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The intermittent turbulent transport in the scrape-off-lay&OL) of Alcator C-Mod [I.H.
Hutchinson, R. Boivin, P.T. Bonokt al, Nucl. Fusion41, 1391(2001)] is studied experimentally

by imaging with a very high density of spatial measurements. The two-dimensional structure and
dynamics of emission from a localized gas puff are observed, and intermittent feélses
sometimes called “filaments” or “blobs)’ are typically seen. The characteristics of the spatial
structure of the turbulence and their relationship to the time-averaged SOL profiles are discussed and
compared with those measured on the National Spherical Torus Expefikie®no, S. M. Kaye,

Y.-K. M. Ponget al, Nucl. Fusion40, 557 (2000]. The experimental observations are compared
also with three-dimensional nonlinear numerical simulations of edge turbulence. Radial profiles of
the poloidal wave number spectra and the poloidal scale length from the simulations are in
reasonable agreement with those obtained from the experimental images, once the response of the
optical system is accounted for. The resistive ballooning mode is the dominant linear instability in
the simulations. The ballooning character of the turbulence is also consistent with fluctuation
measurements made at the inboard and outboard midplane, where normalized fluctuation levels are
found to be about 10 times smaller on the inboard side. For discharges near the density limit,
turbulent structures are seen on closed flux surfacef0@8 American Institute of Physics.

[DOI: 10.1063/1.1564090

I. INTRODUCTON picture of the SOL transport and its implications on main

chamber recycling? divertor operation, and possibly den-

Evidence for intermittent convective radial transport in sty limits.”® Typically, detailed measurements of the turbu-

the outboard scrape-off-layetSOL) of tokamaks has ex- lence have come from single point or multipoint probe or
isted for a number of years* Recently, studies aimed at optical measurements in the outboard SOL, and they gener-

investigating this phenomenon have yielded a much clearedlly show very strong evidence for intermittent, convective
particle transport there, leading to the nearly flat temperature

apaper KI2 1, Bull. Am. Phys. Sod7, 182 (2002. and density prqfilgs observed in thg far-SOL of many de-
nvited speaker. vices. The statistics of the fluctuations are strongly non-
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FIG. 1. (Color) The time-averaged image b, brightness from the gas puff  FIG. 2. (Color) Four consecutive “normalized” images calculated by divid-
on the outboard midplane. Thésection is the plane perpendicular to the ing each 2us snapshot by the time-averaged image. Two large-amplitude
local field. Also shown are the separatrix, the projection of the outboardfluctuations—blobs—are seen in the first image. Each of the other three
limiter, and the rectangular box inside of which thg, spectra and. ,, are images shows smaller amplitude structures existing primarily outside the
calculated. The poloidal variation in the average image is due to the poloidadeparatrix, as well as emission “holes,” where the snapshot emission is less
distribution of the gas puffed from the nozzle, whose location is also shownthan the average. The scale shows the emission relative to the average.

