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Abstract 

The machine parameters (/p, Phat, R) required for ignition in ITER have gen
erally been extrapolated from power-law regression fits to global TE measurements 
on existing tokamaks. There remain important choices to be made in the form 
of the scaling relation which have not yet been resolved by theory. In particular, 
power flow Q(r) through a magnetic fiux surface should scale as Q{r) = QBohmF 
where F = F{p*,0, u',s,Te/Ti,...) is a function of local, nondimensional plasma 
parameters and Qsohm cc [ncT^a/eB]. Projections to ITER can be reduced to 
establishing KM dependence of F on p" = pi/a, because one can create plasmas 
in today's tjkamaks which have similar values of the other nondimensional pa
rameters. Two common scalings suggested by theory are Bohm [F independent 
of p") and gyroBohm (F <x p'). Experiments have been carried out on TFTR 
to ascertain the dependence of F on p', v', and 0 in L-mode plasmas, holding 
the other nondimensional parameters fixed. The observed variation of heat flow 
with p' was observed to be better described by Bohm scaling than gyroBohm. 
Comparisons with the critical gradient temperature transport model, which is gy
roBohm in character, show that it overpredicts the temperature increase expected 
with increasing magnetic field. The u' scan (remaining in the collisionless regime) 
revealed that the Bohm-normalized power flow is remarkably insensitive to colli-
sionality, in agreement with ITER-P scaling. The 0 scan identified a deterioration 
of confinement with increasing 0 at fixed p' and v*, of approximately the correct 
magnitude required to reconcile Bohm local transport scaling with ITER-P global 
scaling of TE- This may suggest a role for electromagnetic phenomena in governing 
tokamak transport even at very low beta. 
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1. Introduction 

In 1975, Kadomstev[l] observed that, through dimensional analysis based on 
fundamental plasma principles, it is possible to express heat flow across a magnetic 
surface in terms of a diffusivity based on the natural scale length p, and time 
scale T0 of microinstabilities. These are p, s Cs/WM/eB and T 0 = Ln^Mt/2Tc. 
where Ln and an are defined by Ln = ( £ | j : ) - 1 = jrf^- The resultant diffusivity 
XgB = PJ/T"O has become known as gyroBohm diffusivity. Plasma physics principles 
require the anomalous heat diffusivity to have the form 

X = to(pT/(^,^9,s,|,...) (1) 

where p" — ps/a and / is a function of local nondimensional parameters v', q, 
s The power law dependence on p' in Eq. 1 is not completely general, 
but it is expected because p' is a small parameter. Connor-Taylor invariance 
arguments[2] for particular classes of instabilities further constrain the otherwise 
arbitrary functon / . 

The dependence of x on p' is of particular interest to magnetic fusion research 
because in today's shaped tokamaks - notably DIII-D[3] and JET[4] - one can 
achieve collisionality it*, /3-values, and <j-profiles similar to those envisioned for 
I 7ER and future reactors. Thus, extrapolating thermal confinement reduces to 
finding the exponent n governing the p" dependence of thermal diffusivity. Bohm 
confinement scaling (n = -1) implies that the longest wavelength microinstabilities 
have their scale iiize set by the actual device size whereas gyroBohm scaling (n = 0) 
results when {k)minp3 depends only local nondimensional parameters such as it', q, 
or TJT,. 

2. p' arid i/* Scans 

Two sequences of discharges were created in which all nondimensional pa
rameters, except for p*, remained close to constant[5]. Table 1 lists the parameters 
associated with two p* scans and an additional scan in which v' varied while p* 
and /3 remained constant. 

