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Abstract

Based on the ITER edge database, comparisons among the major tokamaks (ASDEX, ASDEX-Up, COMPASS-D,
C-MOD, DIII-D, JET, JFT-2M and JT-60U) with respect to systematic SOL-width behavior are presented in terms of
free-form regression analysis for /4, and Ar,. Emphasis is placed on OH-L plasmas as this data is most abundant and
coherent. Despite differences in size, wall-conditioning and divertor configuration, broadly similar trends are found in
the regimes of low- and high-recycling and partially-detached divertor operation. In the low-recycling regime all ma-
chines appear to underlie a size scaling: 2, (min), A7, (min) ~ const.(surface area/l,)"’. Operation at high q95, high
densities with respect to the Greenwald limit, or high powers leads to SOL widths considerably in excess of the values
indicated by this simple scaling, and are documented in the form of machine-specific or machine-group-specific
parametric expressions. For ELMy H-modes there is a general, but not universal, trend of smaller 4,, and 17, being
associated with higher core confinement. On ASDEX-Up the SOL pressure e-folding length can vary as n I; 2 for
ELMy H-modes. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction theory or 2D fluid codes, parallel approaches are to at-

tempt either an empirical extrapolation, or at least to

The efficacy of ITER with respect to power handling
and particle control depends on how well the divertor
and divertor baffles have been optimized with respect to
properties of the SOL, i.e. with respect to the power
decay length in the divertor and to falloff lengths of the
density 4,, and temperature Ay, in the SOL. Since ITER
SOL performance cannot yet be reliably predicted from
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delineate an operational region, based on the charac-
teristics of present day tokamaks. At the same time one
may hope to elucidate underlying physics via inter-ma-
chine comparisons, and to motivate further, more de-
finitive experiments. To these ends a multi-machine SOL
database has been assembled, consisting of ASDEX,
ASDEX-Up (AUG), DIII-D, C-MOD, COMPASS-D,
JET(Mk O-I-1I), JFT-2M and JT-60U. Of the 2137 time
slices in the ITER edge database, 1128 are dedicated to
SOL-width studies, of which 1/3 are H-mode. A signi-
ficant fraction of these points have been discussed in the
past on a machine-specific basis [1-4], as well as between
machines [5-7]. This paper deals specifically with widths
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of temperature and density profiles, measured in the
SOL outside the divertor and flux-referenced to the
outer midplane. Companion papers address the topics of
separatrix density n. [8] and power flux width at the
target plates [9].

2. Database parameters

Whereas the ELMy H-mode is the projected mode of
operation for ITER, most of the coherent data within
the database is for OH-L conditions. Table 1 lists ma-
chine parameters for the OH-L scaling studies below,
along with an ITER reference set. ASDEX has a circular
plasma (x = 1) with a closed double-null (DN) divertor
operated sequentially with open and partially closed
bypasses as well as wall conditioning by carbonization
and boronization [4,10,11]. COMPASS-D, JET, JFT-
2M and JT-60U have SN open divertors with ‘hori-
zontal’ target plates, AUG and DIII-D are closed SN
(horizontal plates), C-MOD is closed SN with closed
bypasses [3] (vertical target plates). For the selected
dataset the ion-grad-B drift direction is towards the x-
point for all SN machines except JET. With the excep-
tion of COMPASS-D and JFT-2M, SOL widths asso-
ciated with Py > 1.3Pyy (H-mode power threshold
~ n®BI1509%) are not considered. Further dataset re-
strictions for OH-L analysis are: only deuterium dis-
charges with no impurity puffing, and no time slices
where the H-factor seemed too high with respect to
other points of a particular machine.

A description of the entire SOL profile in terms of an
exponential falloff width does not always suffice, and the
definitions of ‘width’ are not uniform within the data-
base: ASDEX [12,13], AUG [14], and JT-60U [1] ob-
serve a steep SOL gradient near the separatrix followed
by a flatter region, but it is usually possible to expo-
nentially fit the profile beyond the 1/e point, and the
value does not depend critically on the separatrix posi-
tion. DIII-D uses the local gradient at the ‘separatrix’ of
the Tanh fit [8] to define the SOL width. C-MOD finds a
continually decreasing gradient with increasing distance
from the separatrix, which is related to the local 7. [3];
here 4,, and Ay, are given as integrals out to the 1/e point
and normalized such as to permit comparison with
simple exponential fits. Widths so defined for C-MOD
are necessarily larger than the local gradient at the
separatrix, and may yield different scaling relationships
than those based totally on localized quantities.

