
Strategy for Plasma Diagnostics in Fusion Reactors

1

 Design state-of-the-art diagnostics for present day devices with 
 high accuracy,
 high spatial and temporal resolution.

 Establish appropriate plasma models 

 Consider how to diagnose and control DEMO 
 Harsh environment with radiation, heat and particles
 Small number of crude (but robust and reliable) diagnostics are available

 Utilize models heavily

ITER diagnostics
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Challenges and Requirements for ITER Diagnostics
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Many Challenges:
Advanced diagnostics for physics study and control
with Hostile environment (neutrons, gammas, ions, tritium)

Nuclear environment 
• Stringent demands on the engineering including remote handling
• Requires robustness 

Long plasma pulse length 
• Requires high stability

Control role of the measurements  
• Requires high accuracy and reliability

Integration of multiple diagnostics in single ports 
• Requires well organized engineering



Roles of ITER Diagnostics 
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Machine protection 
• Separatrix/wall gap, first wall temperature, etc. 

Plasma control 
• Plasma shape and position, plasma current, 
divertor diagnostics, etc. 

Physics studies 
• Confined alpha particles, alpha-driven modes, 
etc. 

> 50 individual measurements 

An extensive set of diagnostics to provide measurements for 



ITER Diagnostics Issues
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Radiation

Deposition 
& erosion



Radiation induced absorption and emission 

5



Erosion/re-deposition 

6



Transmutation / contact degradation 
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Long plasma pulse operation 
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Integration and engineering 

9

Many diagnostics in a single port plug 



Remote handling 
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Implications of ITER Diagnostics

11

 Many challenges are somewhat under control

 Expected problems are identified: radiation and deposition are most critical

 Many of the present diagnostic techniques still work (but some marginally) 

 How about DEMO?



Diagnostics for DEMO 
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Radiation
Very limited access possibilities 

Large emphasis on Reliability, Maintainability, Robustness  

Environmental conditions more extreme than in ITER 
(>100 times higher neutron fluence): 

 No electrical and refractive components close to the plasma 
 Limited application for first mirrors 

Needs: 
Development program for new materials testing under DEMO conditions 



DEMO: Fewer robust diagnostics are needed ! 
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DEMO is not a flexible research machine 
but will have only 1 or 2 operating scenarios

 Smaller number of measurements/diagnostics 
 Advanced predictive/analysis codes to combine data from various 

diagnostics in an intelligent way are needed with limited diagnostics.  

Experience on ITER may guide the selection of diagnostics 
that can operate with the harsh environment 



Selection of diagnostics for DEMO 
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Set of ITER diagnostics can be only validated to a limited extend on present 
day devices.  

 So the ultimate test of the techniques will be on ITER
 The same will be true for DEMO 

Going from ITER to DEMO is a smaller step for plasma physicists than that 
from JET to ITER, but it is a much larger step for plasma diagnosticians.  

 Experience on ITER will be beneficial for DEMO  

Note: fluence in DEMO is still ~50 times higher than that in ITER.

 Issues marginally acceptable in ITER might be 
impossible/unacceptable in DEMO


