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ABSTRACT.

Results are presented from a series of dedicated experiments carried out on the Joint European
Torus (JET) in tritium, deuterium-tritium, deuterium and hydrogen plasmas to determine the

dependence of the H-mode power threshold on the plasma isotopic mazs,.Lhel A scal-

ing is established over the whole isotopic range. This result makes it possible for a fusion reactor
with a 50:50 DT mixture to access the H-mode regime with about 20% less power than that
needed in DD. Results on the first systematic measurements of the power necessary for the
transition of the plasma to the Type | ELM regime, which occurs after the transition to H-mode,

are also in agreement with the_ . scaling. For a subset of discharges measurementsaoidl

T; at the top of the profile pedestal have been obtained, indicating a weak influence of the
iIsotopic mass on the critical edge temperature thought to be necessary for the H-mode transi-
tion.

1. INTRODUCTION

The plasma scenario presently favoured for a fusion reactor like the International Thermonu-
clear Experimental Reactor (ITER) is the ELMy H-mode with a plasma composition of about
50% deuterium and 50% tritium. Knowledge of the effect of the plasma isotopic composition on
the power necessary to obtain and remain in the H-mode regime has important consequences,
from both the physics and engineering points of view. The earliest indication of an inverse
scaling of the threshold power with the effective isotopic magsg,was found on ASDE&],

where it was observed that the power necessary for the transition from L-mode to H-mode was
increased by roughly a factor of two when going from deuterium to hydrogen plasmas. Similar
results were obtained on JFT-PThe expectation was therefore that with increasiig that

is by using a DT plasma, the threshold power would decrease. The first attempt to measure this
effect in a DT plasma was carried out in the Tokamak Fusion Test Reactor E%]F(I:Bmtrary

to expectations, no appreciable difference was found between DD and DT plasmas. However
TFTR’s experiments were critically different in three main aspects from other isotope experi-
ments. First, a limiter configuration was used. Second, current ramps were used to trigger the L-
H transition, and third, tritium fuelling relied essentially on the Neutral Beam Injectors, with
recycling in the scrape-off layer still dominated by the deuterium released from the wall.

A series of experiments have been carried out on the Joint European Torus (JET) to deter-
mine the dependence orof the power necessary for the H-mode transition. A series of DD
reference discharges were repeated under identical conditions in tritium and hydrogen plasmas
as well as combined DT plasmas. The complete scan with effective isotopic mass was obtained
at different values of the toroidal field;.B'he results of this experiment are consistent with a
1/Aef scaling. Critical to these experiments was the gas loading of the wall, to maintain a
uniform isotopic mixture throughout the plasma but especially at the plasma edge.



In addition to the transition from L-mode to H-mode, measurements of a possible isotope
dependence of the threshold for the transition to Type | ELMs in Neutral Beam Injection (NBI)
dominated plasmas were obtained. These measurements showed a power threshold scaling con-
sistent also with a 1/4 dependence.

The influence of the isotope mass on the critical edge temperature, thought to be necessary
for the H-mode transition, has also been measured. In agreement with results from ASDEX-
Upgrade obtained in hydrogen pIasWasthe pedestal values ot at the L-H transition de-
crease on average of the order of 20% with increasiggairesult consistent with a scaling of
the critical edge temperature of the tyfeg; 111/ VA -

The paper is organised as follows. In section 2 the experimental set-up is described, to-
gether with the method used to identify the transition to H-mode. In section 3 the isotope scaling
of the H-mode power threshold is derived, with and without corrections due to radiation losses
from the bulk plasma. In section 4 the transition to type | ELMs is considered, while in section
5 the L-H transition is analysed in terms of local edge variables. Finally, in section 6 the results
are summarised and conclusions are drawn.

2. THE EXPERIMENT

The isotope scaling experiment has been carried out in the Single Null X-point configuration,
with the ion[JB drift towards the divertor target plates. The average values of the main geo-
metrical parameters are average trianguldiiy.2 (at the separatrix), elongatienil.69 and
gos [B.42. An example of an EFIT equilibrium reconstruction is shown in Fig.1 for one of the
discharges used in the experiment. The restriction on the valugsrokgnt that only certain
combinations of plasma curregtdnd magnetic field Bcould be used. Complete isotope scans
(with tritium, deuterium and hydrogen) were
carried out at IMA/1T, 1.7MA/1.8T, 2.6MA/ 29
2.7T. Incomplete isotope scans (hydrogen-deu- |
terium or deuterium-tritium) also exist at 2MA/ L
2T, 3MA/3T, 3.2MA/3.45T and 3.8MA/3.8T.
For a fixed p/Bt combination the density of
the target plasma was in general kept fixed. In 0
all the analysis the central line averaged den- |
sity ne (in units of 16° m'3) has been used, o
measured with the Far InfraRed (FIR) interfer-
ometer and validated against LIDAR Thomson \ )
scattering. Additional density scans were car-2.0--
ried out for all three isotopes to add confidence *° 20 30 40 >0