The separatrix temperature T is a leading quantity
in characterizing SOL widths, and thus the exact posi-
tion of the separatrix is of great importance. Within the
database, four different methods are employed to define
the separatrix: ASDEX, C-MOD, COMPASS-D, JFT-
2M and JT-60U rely on magnetic reconstruction,
sometimes code-benchmarked. Additionally, AUG cor-

rects many points by assuming classical electron heat
conduction along field lines in connection with Py, A7,
and T, [15]. DIII-D ‘regularizes’ the separatrix by
placing it 50% of the T, gradient length outside the Tanh
symmetry point [8]. JET uses electron pressure balance
along field lines between the midplane and divertor [16].
Due at least to the variety of approaches, potential un-
certainties exist in making comparisons among SOL
widths using n, and T.s on a multi-machine basis. In
Section 3, this aspect motivates the characterization of
SOL behavior using the global parameters n, and Py, as
well as local quantities.

3. Regression analysis results for OH-L

Table 2 summarizes OH-L regression analysis for 4,
and Ar,. These are divided into two subsections, classi-
fied as ‘high-recycling’ and ‘low-recycling’, whereby
high-recycling for the purposes of this paper is taken to
be the region for T, below the point where an increase
in SOL width with 7. just becomes apparent. (JFT-2M
is assumed to be totally in the low-recycling range.) High
recycling is properly defined as that regime where the
particle flux to the target plate increases non-linearly
with n.; however, such information is normally not
available within the SOL database, making it impossible
to precisely delineate high-recycling and partial detach-
ment regimes.

Choice of regression parameters is guided by what-
ever global and independent local quantities are neces-
sary to produce a satisfactory ‘free fit’ to the data.
However, the choice is not unique; in an exemplary way
in Table 2, different sets of parameters for the same
dataset are shown to yield equally good results. Hence,
T.s can often be replaced by n.. The Greenwald pa-
rameter negw = 101, /na ;> [17] is introduced as a
variable in the form n./n.gw. q95 in combination with r,
Riag OF Surea (~ K" Gpyin Rinag) 18 used, although the
connection length (~ «%7q95Ryn,e) does just as well on
occasion (not shown). Py, emerges as a more robust
parameter over the database than Py = Py — Prg.
Finally, as JFT-2M has no tabulated 7., values, inter-
machine comparisons involving JFT-2M necessarily
employ global quantities.

3.1. Regression analysis: ‘high-recycling’

From classical heat conduction along open field lines
one expects Az, to vary with electron temperature as
T*5 [18]. A strong inverse dependence of 17, vs. Te is
indeed apparent from Fig. la for AUG, C-MOD, JET
and JT-60 for T, < 50-60 eV, i.e. the high-recycling
regime. The JET data falls into two groups, OH and
NBI-heating, making it apparent that Py, as well as Ty
will be important in arriving at a parametrical descrip-
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Parameters of ITER edge database(OH-L): api, =minor radius, Ry., = radius of magnetic axis, Syrea = surface area, n. = line density
[m™3], negw = Greenwald density limit, 7. = separatrix density, P, =total deposited power, Pyu[W]=H-mode power thresh-
old=4.1 x 10* 5 [10°m3]"® 091599 y* — [(connection length from outer midplane to outer divertor)/(e-e mean free path)]

area’

Machine B, [T] e Pt
(# points used) Amin [m] I, [10° A] [10" m~3] [10® W]
v* min—-mean—max Rinae [m] q95 ne/Megw Pt/ P
Sarea [mz] nes/ne

