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ABSTRACT 

A regime of enhanced energy confinement during neutral beam heating has 

been obtained routinely in the PDX tokamak after modifications to form a 

closed divertor geometry. Plasma density profiles were broad and the electron 

temperature at the plasma edge reached values of ~ 400 eV in the H-mode phase 

of a discharge. A comparison of closed divertor discharges with moderate and 

intense gas puffing indicates that a requirement for obtaining high 

confinement times is the localization of the plasma fueling source in the 

divertor throat region. While high confinement was attained at moderate 

injected powers (Pj N J <, 3 MW)» confinement was degraded at higher powers due 

to both increased edge instabilities and, especially, the intense gas puffing 

needed tc prevent disruptions. Initial results with a particle scoop limiter 

indicate high particle confinement, times and energy confinement times 

approaching those of diverted H-mode plasmas. 
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I. INTRODUCTION 

During its last seven months of operation from December 1982 to June 

1983, the experimental effort on PDX focused on studies of the regime of 

improved confinement during neutral beam heating in divertor plasmas• This 

"H-mode" was originally found in diverted ASDEX plasmas /1/. Several 

modifications to the divertor hardware and the mode of operation of diverted 

discharges in PDX were made to facilitate routine operation with high 

confinement plasmas /2/. Earlier experiments on the ASDEX /I/, D-I31I /4,5/, 

and PDX /6/ tokamaks and modeling results /!/ suggested that improved power 

handling could be achieved with a closed divertor ronfiguration in which the 

only possible path for recombined neutrals in the divertor region to return to 

the main plasma chamber was through the diverted scrape-off plasma. PDX had 

typically run in an open divertor configuration, wherein the neutrals could 

return unimpeded by plasma to the main plasma chamber via open channels near 

the outer divertor coils. In this open geometry, the neutral gas pressures in 

the divertor and main plasma chambers were equal, whereas closed divertors, 

either a., mechanical type, sui:h as in ASDEX, or the expanded boundary divertor 

configuration in D-IIIr yielded divertor neutral gas pressures of 10-200 times 

that in the main chamber. Since high confinement was not observed in diverted 

PDX discharges with neutral injection even though some of the characteristic 

of the transition to the H-mode were evident, the discovery of the H-mode 

regime on ASDEX gave additional impetus to modify the PDX divertor herdware in 

order to close off most of the open conductance paths for neutral gas between 

the divertor and main plasma chambers. With this and other material and 

operational changes /2/, diverted plasmas (R
D» = 140 cm, a =• 40 cm) provided 

routine access to the ASDEX-like H-mode regime. These closed divertor plasmas 

had neutral gas compression ratios of 15-30 /8/, and had ~ 3 times less energy 

deposition on the divertor neutralizer plates than the open divertor cases 

IV-
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II. CHARACTERISTICS OF THE H-MODB IN PDX DIVERTED DISCHARGES 

In general, the transition to the H-raode confinement regime in a 

divurted plasma i3 evidenced by a aharp rise in n despite a constant gas feed 

rate (t f c r a n a = 540 IT- in Fig. 1). Prior to this transition, the density is 

observed to decrease slightly with the onset of NSI, perhaps a reflection of 

the drop in particle confinement that had been typical of plasma behavior in 

earlier studies of low-confinement (L-mode) discharges• Concurrent with the 

rise in n e, spontaneous rises in volume average toroidal beta <ftp> and the 

total energy confinement time T E are observed. The time at which the 

transition occurs is dependent on the total absorbed power (and indirectly 

ii >• with typical threshold values ranging from 1-2 MW. The transition occurs 

at lower P a b s when either I or B T is lowered. 

