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ABSTRACT.

Recent devel opments and results of the JET CXRS diagnostic are reported. The measurement of
radial profiles of ion temperatures and densities are based on CXR spectra of fully-stripped ions
of either carbon or beryllium. Considerable effort has been expended in ensuring consistency
between radial profiles of low-Z impurity densities and those from other diagnostics. The
contributions of the main light impurities are used to reconstruct radial profiles of Zy which can
be compared with Abel-inverted signals from visible bremsstrahlung or soft x-ray emission.

Active Bamer-Alphaspectroscopy (ABAS) isbeing introduced as adiagnostic tool providing
data on local magnetic fields, neutral beam densities and dilution factors.

The effects of collision-energy-dependent CXR cross-sections on observed CXR spectra are
calculated. Correctionsfor the values of deduced ion temperatures, toroidal velocitiesand impurity
densities are discussed for the case of plasmas with high ion temperatures and high toroidal
rotation velocities:.

Some recent results of the JET 1989 operation illustrating the CXRS diagnostic potential are
given.



Introduction

Charge Exchange Recombination Spectroscopy (CXRS) s
used at the JET tokamak for the deduction of radial profiles
of ion temperaturel’z, plasma rotation’ and low-Z impurity
densities”™*’. Deuteron concentrations®™® are derived from
the simultaneous density measurement of the main low-Z
impurities, carbon and oxygen ( or beryllium ), and that of
the electrons.

More recently, the introduction of Active Balmer-Alpha
Spectroscopy (ABAS)"'°,  which makes use of line emission
spectra from fast injected neutrals and that from CX spectra
of thermal deuterons, has provided a further diagnostic tool
enabling a self consistent deduction of local impurity
concentrations. Radial profiles of the effective ion charge
Zeff can be derived from line intensity ratios in the active
Balmer-Alpha  spectrum  without the need of absolute
calibration and only a weak dependence on electron density
data. An  absolutely  calibrated system  allows  direct
measurement of local deuteron concentration and neutral beam
density.

The wavelength separation in the motional Stark multiplet'®
and its polarisation pattern'™“can be wused to derive the
local magnetic field strength and the orientation of the
field vector. Results at JET have shown that values of local
field st.rength can be derived with accuracies of a few
percent. Presently a system measuring both orientation and
total field strength is being prepared.

An intensive effort has been put into the maintenance and



enhancement of the JET atomic data base™ . ’i‘he effective
emission rates following charge capture and =n- and
lredistribution  processes are modelled to the plasma
environment, that is to the values of beam energy, ion
temperature and ion and electron density.

The effective CX cross sections may change significantly over
the thermal velocity range in the case of high ion
temperature plrasmas usually with strong toroidal rotation and
highly  peaked ion  temperature profiles. The  velocity
dependence of the effective emission cross section results in
a distortion of the observed spectrum, which deviates from
the original Maxwellian velocity distributin function. The
observed spectrum may have an apparent Doppler-shift, for
example due to an enhanced cross-section fo; the particles
moving in the direction of the neutral beam, and a reduced
cross-section for particles moving in the opposite direction.
The actual  Doppler-width may consequently be reduced and
lead to an apparently reduced temperature value. We have
investigated in great detail similar effects on CX spectra
expected from  slowing-down and  thermalized alpha
particles”’ls, and the detection limit of helium minority
densities using present (80 keV) and future JET heating
beams (160keV) .

Instrumentation and Data Analysis

The analysis procedure for CXRS data ( see Fig. 1) and the
layout of viewing lines and instrumentation has been

4L,2,4,%5

described in earlier papers Two instruments

collecting the light from a single vertical channel which




intersects the neutral beams in the plasma centre are
dedicated to the main light impurities (C and Be) . A fan of
12 horizontal lines of sight in the toroidal mid-plane is
used for the profile measurements. The light from all
channels is recorded simultaneously by a  2-dimensional
instrument tuned to the impurity lines of C or Be and D,
respectively.

For the next operation period of JET +two 2-dim

instruments will be wused at the same time, one being
constantly dedicated to the analysis of the deuterium
Balmer-alpha spectrum. A ‘polarising beam -splitter arrangement
will be implemented in the near future for the measurement
of both the wavelength splitting and the polarisation pattern
in the neutral Balmer-Alpha emission spectrum. This will
enable the deduction of magnetic field strength and its
orientation.
A new fibreless UV optical link (200nm to 700nm) between
torus hall and two further remote instruments is presently
commissioned. This system gives access to further CXRS lines
below 400nm ( for example the CX He®™ 5 to 3 transition at
3200 R). A much enhanced optical throughput will allow a
temporal resolution with sampling rates of the order 1 kHaz.