ASDEX 1 1.8-238 0.8-55 0.12- 1.9
(196) 04 0.15-0.45

1.65 2.0-8.7 0.10-1.16
0.3-2.4-13 26 0.07-0.29
ASDEX-Up 1.65 2-3 2.5-9.6 0.47-2.5
(24) 0.5 0.58-1.0

1.69 3.1-6.2 0.2-0.78 0.35-1.2
5.3-19-42 39 0.23-0.81
C-MOD 1.63 2.8-7.9 6.7-30 0.51-2.7
47 0.22 0.45-1.1

0.68 3.3-5.1 0.13-0.45 0.38-1.4
9-24-68 7.7 0.5-1.0
COMPASS-D 1.6 0.8-1.85 1.3-5.8 0.08-0.69
(45) 0.18 0.11-0.22

0.56 3.0-6.2 0.08-0.40
0.2-0.9-2.6 5.1 0.08-0.21 0.8-3.5
DIIID 1.7-1.9 2.1 1.9-4.2 0.46-1.9
(14) 0.6 0.86-1.26

1.71 4.4-59 0.24-0.42 0.35-1.3
4.6-15-45 54 0.28-0.46
JET Mk I 1.74 1.5-34 2.5-5.6 1.26-5.4
(33) 0.9 2

2.96 2.2-49 0.31-0.70 0.2-1.0
4-15 -34 131 0.24-0.53
JFT-2M 1.35 1.25 1.4-3.8 0.16-0.67
8) 0.29 0.11-0.22

1.31 3.4-7 0.17-0.47 0.76-2.6
low? 18
JT-60U 1.41 2.1-4.0 1.2-43 3442
(25) 0.94 1.2-1.9

3.5 3.5-6.1 0.24-0.86 0.47-1.31
2.4-12-40 145 0.14-0.48
ITER 1.6 5 100
for ne =4-10" 2.8 20
& Tos =200 ev 8.14 3.1
v¥F=6 1000

tion of Az,. The high values of JT-60 are related to for-
mation of an X-point MARFE. In Fig. 1(b), 4,, is given
vs. Test Ay, 1s similar in behavior and magnitude for
ASDEX, AUG, JET and JT-60U. Above 50 eV (low-
recycling) both ASDEX and JT-60U increase with 7.
The lowest JT-60U points are at 2.1 T and P/ Py, > 1.
Since they may represent borderline H-mode behavior,
these points are excluded in further analysis.

High-recycling A7,: As listed in the Table 2, AUG,
JET, C-MOD (not shown) and the three machines
combined yield A7, ~ 7%, with a-values of 1.34 (JET) —
1.6 (C-MOD) - 2 (AUG), and 1.6 (combination),
meaning that all vary faster than expected from classical
parallel heat conductivity assuming an invariant y .
The combination scaling 47, = 0.0023 716295055 po#
803 (with a regression coefficient R =0.96) is plotted in

area
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Tes [eV] Ry @ (b)
0 20 40 60 80 100

Fig. 1. 2z, (a) and 4, (b) vs. Ti. (a) Az, not available for AS-
DEX. (b) For clarity only OH values given for ASDEX and
JET; L-mode points lie mostly 7.5 > 50 eV with /,, ~ 3-6 cm.
Most C-MOD points lie below 1 ecm: 4, (B; > 37T) is the same as
A1ys Ang(By < 3T) ~ 2-3 mm.

.01

Fig. 2a. Introduction of I, as a variable leads to a better
organization of points for C-MOD while maintaining
the ordering for AUG and JET: A=

e

35.3 1,.1%°q95%° ;%P 8387, R = 0.96 (not shown in
table). However, there is co-linearity between size and I,
(AUG=1 MA, C-MOD=0.5-1 MA, JET=2 MA),
and between P, and I, on C-MOD (only OH dis-
charges remain after selection process), rendering the
indicated I, dependence questionable. Nevertheless, as-
suming 7. =200 eV, ITER predictions of the two ex-
pressions are A, ~ 3.6 and 1.5 cm, respectively. For
AUG, /7, can also be brought into connection with the
Greenwald limit: Az, ~ (ne/necw)”> q95'2 PLO ie. with
similar exponents for q95 and P, — implying the ap-
proach to the Greenwald limit as (n./n.gw)">’ is equiv-
alent to 7,;%0.

