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Joint research on the tokamaks DIII-D and EAST demonstrates a successful integration control of divertor
detachment with excellent core plasma performance, a milestone towards solving the critical Plasma-wall-
interaction (PWI) issues for ITER and future reactors. DIII-D has achieved actively controlled fully detached
divertor with low plasma temperature (Te,div ≤ 5 eV across the entire divertor target), low particle flux (DoD
> 3) and heat flux reduction > 85%, simultaneous with very high core performance (βN ~ 3, βP > 2 andH98 ~
1.5) in the high βp scenario developed for ITER steady state operation. EAST has achieved actively controlled
detachment with Te,div ~ 5 eV and H98 ≥ 1.1 in various H-modes, i.e., normal ELMy H-mode, grassy ELMy
H-mode and high βP H-mode scenarios. The divertor detachment with Te,div ≤ 5 eV is highly desirable for
suppression of the erosion in reactor-grade devices.

In DIII-D, full detachment was achieved, for the first time, with very high H98 ~ 1.5 by utilizing feedback
controlled impurity seeding in the high βP scenario [1]. The self-organized with co-existence of internal
transport barrier (ITB) and edge transport barrier (ETB, or pedestal) benefits access to detachment without
degradation of core performance. The scenario makes detachment easier by optimizing impurity seeding at
relatively higher q95 and lower separatrix density, with very high core confinement enabled by a large-radius
ITB. Fig. 1 shows a fully detached plasma with excellent core confinement in the high βP scenario on DIII-D
with nitrogen seeding. In the full detachment phase, the steady-state peak heat flux measured by infra-red (IR)
camera is reduced by > 85%, and the particle flux measured by divertor Langmuir probes is reduced by > 80%.
Nitrogen seeding is more efficient for full detachment than neon-seeding experiments and leads to a small
reduction of ETB. The demonstration of compatibility with divertor detachment adds to the well-known ben-
efits of high bootstrap current fraction and low disruption risks, positioning the high βP scenario as a prime
candidate for steady-state fusion reactor operation.

Figure 1: Left: Time histories of (a) normalized beta, poloidal beta, energy confinement factor H98,
(b) controlled degree of detachment, feedback impurity puffing; Middle: radial profiles of (c) divertor
electron temperature, (d) particle flux for attached (red) and detached (blue); Right: core radial profiles of
(e) electron temperature and ion temperature, (f) electron density and carbon density for a fully detached
case on DIII-D.



In EAST, actively feedback controlled H-mode detachment with simultaneous Te,div ~ 5 eV and H98 > 1.1
was achieved using either divertor neon or argon seeding in USN configuration, i.e. divertor detachment op-
erating on an ITER-like tungsten divertor, was maintained with energy confinement quality higher than the
ITER baseline scenario, as shown in Fig. 2. The feedback detachment waveforms follow closely the preset
targets. Experiments using injection of different impurity species for radiative divertor and detachment were
performed to understand the extrapolation to future burning plasmas on ITER and CFETR. Neon exhibits
good core-divertor integration, while argon is more efficient for detachment with a slight loss of confinement.
In addition, different detachment feedback controllers including degree of detachment (DoD) via Langmuir
probe measured divertor particle flux [2], divertor Te,div [3], plasma radiative power Prad [4], Te,div + Prad

have all been developed successfully in EAST.

Figure 2: Time traces of the stationary divertor Te,div in the strike point region together with feedback
control target (a, d), H98 compared with ITER baseline (b, e), and feedback divertor impurity seeding
quantity (c, f) during two actively controlled detached H-mode plasmas achieved with neon (left) and
argon (right) on EAST, respectively.

The success of actively controlled detachment is achieved with different divertors and benefits from the di-
vertor closure and pumping. A closed divertor is beneficial for neutral trapping and thus detachment access
[5 − 6], as well as the drift effect in the SOL and divertor volume. Furthermore, the sustained detachment
compatible with core high performance is independent of plasma heating schemes and divertor materials, i.e.,
EAST with ITER-like tungsten wall + RF heating and DIII-D with carbon wall + NBI heating, respectively.

The compatibility of efficient divertor detachment with a high-performance core is vital to the realization of
magnetically controlled fusion energy. The significant progress in DIII-D and EAST show that the potential
for a high-performance core plasma suitable for long pulse operation of fusion reactors can be achieved with
controlled PWI. The present joint DIII-D/EAST methodology will be used for minute-time-scale long pulse
operation on EAST in near future and thus offers a useful solution for ITER, CFETR as well as future fusion
energy power plants.
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