4,	dl=0.35), q95 =2.7-3.3, with a 
closed divertor with both strike points positioned on the vertical W divertor tiles (VV configuration, inertially 
cooled). Partial divertor detachment - an essential requirement for protecting the ITER divertor against high-heat 
flux under burning plasma conditions - is reached and sustained by injecting neon (Ne) (as foreseen on ITER) 
under feedforward conditions. Simultaneously, low pedestal collisionality is reached (n*e,ped~0.3-0.4), at ITER 
baseline normalised pressure values (bN ~2.1), and with small/no ELMs (DTOuterTarget.max<20℃, WELM/W<0.3%). 
These experiments provide crucial data for physics-based extrapolation of JET results to ITER and beyond, 
helping to understand the access and sustainment conditions, operational domain and the complex interplay of the 
underlying physics governing core, pedestal and exhaust integration.   
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2. HIGH-PERFORMANCE CORE-EDGE INTEGRATED SCENARIO AT HIGH PLASMA CURRENT 

 Efforts to develop a core-edge integrated scenario at JET with high confinement and neon seeding started a few 
year after the installation of the JET-ILW. The performance of these discharges remained low with a partially 
detached divertor [4] until additional power was available just before DTE2. Encouraging results showed the 
glimpse of a tantalising no-ELM high-performance with low target Te at 2.5MA/2.7T (bN=2.2; H98(y,2)=0.9 with 
fast ion contribution removed [5], Te,OS <5eV). These conditions were sustained for 4s without tungsten (W) 
accumulation and without ELMs, see Fig. 1a, and with an overall performance close to the ITER 15MA target at 
a power with 2xPLH (the power threshold for the L-H transition from [6]), see Fig 1b. The details of the magnetic 
configuration used is seen in Fig 3. Since last IAEA-FEC, it was confirmed that not only this is a robust scenario 
in D-D, but it can also be obtained in D-T [5,7]. Minimal adaptation of the D-D JET-ITER baseline scenario was 
required to reproduce the main results in D-T. High-performance plasmas were achieved in D-T at 2.5MA, with 
bN reaching up to 2.5, with similarly high frad and high performance achieved with and without ELMs (JPN JPN 
(JET pulse number) #104614, 2.5MA, q95=3.3, Pin=32.5MW, H98(y,2) = 0.9, fgw=0.74, bN ∼2.1, n*

e,ped~0.6, no ELMs, see 
Fig. 2a,b), approaching the pedestal collisional domain expected in ITER.  

Prior to DTE3, significant efforts were placed to expand the operation domain of the JET-ITER baseline 
towards lower collisionality and higher current (3.0-3.2MA, q95=2.7-3.3). Operation at high current with a high-
triangularity shape is technically very challenging, due to the high disruption forces (~4 MN even with mitigation) 
[3], even with mitigation, and was not attempted before in JET. It was established that the operational space at 
3MA (q95=2.7) and 3.2MA (q95= 3.2) [8] for high confinement and partially detached divertor was not accessible 
in D-D operation, but it could be reached with D-T operation at 3MA (q95=2.7). For the first time, a Ne-seeded 
integrated scenario at 3MA in D-T with partially detached divertor has been achieved in stationary conditions for 
up to 6.5s (29 x tE), with fusion power of 4MW and without ELMs (JPN #104600, 3MA, q95=2.7, Pin=34MW, H98(y,2) 

= 0.85, fgw=0.75, βN ∼2.1,	n*
e,ped~0.5, no ELMs, see Fig. 3b). 

 

   
Fig. 1a: Time trace of #97490: (from top to 
bottom) heating and radiative power, 
averaged electron density, central electron 
temperature, normalised pressure, Neon 
concentration at the pedestal top, max. 
surface temperature on tile hit by outer 
strike point.  

Fig. 2a: Time trace of #104614, same 
legends as Fig.1a. 

Fig. 3a: Time trace of #104600: (from top to 
bottom) heating and radiative power, 
averaged electron density, central electron 
temperature, normalised pressure, Neon 
concentration at the pedestal top, fusion 
power, max. surface temperature on tile hit 
by outer strike point. 