In addition to the CXRS lines of sight we make use of
the viewing lines dedicated to passive emission spectroscopy
in the | visible wavelength rangem. Bremsstrahlung radiation
and some dedicated impurity lines are rtecorded by several
lines of sight directed onto the limiters, walls and

horizontal midplane. A poloidal fan of 15 lines-of-sight 1is



used for the analysis of wvisible bremsstrahlung, and
subsequent Abel inversion provides Z off profiles.

Calibration and Consistency Checks

The deduction of impurity densities is based on absolute
calibration of all instruments and - during JET operation -
on  additional  consistency  checks  with  bremsstrahlung
measurements and neutral beam D-o emission spectra (see
active Balmer-alpha spectroscopy).

The absolute sensitivity of the single point system is
monitored continously by comparison of the Bremsstrahlung
level with that of similar lines of sight. A survey over a
long operation campaign showed that the various vertical
lines of sight at JET with top windows™'® far away from the
plasma agreed within 20% and that cross calibration factors
were stable in time.

The bremsstrahlung measurement by the CXRS multi-chord system
with its fan of viewing lines in the equatorial midplane, is
more difficult for two reasons. The collecting mirror and
vacuum window close to the plasma boundary have a
continously-decreasing  transmission in the course of an
operational campaign. An attempt to monitor the actual
transmission by measuring the continuum radiation level
showed - in particular in the case of low-demsity plasmas and
low values of Zeff - that the signal levels are comparable to
the electronic dark current of the vidicon detector system.

We use therefore as a rule the CXRS density results from the
single vertical channel, representing the plasma centre, to

cross-calibrate the profiles of the multi-chord system.



In order to compare resulting profiles of low-Z impurities
with those deduced from visible bremsstrahlung we use a
quantity, equivalent to the line-averaged bremsstrahlung

signal,

<Zeff,CXRS> = J dr Ze{r) w(r) / J dr w(r)

with  w(r) = nZ(r)/¥ T (1)

Zogfr) =1 + ZZ(Z-I) n,(r)/n,(z)

The ratio of Z e{r=0)/ <Zeff,CXRS> is a measure of the
hollow or peakedness of a radial profile. Statistical surveys
have for example shown that in the 1989 berylllium
belt-limiter phase Zeff profiles tend to be slightly peaked,
in contrast to the X-point configuration ‘with typically
hollow concentration profiles’. This may be due to much
enhanced gas fuelling and pumping in the belt-limiter
configuration, whereas in the X-point configuration an

enhanced impurity influx from the target plate is observed.

Neutral Beam Penetration

The neutral beam penetration is calculated in two steps. In
a first step a line averaged value of Zog and a constant
ratio of the main impurities is used to derive the
concentrations of impurities contributing to the beam
attenuation. The densities calculated from the intensities of

the two central CX spectra provide values of the actual



impurity  mixture ( for example the density ratio
carbon:oxygen or carbon:berylium). In a second iteration,
the time evolution of the concentrations of the two main
impurities is used in the beam penetration code. The beam
penetration is omnly to zero order approximation independent
of the impurity contributions, but may be a sensitive
function of the impurity mixture at high values of Zeff , due
to the fact the cross-sections involved depend non-inearily
on Z ( cf Refd) It is, however, assumed that the ratio of

impurities is a constant over the radius.

Error analysis

In  principle, all the spectroscopic  measurements aim
ultimately to  establish a  profile of the  deuteron
concentration. The overall error for absolute impurity
densities as a  result of uncertainties in  absolute
calibration, electron density, beam geometry and atomic data
on cross-sections is estimated to be 30 to 40% for carbon,
oxygen or beryllium. The error in dilution factor nd/ne =
1- zk Z, nz/ne does strongly depend on the level of nd/ne
itself. In fact in pure  plasmas ( Zege < 2) it is more
sensible to accept the uncertainties in CXR cross sections
for carbon and beryllium and derive from their densities the
deuteron  concentration, than using the CXR analysis of
thermal CXR spectra of deuterium. The relative error for the

dilution factor d = n d/ne can be expressed as:



sd 1 -4d s¢
d d c
Assuming for example a 30% error in impurity concentration ¢

= nz/ne we obtain at a dilution level of 0.8 a relative error
of only 7%. By the same argument at a level of d = 0.5 the

relative error will be 30%.

