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ABSTRACT Electron temperatures in ITER of up to 40keV and densities of up to
several times 102° m= 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.

High Temperature Thomson Scattering Theory Review

*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
sLarge blue shift’ in the scattered spectrum

*Change in the polarisation of the scattered light
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«Depolarisation term important at high temperatures

*Theory is solid but experiments challenged this due to fact T4 can be up to 15-20%
lower than T g 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

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

“or 1 were available >70% of the time (this corresponds to an
individual laser availability of about 92% per plasma
shot).

data from 1249 plasmas
. @{wf"i‘ «Translating this simply to ITER for a 7 laser system
: 2 mber of lases 4 would give 5 or more lasers available more than 98% of
the time, and all 7 lasers > 56% of the time.

9% operations

Core Temperature and Density Measurements

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

Core detectors

« 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 In,Ga, ,As could
produce a QE of the order of 5% up to
a cut-off wavelength of I~ 1000 nm.
— Transferred electron (TE) detector.
Externally biased, InGaAsP/InP
photocathode with a possible QE in
excess of 25% upto =1.33 m
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Core System Modelling

« Special tools have been developed to g | M | o | reseuon|
analyse the performance of the complete Electron 1/a<0.9 0.5-401:V(¢1Dr;030;@v 10ms al30 10¢
System fl’Om |aser tO detectol’ Electron Densit) ra<0. 3x10to 3x10°m’ 10ms a/30 5%
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« 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.
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*An example scenario (5n) that is expected in

35
- ITER.
.fi;’ «The required measurement resolution is a/30.
=i 4 \ «This is equivalent to approximately 7 cm in
%1'5 i | real space.
'§1'0 [ | *Note: the full profile from -0.9r/a to 0.9r/a is
Sos " \\ required

0‘04.0 45 50 55 60 65 7.0 75 8.0

R(m)

22nd IAEA Fusion Energy Conference, Geneva, 13-18 October 2008



* * % ; ***
T R IR
~: EFDA A Euston 3
X A TITCLC = Working *

EUROPEAN FUSION DEVELOPMENT AGREEMENT o —— in Europe . % 4 X

Divertor Temperature and Density Measurements Edge Temperature and Density Measurements

Outer leg TS C.04
/ LIDAR X-point
/6.03

/
/
/
/
/

Inner leg
Is

Laser launcher for outer . ) ) )
lllustrations of the ITER edge Thomson scattering measurement system in the mid-

leg TS —
I\/lev_\lflgq system for outer plane port (showing the case when the laser is injected diagonally.
leg TS

Laser launcher for inner
leg TS *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

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.
Edge System Modelling

Divertor System Modelling « Collection solid angle 0.01 Sr

* conservative Z 4= 3

The graph alongside shows the error « Gaunt factor for free-free radiation 3
analysis for the Outer leg system with a * n, of 5x108 m-3,
6-channel grating polychromator

The expected H-mode density and
temperature profiles of ITER are used to
assess the performance and a core n, of
1.2x10%° m-3 and Te of 12 keV were used.

This calculation was carried out for the
following conditions: laser pulse energy
1.5 J, 2.5 ns, electron density 1019 m3,
total optical transmission 5% and
background light 200 photon/nm

(assumes Bremsstrahlung radiation, Spat] | Perametermange | ot ronuan]
_3 Electron 1a>0.8 0.05-10keV 10ms Smm 10%)
Ze=3)- 3
Electron Densit 1/a>0. 5x1bro 3x16°m 10ms 5mm 5%
wessrementparameter| 22099 Tve | spaiairsoutan | A0
overor ouer g1 | 117 Semaingthekey | % ) ) o
cos T | | oSt For the mid-plane port configuration, it is concluded that be able to measure accurately
V o - the H-mode pedestal using a laser pulse energy of 5 J and width of the laser pulse is 30
XpontioAR c.03 20nz sem ns, it is necessary to have a scattering length L of at least 10 mm.
To | 105000 10

The life-time of optical components is expected to be limited due to contamination with Other issues

carbon and beryllium-based material eroded from the beryllium wall and carbon tiles.
*Mirror cleaning

As well as significantly reduced optical transmission, thin layers can dramatically *Wide-band in-situ calibrations
change the slope of the spectral reflectivity of rather low reflectivity mirrors, especially *Plasma facing mirror
like W or Mo. «In-situ calibration, deposition prevention

«Dielectric laser mirror

A laser for the divertor TS «In-vessel metallic laser mirror laser-induced damage threshold (LIDT)

Required CONCLUSIONS: Significant progress has been made around the world in several
<high-power system areas of the TS diagnostic development for'ITER. This |ngludes thepry, laser,
-working in steady-state detector and many aspects of the system design. The modelling described above
+high-repetitive mode. shows that, based on present estimates of the performance of individual
An example of a high-power Nd:YAG laser design that has been completed recently is components, in principle the systems can achieve the measurement accuracy and
shown 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
To make it compatible with the ITER system, the pulse duration needs to be to 2-3ns, to deployed. Critical areas such as lasers, first mirrors and detectors need to be
reduce background light level. 2 addressed urgently.
Wavelength 1064nm
Output energy 3
Repetition rate 100Hz ACKNOWLEDGEMENTS: The lead author was funded jointly by the UK EPSRC and the
Pulse duration 10ns European Communities, and the core LIDAR studies undertaken for EFDA (work now
352?;ence <0.3mrad under F4E). The views and opinions expressed herein do not necessarily reflect
Efficiency 2% those of the European Commission. This report was prepared as an account of work
Pulse-to pulse <1% by or for the ITER Organization. The Members of the Organization are the People's
instability Republic of China, the European Atomic Energy Community, the Republic of India,
Output beam 15mm Japan, the Republic of Korea, the Russian Federation, and the United States of
diameter . . . . N
- America. The views and opinions expressed herein do not necessarily reflect those of
Laser head size| 900x300x200mrh .
- ) ; ; the Members or any agency thereof. Special thanks go to all the members of the
Main parameters of the laser produced in  High brightness 3J/100Hz Nd:YAG Q- Thomson Scattering Working group for their advice and contributions.
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