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Abstract. The 2014-2016 JET results are reviewed in the light of their significance for optimising the ITER 

research plan for the active and non-active operation. More than 38h of plasma operation with ITER first wall 

materials successfully took place. New multi-machine scaling of the type I-ELM divertor energy flux density to 

ITER is supported by first principle modelling. ITER relevant disruption experiments and first principle 

modelling are reported with a set of three disruption mitigation valves mimicking the ITER setup. Insights of the 

L-H power threshold in Deuterium and Hydrogen are given, stressing the importance of the magnetic 

configurations and the recent measurements of fine-scale structures in the edge radial electric. Dimensionless 

scans of the core and pedestal confinement provide new information to elucidate the importance of the first wall 

material on the fusion performance. H-mode plasmas at ITER triangularity (H=1 at N~1.8 and n/nGW~0.6) have 

been sustained at 2MA during 5s. The ITER neutronics codes have been validated on high performance 

experiments. Prospects for the coming D-T campaign and 14-MeV neutron calibration strategy are reviewed.  

 

1. Introduction 

The European nuclear fusion research community has elaborated a Roadmap to the 

realisation of fusion energy in which ‘ITER is the key facility and its success is the most 

important overarching objective of the programme’ [1]. In this overview paper, the 

contribution of the recent (2014-2016) JET experiments with the ITER first wall material mix 

[e.g. 2-8] and the underlying physics understanding with improved diagnostics are reviewed 

in the context of optimising the ITER research plan [10]. Indeed, together with the ITER 

scenario development for D-T operation [11-13], a strong focus on JET utilisation is pursued 

for addressing ITER needs and developing a sound physics basis for the extrapolation through 

first principle and integrated modelling [e.g. 14-15], e.g. plasma wall interaction, disruption 

mitigation for ITER taking benefit of the recent installation of a third disruption mitigation 

valve, L to H mode threshold scaling, core and edge confinement studies with a metallic wall, 

specific ITER relevant scenario aspects and preparation of the ITER non-active phase of 

operation (hydrogen campaign). Recent progress addressing key issues for the supporting 

physics research programme accompanying ITER construction is reviewed in four main 

sections as follows: 

(i) Plasma-material interaction studies with ITER first wall materials, in section 2;  

(ii) Disruption prediction and mitigation studies for ITER, in section 3; 

(iii) Access conditions to high confinement and scenario development, in section 4;  

(iv) Nuclear fusion technology in support of ITER, in section 5  

To conclude, the prospects for the JET programme towards the integrated preparation of the 

coming pure tritium and deuterium-tritium experiments are discussed. Finally, the scientific 

benefit to further use the JET tokamak and its surrounding technology facilities beyond 2020 

to train the international ITER team, up to the start of the scientific exploitation of ITER, with 

a possible upgrade of the heating systems and the tungsten divertor together with the ITER 

control tools will be briefly presented [16]. 

                                                 
*
Complete author list in the appendix 

mailto:Xavier.Litaudon@euro-fusion.org


 

 

2                                                                                                                OV/1-4 

 

 

 

2. Plasma-material interaction studies with ITER first wall materials 

The JET ITER-Like Wall (ILW) experiment provides an insight into the coupling between 

tokamak-plasma operation and plasma-surface interaction in the beryllium (Be) and tungsten 

(W) material environment and acts as a test-bed to verify physics models for ITER. In the 

ILW configuration with inertial cooled full W divertor and Be main chamber first wall, JET 

has been successfully operated with an accumulated plasma discharge time of 38 hours.  

