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ITER (Lehnen)



Briefly: Some recent experimental results



ASDEX-U 
(Pautasso)

RE beam dissipation by 
high-Z injection also seen 
on DIII-D (previous), J-
TEXT, and HL-2A (this 
meeting)



JET (Lehnen)



Comparison of NIMROD modeling with 
DIII-D poloidal peaking factors



DIII-D (Eidietis)





Disruption modeling



(Jardin)



Rotation of m=2/n=1 mode tracks with rotation of peak 

radiated power

MGI

Case 2: Time = 3 ms

2/1 is 

dominant 

n=1 

component 

for most of 

simulation

Radiated power (Case 2)
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Ion C Ion D

•
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Is the gas flow stopped/braked 

by the plasma pressure?

∇Pi (here assumed = ni∇Ti)

Ion B

Ion A

Neutral

Averaged force 

on neutral

Microscopic viewpoint Macroscopic viewpoint

B

Perhaps, but not by a direct action of ∇Pplasma onto the gas: 

Collisions with plasma ions/e- result

in a force perpendicular to ∇Pplasma

(for V0=Vi/e)

In the plasma momentum

equation, ∇Pplasma is « already » 

compensated by the jxB force, so

there is a priori « no reason » that

∇Pplasma should apply on neutrals

Collisions (both scattering and 

reactions [CX, ion., rec.]) actually

result in friction forces, ∝ (V0-Vi/e)

We will see later how plasma pressure acts indirectly on the gas flow

Meier and Shumlak, PoP 2012 



Neglecting charge exchange and recombination, 

the gas penetrates unrealistically easily

Neutral density

ne
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Time

Time

Te (eV)

q=2

Very short penetration time (experimental TQ onset time ~12 ms):

~1.5 ms up to q=2 (r~0.9 m)

~5 ms up to plasma centre

Very high ne: > 1021 m-3
Ionization

by plasma

LCFS

LCFS



Shock

Neutral density

ne
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Including charge exchange and recombination, 

the gas penetration is significantly reduced

Time

Time

Te (eV)

q=2

Fast (10-5 s) heating of the neutrals creates a shock wave and strongly 

slows down the incoming gas

 Much slower penetration (consistent with

TQ onset time)

LCFS

LCFS
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Interpretation: gas braking mechanism

In IMAGINE, gas pressure is spread over plasma surface:

5 bar in DMV2 → 3 Pa in IMAGINE!

Plasma pressure (JET Ohmic plasma) ~ several kPa

The conversion (by, e.g., CX) of even a small fraction of Pplasma into Pgas

strongly heats the gas

Hot neutrals can go either toward the plasma center or back toward 

incoming gas

The former are ionized and their momentum is dissipated by the 

braking force acting on charged species

The latter brake the incoming gas flow by collisions

 Overall, gas momentum is dissipated by the braking force

 Plasma pressure does cause gas braking after all, but in an indirect way
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• Equations:

(+ 6 other equations: large aspect-ratio reduced non-linear MHD) 

• Important features:

• Neutrals are deposited via a volumetric source term

• Neutral transport is diffusive

• Ionization, recombination and radiation (line and bremsstrahlung) 

with coefficients from the ADAS database

• Ohmic heating (with Spitzer resistivity)
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Neutral density:

Energy:

D2 MGI model in JOREK

{Ad hoc



A thermal quench is obtained 

in the simulations
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• Fast drop of central Te + burst of dB/dt

• MHD activity (dB/dt and Ip spike) much

weaker in simulation

‒ Likely consequence of e.g. too high η0

or hyper-resistivity

 Work is being pursued to improve the 

simulations

Central 

Te (keV)
Central ne

(1020 m-3)

TQ

dB/dt (T/s) from Mirnov coil

JOREK Exp.

JOREK

Exp.

Ip (MA)
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• Then, m/n=1/1 and 2/1 islands grow

‒ Note: 1/1 internal kink mode is intrinsically

unstable since q0<1; it is seeded by the 

perturbation from the MGI

• O-points of islands are spatially in phase with

gas deposition region

‒ Also observed with NIMROD

Te ne

t=5.3 ms

Poincaré
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• Edge ergodization pertains for a « long » time

• But core has good flux surfaces

 Consequences for runaway electron

formation processes?

• Suggests RE can be created only in the 

core

t=13.6 ms



Summary

Many outstanding disruption challenges that could be addressed in the context of 
3D MHD modeling: 
Runaway electrons- generation, loss, confinement, interaction with gas, pellet 
injection
Mitigation- MGI, SPI, Self-consistent RE-free solutions
Wall currents and forces
etc.,

Solutions that are successful on small to medium sized tokamaks may not work on 
JET let alone ITER; modeling is required to understand scaling and extrapolation

Efforts to model mitigation are ramping up (NIMROD, JOREK, …)

Efforts to model VDEs and wall forces are ramping up (M3D, DSC, M3D-C1, 
NIMROD…)