High-recycling 4,,: As extant in Fig. 1(b) and Ta-
ble 2, /, increases with decreasing T.s more slowly for
ASDEX than either AUG or JET. It is likely that AS-
DEX, having a lower-recycling divertor, does not
penetrate as rapidly into the high recycling regime as a
function of T.. Nonetheless, large 4, for ASDEX
still emerge, partly because of higher q95 values (up

.06 - ATe [m] P - i

<o
044 (a) O % O |
.02 -
'/ ,%é ATe fit [m]

—l 1 1

.06{ Ane[m]

Fig. 2. High-recycling: (a) Arn = 0.00237102P2:44q950-555039,

(0) It = 2.4 x 1074 (ne/negw)*PL2q95" 2B 0. C-MOD
values not used in 4,, regression.

to 8.7). These machines can also be characterized using
ne/negw. The combined scaling is: 4, ~ (I’le/l’ler)OAﬁ
q95"13 P28 B-03 illustrated in Fig. 2(b). An interesting
aspect is any size scaling appears to be adequately con-
tained within negw ~ I,/na’;,. Using n. and the pa-
rameters k and R instead of n.gw yields:
Jon ~ 1P Q95O PEOBOTTRYS . The form is globally the
same in terms of ne, I,, B, and P, only now B ex-
plicitly appears more strongly. Keeping in mind the
moderate quality of the fit in Fig. 2(b) (and assuming 7./

negw = 0.6), 4,, ITER) ~ 0.07 m.
3.2. Regression analysis: ‘low-recycling’

Low recycling is loosely defined as being that where
T.s > 40-50 eV pertains. All of the data from COM-
PASS-D, and JFT-2M (it is assumed) lie here, a con-
siderable part from ASDEX and JT-60, and only
vestiges from AUG, C-MOD, DIII-D, and JET.

Low-recycling Ar,: Referring to Table 2, Ay, for JFT-
2M can be described as Az ~ q95°7. JFT-2M and
COMPASS-D  together yield: Az, ~ n;02q95068p%.10
B *®R07, which is also approximately the result for
COMPASS-D alone using these parameters (not
shown). Of interest is the negative density exponent, i.e.
Az, decreases with increasing #., just the opposite of that

observed in the high recycling regime. The combinations
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AUG, DIII-D and JET, and then including C-MOD, are
well represented (R=0.95). But, these fits must be re-
garded with suspicion, as the changes in parametrical
dependencies are radical in going from one group to the
other: the I, exponent alters from —0.6 to 0.7 and Sy,
from 1.27 to 0.36! Finally, combining all machines leads
to: Az, = 42.6x ' HSp007 (ITER prediction=0.015
m), shown in Fig. 3a. C-MOD, COMPASS-D, DIII-D,
JFT-2M and JT-60U are reasonably compatible with the
fit. JET lies above the curve — perhaps understandably,
as even these low-recycling points are in the rollover
regime (i.e., where the target plate particle flux no longer
increases with n.) [2]. However, there is no apparent
reason for the AUG values being a factor of two too
low.

Low-recycling ,,: The next six lines of Table 2 ana-
lyze 4, for ASDEX, COMPASS-D, JT-60U, and com-
binations thereof in terms of 7. 4,, for ASDEX and JT-
60U increase moderately with T, [2,11]. The exponent
of T, for JT-60U changes from 0.5 to 0.25 when B, is
substituted for q95 — which also produces a better fit
(R=0.74 vs. 0.94). COMPASS-D has a T, exponent of
0.55 (also positive), with field dependence of B 4.
However, introducing the separatrix density n. as a
parameter leads to 4, ~ 723'q95%7n_ 0, R=0.85, (not
shown), i.e. the explicit B, dependence vanishes. Re-
moving T, from the regression leads to a best fit [5]:
g ~ Q95045 BO-22p 043 P02 R=0.86 (not shown), i.e.

tot
with a positive B, exponent. Evidently, the interdepen-

.06

O auc ¥
/A c-MoDp

1 comp-D
X Dp3p

O IET_MKI
X JFT2M

@ JT-60U

Ane fit [m]