A feature that signals the onset of the H-mode confJnement phase of the 

discharge is a sharp drop of the line-averaged density and the workinq gas 

emissions (H or D J in the divertor region /2,10/, as shown in Pig. 1. This 

drop in H_/ D
a emission, coupled with the lack of any rise in H /D emission in 

the plasma main chamber, a drop in the fast neutral efflux from the plasma 

core, and constant or reduced impurity content and radiated power at the 

transition time, indicates a rise in the particle confinement time, x_, by a 

factor of ~ 2. The sharp spikes evident in the H_/D emission after the H-

mode transitions are indicative of edge relaxation phenomena (EftP), which are 

discussed in a later section of this paper. The drop in H /D emission in the 

divertor region was taken to be the operational definition of an H-mode 

discharge in PDX. However, it is only a necessary but not sufficient 

condition for the achievement of high confinement in a given discharge, and 

under our definition, H-mode plasmas can be obtained without exhibiting 

improved confinement. 
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In the divertor region, several changes in the plasma, in addition to 

the H Q/D a drop, occur afc the transition to the H-mode. Probe measurements in 

the divertor plasma show that a drop in T e and a rise in n_ at the separatrix, 

along with a drop in the total power flux to the neutralizer plates, all occur 

at the time of the transition /11/. Both electron and power density profiles 

in the divertor region become more peaked than in the L-mode phase of the 

discharge. While the total power flux to the neutralizer plate during the 

quiescent H-mode phase is less than that observed for the L-mode phase of the 

discharge by 30% or more, it does not drop to zero, indicating that total 

plugging of energy flow into the divertor region is not necessary for high 

confinement. 

In addition to the drop in fast neutral efflux mentioned earlier, the 

power flow along the field lines several centimeters outside the separatrix in 

the main plasma chamber decreases at the onset of the high confinement phase, 

reflecting increased gradients at the plasma edge. Most striking, perhaps, is 

the rapid rise in electron temperature at a location of a fow centimeters 

inside the separatrix (R s e p " 180 cm) in the main plasma (Fig. lb). This rise 

in T e and the H a/D a drop in the divertor often follow a sawtooth oscillation 

of the main plasma, suggesting that the heat pulse propagating out of the 

plasma center to the edge aids in triggering the H-mode onset. Transitions of 

the H-mode are also observed in the absence of sawtooth activity, but under 

these circumstances, the rise in Te(R = 176> is slower tT-^gg - 3 ms) than in 

the case with sawteeth ( T R i g e ~ 0.3 ms). A study of ~ 25 discharges in PDX 

without sawteeth indicates that there is no simple threshold in edge T e for 

transition to the H-mode, and values of Ta(R = 176) from 200 to 550 eV are 

observed prior to the transition. 

Transitions to the H-mode phase, coupled with improvement in overall 

confinement of the discharge, were observed over a wide range of operating 
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rotameters in PDX. For example, plasmas with I »= 200-490 kA, B T = 0.9-2.1 T, 

B p = 0.4-1.4, <8T> = 0.9-2.4%, P I N J = 1-5 MW, and Z g f f = 2-4 all displayed H-

mode characteristics. Also, values of q(a) = 2-7 were achieved in H-mode 

plasmas with no observed trouble passing through the g = 3 barrier. H-mode 

plasmas were obtained with a variety of beam and plasma species (i.e., D c + 

D +, H° + D +, D» + H e + + ) , but the most favorable results were obtained with D° 

+ D +, and most of the experiments reported here concentrated on this case. 

Electron density and temperature profiles, obtained with a 56-channel 

Thomson scattering system, are shown in Fig. 2 for time3 prior to the H-mode 

and well after the H-mode transition, near the peak of the density rise. 

Density profiles typically broaden just after the transition, and while the 

electron temperature profiles sometimes broaden they always develop high edge 

temperatures (~ 400 eV) for good H-mode discharges. Often, as in Fig. 2, the 

T e profile appears to gain a "pedestal," or constant addition, of 200-300 eV 

at all radii. Likewise, observations on H° + D + discharges have shown that 

both the ion temperature and toroidal rotation velocity profiles broaden 

considerably after transition into the H-phase of the discharge, indicating an 

improvement in toroidal momentum confinement in addition to increases in 

particle and energy confinement. 