2.1 Material migration, Tritium retention and removal for ITER  

Both, recent post-mortem analyses of retrieved PFCs during the last JET shutdown and gas 

balance studies, have confirmed a significant reduction (by factor of 10-15) of the deuterium 

fuel retention with the metallic first wall compared to the carbon wall [6-8, 17-24]. In 

addition, dust removed during the shutdown phases (2011-2012; 2013-2014) is respectively 

0.8g and 1.4g, two orders of magnitude less than the JET-C wall [25-26]. The remaining 

retention is dominated by the retention within a Be co-deposition layer [Fig. 1 (left)] plus a 

smaller fraction due to implantation in the metallic wall. WallDYN simulations are able to 

reproduce the overall retention rate, the underlying wall material migration pattern for both 

the JET-C wall and JET-ILW [27], and, the gradual formation of mixed Be-W material 

surfaces [28]. In ITER, co-deposited layers in the divertor will be also the driving mechanism 

behind the tritium inventory. The ITER baseline strategy to recover the trapped tritium in the 

vacuum vessel is to perform baking of the PFCs, at 240°C for the Be first wall and at 350°C 

for the W divertor [29]. To characterise D2 retention and release in Be co-deposited layers, a 

set of samples were cut from different JET-ILW regions (divertor and main chamber) for 

Thermal Desorption Spectrometry analyses performed at ITER-relevant bake temperatures 

[30-31]. Results in FIG. 1 (right) indicate that the D2 retained fractions are varying between 

40%, for the thin deposit (~3μm), up to 85% for the thickest Be deposit (40μm) even after 15h 

of baking at 350°C [30-31]. The experimental results were reproduced with good agreement 

with simulations performed with TMAP-7 calculations [29] (FIG. 1 (right)). For Be limiter 

samples of the main chamber, an even higher remaining retention fraction >90% is measured 

after baking at 240°C. The low D2 efficiency release for thick deposits indicates that the ITER 

baking cycle should be further optimised or complemented by alternative schemes.  

 

FIG. 1 (left) Layers of Be deposit on divertor tile analysed by Scanning Electron Microscopy; (right) 

Measured and simulated remaining D2 fraction in Be co-deposited layers vs duration of the baking 

temperature duration at 350°C and 240°C (open squares); modelling with TMAP-7(filled symbols) 
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2.2 Type I-ELM energy flux 

Multi-machine scaling of the type I-ELM divertor energy flux density parallel to magnetic 

field lines to ITER has been recently proposed with data from JET (CFC and ILW), ASDEX 

Upgrade (CFC and W walls) and MAST [32-33]. Experimental data (FIG. 2 (left)) show a 

linear dependence of the peak ELM energy density,//, (parallel to magnetic field lines) with 

the pedestal top electron pressure, major radius and square root of the ELM loss energy 

normalised to plasma energy. This scaling provides a peak ELM energy density at the divertor 

target of 0.5-1.5MJ/m
2
 for ITER QD-T=10 operation with a nominal axisymmetric divertor 

target surface (3° between parallel and target) and neglecting inclination and castellation of 

the ITER divertor. ITER predictions have been successfully compared to predictions with the 

non-linear MHD code JOREK [34-35]. Validation of JOREK modelling on JET was achieved 

by comparing the simulation results against both the JET divertor heat-flux from infra-red 

(IR) camera data and the ELM energy losses measured by the high-resolution Thomson 

scattering diagnostic. JOREK simulations reproduce the ELM energy losses for various 

pedestal conditions [34] (FIG. 2 (right)).  

        

FIG. 2: (left) Scaling of type I-ELM energy flux density parallel to magnetic field lines,//; (right) 

Simulated and measured ELM energy losses vs pedestal pressure for multiple JET-ILW pulses 

2.3 Divertor heat load investigations for ITER  

Another area of concern for ITER is the power handling capability of the castellated W-

divertor target modules [36-37]. The underlying processes of ELM-induced transient melting, 

the resulting melt motion and evolution of surface morphology by re-solidified melt debris 

were studied following 2013 JET experiments performed using a bulk-W lamella with a 

protruding sloped surface structure [38-40]. One limitation of this experiment was that the IR 

camera did not have sufficient spatial resolution to directly resolve the melt layer temperature. 

The local thermal response was explained under the assumption of a significantly (60-80%) 

lower heat flux to the exposed leading edge than expected from geometrical projection of the 

parallel heat flux. A new lamella design was installed (2014-15 shutdown) where the IR 

camera views directly the slope exposed to the increased heat flux with improved resolution. 

