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INTRODUCTION  
The multi-year effort on the Joint European Torus (JET) for investigating key physics aspects 
of ITER operations has culminated with the last two deuterium-tritium (DT) experimental 
campaigns. While 2021 DT experiments (DTE2) focused mainly on the stationarity of the high 
fusion performance [1], 2023 D-T experiments (DTE3) aimed at the integration of reactor 
relevant scenarios in view of ITER and DEMO [2]. The high-current high-performance baseline 
scenario for DTE2 (from now on JET baseline scenario) has been successfully developed and 
sustained for 5 s in D, but when translated in T and DT it could not be sustained for more than 
2-3 s [3]. The JET baseline scenario has been executed in DTE2 mainly at 3.5 MA and 3.3 T in 
presence of 50-50 DT beams using D pacing pellets. In DTE2, only two pulses were performed 
at 3.0 MA and 2.8 T with additional heating power Paux » 25 MW. One of the two JET baseline 
pulses at 3.0 MA has been performed with neon (Ne) seeding aiming at demonstrating in DT 
the same beneficial effect of Ne on confinement demonstrated in D [4, 5, 6].  
With Ne seeding, at lower plasma current (2.5 MA and 2.8 T), in a different divertor 
configuration and higher triangularity, the core-edge integrated scenario (from now on ITER 
baseline scenario) has been demonstrated for the first time in DTE2 [7]. However, the 
development of the ITER baseline scenario in DTE2 has been hindered by the constraints on 
the D-T neutral beam (NBI) heating power due to re-ionization heat load on limiters and duct 
pressure [7] found at higher fuelling rates. Both scenarios, JET and ITER baseline, have been 
successfully executed in DTE3 in presence of pure D-NBI, with an additional heating power 
Paux ³ 30 MW, achieving good performance for at least 5 s [8]. 
In this contribution we investigate the fuel mix control in DT plasmas and how the 50-50 DT 
mixture is achieved through the balance of the different fuelling channels. Despite the relevance 
of fuel mix control for future fusion reactors, this topic is not often covered by integrated 
modelling due to the large uncertainties on particle sources from gas puffing in the edge region 
and in the scrape-off layer. However, progress has been made in the analysis and in the 
prediction of the last JET DT campaigns [9, 10, 11] and we are now presenting how, based on 
integrated modelling, a 50-50 DT JET baseline scenario has been achieved in presence of D-
NBI. We present the validation done on DTE2 data, the blind predictions of the JET baseline 
scenario for DTE3 and the modelling results on actual DTE3 data for both scenarios. 
INTEGRATED MODELLING OF DTE2 AND DTE3 PLASMAS  
DTE2 has been preceded by a multi-year activity of predictive modelling [12] and it has been 
followed by an intense validation activity on multiple transport codes and first-principle  
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Figure 1: JET baseline scenario in DTE2 (JPN 99512) and DTE3 (JPN 104461), predicted plasma kinetic profiles compared 
with HRTS measurements for electron density and temperature, and with charge exchange spectroscopy for ion temperature. 
In the right-side panel, the neutron rate, the effective charge Zeff and the bulk radiative power time traces are shown. 

transport models [13]. In the framework 
of the modelling done in support of the 
JET baseline scenario for DTE2 [9, 10] 
we performed predictive simulations of 
the JPN 99512. For core transport 
modelling we use JINTRAC [14] 
equipped with the QuaLiKiz transport 
model [15] predicting the D and T 
densities, the electron and ion 
temperatures and the plasma current 
density profiles. ESCO is evolving the 
equilibrium consistently with the 
evolution of the plasma kinetic profiles, 
while the impurity density profiles (i.e. 
nBe, nNi and nW) are evolved with 
SANCO. The impurity mix 
composition is obtained constraining 
the Nickel content in the simulation to 
match the Ni radiative power estimated 
from the spectroscopy [16], the W 
content is adjusted to match the bulk 
radiative power and the Be content is 
adjusted to reach the measurement of 
the effective charge Zeff. PENCIL and 
PION are used for the determination of 
the heating deposition profiles, 
FRANTIC for the computation of the 
ionization sources. Since the boundary conditions are imposed at the separatrix, where we 
assumed Te = Ti = 100 eV, the pedestal is modelled with ELM average transport coefficients. 
The determination of the ELM averaged transport coefficients is obtained scanning the thermal 
diffusivity c and the particle diffusivity D to reproduce the experimental pedestal top and tuning 
the particle sources of the main ion species. To validate the modelling settings, we performed 
the predictive simulation of the DTE2 pulse JPN 99512 achieving a good agreement with the 
experimental data shown in Fig. 1. Starting from the results of the DTE2 predictive modelling, 
we increased the additional heating power in the simulation up to PNBI = 30 MW and we 