It is necessary that a large number of other nondimensional parameters such 
as Te/Ti as well as profile shapes a„ c , arc, and q all remain constant throughout the 
scan. Otherwise, variations in confinement could not be unambiguously attributed 
to p* dependence. Satisfying all these criteria is not easily done experimentally. 
Figure 1 shows the variation of nondimensional parameters for the low- density p" 
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scan. Except for Te/Ti in the lowest B member of the scan (shot 50921), constancy 
of nondimensional parameters is adequate to assure the factors involving v* and 0 
in the right-hand forms of Eqs. (2-3) remain close to unity. It is also important 
to restrict nondimensional scaling comparisons to regions free of large scale modes 
such as sawteeth, which not only cause transport, but also can redistribute energetic 
beam particles, altering the power deposition profile. In DIII-D, the sawtooth 
radius exceeds 50% of the minor radius[6] and their repetition time is comparable 
to the beam ion slowing-down times [7], Hence sawteeth may complicate analysis of 
DIII-D nondimensional scaling studies[8-10]. Our analysis is confined to the region 
0.29 < rja < 0.81, which is free of sawtooth effects and where temperature and 
density measurements have adequate accuracy. 

Our principal results are expressed in terms of nondimensional power flows 
through a magnetic surface 

9Bohm = 

<7gyroBohm — 

Q(r)eB (a a -r a ) a l__g( r )M 1 /» 
r3R J BWaWZ^p*/3 

Q(r)e2B* \(a2 - r 2 ) 2 ] Q(r)(v')l/2 

Z2*2y/2njin Mll2<? L B(flZ«yl*pir (3) 

Here Q{r) represents the thermal power flow through a magnetic surface, as com
puted by power deposition calculations, and the remaining factors form the nor
malized power flow with Bohm and gyroBohm scaling respectively. The factor 
in brackets is an ad-hoc minor radius variation whose role is to reduce the nu
merical range of the normalized q's and thereby improve the clarity of graphical 
presentations. 

Figures 2 and 3 present the principal results of the p* and f * scans. One 
should compare nondimensional power flow at a specific minor radius for various 
scan members. For example, if QBohm does not change during the course of the scan 
at a particular minor radius, then one concludes Bohm scaling governs power flow 
for that minor radius value. In interpreting Figs. 2 and 3, the fundamental issue is 
to ascertain the overall systematic trend from weak field (high p') to strong field 
(small p'). It is clear that Bohm scaling is superior in collapsing nondimensional 
power flows to a single curve. Thus, our results indicate L-mode confinement in 
TFTR follows Bohm scaling. Bohm scaling of local heat transport has also been 
reported by DIII-D[8,9] and JET[11], although WaltzflO] has subsequently argued 
that Bohm scaling is difficult to distinguish from gyroBohm scaling if transport is 
governed by critical temperature gradients. 

It is interesting that ITER-P global confinement scaling, when expressed in 
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terms of a diffusivity, is 

XTTER-P = ( c o n s t a n t ) ^ ( / 3 V ) * . (4) 

In brief, ITER-P follows Bohm scaling with an additional weak deterioration with 
collisionality and 0. A sequence of 4 discharges spanning a factor of nearly five in 
v\ was prepared at constant p' and 0 to determine the dependence of heat flow on 
collisionality. The results are summarized in Fig. 3. Heat flows normalized to the 
Bohm expression (Eq. 2) essentially collapse onto one another, varying less than 
15-20% across the entire scan. Thus, the v* scan indicates that nondimensional 
power flows have a very weak collisionality dependence in accord with Eq. (4). Our 
results are best fit by a diffusivity independent of v', but error bars do not exclude 
the (I/*)17* dependence of ITER-P. 

3. Beta scan 

A scan which holds p" and v* fixed while permitting changes in 0 requires 
that n e and T vary according to 

T oc (flV/Mi)P* 2 n« oe ( i / V W a 7 £ * M ? ) (5) 

It follows that 0 cc u'p'6{Bias/MfZea). The Bohm expression for thermal diffu
sivity (xBohm ~ cT/eB) can then be expressed as 

