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Present Status and Future Developments
of JET Diagnostics.

P E Stott
JET Joint Undertaking, Abingdon, Oxfordshire, England

ABSTRACT

JET has an extensive rénge of plasma diagnostics systems that have been
designed and constructed to be compatible with the requirements of a large
fusion experiment that routinely produces plasmas with parameters in the
range required for a fusion reactor. Many of these diagnostics are designed
to continue working when tritium is used at a later phase of the JET
programme. Two groups of diagnostics, for profiles and for MHD fluctuations,
are reviewed in more detall and some typical results are shown. New
diagnostics are being designed for the pumped divertor that will be
installed as a major modification of JET as part of the proposed programme
extension in the years 1992 to 1996.

INTRODUCTION

JET is the world’s largest and most powerful fusion experiment and came into
operation in 1983. JET's main objective is to obtain and to study plasmas
with parameters and dimensions in the ranges required for a fusion reactor.
The plasma cross-section is D-shaped with a major radius of 3m and vertical
and horizontal minor radii up to 1.75m and 1.25m respectively. JET is
operated in either limiter (up to 7MA) or open divertor {up to 5MA)
configurations [1] with toroidal fields up to 3.4T. Extensive areas of the
inconel walls, including the inner wall and the divertor strike points, are
covered with carbon tiles. Since 1989 beryllium [2,3] has been used for the
main limiters and is routinely evaporated onto the walls and carbon surfaces
as a getter. Discharges are presently operated in hydrogen and deuterium but
tritium will be used at a later stage. JET is heated with a mixture of



neutral beams (21 MW has been achieved with 80keV deuterium beams) and ion
cyclotron resonance heating (about 18MW has been achieved into the plasma
for 2s duration). With both heating methods combined, a total power of 35MW
has resulted in a stored plasma energy in excess of 10MJ. Planned
enhancements to the heating systems will raise the total power to over 40MW.
A prototype lower hybrid current drive system (3.7GHz) will start to operate
during 1990.

JET has approximately 50 diagnostic systemns. Their status at the end of 1989
is summarized in Table |. The design of most of these started in 1979 and
many European fusion laboratories have been involved in their construction
and operation. The first systems were ready for the start-up of JET in 1983
and most of the others were operating by 1986. Since then most diagnostics
have been developed further, many have been extensively modified for various
reasons, a few are no longer used and a few new systems have been added. 1t
is clearly impractical to attempt to review all 50 systems and so this paper
will concentrate on a few typical diagnostics.

This relatively large number of diagnostic systems is needed in order to
measure the many parameters that are needed to characterize a hot fusion
plasma and to cover JET's wide range of different operating conditions. It
is interesting to note that while JET was being constructed, many people
doubted the need for anything more than the very basic diagnostics, but once
JET began to operate, it was recognised that even with so many systems there
are many plasma quantities that remain poorly determined. Whenever possible
the most important parameters in JET are measured by at least two
independent methods in order to ensure reliability. Experience has show that
careful comparisons between different measurement methods (Thomson
scattering and ECE) can be used to reduce the systematic errors in the
separate measurements and in some cases to deduce additional data [4].

The dimensions of the JET experiment are very large with a total plasma
volume of about 100 m®. Many lines of sight are required to measure plasma
profiles with a good spatial resolution (typically a few cm) and to cover
the various poloidal configurations that are used in JET. Likewise the
combination of good time resolution with long discharge duration (typically
20s) produces a lot of data. Signals are digitized in CAMAC modules and
later stored and analyzed in a network of NORD and IBM computers.



Approximately 15 megabytes of diagnostic data are stored for each discharge
and, after validation by the diagnostic physicists, can be accessed for
further analysis by all JET staff.

DIAGNOSTIC ENGINEERING

JET's large physical dimensions (the mid plane of the plasma is 6m above the
floor level) have required substantial engineering structures for many
diagnostic systems. Al diagnostic systems, particularly those with vacuum
connections to the tokamak, have to be compatible with the very high
standards of engineering specified for all JET component systems. These
requirements, combined with the need for fritium compatibility and remote
handling, have made it necessary to engineer the JET diagnostic systems to a
much greater extent than was the norm for diagnostics on previous
generations of fusion experiments.

