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New ITER Baseline Brings New Challenges Requiring More R&D and

Support from Current Experiments

“ITER New Baseline Phases and Research Plan”

Now ~18 months 27 months ~10 months
Engineering Integrated Integrated
fabrication of Commissioning i °f. feae Lol Commissioning

Operation (SRO)
system | ]
Install: « Commission PCS and Protection + Final, actively cooled W
* Actively cooled W divertor Systems to reduce risks in DT-1 First Wall
+ Blanket shield blocks * Hydrogen L-mode to 15 MA/5.3T * NBIl: 33 MW
* Inertial W First Wall panels * Demonstrate H-mode DD plasmas « ECH: 40 - 60-67 MW
« 40 MW ECH + First assessment of boronization, * ICH: 10 > 20 MW
* 10 MW ICH fuel retention/recovery, ICWC + Final diagnostics set
DT-2: 3 x 10?" neutrons DT-1: ~9 years, 3 x 10® neutrons
FPO-y |FPO-(...)| FPO-x FPO-5 FPO-4 FPO-3 FPO-2 FPO-1
DT (Q=10), high duty, > 500 s D, DT (Q=10),2500 s D, DT (EJ=10) D, DT (Qf10) D, DT~ H, H+T
Q> 5. 1000, 3000 S High du;yécizc?g MW, |500 MW, > 300 s|500 MW, ~50 s| 100 MW, ~50s| D

A. Loarte, PPCF 2025
R. Pitts, NME 2025
« Key element of the new baseline: First Wall Material Beryllium =» Tungsten

« Open issues with impact of W wall on ITER Q 2 10 operation and Q 2 5 long-pulse SSO

- Experimental basis for W wall operation in ITER: Boronization, W-limiter operation, Impa
of W wall on H-mode
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Dedicated EAST/ITER Joint Experiments in Support of ITER NRP

- EAST experiments with full W-limiter and W-divertors W-Limiter on EAST

— Boronization studies (T. Wauters)

— W Limiter start-up experiments (R.A. Pitts)

— H-mode operation with W wall (A. Loarte)

/ New Tungsten Lower Divertor \
After 2021 |

= |
,,,,,,,
| |

4 J. Huang/IAEA-FEC/Oct 13-18, 2025/Chengdu, China ASIPP



Demonstrate Long Pulse H-mode Plasmas on Full Metal Wall

- Stationary ~100s H-mode plasmas achieved with Boronization
— q95~6.0, ne/nGr~0.6, H98y2~1 .1, PEC~ 3OMW, PLH~2.2MW

- Optimization of the H&CD coupling W-MopgRIock Divertor
— Separatrix W-limiter gap~é6cm and using gas puffing :

« Well controlled high Z impurity
— Type Il ELMs and high density reduced W-sputtering
— Avoid impurity accumulation by on-axis ECH

\
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Q Infroduction

QITER-EAST joint experiments

— Boronization studies
— Start-up experiments with ECH and W limiter
— H-mode operation with W wall

A High-p, scenario development on full metal wall

QSummary
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Boronization Technology Developed with Full Metal Wall

- C,B,,H,,was used for boronization
— C,B,H,,evaporated at 80~100°C, coating assisted with D/He ICWC/GDC

- D/He cleaning was continued for 30-120 min to remove co-deposited H in boron film
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Improved Plasma Uniformity and Boron Deposition Rate Obtained

by ICRF Heating Antenna

ICWC cleaning antenna@ ICRF heating antenna E
) . 100
45kW,2.5T 25T, ~200kW .

ICRH antennas ICWC antennas

B C-QMB R=2850 mm
[ | ® J-QMB R=2830 mm

20:20 20:30 20:40 20:50 21:00 21:10 21:20

Time

ICRF heating antenna for He/D, wall-conditioning was performed for the first time

— Discharge became brighter and uniform with ICRF heating antenna than ICWC
antenna, especially with vertical filed By,

— Boronization with ICRF heating antenna had higher boron deposited rate

| &
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Q Infroduction

QITER-EAST joint experiments

— Boronization studies
— Start-up experiments with ECH and W limiter
— H-mode operation with W wall

A High-p, scenario development on full metal wall
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Robust Breakdown and Current Build-up with ECW Assistance

 Non-inductive breakdown (E; = 0) with optimized NFC and TPC

— Wide null field configuration (NFC): stray field < 5 Gs
— Trapped particle configuration (TPC): mirror-like vertical field (10 — 50 Gs)

After optimization
12 | & NFC|.
& & TPC
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R. Chen, NF 2024 @
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Robust Breakdown and Current Build-up with ECW Assistance

 Non-inductive breakdown (E; = 0) with optimized NFC and TPC

o Significantly reduced E;(< 0.15 V/m) for initial current build-up with ECW assistance
— Robust current ramp-up in a large range of prefill gas pressure (Pyy~7.5e-4 Pa-5.1e-3 Pq)
— Not obstructed by burn-through, tolerance to high impurity level
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Ceniral ECH Required for Successful Startup on W-Limiter

EAST Shot#132749 t=1.95s
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- On-axis ECH required to avoid radiative collapse by W
- Reliable |, flattop using two EC sources with a range of plasma density
« W-Ilimiter start-up experiments required for code validation aiming at ITER limiter phase @
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QITER-EAST joint experiments

