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Performance Evaluation of ITER Thomson Scattering S ystems

ABSTRACT Electron temperatures in ITER of up to 40keV and densities of up to 
several times 1020 m-3 are expected. Thomson Scattering is a proven technique for 
making these measurements. Successful deployment of such a system requires that 
all components maintain adequate performance throughout the lifetime of the 
experiment. The parameters accessed by ITER lead to very different operating 
conditions from existing devices. These range from a high dose neutron 
environment to in-vacuum mirrors and the extremely long plasma discharges. This 
paper will assess the expected performance of the proposed systems and highlight 
critical areas.
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Depolarization term as a function of 
normalized wavelength shift for LIDAR 
scattering at different electron temperatures.
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Upper: The Thomson scattering spectrum for 
an input wavelength of 1064 nm and a 
scattering angle q = 180
, calculated at 5 
different plasma temperatures. 

Lower: examples of the spectral quantum 
efficiency of visible photo-cathodes available 
for LIDAR TS.
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Core Temperature and Density Measurements

Laser Reliability

• Long wavelength laser (e.g. NdYAG)
• Wide spectral range 
• Shorter wavelengths efficient fast 
detectors exist 

– Recently  proven at JET (GaAsP)
– Modest improvement required 

• Detectors in the >850nm  required
– Ternary alloy InxGa1-xAs  could 
produce a QE of the order of 5% up to 
a cut-off wavelength of l~ 1000 nm. 
– Transferred electron (TE) detector. 
Externally biased, InGaAsP/InP
photocathode with a possible QE in 
excess of 25% up to � =1.33 � m

• Special tools have been developed to 
analyse the performance of the complete 
system from laser to detector

• A combination of a 5J, 250ps laser pulse, 
~250-300ps response time detectors of 4-
5 types to cover the spectral range 
• Optimised 6-8 channel polychromator. 

•For the TS systems, reliability is of paramount 
importance and redundancy in design must be 
incorporated where possible. 

•Typical operation of a multi-laser system on the MAST 
device has shown that out of 4 lasers, at least 1 laser 
was available almost 100% of the time while all 4 lasers 
were available >70% of the time (this corresponds to an 
individual laser availability of about 92% per plasma 
shot). 

•Translating this simply to ITER for a 7 laser system 
would give 5 or more lasers available more than 98% of 
the time, and all 7 lasers > 56% of the time.

•Limited access means that the laser and collection optics need to be in the same port. 
•Laser entry window is positioned as far as possible from the plasma.

•Reliable electron temperature and density diagnostic for modern tokamaks
•All across the operating range 
•Current devices have temperatures exceeding 10 keV
•But up to 40 keV predicted for ITER. 
•Then electron velocities are a substantial fraction of the velocity of light 
•Large blue shift’ in the scattered spectrum 
•Change in the polarisation of the scattered light 

•The incoherent Thomson scattered power per 
unit solid angle per unit angular frequency   �
can be written

•Depolarisation term important at high temperatures 
•Theory is solid but experiments challenged this due to fact TeTS can be up to 15-20% 
lower than TeECE in some experiments 
•However the presence of high energy electron tail would cause TS to overestimate 
•Urgency to investigate the cause of the temperature discrepancy

Spectral distribution for as a function of 
normalised wavelength � =(� -� 0)/� 0

•An example scenario (5n) that is expected in 
ITER. 
•The required measurement resolution is a/30.
•This is equivalent to approximately 7 cm in 
real space.
•Note: the full profile from -0.9r/a to 0.9r/a is 
required

 Spatial 
range 

Parameter range Time 
resolution 

Space 
resolution 

Accuracy 

Electron 
Temperature 

r/a<0.9 0.5-40keV(from 30keV) 10ms a/30 10% 

Electron Density r/a<0.9 3x1019 to 3x1020m-3 10ms a/30 5% 
 

Core System Modelling

Core detectors

10 keV

50 keV
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CONCLUSIONS: Significant progress has been made around the world in several 
areas of the TS diagnostic development for ITER. This includes theory, laser, 
detector and many aspects of the system design. The modelling described above 
shows that, based on present estimates of the performance of individual 
components, in principle the systems can achieve the measurement accuracy and 
spatial resolution required, but with relatively little margin. Further work, backed up by 
testing is required in the areas indicated to ensure that reliable systems can be 
deployed. Critical areas such as lasers, first mirrors and detectors need to be 
addressed urgently.