   
Fig. 1b: Key parameters of JPN #97490 
normalised to those of ITER (grey quoted 
in bracket): H98=0.9 (1.0), fgw =0.67 (0.85), 
q95=3.3 (3.2), bN=2.2 (2.0), n*e,ped =0.64 
(0.06), d = 0.38 (0.47), frad = 0.72 (0.75) 

Fig. 2b: Key parameters of JPN #104614:  
H98=0.9, fgw =0.74, q95=3.3, bN=2.2, n*e,ped 

=0.7, d = 0.36 , frad = 0.78. 

Fig. 3b: Key parameters of #104600 
compared with those of ITER: H98=0.85, 
fgw =0.7, q95=2.77, bN=2.1, n*e,ped =0.55,  
d= 0.36 , frad = 0.78. 
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As shown in Figs. 1–3a, neon seeding 
in highly fuelled JET-ITER baseline 
plasmas produces similar effects in D–
D and D–T. It reduces plasma density 
and gradually decreases ELM size 
(discussed later). Stationary conditions 
can be sustained for several 
confinement times even in ELM-free 
regimes s. 1a, 2a, 3a). At 3.2 MA with 
q95 = 3.2, plasmas remain in L-mode 
under neon seeding yet still exhibit 
density reduction [8]. 

Fusion power: Scenarios developed 
for high fusion power in DTE2 (all 
unseeded), with a 50:50 D-T ratio, are 
shown in Fig. 4, together with the 
highest fusion energy achieved with ELMy H-modes in DTE1. The Ne-seeded 3MA D–T JET-ITER baseline 
plasma (#104600) produced 27 MJ, exceeding the DTE1 record (22 MJ), reaching within a factor of two of the 
50:50 hybrid scenario fusion power, and exhibiting stationary conditions [34]. No attempt was made to increase 
the fusion power, as the focus of the study was core–edge–exhaust integration. The fusion power and energy of 
the seeded ITER baseline D–T pulses represent a notable achievement given the low-pumping divertor 
configuration (VV) and the high rates of fuelling and impurity seeding. All D–T JET-ITER baseline pulses were 
developed with a target 50:50 core fuel ratio, guided by edge D:T measurements [9–11]. In DTE3, however, the 
use of deuterium beams resulted in a core mix of nT/(nT+nD) < 0.5, as also observed in the JET baseline scenario 
in DTE3 [12] (scenario with low triangularity and a plasma configuration optimising pumping which was 
extensively developed for high fusion power production in DTE2). JETTO-QuaLiKiZ core integrated modelling 
solved the particle balance with the effect of core fuelling with D-beams and estimated a ratio nT/(nT+nD) could 
be between 0.3 and 0.45 [13]. Using the measured kinetic profiles, estimated impurity mix, and the predicted core 
isotopic ratio, TRANSP calculations reproduce the neutron rate within a factor of 1.3 of the measured value, 
whereas assuming a 50:50 D–T ratio would overestimate it by a factor of two or more. For 0.3 < nT/(nT+nD) < 
0.45, the ratio of thermal to beam–target neutron emission predicted by TRANSP is consistent with values inferred 
from neutron spectroscopy using the diamond detector [34,35] and thin-foil magnetic proton recoil spectrometer 
[14,15]. The 4 MW fusion power measured in the record 3 MA Ne-seeded JET-ITER baseline plasma (#104600) 
was approximately one-third thermal (TH) and two-thirds beam–target (BT) neutron contributions, consistent 
with the TH/BT ratio observed in the JET baseline DTE2 assessment [16]. These results are in contrast with the 
expected fast isotope mixing [17], and further investigation is required to understand the apparent discrepancy. 