T T T T
0 .02 .04 .06
Fig. 3. Low-recycling: (a) Azm = 42.51°7' 858 1712, JT-60U
(2.1 T) excluded; (b) Az = 1.04P%72q95" 1 072858 kM.

area

dencies among n.s, Tes and B, lead to superficially con-
tradictory results contingent on the chosen combination.
The grouping ASDEX/COMPASS-D, and then with JT-
60U added, reproduces the scaling for ASDEX alone,
with a weak B %2 factor originating from COMPASS-
D. The size scaling necessary to bring the first group into
cohesion is S%:3¢, but adding JT-60 leads to the replace-
ment of S%3 with x~19.

For purposes of contrast and in order to facilitate
comparisons with JFT-2M, analysis is continued using
ne instead of Tu. 4, (ASDEX) ~ q95%6n_018p0-1p03,
Combining COMPASS-D and JFT-2M  yields
Ane ~ q95072n 026R0CE " R —0.95 (not shown), about the
same as for COMPASS-D alone. This size scaling is
maintained: 2,, ~ RS for ASDEX/COMPASS-D/JFT-
2M.

Again, the set AUG/C-MOD/DIII-D/JET can be
ordered nicely for 4, , with the same reservations as for
A1, The combination q95*%B;%%¥ indicates I, is the
relevant parameter (since q95 ~ B,/I;,). The entire da-
taset, excluding JT-60, can be expressed as 4, =
90.9n;0103q950157-061 P24y 0S6RLI3: or replacing Ry

with Syrea: Ay, = 1.04q95°-11150-72110-3%0-”33;33 (Fig. 3(b)).
For ITER (at ne/n.gw =0.6) both predict 4,, ~ 0.04 m.
Note, as with Az, the factor (Sye, /1},)0'7 stands out as an
important quantity. In Fig. 4 the entire OH-L database
is plotted Vs.lO.S(Sarea/lp)m, the 10.5 being the factor
necessary to define a line just underneath all points. This
expression reliably delineates, except for C-MOD, a
minimum /4, -scaling for all machines. Thus high current
densities are synonymous with small SOL widths, with
the actual experiment widths depending on all the fac-
tors elucidated in Table 2.

1 1 ] .I 1
.08{ Ane[m] o +|
o« ASDEX
O AuG
06 1 A cmop o 3 i
{1 comp-D ')
X D3D
041 O JET_MKI zg i
X X
.024{® -t
0 10.5 (Sarea/lp)0-7 |

0 .005 .01 .015 .02 .025

Fig. 4. 7, v8.10.5 (Sarea/I,)*”. All OH-L points, excepting JT-
60U at 2.1 T, are plotted. This expression describes the lower
boundary of each machine, whereas the vertical spread is de-
scribed by the machine-specific expressions of Table 2.
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4. Regression analysis H-mode

There are 360 time slices with an H-mode label in
the SOL database: AUG (118), C-MOD(20), DIII-D
(209), JET MKI (2), JET MKII (7) and JFT-2M (4). Of
these, only a subset of the AUG data (46) contains a
parameter scan in I, and n. with a meaningful re-
gression. DIII-D is unique in that 4,, (8.6 £ 3.6 mm)
and Az, (5.2 £ 1.5 mm) do not appear to underlie any
systematic trends. There are too few points for JFT-
2M: 2, (12.7 £ 1.9 mm) and Az, (no values). None-
theless, many machines do share common qualitative
tendencies: With impurity- or increasing gas-puffing,
the SOL becomes broader and confinement decreases,
i.e. the best confinement and shortest SOL falloff
lengths generally occur for discharges with no external
neutral fuelling beyond that provided by the neutral
beam heating. On JET this behavior is clearly associ-
ated with an increase in ELM frequency vgry and a
change from type I to type III ELMs [19], whereby the
SOL widths exhibit a direct correlation with vgry and
puff rate [20].