Effects of cross-sections in hot fusion plasmas on CXRS

analysis

In  high temperature or rapidly-rotating plasmas the observed
CX spectrum will be affected by a varying effective charge
capture cross-section. This is caused either by the spread of
thermal velocities of particles contributing to the spectrum,
which averages over the collision-energy -dependent
cross-section, or by a shift in relative velocity between
bulk plasma and neutral beam due to high rotation velocities.
Obviously, the higher the velocity of the thermal plasma
particles - in particular for low mass ions such as
deuterons and helium ions - the bigger the effect.

As a result of this effect, apparent temperatures and
rotation velocities may be derived from observed CX spectra.
Significantly-changed  values of effective charge  capture
cross-sections are possibly even more important. The latter
may affect the value of deduced impurity densities as well as
calculations for beam penetration.

The implications for the analysis of fusion plasmas were

17,18,19

already  recognized in earlier  works The



predictions of the  observed  spectral  profiles depend
sensitively on the precise shape { that is absolute level and
‘gradient ) of the emission cross-sections as a function of
collision energy. JET has initated a comprehensive programme
to establish theoretical as well as experimental
data®”®'®?® for the analysis of low-Z impurities and in
particular for alpha particles { based on visible CXRS). In
this paper we present some of the results calculated for the
effects on thermal spectra of He+( 4 to 3) and cst (8 to T).
A detailed paper on the feasibility of alpha-particle
detection at the JET tokamak is presently prepared.

Fig.2 gives some results for the deduction of temperature,
velocity and density for C°* ( Fig. 2a,b,d) and He* (Fig.
2c), calculated for a beam energy of 40 keV/amu and a
non-rotating plasma.

For 06+( at 5290.5 & ) the maximum deviation from the true
temperature is less than 8% ( 2keV), even in the case of
central ion temperatures of 30 keV. The differences between
apparent and true temperatures are much stronger in the case
for the He transition (Fig.2¢c , AT = 6 keV at T = 30 keV).

The quoted apparent  velocities in  Fig.2b refer o
Doppler-shifts in  observation direction. The corresponding
values in toroidal direction are derived from the angles
between viewing line and magnetic flux surface. The central
viewing line of the JET CXRS diagnostic intersects the
neutral beams at an angle of 120%nd s tangential to the
magnetic flux surface. The outermost line of sight has an

intersection angle of 150° . Since the apparent velocity



effect depends both - on intersection angle and local
temperature we ‘ have a compensation of low-temperature and
large-angle effects at the boundary and high-temperature and
smaller angle in the plasma centre.

The changes of effective rate coefficients as a function of
ion temperature are shown in Fig. 2d, for the central lo.s.

with different toroidal velocities as parameter.

Active Balmer Alpha Spectroscopy

Fast injected neutral deuterium atoms from the heating beams
experience  collisions with plasma ions ( deuterons and
impurities) and emit light at the Balmer-alpha wavelength. In
the energy range of 40 keV/amu, impact excitation by
electrons is less significant but needs to be taken into
account for the fractional energy species. Active
Balmer-alpha spectroscopy (ABAS) makes use of both the line
radiation from the CX reaction with plasma deuterons I{CX))
and the relaxation radiation from excited fast deuterum
atoms in the neutral heating beams I(k) . Fig. 3 shows the
two very intense, well separated spectral features. The
Doppler-shifted part representing the fast neutrals shows a
multiplet structure due to the motional Stark effect (
Eforentz = Vbeam X B)- Details of this spectrum  are
described in®.

For the analysis of impurity densities we discuss in this

paper the use of simultaneous I{CX) and I(b) measurements. :

I(CX) = n(D) ) n,(E) gy (En=3,=2)
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with n(D) deuteron density, Ilb(E) fractional beam density and
Aoy effective CX rate

I(b):[E Eznb(E) n(Z) qimpact(Z,E,ne)with n(Z) ion density (

including  impurities and  deuterons), ¢(Z,En;) effective
impact excitaﬁon rate for impurities and electrons, indices
E and 7 refer to summation over all beam energy species and
impurities.

The effective emisssion cross-sections and their dependencies
on ion charge, beam energy and electron density have been
recently updated in the JET atomic data base. We show here
some of the results ( Fig.4) and refer to more comprehensive
presentations in a later paper .