Tritum will be used during JET’s final phase {on the basis of present
planning this will start in 1995). The main JET machine systems and many
diagnostic systems have been specified to be compatible with a total yield
of 10* neutrons over a two year period. Good diagnostics will continue to
be required during this' phase. About 75% of the present systems have been
radiation hardened and engineered for remote handling in order to be able to
remove and, when appropriate, replace them under active conditions when
personnel access will not be possible. Radiation hardening has usually been
achieved by avoiding sensitive components or by locating them outside the
biological shielding wall although this approach Inevitably results in
transmitting signals over distances up to 100m. A few-systems located closer
to the torus have localized radiation shields to reduce the background
radiation. Some diagnostics (VUV spectroscopy, X-ray diodes, charge-exchange
neutral particles, infra red cameras etc.) could not be sufficiently well
shielded or located outside the torus hall but are required for the earlier
phases of JET’s programme. These systems will be removed for the tritium
phase.

Many of the JET diagnostics were built under contract by other fusion
laboratories. Stringent interface standards were imposed by JET to maintain
compatibility with other machine systems and to ensure consistency between



the individual elements of the complete set of diagnostics. A similar
procedure will be required for ITER. The experience gained at JET shows that
is is essential to plan the diagnostics for a major fusion experiment as an
integrated measurement system. This can be achieved only if the detailed
work carried out in separate institutes is coordinated by a sirong and
experienced central team. The total cost of the JET diagnostics systems is
about 10° US$. The effort for the design, manufacture, installation,
commissioning and operation of the complete set of JET diagnostics now
totals about 1000 man years. These figures for diagnostics correspond to
about 10% of the overall costs and effort invested into JET since 1978. This
experience can be used as a rough guide to the budget and staff numbers that
will be required for ITER diagnostics.

PROFILE MEASUREMENTS
Electron Density

Electron density profiles in JET are measured with multi-channel far
infra-red (FIR) interferometry, microwave reflectometry and LIDAR Thomson
scattering. The FIR interferometer [5] is based on a DCN laser operating at
a wavelength of 195um. This system originally had 7 vertical and 3 lateral
channels but 1 vertical and 1 lateral channel have been lost due to a
shortage of ports. The vertical channels operate in a single pass mode and
are supported by a large frame in order to reduce the effects of vibrations.
The lateral channels are double pass using reflectors mounted on the inside
wall of the torus. Radial movements of the internal mirrors of up to icm are
corrected to within 0.02mm using a compensating interferometer at a
wavelength of 119um. '

The microwave reflectometer [6] uses 12 separate frequencies in the range 18
to 80 GHz corresponding (in the O mode polarization) to densities in the
range 3x10' to 810" m™. The system employs a novel narrow band sweep
technique to measure the density profile with an estimated uncertainty of
+5cm. Good agreement is generally found when profiles measured with the
reflectometer are compared with those measured with the interferometer and
with Thomson scattering (figure 1). Density profiles for the edge of an
H-mode plasma confirm the existence of a very steep density gradient



n, (10®m~2)

(>4x10%°m™) at the plasma edge. The reflectometer data indicate that the

profile may be considerably steeper than can be resolved by the other
technigues.
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Figure 1a) Density profiles for an ohmic plasma (Ip = 4.1IMA, Bt = 2.8T)

b) Section of density profiles for H-mode plasma (Ip = 3.IMA,
Bt =2.2T, PnB = 8.5MW)
Peak density was 6.3 x 1019 m-3.

Electron Temperature

Electron temperature profiles are measured with LIDAR Thomson scattering and
with electron cyclotron emission (ECE). Measurements with the first JET
Thomson scattering diagnostic were limited to a single spatial point on the
equatorial mid-plane, although this could be scanned to different major
radii between plasma shots. A 90° scattering geometry was used with a

repetitively pulsed (1Hz) ruby laser and the detectors located on the roof
of the biological shielding building.

This system has now been replaced by a spatial scan Thomson scattering
diagnostic based on the LIDAR principle [7]. The plasma is illuminated with
a laser whose pulse duration (3x107° s) is much shorter than the transit
time of the light across the plasma (8x10° s) so that the time of arrival
of the scattered light at the detecior can be related to spatial position.
The system uses a back-scattering geometry and the scattered light is



analyzed using interference filters and very fast photo multipliers. The
spatial resolution, which is determined by the duration of the laser puise
and by the detector time resolution (also about 3x107° s), is inherently
about 15mm but can be reduced to about 9mm by deconvolution of the scattered
signal taking in account the time envelop of the laser pulse.