] i ] Major radius (m)
to the density scaling, and one &an exists Fig.1: Example of EFIT equilibrium for the discharges
from 3T to 1T at almost constant density tQcqq in the experiments.
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Table 1. Summary of isotope, density and magnetic field scans

IMA/IT | 1.8BMA/1.8T | 2MA/2T | 27MA/27T | 3BMA/3T | 3.2MA/3.45T | 3.8MA/3.8T
isotope scan HDT HDT HD HDT HD HDT DT
n, scan H 50:50 DT D
B, scan D D

check the magnetic field scaling. Table 1 contains an overview of the isotope, density and mag-
netic field scans available.

In the experiment the power was increased by means of slow ramps (abou'tllwmvs
the Ohmic level to a value above the transition to H-mode, using both lon Cyclotron Resonance
Frequency (ICRF) heating and Neutral Beam Injection (NBI). In the case of ICRF heating, only
well proven heating schemes with high heating efficiency and strong single pass absorption
were chosen. Thus second harmonic hydrogen heabrZuip=52 MHz) was used at 1.8T,
while fundamental hydrogen minority heating was used at 2.7T and 3.45T in deuterium and
tritium plasmas@=w.Hq=42 MHz and 52 MHz, respectively). Heating at the fundamental reso-
nance frequency of deuterium=<w.p=28 MHz) in a tritium plasma with about 5-10% deute-
rium was also used with good heating efficiéﬂc;‘aecond harmonic tritium heating%2 w.t=34
MHz) was also used in DT mixtures, with no appreciable fast ion losses at the L-H trihsition

Deuterium neutral beam injection was used at 80 kV and 140 kV into a deuterium plasma,
and 80 kV into a tritium plasma. NBI heating of the hydrogen plasmas was instead obtained
through H injection with average acceleration voltages of 71 kV and 111 kV. In all cases power
ramps with NBI were obtained through fast modulation of the beam ion source with a duty cycle
such that the modulation period was much smaller than the fast ion slowing down time. With the
exception of the 1MA/1T discharges, the signature of the fast modulation is not visible in the
plasma parameters considered for this analysis. The NBI power is corrected for shine-through
losses, which are especially important in hydrogen discharges.

A fundamental problem in this type of experiment is how to keep the isotope concentra-
tion constant at the plasma edge during the discharge. To this end a series of discharges were
used to load the first wall with either tritium or hydrogen to the desired concentration prior to the
experiment. For this procedure the in-vessel divertor cryopump was maintained at the tempera-
ture of liquid nitrogen instead of liquid helium in order to minimise the consumption of tri-
tiumt! or hydrogen. The isotope concentration was measured spectroscopically through the
ratio of the §/Dq or Hy/Dg lines close to the outer strike pé%]nand used to estimate an
effective isotopic mass.&, defined as Ag=(ny+2np+3nr)/(ny+np+nT). For the present analysis
the isotopic balance has been assumed not to vary appreciably at the midplane separatrix, or a
few centimetres inside the separatrix near the pedestal of the temperature profile. The experi-
ment was carried out in almost pure (i.e. with isotopic concentration greater than 90%) hydro-
gen, deuterium, and tritium plasmas as well as 50-60% tritium in deuterium.



All the data used in the present analysigh the exception of the ion and electron tem-
peratures at the pedestal position, have been taken about 30 ms before the L-H transition, and
smoothed over 25 ms interval. The pedestal temperature data have been taken as close as
possible to the time of the transition to allow for fast temperature rises which can occur when the
transition is triggered by a sawtooth crash.

For most of the analysis the threshold power will be defined in the normal way as the loss
power though the separatriX,dds= PoHm+Paux — dWbja/dt, where Bynm is the Ohmic power
dissipated in the plasmaaBkx is the power supplied by either ICRF or NBI heating (corrected
for fast ion losses and shine-through, respectively) ang gt is the rate of change of the
diamagnetic energy Wa. For some analysis the ‘conducted’ power through the separatrix,

P, = P —P2X has been used, whelP&.s is the measured radiation losses from the bulk
plasma.

