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1. Introduction 

The ITER baseline scenario [1] defined as the first target for ITER 

deuterium-tritium (DT) operation consists on an inductive 

scenario at 15MA, 5.3T, high triangularity (≈0.45), q95≈3, Q=10 

expected to be achieved with H98(y,2)=1, fGW=0.86, βp=0.86, and 

e,ped
*=0.01 for a duration greater than 300s. The  integrity of the 

divertor requires the heat load to be maintined below 10MW.m-2, 

and for this, neon impurity seeding is required to achieve a 

partially detached divertor state. The challenge in achieving this 

integrated scenario in ITER is to reduce the power load whislt 

maintaining sufficient impurity compression at the divertor, and 

midplane in order to keep the impurity content in the core plasma 

within an acceptable limit for the required fusion gain. 

Over the past years, JET has carried out core-edge integration 

studies [2] dedicated to understand how the integrated scenario of 

ITER would work in the so-called JET ITER baseline plasmas 

with the following characteristics: high-triangularity (=0.35-

 
Figure 1 – Comparison between 

JET plasma shape (blue) and a 

scaled down ITER shape (green). 
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0.38), with divertor configuration with the inner and outer leg on the vertical targets, closer to 

the ITER divertor and optimal for better detachment, see figure 1. The previously best 

demonstration of an integrated ITER-baseline scenario with neon seeding at JET was obtained 

at 2.5MA/2.7T, H98(y,2) =0.9, N=2.2, av =0.37, fGW=0.7, frad=0.86, Zeff=2.7, PNBI=29MW, 

PICRH=5MW with deuterium (D) gas rate of 3.6x1022 el.s-1 and no ELMs (pulse #97490) [2][3].   

Machine size and high temperature was demonstrated to be key to maintain impurities in the 

divertor where it is aimed for them to radiate [4][5][6]. Consequently, JET the closest tokamak 

in size to ITER amongst current devices is best positioned to address the core-edge integration 

issues. Although, we note that JET cannot reach the same neon compression, therefore, in semi-

detachment state some radiation is located near the x-point (see figure 5), unlike the 

expectations for ITER where most radiation is expected to be below x-point [5].   

The core-edge integration was one of the main topics addressed in the last JET campaigns, 

where the aim was to demonstrate the robustness of the 2.5MA neon seeded scenario, push the 

pedestal collisionality to lower values (as reasonably possible given the machine size and not 

to compromise the remaining scenario parameters), to port the scenario to higher current (3MA 

and 3.2MA) and from D to DT operation. The aim of this study not only to develop an integrated 

scenario for JET addressing issues faced by ITER but also to understand the key physics at play 

in this integration, how to achieve a high radiative divertor, its impact on the pedestal and 

overall confinement, as well as provide key data to improve modelling capabilities. 

This paper presents only the key highlights of the last JET campaign on this topic. 

2. High performance semi-detached Ne-seeded pulses 

We have demonstrated for the first-time at high current with a high-performance neon seeded 

H-mode, partially detached divertor in approximately 50:50 deuterium-tritium with the 

following plasma parameters; Ip ≈ 3 MA, Wp ≈ 8 MJ, βN ≈ 2, δav. ≈ 0.35, fGW ≈ 0.65, frad ≈ 0.8, 

H98(y,2) ≈ 0.85, Te,ped ≈ 1 keV, Ti,ped ≈ 1.5×Te,ped , ne,ped ≈ 4.7×1019 m-3, q95 ≈ 2.7 , CNe ≈ 2%, 

Pin ≈ 35 MW and Pfus ≈ 4MW. This DT plasma showed no signs of tungsten accumulation (CW 

≈ 4×10-6) and was held stationary for more than 6.5s with respect to the main plasma parameters 

including radiation, see figure 2 

(pulse #104600 video available at 

[7]). The IR tile temperature time 

trace is indicative of partial 

detachment. The diagram on 

figure 3 compares the key plasma 

parameters obtained with the 

ITER values and illustrates 

nicely the integrated scenario 

with even pedestal collisionality 

approaching those of ITER. It is 

acknowledged that such a highly 

fuelled scenario on JET cannot 

reach the value of collisionality 

values similar to ITER, even low 

collisionality JET scenarios such 

as the JET D-T hybrid scenario  
Figure 2 – #104600 High performance semi-detached D-T pulse at JET. 
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[8] cannot reach the expected ITER  collisionality. 