Table 1 Main plasma parameters of the modelled pulses. 

JET pulse number  99512 104461 104623 

Baseline Scenario JET DTE2 JET DTE3 ITER DTE3 

Simulated time window [s] 9.0 - 10.8 9.0 - 10.8 12.5 – 13.6 

T concentration [%] 50 49 52 

Bt [T] 2.8 2.8 2.7 

Ip [MA] 3.0 3.0 3.0 

q95 3.3 3.2 2.6 

D gas [1022 s-1] 0 0 2.8 

T gas [1022 s-1] 0.72 0.87 2.2 

Spel [1022 s-1] 0.6 (D) 0.52 (D) 0 

βN 1.9 2.1 1.5 

PNBI [MW] 23.7 28.7 24.8 

PICRH [MW] 1.8 3.8 2.9 

PRAD [MW] 8.1 11.8 6.6 

ne,0 [1019 m-3] 9.1 8.7 12.3 

<ne> [1019 m-3] 6.2 6.4 10.8 

Te,0 [keV] 5.2 6.4 3.1 

<Te> [keV] 2.1 2.1 1.2 

Ti,0 [keV] 5.2 5.7 2.8 

Wth [MJ] 7.7 8.5 5.5 

neutron rate [1016 s-1] 117.4 118.9 36.9 

Zeff 1.5 1.7 1.4 
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changed the NBI gas from DT to D. The T gas puff has been increased in the “blind” prediction 
of about 20% to balance the presence of D-NBI on the main ion plasma composition. Using the 
increase of T gas puff inferred by integrated modelling, the fueling recipe for DTE3 has been 
established and the JPN 104461 has been executed achieving a 50-50 DT mixture. The main 
differences between the two JET baseline pulses concern the impurity mix compositions and 
the increased auxiliary heating power of about ~5 MW of NBI and ~2 MW of ICRH. The 
presence of a higher impurity content in DTE3 is highlighted by a higher Zeff (increasing from 
1.5 to 1.8) and by an increase in the bulk radiative power. The results of the blind prediction 
compared with the modelling on actual DTE3 data are shown in Fig. 1. It is worth noting that 
the predicted performance for DTE3 is 40% higher than what achieved in the experiment. This 
discrepancy has been extensively studied iterating JINTRAC predictive simulations with 
TRANSP interpretative analysis [17] investigating the role of impurity mix composition, main 
ion plasma composition and anomalous fast ion diffusion. Both TRANSP interpretative and 
JINTRAC predictive analysis, show that the discrepancy can be consistent with: i) an impurity 
composition with higher Be dilution with respect to DTE2; ii) a decrease of T concentration 
towards the magnetic axis; and iii) an anomalous fast ion diffusion in the order of 0.5 m2/s [17]. 
In the JINTRAC predictive modelling on actual DTE3 data (orange in Fig. 1), we’ve been able 
to reproduce the experimental neutron yield only deactivating the ad-hoc electromagnetic 
stabilization [18] of ITG mode in QuaLiKiz. This is currently under investigation as the ad-hoc 
electromagnetic stabilization has been extensively used in previous JINTRAC-QuaLiKiz 
modelling for the JET baseline scenario in D, and DT [9, 10]. Moreover, the JPN 104461 shows 
a higher bN due to the increased additional heating power and has been stopped earlier by the 
intervention of real-time controls for the presence of MHD instabilities. 
With a similar approach we modelled the unseeded ITER baseline pulse JPN 104623. The ITER 
baseline is characterized by vertical-vertical divertor configuration (corner-corner in the JET 
baseline) and a higher nominal gas puff Gnom» 5 1022 s-1 without pellets. In the ITER baseline 
the gas is manly injected from the divertor with only a 30% of the nominal gas puffing rate 
injected from the top of the main chamber, while in the JET baseline the gas puffing is 
performed from the top and from the mid plane of the main chamber. The significantly higher 
gas injection in the ITER baseline pulse produces a higher electron density profile with a density 
at the top of the pedestal ne,ped(ITER-b) > 2*ne,ped(JET-b) and lower electron and ion 
temperatures. Because the higher density, the ITER baseline shows a lower Prad and a lower 
Zeff, with respect to the JET baseline, indicating a lower impurity content. The simulated plasma 
profiles are in agreement with the measurements as well as the neutron yield (Fig. 2), with the 
QuaLiKiz ad-hoc electromagnetic stabilization included in the predictive simulation. 