Gaussiar’;° with positive skewness and kurtosis, and theses. A new technique designed to study the detailed spatial
large amplitude events can be responsible for large fractiongtructure of the turbulence has recently been devel8péd,
of the cross-field particle and heat transp8itinderstanding  yielding additional information that can be directly compared
the physical causes and mechanisms of this intermitterwith edge-turbulence modeling. In Alcator C-Mod and in
transport is important since it can dominate the scrape-offNSTX the edge/SOL turbulence is imaged vs time with a
layer transporf:®!! Indeed there appears to be avery high density of high-resolution  spatial
“universality” > to the intermittency that extends to measurement&~2%in addition to being studied with probes.
stellarator$® and even linear devices. The two magnetic con-This paper will give the experimental details and results from
finement devices reported on here, Alcator C-Mod and NaAlcator C-Mod and a comparison with NSTX results. The
tional Spherical Torus ExperimefiSTX) as well as other detailed NSTX results will be given in a subsequent paper.
tokamaks:*~1¢ exhibit many qualitatively similar features, The imaging is accomplished by viewirigarallel to the
e.g., large, intermittent events, high levels of SOL turbu-local field) line emission from a localized gas puff. Since the
lence, non-Gaussian turbulence statistics, and poloidal anigirbulence is known to have relatively long parallel wave-
radial motion of localized features. Yet the SOL plasmas inengths and to be closely aligned with the field, the gas puff
these devices are different in many respects, eBy., provides spatial localization of emission in the parallel di-
Nei/Lc, ps, gradient scale length. It is the purpose of thismension and allows high resolution images in the dimen-
paper to report the experimental observations from C-Mogsions perpendicular to the field. The detailed 2D structure
and to compare the experimental results with those of NST»and dynamics of the emission are then measured using gated
and with three-dimension#&BD) nonlinear simulations of the (0.5 to 10us) and high frame-ratéup to 1 MH2 cameras,
edge plasma in hopes of understanding the physical mechéltered for line emission from the puffed gas {Dr He).
nisms responsible for the observed turbulence. More details and a schematic of the setup on C-Mod are
given in Ref. 22. The NSTX system is discussed in Ref. 23.
An example of atime-averagedemission pattern is
shown in Fig. 1. The field-of-view is shown as the6
Although some investigations of the extended spatialx6 cm diamond shaped region and is centered near the typi-
structure of edge turbulence have been carried'@dtin-  cal separatrix location at the outboard side of the tokamak,
cluding direct imaging of the density fluctuations using beam2.5 cm below the midplane. Regions both inside and outside
emission spectroscopBES),*>1%2%the majority of investi- the separatrix and in the shadow of outboard limiters are
gations of edge turbulence have utilized localized probesyiewed. The atomic physics “windows” the average emis-
and much of the present understanding of the turbulent transion region, limited on the hot side by ionization and on the
port and statistics come from probe measurements and analyall side by lack of excitation. However, individual images

Il. EXPERIMENTAL IMAGING OF TURBULENCE
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TABLE I. Comparison of quantities characterizing SOLs of spetifimode 1029
plasmas, evaluated at the outboard midplane. In the C-Mod cases the evalu- ~
ations are made gi=6 mm; in NSTX atp~1 densitye-folding length

—"high* field ]

4
L4

]
:h "low" field &
outside the separatrix. X N 12
§ O\
C-Mod C-Mod — 8l v 12
*high” field “low” field NSTX Z “ Seo IE
(No. 1020919006 (No. 1020919016 (No. 109033 -~ I “*..__ %
C(D : ----- -...~ :
B3O 45T 21T 0.25T 19 | Ng
I 1.0 MA 0.45 MA 0.9 MA o l EE
Ne 1.4x10° m™3 2210 m™3 6x10¥m=3 ! 18
Te 23 eV 22 eV 13 eV : §
Lpe™® 4 mm 5 mm 30 mm ! 1z
ps 0.15 mm 0.32 mm 2 mm . L e NR
L. 5m 5m 5m -5 0 [ 10 15 20
L(r)esist ball ~3mm ~7mm ~10 mm P (mm)
turb
~7 ~10 mm ~40 mm
I;p"' Nlomn; 10 us 40 us FIG. 3. SOL density profiles for the two cases discussed, as measured by an
IS”M%;I"" 40(;‘/:) 4052 40(;1/2 outboard reciprocating probe locatedLO cm above the outside midplane.
sat /!sat -~ -~ -~
Mei/Lc  0.09 0.06 0.07 _ _
B 1x10°5 9%x107° 1073 (Sec. V), we post-process the simulationa, T, results to