For an absolutely calibrated system, the local
nevtral-particle density can thus be determined directly from
the line intensities I(b) and can be wused as a cross
reference for the low-Z impurity analysis. Vice versa, if we
accept the neutral beam density as derived from an electron
density profile and beam stopping cross sections, w-e may use
the comparison as a measure of the actual absolute
sensitivity of each multi-chord channel. We have wused this
technique for a cross-check of relative sensitivity .

As illustrated in Fig. 5, the relative intensity of the
impact spectrum I(b) compared with the intensity of the CX
spectrum I(CX) is a sensitive function of the'local value of
Zoge - Im principle, the ratio can therefore be wused to
determine radial Zeff profiles without the need of absolute
calibration, electron density data, or any Abel—inversiori. A

detailed analysis is presently being prepared. The actual
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problem s the unambiguous separation of the Doppler
broadened features in the unshifted Balmer-Alpha spectrum.
The 'pedestal’ indicated in Fig. 3., representing a CX
excited emission layer mnear the plasma edge, requires

specific attention in the ABAS fit.

Recent Results
DIon Temperatures

Generally, the different ion temperature diagnostics at JET
agree within 10 to 20% and give reliable values for the
central ion temperaturesz’4. Radial profiles, however, are
only provided by the CXRS diagnostic with its 12 radial
channels. Fig.6 shows an example of central ion temperatures
measured during ohmic and combined additional heating
phases. The CX temperature is based on the Be IV(6 to 5)
{ransition. The ion temperatures derived from calibrated
neutron yield are only calculated in the ohmic heating phase
where thermal neutron production and Maxwellian distribution
functions can be expected. No systematic differences were
found in ion temperatures based on either beryllium or

carbomn.

In Fig. 7 we show examples of ion temperature profiles
obtained in double null X-point configuration with different
heating ‘powers ranging from 1.2 to 18 MW. The ratio of
central to volume-averaged temperature T,(0)/<T,> is found
to increase almost linearily with central temperature during

a NB heated pulse and may reach values up to 5 in low-density
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B, T.(0) = 25 kev

high-ion-temperature plasmas ( n =4 10
). In two of the profiles shown (b and c¢) the plasma was
radially swept at a rate of 1 Hz and amplitudes between 6 and
12 cm, providing a continuous coverage of the profiles during
stationary phases of the discharge. For this reason, we show
the profiles as a function of the distance to the last closed
flux  surface  (LCFS) obtained from  magnetic  probe
measurements. The plasma centre corresponds to a distance of
approximately 1m. The profile d) in Fig. 7 was obtained less
thar 50 ms after the beginning of NBI, and can be taken to be

representative of ohmic conditions.

Another feature of interest is the high edge ion
temperatures shown in the figure. A measurement at the LCFS
was obtained in the experiments shown in Fig. 7b and 7c¢ where
the LCFS was swept accross our outermost viewing volume,
located at a major radius of 4 m. As the viewing volume came
to lie outside the LCFS, our charge exchange signals dropped
to a few percent of those from the neighbouring volume, which
was entirely within the LCFS, leaving only a background line
with a temperature somewhat higher than obtained at the LCFS.
It corresponds to the so-called ’cold component’ (cf. Ref.4)
, from C" near the edge, and which is also observed without
neutral beam heating. The ‘’cold’ temperature is approx. 800
eV with ohmic heating alone, and can be up to 3  keV in high
power H-modes (Fig.7bh). It matches the plasma ion temperature
at a location about 10 to 20 cm inside the LCFS ( Fig.7),

indicating its approximate radius of the emission shell.
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Remarkably, the ion temperature gradients remain
constant throughout the outer 30 to 50 cm of the discharge,
right up to the LCFS, where ion temperatures exceed the
electron temperature by an order of magnitude .  Such high
edge ion temperatures are necessary to explain the heat flux
to the limiting surfaces obtained from Langmuir probe
measurements’. With our present spatial resolution we cannot
identify any region near the LCFS, where ion t{emperatures
decrease to values comparable to electron temperatures
measured using Langmuir probes {(~ 40 eV). Should such a
region exist just inside the LCFS, it would have to be less
than about 3cm in radial extend to be masked by the ’cold’
component and escape detection in the radial sweep
experiments. Clearly, the resolution of edge ion temperature
and ion density measurements needs to be improved. They have
important  implications for the understanding of heat
deposition and impurity production at the plasma-vessel
interface, as well as {for the particle transport into the

discharge.