XBohm o:p'h{jt)\{^)kw{0,u*,p\qts,TJTi,...) (6) 

where W is an unspecified function of dimensionless parameters. Thus in a beta 
scan at constant p' and v', we expect an intrinsic - but weak - increase of pure 
Bohm transport with 0, plus whatever dependence is contained in W. As shown 
in Eq. (4), ITER-P global TE scaling can be reconciled with a local Bohm diffu
sivity if one postulates an additional deterioration of magnitude W oc p^v*1'*, 
which yields ^ r r E R - p ex p*i0*. Understanding the transport scaling with 0 is 
less important than the p' scaling for extrapolating observed tokamak confinement 
times to ITER, because the 0 in current tokamaks are already comparable to those 
envisioned for ITER. However, an intrinsic dependence of transport on 0 would be 
of theoretical interest because it would suggest that electromagnetic effects may be 
involved in the tokamak transport mechanism. Note that the 0 scan cannot provide 
a basis for discriminating between Bohm and gyroBohm transport mechanisms 
because they share a common 0 scaling (XoroBohm/XBohm = p')-
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3.1. Experimental conditions 

A sequence of 5 discharges spanning a factor 4.5 in 0 at constant p* oc \fTjB 
and approximately constant v\ oc n^Z^ijI0, was obtained by appropriate choice 
of heating power and density in a toroidal field scan (3.3 - 4.6 Tesla). Assum
ing ion-electron temperature equilibration and neglecting the dilution of ion den
sity by impurities, one finds the required conditions scale as: (T) oc /^Zei i 0 ' 5 , 
TJe a 0, and Bt oc 0°-2iZef!O'2i. For planning purposes, an L-mode expression 
for TE predicts that the required heating power scales as Phe»t oc (P^Zoi05. The 
sequence was performed in neutral beam-heated, high-recycling plasmas contacting 
the inner bumper limiter (R = 2.55m, a = 0.89m), with broad density profiles 
(F™ = n e(0)/(n e> = 1.6-1.9). Plasma current was scaled linearly with Bt to main
tain constant g s h af = 4.4. The lowest-/? condition had ohmic heating only, and con
sequently had a higher temperature ratio Te/Ti than the other scan members. The 
beam-heated plasmas were strongly dominated by auxiliary heating {PJ POH = 3 
at Pb= 2.4 MW; > 10 for discharges at higher power). Throughout the sequence, 
the fast ion content was modest (nbeam/ne < 0.15, Wboun/W'tot < 0.33), and both 
the radiated power fraction (15-25%) and the impurity content (ZeB = 1.5-1.8) 
remained low. The observed global TE remained about 20-30% above L-mode 
projections [12]. Both toroidal and poloidal beta remained small (0t < 0.006, 
/3p < 0.6) throughout the scan, far from the Troyon beta limit. 

Plasma conditions for the 0 scan are summarized in Table 2, and the corre
sponding profiles of dimensionless gradients and ratios are illustrated in Fig. 4. As 
desired, p' was held quite constant across the entire scan. The collisionality was 
less well controlled (factor 1.8 variation), but this is acceptable given the observed 
insensitivity of transport to v'. There was a weak systematic trend toward flatter 
density profiles with increasing 0 ( F M = 1.9 — 1.5) due to the much higher n,. at 
high 0. With the exception of the ohmic discharge (Te/Tj as 1.5), there was a weak 
systematic variation of Te/Tj (0.8 — 1.2) with 0. All of the plasmas remained well 
away from the supershot regime {Te/Ti < 1/3) where strong reductions in transport 
have been reported previously [13]. 

Current-ramp experiments in TFTR[14], JET[ll], DIII-D[15], and ASDEX[16] 
have demonstrated that j(r) is an important parameter governing confinement 
( r " ' oc £J - 6 5 in TFTR L-mode plasmas). Thus, uncontrolled variations in j{r) 
during the sequence would compromise our ability to deduce the underlying 0 
scaling. Fortunately, the measured plasma inductance and sawtooth inversion 
radius remained essentially constant throughout the sequence (Table 2), implying 
no significant changes in j(r). This was the expected result given the constancy of 
<2shaf and the small contribution (< 21%) of bootstrap and beam-driven currents in 
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these plasmas. 