compute the emission, rather than trying to unfold the fluc-
tuating temperature and density fields from the experimental
images.
vary significantly from the average, and complex emission
patterns are typically observed. Some of the snapshots arltl: IMAGE ANALYSES
movies show isolated regions of strong emission. These are In order to analyze the images, the time-averaged emis-
almost certainly the large amplitude ion-saturation-currension is computed from a series of individual imagesg.,
and floating-potential events seen on probes. They have beéiig. 1), and the individual frames are then normalized by that
called striations, filaments, blobs, intermittent plasma objectaverage image. This yields images showing the fractional
(IPO9, and avaloids by different investigators and, as men<hanges from the time avera¢eg., Fig. 2. The normalized
tioned above, have been shown to be responsible for largenages are then analyzed to produce wave number spectra of
fractions of the perpendicular particle and heat transport. Théhe normalized fluctuations in the poloidal and radial planes.
blob designation comes from the appearance of the perturb#a addition, the poloidal autocorrelation functions are calcu-
tion when viewed in the cross section, along the magnetitated, and the poloidal autocorrelation lengths vs radius are
field. It is important to keep in mind that these fluctuationscalculated. The autocorrelation length serves as a simple
have relatively long, but finite(see Sec. Y parallel measure of the size scale of the turbulence and is defined as
wavelengthg. Although the blobs are evident in the raw im- that spatial translation for which the autocorrelation function
ages, they are even clearer in images made by dividing outecreases to 0.5. These analyses are done over the rectangu-
the average emission pattern. Four such “normalized” snapkar box shown in Fig. 1. No account is taken of the small
shots taken 17 ms apart are shown in FigiThe turbulence poloidal curvature of the flux surfaces within this box, i.e.,
is completely uncorrelated between these snapghdig  vertical is taken to be poloidal. This assumption has a negli-
blobs are clearly seen in the first frame. The other thregible effect on the experimental poloidal structure sizes, at
frames show features, including “holes,” mostly outside theleast for the structure sizes typical in the experiment, i.e.,
separatrix and with significantly smaller amplitudes. Notepoloidal correlation lengths-10 mm and ratios of poloidal
that the scale shows the emission relative to the average, i.eq radial correlation lengths:2.
a color value of 2 is twice the time-averaged image emission. We present here analyses of two discharges in C-Mod
“Wave-like” poloidal structures are also sometimes ob-(see Table ), a *high” field case with By=6.1T, I,
served. =1.0 MA and ny/ngw=0.2, and a “low” field case with
Obviously, when using this “gas-puff-imaging” tech- B=2.85T, 1,=0.45 MA, andn./ngy=0.45. (g is the
nique, the images are of line emission, not of quantities ofGreenwald density,p(MA)/[q-ra(m)z] in units of 1¢° m™3,
more direct interest, like density and temperature. Thevhere a is the minor radiug. The two different field
atomic physics that converts the density and temperaturstrengths mean that the ion gyroradii are differgnfin the
fluctuations into fluctuations in emission complicate theSOL is 0.15 and 0.32 mm, respectivelgs=cs/Q.;, where
quantitative interpretatioff-*® Nonetheless, the emission c,=(T./m;)%% i.e., the ion gyroradius evaluated with the
fluctuations are the result of fluctuations in the “back- electron temperatureThese discharges have approximately
ground” plasma, anchot properties of the gas puff. The the same edge safety factor and connection length. They
details will not be repeated here except to say that within thevere chosen to examine the scaling of the turbulence char-
“windowed” region set by the atomic physics, the emission acteristics with field anghg (a factor of 2.1 and with nor-
responds promptly to the fluctuations approximately asmalized density(a factor of 0.4. However, it is also worth
ngTﬁ with both « and 8 between 0.3 and 12.In our  noting that the collisionalityhe;/L, is 50% higher for the

e
guantitative comparisons with the numerical simulations‘high” field case. (A is the electron—ion mean free path

Downloaded 06 May 2003 to 198.35.7.140. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/pop/popcr.jsp



1742 Phys. Plasmas, Vol. 10, No. 5, May 2003 Terry et al.

12 frame-to-frame variation. Inside the separatrixl o is

smaller in the “low” field case, again with some overlap of
the error bars. Nonetheless, the trends and valuegp¥s p
found in these two discharges are reproducible in other dis-
charges with similar parameters. For example, the “high”
field case has little variation df,, with p and is similar in
that respect to the C-Mod discharge analyzed in Ref. 22,
which had similar plasma parameters. Nonetheless, the un-
certainties are large enough that clearly significant differ-
ences inL,, between the two cases are masked. A linear
scaling withpg is allowed, but is certainly not apparent.