In most NB-heated discharges the toroidal angular
momentum is proportional to the ion temperature throughout
the entire profile, = 8 rad s'1 T, independently of the
plasma conditions, as shown in Fig. 8. Since beam energy and
momentum deposition profiles are proportional io each other,
this implies that ion heat and momentum diffusivities are
also proportional to each other. The proportionality factor

has been found to be close to 1 in a pure hydrogen plasma 2
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Exceptions arise in the presence of strong MHD or strong RF
heating, where the toroidal rotation {falls below the values
given by the above scaling. In the case of strong MHD
activity, the additional momentum losses appear to be
absorbed by electromagnetic interactions of the modes with
the vessel walls’. Least understood is the effect of RF
heating on plasma rotation. In some cases of combined RF/NB
heating with P_»P , the RF has been observed to drive
plasma rotation in the direction opposite to that of the

beams.
2) Impurity Behaviour and Plasma Purity

In an effort to decrease plasma contamination by
impurities, the JET 1989 programme was prima;rily devoted to
assessing the properties of beryllium as a limiting material.
In a first step, beryllium was evaporated onto the wvessel
walls to evaluate its gettering and pumping effects. At the
end of the campaign the power handling capabilities of a pair
of bulk beryllium belt limiters were assessed. The dramatic
improvements in target plasma purity and performance of
additionally-heated discharges car mainly be attributed to
oxygen removal and improved density control resulting from
the gettering action. In many conditions, however, the
performahce of high power heated discharges was still limited
by the appearance of hot spots on the limiting surfaces,
where substantial sublimation or melting occured, releasing

large amounts of impurities.

15



An overview of improvements in central deuterium

dilution nd/ne of neutral beam heated discharges is shown in
Fig. 9 for the different phases. The total of all
observations during the heating pulses are represented here
and no particular time slices were selected. The dilution
factor was obtained by adding the contributions of carbon and
beryllium, which were measured simultaneously at the plasma
centre.
The improvement of the quality of target plasmas for heating
experiments was particularly dramatic, with Z e ff(o)
decreasing from typically 4 without beryllium to about 1.5.
Be-concentrations measured by CXS dropped from about 2% to
below 0.5% within the first four additionally heated
discharges after evaporations. The carbon concentrations of
the target plasmas (=2%) remained virtually unaffected. This
behaviour is interpreted as being due to the burning out of
the beryllium layer, about 0.2pum thick..

The improved plasma purity, together with the better
density control due to the strong pumping by the beryllium
covered surfaces, led to a substantially enhanced plasma
performance, as in Fig. 10a, which shows an X-point plasma
with up to 17 MW of NBI which attained an ion temperature of
22 keV and and a fusion product n a T of 9x107°m °keV s in
the plasma centre.

Following formation of the X-point configuration after
t=8 s, the central beryllium concentration dropped steadily
from an initial 3.5% to about 1%, while the central C;Lrbon

concentration first increased from 0.3% to 3% at 95 s,
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before being diluted down again to 1% at 114 s by NB
fuelling (Fig.10d). Fig. 10c shows that the central Z g
obtained by adding the contributions of carbon and beryllium,
are in good agreement with the line averaged value from
visible Bremsstrahlung. Also shown in Fig. 10d is the carbon
concentration at R=3.8m. Carbon concentration  profiles
remained fairly flat wuntil 0.5 s after application of the
full NBI power, when a carbon influx was first detected at
the outermost CXS viewing positions, producing a hollow
profile. =~ The influx became  catastrophic at 11.5 s,

terminating the high fusion performance.

Conclusions
The combination of simultaneous measurements of the main
impurities, visible bremsstrahlung and light emitted by
neutral beam atoms enables a consistent description of radial
impurity profiles. In spite of remaining uncertainties in
absolute sensitivity, observation geometry, neutral beam
density and atomic data on cross sections, developments in
the present CXRS analysis have clearly turned the diagnostic
into a very powerful and versatile tool. The recent change in
the JET i{okamak to beryllium as limiter material has enforced
new approaches to absolute calibration during extended
operatioh period because access to contaminated windows is
restricted. Active Balmer-Alpha spectroscopy may turn out in
future to be a useful tool for - absolute calibration and

self-consistent impurity analysis.

17



Acknowledgement

The authors are greatly indebted to Drs Wolfgang Engelhardt
and Paul Thomas who have continously encouraged and
stimulated the development of the CXRS diagnostic at JET. The
entire JET team is acknowledged in its contribution +to

numerous data and discussions.