W content: The W content remains low in the Neon-seeded JET-
ITER baseline plasmas which allows, together with mild MHD [22], 
stationary plasma conditions. The tomographic reconstruction of 
#104600 (typical of the Ne-seeded JET-ITER baseline plasmas) 
does not show high radiation region on the low-field side (Fig. 5), 
unlike the hybrid or JET-baseline plasmas [17]; the radiation is 
localised at the divertor both below and above the X-point. The W 
content remains below CW < 1x10-4 within the confined plasma. 
When ELMs are present, W is mostly eroded in the inter-ELM 
phases by Ne impurity ions with a gross W erosion higher than for 
unseeded plasmas [18]. Some improved W screening is occurring 
either in the SOL – where a balance between the temperature 
gradient force, friction force, prompt W redeposition, and the 
divertor target sheath electric field determines W transport – or in 
the pedestal, where a large ion temperature gradient combined with 
a low-density gradient reverses the neoclassical convection 
outward, reducing W content across the pedestal. With a high 
pedestal ion temperature gradient and low pedestal density (shown 
later) in the high Ne-seeded JET-ITER baseline, some degree of W 
screening in the pedestal, could be anticipated. In fact, detailed NEO 

simulation [19], in #97490, show that the Ne-seeded pedestal is in the collisionality range where rotation decrease 
and even reverse the effect of the temperature screening [20]. In other words, the neoclassical W convection is 
inward. This means that only the W screening in the SOL can mitigate the core W content. Initial ERO2.0 W 

  
Fig. 3: JET- ITER baseline shape 
(in blue) compared to ITER shape 
(in green) 

Fig. 4: Fusion power of DTE1 and DTE2 
scenarios developed with target D-T 50:50 ratio 
compared to the Ne-seeded JET-ITER baseline. 

 
Fig. 5: Bolometric reconstruction of #104600 at 
54.8s [37] 
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erosion and edge transport with JINTRAC W core transport suggest that the JET-ITER baseline could achieve 
low W content due to low pedestal density gradient, effective W screening in the SOL owing to a wide, high-
density ionising SOL and a low W source in the absence of ELMs [21]. 
 
Core MHD:  Ne-seeding was observed to impact sawtooth (ST) behaviour. With increased central electron 
temperature, the ST period nearly doubled (0.3–0.6 s) and the inversion radius increased by ~10%. Inter-ST m/n 
= 1/1 MHD fluctuations also increased in amplitude and frequency [22]. Despite the long ST periods and high-
performance operation, neoclassical tearing mode (NTM) activity remained mild, with only high-n NTMs 
(n=4,5,6) appearing in discharges with optimised access. The n=4 mode, present in most Ne-seeded JET-ITER 
baseline plasmas, reduced stored energy by less than 5% and was associated with decreased inter-ST 1/1 amplitude 
and shorter ST periods. An n=3 NTM appeared when neon injection and the associated bN rise were too rapid, 
while the performance-limiting n=2 NTM occurred only in non-optimised H-mode access with long initial ST 
periods prior to Ne-seeding. 
 
3. OPERATIONAL DOMAIN OF JET-ITER BASELINE AND IDENTIFICATION OF KEY TRENDS 

The focus of the high-performance integrated scenario is to provide an understanding of the core-edge-SOL 
integration in scenario close to the edge parameters of ITER, to offer a unique database to validate first principle 
and integrated modelling suite of code.  For this reason, particular attention was given to obtain well-diagnosed 
plasmas in the divertor, SOL, pedestal and core, and to study the details of the core-edge integration at various 
fuelling and Ne-seeding level and divertor conditions with and without ELMs. 
 

 
As already reported in [5], the increase in Ne-seeding in the JET-ITER baseline plasmas results in an 

increase in stored energy and confinement as shown in Fig. 6 (and neutron rate, not shown), in the 2.5MA D-D 
plasmas with a gas-rate between 3.5-4.5x1022 el.s-1. The decrease in average electron density (ne) is due to a 
decrease of the pedestal ne as shown in Fig. 6. A threshold in terms of Ne concentration (CNe ≿ 1.3 %) at fixed 
input power (Pin ~ 31MW) is also clearly seen in Fig 7. The high confinement is obtained at the highest input 
power (Pin=33-35MW). We will see later how these two thresholds can be re-interpreted in terms of ne,sep and Psep 

