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PLAN

Requirements for Plasma and First Wall Measurements

ITER Environment and Potential Impact on Diagnostic
Components

The Implementation of Diagnostic Systems on ITER
- in the  vacuum vessel
- in ports (upper and equatorial)
- in the divertor

Assessment of Performance Relative to Target
Requirements

Summary
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REQUIREMENTS FOR MEASUREMENTS

In order to prevent the plasma and auxiliary heating systems from
damaging the internal components, especially the divertor and first
wall, measurements of key parameters will be needed in real time at
very high reliability, for example: separatrix/wall gap, first wall
temperature, fusion power, etc Machine Protection

Many other measurements are needed to control the plasma 
in real time so that the required operating regime and plasma 
performance is achieved, for example: plasma shape and position, 
plasma current, electron density, impurities, etc Plasma Control

Additional measurements are needed for specific physics studies,
for example: confined and escaping alpha particles, turbulence, ne 
and Te fluctuations, etc Physics Studies
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In total about 45 parameters have to be measured and there are detailed 
specifications: parameter ranges, resolutions, accuracies for each one.

Required Measurements According to Operational Role
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ITER ENVIRONMENTITER ENVIRONMENT

Relative to existing machines, on ITER some of the diagnostic
components will be subject to (relative to JET)

• High neutron and gamma fluxes (up to x 10)

• Neutron heating (1 MW/m3) (essentially zero)

• High fluxes of energetic neutral particles from charge exchange
processes (up to x5)

• Long pulse lengths (up to x 100)

• High neutron fluence (> 105 ! )

New territory for diagnostics
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Consequentially a range of phenomena have to be considered that are
new to diagnostic design including:

• Radiation-induced conductivity (RIC)
• Radiation induced electrical degradation (RIED)
• Radiation-induced electromotive force (RIEMF)
• Erosion and deposition on mirrors
• Radiation induced absorption
• Radioluminescence
• Heating
• Change in other properties such as activation, 

transmutation and swelling

Moreover, the nuclear environment sets stringent demands on the
engineering of the diagnostic systems – for example on neutron
shielding, Tritium containment, vacuum integrity, RH compatibility.
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Requirements

Chosen systems
and design

Integration and 
implementation

Assessment relative
to requirements

Magnetics Optical
Microwave

Fusion 

Products

Bolometry

Spectroscopy
Probes

~100 - 150 
techniques

Suitability in ITER 
environment; expected
performance; reqms
for space, etc,

Measurement priorities;
combination with other
systems; engineering 
constraints, etc

R&D
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SELECTED DIAGNOSTICS FOR ITERSELECTED DIAGNOSTICS FOR ITER

About 40 distinct measurement systems in total.
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HANDLING THE ENVIRONMENTAL EFFECTSHANDLING THE ENVIRONMENTAL EFFECTS
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HANDLING THE ENVIRONMENTAL EFFECTSHANDLING THE ENVIRONMENTAL EFFECTS

High neutron and 

gamma flux 

Magnetic coils 

and loops

Shielding, careful choice 

of materials and design,

generic redundancy and 

cross checks 

More details in the paper and poster
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INTEGRATION AND IMPLEMENTATION

Diagnostic components and systems are installed in multiple locations:
the vacuum vessel; upper, equatorial and divertor ports; divertor; port
cells, galleries, and diagnostic building.
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In-Vessel Systems

The principal diagnostic components mounted in the vacuum vessel

are sensors for the magnetic diagnostics, bolometers, microfission

chambers, soft X-ray and UV detectors, and waveguides for

reflectometry.

Sensors are mounted at sites where the maximum protection 

possible is sought from the blanket modules, with standard cut-outs 

provided if extra space is required. Where necessary the plasma is 

viewed through the gaps between blanket modules, which may have 

to be locally widened. Sensors and cabling are cooled by conduction 

to the vacuum vessel and thermal radiation to the blanket, and typically

operate in the range 150-300°C. 
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In-Vessel Systems

MHD saddle flux loops
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In-Vessel Waveguide
 for Reflectometry from the High Field Side 
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Similarly at the upper and divertor levels (12 and 5 ports respectively)

Several systems in each port.  Allocation to ports is done according to 
guidelines which take into account many factors such as the role of the 
measurements, the need to work in conjunction with other systems and, 
where possible, the simplification of transmission lines, eg equatorial level: 

Upper, Equatorial and Divertor Ports
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Port Plugs in Upper and Equatorial Ports

A novel approach has been adopted for installing diagnostic

components in the ports.  Diagnostic components will be installed

in port-plugs and these will contain modules, customized to the 

specific diagnostics in the port, to ease the construction and 

maintenance. It also provides flexibility for upgrades should these 

be necessary or desirable. 