Restricting the AUG H-mode dataset to discharges
with no impurity puffing, D, gas puffing <10?*/s and
2.5 T, the electron pressure e-folding length varies as: 4,
—9728. 10—9’1;.03:&0.131;1.96:&0.2(Pwt _ Przld)—0.410.07 (Flg 5)
P alone works as well as Py — Pq; however, Py
= Pt — Pradcore 1S @ poor fitting parameter. Here, the
pressure width is addressed as it is known the pressure
gradient on closed field lines, from the pedestal out-
wards, often comes close to a critical gradient which
scales as Ig [21]. The result is consistent with an exten-
sion of this gradient into the SOL. To be complete:
/1Te —35. 10—6n3.9210.181—1.79i0.27 (Ptm _ Prad)70-63i0-09, R
=0.79 and 4, =1x 10‘1°n;"110'131;2'2510"6, R=0.9.
The absolute numbers are: 4,, [13.5-22.4-39.2 mm] and
Az, [5.4-10.5-19.2 mm)] [min—mean-max].

On C-MOD: 2,,[1-2.9-8.4 mm| and A7 [2-6.8-18
mm)]) one finds: /"an =1.61- 1010 7;1.49ir0.35pt;t1,6210.67’

+O Pl

+ N

k2 + (_'6 I

<+ S -
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/@"' i
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0 .002 .004 .006 .008 .01 .012

Fig. 5. J,fit = 9.3 x 10001 2% (P — Pug) "' AUG ELMy
H-mode scaling for: 2.5 T, no impurity puffing, D, gas puff
<10%/s.

R=0.91. Interestingly, the smallest SOL widths occur
for cases where Py /Pot < 0.4 and Praq/Piot ~ 100%. For
JET (MKII), due to D,- and impurity-puffing the fol-
lowing ranges result: 4, [4.2-17.4-38 mm)] and A7, [5—
21-32 mm].

5. Discussion

Within the OH-L dataset it transpires that for ma-
chines with high recycling divertors both 4, and /7,
increase as 11;6212372) (for Tis < 50-60 eV usually). From
classical heat conduction along open field lines one ex-
pects Az, ~ T3, The magnitude of the exponent in
excess of 0.8 can potentially be interpreted as y,, ~ 7.
— as has been done in the past on the basis of local
analysis within the SOL [3,22]. Also, 2D fluid code
analysis of the JET divertor plasma for hot-ion H-modes
dictates an increase in y, L moving away from the sep-
aratrix (falling 7;) in order to match the 7, profiles [23].
On the other hand, a concomitant augmentation of 7, is
not expected per se as T.s decreases. Naturally, for a
highly-recycling divertor 4,  may be strongly influenced
by local ionization sources, leading to larger 4, . But,
B2/EIRENE code calculations for ASDEX under con-
ditions of low T did not predict any enhancement of /,,
[4], leaving room for speculation that D, ~ T.* (Tis <
40-50 eV) on ASDEX [24]. Finally, all machines exhibit
a positive dependence on Py, regardless of regime,
which might indicate an enhancement in perdendicular
transport with Py,. Classically one expects Ay, ~ Pl;f /2
[18].

For low recycling, most machines demonstrate 4,, ~
702505 or p (0103 (je.positive and negative expo-
nents) just the opposite of high recycling. On ASDEX
such behavior was shown to be consistent with per-
pendicular transport via ExB-driven turbulent flux[25].
Other suggestions have been advanced for COMPASS-
D [5-7].

Clear trends exist in the ratio 4, /A7, over the range
high T.;—lowT,. The ratio remains constant for open-
divertor machines: COMPASS (0.78 * 0.16), JFT-2M
(0.52 £ 0.05) and JT-60U(0.61 £ 0.08). Otherwise:
AUG(2.15+0.5->0.8) C-MOD (1.02+0.42->0.2
—0.5), JET(OH: 1- > 0.5; NBI: 2—- > 0.6), i.e. the latter
machines tend to 4, /Ar, ~ 0.5 at the lowest T.