LIDAR X-point 
C.03

Outer leg TS C.04 

Laser launcher for outer 
leg TS

Inner leg 
TS

Viewing system for outer 
leg TS

Laser launcher for inner 
leg TS

Illustrations of the ITER edge Thomson scattering measurement system in the mid-
plane port (showing the case when the laser is injected diagonally.

900x300x200mm3Laser head size

15mmOutput beam 
diameter

<1%Pulse-to pulse 
instability

>2%Efficiency

<0.3mradBeam 
divergence

10nsPulse duration

100HzRepetition rate

3JOutput energy

1064nmWavelength

Main parameters of the laser produced in 
Vavilov State Optical Institute, St. 
Petersburg Russia

High brightness 3J/100Hz Nd:YAG Q-
switched MOPA laser

Divertor Temperature and Density Measurements Edge Temperature and Density Measurements

The diagnostics of Thomson scattering in the divertor offers the potential of determining 
localized and detailed information about key electron parameters in a most challenging 
domain. 

The graph alongside shows the error 
analysis for the Outer leg system with a 
6-channel grating polychromator

This calculation was carried out for the 
following conditions: laser pulse energy 
1.5 J, 2.5 ns, electron density 1019 m-3, 
total optical transmission 5% and 
background light 200 photon/nm 
(assumes Bremsstrahlung radiation, 
zeff=3).

The life-time of optical components is expected to be limited due to contamination with 
carbon and beryllium-based material eroded from the beryllium wall and carbon tiles. 

As well as significantly reduced optical transmission, thin layers can dramatically 
change the slope of the spectral reflectivity of rather low reflectivity mirrors, especially 
like W or Mo. 

Required 
•high-power system 
•working in steady-state 
•high-repetitive mode. 
An example of a high-power Nd:YAG laser design that has been completed recently is 
shown 

To make it compatible with the ITER system, the pulse duration needs to be to 2-3ns, to 
reduce background light level. 

A laser for the divertor TS

Divertor System Modelling

For the mid-plane port configuration, it is concluded that be able to measure accurately 
the H-mode pedestal using a laser pulse energy of 5 J and width of the laser pulse is 30 
ns, it is necessary to have a scattering length L of at least 10 mm. 

• Collection solid angle 0.01 Sr
• conservative Zeff = 3 
• Gaunt factor for free-free radiation 3 
• ne of 5x1018 m-3. 

The expected H-mode density and 
temperature profiles of ITER are used to 
assess the performance and a core ne of 
1.2x1020 m-3 and Te of 12 keV were used.

•Design based on  YAG Thomson scattering system in JT-60U, 
•Requires a wide temperature range of 50 eV - 10 keV
•Error required of less than 10%
•Temporal resolution of 10 ms 
•100Hz Nd:YAG laser 5J output under development

•Mirror cleaning 
•Wide-band in-situ calibrations
•Plasma facing mirror 
•In-situ calibration, deposition prevention
•Dielectric laser mirror
•In-vessel metallic laser mirror laser-induced damage threshold (LIDT)

Other issues

Edge System Modelling

 Spatial 
range 

Parameter range Time 
resolution 

Space 
resolution 

Accuracy 

Electron 
Temperature 

r/a>0.8 0.05-10keV 10ms 5mm 10% 

Electron Density r/a>0.8 5x1018 to 3x1020m-3 10ms 5mm 5% 
 

10%10–3000
Te, 
eV 

5%

5cm20Hz

1019–1021ne, 
m-3

X-point LIDAR C.03

10%1–200
Te, 
eV 

5%5cm along the leg
0.3–1cm across the 

leg
50Hz

1019–1022ne, 
m-3

Divertor outer leg
C.04

Accurac
y

Spatial resolution
Time 

resolution
Range of
coverage

Measurement parameter
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