Other similarly good demonstrations of an integrated scenario (not 

shown in this document) were obtained at 2.5MA in DT as well. 

Although not detailed in this paper, the transfer from the 2.5MA 

integrated scenario (such as #97490) from D to D-T was reasonably 

straight forward following a similar optimization scheme, and similar 

observation was also obtained when adapting the scenario to higher 

plasma current. It should be highlighted that although the ITER 

baseline was developed at high current first in D at 3MA and 3.2MA, 

however the high-performance was only obtained in DT at 3MA, not 

in D. The operational window for improved confinement with neon 

seeding is wider in DT then D (maximum input power was used in both) and it is likely due to 

a closer proximity to the H to L transition in D. This is currently under investigation. 

3. Effect of neon seeding on this scenario 

The main objective of neon seeding is to reduce the 

power flux to the divertor, this effect can clearly be 

observed in figure 4 where the divertor remains at lower 

temperature in the neon seeded pulses, in fact, it was not 

possible to perform unseeded pulses at full power due to 

the inertially cooled tiles overheating under such regime.  

Figure 5 details the effect of the neon seeding on the 

radiation profile, as expected the total radiation increases 

with neon, but additionally the pattern of the radiation 

also changes slightly, as the neon concentration increases 

(from left to right on the figure) the radiation starts to 

move further inside relative to the x-point location. 

Another important aspect of the neon seeding, observed at 2.5MA and 3MA in D and DT,  is 

the gradual reduction in the ELM size with increasing neon seeding, this is depicted in figure 

6. The reduction of the ELM size is a benefit to reduce the tungsten sputtering from the target 

plates helping the overall plasma tungsten content of this integrated scenario to remain low. 

Avoiding large ELM bursts is one critical element of the ITER integrated scenario, the ELM 

 
Figure 4 – outer strike point temperature 

(inertial cooling) for different neon seeding 

 
Figure 3 – Radar plot with 

ITER baseline parameters 

(grey) and parameters of 

JET pulse 104600 (blue) 

 
Figure 5 – Different bolometer tomographic reconstruction with increasing neon seeding (up to CNe ≈ 3%) 
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mitigation in ITER can however be achieved by employing additional means which are not 

available to JET, namely by employing the internal ELM perturbation coils. 

The injection of neon for heat load control has an 

impact on the plasma profile and in particular 

decrease the pedestal density for all current in D 

and D-T. An example is shown in figure 7 

comparing plasma profiles from unseeded to 

seeded plasmas with increased neon content, one 

can observe that the overall temperature profile 

is enhanced by seeding while the density profile 

is lower with increased neon seeding rate. 

However, because the temperature gain is higher 

than the density loss the pressure profile is also 

enhanced with neon seeding within this 

integrated scenario regime. It should be noted 

that the unseeded pulse cannot run at full power due to restrictions to target tile integrity (high 

power flux to the target due to low dissipative radiation) and that it requires an even higher fuel 

throughput to sustain a given ELM frequency (and lower the individual ELM size) not to 

accumulate excessive amounts of tungsten in the plasma which 

would lead to the plasma thermal collapse with time. 

Assuming constant input power, if neon is pushed further, at a high 

enough neon concentration, the plasma performance will eventually 

be impacted with a too high radiative loss within the confined 

plasma, and if pushed even further, the H-mode will be lost. 

4. Conclusions and future work 

An integrated scenario with stationary high-performance neon 

seeded baseline plasma has been obtained at JET in D-T with 

partially detached divertor conditions at 2.5-3MA with no ELMs 

and no tungsten accumulation, a particular example was a steady 3 

MA, 2.9T integrated scenario with Pfusion ≈ 4 MW and a total of 27 

MJ of fusion energy. 

The extensive experience with this scenario allowed us to transfer 

the knowledge to higher currents and obtain similar results by 

employing a similar optimization process, proving that these results 

are translatable within different fuelling isotopes and different 

plasma currents. 

JET has a wealth of data on an integrated scenario of high interest 

for ITER, analysis and validation of edge and core models on JET 

with seeded ITER baseline for more reliable prediction for ITER 

will be carried out for years. 
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Figure 7 – Temperature, 

density, and pressure profiles 

for different neon levels. 

 
Figure 6 – From bottom to top, ELM behaviour for 

increasing neon seeding levels at 2.5 MA. 
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