(electron separatrix density and power flowing through the separatrix in the pre-ELM phase, respectively). An 
additional characteristic is that the ELM size is reduced as the CNe increases and even disappear at high input 
power and CNe, see Fig.8. The reduction of the pedestal density would lead naturally to an increase of the pedestal 
temperature, with an assumed constant pedestal pressure. With a decreased pedestal collisionality, the ne core 
peaking is increased leading to a higher core contribution to the total stored energy. Fig. 9 illustrates that the 
pedestal collisionality can be decreased down to about 0.5, closer to the ITER domain of ne*<0.1; however, this 
alone is insufficient to achieve high-performance at high radiative fraction. An increased pedestal pressure (ptot) 
is required for H98>0.8 (Fig. 10). The increased pedestal pressure is due to an increased ion and electron 
temperature, see Fig. 11. As the radiative fraction (calculated taking the energy balance in consideration [7]) is 
increased towards divertor detachment with neon seeding, the pedestal temperatures at about 0.8keV with a ratio 
Ti,ped/Te,ped=1 in unseeded plasma, increase up to values of Ti,ped=2.4keV And Te,ped=1.6keV (Ti/Te=1.5) at max 
input power and CNe. The increased value of Ti/Te is likely to influence the pedestal transport as will be clarified 

   
Fig 6: 2.5MA JET-ITER baseline plasmas 
with D-gas rate between 3.5 and  
4.5x1022 el.s-1 

Fig 7: Input power versus neon pedestal 
concentration for same Ne-gas scan as 
shown in Fig 6. Colour of symbol 
associated with H98 shown in Fig 6.  

Fig 8: Measured peaked surface temperature 
at outer target by IR, (For a subset of Ne-
scan shown in Fig.6) (from bottom to top, 
with CNe in bracket) for #97481 
(unseeded, DWMHD/WMHD<6%),  #97492 
(CNe=0.76%,DWMHD/WMHD<2.6%), #97482 
(CNe=1.3%, DWMHD/WMHD<4.3%), #97484 
(CNe=1.5%, DWMHD/WMHD<1.7%), #97490 
(CNe=1.75%, DWMHD/WMHD<0.3%). 
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in section 4. The increase in pedestal height is not due to an increase in the gradient, which remains constant, but 
due to a widening of the pressure pedestal. This widening is mainly due to an inward shift of the electron 
temperature and a widening of the ion temperature (not shown) [23][24] 

 

  
Fig 9:  Pedestal collisionality versus radiative fraction (calculated 
taking the energy balance in consideration) for Ne-scan shown in 
Fig.1. The colour is related to the H98 value for each discharge, see 
Fig 6 

Fig 10:  Total pedestal pressure versus radiative fraction, for scan 
shown in Fig 1. The colour is related to the H98 value for each 
discharge, see Fig 6. 

 
 The improvement in confinement during the initial Ne scan at constant input power [5] was investigated using 
JINTRAC-QuaLiKiz [25] and attributed primarily to increased pedestal temperature, with ExB shear and dilution 
contributing to a lesser, but comparable, extent. A similar assessment has been done with an additional JINTRAC-
QuaLiKiz study on the Ne-scan with increasing input power, shown in Fig. 7. Even if higher toroidal rotation and 
CNe have an impact in stabilizing turbulent diffusion inside the core (ψn<0.8), most of the increment in 
confinement properties originates from the increase in pedestal pressure and temperature [26]. In [27] with 
JINTRAC-TGLF, it was shown that the addition of neon in the core-transport only provide an increase of 10% in 
the confinement. In general, core integrated modelling can capture the key feature of the JET-ITER baseline. 
Details of the change of pedestal transport, stability and operation mode of the pedestal needs to be investigated 
further.  

 