— Boronization studies
— Start-up experiments with ECH and W limiter
— H-mode operation with W wall

A High-p, scenario development on full metal wall
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¢ typel,gap~8cm © typell,gap~8cm © hybrid,gap~8cm
¢ typel,gap~4cm ¢ typell,gap~4cm

Impact of W as First Wall Material on H-mode Performance
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- Assessed for low/no B-film coverage at q,;~ 6 DN plasmas with B,~ 2.45 T (central ECH)

- Type Il ELMs atiribute lower PWI and provide higher confinement, less sensitive to the
separatrix-limiter gap and lower radiation fraction than Type | ELMs

A. Loarte, PPCF 2025 @
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Impact of B-film Wall Coverage on H-mode Performance
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A. Loarte, PPCF 2025 @
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Impact of Wall Conditioning on H&CD Efficiency
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- The reduced ICRF heating efficiency with Boron-coating compared with Li-coating

- Edge profiles changed with different wall conditionings affect RF power coupling @
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Impact of Wall Conditioning on H&CD Efficiency

LHCD efficiency Confinement with ECRH
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- LHCD efficiency increased by a factor of 1.35 with li-coating than non-coating
— Higher T, in SOL with li-coating can reduce PDI behavior and collisional power loss

- ECRH plasma shows similar normalized confinement quality @

M. Li, NF 2025
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Development of Fully Non-inductive High-B; Scenario by RF H&CD

with Boronization

12
| EAST #152365 6L 15 g

110

Freq.(kHz)
>

: 6
1_8 Time (s)

%.0 0.2 0.4 0.6 0.8

p
Improved performance during IC heating at high B;~2.5T
— Vloop~0' PLHW~2'7MW' PEC~2'OMW' P|C~4.0MW
— nGr~0.65, Bp"‘z.‘l, BN~‘I .85, H98y2 ~1 .35, q95~6.0
Core current density profile kept flat with on-axis g above unity

— Improved confinement with broader current density profile with ICRF,
accompanied with outer moved T.-ITB @

— 3/2 tearing mode at rho~0.3 suppressed with ICRF
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Improved Performance Attributed to Flat and Broader Current Profile
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 Fully non-inductive plasma with core flat current density profile with on-axis q above unity
— Strong on-axis ECCD applied
— Possible current re-distribution occurring inside m/n=3/2 surface at rho~0.3

— Weaken the magnetic shear in the core, help to improve core performance

- Broadening of current density profile with ICRF

— Booftstrap current density increased due to effective ICRF heating

— EC current driven profile kept almost unchanged
— Reduction of LHCD possibly due to increased Z.; and radial fransport of fast electrons during ICRF
J. Huang/IAEA-FEC/Oct 13-18, 2025/Chengdu, China
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Features of Core MHD Instabilities
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- m/n=3/2 tearing mode stabilized with ICRF

— Central ICRF minority heating scheme
— Improved core MHD stability due to current density redistribution by effective electron heating

- n=2 BAE triggered during ICRF

— Localized at rho~0.2
— Enhanced fast-ion pressure in minority heating scheme
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Development of High-B; Scenario with ITER-like Heating Scheme
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- High-B; plasmas with ITER-like heating scheme w/o LHCD at high B;~2.5T
g__ - PNB|~3.0MW, PEC~2°0MW' P|C~3.0MW
— ﬂGr~O.65, BP~2'] , BN~] 85, H98y2 ~] 2] , q95~6
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0, 5 Sawtooth instability with peaked current profile and on-axis g below 1

— The ST period increased during ICRF
— The ST crash amplitude enhanced with ICRF on-axis heating
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Challenges for Development of High-f3; Plasma with Boronization

Joint Experiments & Actives for ITPA 10S-3.2

* Impact of wall conditions on energy confinement

— Energy confinement with B-coating is reduced by ~10-15%,
compared with Li-coating

_|_
08 T© + Li-coating|-
O B-coating
T s
p p

« Next step with enhanced capabilities on EAST towards more ITER-relevant configuration

- Explore high-B, scenario at moderate q,; towards high-Q SSO

— Optimize Boronization with ICRF and new B-materials B,D,

— Broaden j(r) and active conftrol to improve confinement

— Adjust T./T, by effective ion heating to extend fusion performance @

— Account for ITER heating and current mix, etc.
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Summary

- Dedicated joint ITER-EAST experiments have been performed in support of the ITER NRP.
— Long pulse 100s H-mode were achieved with Boronization on full metal wall.

— The impact of W limiter, heating schemes, boronizaiton on H-mode performance have been
evaluated in EAST.

— High Bp scenario has been developed in boron wall at q¢5~ 6.0, a range attractive for ITER steady-
state operation, with high energy confinement quality Heg,» ~ 1.35, py ~ 1.85 at B;~2.5T, by
dominant electron heating.

* Future plan with upgrade of inner components and augmented H&CD capabilities
— Develop SSO scenario with ITER shaping (LSN) at moderate qqs ~5-6 in low aspect ratio
— Develop SSO scenario in ITER-like heating scheme by enhancing H&CD capabilities

— Extend plasma performance and improve confinement by broaden j(r) with g.,;»>2 aiming at NCS
or weak shear to form ITB in all channels

- Demonstrate SSO with extended fusion performance at P;, ~ 15-20 MW

Thank You For Your Attention @
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