The heat load distribution has been computed assuming the optical projection of the parallel 

heat flux which is determined by iteration, comparing experimental with synthetic IR data 

[41]. The measured heat loads, for both the old and new special geometries, no longer show 

discrepancy in L-mode regimes to the values from geometric projection of the parallel power 

flux [41] (as in COMPASS [42], ASDEX Upgrade [43]), thanks to (i) the improved special 

lamella geometry, and, (ii) improved modelling with the full 3-D description of the plasma 

heat load and heat diffusion.  
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3. Disruption physics for ITER  

Disruption mitigation experiments carried out in different tokamaks have demonstrated the 

viability of Massive Gas Injection (MGI) to reduce the heat loads and electromagnetic forces. 

However, uncertainties in the thermal load mitigation efficiency exist due to toroidal and 

poloidal asymmetries of the radiation. On JET, a third Disruption Mitigation Valve (DMV) 

has been brought into operation since 2015, which together with the other two DMVs are at 

toroidal and poloidal locations mimicking the ITER set-up [44]. Dedicated JET experiments 

have been carried out to address ITER relevant issues [45-49]. The dynamic vertical vessel 

forces following MGI have been measured over a plasma current range up to Ip=3.5MA 

(constant configuration in either low or high triangularity) for all three injection locations 

separately with a similar level of injected argon (FIG. 3 (left)) [45-47]. Over the explored 

range of currents the unmitigated disruption force has been reduced by 33%-40% with MGI. 

The deduced vessel force scaling indicates that the choice of the injection location or impurity 

gas has practically no influence on the vessel force reduction and that the mitigation 

efficiency is not reduced when increasing the current. The gas amount from the mid-plane 

injector has been varied at 1.5MA and 2.0MA to determine the optimum impurity injection 

required to minimise the vertical force. A minimum of the disruption vessel force is found 

with a low amount of injected impurity (1x10
22

 particles). This is interpreted as a trade-off 

between the force increase induced by the eddy current with impurity injection while the 

force due to the halo current is reduced. ITER is aiming at radiating at least 90% of the stored 

thermal energy for mitigating disruptions at high plasma energy content. Initial experiments at 

JET carried out with one injector on top of the machine have resulted in a saturation of the 

radiated energy fraction (in the range of 80-85%) with increasing impurity injection [48-49]. 

Similar saturation levels have been observed when using the new MGI at the top location but 

with a higher particle throughput (factor 2) or the one located in the mid-plane. Saturation is 

achieved at relatively low injected impurity quantities (1-4x10
21

 particles). At present it 

cannot be concluded, due to diagnostic limitations, whether the saturation level is 

significantly different from unity or whether it indicates insufficient radiative energy 

dissipation. Thermal quench mitigation through an increase of the radiated power is feasible 

provided that an uneven radiated power distribution does not result in large localised radiation 

that will enhance the thermal loads [45]. The radiation asymmetry results from the presence 

of MHD activity (n=1) and from the localised injection [50]. The toroidal distribution of the 

radiated power is characterised by a peaking factor (ratio of maximum to average radiation). 

With a single injection, the toroidal peaking factor of the radiated power is up to 1.8. By 

optimising the MGI combining two top injectors this value has been reduced to 1.2 [45-46]. 

These results support the current choice of the injection locations for the ITER-disruption 

mitigation system. 

First simulations of a D2 MGI-triggered disruption in a purely ohmic JET plasma have been 

performed with the JOREK 3-D non-linear MHD code [51-52]. Simulations show that the 

MGI causes the consecutive growth of several magnetic island chains that leads to a 

formation of a stochastic layer at the plasma edge and to a fast loss of the plasma thermal 

energy (FIG. 3 (right)). To improve neutral gas penetration simulations, a new 1-D radial 

fluid code, IMAGINE, has been recently developed [53]. IMAGINE treats the neutral gas 

transport according to first principle convective equations and includes ionization, 

recombination and charge exchange atomic processes. An important result related to the 

question of gas penetration is the unsuccessful attempt to suppress the run-away electrons 

beam on JET [49], the only tokamak where run-away beam suppression using MGI is 

inefficient. The simulations with IMAGINE indicate that the run-away electron beam is 

shielded by the surrounding cold plasma (through charge exchange processes) when its 
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background density is large enough (10
20

 m
-3

) to prevent neutral gas penetration. To further 

investigate this process, experiments have been performed by varying the background 

densities. In addition, it is planned to install (2016-2017 shutdown) a new Shattered Pellet 

Injection system (within the frame of an international collaboration) to compare with MGI 

and elucidate the differences between JET, DIII-D and ASDEX Upgrade experiments in view 

of ITER extrapolation.  