The implied B, scalings in Table 2 depend strongly
on the choice of regression parameters. COMPASS-D is
a case in point (Section 3.2), where B, appears either
with a negative or positive exponent, or not at all, de-
pending on use of T, 1, or both within the Ansatz.
Using T, and ne to describe 4, on C-MOD, B, needs
not be invoked explicitly [3]. ASDEX has also reported a
lack of B, influence in the low-recycling range for 4,
when using T.s and q95 as regression parameters [11,24].
However, T,,(OH) ~ B** for ASDEX [4], and a weak B,
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dependence is present when 7. is selected as a fit pa-
rameter rather than T, as seen in Table 2.

The question of size scaling to ITER is critical, but
no universal rule has materialized. Presumably, the -
exponents of Table 2 are not significant, since (excluding
ASDEX) « varies less than 30%. The exponents for Ry,
and Sy are positive: RS or S04 %7, The most con-
vincing all-machine scalings are in the low-recycling re-
gime where (Syrea /IP)O'7 emerges as the dominate factor.
This leads to predicted minimum (OH-L) SOL widths
as: . (min) ~ 10.5(Syea /1) ~1 cm (ITER) and
g, (min) ~ 15(Syea/Ip)"" ~ 1.5 cm. 2 can be much
larger, depending on q95, proximity to n.gw or high P
(example, see Fig. 4).

In closing we note the free-form analysis of this paper
is of pragmatic use in identifying principle variables and
global trends. Perhaps more physics insight is attainable
by directly comparing (relative) model predictions
against the database [5-7,26]. At least problems of co-
linearities are avoided. An indication of probable diffi-
culties inherent in absolute scalings is the experience that
closing the divertor bypass on C-MOD reduced /,, by
about 40% at low T, without changing the relative be-
havior [3]. Finally, note that DIII-D has not entered into
the high-recycling analysis, as the data does not appear
to underlie any system, in contrast to dedicated SOL
experiments of the past [27].

6. Summary

Based on the ITER edge database, comparisons
among all major tokamaks with respect to systematic
SOL-width behavior have been effected in terms of re-
gression analysis for /, and Ar. Phenomenologically,
the analysis is divided into two OH-L regimes: high-re-
cycling (Ts < 40-60 eV) where widths increase rapidly
with decreasing 7., (ASDEX, AUG, C-MOD, DIII-D,
JET, JT-60U) and low-recycling where variations are
more subtle (ASDEX, COMPASS-D, JFT-2M, JT-
60U). For high recycling one finds Ar ~ 7 (32
q950614) pO309) 1 alternatively, g, ~ (ne/negw)" "
qo5(0412) po3,

For low-recycling the ordering is roughly Az ~
(Surea/1p)"" and 2, ~ (Surea/I5)"” q95°1" P22 ASDEX,
COMPASS-D and JT-60U exhibit a relationship 4,, ~
T%? (i.e. positive exponent) in contrast to the high re-
cycling regime. The baseline behavior for all machines is
reasonably described as: Ay, (min) ~ 15(Sm.ea/lp)0'7 and
A, (min) ~ 10.5(Syrea /Ip)m. The emergence of Syre./I,, as
a size-scaling factor intimates a link to the quantity
I,/(md%,,), i.e. the largest SOL widths are associated
with the smallest Greenwald limits. For ITER(OH-L)
the predictions are: 4,, (min) ~ 1 cm and Az, (min) ~ 1.5
cm. Larger values will attain for higher q95, Py, or
approach of n. to the GW limit, as discussed above.

The modus operandi of ITER — the ELMy H-mode —
cannot be adequately addressed within the existing da-
taset. It is broadly true the highest confinement and
smallest SOL-widths are achieved with ‘natural NBI
fuelling’, i.e. with no gas puffing. Attempts to augment
n. by puffing often lead to higher ELM frequencies, re-
duced confinement and larger SOL widths. DIII-D is an
exception, where the SOL seems impervious to change,
regardless of conditions. For AUG the pressure e-fold-
ing length can vary as 7, ~ nel; 2. Such behavior mirrors
that expected for edge pressure gradients (on closed field
lines) limited by ideal ballooning modes.

This study succeeds in illuminating trends. However,
it also underlines the necessity of additional dedicated
experiments if inter-machine physics understanding and
believable extrapolation to larger experiments is to be
properly served. Specifically, coherent SOL data for
ELMy H-modes is particularly dearth.
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