3. ISOTOPE SCALING OF THE H-MODE POWER THRESHOLD

With the experimental set up described in section 2, the dependence of the threshold power for
the transition to H-mode on the plasma isotopic composition has been established. A typical
isotope scan is shown in Fig.2 for a 2.6MA/2.7T series of discharges. Characteristically, the L-
H transition in deuterium and tritium plasmas is clearly defined, with a short dithering phase
usually followed by an ELM-free period. On the contrary, the L-H transition in hydrogen plasmas
is difficult to identify. Rather than sharp

discontinuities in the main plasma parameters, | 2502 - NB} Heating (modulated)

—~

such as the §llight, ne, and Wha, the transi- 3 1.0} H, M

. . . . 0.5
tion evolves over a period of time (Fig.-B). _1.0[ Db, ‘
, . . o 3 0.5 | W i
marginal cases the transition was identified® | puse no: 1851 deuterium |
from a discontinuity in the floating potential 39| T. i ‘
measured at the outer divertor target by the o5
Langmuir probes. It was verified for clearlyg 5t
identified transitions that the two methods were,F 35
consistent. Discharges for which the L-H tranﬂi 25
- . p e 2.0
sition was not identifiable within 200 msec have~ ,
been eliminated from the analysis.

The influence that the plasma isotopic

M
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Time (s)
composition has on the transition to H-mode g 5. Time evolution of the main plasma parameters

summarised in Fig.4, where the loss powedr three identical discharges obtained at 2.6MA/2.7T
PLoss is plotted against the scaling obtaine#sing tritium, deuterium and hydrogen plasmas. In the

using only the deuterium reference dischargdi§re the power used is the loss powgss for which

The decr in ith incr in ) the isotope scaling is derived in the text. These discharges
e decrease In Bss Wwith increasing & Is used a slow power ramp (1M\'/17bobtained by fast

clearly visible at all magnetic fields. A series,qquiation of the NBI ion source.
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Fig.3: An example of the uncertainty in the determinarig.4: Loss power Pygs estimated about 30 ms before

tion of the L-H transition in an hydrogen plasma. Inthe L-H transition, as a function of the scaling of the
stead of a sharp discontinuity in parameters like derpower threshold derived for the deuterium reference dis-

sity, stored energy and Hight the transition is slow. charges only. The division between the isotopes is quite
The floating potential at the outer strike poimty from  clear.

the Langmuir probes was used to identify the transition.

of discharges at 2.6MA/2.7T used to load the wall with tritium has also been added. These
discharges have been obtained with the cryopump at the temperature of liquid nitrogen (see
section 2) and their tritium concentration ranges from about 40-50% to about 75-80% in deute-
rium. Comparison of these discharges with equivalent ones obtained with the cryopump cooled
at the liquid helium temperature shows no difference in the H-mode power threshold. Generally
ICRF heating and NBI yielded the same results.

3.1 Derivation of the isotope scaling

For the purpose of determining the isotope scaling of the H-mode threshold power only data
obtained with the ‘pure’ plasmas have been used. The scaling can be obtained using several
different methods, the results of which are summarised in Table 2 and ofgf &hd Rep
respectively. They all yield approximately the same result for the isotope scaling, which gives a
fair degree of confidence.

The effect of the inclusion of the more uncertain hydrogen data has been assessed by
deriving the Ay dependence both with and without its inclusion. Thanm B dependencies of
the multi-machine threshold databdevere taken,

P oss = bon2 °B{R? x (n,R?)® -0.25<a <025, (1)

where the central line averaged densiisrmeasured in units of $¥m 3 and the toroidal field
Bt, estimated at the position of the magnetic axis R (in meters), is in Tesla. From Table 2 it can



Table 2. Summary of the isotope scaling analysis fexRB

type of analysis n_scaling B scaling A scaling
-0.93+0.08 with all

|AEA 1996 0.75 1 H-0.83+0.09 w/o H*

n,and B, in DD 1.12+0.34 0.69+0.24 -

exp. n and B, 0.997 [0.88,1.07] 0.83 -

A scaling using n_and B, in DD 112 0.69 -0.90+0.07

A scaling using exp. n_and B, 0.997 0.83 -0.93+0.07

Ae.ff scaling sepa_ratefor D-T, D-H 112 0.69 -0.84+0.16 D-T

using n_and B,in DD -0.94+0.10 H-D

free regression 1.08+0.20 0.58+0.15 -0.87+0.07

*this value refers to regression using only those H discharges with a clear L-H transition (see section 3).

