
This work has been carried out within the framework of the EUROfusion Consortium and has received funding from the Euratom research and training programme 
2014-2018 and 2019-2020 under grant agreement No 633053. The views and opinions expressed herein do not necessarily reflect those of the European Commission. 

M. Bernert1*, F. Janky1, B. Sieglin1, F. Reimold2, A. Kallenbach1, M. 
Wischmeier1, O. Kudlacek1, W. Treutter1, D. Brida1, O. Février3, S. Henderson4, 

M. Komm5, the EUROfusion MST1 team6 and the ASDEX Upgrade Team7 

1Max Planck Institute for Plasma Physics, Garching, Germany, 2Max Planck Institute for Plasma Physics, Greifswald, Germany 3EPFL, Swiss 

Plasma Center (SPC), CH-1015 Lausanne, Switzerland, 4CCFE, Culham Science Centre, Abingdon, OX14 3DB, Oxon UK, 5Institute of Plasma 

Physics of the CAS, Prague, Czech Republic 

See author lists of 6B. Labit et al 2019 Nucl. Fusion 59 086020 and 7H. Meyer et al 2019 Nucl. Fusion 59 112014 

 

X-point radiation and detachment control 
at ASDEX Upgrade 
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Overview 

 

1.The X-point radiation regime 

2.Real-time control of the radiator position 

Å An ELM-mitigated scenario 

3.Other Control at AUG, TCV & DIII-D  

4.Feasibility for future reactors? 

5.Summary 
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The X-point radiation regime 

ÅDetachment in metal machines achieved with seeding 

ÅWith the pronounced detachment of the outer divertor, an 
intense, localized radiator evolves close to the X-point. 

ÅMost likely radiation condensation (MARFE-like) 

ÅRadiated power fraction close to 100% 
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ÅDetachment in metal machines achieved with seeding 

ÅWith the pronounced detachment of the outer divertor, an 
intense, localized radiator evolves close to the X-point. 

ÅMost likely radiation condensation (MARFE-like) 

ÅRadiated power fraction close to 100% 

 

ÅX-point radiation is: 

Č Stable scenario 

Č Existing with N or Ar seeding 

Č Radiates up to 1/3 of the heating power 

Č Existing in a wide range of heating power: 

  Pheat [MW] = 2.5 ς 20 

  Pheat/PLH  = 1 ς 5 
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The X-point radiation regime 

ÅRadiator reproduced by SOLPS [Reimold, NF 2015] 

ÅTemperature reduction within confined region 
- Te < 5eV 

- D line radiation observed 

Ą Parallel temperature gradients inside confined region! 
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The X-point radiation regime 

ÅRadiator reproduced by SOLPS [Reimold, NF 2015] 

ÅTemperature reduction within confined region 
- Te < 5eV 

- D line radiation observed 

Ą Parallel temperature gradients inside confined region! 

 

Why is it stable here? 
ÅIƛƎƘŜǎǘ ŦƭǳȄ ŜȄǇŀƴǎƛƻƴ ҭ ƭƻƴƎŜǎǘ ŎƻƴƴŜŎǘƛƻƴ ƭŜƴƎǘƘ ǘƻ midplane 

Ą Low, sustainable parallel temperature gradients 

Ą Power flux driven parallel to magn. field 

Ą Radiator acts as heat sink 

 

Moves inside confined region with higher impurity concentration 
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Movement of the X-Point radiation peak 
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Tomographic 
reconstruction of X-point 
radiation movement 
(#30506, N seeding) 
 
 
- Radiator forms close to X-point 
- Moves further inside 
- Up to 15cm inside confined 

region ( pol Ғ лΦффύ ƻōǎŜǊǾŜŘ 
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Tomographic 
reconstruction of X-point 
radiation movement 
(#30506, N seeding) 
 
 
- Radiator forms close to X-point 
- Moves further inside 
- Up to 15cm inside confined 

region ( pol Ғ лΦффύ ƻōǎŜǊǾŜŘ 

Tracking using AXUV diodes 
(#32273, N seeding) 



Actively influencing the location 

ÅLocation can be influenced by heating power 
or nitrogen seeding level         Ą 

 

Implemented real time control 

 Sensor: AXUV diodes 
- SIO2 real time data acquisition 

- 20ms median filtered data Ą ELM filter 
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Actively influencing the location 

ÅLocation can be influenced by heating power 
or nitrogen seeding level          

 

Implemented real time control 

 Sensor: AXUV diodes 
- SIO2 real time data acquisition 

- 20ms median filtered data Ą ELM filter 

- Peak detection by calculation of 1st moment       Ą 
 

 Actuator: N seeding 
- PI controller 

- Further possibilities: Ar seeding, Heating power 
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