
Tokamak Plasma Control

Can we sustain fusion reactor condition stably?

- Tokamak plasma control categories
Discharge control: Start-up and shape (equilibrium with magnetics)
Discharge kinetic control 

(transport and confinement, particle and power handling) 
Advanced discharge control (stability, ELM and disruption)



Tokamak Plasma Control
Selected ITER control functions

Physics of Plasmas 22, 021806 (2015)

A significant amount of control physics 
understanding remains in order to complete 
such a robust ITER solution. Examples include: 

– Identification of key profile characteristics 
determining TM stability 
– Size of effective TM seeds produced by 
disturbances such as sawteeth and ELMs 
– Quantification of controllability/robustness 
metrics corresponding to seedless TM 
triggering 
– Effective control methods for burn control 
– Sufficient look-ahead predictive capability 
for profile evolution using real-time data 
– Reliable real-time calculation of proximity to 
stability and controllability boundaries 
– Physics-based models for many relevant 
control functions, including noise, disturbance, 
and robustness specifications 
– Scenarios for exception handling response 
to minimize or prevent disruptions



Discharge Start-up Control Nucl. Fusion 39, 2577 (1999) 



Discharge Shape Control
Nucl. Fusion 39, 2577 (1999) 



Discharge Kinetic Control
Nucl. Fusion 39, 2577 (1999) 



Discharge Advanced Control
Physics of Plasmas  22, 021806 (2015)

Profile and Stability control



ELM Suppression and Mitigation



Disruption

Disruption and 
Disruption related effects 

Nuclear Fusion 39, No. 12 (1999)



Disruption Causes and Classes in JET 
Nucl. Fusion 51, 053018 (2011)



Two Major Causes of Disruptions

 Low-q disruptions 

(LOQ, QED)

Density limit disruptions 
(LON, GWL, RC, MAR, HD)

(qψ ≈2, n/nGW ≈1 and βN ≈3.5)

Greenwald density limit 
nGW(1020 m−3)=I(MA)/a2(m) 

Troyon normalized beta 
βN =<β(%)>I(MA)/a(m)B(T)



Two Major Disruptions
from non-linear evolution of ideal MHD 

Disruption by long wavelength, non-axisymmetric MHD instabilities

 Various onset causes may be initiated

 thermal energy is lost first in the thermal quench phase 

 current density profile flattens

 internal inductance is reduced resultantly

 total plasma current increases

 current quench occurs from the cold plasma

 Vertical Displacement Events (VDE)

 the plasma moves vertically to strike the material wall

 thermal quench occurs followed by a current quench without an increase 
in the current



Schematic Sequence of Disruption Events 
Intentional disruptions

 VS  VDE ( MHD  ML)

 NC (GIM)  MAR/RC  MHD  ML

 IMC/MGI  IMP  RC  MHD  ML

 LOQ  MHD  ML 

Unintentional disruptions

 VS  VDE

 …  MAR/RC  MHD  ML ( VDE)

 …  LON/LOQ/QED/REC  MHD  ML

 SAW/ELM  NTM ( ROT)  ML

 ITB  PRP  KNK  ML



MHD and Mode Locking



Disruption Prediction
Neural network disruption prediction in DIII-D

‘Prediction’ of a beta limit disruption in TFTR



Disruption Avoidance and Mitigation

Thermal and current quench durations for fast 
plasma shutdown in ITER with various quantities 
(masses in g) and species of injected impurity

Disruption avoidance in ASDEX-U
: upon detection of loss of HRH 
mode (high radiation H-mode)