The edge of the plasma was studied in more detail with a single point 

Thomson scattering system designed for low T measurements. Profiles of n 

and T e at the plasma edge, as seen in Fig. 3, show very sharp gradients (~ 
13 3 200-300 eV/cm and ~ 3 X 10 cm /cm) near the separatrix in a well-developed 

H-mode discharge. The shaded regions in Fig. 3 indicate our best estimates to 

date of the position of the separatrix for these discharges. The position was 

determined by HHD equilibrium calculations that use the externally applied 

fields, I flux measurements, eddy current corrections, peak plasma pressure, 

and estimates of Z. and 9 to model the measured plasma pressure and current 



density (assuming j. • Tfl ' ). A modified Grad-shafranov equation which 

includes the centrifugal effects of toroidal rotation was used to obtain a 

reasonable match to the outward asymmetry of the pressure profile tc.f. Fig. 

2,. However, the required rotation velocity was up to 3 times greater than 

the value measured. An exhaustive survey of such calculations of model 

Functions to test the sensitivity of the separatrlx location to uncertainties 

in the input parameters is still in progress. However, it appears that the 

sharp gradients in the plasma profiles occur inside the separatrix. This 

being the case, the measurements of the electron density and temperature 

outside the separatrix in the plasma midplane, combined with probe 

measurements of the same quantitites in the divertor chamber, show that the 

parallel gradient in T from the main chamber midplane to the divertor region 

can be supported by classical flux-limited thermal conduction along the field 

lines. 

III. ENERGY CONFINEMENT SCALING AND TRANSPORT 

Studies of the dependence of total energy confinement times on various 

discharge parameters show that T ^ , the magnetics equilibrium value of the 

total energy confinement time, depends principally on the total plasma current 

in H-mode discharges, just as it does for L-mode plasmas /12,13/. Typically, 

T E ~ Ip/a-11 for high confinement H-mode (diverted) cases an^ T. ~ 1/15-30 

for L-mode (limiter) cases. The difference between the diverted and limiter 

plasmas may be partially due to the target plasma in the circular case being 

hydrogen instead of deuterium. Depending on the actual isotope mix in the 

plasma during NBI, this isotope difference could account for perhaps a factor 

of 1.4 increase in -r|q for the diverted case /14/. 

In general, we use a discharge confinement quality factor, defined as 

T /I (r- in msec, I in XA), to remove the I dependence of T E in order to 

study the dependence of T_ on other parameters. It was found that TE/I did 



not depend on the toroidal field strength and displayed no explicit dependence 

on n , although the actual density ranqe studied was relatively narrow (3-6 x 

10 l 3cm~ 3). At best, values of T|q/I up to 0.14 msec/kA wore observed in 

PDX. The behavior of T«i/I_ as a function of total input power, (PQU + ^B 1;'' 

Fig. 4, shows that significantly enhanced H-mode confinement is achieved only 

at modest values of p
To4.-i» The variability in the H-mode data at P T o t ai ~ 2 

MW arises from variations in the operating conditions (e.g., amount of gas 

puffing used, vertical plasma position, etc.) and in the occurrence of the 

edge relaxation phenomena mentioned earlier. The shaded area in Fig. 4 shows 

the range of TE/I achieved for D' •» H discharges formed on a carbon rail 

limiter. 