References
*CRPP, Ave des Bains, Lausanne, CH, "CCFM Tokamak de Varennes, Canada
"H Weisen, M von Hellermann, A Boileau et al. Nucl. Fusion 29, 2187(1989)

2H.Morsi, M von Hellermann, R.Barnsley et al., 17th

EPS, Amsterdam (1990)

®J.Snipes, D.J.Campbell, T.C.Hender et al. Nucl.Fusion 30,205(1990)

‘A.Boileau, M von Hellermann,L.Horton et al. PLPh.Contr.Fus.31,779(1989)

°A.Boileau, M von Hellermann, L.Horton et al. Nucl.Fus.29,1449(1989),

*M von Hellermann, A.Boileau, W.Mandl et al, 31st APS(1989), Anaheim, Cal.

"H.Weisen, M von Hellermann, D.Pasini et al. Proc., EPS Amsterdam(1990)

®N.Jarvis, J.M.Adams, B.Balet et al., Nuclear Fusion, 30,307(1990)

°A.Boileau, M. von Hellermann, W.Mandl et al. J.Phys.B,22, 1.145(1989)

oW Mandl, M von Hellermann, P.Morgan et al.,, Proc EPS Amsterdam (1990)

"D.Wroblewski, K.H.Burell, R.Seraydarian et al., 31st. APS(1989),Anaheim

’F Levinton, R.J. Fonck, G.M.Gammel et al. ,Phys. Rev. Lett.

H.P.Summers, R.Gianella, M von Hellermann et al, *JET Spectra and
their Interpretation’, in ‘Atomic Spectra and Oscillator Strength for
Astroﬁhysics and Fusion’, to be published by North Holland Publ.(1890)

M von Hellermann, H.P.Summers, A.Boileau, 15th

EPS, Dubrovnik 1988
18] Frieling, R.Hoekstra, F.J.de Heer et al, 17"} EPS, Amsterdam(1990)

*p.D.Morgan, K.H.Behringer, P.G.Carolan et al. Rev.Sci.Instr.56,862(1984)

18



""N.Gowern, B.Core , JET Report JET-DN-T(84)42, JET 1984

M von Hellermann et al.,, IEA Large Tokamak Workshop on Ion Temperature

Measurements, PPL Princeton N.J. , Nov. 1987
“R.B.Howell, R.J.Fonck, R.J.Knize, K.P.Jachnig, Rev.Sci.Ins.59,1521(1988)
W Fritsch, Phys Rev.A38,2664(1988)
?'W Fritsch, J.Phys.Coll. 50,87(1989)
?R.Hoekstra, Thesis(1990), Rijksuniversiteit Groningen, The Netherlands
**S K Erents et al, 17 th EPS, Amsterdam, 2529 June 1990
*H P L de Esch, D Stork, H Weisen, 17 th EPS, Amsterdam, 25-29 June

1990



CX spectra

instrument ‘ neutral beam

function . power

energy
absolute . . beamfractions
calibration |—ep| Gaussian fit <—|
detector
response

\ /

CX Doppler shift
CX Doppler width
baselinelevel
CX photon flux

effective CXR
cross-sections

Fig.1 Flow-chart of CXRS analysis at JET
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central lo.s. for toroidal rotation velocities between 0 and 10° m/sec.
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Fig.3 a)Active Balmer-Alpha CX spectrum from thermal plasma deuterons

and Dopplershifted impact spectrum {from fast beam neutrals, with its
motional Stark effect multiplet structure. The amplitudes of the unshifted
edge D, features are reduced in size for clarity. b) details of the

multiplet structure, repeated for the half and third energy beam component.

A special fit is applied which constrains the multiplet peaks to
equi-separated distances. The statistical accuracy of the local Lorentz
field E = v x B, deduced from the wavelength separation, is of the order 1%
c) shows for the same pulse poloidal field values deduced from the Stark
splitting at different time slices for 6 CXRS radii and a comparison fto

values calculated by the JET equilibrium code.
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Fig.10 Impurity behaviour in a high-ion-temperature plasma in the
double-null X-point configuration. The discharge was started on the Be
belt-limiters. X-point formation was completed at 9.5 sec. An H-mode was
established between 10.8 and 11.5 sec. Br=28 T, Ip=41 MA (pulse #
20081).

a) Central ijon temperature and fusion product from charge exchange
spectroscopyl b) Line electron density and mneutral beam power c¢) Line
averaged Z., from visible bremsstrahlung (VB) and central Z_ from
charge exchange (CX ) d) Central Be (dots) and C (solid) concentrations

(solid) and carbon concentration at 3.8 m (broken).
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