A typical LIDAR temperature profile is shown in figure 2. The ability of the
LIDAR system to measure temperature and density profiles simultaneously and
along the same chord is a considerable advantage for confinement and other
studies. It is planned to replace the present ruby laser (repetition rate
0.5Hz) with an Alexandrite laser with a higher repetition rate. Higher
resolution systems using a streak camera detection system are planned for
the plasma edge and for the pumped divertor. The LIDAR technique requires
only a single port and is therefore particularly attractive for ITER.

Pulse No: 19940

JG 9016

Electron Temperature, Te(keV)

Electron Density, n, (x 10" m~¥

Major Radius (m)

Figure 2.  LIDAR electron temperature and density profiles with pellet
injection and ICRH

The JET ECE system [8] has an array of 10 antennas viewing the plasma along
different chords in the poloidal cross-section. The ECE emission is
transmitted via oversized, rectangular metal waveguides over a distance of
about 60m to the detectors which are located outside the biological



radiation shielding wall. A range of detectors optimized for different
measurement purposes is used, including several Michelson interferometers
(mainly used for spatial profiles with resolution of about 10cm), several
Fabry-Perot interferometers, a 12 channel grating polychromator (mainly used
for measurements with good time resolution and for heat pulse propagation
studies of electron thermal conductivity) and a high resolution heterodyne
system (spatial resolution about 2cm.). With this instrumentation ECE has
been established as one of the most powerful and reliable of the JET
diagnostic systems.

lon Densities

Impurity ion densities in JET are measured with various péssive
spectroscopic diagnostics in the visible, VUV and XUV regions of the
spectrum and with active Charge Exchange Resonance Spectroscopy (CXRS) using
the heating neutral beams to illuminate the plasma. Radial profiles of the
effective ion charge, Zeﬂ, are determined from Abel inverted profiles of
multi-chord measurements of the visible Bremsstrahlung and from simultaneous
measurements of the main light impurities by CXRS. The dilution factor n d/ne

is determined from spectroscepic mesurements of impurity ion densities and
also by combining measurements of the neutron yield (which depends onn and

TI) with values of Ti determined from neutron spectroscopy.

lon Temperatures

Spectroscopic ion temperature measurements in JET are based on the Doppler
broadening of spectral lines emitted either by highly ionized, high Z
impurity ions (e.g. N?®*) using high resolution X-ray spectroscopy, or by
fully stripped low Z impurity ions (e.g. Be** or C°*) using CXRS. The Ni***
resonance line emission gives the core plasma temperature and the diagnostic
sensitivity permits measurements at nickel concentrations as low as
anjne = 10®° The CXRS method is used to measure ion temperature profiles by
using an array of viewing chords intersecting the neutral beam.

JET now has a single Neutral Particle Analyzer (NPA) viewing the plasma
through a vertical port. This replaces the original array of 5 analyses that
had to be removed at the end of 1988 from a port that was required for the
Lower Hybrid Current Drive system. A new type of NPA based on a



time-of-flight technique is being developed for JET by ENEA-Frascati. This
instrument will have better immunity to neutrons and y radiation and will be
usable in the tfritum phase.

Several types of neutron spectrometer are operated at JET so that a wide
range of plasma conditions can be covered. These include a time-of-flight
system and several ®He ionization chambers used for high resolution
measurements (AE/E =~ 4%) and a liquid scintillator that is used for lower
resolution studies. In many cases it is possible to unfold the neutron
energy spectra to separate the thermal source from the beam plasma source
and thus obtain good estimates of the central ion temperature. There is
generally good agreement between the different ion temperature diagnostic
methods. In chmic discharges the ion temperature profile has been determined
also from measurements of the neutron yield profile using a 19 channel
collimator array.

Current Density

Polarimetric measurements of the Faraday rotation of the six vertical chords
of the FIR interferometer are used to determine plasma current densities and
profies of the safety factor g. These measurements [9] indicate that in
sawtoothing discharges the safety factor on the magnetic axis is always
considerabiy less than unity and remains so even following the collapse of a
monster sawtooth. Typically g, = 0.75 « 0.15. The change in the q profile
during a sawtooth collapse has been studied by Abel inversion of the
difference in the density and Faraday rotation signals before and after the
coliapse. The change in q during the collapse is small, typically
A, = 0.03, and change in q is linear in time in between sawteeth.

An independent measurement of the g profile will be made using a
modification of the single point Thomson scattering diagnostic. The strength
and direction of the internal magnetic field can be determined by detecting
the modulation of the scattered spectrum at angles orthogonal to the local
magnetic field. This technique was demonstrated several years ago on DITE
and Culham Laboratory is collaborating on the measurements on JET.