In Figs. 5 and 6 are shown thg,, spectra from the
normalized images and the normalized levels of ion satura-
tion current, |21, (from probes$, both vsp. The ampli-
tudes(color scalg of thek spectra for the “high” and “low”
field cases are similar, indicating similar normalized levels of
turbulence, and consistent with the outboard probe data of
Fig. 6. Note, however, that because the density in the “low”

is the parallel connection lengifComparison of discharges fi€ld case is significantly larger outside pf-3 mm, the ab-
with differing normalizeddensities was chosen because ofSolute RMS fluctuation level is also larger. The falloff of
the possible link between edge turbulence and densitfourier amplitude A(k), with k outside ofp=0 is some-
limits.” Nonetheless, scaling with collisionality/density is What less steep in the *high” field case, consistent with the
also of interest, since transport in the near-SOL has beehpo COMParison, since q is proportional to WU kg™ . We
shown to depend on # The time-averaged SOL density Note that forp>6 mm in the high field case and over the
profiles at the time of interest for these two shots are showgntire profile in the low field case, amplitudes decrease
in Fig. 3. The profiles clearly have different SOL gradientsmonotonically withk, from the minimum measureki,, of

and different far-SOL densities. The perpendicular particle~1.3 cm * (ki ps~0.02—0.04). This minimum is deter-
fluxes are different as wel¢two times higher in the “low” mined by the poloidal extent of the analyzed image. For 0
field, shallower gradient caseShown in Fig. 4 are the re- <p<6 mmin the high field case there is an amplitude maxi-
spective poloidal correlation length. {,) vs p. [p is the ~ mum around 2 cm® (Koo ps~0.03). Measurements of edge
distance outside the last closed flux surféc€FS) mapped turbulence on the outboard side of the TEXTOR tokalak
along flux surfaces to the outside midpldn@utside p  also showed monotonically decreasing spectral power from a
~3 mm, the “low” field case has a somewhat higher corre-minimumk, of 0.1 cm 1. However, since measurements of
lation length(9—10 mm compared to 6—8 mralthough the  core turbulenc®**show maxima arounkle~ 1 cm* (with
difference is within the error bars for each measurementk,, ps~0.3), it is important to extend the measurements to
(The error bars are-1 standard deviation of the statistical lower k in the future.
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FIG. 5. (Color Experimentak,, spectra vy for the “high” field case(a) and the “low” field case(b). The color scaldfor Fourier amplitudgis as shown.
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0.6 = ' - - 1 (NLET)® in which time-averaged profiles were specified to
i L be those measured in the outboard SOL of C-Mod. The simu-
0'55_ :;‘) EL lation solves the Braginskii fluid equations for electrons and
b i kL ions in a 3D geometrynote \o;/L.<0.1). It includes dia-
A E ! 12 magnetic, magnetic shear, and toroidal curvature effects, and,
Boak ! Eb in the limiter shadow region, mimics the effect of open field
Y R4 EN lines ending on outboard limiters, the nearest of which is 1 m
%0_2; '/If = — high" ﬁeld_ii- away. A separatrix and X-pt are not included. The inclusion
PP = —=="low" fisld 3% of open lines ending at the divertor does not influence the
oakb i ig L results and implies that, in regions not in the limiter shadow,
! a.““"'ﬁ-\m-e.alf g the SOL tl_eruIence i_s not dri\_/e_n primarily by qute-Iik_e in-
0.0_; L L - - 25 stabilities in these highly collisional plasmas. Inclusion of

open field lines ending on the outboard limiters does alter the
shape of the simulation’® spectrum, indicating its impor-

FIG. 6. Normalizedl s fluctuations for the two cases discussed, as mea-tance in setting boundary conditions in the simulation. The
sured by the outboard reciprocating probe, and the inboard fluctuation Iev%|oba| discharge conditions used in the simulation are similar

as measured by another probe scanning through the inboard(&t2in Mt £ .
circles. The inboard fluctuation level is measured for the “low” field case to those of the “high” field case discussed abovBq(

and is discussed in Sec. V. Similar ratios between inboard and outboard 5.4 T, 1,=1.0 MA andn./ngw=0.23), but from a differ-
fluctuation levels are seen in the “high” field case as well. ent shot with different turbulence imag@sThe dominant