 

FIG. 3: (left) Vertical vessel force (FV) vs current squared; black line: FV for unmitigated vertical 

displacement events; scaling derived for each injector (dashed lines); (right) JOREK simulation of a 

JET disruption; poloidal cross section of electron temperature; electron density, current density and 

Poincare plots. JET pulse 86887 at t=5.7ms after MGI, i.e. at the start of the thermal quench 

4. Access conditions to high confinement and ITER scenario development 

4.1. Physics of H-mode access with ITER first wall materials  

Identical deuterium discharges with the Be/W wall have shown a 25%-30% reduction of the L 

to H power threshold, PL-H, in ASDEX Upgrade [54] and in JET [55-57] with metallic PFCs 

and a minimum PL-H  when scanning the density, that is not observed in JET-C wall. Doppler 

backscattering measurements have revealed novel insights into the development of the edge 

transport barrier thanks to high spatial resolution measurements of the edge radial electric 

field, Er (FIG. 4 (right)). For the first time, fine-scale spatial structures in the Er well, with a 

wave number krρi≈0.4–0.8, consistent with stationary zonal flows (ZFs) have been observed 

in a tokamak [58-59]. These observations imply that stationary ZFs are crucial for the 

pedestal development in JET. An increase in edge Er×B shear through the SOL radial electric 

field Er is proposed as a mechanism to explain the divertor configuration effect on PL-H [60]. 

JET experiments show a factor of two reduction of PLH in a configuration with the outer strike 

point on the horizontal versus vertical target tiles (FIG. 4 (left)). EDGE2D-EIRENE 

simulations reproduce the difference in experimental target profiles, leading to a significant 

difference in Er and its shear [60]. In addition, a clear correlation between detachment of the 

inner divertor leg to create highly asymmetric divertor conditions and the L-H transition in 

the high density branch is found (FIG. 5 (left)) [61]. These results indicate a strong role of the 

SOL in the physics of the L-H transition. Experiments have been conducted in 2014 and 2016 

in hydrogen plasmas to investigate the isotope effect on PL-H. It was found that PL-H is 

increased by a factor 2 in the high density branch as was anticipated, but for the first time it 

has been observed that the minimum density value is shifted to higher density (ICRH only at 

1.8T/1.2-1.7 MA) [61]. In addition, the dependence of PL-H on isotope ratio, nH/(nH+nD) has 

been systematically investigated in 2016 by scanning the H and D mixture. It was found that 

PL-H has a non-linear dependence with the isotope ratio. PL-H is constant over a broad range of 

H and D mixture 20%≤nH/(nH+nD)≤80%, with a value which is approximately an average 

between pure hydrogen and pure deuterium plasma. PL-H sharply decreases (respectively 
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increases) towards the pure D (resp. H) threshold value in the two extreme parts of the curve. 

This result opens a new route for reducing PL-H in the ITER non-nuclear hydrogen phase by 

adding a small amount of non-reactive gas with higher atomic mass (like helium).  

     

FIG. 4: (left) Er profiles inferred from Doppler backscattering measurements in Ohmic conditions 

preceding the L-H transition at different densities (Ip=2.5 MA, Bt=3 T); (right) PL-H  at 2.4T/2MA for 

two magnetic configurations in D2 (vertical and horizontal target) and PL-H for detachment of the 

inner divertor leg in the horizontal target configuration (red triangles). 