FLUCTUATIONS

JET has several diagnostics with good capability to measure the spatial
distribution of plasma fiuctuations. These include an X-ray diode array, and
a neutron yield profile system as well as the ECE and reflectometer systems
that have already been described in terms of their applications to measuring
profiles. The X-ray diode system consists of about 100 detectors arranged in
two orthogonal cameras in one poloidal plane with additional smaller arrays
at several different toroidal locations. This diagnostic is used to
investigate MHD phenomena and also to measure radiated power profiles with
coarse energy resolution. Two dimensional tomography of the soft X-ray
emission is used extensively to study sawteeth and disruptions. Details of a
typical fast collapse of a sawtooth are shown in Figure 4. The collapse
occurs on a fast time scale (about 100us) and is not usually preceded by any
precursors. A hot crescent shaped region is formed as the hot central core
is displaced to one side by a cold plasma "bubble". Successor oscillations
are usually seen in JET after the sawtooth collapse due to the rotation of
this structure.

(i) Hot spot collapses t=350us  (iv) Stable final state t=2081us

Figure 3. Tomographic reconstructions of the X ray emissivity showing
details of a sawtooth collapse.
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The X-ray diagnostic has revealed an interesting effect following the
injection of a solid hydrogen pellet [10]. After the initial ablation of the
pellet (Figure 4), a sinusoidal perturbation appears that has, for obvious
reasons, been christened "the snake". This is a local density perturbation
at a rational magnetic surface, normally the q = 1 surface. It can persist
for several seconds, suggesting that a magnetic island is formed at the
rational surface, with ablated particles being deposited inside the isfand.
LIDAR profiles of density and temperature after the injection of a pellet
show a local density enhancement and temperature depression at the sawtocoth
inversion radius. This indicates local cooling at the q = 1 surface which is
expected to lead to a helical current perturbation and the formation of the
istand.

Pellet Snake
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Figure 4.  Details of the 'snake’, a sinusoidal perturbation of the q=1 rational

magnetic surface induced by pellets.
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Two dimensional contours of electron temperature have been reconstructed
from measurements with the 12 channel ECE polychromator. This techniqué
utilizes the poloidal rotation of the plasma past the fixed viewing chord.
Each detector sees an oscillating signal as structures in the plasma sweep
past. If it is assumed that the plasma rotates as a solid body, the time
variation of the signal from each detector (corresponding to a particular
radius) during each period of the oscillation can be mapped as a poloidal
angle. Figure 5 shows the hot core and cool island structures in the plasma
following a sawtooth crash. There is good agreement between the X-ray and
ECE data on island structures.
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Figure 5. Hot core and cool island strutures following a sawtooth collapse
shown by ECE tomography.
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Neutron emission profiles are measured with a 10 channel collimator viewing
horizontally and a 9 vertical channels. The detectors are low resolution
neutron spectrometers (energy resolution AE/E = 8%) which select neutrons
with energies in the range 2 to 3 MeV and discriminate against background
gamma radiation. The neutron emissivity is evaluated using standard
tomographic inversion methods. A sawtooth crash (figure 6) produces a
dramatic change in the neutron emissivity, which before the crash is
strongly centrally peaked (typical peak emissivity around 2 10" m™ s7)
and becomes much flatter and broader afterwards.
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Figure 6. Tomographically inverted neutron emissivity showing the

dramatic change in the emission from the core following a
sawtooth crash.
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FUTURE DEVELOPMENTS

Developments and upgrades are planned for many of the JET diagnostics. An
upgrade is planned for the LIDAR Thomson scattering system to increase the
repetition rate from 0.5Hz towards a goal of 10Hz. Following an initial
survey of possible lasers, an Alexandrite laser appeared suitable for this
application, but recent tests are not so encouraging and suggest that it may
not be possible to achieve the required combination of repetition rate
(10Hz), pulse duration (350ps) and energy (>1J). Alternative solutions
including the consequences of accepting a longer pulse duration are being
considered. Another upgrade of the LIDAR diagnostic using a streak camera
will improve the spatial resolution (presently about 9cm) for measurements
closer to the plasma edge.

in the new phase of JET that is planned for 1992 - 1996, a pumped divertor
will be installed with coils and a cryopump inside the vacuum vessel. A
single null configuration will be used with the X-point at the bottom of the
torus. The plasma parameters in the vicinity of the X-point will be
substantially different from those in the core plasma with electron
densities in the range 3 x 10" to 2 x 10®°m™ and temperatures in the range
10 to 100eV. There will be strong gradients along and perpendicular to the
field lines. Access is severely restricted by the divertor coils and other
components. A range of new diagnostics is being planned including;
interferometry, reflectometry, electron cyclotron absorption, Thomson
scattering, VUV and visible light spectroscopy, bolometry, Langmuir probes,
neutral gas pressure probes, infra-red cameras and magnetic coils.