3.2. Transport analysis 

The variation of thermal energy confinement with 0 is shown in Fig. 5(a). T$ 
was evaluated from Thomson scattering or ECE measurements of Te(R), 10-chord 
interferometer measurements of nc(R), charge-exchange recombination measure
ments of Ti(R) and v,j,(R), and visible Bremsstrahlung measurements of Z«a, which 
is assumed radially constant. Concentrating first only on the end points of the 
scan, we observe that r^ 1 decreased by a factor 3 as 0 increased a factor 4.6, 
implying an average deterioration as ~ @-a-7i across the scan. This is precisely 
the behavior expected for ITER-P scaling, or equivalently, to Bohm scaling with 
an additional 0 l / i deterioration. Thus, in a coarse sense, this scan reconciles the 
observation of Bohm-like local transport scaling (deduced from the p" scan) with 
global ITER-P scaling of TE, by confirming that there is a deterioration of % with 
0, of approximately the correct strength, at fixed p* and v". 

A more detailed scrutiny of the data suggests that the variation of local 
transport with 0 may be more complicated than a simple power law. Note that 
rE

h decreased rapidly with 0 through the three lowest 0 members of the scan, 
then decreased more slowly as the heating power was increased beyond 7 MW. In 
addition, we must consider the effect of systematic changes in the beam power depo
sition profile, which becomes less centrally weighted at higher density [Fig. 5(b)]. 
Calculations of the "regional" confinement time[17] over'the confinement region 
(r = 0.2a — 0.7a), which correct for differences in the beam deposition profile, 
are virtually identical at 7 MW and 24 MW, implying that the radially-averaged 
thermal diffusivity remained constant. 

This volume-integrated analysis is supported by local analysis of the normal
ized power flows. Since the Bohm and gyroBohm expressions for heat flux differ 
by only a factor p*, which was held constant in this sequence, it suffices to consider 
only a plot of Bohm normalized heat flow. As shown in Fig. 6, <7Bohm increases 
substantially through the first three data points, then remains remarkably constant 
as 0 is raised an additional factor of 1.9. Interestingly, the qsohm curva, at three 
different minor radii have roughly the same shape despite the use of volwne-avemge 
beta as the x-axis. We comment that this behavior would be inconsistent with a 
transport mechanism that involves a threshold in local beta, since local beta is a 
factor of ~2.5 lower at r / a = 2/3 than at r/a = 1/3, unless the threshold itself 
varies with radius. 

An unresolved issue is whether variation of TB and (/Bohm with 0 shown in 
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Figs. 5 and 6 is a quasi-continuous deterioration or a bifurcation into two regimes: 
a very low-/3 regime (0 < 0.25%) in which transport increases strongly with beta, 
followed by a regime at slightly higher beta in which transport is independent of 
or only weakly dependent upon beta. A related question is whether the Bohm-
normalized transport will increase with beta as it is increased beyond the bound 
of this experiment (0.5%). We comment that the constancy of gbohm a t power 
levels above 7 MW may be an artifact of variations in the density profile shape; 
Ln„ increased by 25-60% between the 7 MW and 24 MW shots. If heat transport is 
driven by density gradients as well as temperature gradients, this would have the 
effect of improving the TE, thereby masking a possible deterioration with beta. 

3.3. Discussion 
Beta-enhanced transport over the electrostatic estimates can in principle arise 

from the non-electrostatic component of the perturbed E x B 0 drift and to the 
effect of B, where particles traveling along the perturbed magnetic field lines 
are carried across equilibrium magnetic surfaces. However, there are at present 
no predictions for strong ^-threshold type behavior at the very low values of 0 
explored in this experiment. There are effects of finite t0p on the equilibrium, 
as well as corrections to the combined curvature and Vi3 drifts, but these are 
also expected to be significant only for values of e0p much higher than those in 
this experiment[l8,19]. Thresholds for island overlap and magnetic stochasticity 
applicable to realistic tokamak conditions have yet to be developed. 