It is especially interesting to note that no reasonably high 

confinement discharges were obtained for P T o t a i >, 3 MW. The residual 

Improvement above the limiter discharges for high PT 0 t ai n , a v b e ^ u e t o t n e 

isotope effect. The cause of the degradation in confinement at high input 

powers is not completely understood, but at least two effects may 

contribute. First, the edge relaxation phenomena (ERP) characterized by sharp 

spikes in the edge H /D emission are known to c.iu3e rapid decreases in the 

energy stored in the outer half of the plasma /2,10/ and these ERP's appear to 

become more intense and frequent as the input power increases. Indeed, the 

best confinement was often achieved in a narrow range of P 1 N J wbsre enough 

power was available to induce the transition to the V mode but not enough to 

cause serious ERP's. However, it is difficult to evaluate quantitatively the 

effects of the ERP's on the total confinement due to the sensitivity of the 
Ha^ Da e x c i - t a t i o n t o varying edge conditions. Second, and probably more 

important, it was necessary to increase the gas feed rate in the divertor dome 

by at least a factor of 3 in order to avoid disruptions when the injected 

power was above ~ 3 MW. It will be shown in a later section of this paper 
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that increased gas puffing results in a loss of H-raode confinement even at low 
PINJ" F o r s o m e ° f t h e h i g h PTotal d a t a ' t n« increased gas feed was required 

to reduce the metallic impurity influx, principally iron, which otherwise 

would lead to hollow temperature profiles and disruptions. The source of the 

iron contamination was not positively identified, but most likely was the 

stainless steel liners surrounding the divertor throat. Whether this impurity 

contamination problem was present for all the shots with high P T o t ai is still 

under evaluation. The few shots at P I N J > 3 HW which went through with no 

disruption and no increased gas puffing also did not show high confinement, 

but our results do not definitely rule out the possibility of higher T-/I D at 

high P I N J. 

The energy transport of H-mode discharges war analyzed with the time-

dependent transport analysis code TRANSP /15/. Thomson scattering profiles of 

the plasma T e and n e were taken at several times throughout the discharge to 

produce a temporal evolution of the plasma profiles. analyses of several 

cases indicate that the dominant plasma energy loss is through the electron 

channel, just as it is for L-mode discharges, and this loss is attributed to 

anomalous electron thermal conduction. The dominant energy loss for ions is 

through coupling to the electrons, and the ion thermal conductivity is 

typically 1 to 3 times the Chang-Hinton neoclassical value in order to match 

the measured central ion temperature. Sample results from the transport 

analysis are shown in Fig. 5, which show the total thermal energy confinement 

time as a function of time in the discharge and the electron thermal 

diffusivity as a function of radius for the L- and H-cnode phases of the 

discharge. The drop in the thermal confinement time at the onset of neutral 

injection is typical of the transition from ohmlc to neutral beam heating in 

L-mode discharges. The sharp increase in T_ at the H-mode transition is 
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similar to that seen in the t^i values. This rise is much faster than the 

increase in n e and it arises primarily from the increase in tjhe total stored 

energy, as evidenced by development of the "pede3tal" in the T e profile, and 

from a decrease in the electron thermal diffusivity, y^. over a large part of 

the plasma, as indicated in Fig. 5. The reduction in x^ results mostly from 

the rise in n e since the gradients in Tfi change little in the L- to H-mode 

transition. However, it should be noted again that there it no explicit 

dependence of T E on n. during the equilibrium phase of the discharge. 

Finally, the transport analysis indicates that there is a drastic reduction in 

the particle outflow at the edge (r,'1* = 3/4) near the time of the transition, 

resulting in an increase in n there that is comparable to the ionization 

source rate of thermal neutrals in that outer region. 

IV. MHD ACTIVITY AND FLUCTUATIONS IN H-HODE PLASMAS 

Two types of MHD and fluctuation activity were uniquely associated with 

the H-mode phase of a discharge. The first was a quasicoherent density 

oscillation which was observed by CO., laser scattering and microwave 

scattering experiments in the 50-100 kHz range having zero amplitude outside 

the separatrix but rising sharply inside the separatrix /16,17/. This 

localized mode at the plasma edge occurred in bursts of ~ 300 us and it 

persisted throughout the H-mode phase of Uie discharge. 

