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2) Divertor comparison 

✦  Conventional to Super-X, same 
profiles (based on MAST case 
[8]), with different divertor leg 
lengths (Fig. 1. a)-e)) 

✦  Single mode (n=20) simulation 
for R1-R5 

✦  Conventional to Super-X peak 
heat flux (qpeak) reduces by 
factor 11, which is reasonable 
considering target area change 

✦  ELM fluence (ε||) along target in 
Fig. 1. f) for R1-R5 

✦  Peak ε|| deviates from scaling 
[9] for Super-X, Fig. 1. g), ε||  is 
factor 22 lower for R5 (blue 
triangle) than scaling 

✦  Results indicate ELM is partially 
buffered if the divertor is in a 
Super-X configuration and/or a 
detached regime prior to ELM 
(black diamond Fig. 1. g))

1) Introduction 

✦ New Super-X divertor will be 
tested in MAST-U [1] to reduce 
target heat fluxes 

✦ Plasma detachment predicted in 
MAST-U Super-X L-mode [2] and 
H-mode [3] plasmas  

✦ Behaviour during ELMy H-
mode, in Super-X, is unknown 
and investigated here 

✦ ELM burn-through questions 
can only be answered with 
confidence when MAST-U 
experimental data is analysed 

✦ JOREK [4,5,6] is used for first 
simulations of ELMs in MAST-U 
Super-X. Model given in [7]

3) JOREK divertor detachment 

✦  Detached divertor first obtained, roll-over 
occurs, Te < 5 eV, ionisation front moves 
upstream (Fig. 2.) 

✦  Used as an initial state for the ELM simulation 

✦  Comparison to SOLPS [10], SOLPS results 
from [3]

FIG. 2. (a) The target parallel electron density flux and target electron temperature 
as a function of upstream density, comparing JOREK with SOLPS [3]. (b) The 
ionisation front in the lower divertor, from the JOREK simulations.

FIG. 1. Poloidal plane flux contour plots for a conventional MAST-U divertor (a) extending the outer leg (b) and (c) towards a Super-X divertor. The Super-X configuration (d) with no flux expansion in 
the divertor chambers and (e) with flux expansion. The black boxes indicate the coil positions and the thicker coloured lines show each separatrix. Rs is the strike point radius and L|| is the connection 
length from mid-plane to target at Ψn =1.0001. (f) Profiles of the ELM energy fluence (ε||) as a function of target distance for each of the divertor configurations. (g) The peak ELM parallel energy 
fluence as a function of ELM energy loss (note axes in log scale). ε|| is given for Eich ELM scaling (from [9]) within regression limits given by grey circles. The coloured triangles represent the 
different divertor configurations and the black diamond indicates the Super-X case run with the neutrals model.

FIG. 3. (a) The 
evolution of the 
kinetic (coloured 
lines) energy of 
the mode 
numbers for the 
multi-mode 
simulation.  
(b) The evolution 
of the filamentary 
structures during 
the multi-mode 
ELM simulation 
imaged with a 
synthetic fast 
camera diagnostic 
(t in ms).

FIG. 4. (a) The evolution of the peak outer target values for the heat flux, density, electron temperature and neutral density for the upper (dashed lines) and lower (solid lines) divertors. 
(b) The heat flux pattern onto the Super-X lower outer target during the ELM simulation, zoomed in time to the peak heat flux to the target, from the ELM crash. White dashed line is the 
separatrix position. (c) The evolution of the ionisation fronts in the upper and lower outer Super-X divertors during the ELM simulation.

4) Multiple toroidal mode number simulation 

✦ MAST-U Super-X ELM simulation (n=2,4,6,..,20), evolution of energy of modes shown in Fig. 3. a) 

✦ n=10 dominant when ELM crash occurs 

✦  Evolution of the non-linear structure of the ELM filaments observed using the JOREK synthetic fast camera 
diagnostic (Fig. 3. b)) 

✦ Pedestal ELM thermal energy loss is 1.4 kJ. Simple analytical calculation shows ELM will burn-though divertor 
neutrals front

5) ELM burn-through in Super-X 

✦ ELM burns through neutrals front 
in Super-X 

✦ ELM qpeak to outer lower target is 
9.8 MW/m2 and factor 3 less to 
upper outer target (Fig. 4. a) and 
b)). Non-symmetric distribution to 
upper and lower divertors due to 
E×B rotation  

✦ ε|| is factor 46 lower than Eich ELM 
scaling (black diamond Fig. 1. g)) 

✦ Peak target Te=150 eV and quickly 
recovers to almost pre-ELM 
conditions 

✦ Recovery to almost pre-ELM 
conditions, in ~ 3 ms, which is 
shorter than type-I inter-ELM period 
for MAST (Fig. 4. a)-c))

6) Summary 

✦ Factor 11 reduction in qpeak to 
Super-X divertor

✦ Promising result for ε||, with factor 
46 reduction for Super-X. ε|| ELM 
scaling may need modification for 
long legged and detached divertors

✦ ELM burns through neutrals front
in Super-X but recovers to almost 
pre-ELM conditions

✦ Future work: 
- include more physics such as    

diamagnetic flows
- advanced neutrals, SOL/divertor 

modelling [11], in JOREK, is in 
progress

- compare simulation results to 
MAST-U experimental data

c)

a) b)

ELM growth rate similar for each 
case ~  3.4×104 s-1 

ELM pedestal losses similar for 
R1 to R5   
• Energy ~ 0.8 kJ (10.4%)  
• Particles ~ 1.1×1019  (12.8%) 

Peak heat flux reduction  
8 to 0.7 MW/m2 from R1 to R5
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