The port-plug provides the primary vacuum boundary at the port,

as well as the feed-out for diagnostic transmission lines, feed-

throughs for electrical systems, and feed-in for control signals.

It provides access for the diagnostics and at the same time

effective neutron shielding.
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For example, Core (LIDAR) Thomson scattering in Equatorial 
Port #10. Folded optical labryinth in shielded modules   

Plasma facing mirror

Mirrors in ducts

Port Plug

Mirrors are a 

topic of R&D
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Equatorial Port Plugs
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Equatorial Ports

Eq#01: Vis/IR viewing
Rad Neutron Camera
MSE, Div Imp Mon

Equatorial #12: Vis/IR viewing
Vis. cont, H alpha, CTS

Equatorial #03: Vis/IR viewing
CXRS (x2), MSE, H alpha

PERFORMANCE ANALYSES
Full engineering treatment includes:
1. Structural Analysis
2. E-M Analysis 
3. Static Stress Analysis
4. Dynamic Mechanical Analysis of E-M loads 
5. Natural Frequency of Port Plug Structure, with BSM
6. Seismic Analysis
7. Port Plug Nuclear Analysis
8. Port Plug Cooling System Analysis
9. Cantilevered Handling
10. Neutronics analysis 
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Upper Ports

Optics for Edge Thomson 
Scattering system

Input laser beam
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Upper Ports

Divertor Impurity Monitor

CXRS  Upper #03  (or #02)
Two views of the Diagnostic 

Neutral Beam
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Diagnostics in the Divertor

Diagnostic components are concentrated in five locations. Optical diagnostics 

make use of the central aperture of the cassette and the gaps between the 

cassettes. Systems requiring electrical connections are incorporated into 

special instrumented divertor cassettes. 

Optical access Electrical access



A E Costley ITER Diagnostics, 21st IAEA

23
of 5 slides

Diagnostic block

Shield module

Port Cell
(air)

Antenna
groups

Port Cells and Galleries
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Diagnostic Building

Transmission lines pass through the galleries to lasers,
detectors, spectrometers etc in the diagnostic building
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Assessment Relative to Target Measurement Requirements

Expect to meet measurement requirements; performance not yet known; expect 
not to meet requirements
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SUMMARY

•  ITER will require an extensive diagnostic system in order to 
meet the requirements for machine protection, plasma control 
and physics studies.

• The realisation of the diagnostic system is a major challenge
because of the harsh environment and the nuclear requirements. 

• Components will be installed in multiple locations.  Novel 
approaches have been adopted especially for the components in 
the ports where port-plugs with customised diagnostic modules 
will be used. 

• It is expected that the measurements necessary for machine 
protection and basic plasma control can be made at the required 
level but more development and design work are needed before the

 full performance of the system can be established.
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SUMMARY

•  The development of new diagnostic techniques specifically for
    the reactor environment is needed especially for the later phases
    of ITER and for the devices that will follow ITER (DEMO etc).

We need to grow the
diagnostic base
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Related papers at this conference:

High Priority R&D Topics in Support of ITER Diagnostic Development
      A.J.H. Donné et al  paper IT/P1-24

First Mirrors for Diagnostic Systems of ITER
      A Litnovsky et al paper IT/P1-22

Progress in Diagnostic ITER relevant Technologies at JET
     A Murari, paper IT/P1-23

Progress in Development of Thomson Scattering Systems for ITER
      G T Razdobarin, paper IT/P1-25

Review of Beam Aided Diagnostics for ITER
     M G von Hellermann, paper IT/P1-26

Requirements for Fast Particle Measurements on ITER and Candidate
Measurement Techniques
     F P Orsitto et al paper IT/P1-27
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THANK YOU FOR YOUR ATTENTION

www.iter.org
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