Operational space with respect to the L-H power threshold: The operational domain of the JET-ITER plasma 
is explored in terms of the H–L transition, its variation between D–D and D–T operation, and its dependence on 
plasma current. The operational space was characterised in terms of Psep versus ne,sep (ne,sep calculated from power 
balance [28][29], inspired from description in [36]) for all JET-ITER plasmas obtained at 2.5MA with gas-rate 
from 1.5-6x1022 el.s-1, with good and poor confinement plasmas, see Fig.12. As no dedicated PLH studies have 
been carried out for this configuration, the only way to identify the high and low density PLH branch ( even if less 
precise than a dedicated PLH study) is to mark out the discharges with clear back-transition from H-L (no hysteresis 
is expected, PLH expected equal to PHL) obtained in the JET-ITER baseline either seeded or unseeded, shown in 
red in Fig.12. It highlights that the unseeded plasmas naturally occur in the density region where PLH is minimum. 
An illustration of the trajectory followed by subset of the Ne-scan (shown in Fig. 6 and 7) done on the same day, 
is shown Fig. 13. As the neon-seeding rate is increased, ne,sep decreases and Psep increases. Psep (=Pin-dW/dt-Prad,core, 
W being the stored energy, Pin the input power) tends to increase even at constant Pin due to the reduction of the 
dW/dt term with Neon-seeding (decreased ELM size), even after accounting for the core radiation. From fig. 13, 
a picture emerges. As Ne-seeding rate is increased, the ne,sep is reduced [1,5], moving the plasma towards the low 
density PLH branch. If Psep is not sufficient, the plasma will enter a zone with a hard transition from H to L, and 
poor confinement, see Fig. 13. If Psep is sufficiently high as the neon-seeding rate is increased, the plasma can 
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Fig 11: from top left , top right to bottom left: pedestal ion and electron temperature and electron pedestal density for neon-scan rate 
shown in Fig. 6. Colour related to the H98 of each shot as shown in Fig 6. 
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reach a zone, at proximity to the low-density branch (known for a smooth transition from H to L), in a domain of 
no-ELM and high confinement, i.e. Psep / PLH > 1.25 and ne,sep =2-2.5x1019 m-3. The operational domain for high-
confinement, ELM-free D-T plasmas at 2.5MA is similar in terms of Psep and ne,sep (not shown). Due to a ~20% 
lower power threshold in D–T compared with D [31], the 2.5 MA D–T plasma did not fully test access to this 
state. Confirmation is provided by 3 MA D-T plasmas, which reach this operational domain—unattainable in 3 
MA D–D— at Psep / PLH > 1.25 and ne,sep =2-2.5x1019 m-3 (not shown). While not directly applicable to ITER, 
these results provide insight into processes that can occur with impurity seeding in ITER plasmas at higher current 
at proximity to the L-H power threshold. 
 

   
Fig 12:  Psep vs ne,sep for the 2.5MA  
plasmas in D-D operation with D-gas rate 
1.5-6x1022 el.s-1 , determined in the pre-
ELM phase when large ELMs are present.   

Fig. 13: Psep vs ne,sep for a subset of plasmas 
shown in Fig. 6, for Ne-gas rate 0-1.75x1022 
el/s-1-. Colour of symbols indicative of H98 
value, see Fig. 6. 

Fig 14: same as Fig 12 with colour of 
symbol indicating H98 value of plasma, 
see Fig 6 

 
4. INTEGRATED SCENARIO: COMPLEX PICTURE OF INTERCONNECTED PHENOMENA 

Integrating a radiative divertor with a high-performance core plasma 
leads to a complex interconnected phenomena in the SOL, pedestal 
that needs to be understood for reliable predictions. So that we can get 
a physics-based extrapolation of JET result to ITER and beyond, with 
whichever impurity necessary. An integrated team of specialists is 
working together to understand the complex picture of interconnected 
phenomena in the SOL, pedestal and core. The following three 
questions have been put forward to focus our current activities:  Why 
is the density decreasing with neon seeding? How can we have density 
control with no ELM? What are the mechanisms reducing the ELM 
size? 
 
Pedestal MHD stability: The reduction of the ELM size can only be 
addressed with a code such as JOREK. This is a longer-term project 
currently underway. However, the ELM trigger in these Ne-seeded 
plasmas is being addressed. The normalised pedestal pressure (a) and 
ideal MHD stability have been calculated with HELENA and ELITE 
and resistive MHD stability with CASTOR. From unseeded to higher 
neon-seeded pedestal, amax (max a) is reduced from 2.8 to 2; however, 
the decrease in the pedestal gradient is overcompensated by a 
widening of the pedestal width allowing higher pedestal pressure, see 
Fig. 10. Ideal MHD can explain the ELM trigger only in unseeded 
plasmas [24, 23], see Fig 15. Instead, with resistive MHD, both 
unseeded and Ne-seeded pedestals are near the stability within 
uncertainty [23], see Fig 15. 
 
