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ABSTRACT

The confinement properties of plasmas with substantially different temperature and density profiles
have been analysed. The effects of fast particles and energy pedestals on the overall confinement of
plasma energy in limiter (L-mode) and X-point (L- and H-modes) discharges heated by NBI or ICRF
or both are determined. The importance of the bootstrap current when such energy pedestals are
formed is noted. Using sets of consistent experimental data, including ion temperature profile
measurements, the local transport properties are compared in the L- and H-phases of a single null X-
point medium density NBI heated discharge, the "enhanced" confinement phase of a limiter high den-
sity pellet-fuelled and ICRF heated discharge, the hot-ion phase of a double null X-point low density
NBI heated discharge and the hot-ion and H-phases of a double null X-point low density high tem-
perature NBI heated discharge.
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INTRODUCTION

The flexibility of the JET apparatus and its systems has allowed plasmas with substantially different
temperature and density profiles (Bickerton and the JET Team, 1989). In a single null X-point con-
figuration deuterium neutral beam injection (NBI) at 80kV has been used to heat medium/high den-
sity plasmas; very flat, and even hollow, density profiles develop during the H-phase (Keilhacker and
the JET Team, 1989). In a double null X-point configuration lower density, higher temperature H-
mode discharges have been achieved with NBI alone (Balet et al., 1989) and in combination with ion
cyclotron resonance heating (ICRH) (Tubbing et al., 1989); these tend to have mildly peaked density
profiles. In such a configuration NBI has also heated low density plasmas with highly peaked tempera-
ture and density profiles, reminiscent of the TFTR "supershot" regime (Strachan et al., 1987). The
central ion temperature, Ti(0), reaches 23keV with a central electron temperature, Te(O) 8keV and
a central electron density, ne(0)~2.10 Ym3 (Thomas and the JET Team, 1989; Tibone et al., 1989).

In a limiter configuration ICRH has been used to obtain hot electron plasmas with Te(0) up to 12keV
and Ti(0)~ 7keV at ne(0) ~ 3. 510%m" (Start et al., 1989). In combination with the injection of deute-
rium pellets very peaked density and temperature profiles have been obtained with ne~10"'m 3

For a list of the JET Team members, see Lomas and the JET Team, 1989.



Te~ 10keV and Ti~8keV (Schmidt and the JET Team, 1989). Using NBI and ICRH together, high
Ti(0) and Te(0) have been obtained simultaneously.

In this paper, the confinement of a number of these different types of discharges are discussed. Fir-
stly, the overall confinement properties are compared. Particular emphasis is placed on identifying
the contribution of fast ions (Thomas and the JET Team, 1989) and energy pedestals (Keilhacker and
the JET Team, 1989; Thomsen et al., 1989) to the confinement of the bulk plasma. The importance
of the bootstrap current (Cordey et al., 1988; Stubberfield et al., 1989) and its effect on the stability
of ballooning modes (O’ Brien et al., 1989) when such energy pedestals form is also noted.

Secondly, the JET experimental data and the interpretive and predictive methods used to describe
the local transport properties of the bulk plasma are summarised. A substantial diagnostic capability
is complemented by a suite of analysis codes, which includes the time dependent energy balance code,
TRANSP (Hawryluk, 1980; Goldston et al., 1981), the timeslice energy balance code, FALCON (Ti-
bone et al., 1989) and the predictive transport code, JETTO (Taroni et al., 1989).

Thirdly, these methods are applied to consistent sets of data for four specific discharges that exhibit
the extremes of profiles and the best confinement properties observed in JET. These studies com-
prise: a 3MA/3.1T single null X-point, medium density, H-mode discharge heated by SMW of NBI;
a3MA/3T limiter discharge of high density, pellet-fuelled and ICRF heated; a 3MA/3.4T double null
X-point, low density, hot ion discharge heated with 21MW of NBI; and a 3MA/3.4T double null X-
point, low density, high temperature H-mode discharge heated by 10.5MW of NBL

GLOBAL CONFINEMENT PROPERTIES

For limiter (L-mode) dlscharges Thomas and the JET Team (1989) pointed out that the overall con-
finement of plasma energy is apparently insensitive to variations in the central temperature, or den-

~ sity, by a factor two. This is shown in Fig. 1(a) for a data set comprising dlscharges at SMA/2.8-34T
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and distinguished according to whether Te(0), Ti(0), Te(0) and Ti(0) or ne(0) is high (Fig. 1(b)). This
result does not preciude the possibility of better central confinement, where the temperatures and
densities are high, but, for these discharges, the central volume is relatively small and contributes little
to the average temperature or density. In fact, even when pellets are injected deep into an ohmic plas-
ma and subsequently heated by ICRF, the density and temperature profiles remain very peaked, but,

during a phase of "enhanced" confinement, the overall confinement is only some 20% better than after
this phase (Milora et al., 1989).