4.2. Core and Pedestal confinement with ITER-like wall  

After the replacement of the plasma facing components, the global energy confinement for 

the JET-ILW was often found lower compared to JET-C, particularly when scenarios were 

not properly optimized [62]. These observations have an impact on the extrapolation to ITER 

performance. As Te at the top of the pedestal is lower for JET-ILW, it is not obvious whether 

the decrease in core Te is only due to degradation of edge confinement or if the core 

confinement is also degraded. A systematic interpretative heat transport analysis has been 

carried out where 10 pairs of ‘similar’ discharges for the two wall configurations have been 

analysed [63]. No significant change in effective heat conductivities have been found between 

similar pairs of discharges confirming that the core confinement is not degraded after the PFC 

replacement [63]. In addition dedicated heat transport experiments [64-66] have confirmed 

the importance of two core transport mechanisms. The first mechanism is the stabilizing 

effect that the gradient of the total pressure (including the fast ions) has on the ion heat 

transport driven by ITG instabilities [67] as confirmed by non-linear gyro-kinetic 

electromagnetic simulations with GENE [68] and GYRO [69]. This effect is also observed 

with dominant ICRH heating which is promising for ITER where low rotation but large fast 

ion populations are expected. The second mechanism is the capability of small radial scale 

ETG instabilities to carry a significant fraction of turbulent electron heat flux [65-66]. A 

decrease in the electron temperature gradient is correlated with the reduction Zeff Te/Ti which 

suggests that ETG destabilisation plays a role in the anomalous electron heat transport. Non-

linear ITG/TEM turbulence simulations performed with GENE show that the ITG/TEM 

turbulence alone is not enough to match the experimental data. Including ETG turbulence 

provides a better match to the measured electron heat flux.  

Three dimensionless scans in the normalized Larmor radius ρ*, collisionality ν* and pressure 

β have been performed in JET-ILW discharges [70-71]. The change from the C to the metal 

wall has not modified the ρ* gyro-Bohm scaling for core and pedestal confinement (FIG. 5 

(left)). The ν* scan shows a stronger increase of the normalized energy confinement with 
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decreasing ν* compared to earlier JET-C results (FIG. 5 (middle)). The stronger ν* 

dependence with the JET-ILW is related to an improvement in the pedestal stability at low ν*. 

Finally, the β scan has revealed (FIG. 5 (right)) two different behaviours depending on ν* (not 

observed with the C-wall). At low ν* (ν*0.03), JET-ILW confinement has no clear 

dependence with β, in agreement with the earlier scaling. At high ν* (ν*0.15), a reduction of 

the confinement with increasing β is observed. The degradation of the JET-ILW confinement 

with β at high ν* is due to the reduction of the pedestal confinement since the core transport 

remains constant.  

 

The observation that the most significant changes in the global confinement with the ILW are 

ascribed to the modification of the pedestal structure has motivated a significant number of 

studies to understand the underlying physics that affects the pedestal confinement [62, 70-79]. 

Recently a relative radial shift (up to 3.0% of the poloidal flux) between the electron density 

and the temperature pedestal position has been observed on JET [70] (as on ASDEX Upgrade 

[80] and DIII-D [81]) which affects the pedestal stability (FIG. 7 (left)). Comparison between 

JET-C and JET-ILW data baseline operational regime within the same range of β and ν* 

shows that JET-C discharges have systematically a smaller ‘pedestal radial shift’ compared to 

JET-ILW, and, that the normalised pedestal pressure α values decrease with the relative shift 

(FIG. 6 (right)) [72]. These experimental findings suggest that different plasma facing 

components affect the pedestal density position and pedestal stability. The edge ideal MHD 

stability limit calculation and comparison of the experimental results with theory are done 

within the framework of the peeling-ballooning (P-B) model. When assessing the edge 

stability, the pressure pedestals with the C-wall are consistently found close to the P-B limit. 

On the contrary, JET-ILW pedestal measurements show that the operational points are far 

from the P-B stability boundary [73]. A possible explanation is that the present MHD stability 

model does not consider kinetic effects such as those related to the ion diamagnetic drift and 

plasma rotation [78]. Furthermore, the understanding of the first wall material effect on 

confinement requires a coupled description of SOL, pedestal and core physics [82]. Integrated 

modelling suites (CRONOS [83] or JINTRAC [84]) have been coupled to pedestal models 

with different level of sophistication, e.g. (i) Cordey’s 0-D pedestal scaling [85], or (ii) the 

recently developed EUROPED model [86] as an extension of EPED [87] for predictive 

simulation. The coupled core-pedestal simulations reproduce the observed increase in plasma 

stored energy with heating power and the departure from the IPB98(y,2) scaling at high 

power [88] thanks to a positive feedback loop between core and pedestal at high beta. 