linear instability leading to the fully developed turbulence in

S f1h t dch teristics of th twthe simulation is the resistive ballooning instability.
ome of the parameters and characternstics of tNESe Wo A mper of quantities calculated in the simulation are

discharges are summarized in Table I. Overall, although th : : : : :
SOL density profiles and perpendicular fluxes are quite dif_ffompared directly with the experiment, e.g., the simulation

f t the diff in the turbul h teristi and experimental the time-averaged particle fluxes agree to
(—ggn + (e dliferences In the turbulence characteris &8 within about a factor of 2. However, a more rigorous test is
Tauocorn @Nd normalized fluctuation levedre not large. As

; . . to compare thé,, spectral shapes ys as is done in Fig. 7.
noted, the absolute fluctuation level is different. The detailsp, siraulation’gﬂ-sgectra are Pchosves expected D, Iig?ht
of another experimentd,, spectrum from C-Mod are com-

d with turbul ulati i th ¢ secti emission fluctuationgnormalized to the time averageak-
pared with turbulence simulations in the next section. ing into account the expected variation@f, emission with

ne and T.,%° and the simulation’s fluctuating density and
temperature fields. Thus both parts of Fig. 7 are comparing
the same quantit)k-spectra of “normalized” emission fluc-
Recent advances in the numerical modeling turbulencéuations. Also included in the simulation are the effects of a
now allow detailed comparison with the experimental obser2 us time average, and most importantly the measured spa-
vations. In particular, we are able to compare directly thetial response of the experimental optical systefk(wum
characteristics of the 2[vadial and poloidalturbulence cal- ~12 cmi 1). The inclusion of the finite optical response re-
culated from 3D nonlinear drift-ballooning cod&s™ with sults in the apparent suppression of the smaller-scale features
those of the experimental images. A simulation was donehat exist in the simulation’s density fluctuation spectrum
using a Non-Linear-Electromagnetic-Turbulence codebetweenk=5 and 30 cm®. The end result is a relatively

10
p (mm)

IV. COMPARISONS WITH SIMULATIONS AND WITH
NSTX OBSERVATIONS

Fourier
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frg 37

101 CEZ2006
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FIG. 7. (Color) Comparison ok, spectra ve from the experimenta) with that of the NLET simulatiorib). The simulation spectra are post-processed for
normalizedD , emission and have the experimental spatial and time resolutions folded in.
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FIG. 8 Norma_llzed mten_sn{(HeI 667 nm fluct_uatlpns,l /<I>.’ as mea IG. 10. (Color) Sequences of six experimental images taken at a 250 kHz
sured by a radially resolving array of tangential views spanning the inboar - . . S

rame rate, showing space and time evolution of a blob originating inside the

S.OL are compared with those from a radially resolving array of tangentlaILCFS at the outboard SOL. The red line is the LCFS; the black—white line
views spanning the outboard SOL. Inboard and outboard probe measure- - - . ; S
RMIS Is the toroidal projection of the outboard limiter. The images are emission of

ments 9" sat (Fsa give similar results, as seen in Fig.(Quthoard p0|_nts the 667 nm Hel line after He has been puffed at the outboard nozzle.
are solid circles and inboard are open cirglédso shown for qualitative

comparison are the normalized density fluctuations calculated by an NLET

simulation(outboard as solid line and inboard as dashed).line . L . . .
ing emission. When comparing these autocorrelation times