8 : : : . : 15 . :

Fig. 1(a). Total plasma energy, Wth, as a function of Fig. 1(b). Characterisation of the 3MA JET limiter discharges
net input power for 3MA JET limiter discharges. according to Te(0) and Ti(0).



The L-mode data of Fig. 1(a) have been characterised by an off-set linear scaling law for the total

. plasma energy, Wth:

Wi = Wos + Tne (P —dWy,/db) )

where Tinc = 0.25s is the incremental confinement time (Callen et al., 1987).

In the single null X-point configuration at the same 10 -
plasma current, the overall energy confinement is SN-Xpon
somewhat better during the L-phase (Tanga and the GMA)
JET Team, 1987). In the H-phase, however, the den- aihs A

sity and temperature profiles are broader and the con-
finement is better by a factor of 2. This is shown by the
diamagnetic measurement of the stored energy, W, as _
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JET Team, 1989; Thomsen et al., 1989).

Consider the simplified total energy balance equation:
3dnT)/dt= -V.Q + p | (2)

D is the net heating rate and the total heat flux, Q, is assumed to comprise a diffusive term propor-
tional to the temperature gradient, V'T, and a negative, non-diffusive flow term which could be a heat

- pinch (Callen et al., 1987) or a critical electron temperature gradient (Rebut, Lallia and Watkins,
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Fig. 3. Radial profiles of electron density, ne, electron Fig. 4. Total stored energy, W, and the pedestal

temperature, Te, and ion temperature, Ti, during the H-phase energy, Wp (evaluated at the radius of the 95% flux
of a 3MA JET single null X-point discharge. The dashed line  surface), as a function of net input power during the
indicates the radius of the 95% flux surface. H-phase of a 3MA JET single null X-point discharges.



Integrating eq. (2) three times gives an equation for the total stored energy, Wi ={nTdV:
Wth = Wp + Wo + Tx{ nQPin = Nt (thh /dt)} (3)

The pedestal energy, Wp, appears naturally in this formulation, as does the usual off-set term, Wo.
The "ideal” incremental confinement time, ry, depends on the radial profile of the thermal diffusiv-
ity, x, as do the heating effectiveness parameters, nQ and naT. The pedestal energies, evaluated at the
radius of the 95% flux surface during the H-phase of 3MA single null X-point discharges are plotted
in Fig. 4 against the net input power. A pedestal energy of up to 4MJ contributes substantially to the
total stored energy. Furthermore, there is no pronounced degradation of Wp with input power. The
values of Wp obtained in the L-phases which precede the H-phases are scattered in a range up to 1MJ
and also apparently show no degradation with input power. The energy differences, W-Wp, for the
H- and L-phases of the discharges are similar. However, to compare in detail the confinement proper-
ties of the bulk plasma in the L- and H-phases requires a full local transport analysis, as reported in
later sections of the paper. '

The confinement properties in the edge which might allow such energy pedestals are not discussed in
this paper. None-the-less, it is worth noting that the experimentally determined pressure gradients,
though large (150kPa.m'1), lie somewhat below the critical values for the threshold for ballooning in-
stabilities, which have been calculated on the basis of JET H-mode equilibria and a finite aspect ratio
ballooning formalism (O ’Brien et al., 1989). However, the experimental values may have been under-
estimated due to the limited spatial resolution of the LIDAR diagnostic (0.08m). Furthermore, close
to the separatrix, coalescence of the first and second stable regions occurs since the total current den-
sity (resistive, beam-driven and bootstrap) exceeds the calculated critical value. The dominant con-
tribution to the current density in the edge of an H-mode plasma is the bootstrap current which arises
from the steep edge density gradient (Cordey et al., 1988; Stubberfield et al., 1989).

LOCAL TRANSPORT ANALYSIS

The experimental data input to the interpretive codes (TRANSP and FALCON) comprise the time
dependence of the magnetic flux surface geometry and the plasma current, the electron density profile

(inverted data from a six channel FIR interferometer and LIDAR data when available), the electron

temperature profile (ECE data and LIDAR data when available), the ion temperature profile (charge
exchange spectroscopy (CXS) of fully stripped carbon and oxygen when available (von Hellermann
et al., 1989)), the radiated power profile (inverted bolometer data), the Zetf profile (visible bremss-
trahlung, checked against CXS and neutron yield estimates of the deuterium to electron density ratio)
and the edge particle confinement time (D monitors).