 

FIG. 5: Normalized thermal energy confinement versus volume averaged ρ* (left), ν*(middle) and 

thermal βN
th
 (right). JET-C data in black symbols. In the middle box, dashed line shows ν* trend with 

the JET-C as in McDonald et al., Proc. 20th Int. Conf. on Fusion Energy 2004.  
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FIG. 6: (left) JET-ILW pedestal Te and ne profiles for high gas flow, low δ baseline pulse; (right)  vs. 

the ‘pedestal relative shift’ for JET-ILW (filled symbols) and JET-C (open symbols) low δ baseline 

pulses( q95≈2.6 and 3, ν∗(ped) ≈ 0.1-0.35). The filled triangles correspond to a power scan at constant 

beta in the hybrid regime for three gas levels: low, medium, high gas injection (green, blue and red 

resp.) at ν∗(ped) ≈ 0.15-0.37 and βpol(ped): 0.21-0.25. 

4.3. Novel three-ion ICRF heating scenarios and potential ITER application  

A new ICRH absorption scheme has been proposed which hinges on the presence of three ion 

species [89]. Three-ion ICRH scenarios feature strong absorption of RF power at very low 

concentrations of minority ions by choosing a proper plasma mixture such that the L cut-off 

layer is located close to the third ion species cyclotron resonance. Thanks to an enhanced left-

hand RF field component, RF power is efficiently absorbed even if the third ion species is 

present in trace quantities (~0.1%–1%). Proof of principle experiments have been carried out 

at JET and Alcator C-Mod [90]. Three-ion minority heating of 
3
He ions in H-D plasma 

mixtures, D-(
3
He)-H scenario, has been successfully explored on JET with 

3
He concentrations 

as low as ~0.2% where 4.5 MW of ICRF power is coupled to H-D plasmas (3.2T/2MA). RF 

generation of energetic 
3
He ions has been confirmed by several independent measurements. 

The new three-ion scenarios bring new applications and opportunities for ICRF operation, 

including a dedicated tool for fast-ion physics studies and new heating scenarios for JET and 

ITER, e.g. taking advantage that intrinsic 
9
Be impurities are present at low levels in JET-ILW 

as well as on ITER with the Be first wall [91].  

4.4. High-triangularity H-mode studies in JET-ILW 

The achievement of high confinement at high triangularity, δ, and at high density is a 

necessary condition for reaching the QD-T=10 ITER target (H98=1, βN=1.8 and ne/nGw=0.85) 

[92]. Past experiments in JET with the ILW in 2012-2014 showed that the high puff rates to 

keep W core radiation within acceptable limits in the baseline scenario at high-δ(δav~0.4, 

Ip=2.5 MA) resulted in a confinement deterioration larger (10-30%) than that observed with 

the C-wall [93] without showing a positive effect of δ on global confinement [62]. Only by 

using nitrogen seeding it was possible to partially recover the confinement at high-δ [94-95]. 

2015-2016 experiments have been conducted using a new high-δ configuration (δav=0.39) 

with a divertor geometry optimized for pumping (both strike points in the divertor corners) 

[96]. In these conditions, high confinement plasmas are obtained at high-δ up to 2 MA 

confirming that divertor pumping is a key element to access to good confinement in ILW 

scenarios. These new results represent a significant improvement with respect to earlier JET-

ILW results [88] and highlight the importance of operating at low ν∗ to recover the beneficial 

effects of triangularity on pedestal stability when approaching the Peeling-Ballooning limit. 
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4.5 JET prospects for D-T operation   

One of the main objectives of the coming D-D and D-T campaigns is to extend the 

performance of the ILW at higher plasma current (>2.5MA) by exploiting the JET machine 

capability at high additional powers around 40MW. Two approaches are being pursued at low 