The second instability associated with H-mode plasmas is the previously 

mentioned edge relaxation phenomena (ERP), which was characterized by a sharp 

spike in the edge H Q/D a signal. Seen on all edge signals, such as H /D 

emissions, 30ft X-ray emissions at large radii, and divertor density 

measurements, these oscillations are sawtooth-like relaxation modes on the 

outer half of the plasma with an inversion radius at the plasma edge , as seen 

in Fig. 6. The presence of these bursts are correlated with decreases in n^, 
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T . TEf and <(!>, along with an increase in the parallel power flow outside the 

separatrix. During an ERP, the HQ/D emission increased around the entire 

plasma in the main chamber, and the angular distribution of the fast neutral 

flux fr- .TI the plasma was consistent with an increase in the background neutral 

density in the main plasma. Hie TOP's appear to affect the thermal plasma 

rather than the slowing-down fast ions. The presence of this mode results in 

an abrupt loss of stored energy from the plasma, and, as mentioned earlier, 

this instability clamps the rise in average \„ achievable in H-mode 

discharges. When these bursts disappeared in the course of an H-mode 

discharge, the «.ST>, n e, and T E were subsequently observed to rise. The best 

confinement times are invariably observed in discharges that did not have this 

instability present. 

The relative amplitude of the 0 bursts <i.e., Sn <rms)/D ) increase 

with increasing I p and t D, and it is noted that H-mode plasma profiles, with 

their relatively broad T and current density profiles, are calculated to be 

more unstable to surface Vrink modes than L-mode plasmas. Indeed, a poloidal 

array of Mirnov coils often shows a possible surface kink precursor 

oscillation with (m, n) = (3,0) or (3,1), which appears strongest at the X-

point rfnion near the divertor throat. Simultaneous observation at different 

toroidal locations show the ERP's to have a helical nature, propagating 

toroidally in the ion diamagnetic direction. 

In general, the level of broadband turbulence produced by electron 

density fluctuations in the range of 50-500 kHz was lower for H-tnode plasmas 

than that observed previously in limiter plasmas with neutral beam heating. 

However, this observed reduction in n/r. is caused primarily by an increase in 

n"e after the H-mode transition rathp;- than by a decrease in the density 

fluctuation level iT . Discrete MHD activity such as sawteeth and "fishbone" 
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oscillations /18/, which had previously been observed routinely in PDX, was 

often present in H-mode discharges also. Interestingly, ERP's decrease the 

amplitude of the'fishbone oscillations as observed with magnetic loops at the 

plasma edge. 

V. ROLE OF THE DIVERTOR IN H-MODE CONFINEMENT 

In an effort to understand the improvement in confinement achieved by 

closing the divertor region and the degradation in confinement with intense 

gas puffing (as was needed for high P-THJ'' a series ° f measurements was made 

varying both the plasma vertical position and the gas puffing geometry (i.e., 

midplane or upper divertor gas puffing) and intensity. ft clear positive 

dependence of t^ on the neutral gas compression ratio, PDIV^ PMAIN' w a s 

discovered, and was due primarily to variations in PUIT N< a s shown in Fig. 

7. With increasing P^J^I T ^ degrades from ~ ID/10 to 1/20. Nevertheless, 

all these discharges exhibit the distinctive drop in D in the divertor 

region. Those with low T- show a rapid recovery of the D level cr even an 

increase above the pretransition level. The importance of reducing neutral 

gas recycling in the main plasma chamber, reflected by the behavior of the 

neutral pressure or D a emission, was subsequently confirmed in comparisons of 

limiter and divertor discharges on the D-III tokamak /19/. 