The CXS measurement of the ion temperature profile is not available for the peliet-fuelled ICRF-
heated discharge considered here. The profile has been modelled, therefore, with an ion thermal dif-
fusivity, xi, proportional to the electron thermal diffusivity, xe, the constant of proportionality, «(t),
being adjusted in time so that the calculated central ion temperature, Ti(0), matches that obtained
from doppler broadening of the He-like nickel line observed with an X-ray crystal spectrometer.

Neutral beam heating and fuelling is calculated using either monte carlo (Goldston et al., 1981) or
multiple pencil beam methods (Cordey, Keilhacker and Watkins, 1987). Ion cyclotron resonance heat-
ing is calcuated using either a 3-D poloidal mode expansion code (Smithe et al., 1987) or a ray trac-
ing code (Bhatnagar et al., 1984).

The predictive code (JETTO) uses much of the above experimental data as input, except that the elec-
tron and ion temperatures are calculated with a model based on the critical temperature gradient
model of Rebut, Lallia and Watkins (1989) and then compared with the experimental data.

Local transport analyses use the energy and particle conservation equations (Hawryluk, 1980) to pro-
vide, in the first instance, the total heat flux through magnetic surfaces in the interior of the plasma.
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An "effective" thermal diffusivity may be defined, such as that obtained from power balance,
xeff = Q/ne VKTeS (Where the total heat flux, Q, including the contributions from energy equipartition
and convection, across a surface of area, S, is assumed to be proportional to ne VkTe). In principle, it
is possible to proceed further, separating the convective energy losses and, if ion temperature profile
datais available, separating the electron and ion conductive energy losses and defining "effective" heat
diffusivities, xe, and xi:

qe = —ngXe VKT, ; g = —nm); VKT; (4)

The "effective" diffusivities shown in this paper are from TRANSP. Similar results are obtained with
FALCON and JETTO. Flux surfaces are labelled with either a normalised coordinate, p (0 <p<1) or
the equivalent circular radius, r (0 <r(m)<1.5). The range of interest is usually limited to
0.25 <r(m) < 1.0. Outside this range the errors become substantial.

The data used for the analyses in this paper are consistent in the sense that the calculated total stored
energy, surface voltage (including the contributions from the resistive, beam-driven and bootstrap
currents) and total neutron yield (including the contributions from beam-beam, beam-plasma and
plasma-plasma reactions) are within the experimental uncertainties on the measurements. None-the
less, varying the experimental data within their individual levels of accuracy can introduce a large un-
certainty in, for example, the equipartition of energy between electrons and ions and hence in xe and
xi. The errors on xe and x; are presently estimated at +50%, except when xe is apparently much lower
than xi and the error on xe can increase to a factor of 2-3.

MEDIUM DENSITY H-MODE DISCHARGE

The time behaviour of various parame-
ters in the single null X-point JET dis- £ 15804

8

charge #15894 is shown in Fig. 5. The L- w & 165
phase, which lasts for ~0.7s from the start k) 1 Te(O)W 4

of 8MW of NBI at a time of 14s, is fol- - P : . © :
lowed by a transition to the H-phase (as ©
indicated by the abrupt fall in the intens-
ity of the D emission and the subsequent
low level activity). The plasma density,
the total stored energy and the neutron
reaction rate increase until the H-phase
terminates as the NBI power is reduced
at 17s. Te(0) remains roughly constant, or
even falls slightly, in time.

The radial profiles of ne, Te and T; are
shown in Fig. 4 at a time of 165, well into
the H-phase. In the bulk of the plasma the
most characteristic feature is the flat den-
sity profile, which changes little as the
density increases. The electron tempera-

ture also changes little with time. Within  Fig. 5. Time behaviour of electron temperature on axis, Te(0),

volume averaged electron density, <ne>, total stored energy, W,
the accuracy 9f the measurements the neutron reaction rate, Rpp, neutral beam power, Png, Dy intensity,
electron and ion temperatures are the |(D,), bulk radiation, Praa(bulk) and X-point radiation, Prad(X-pt) for
same. a 3MA/3.1T JET single null X-point discharge.