Table 3. Summary of the isotope scaling analysis &gpP

type of analysis n_scaling B scaling A, scaling
IAEA 1996 n/a n‘a n‘a

n and B, in DD 1.17+0.31 0.71+0.22 -

exp. n_and B, 0.95[0.86,1.03] 0.803 -

A scaling using n_and B, in DD 117 0.71 -1.04+0.07
A scaling using exp. n_ and B, 0.95 0.803 -1.03+0.06
e smedew 00N |y [ on | AmTOS
freeregression 1.03+0.20 0.68+0.15 -1.01+0.07

be seen that the influence of the uncertain hydrogen transitions is small. Subsequent scalings
were performed with the inclusion of the hydrogen data.

Sufficient variation in density and toroidal field are present in the data to allow for an
independent determination their dependences. Since there is no appreciable variation of the
position of the magnetic axis during the experiments no information on the major radius de-
pendence can be extracted, neither can it influence the other terms in the scaling.

First, the g and B dependencies were obtained by regression analysis using the deute-
rium only data. Subsequently these dependencies were kept fixed and the isotope scaling was
determined using the full set of data, only the deuterium and tritium data, and only the deuterium
and hydrogen data respectively (see tables 2 and 3). The results for the full set of data were,

P oss = 159n]e..1210.3489.69i0.24R2A gf(%.90i0.07, )



Psgp = 1.61n]é'17io'3159'7ﬁ0'22RZA;fJf'MiO'()? (3)

Second, the density and magnetic field dependencies can be derived from the dedicated scans
(Fig.5).

A B=3T DD
- B=L8TH(D) L/
4L
i O BE27T
50:50 DT
< 3r
s
=
= L
g Density scans
a 2+ |
Byscan | |
r |
|
1 1TA
! ! ! ! g
0 0.1 0.2 0.3 0.4 0.5

Nne (102 m=3)

Fig.5: Experimental scans carried out to determine the density and

toroidal field dependence of the H-mode power threshold. Three density

scans are available in hydrogen, deuterium and 50:50 DT. Only pne B

scan could be obtained, from 3T to 1T in deuterium.
In particular, for each isotopic mass and toroidal field two discharges were obtained at the ex-
tremes of density. For each of these scans the density dependence is estimated. Its average value
IS,

0.997 [0.88,1.06 0.95[0.86,1.13
PLoss 097 | 3 Pogp 0N I, (4)

where the numbers in square brackets represent the possible variation in the determination of the
coefficient as given by the three distinct scans. With these dependencies, the threshold powers
estimated in the toroidal field scan were normalised to determine the toroidal field scaling,

0.997 —0.83 0.95 —0.80
PLoss/ne™" 0BP®,  Pgep/ng % 0BYE. (5)

As only one Bscan was available the variation on the exponent could not be determined. The
isotope scaling was derived for the giverand B dependences using the entire set of data
PLoss = 120ng'9978?'83R2 A;f(%.9310.07’ (6)
Pegp = 1.07n8'95B?'80R2 A;flf.0310.061 @)
The results from both methods described are consistent with the density and magnetic field

dependencies found by analysing the multi-machine threshold daraBaLeL!
Finally regression analysis can be carried out on all the variables and the scalings become,

P oss = 1.6On]é.0810.2089.5810.15R2A&?.8710.07, (8)



Psgp = 1.31n]e"03i0'2089'68i0'15R2A gf]f..OH0.07, )

The previous scalings can be made dimensionally correct by estimating the correct R depend-
ence. This is done by imposing the Kadomtsev condiéinn the exponents of the power
threshold scalings. With this restriction Eqgs.(2)-(3) become,

P oss = 1. 10n]e.. 1210.348?.6910.24R2.35A gf(%.90t0.07, (10)
Psgp = O.97n%' 17+ 0'3189'7]i 0.22 R2.48A ;f]f04i 0.07’ (11)

Figs.6 and 7 show dssand Rgp respectively, plotted against these scalings for all the
data, including DT.
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Fig.6: Isotope scaling of the loss powgids The scal- Fig.7: Isotope scaling of the power through the
ing has been obtained by fixing the density and toroidakparatrix Rgg derived from Pogswith corrections
field dependencies (see section 3) and deriving the Arom radiation losses from the bulk plasma. The scaling
scaling using pure hydrogen deuterium and tritium dishas been derived in a similar way to that shown in Fig.6.
charges. The DT discharges have been added to the plot

but have not been used to derive the scaling.