A similar dependence of T E on P M A I N also holds for discharges with a 

single null and divertor dome gas puffing (i.e., standard H-mode conditions), 

but with intense gas puffing (e.g., 150 Torr - i/sec versus ~ 20 Tor:r - It/sec 

for a good H-mode). With such intense gas puffing, the plasma density is 

sometimes forced to rise up to or above a level to which it would naturally 

evolve in the course of a good confinement H-mode discharge. In this forced 

density rise case, however, both the divertor and midplane D signals rise 

rapidly during NBI, indicating that the plasma recycling and refueling source 
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has moved into the main chamber. This is 3een dramatically in D„ emission 

contours measured with the large aperture Thomson scattering optics, as shown 

in Fig. 8. The high confinement H-mode discharge, with a constant gas feed, 

exhibits good particle and energy confinement while the D emission and hence 

the plasma particle source is quite localized near the divertor throat. The 

particle source is significantly delocalized for the large gas puff case with 

low confinement. At the same time, the plasma density and temperature 

gradients at the plasma edge drop from values similar to those in Fig. 3 to ~ 
12 —3 8,5 x 10 cm /era and 90 ev/cm, respectively. The value of T e at a position 

of ~ 4 cm inside the separatrix drops from ~ 500 eV in the good confinement H-

mode plasma to ~ 350 ev in the forced density rise ease /2/. This value is 

still considerably higher than that seen in the L-mode plasmas, suggesting 

that high edge T alone does not assure good confinement. 

A reexamination of earlier open divertor experiments with neut> ,1 beam 

heating has shown that the characteristic sharp drop in H /D emission from 

the divertor region did indeed occur in the open divertor cases with 

sufficient absorbed beam power. In most cases, however, no improvement in 

particle confinement occurred and the plasma density could be sustained only 

by increased gas puffing. Hence* the H /D emissions were often similar to 

the forced density rise case in the closed divertor, and no improvement in the 

energy confinement was evident. The transitions to the H-mode in the open 

divertor configuration were most pronounced during a short run with D" + D + 

plasmas and with no gettering in the upper divertor region. In this case, the 

drop in D in the divertor region was noticeable and the discharge 

subsequently developed the edge relaxation instabilities which are 

characteristic of H-mode plasmas. In a few cages, a rise in 5 e and t E is 

evident at the time of the L- to H-transition, but the ultimate confinement 
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quality was still only ~ 1/20. alius, while the divertor plasma always shows 

the characteristic transition above some threshold input power whether the 

divertor is open or closed, improved confinement appears to depend upon the 

control and localization of the neutral particles and plasma fueling source. 

VI. CONFINEMENT WITH A PARTICLE SCOOP LIMITER 

The H-mode results in diverted plasmas emphasize the importance of 

controlling the fueling and neutral particles in the discharge. If this is 

the salient feature for attaining improved confinement with auxiliary heating, 

there is a possibility that high confinement may be achieved without a 

divertor. To explore this possibility, a series of discharges was formed 

using a particle scoop limiter as the primary limiter. A detailed description 

of this liniter and some of its performance characteristics have been given 

elsewhere /2Q/, and we summarize here only the relevant confinement results. 

During NBI, the plasma density rose continuously while the D emission 

on the plasma midplane toroidally separated by 120" from the scoop did not 

rise, indicating a very localized fueling source and/or improved particle 

confinement times compared to earlier rail limited discharges. Neutral g.s 
_2 

pressures in the scoop plenum were ~ 10 Torr while the pressure immediately 

outside the scoop region was - 10 Torr. Plasma TV observations of the scoop 

showed low levels of visible light localized near the scoop blades. In 

addition, the fast neutral charge-exchange flux from the plasma near the 

limiter, as measured with a horizontally scanning charge-exchange analyzer, 

was at most ~ 1/3 of the level observed in H-mode plasmas and even lower still 

than that observed with a conventional rail limiter plasma. Comparisons 

between the measured flux spectra with that calculated by TRANSP imply 

particle confinement times of > 100 ms. It is clear that the scoop limiter 

had a significant effect on the particle confinement and fueling properties of 
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these discharges. 