During the L-phase of the discharge the neutral beam deposition profile is reasonably peaked. The
ion power balance is between NBI and ion thermal conduction. In the electron power balance simi-
lar levels of NBI and ohmic power are lost mainly by electron heat conduction. The stored energy in-
creases throughout the L-phase, largely due to the increasing density from beam fuelling and recy-
cling. The higher densities achieved during the H-phase of the discharge lead to poor penetration of
the NBI with deposition profiles becoming peaked outwardly. Energy equipartition can increase in
importance, particularly in the outer regions shown but, since the electron and ion temperatures are
the same, within their errors, this is a source of considerable uncertainty, particularly in the electron
power balance. '

The "effective" thermal diffusivity, Xeff, increases to above its ohmic level at the start of neutral beam
heating (Keilhacker and the JET Team,1988). It then decreases progressively throughout the L- and
H-phases. There is no obvious abrupt change in xeff at the transition. The present analysis, using the
measured ion temperature profiles, indicates that this behaviour in time is reflected by the ion heat
conductivity, Xi (F,i}. 6). There is apparently little change in the electron heat conductivity, xe, but these

s

1

low values ( < 1m“s ) are subject to large uncertainties from energy equipartition.
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Fig. 6. Time behaviour of the effective heat diffusivities for Fig. 7. Spatial profiles of the effective heat diffusivities
electrons, xe, and ions, x;, for JET pulse 15894. for electrons, Xe, and lons, xi, for JET pulse 15894.
The spatial profiles of xe and x; at selected times throughout the discharge (Fig. 7) are rather flat over
much of the region shown; further out, the formation of an energy pedestal and losses associated with
particle recycling and convection dominate the H-phase. It is to be noted that although xi is initially
larger than xe, Xi becomes comparable to xe, and within 2-3 x Xineo, by the end of the H-phase.

HIGH DENSITY PELLET-FUELLED, ICRF-HEATED DISCHARGE

The time behaviour of various parameters of pellet-fuetled, ICRF heated JET discharge #16211 is
shown in Fig. 8. A 4mm diameter deuterium pellet is injected at a time of 3s with a multipellet injec-
tor developed jointly by ORNL and JET (Kupschus et al., 1987; Milora et al., 1987). The pellet pene-
trates deep into a deuterium ohmic plasma, reducing Te and Ti considerably. With up to 8MW of
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ICRH both Te and T; recover to well in excess of their ohmic values during a phase of "enhanced"
- confinement and high deuterium neutron yields (> 1015n/s).

During this phase the overall energy

confinement is some 20% better than sl P, #1621 |

after, but the highly peaked density and W) 5§ : 1

temperature profiles suggest consider- o

ably improved central confinement. At R 1 T

atime of 4.8s there isan abrupt collapse ~ (1055) 21 oD A i

of the central temperatures, density and o |/ e

neutron yield and the overall confine- oF O i A

ment is reduced. “oV) 5| | ’ li ““““““ ~_ ]
_____________ 4 v —_

The different ICRF models tend to SF .0 ; J,/”"\E

agree that heating occurs, predomi- keV) 6 b N 1

nantly within 0.35m of the magnetic axis ] N T

and with up to 50% of the input power P {

heating the ions (Bhatnagar et al., 1989; ab o c b T —— S

Hammett et al., 1989). On the basis of (10%m*) » ) ! T

these results the present transport cal- e

culations assume for the ICRF heating peLLET! TIVE (s)

a gaussian deposmon profile, centred

on the magnetic axis and with 50% ofR Fig. 8. ;Tlr:\elbethavl?ur of ICFF p_‘(_)vzg)r PnFt, nlelutrc:n reactkt)n rat_lg,( 0
: pp, central electron temperature,Te(0), central ion temperature, Ti
2:1% ;%t;l &ngg;sheatlng the electrons and volume averaged electron density, <ne > for JET pulse 16211.
] .

During the enhanced confinement phase, at a time of 4.1s, the ion power balance is between ICRF
and ion heat conduction. In the electron power balance, the ICRF power to the electrons is com-
parable to electron heat conduction and the lower ohmic power is comparable to the total radiated
power. Following the enhanced confinement phase, at a time of 4.75s, the power balances are some-
what more complicated with energy equipattition contributing some 25% extra (less) power to the
ions (electrons), which is taken up by additional (lower) ion (electron) heat conduction losses.

The behaviour of xe and x; with time at a radius of 5 T T .
0.35m, in the central core of the plasma, is shown '
in Fig. 9. During much of the enhanced confine-

ment phase (prior to the ’Event) Xe and xj are 4
comparable and low (< 1m?%?! ). Following this
phase both x; and xe increase by more than a fac-
tor of two.