 
Figure 2: JET baseline and ITER baseline scenarios in DTE3, predicted plasma kinetic profiles compared with HRTS 
measurements for electron density and temperature, and with charge exchange spectroscopy for ion temperature. In the right-
side panel, time traces of the neutron rate, of the effective charge Zeff and of the bulk radiative power are shown. 
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DISCUSSION  
We have presented the first results of the predictive modelling performed with JINTRAC on 
DTE3 data for the two scenarios featuring high current, the JET baseline and the ITER baseline. 
The experimental fuel mix of the JET baseline scenario has been achieved following the 
indications from the integrated modelling, performed before the campaign, leading to a T 
nominal fuelling ratio T/(D+T) » 63% while in the simulations the T/(D+T) ionization sources 
ratio results 50%. The ITER baseline unseeded pulse, in a different divertor configuration and 
with a different location of the gas puffing, has a significantly higher nominal gas rate with a 
nominal fuelling ratio T/(D+T) » 44%, while in the simulations the T/(D+T) ratio of ionization 
sources is 59%. In the JET baseline scenario, the difference between the nominal fuelling ratio 
and the ratio of the ionization sources in the modelling can be attributed to the increased fuelling 
efficiency of D injection through pellets. For the ITER baseline scenario, the significant 
difference of the nominal experimental sources with respect to the ionization sources found in 
the integrated modelling needs to be further investigated. In this scenario, it could be related to 
a difference in the fuelling efficiency of the two hydrogen isotopes. In this context, the 
integration of the Scrape-off layer in the simulation domain, with a similar framework presented 
in [11] for the DTE2 JET baseline, could help clarifying the impact of the gas puffing location 
on the fuelling efficiency. Further studies will investigate the impact of the D-NBI fuelling on 
the T core concentration profile including the effect of the ad-hoc electromagnetic stabilization. 
In DTE3, the ITER baseline scenario with Neon seeding has achieved low divertor target 
temperatures with partial divertor detachment [8]. The Neon seeding allows the access to a 
regime characterized by lower densities at the edge [19], with respect to the unseeded pulse 
presented in this contribution, with a fusion performance that slightly exceeds the fusion 
performance achieved by the JET baseline scenario in DTE3. 
The JET baseline scenario development at 3.0 MA has been limited in time in DTE3 and the 
presence of MHD instabilities has limited the fusion performance of the JET baseline pulses. 
However, a first DT JET baseline pulse has been sustained for 5 s at 3.0 MA with reduced NBI 
power (PNBI»27 MW) and is now under analysis. Lastly, the limitation on auxiliary heating 
power, due to MHD activity in DT 3.0 MA pulses, confirms that the choice of operating at 
higher plasma current (3.5 MA / 3.3 T), with higher densities, would have been the most 
promising path for pursuing high fusion performance in DT in the JET baseline scenario. 
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