Plasma electron temperature and density profiles for a typical scoop 

limiter discharge with neutral beam injection are shown in Fig. 9 for P I H J = 

2.3 MW, D° * D +. Large radial gradients in n e and T exist just outside the 

field of view of the Thomson scattering system (note that R.. = 193 cm). 

Extrapolations of thf; radial profile of parallel power flow at the plasma 
r 

edge, as measured with a calorimeter probe in the limiter shadow and infrared 

TV observation of the pump limiter surface, are consistent with the values 

inferred from the profiles in Fig. 9. 

While no /transition to a higher confinement regime wag obvious for 

these discharges, the discharge confinement quality factor T|q/I was 
Ci P 

intriguingly armilar to that observed for the diverted H-modo plasmas, as 

shown in Fig, 10. Although the data set is relatively sparse, there does 

appear to be a regime, at least at ^wrythL £ 3 M W ' W n e r e ^ n t t l e confinement 

quality is enhanced above those obtained with a rail limiter. The values of 

T ^ derived from the magnetics analysis were confirmed by evaluation of the 

thermal T E using TRANSP. The confinement quality showed no obvious dependence 

on Z ff or n . No reason for the drop in T E/I at high P T o t a l has been found, 

and further investigation is needed. 

VII. SUMMARY 

The regime of high confinement during neutral beam injection into 

divertor discharges, which was originally observed on ASDEX, has been attained 

routinely on PDX after the divertor geometry was modified to inhibit the 

backflow of neutral hydrogen from the divertor chamber to the main plasma 

chamber. The quality of the confinement in a given H-mode discharge is 

related to the edge plasma properties and apparently depends on the ability to 

control neutrals and the location of the plasma fueling source, intense gas 
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FIGURE CAPTIOUS 

Fig. 1. Variations in edge plasma parameters during an H-mode disciiarge. (a) 

Line-averaged density in plasma midplane. (b) Te(t) at a position of 

- 4 cm inside the separatrix in the plasma midplane, as measured via 

second harmonic electron cyclotron emission. (c> D a emission in 

plasma midplane. (d) Da emission from divertor region. The H-mode 

transition is at t = 530 mnec. 

Fig. 2. Electron temperature and density profiles from Thomson scattering for 

the !•- and H-mode phases of a high confinement discharge. 

Pig. 3. Electron temperature and density profiles at the outer edge of the 

plasma for a high confinement discharge. The shaded regions indicate 

the estimated location of the separatrix as determined from an MHD 

equilibrium code. 

Fig. 4. Normalized total energy confinement time as a function of total input 

power (PJHJ + P O H ' * o r H - m o ^ e discharges. The shaded region denotes 

the range of T| q/I p obtained for L-mode discharges obtained with a 

graphite limiter. 

Fig. 5. Kinetic transport analysis results for an H-mode discharge. ta) 

Total thermal confinement time as a function of time; lb) comparison 

of the electron thermal diffusivity for the pretransition (L-mode) 

and H-mode phases of the discharge. 
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Fig, 6. (a) Soft X-ray emissions as a function of chordal height in the 

plasma during the H-roode phase of the discharge. (b) Divertor H a/D a 

signal for the case shown in (a). 

Fig. 7. Dependence of total energy confinement time on raidplane neutral gas 

pressure for H-mode plasmas. 

Ficr. 6. H /D emission contours (in relative units) in a poloidal cross 

section for: (a) a standard high confinement H-moda plasm*, and (b> 

an H-mode plasma with a forced density rise induced by intense gas 

puffing in the divertor region. The plasma separatrix is noted by 

the dashed line. 

Fig. 9. Thomson scattering profiles of scoop limiter plasmas, IL ^ = 155 cm 

and R r J =193 cm. The Thomson scattering system is located ~ 140° 

toroidally away from the limiter. 

Pig. 10. Confinement quality factor as a function of total input power for D" 

+ D + scoop limiter plasmas. 
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