with the simulation, it is found that the simulation’s rela-
good match between experiment and simulation, shown ifively constant autocorrelation times pghat are a factor of
Fig. 7.[The minimum nonzerd, (~2 cm b inthe NLET 2 smaller than the measurement insidepet5 mm, where
simulation is determined by the 3 cm poloidal extent of theTauocorr=10 45, and a factor of~8 smaller atp~10 mm,
computational grid. The trends in magnitude and spectral where 75{ocorm=30 uS.
shape are similar fos less than about 9 mm. However, there ~ Thus the match between experiment and NLET simula-
is clear disagreement in amplitude in the limiter shadowfion is generally good in the region between separatrix and
where the simulation shows the relative fluctuation ampli-limiter. With the exception of the autocorrelation times
tudes decreasing with, while the experiment has the oppo- (Which are strongly affected by plasma flowthe agreement
site trend. Comparisons of the poloidal turbulence scalén the quantities compared, time-averaged particle fkyy,
length, L, Vs p show a good matctwithin the experimental spectrum,L ., is within a factor of 2. We therefore tenta-
error of ~*+25%) with the experiment fop from 0 to 15 tively conclude that the resistive ballooning instability is pro-
mm. An additional optical diagnostic that measures time hisviding the turbulence drive, as indicated by the simulation.
tories of the outboard gas-puff emission widh filtered, fast The simulation appears to include the relevant physics
diode$* from a radial array of views has been used to deter{within the limiter radiug, although further comparisons un-

mine the autocorrelation times characteristic of the fluctuatder varying conditions are necessary in order to validate all
aspects of the simulation. We note as well that the match is

significantly better than the one described in Ref. 22, where
an NLET simulation was also compared with similar image
data. There are a number of reasons for this. The present case
simulated the full SOL profile. It employed the “synthetic

107 T T

5 diagnqstic” technique to calculqte .the same .quantities mea-
2F Outboard - p=6 mm sured in the experimerte.g., emissiop and it included the

o ~\ . local limiters.

f_g "\‘ 1 An initial comparison with these observations has also

3 AR been done using another 3D nonlocal electromagnetic turbu-
8% Inboard - p=6 mm"-vm,'“ lence simulation code, BOU(for boundary turbulenge 33

which models boundary-plasma turbulence with a realistic
separatrix and X-pt geometry. It also shows a good match

. . . with the experimentak-spectrum at a single radial location,
1075 10 100 although the time-averaged input profiles were somewhat
Frequency (kHz) different from those measured. The dominant linear instabil-

6. 9. © _ e f . i , bity is the resistive X-pt mode, which is resistive ballooning in
. 9. Comparison of the frequency spectra of intensity fluctuations ob- ]

served in the inboarddashed and outboardsolid) SOLs. The spectra are the proper X pt geometry. L .
measured at the same time and are from emission on the same flux surface 1 NUS the modeling says that the resistive ballooning

(p=6 mm). The spectra are normalized-a2 kHz. mode is the dominant linear instability leading to the devel-

L1l

1020802022 Hel-6570 t=1.56-1.75s
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ODEd, nonlinear, turbulent state in the C-Mod edge. This Conprobe measurements tﬁa'\fsllsatyield results similar to those
clusion was also reached in Ref. 34, where nonlinear Simuﬁ‘om the Optica| diagnosti(_;s’ as can be seen in F|qTﬁe
lations showed that resistive ballooning dominates undegpsoluterms level of I o, fluctuations is also significantly
conditions satisfied in the C-Mod edge, although it should bq'“gher on the outboard sigeAlso shown in Fig. 8 are the
pointed out that the analysis was in a closed flux-tube geomnpoard/outboard profiles of normalized density fluctuations
etry. In contrast, it was concluded, based on the analyses @hiculated from the simulation of the plasma discussed in
turbulencek-spectra, that the flute-interchange instability Sec. |V. It is meant for qualitative comparison only, since the
with sheath resistivity was responsible for the turbulence Obtime_a\/eraged inboard prof"es were not used in the simula-
served in the clean SOL plasmas of TEXT&RThis con-  tion's calculation of the inboard turbulendénstead, the out-
clusion was also reached in Ref. 18. According to Ref. 19, &oard profiles for a similar shot were mapped along the flux
simple measure for when the flute-interchange instabilittube to the inboard sideNonetheless, the fractional decrease
dominates is whenne/m;)**(Lc/\¢)<1, a condition not in the normalized fluctuation level is the same order of mag-
strongly satisfied in C-Mod {0.4). Hence the high colli- njtude as that measured. Thus the inboard measurements are