The unexpectedly complicated variation of observed normalized heat flow 
with 0 suggests the possibility that a threshold for exciting a new microturbulent 
mode was exceeded as 0 approached 0.2%. G' , rTi perfect control (i.e. constancy) 
of all other dimensionless parameters in the 0 scan, one would conclude that 0 was 
causally related to the threshold and to the increased transport. Naturally, the 
other dimensionless parameters were not perfectly constant throughout the scan, 
so an inference of a "^-scaling" of transport from the /3-scan presumes that small 
variations in the other dimensionless parameters cause only small variations in the 
transport. If the controlling transport mechanism involves a threshold, above which 
transport increases rapidly, then small variations in the applicable dimensionless 
parameters would result in large increases in transport. This would frustrate mebi> 
ingful single-parameter dimensionless scans, since the required tolerance on the 
other dimensionless parameters would be difficult to achieve experimentally[10]. 
A particular consideration for the plasmas in the 0 scan is their proximity to 
the threshold for driving ITG turbulence (tjj ~ 1 — 2.5, with a weak trend -
comparable to measurement uncertainty - toward increasing rji with increasing 
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/?). However, rapid increases in transport axe not observed when high-temperature 
TFTR plasmas are transiently pushed well beyond the threshold for driving ITG 
turbulence[20,21]. This result suggests that the small variations in ^ which oc
curred in the 0 scan were not responsible for the observed factor ~3 increase in 
transport. It remains to be established whether or not some other threshold was 
exceeded as 0 approached 0.2%. Data from 0 scans in other plasma regimes would 
be particularly helpful in addressing this issue. 

4. Comparison with RLW transport model 

L-mode confinement in JET has been successfully modelled with the Rebut-
Lallia-Watkins critical temperature gradient model [22]. When cast in terms of 
nondimensional parameters, RLW is fundamentally a gyroBohm confinement model[5] 
and therefore we expect the systematic trends of the p* scans to be at variance with 
the RLW model predictions! To provide the most definitive comparison, tempera
ture profiles in the p", v', and 0 scans have been predictively simulated in steady-
state using the model's transport coefficients. The heating and particle source 
profiles, particle fluxes, and q(r) were calculated by the time independent data 
analysis code SNAP[23] using the measured density and temperature profiles, Zefr. 
beam and wall neutral source rates, and other diagnostic information. The current 
profile calculation assumed equilibration with neoclassical resistivity and included 
small contributions from the beam and bootstrap currents. The RLW tnermal 
diffusivities, ion-electron power coupling, and convection (fy-conv = f i j l j ) were 
evaluated self-consistently using the predicted temperature profiles. (Additional 
simulations for which the particle flows were calculated from the model prescription 
Dj = 0.7xi and the measured density gradient generally predicted temperatures 
that differed from the measured temperatures by a slightly greater amount than 
simulations which used the particle fluxes determined from SNAP's par' '• source 
calculations). 

Figure 7 compares the calculated and measured temperatures at a central 
position (r/a = 0.2) near the sawtooth inversion radius, which avoids uncertainties 
introduced by the time-varying q(r) profile inside the sawtooth region. As expected 
from the gyroBohm character of the RLW transport model versus the inferred 
Bohm behavior of the measured transport, RLW overpredicts the temperature 
improvement expected with increasing BT in the low-density p' scan by about 30% 
for both ions and electrons as p*\s decreased a factor of 1.8. The RLW model 
is quite successful in predicting the observed electron temperature profiles in the 
0 scan (within 10%), but systematically underpredicts Te by up to 30% in the 
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v* scan. Overall, the RLW model is considerably less accurate in predicting T, 
than Te in these scans. The ratio of calculated to measured Ti(r/a = 0.2) varies 
by almost a factor of 2.5 across the scans (from 0.66 to 1.63). Note that some 
of the discharges with significant differences between measured and calculated 
Ti were accurately predicted in Tc, suggesting that the experimental Xi/x<s has 
parametric dependencies which are not incorporated into the RLW model [which 
uses ( X i / x = W = 2 ^ 7 T ^ | _ ] . 