The spatial profiles of xe and xi at different times
throughout the discharge are similar (Fig. 10).
During the enhanced confinement phase (4.1s and
4.35s) xe and xj are significantly lower in the cen-

tral region than further out. The central values are
comparable to Xineo. Following this phase, at the o=t "1 v , ;
later time of 4.75s, the central values of xj and x.. 3.0 35 4.0 4.5 5.0
have increased to levels at least comparable to ) us) A _
those further out, which have not changed signifi- Pellet ICRF Eventt

cantly from 4.1-4.75s.

Fig .9. Time behaviour of the effective heat diffusivities for
lons, Xi, and electrons, xe, for JET pulse 16211.
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Fig. 10. Spatial profiles of the effective heat diffusivities for ions, xi, and electrons, Xe, for JET puise 16211.

LOW DENSITY HOT ION MODE

The time behaviour of various parameters in the double null X-point JET discharge # 18768 is shown
in Fig. 11. The increase in densxty following up to 21MW of NBI is limited by extensive He discharge
cleaning prior to operation in deuterium. As a result the NBI profile is very peaked. Heating is pre-
dommantly to the ions, with Ti(0), obtained from a fast sampling central channel of the CXS diagnos-
tic, increasing to more than 18keV after 0.5s of heatmg Te(0)~ 9keVis con51derably lower. The deute-
rium neutron yield (> 10 n/s) also reaches a maximum at thls time, prior to a large influx of carbon

(Lowry et al., 1989).
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10}
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Fig. 11. Time behaviour of central electron
temperature,Te(0), central ion temperature,Ti(0), volume
averaged electron density, < ne >, total stored energy,Waia,
neutron reaction rate,Rpp, neutral beam power, Png and Dy
intensity, 1(Dg), for JET pulse 18768.
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Fig. 12. Radial profiles of electron density, ne,
electron temperature, Te, and ion temperature, Tj,
during the hot ion phase of JET pulse 18768.

The radial profiles of ne, Te and Tj are shown in Fig. 12 at the time of maximum neutron yield. The
most characteristic feature are the extremely peaked ion temperature profiles and the well peaked
density profiles. The electron temperature, determined by both the ECE and LIDAR measurements
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is considerably lower than the ion temperature in the central region, but in the outer regions the elec-
tron and ion temperatures are the same, to within their error bars.

Over most of the radius the ion power balance is largely between NBI and ion heat conduction. Con-
vective energy losses begin to contribute in the central region. The electron power balance is rather
more complicated, with energy equipartition and ohmic heating becoming important, but still less
than NBL In the central region the power loss is shared, approximately equally, by electron heat con-
duction and convection. In the outer region, the power loss is mainly through radiation and electron
heat conduction. The plasma energy is increasing rapidly.

The behaviour of x; with time at various radii is shown in Fig 13 to change little for 1s after NBI be-
gins. The spatial profile of x; at a time of 12.5s shows an increase from low central values (~ 1m®s 1
within a factor 2-3 x Xineo) to high values (~ 10m%! ) in the outer region (Fig. 14). xe is low and corn-
parable to the central value of xj, but is, however, subject to large uncertainty.

. 10 T \n
15
p=%a X
257) Xi .
10H .
X1
(m2 s /,\ 51
~ 2 oA
51 lf‘»/ \/‘\// \-——\,/ \ . | B
] N\ N \ )
RN o~ _\,___4\: i ....................... Xe :
0 y:,__---.._.__I __________ :ﬁ-.\’-:.ys L —-\\_/,\“ 8 0 e S ' /,
t(s) r(m}
Fig. 13. Time behaviour of the effective ion heat Fig. 14. Spatial profiles of the effective heat diffusivities
diffusivity, xi, for JET pulse 18768. for ions, Xi, and electrons, Xe, for JET pulse 18768.

LOW DENSITY H-MODE DISCHARGE

The time behaviour of various parameters in the double-null X-point JET discharge # 18757 is shown
in Fig. 15. The increase in density following 10.5SMW of NBI is again limited by extensive 3He dis-
charge cleaning prior to operation in deuterium. The NBI profile is very peaked. Heating is predomi-
nantly to the ions with Ti(0) increasing to more than 15keV after 0.7s of heating. Te(0) ~ 6keV is con-
siderably lower. The deuterium neutron yield reaches a maximum (~510"n/s) at this time. Shortly
after, following the collapse of a sawtooth, this hot ion plasma makes a transition at constant power
to an H-phase (as indicated by the abrupt changes in both the intensity of the Dy emission and the
slope of the Wdia measurement). During this phase the plasma density and energy increase, Ti(0) de-
creases and the neutron yield falls slightly.