Edge modelling: One of the key questions to address is the drop of 

ne,ped when neon is injected. This decrease of ne,ped is the switch (in a successive set of events still to identify 
carefully) that allow recovery of a good confinement and high neutron rate starting from unseeded plasmas at high 
density. Although not shown in this paper, this drop of ne in JET is more pronounced for neon than for other 
impurity such as Ar or N. For this reason, the reduction of ne,ped is key to understand it, to know how to reproduce 
it in other devices with the appropriate impurity. Here, it is shown that it correlates with the improved confinement 
and neutron rates when operating close to the LH power threshold.  
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Fig 15: Pedestal stability for Neon-scan at fixed 
D-gas: top ideal MHD with Alfven criterion, 
bottom resistive MHD for unseeded (#97481, 
back), seeded (CNe) #97492 (0.76%, green), 
#97482 (1.3%, blue), #97490 (1.75%, red), 
same scan as in Fig. 8. 
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Is the decrease of ne,ped directly related to decrease in 
ne,sep, or it there more than one process?. ne,sep  is determined by 
the fuel recycling, i.e. strength of re-ionization in the divertor 
(and in parts at the main wall as well), in the case of JET, and 
transport in the near SOL. This decrease of ne,ped is also an 
indication of a change of source within the pedestal which is 
determined by the flow of neutral crossing the separatrix and 
charge-exchange in the pedestal, and as some relation with 
ne,sep. The balance of fuelling into and particle transport out of the 
pedestal is setting ne,ped.  

To assess the role played by the SOL and divertor/wall 
in the decrease of ne,sep in partially detached conditions, edge 
models are used such as SOLPS-ITER, SOLEDGE, EDGE2D-
Eirene. Here we present results from SOLPS-ITER with ExB, 
grad-B and diamagnetic drift flows activated. It was possible to 
obtain a fair agreement between code and experiment for the 
unseeded discharge (#103398) and seeded discharge (#103185, 
same D-gas with GNe= 1.6x1022 el.s-1) at the divertor target and 
the mid-plane profiles using the ion and electron input power at 
the inner boundary as calculated from TRANSP. The assumed 
levels of transport were quite low, i.e. close or below neo-
classical limits. Without any change of transport assumption in 
the divertor, SOL or pedestal in the code from the unseeded case, 
neon is injected to level similar as in #103185 (1.6x1022 el.s-1), 
and it is seen that a similar reduction of  ne,sep is 
obtained experimentally (from 3.8x1019 to 2.6x1019 m-3), see Fig. 
16. This corresponds to a drop of ionisation source within the 
simulation region from 1.1x1024 to 6.3x1023 s-1.  ne,ped does drop 
but by only 10 % in comparison to 35% seen in the 
experiment. A change in pedestal transport is needed in addition 
to drop of ne,sep (Fig 16). A similar investigation was done 
SOLEDGE and EDGE2D-EIRENE and even though the 

ionisation source within the pedestal and the pedestal transport differs for the unseeded pulse, the same 
observation can be made. In the end the drop of neped is partly related to the change of conditions in the 
SOL/divertor and partly due to a change of transport in the pedestal from an unseeded plasma to the seeded 
plasma. At present, the edge models are being further refined against spectroscopic data to constrain the degree 
of freedom from the predicted recycling and neutral distribution to better quantify the ionisation source within the 
pedestal and the part played in the reduction of ne,sep by the divertor (i.e. power starvation due to the presence of 
radiation loss by seeding and thus leading too less available energy to ionise particles in the divertor) or by the 
wall.  

