4 ITER high f_4 scenario modelling with High Fidelity Plasma Simulator HFPS

o High-fidelity plasma simulator has been applied to model integrated ITER scenarios for
SRO, DT-1 and DT-2, including PF circuits, core-pedestal-SOL and
plasma-wall/target interactions

o Focus on W production and core contamination impact of W wall due to ITER re-baseline
[ Loarte PPCF 2025, Pitts NME 2025 ]

o Potentially ELM free high f_, scenarios to be considered:
= 15 MA/5.3 T DT baseline high Q;, H-mode considering wall load limit with max. expected W
wall source (worst case assumption)
= 15 MA/5.3T DT XPR compatible high Q;,, L-mode / degraded H-mode with enhanced pellet
fuelling

= 15MA/5.3T DT XPR [Korving EPS 2026]

o ITER HFPS components in use:

= JINTRAC (core-edge-SOL transport with sources and exhaust, and kinetic control)
= Core transport: TGLF-SAT2 + NCLASS/NEO, ECRH: GRAY

» Pedestal: MISHKA+EPED1 / ITER EPED1-SOLPS scaling [ Polevoi NF 2015 ]/ ELM free pedestal
models

= SOL: Wiesen model [ Wiesen PPFEC 2011 ] with cont. transition to fixed y;., so. Prar soL / Prescribed
Ysar soL Prar sor Polygons in line with SOLPS-ITER Wide Grid calculations

= DINA (free-boundary equilibrium evolution and magnetic control)
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4 ITER high f 4 scenario modelling with High Fidelity Plasma Simulator HFPS — W modelling
o W wall source emulated by prescribed W source at outermost far SOL layer (at 2" X-point)
o Conservative assumptions on W release and transport:

o Assumption of zero prompt W re-deposition

o Zero W ion outflux imposed as far SOL boundary condition

o No consideration of interaction between wall-released W / main ions and plasma in outer wall
shadowed far SOL region

o ~ Zero outward W convection in SOL

o High Dy ,eq/%ped ~ 1-0 reducing W screening effect in pedestal
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d ITER15MA /5.3 T DT H-mode high f,_

O JINTRAC core plasma + near SOL + ad-hoc wall source to match n,/n, ¢, for “largest possible™ W
source

O Pgux ~80 MW and Py, = 900 MW with P /P ;> 1.5 = Q > 6 for "worst possible case”
O W pedestal screening confirmed as key to maintain fusion performance
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d ITER15MA /5.3 T DT H-mode high f,_

O JINTRAC core plasma + near SOL + ad-hoc wall source to match n,/n, ¢, for “largest possible™ W
source
O Pgux ~80 MW and Py, = 900 MW with P /P ;> 1.5 = Q > 6 for "worst possible case”
O W pedestal screening confirmed as key to maintain fusion performance
15 MA 5.3 T DT Pyg=33 MW Pgc=50 MW ~0.81ngw
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d ITER15MA /5.3 T DT H-mode high f,_

O JINTRAC core plasma + near SOL + ad-hoc wall source to match n,/n, ¢, for “largest possible™ W
source
O Pedestal conditions:
O Ppeq Close to MHD limit but also close to ELM free conditions with given heat flux and pedestal transport

O Pedestal transport assumed to increase when approaching P, , (degraded H-mode close to transition
threshold power [Sartori PPCF 2004], described by reduced pedestal turbulence suppression)

O Fluctuations in heat flux in conditions close to worst case for W source may trigger unrecoverable p4
reduction and transition to L-mode; heat and fuelling control required to mitigate such fluctuations

O Operational space may be increased with consideration of potential pedestal widening in ELM free conditions
(reduced pedestal gradients at similar p,.4 could be sustained at reduced P, and increased transport closer
toP )
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d ITER15MA /5.3 T DT H-mode high f,_

O JINTRAC core plasma + near SOL + ad-hoc wall source to match n,,/n
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d ITER 15 MA /5.3 T DT high f,, high f 4, L-mode

JINTRAC core plasma modelling, high power high density L-mode sustained by pellet fuelling

O Core density exceeding ng,, in high power L-mode may be achievable [Giacomin PRL 2022,
Sauter PPCF 2025]

O De-coupled core density exceeding ng,, in H-mode achievable for n, .4 <~ ng,: [Lang NF 2012,
Bernert PPCF 2015]:
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d ITER15MA /5.3 TDT high f
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d ITER15MA /5.3 TDT high f
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Core conditions qualitatively similar to stationary high Qy,s
solution compatible with XPR regime [S. Korving IAEA
5th techn. meeting on divertor concepts 2025]
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d ITER 15 MA /5.3 T DT max. P, x high ., DEMO relevant H-mode with Xe
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O High frad imiter plasma operation
atl, =2MAinH

o Self-adjusting high W core contamination
(frad.core ~ 0.7-0.8, ¢y, ~ 2-4-10-4) providing
Y\ ~ 1.0 in stationary conditions

o Requirement of central continuous EC
heating to prevent hollow T, with self-
accelerating central W accumulation
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0 TGLF-SAT2 settings

TGLF-SAT2 improved filter scheme

ITRTGLFBPER= 1 DiSiena NF 2025
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0 TCI model settings

TCI flux splitting scheme with TGLF

o
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0 ESCO-inverse, EPED1+MISHKA Pedestal modelling scheme
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O ITER5MA/2.65TD H-mode (with Ne seeding), EPED1-MISHKA feedback on pedestal width

Pedestal modelling scheme
ITEREPED1PRED =9

—— MISHKA ideal MHD + EPED1 KBM constr.
—— ITER EPED1-SOLPS scaling
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Iteration loop n<£n,,,

d HFPS DINA-JINTRAC .

COCONUT simulations in loose / tight coupling to DINA :
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FIG 1. Loose coupling scheme applied to exchange simulation
data between stand-alone DINA and JINTRAC runs execufed
for a given scenario segment.
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