The radial profiles of ne, Te and Tj are shown in Fig. 16, during the hot-ion phase of the discharge.
The most characteristic features are the extremely peaked ion temperature and electron density
profiles. The electron temperature, determined by both the ECE and LIDAR measurements is con-
siderably lower than the ion temperature in the central region, but in the outer regions the electron
and ion temperatures are the same, to within their error bars. Following the transition to the H-phase
the density profile, determined from the interferometer data, broadens.

As in the case of the low density hot-ion discharge, in this phase of the present discharge the ion power
balance is between NBI and ion thermal conduction. Near the very centre of the plasma, convection
is as important as conduction. The electron power balance is again more complicated: convective en-
_ergy losses are dominant in the central plasma, and comparable to both conduction and radiation fur-
ther out. The plasma energy increases throughout this phase. During the H-phase of the discharge,
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conduction remains the dominant loss in the ion power balance. In the electron power balance con-
duction and radiation remain comparable, but convective energy losses are reduced as a result of the
flatter density profiles that develop.

The behaviour of xi with time at various radii shows 15 . - —
a progressive decrease in the outer region of the
discharge, but little change in the centre of the dis-

charge (Fig. 17). As for the medium/high density 10
H-mode discharge there is again no obvious abrupt X,
change in xj at the transition from the L-phase to  (m*s™)
the H-phase at the time of 13s. The spatial profiles 5}

of xi (Fig. 18) also show low central values, within
2-3 x Xi,neo, and the initially very high value of xi in
the outer region is reduced in time. Apparently low 0

values of xe (< 1m?1) are obtained, but, again, 12 : g : 140
these are subject to large uncertainty.

Fig. 17. Time behaviour of the effective lon heat
diffusivity, xi, for JET pulse 18757.
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SUMMARY

" The wide variety of diagnostic and analysis facilities available at JET has allowed a study of the con-
finement properties of plasmas with substantially different temperature and density profiles.

The overall confinement of plasma energy for limiter (L-mode) discharges heated with NBI or ICRF
or both is very similar and insensitive to variations by a factor of two in the central temperature and
density when the effects of fast particles are taken into account. When strongly peaked density profiles
are heated with ICRF the overall confinement is somewhat better (~20%). On the other hand, the
overall confinement during the H-phases of X-point discharges is substantially better (x2) than dur-
ing the preceding L-phases. However, when the contribution of an energy pedestal is taken into ac-
count the confinement of the bulk plasma in L- and H-phases is similar. The importance of bootstrap
currents and their effect on the stability of ballooning modes when such energy pedestals form is noted.

Local transport analyses, using interpretive and predictive codes and sets of consistent experimental
data, provide a better description of confinement. Such analyses have been reported for: a single null
X-point medium density, NBI heated H-mode discharge; a limiter, high density, pellet-fuelled and
ICRF heated discharge; a double null X-point, low density, NBI heated hot ion discharge; and a double
null X-point, low density, high temperature, NBI heated H-mode discharge.

The confinement is described in terms of "effective” heat diffusivities, xi; and xe, having already sub-
tracted convective energy losses which are important only in the extreme hot ion regime and then only
near the plasma centre. xj can be significantly larger than xe for these discharges, in which the ions re-
ceive more than 50% of the input power. With peaked density profiles (due to either pellet injection
and ICRF heating or NBI heating at low density), the central values of xi and xe are low (~1m s'l, or
less). Further out xj increases to ~2m"s™",or more. In H-mode discharges, xi decreases and flattens
progressively, as the density increases and broadens with time, ultimately becoming low (~ 1m s'l).
There is no obvious abrupt change at the transition from the L-phase to the H-phase. In all cases, the
lowest values of xj are within a factor of 2-3 xXj,neo.

The "effective” diffusivities might appear meaningful for comparison with theory. However, it should
be stressed that a specific, purely diffusive, form for the heat flux has been assumed: no attempt has
been made, for example, to extract a heat pinch, or similar term, or to separate contributions from
different ion species. Furthermore, errors in the experimental data can introduce large uncertainties,
~ particularly in xe. None-the-less, low values of xe (~1m“s™, or less) could be reconciled with heat
pulse propagation measurements (prp~3mzs'1, Lomas and the JET Team, 1989) through a heat
pinch and since x; decreases with increasing density, particle and ion heat transport might be related.
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