As already noted many of the JET diagnostics have been designed to operate
in the tritum phase. JET has a comprehensive set of neutron diagnostics,
already operational at 2.4MeV with deuterium plasmas, that will be extended
for 14MeV. Some new diagnostics are planned for alpha particles and other
fast ions. Charge exchange spectroscopy using the heating neutral beams (up
to 80keV for H® and 160keV for D° will cover the lower range of alpha
energies up to about 0.5MeV. A double charge exchange diagnostic will be
buit for JET by the loffe Institute in Leningrad. A collective scattering
diagnostic based on a powerful gyrotron source (400kW at 140GH?z) is planned
for the higher energy alphas and will be used also for studies of energetic
ions produced by various heating methods.
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SUMMARY

The JET experiment has been equipped with a very comprehensive set of
diagnostics. All of these systems were designed and constructed specifically
for JET and were engineered to much higher standards than had previously
been the norm for diagnostics. The resulting systems have proved to be very
reliable in operation and routinely give high quality data. There have been
many modifications and upgrades to keep pace with JET's changing
requirements and with continuing developments in diagnostic techniques.
JET's experience has confirmed that accurate and reliable diagnostics are
essential for the safe operation and effective exploitation of a large
fusion experiment. It is important that diagnostics should be regarded as an
integral part of the overall machine design and in particular their
requirements must be allowed to influence the design of other machine
sub-systems. There is fittle point in building a major fusion experiment if
its potential cannot be exploited because of inadequate measurement
capability. The experience gained with diagnostics for JET is particularly
valuable for the specification of diagnostic requirements for ITER.
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Table |
Status of the JET Diagnostics Systems, December 1989