To summarise, analysis of the threshold data for hydrogen, deuterium and tritium dis-
charges indicates that the H-mode power threshold is approximately proportional to density and
toroidal field and approximately inversely proportional to the isotope mass. By averaging all the
results obtained above, and taking the largest uncertainty interval determined with one of the
methods described the isotope scaling is,

~0.90+0.16 ~1.04+0.17
Ross DAt >0, PsgpoAef . (12)



4. ISOTOPE SCALING OF THE TRANSITION TO TYPE | ELMS

The motivation to investigate the transition to Type | ELMs, which occurs after the transition to
H-mode, is dictated by the need to know, if possible, how the transition to a reactor relevant type
of confinement regime is influenced by the isotopic mass.

Immediately after the transition from L-mode to H-mode, the ELM frequency is about 1-
2 kHz. As the input power continues to increase the ELM frequency decreases, until an ELM-
free phase occurs, usually followed by Type | ELMs. To investigate this transient behaviour it
was necessary to reproduce the various stages under steady state conditions, by means of series
of identical discharges at different power levels in excess of the H-mode power threshold. The
experiments were carried out in hydrogen, deuterium and tritium plasmas. The ELM frequency
was observed to decrease with increasing input power up to a critical level beyond which it
started to increase with input power, as shown in Fig.8. The relation between power and ELM
frequency has historically been used to classify ELMs into Type |, II alr]l%I].IFFollowing this
definition, it is possible to define a threshold for the transition to Type | ELMs. The importance
of the type | threshold is shown in Fig.9, where it can be seen that the energy confinement time
remains at the L-mode level for powers just above that necessary for the H-mode transition and
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Fig.8: Variation of ELM frequency with increasing NBIFig.9: The energy confinement time normalised to the
power for hydrogen, deuterium and tritium plasmas. Thecaling ITERL-89P is shown as a function of the input
ELM frequency first decreases with increasing powepower for a series of H-mode discharges in tritium, deu-
then at about 6-7 MW it starts to increase. This behaterium and hydrogen. The normalised confinement in-
iour is clearly seen in deuterium and tritium, while increases with input power for powers just above the H-
hydrogen the type | ELM regime was never accessetbde threshold, and reaches a maximum at the onset of
due to lack of sufficient NBI power. type | ELMs. As the power is increased further, the nor-
malised confinement is observed to reduce slowly.



increases steadily until the H-mode has a transition to Type | ELMs. The power required to make
a transition to type | ELMs is on average 30% higher than that necessary for the L-H transition,
and is consistent with a scaling similar to that obtained for the H-mode power threshold, namely

POA™-
5. PEDESTAL ION AND ELECTRON TEMPERATURE

Recent experimental evidehgaol 1] suggests that a necessary condition for the transition to
H-mode is that the edge electron temperature exceeds a critical value. This critical value has
been found to be rather weakly dependent on the edge density and strongly dependent on the
toroidal magnetic field. The electron and ion temperatures at the plasma edge have been meas-
ured for as many values of the toroidal field as possible for all three isotopes used in the experi-
ment. The radial profile of the electron temperature is measured using a high resolution 48
channel heterodyne radiométéh. The typical spatial resolution is around 10mm in the second
harmonic X-mode, while the temporal resolution is better thgrs1The T profiles are cross-
calibrated against an absolutely calibrated Michelson interferometer, giving an abgeluts T
of £10%. The relative error between individual radial channels however is £tut

In most discharges the edge pedestal in thprdfile is observed to be a well defined
discontinuity in the gradient. The positiopdgof the edge temperature pedestal is determined
in the fully developed H-mode from the intersection of fitted straight lines to the core and edge
gradient zones in the measured profiles. The threshdkltfien obtained by extrapolating the
pedestal position Rqback in time to the L-H transition itself (see Fig.10). For those discharges
where the pedestal is identifiable at the L-H | Pulse No: 43436 L7MA/LST Hydrogen

transition, Redis seen not to vary appreciably t=1950s0 |2
isi ; N t=19.755 ¢ |3
when the plasma is in H-mode, as in the exam- Pedestal t=2000s A |2
: . 0.8 position =20.
ple of Fig.10. For low values of the toroidal Ny 12202580