Pedestal Gyro-kinetic 
studies on the unseeded and 
neon-seeded JET-ITER 
baseline have been carried 
out with GENE [32, 33] to 
understand the key changes 
in the pedestal transport with 
the injection of neon, see 
Fig.17. Considering plasma 
composition as well as the 
profiles, the non-linear local 
GENE results show the 
change of transport from the 
unseeded plasma to the 
highest Ne-seeded plasmas 

has two main components: the heat transport is increased at high CNe, due to an increased electron-scale (ETG) 
transport. The key reason is the increasing value of the ratio Ti/Te as CNe is increased; The second key component 
is the change of particle transport from inward to outward from an unseeded plasma to Ne-seeded plasmas. The 
low value of the ratio Ti/Te at low seeding generates an inward particle flux at the pedestal top due to low 
wavenumber ITG turbulence, possibly leading to a higher pedestal density. Local and global simulations (GENE) 
are in progress to quantify the latter point. In other words, in addition to the decrease in ne,sep due to the injection 
of neon in the divertor, there is an additional decrease of the ne,ped due to change of particle transport in the pedestal.   

 
Fig 16: Upstream measured profiles (unseeded 
#103398 in black, seeded #103185 in red) are 
compared with SOLPS-ITER simulation (--o, with 
corresponding colours). The transport coefficients are 
shown in dashed lines. SOLPS code results with the 
same transport assumptions as #103398 and with 
neon-gas rate as in #103185 shown in blue.   

  
Fig 17: Electron heat flux (left) and electron particle flux (right) calculated with GENE from non-
linear local simulation for #97481 (unseeded), #97482 (seeded, CNe=1.3%), #97490 
(seeded,CNe=1.75%) 
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Integrated modelling with 
Qualikiz-JINTRAC-
Coconut: Although features 
of the relevant physics are 
observed in unseeded and Ne-
seeded plasmas, confirmation 
requires reproducing the key 
experimental results with a 
fully integrated model (core-
edge-SOL/divertor).  
	 As mentioned above, we 
are currently working on 
improving the edge 
description of the unseeded 
and Ne-seeded plasmas to 
integrate a more realistic 
EDGE2D-EIRENE solution to 
the core modelling with 

JETTO with an anomalous transport calculated with TGLF. This work will be presented in future conferences. 
An intermediate step is to investigate whether it is possible to establish a stationary plasma with the standard 
EDGE2D-Eirene settings used in COCONUT, with a similar neon content, kinetic profiles, stored energy and 
normalised pedestal gradient as #97490. The pedestal width is imposed from the experiment, apart from the ETG 
related transport, the transport calculated by Qualikiz is reduced by a factor 3 in the ETB region as a proxy for the 
ExB stabilisation. It is found that a stationary simulation can be obtained with a Ne content, kinetic profiles, stored 
energy close to the experimental profiles, and normalised pedestal pressure gradient below the ideal PB stability 
limit, therefore compatible with small ELMs, with small extra transport imposed at the separatrix which may be 
also related to the use of QualiKiz. Future simulations with TGLF will clarify this point. The transport obtained 
in the ETB is within the same ballpark as calculated from the GENE for #97490. This indicates that ETG-related 
transport in the pedestal can enable stationary, high-performance operation with a reduced pedestal gradient—
compatible with no or small ELMs (normalized pressure gradient below the ideal PB limit)—provided the pedestal 
width is sufficiently large. 
	

5. CONCLUSION  

A high-performance stationary Ne-seeded scenario with no ELM (DTOuterTarget.max<20℃) has been demonstrated 
in JET-ILW in D and D-T plasmas at 2.5MA and 3MA with high-recycling and partially detached divertor 
conditions and close to the power threshold. The operational space using a high-triangularity shape is accessible 
at Psep/PLH> 1.25 and at ne,sep~2x1019 m-3, as seen at medium and high current, in D-D and D-T operation. Adding 
Neon suppresses the ELMs (DTOuterTarget.max<20℃) and reduced the electron separatrix density (via a reduction 
of the ionization source) and the pedestal density. In terms of understanding, the latter would require in addition 
a modified level of pedestal transport, possibly linked to a particle flux reversal. Given the importance of a 
scenario that meets key requirements for ITER and for future power plants, these effects are required to be 
disentangled for robust predictions. An integrated team of specialists is currently advancing this topic.  
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18: JINTRAC-Coconut-QuaLiKiZ results for #97490: (on the left) from top to bottom, thermal 
stored energy, average electron density, radiative power, and maximum normalised pedestal 
gradient; (on the right) experimental data in red and code result in black for total pressure, ion 
and electron temperature and electron density at 18.5s. 
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