5. Summary and Projections to ITER 

Scans of dimensionless parameters p', u', and 0 have been carried out in 
TFTR L-mode plasmas to elucidate the dependence of transport on each variable. 
Our principle findings are that local confinement in TFTR exhibits a Bohm-like 
scaling when collisionality and 0 are held nearly fixed and that the measured 
Bohm-normalized power flow does not depend on collisionality. This implies that 
transport is dominated by long-wavelength fluctuations which scale with system 
size[5]. A subsequent study of transport scaling with 0 has observed a substantial 
increase of x w ^ h 0 at fixed p* and v*, beyond the ~ 0* dependence implicit in 
Bohm transport. The magnitude of the increase in transport is of approximately 
the correct magnitude to reconcile a Bohm-like scaling of local thermal diffusivity 
with ITER-P scaling of global TE- However, the functional dependence of Bohm-
normalized heat flow with 0 appears to differ from a simple power-law, and may 
involve thresholds in 0 or other nondimensional parameters. 

Since the TFTR p' scans are adequately described by Bohm scaling of local 
heat transport, it is useful to consider what Bohm scaling predicts for the per
formance of future devices ITER (Technology Phase) [24]. Ttble 3 describes an 
extrapolation to ITER from two H-mode discharges in JET and DIII-D notable for 
their high nd(0)Tj(0)T£ values, at constant v', aspect ratio, and elongation. Since 
a strong confinement sensitivity to 0 was observed in the TFTR L-mode 0 scan, 
it is essential that the extrapolation be performed at constant 0 also. Ignition 
requires nd(0)Ti(0)TE > 60 (10 M m- 3 keV sec). ITER just does attain it under 
Bohm scaling. GyroBohm extrapolations for TE and nd(0)Ti(0)T£ would be more 
favorable by factors of the inverse p'-ratio, which has a large value ( l/p*-ratio ft: 3-
5) for ITER. Since the Rebut-Lallia-Watkins transport model is a particular form of 
gyroBohm scaling, a similar, favorable ignition margin Q (close to 4) results from 
RLW scaling for the JET extrapolation. The Bohm-scaled projections of TE for 
ITER correspond to the ITER-P L-mode TE scaling expression[25] with a multiplier 
of 1.9 for the DIII-D-scaled discharge and 2.5 for the JET-scaled discharge. 
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Scan Shot BT I„ ne T«(0) p'(0) i/™» &„(%) Pi, T£ ZeS 

P' 
(low n e) 

50921 
50904 
50911 
52504 

2.14 0.89 1.8 3.6 
2.86 1.19 2.7 4.3 
4.22 1.78 4.5 4.2 
4.76 1.98 5.2 5.2 

0.0070 0.05 0.55 
0.0057 0.06 0.49 
0.0038 0.06 0.47 
0.0038 0.06 0.46 

4.7 71 2.4 
7.3 81 2.1 
17.6 81 2.4 
22.7 78 2.3 

(high nc) 
56280 
56289 
56306 
56311 

1.42 0.59 1.6 1.8 
2.14 0.89 2.9 2.4 
3.55 1.48 5.3 3.4 
4.76 1.98 7.3 4.1 

0.0075 0.09 0.55 
0.0057 0.09 0.53 
0.0041 0.12 0.40 
0.0034 0.10 0.36 

2.2 86 1.2 
4.3 94 1.5 
12.3 80 1.6 
20.1 81 1.6 

V* 50890 
52527 
50903 
50862 

1.43 0.59 2.1 1.7 
21.5 0.89 2.3 2.8 
2.86 1.19 2.2 4.5 
3.55 1.48 2.5 5.8 

0.0072 0.19 0.55 
0.0063 0.08 0.51 
0.0059 0.05 0.65 
0.0053 0.04 0.71 

2.2 81 1.8 
4.3 74 2.7 
9.6 74 2.7 
12.0 66 3.9 

Table 1: Plasma conditions in the p* and v% scans. 
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Shot Bt 4 0f"(%) «T €4/2 r„ Shift ft n e T„(0) r'E