sionality in C-Mod might be a reason for the difference in consistent with the ballooning drive indicated by the simula-
the conclusions. It is therefore worthwhile, as an initial stepgions.
to see if trends in the characteristic resistive ballooning scale  There are also significant differences in the measured
size,L, are reflected in the observed turbulence size scalegequency spectra of the inboard/outboard fluctuations.
in very different SOL plasmas. A SOL Comparison for threeShown in F|g 9 are the frequency spectra from the gas_puff
SpeCifiCL-mOde diSChargeS is shown in Table I, two are fromemission, one from a view of an outboard puff at
C-Mod, the “high” and “low” field cases analyzed above, =6 mm, the other from an inboard view of a simultaneous
and the third is from an NSTX-mode discharge. A number inboard puff also withp=6. The inboard spectra are clearly
of other experimental quantities are listed in order to pointmuch narrower, as seen after arbitrarily normalizing them at
out the differences and similarities in the plasmas and the kHz.
turbulence characteristics.b°"is the pressure scale length;  The literature reveals very little regarding inboard/
Lo=2mqR] ve;i ps/(2Rwce) °° (2R/L,)*%is the character-  outhoard turbulence comparisons. Reference 1 found coher-
istic perpendicular size scale for tfinean resistive bal-  ent fluctuations on the inboard side on ASDEX only when
looning mode?® L’ is the measured poloidal correlation the field lines there connected to the outboard, unfavorable-
length of the turbulences,ycoris the FWHM of the fluctua-  curvature siddas is the case in the single null C-Mod dis-
tion autocorrelation function at a stationary pojnt. charges reported on hereThe relative level of inboard/
As seen in Table |, the measured poloidal correlationoutboard fluctuations was not discussed. Coherent inboard
lengths,L o7, scale only qualitatively with the resistive bal- fluctuations were absent in ASDEX double null cases. Also
looning mode scale length,o. Lys’ is from 1.2-4 times  Ref. 35 reports clear observations of filaments on the inboard
larger thanL,. The comparisons also show a rough correla-side of TFTR. Reference 36 measured a significant decrease
tion of Ly’ with ps, which would suggest a scaling like in radial particle flux on the inboard side formode plasmas
Kper?s~ constant, although, as noted in the preceding secn CCT, but found little difference in normalized density and
tion, the uncertainties are still too large to confirm or denypotential fluctuations.
such a scaling. Thus we conclude that, while the scaling of  There is another important implication from the C-Mod
Lpe is at best qualitatively consistent with the scalind gf  observation of a low inboard-to-outboard fluctuation ratio.
such a simple comparison based on linear instability analysisince the measurements are compared on the same open flux
is not sufficient to reveal the turbulence drive, and the fullsurface, it is unlikely that the SOL turbulence in the C-Mod
nonlinear simulation is probably necessary. is driven primarily by flute-like instabilities. In fact any
model in which the entire flux tube fluctuates more or less
V. INBOARD/OUTBOARD FLUCTUATION at once is at odds with this inboard/outboard experimental

COMPARISONS result.

The inboard/outboard levels of edge turbulence have
also been investigated in C-Mod using both additional,, opsERVATIONS OF BLOBS NEAR THE DENSITY
inboard-viewing optical diagnostics and an additional in- \\iT
board fast-scanning Langmuir probe. A second array of tan-
gentially viewing fiberoptics, which image toradial array In most C-Mod and NSTX discharges the identifiable
of 3 mmdiameter spots that span timboard SOL just in  blobs are seeroutside the LCFS. Reference 16 has also
front of an inboard midplane gas puff, is used to comparenoted that they appear to be formed near the LCFS in
normalized intensity fluctuations with those measured by théIII-D. This has led to speculation that the separatrix and/or
similar array on the outboard side. Both measure the samapen field lines are involved in their generation and/or trans-
emission line from the puffed ga®(, for D, or Hel-667 nm  port. On the other hand, Refs. 7 and 8 have argued that open
for He) in lower single null discharges. As seen in Fig. 8, thefield lines are not essential to blob creation, and hypothesize
normalized fluctuation level is approximately a factor of 10moreover that it is the encroachment of the rapid, intermit-
smaller than that measured simultaneouwstythe same flux tent perpendicular transport into thksedflux surfaces that
surfaceat the outboard midplane. The inboard and outboardeads to the robust Greenwald density limit observed in to-
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