2 | t=20.50s v
field, however (B=1.8T, 2T) the identification !
of the temperature pedestal position can be’®
Q

compromised by cut-off effects resulting fronTe
high edge densities. The temperature near thé-4 20msec before

. . L-H transition
separatrix is also not always measurable in the [
H-mode phase itself due contamination from 0.2j- :
spectral downshifted frequencies from the core :
region and diminished optical depthin the edge. g4zt l il s
Discharges where the pedestal is clearly vis- R (m)
ible are in this case used as a reference pd3g-10: Example of radial profile of the electron tem-
tion (at the same {Bralues) for those whereperature in the edge plasma region obtained with the
Roedis not readily identifiable. In the analysisheterodyne radiometer. For the case illustrated 'the top

p
) of the temperature pedestal, where the data for this analy-

both ICRF and NBI heated discharges ha\é% are taken, is clearly identified around R=3.8m.

been used.

o St~
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The ion temperature is measured at the plasma edge using impurity charge exchange with
the heating beams at high spatial resoltﬂ%nComparisons of the pedestal position obtained
for the ion temperature profile with measurements from the heterodyne radiometer for the avail-
able data show agreement better than 3 cm for these discharges.

The results of all the measurements available are summarised in Fig.3hfal Fig.12
for Ti. On average the pedestalaf the L-H transition decreases by about 20% with increasing

Aeff and is compatible with a dependence of the Type 1/ 1/Aeff . The decrease is outside the

error bars of the measurements and is seen in both ICRF and NBI heated discharges. Unfortu-
nately the Tdata are not sufficient to draw any conclusions, although they are not inconsistent
with the results obtained foT
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Fig.11: The edge electron temperature at the L-H tranFig.12: Measurements of pedestataken with the edge
sition, taken at the top of the temperature pedestal, showstive charge exchange diagnostic. Unfortunately the
a weak dependence on the plasma isotopic mass. T¥mall number of data available makes it impossible to
figure also shows the variations of temperature with indraw any definite conclusions regarding the isotopic
creasing toroidal field and edge density. scaling.

Although on JET measurements of the electron density at the pedestal position are not
available, it is possible to have an indication of the density dependence of the pedegtal T
using the line averaged density measured by the FIR interferometer along a vertical line of sight
positioned at R=3.75m (about 5cm inside the top of the temperature profile for the cases consid-
ered in this analysis). Fig.13 shows the H-mode threshold on the edge operational space diagram
constructed from this data. The critical edge temperature decreases with increasing edge density
and as already shown increases strongly with the toroidal field.
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Fig.13: The pedestal electron temperature at the transition shown as a function of the
line averaged electron density measured by the FIR interferometer along the vertical
chord at the fixed position of R=3.75m. Various isotopes and fields are distinguished
by symbol. The scalings qualitatively agree with previous scalings, which indicate a
weak decrease of the critical With increasing edge density and a rather strong in-
crease with the toroidal field. The isotopic dependence is small by comparison.

6. SUMMARY AND CONCLUSIONS

A series of dedicated experiments aimed at investigating the isotope scaling of the H-mode
power threshold have been successfully carried out on JET. The experiments used hydrogen,
deuterium and tritium plasmas, as well as DT mixtures, in a single null X-point divertor configu-
ration with gs[1 and at different values of the toroidal field B

The power necessary for the transition to H-mode is seen to decrease linearly with in-
creasing isotopic mass, in line with expectatidhs,, 0 A3 or Py, O A_* if radiation
from the bulk plasma is also included. This has important implications for a reactor such as
ITER: given the scalings shown in Fig.6 and 7, if for ITERMS 16° m’3, B=5.68T and
R=8.14m then the power needed for the LH transition in a 50:50 DT plasgpa2(B) is
PLosqdITER)=70MW, RReITER)=63MW, about 20% less than that needed for a pure deute-
rium plasma. Measurements of the power needed for the transition to type | ELMs are also
consistent with the\ _}. scaling.

The edge electron temperature, measured at the top of the profile pedestal, has been shown
to decrease weakly with the isotope mass, and be strongly dependent on the toroidal field. The
result is compatible with an scaling of the critical temperature necessary for the L-H transition
of the typeTg it 01/ /A - Although not sufficient to draw any independent conclusions, the
pedestal Tdata are not inconsistent with the electron temperature data at the plasma edge.
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