n TJTt p* !/*rn 2* 
66638 
64817 
65012 
64964 
64305 

3.28 1.39 0.097 0.108 
3.80 1.59 0.18 0.201 
4.07 1.70 0.24 0.279 
4.33 1.81 0.32 0.416 
4.59 1.92 0.45 0.516 

0.66 0.24 0.09 
0.65 0.22 0.09 
0.63 0.22 0.11 
0.60 0.21 0.12 
0.60 0.20 0.13 

0.0 1.5 3.1 307 
2.4 2.0 3.3 203 
6.8 2.6 4.4 126 
13.3 3.2 5.2 112 
23.5 4.7 5.7 98 

1.53* 0.0028 0.036 1.42 
1.17 0.0028 0.046 1.5 
0.92 0.0027 0.049 1.8 
0.90 0.0026 0.036 1.5 
0.81 0.0026 0.064 1.7 

Table 2: Plasma conditions in the 0 scan. r 3t is the sawtooth inversion radius 
measured by a soft x-ray camera. &/2 is the plasma inductance inferred from 
diamagnetic and equilibrium measurements. Shift is the Shafranov shift computed 
for the plasma equilibrium, p' and Te/T{ are evaluated at r/a = 0.5. *In ohmic 
discharges T1 (r) was determined from a transport simulation using a neoclassical 
model for \i matched to the measured neutron emission. 
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TOK B R a Ip Tlda r " Tu, T„ UiTioTE K Zts 0 Power p* 
T m m MA lO^m" 3 sec keV keV MW ratio 

DIII-D 2.1 1.7 0.62 1.6 0.85 0.24 6.5 5.5 1.3 2.1 1.2 0.041 9.1 1.0 
ITER 4.85 6.0 2.15 12.6 1.7 2.5 17.2 14.6 73 2.1 1.2 0.041 192 0.20 
JET 2.8 3.1 1.0 3.0 0.8 0.81 9.5 10.0 6.1 1.9 1.3 0.012 7.5 1.0 
ITER 4.85 6.0 2.15 12.4 1.3 3.5 17.7 18.6 83 1.9 1.3 0.012 52 0.37 

Table 3: Bohm scaling of DIII-D and JET results to ITER ITER parameters 
are representative of the technology phase. Ip has been scaled according to lp « 
Bca?/R. Tokamak data are those of DIII-D pulse 72220 and JET pulse 22490. 
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Figures 

Fig. 1. Dimensionless parameters in the low-density p* scan. 

Fig. 2. Normalized power flow in the p* scan, showing that the relative variation 
of transport is better described by Bohm than by gyroBohm scaling. 

Fig. 3. Bohm-normalized heat flow versus minor radius for 4 discharges in the v' 
scan which span a factor of 5 in v* at constant p* and 0. 

Fig. 4. Dimensionless parameters for the 0 scan. 7]c is plotted in preference to T̂  
because it suffers from less statistical scatter (17,. a 7/i). 

Fig. 5. (a) Global thennal energy confinement time for the 0 scan calculated from 
density and temperature profile measurements. There was good agreement 
between kinetic and magnetic measurements of Etot except for the plasmas 
at 0r = 0.18% discharges, for which the kinetic analysis reproducibly yields 
larger stored energies than magnetic analysis. Error bars represent the differ
ence between the kinetic and magnetic measurements, (b) Normalized power 
deposition profiles for plasmas in the 0 scan. 

Fig. 6. Bohm-normalized heat flow at three minor radii as a function of volume-
average toroidal beta. 

Fig. 7. Comparison of measured temperatures to those calculated by the RLW 
transport model for the p* and 0 scans at r/i = 0.2. 
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