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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 (fra) - 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 ions
sputtering.

Over the past two years, 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. These
plasmas are developed at high input power (Pin =30-35MW), with high plasma current (I,=2.5-3.2MA) and with
a magnetic configuration close to that of ITER: high triangularity (6u=0.36-0.4, 61=0.35), qos =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 (V'cped~0.3-0.4), at ITER
baseline normalised pressure values (Bn ~2.1), and with small/no ELMs (ATouterTarget.max<20°C, 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.

Key results and findings are particularly encouraging for ITER and may be summarised as follows:

e  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 1E), with fusion power of 4MW and without ELMs
(JPN #104600, 3MA, qos=2.7, Pi=34MW, Hos(y.2)= 0.85, £x=0.75, Bx ~2.1, V¢ pea~0.5, no ELMs, see Fig. 1a-b).

o JET-ITER baseline plasmas with high Ne content is sustained over multiple confinement times without the
need for active detachment control thanks to low W content in the confined plasma and an effective particle
control (with or without ELMs) in both D-D and D-T.

e Minimal adaptation of the D-D JET-ITER baseline scenario was required to reproduce the main results in
D-T, with similarly high fi.a and high performance achieved with and without ELMs (JPN #104614, 2.5MA,
q95=3.3, Pin=32.5MW, Hgg(y,z)= 0.9, fgw=0.74, BN ~2.1, V*c,pcd~0.6, no ELMS).

e In D-D and D-T, increasing Ne seeding reduces the pedestal electron density gradient, enabling a gradual
and smooth transition to high confinement (Hosy2) > 0.85, f.¢>0.8) and ELM-free regime, provided the input
power is sufficiently high Psep/PLu> 1.25.
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High-performance core-edge integrated scenario at high plasma current - The Ne-seeded JET-ITER baseline
in D and D-T at 2.5MA is a robust scenario that can operate at proximity to partial divertor detachment, and
achieve high-confinement (Hos>0.85-1.0) with pedestal temperature up to Tepea=1-1.1keV (Tipes=1.33-1.9keV)
and central electron temperatures Te0=6.5-7keV (Ti0=7.5-8.5keV) with a pedestal density of nepea~ 4-5x10'" m
(V' epea~0.3-0.7), fow ~0.7-0.8, with small or no ELMs, confirming initial results obtained in D [2] (see Fig, 1cde).
At higher currents, high confinement for the 3MA (qos=2.7) Ne-seeded JET-ITER baseline is only accessible in
D-T [3,4], not in D; whereas at 3.2MA (q9¢5=3.3), H-mode could not be sustained with Ne-seeding in D nor D-T
[5]. In these highly fuelled plasmas, Ne-seeding provides a route to low pedestal collisionality and improved
confinement, via an improved pedestal pressure compared to the unseeded plasmas; the core ITG stabilisation via
increased dilution was not identified as a key player [6]. As the Ne content is increased, above Cne,ped 0f 1% and
at high enough input power (Pi>30MW), the pedestal widens, increases in temperature and pressure and the
pedestal density gradient (V neped) lowers. Simultaneously, the core electron density profile peaks and the ion and
electron temperatures decouple (Ti/Te=1.2). Two factors are being investigated to explain the decrease in ne ped:
radiative dissipation in the divertor volume which decreases the power available for ionisation of neutrals recycled
at the targets, reducing the upstream separatrix density; change of transport in the pedestal modifying the pedestal
density gradients and pedestal width with Ne-seeding. Gyro-Kinetic simulations have shown that the transport
due to electron scale turbulence is increased, with the ion heat flux governed by neoclassical transport. At present,
a turbulent particle flux compatible with a reduction of electron density has not been identified. Encouraging first
JINTRAC-COCONUT modelling with the increased ETG transport with Ne-seeding can reproduce the
normalised pedestal gradient (oumax) compatible with small ELMs. Individual contributions of the physics puzzle
are currently being investigated in view of making a first start towards an integrated picture via full JINTRAC-
COCONUT modelling.

Understanding the reasons for the reduction of W concentration as performance and Ne increases — In this
scenario, the high confinement plasmas with a hot core and hot pedestal have a lower W content in the confined
plasma region compared to their unseeded counterparts. Unsurprisingly, with a partially detached divertor and no
ELMs, the W erosion is negligible, leading to a core W content reduction (Cw<0.6x10"). When ELMs are still
present, W is mostly eroded in the intra-ELM phases by Ne impurity ions with a gross W erosion higher than for
unseeded plasmas; 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. The seeded JET-
ITER baseline scenarios did not suffer from an enhanced W content when transferring the scenario from D to DT
at 2.5MA, since Ne impurities dominate W sputtering in both cases.

ELM-free operational domain in the JET-ITER baseline regime — As Ne content increases and the ELMs
reduce in size and eventually disappear, the operational point calculated for the pedestal MHD stability, initially
close to the ideal ballooning boundary at low seeding, moves away from the boundary; the decrease of cimax can
be explained with resistive MHD. From the dataset obtained, the conditions to reach high confinement with no
ELM are a high enough power, Psp/PLi>1.25, and a separatrix density nesep ~2x10'"m=>. When the plasma enters
this regime and the Ne content is further increased, a smooth H-L transition with no hard re-attachment is
observed. If Psep/PLh is too low, the hard transition from H-L prevents access to the high confinement and no ELMs
regime. It is the lower power threshold PLu in D-T [7] than in D that give access to this regime at 3MA in D-T

with the available Pin in JET. References: [1] PittsNME2019 [2] C. Giroud IAEA 2021; [3]Giroud PSI 2024 [4] 1.S.Carvalho EPS
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Fig. 1: For JPN #104600 a) time traces, b) Key parameters (purple) normalised to those of ITER (grey). c-e) 2.5MA/2.9T plasmas in D (circle)
and DT (star) (open and filled symbols corresponds to unseeded and seeded plasma respectively) versus fraa ¢) Hos(v,2) d) fraction of divertor
radiation faiv (Prad just below the X-point to total radiation within edge boundary region (dR>-12cm)), e) ELM size in terms of energy loss.
Diamond symbols indicate no-ELM plasma. Colours is associated to Hes(y,2) value.