δ configuration for the future D-T campaign [12, 97], i.e. (i) the ITER baseline scenario by 

increasing the current, toroidal field and applied powers at q95~3 and N~1.8-2, (ii) the ITER 

hybrid scenario at reduced current and q95~3-4 but at N>2 to enter in the virtuous cycle 

where confinement is increased at high beta [88]. With the available applied power in the 

range of 26-30MW, the JET performance has been recovered up to a plasma current of 

2.5MA for both the ITER baseline and hybrid scenarios [12]. As part of the scenario 

development it is essential for JET and ITER that attention is given to minimize the 

occurrence of disruptions close to full performance, by developing disruption avoidance 

techniques [98]. With the goal of simultaneously increasing the fusion performance while 

controlling the core W content, a dual frequency ICRH heating scheme has been recently 

explored using both the H and 
3
He minority heating schemes [99]. The challenge is to reach 

and sustain the fusion performance while not exceeding the power and energy limits imposed 

by the inertially cooled W-divertor. ITER relevant real time divertor detachment control 

algorithms have been tested on JET [100]. In addition, a strong modelling programme has 

been initiated with the aim of optimizing the path towards sustained D-T fusion energy [101-

102]. The impact on turbulence and on fusion power of the isotope change from D-D to D-T 

[101] has been explored by performing simulations at maximum power and including D and 

T species in TGLF model [103]. With the same heating source profiles, the simulated ion and 

electron temperatures show a significant increase from D-D to D-T mixtures when including 

the isotope effect on core transport: the equivalent fusion power increases from Pfus11MW to 

16MW. In this context, one of the objectives of the coming pure tritium campaign will be to 

investigate the hydrogen isotope effects on fusion performance [104-106]. 

5. Nuclear technology in support of ITER 

The 14MeV neutron rates from the D-T reaction should be accurately measured for the 

scientific exploitation of JET and ITER [107-108]. An accurate calibration procedure of 14-

MeV neutron rates has been developed using a 14 MeV neutron generator (characterized in 

2016 in a dedicated neutron facility) to be deployed in JET by remote handling during the 

2016-2017 shutdown. In addition, dedicated neutron measurements (neutron fluence, dose-

rates and activation) around JET have been performed to validate the various codes used in 

ITER [108]. It was demonstrated that the neutron fluence measurements are well reproduced 

by the Monte-Carlo codes over a range of six orders of magnitude [108]. A good agreement is 

found among the codes that reproduce the measured decay gamma dose rates [109] during 

shutdowns. This is an important step to gain confidence in ITER safety assessment 

calculations. 

6. Conclusion and Prospects 

JET and its surrounding technology facilities have a number of features that are presently 

unique: ITER-like wall, operation with all hydrogen isotopes, tritium and beryllium handling 

facilities, remote maintenance facility. We have shown that the operation of these facilities 

plays an important role in optimising the ITER research plan and thereby in ensuring a rapid 

transition to ITER D-T operation. Up to 2020
1
, the focus of the JET campaigns is the 

                                                 
1
 pending decisions on funding EUROfusion and the JET Operating Contract in 2019-2020 
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preparation of the D-D, T-T and D-T campaigns and the investigation of the hydrogen isotope 

effects on fusion performance with the ITER material mix. Both baseline and hybrid 

operational regimes should progress towards ITER dimensionless parameters leading to 

stationary fusion performance. After the 2016-2017 shutdown, the major challenge for the 

2018-2019 campaigns consists of integrating high confinement operation with the W-divertor 

constraints at full applied heating power. With the installation of upgraded actively cooled 

components, the NBI system will be capable of providing 34 MW in either deuterium or 

tritium [11] to further extend the performance of the ILW. In parallel, it has also been 

proposed to extend the life of JET beyond 2020 until the start of the scientific exploitation of 

ITER [16]. After a number of refurbishments and enhancements (ITER-like divertor and 

Electron Cyclotron Resonant Heating system, ITER-like real time control system,…) JET will 

be even more suited to optimise ITER operation and to train the ITER operation staff.  
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