. Compatibility Level of
System Diagnostic Purpose Association Status wWith tritium autamation
Time and space resolved . ! ; -
KB Bolometer array total radialed power IPP Garching Qperational Yes Fully automatic
Ptasma current, loop valts, plasma
KC1 Magnetic diagnostics position, shape of fiux surtaces, JET Operational Yes Fully automatic
diamagnetic oop, tast MHD
Singte point T and n, at one point : f .
KE?1 Thomson scatlering several times Risa Cperational Yes Fully autematic .
Lidar Thomsan y JET and Stuttgart : ‘
KE3 seattering T. and n, profiies University Operational Yes Fully automatic
Fast ion and Space and time resolved .
KE5 | oipha-particle diagnostic | velocity distributions JET Under Development Yes Mot yet instalied
Muttichannel far infrared ngds on six vertical chords CEA ; . :
e interferometer gned two horizontal chords Fonlenay-aux-Hoses Operational Yes Semi-automatic
Single channel : WJET and ; R :
G2 miciowave interferometer fneds on one verticat chord FOM Rijnhuizen Operational Yes : Fuliy automatic
Microwave y : JET and : : :
KG3 refleciometer g profiles and fluctuations FOM Rijnhuizen Qperational Yas ! Fully automatic
: - : JET and CEA : 5 . .
KG4 Pelarimeter fnoBpds on six verticat chords Fontenay-aux Roses Operationat Yes © Semkautomatic
KH1 Harg X-ray monitors Runaway electrons anc disruptions JET Operational Yes \ Fully automatic
X-ray pulse height Plasma purity monitor : : N o
KH2 spactiometer and T, on axis JET Operalional Yes i Semkautomatic
g i MHD instabilities and : . N i
KJ1 Soft X-ray diode arrays |ocatian of rational surfaces IPP Garching Operational No ~ Semi-auiomatic
KJ2 Toroidal sott X-ray arrays | Toroldal mode numbers JET Operational R Yes Semi-automatic
Eleciron cyclotron To{r.t} with scan time of a few NPL, UKAEA Culham 4 i :
KK1 emission spatial scan milliseconds ang JET Operational Yes . Fully automatic
Electron cytlotron . ; . . ! )
KK2 emission fast syslem Telr.t) on microsecond time scale FOM Riinhuizen Operational Yes :  Fully auiomatic
Electron cyctotron SR b I ; . | - ) - ”
KK3 emissian heterodyne ° To(r.t) with high spatial reselution JET Operational J Yes Semi-avtomatic
Monitor of hot spois aon !
KL1 Limiter viewing limiter, walls and RF aniennae. JET GCperational No Fully sutomatic
diverior target tiles
KL3 Surface temperature Surace femperature of limiter JET Commissioning No Wilt be
and target tiles i {ully automatic
2.4MeV neutron i . . .
KMt specirometer . UKAEA Harweli Opsrational Not appiicable Semi-automatic
i i eulron spactra in
KM3 ﬁ:u';':g: ;"'Lz?g:rl"g::r D-D dischparges‘ ion temperatures |  NEBESD Studsvik | Operational Mot applicable ;  Fully automatic
CRTT pi-. - and energy distributions .
.4 MeV spherical - . : Ny .
K4 ionisation chamber KFA Jllich Commissioning Yes : Semi-aulomatic
14MeV neutron . I = : }
KM2 | spectrameter Newtron speclra in i UKAEA Harwell Under Yes : Not yet installed
1aMaV NmeoTlight | g cischarges, lon femperalures +———————-—  Gonsiructian ; :
KM5 neutron spectrometer : ! SEAC, Gothenberg : Yes Net yet installed
Time-resolved : i . JET and : : :
KM7 neutren yield monitor Frilon burhing studies UKAEA Harwall Qperational Not applicable Fuily automatic
Time-resolved + - X
KN1 newtran yield maniter Time resolved neutron flux UKRAEA Harwell Operational Yes Fulty automalic
KN2 Neutran activation Absoltute fluxes of neutrons i UKAEA Harwelt Operational Yes Semi-automatic
Neutron yield protile Space and lime resolved i " ;
KN3 measuring system profile of nautran flux UKAEA Harwell ! Operational Yes Fully automatic
KN4 Delayec neutron activaticn | Absolute fluxes of neutrons Mel i Operational Yes Fully automatic
. Alpha-particles produced i
KP3 Fusion product deteciors by D-T fusian reactions JET Under study Yes Automatic
Neutral particle iateib it 8 : : : :
KA1 analyser array ion distribution function. 7;(r) ENEA Frascati OCperationat No Automatic
KR2 Aclive phase NPA lan distribution function, T(r} ENEA Frascati LInder construttion Yes : Autoratic
Active phase Impurity behaviour in f i ; ) " '
K81 SpBCITOSCopY active condilions PP Garching : Operational ; Yes , Semi-automatic
Spatial scan X-ray Space and time resclved i | " f : :
K52 crystal spectostopy impurity density profites PP Garching ! Operational f HNo :Not yel implemented
H-aipha and {onisation rate, Z,y, impurity : i i i i
KS3 visibie light monitors fluxes trom wall and limiter JET Operational Yes , Semi-automatic
Charge exchange re- i o ; "
KS4 combination spectroscapy E:rl':?'ra,%g:eg—::s)’h:t;{:gg::‘ze?g;ﬁes JET Operational ! Yes . Semi-automatic
{using heating beam) AR : :
Active Balmar o — ' :
K85 spectroscopy Tp, np and Zpy (1) JET Uinder Construction : Yes ;Nol yel implemented
VUV speciroscopy Time and space resolved CEA : ; . :
KT1 spatial scan impurity densities Fonlenay-aux-Roses Operational No Semi-automatic
VUV broadband . X : -
K12 speclroscopy impurily survey UKAEA Culham Operational No . Fully automatic
Aclive phase CX Fully ionized light impurity can- i n : f
KT3 spectroscopy candration, .T;(r), rotation velocities JET Opevational i'90 | Yes _Nat yet implemented
Grazing ingidence + : . . .
KT4 visible spectoscopy Impurity survey UKAEA Culham OCperational No i Fully autornatic
High resclution X-ray Lentral icn temperature, rotation . . : :
KX1 crystal spectroscogy and Ni concantration ENEA Frascati Cperationat Yes Fully sutomatic
KY1 Surface analysis statian Plasma wall and limiter . IPP Garching Operationa Yes
Surface probe fast imeractions including release o
Kyz transfer systom hydrogen isclope recycling UKAEA Guiham Operational Yes Aﬁ&r:;;egbeﬁ:lm%ot
Verlical probe drives for unattended
KY3 Plasma boundary prabes reciprocating Langmuir and JE‘[‘dL:EgEé\ rc":li:_‘lam Operational Yes
surface coflecting probes a arching
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