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• Pedestal transport: JET informed - 𝝌/𝑫𝒆𝒇𝒇~𝟑.

• 𝑷𝑷𝑻 = 𝟓𝟎 𝒌𝑷𝒂 – informed by IPED [7] 

(MHD critical limit)

• Temperature profiles fixed in the pedestal.

• Toroidal velocity profile based on empirical

scaling derived from high rotating AUG and JET

discharges.

• This ASTRA modelling setup was validated on the tritium-rich hybrid H-mode

discharge from JET DTE2 campaign [5].

• Important features of the shot are:

• W accumulation without radiative collapse

• High rotation induced by NBI torque.
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High-fidelity predictive integrated modeling of the high power

(steady-state) plasma in the Volumetric Neutron Source (VNS) tokamak

1. Introduction 2. JET validation (#99971)

3. VNS predictive simulations

VNS optimization analysisVNS-2025 design point [1] 

• Ad-hoc extra diffusivity added in the pedestal

region, → 𝝌/𝑫𝒆𝒇𝒇~𝟑.

• 𝑐𝑊 = 1.8 ⋅ 10−4 𝑝𝑎𝑟𝑡/𝑚3 with a fixed profile to 

satisfy 𝑃𝑟𝑎𝑑 = 6.45MW. 

Modeling framework

• Increasing the beam penetration, increases

the fusion power, but against the 𝑉𝑙𝑜𝑜𝑝. 

• To ensure steady-state scenario:

→ 𝑉𝑙𝑜𝑜𝑝 ∈ 0 ÷ 2 𝑚𝑉

Key parameters limiting achievable fusion power: 

• Electron density

• Beam direction and energy 

𝑷𝒇𝒖𝒔 = 𝟏𝟔. 𝟖 𝑴𝑾

TGLF-sat2 [4]ECRH* RABBIT [5]NEUT

ASTRA

Turbulence:
• 𝝆 < 𝟎. 𝟗𝟓

• EM settings on 

Gaussian
@𝝆 = 𝟎

Neutral gas puff 
of T to satisfy

feedback on ne

NBI power and 
particles

deposition

• The Volumetric Neutron Source (VNS) is conceived to be a tokamak for testing in-

vessel components under high neutron irradiation [1].

• Exploits beam-target fusion reaction, injecting a deuterium neutral beam into a 

tritium plasma - (D/T = 10/90), through NBI system, also driving the current.

Parametric

investigation

4. Conclusions & further studies

• High-fidelity modeling revealed key physical challenges, including inefficient beam

penetration and high loop voltage.

• Scenario optimization: defined a new 𝑛𝑒,𝑎𝑣𝑔 = 7 ⋅ 1019 target and NBI injection angle 

and settings to optimize current machine limits.

• New design validated with METIS, to accelerate parameter exploration targeting a 

NWL = 0.5 MW/𝑚2 (~ 38 MW of 𝑃𝑓𝑢𝑠).

• Expand physics models to include self-consistent ECRH, improve descriptions of 

pedestal transport, MHD stability, EP modes, impact of W. 

Initial fast modeling

METIS [2] 

𝑷𝒇𝒖𝒔 = 𝟐𝟒. 𝟏 𝑴𝑾

High-fidelity integrated modeling

ASTRA [3] 
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൞

𝒏𝒆 = 𝟕 ÷ 𝟏𝟏 [𝟏𝟎𝟏𝟗 𝐦−𝟑]

𝑬𝒃𝒆𝒂𝒎 = 𝟏𝟐𝟎 ÷ 𝟏𝟓𝟎 [𝐤𝐞𝐕]

𝚯𝒊𝒏𝒋 = 𝟏𝟕𝟖 ÷ 𝟏𝟖𝟎 [𝒅𝒆𝒈°]

Optimal

configuration ൞

𝒏𝒆 = 𝟕 ⋅ 𝟏𝟎𝟏𝟗 [𝐦−𝟑]

𝑬𝒃𝒆𝒂𝒎 = 𝟏𝟓𝟎 [𝐤𝐞𝐕]

𝚯𝒊𝒏𝒋 = 𝟏𝟕𝟗. 𝟓 [𝒅𝒆𝒈°]
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