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In this article measurements of small scale electron density fluctuations in dithering high
confinementH)-mode plasmas obtained by collective scattering of infrared light are presented. A
scan of the fluctuation wavenumber was made in a series of similar discharges in the Wendelstein
7-AS (W7-AS) stellarator[H. Renneret al, Plasma Phys. Control. Fusi@&i, 1579(1989]. The
experimental setup and discharge properties are describelighi observing an inner limiter was

used to separate low confinemegh)- and H-mode phases of the plasma; the separated density
fluctuations are characterized. It was found tha{H-) mode fluctuations dominate at higlow)
frequencies, respectively, and that they possess well-defined and distinguishable scaling properties.
Wavenumber spectra for L- and H-mode measurements are calculated and fitted by power-laws and
exponential functions. The separated measurements can be fitted with the same exponents in L- and
H-mode. Correlations between the density fluctuations, theitinal and magnetic fluctuations as
measured by Mirnov coils were analyzed. Correlation calculations using 50 ms time windows
(several dithering periodisvith time lag steps of 10@s showed that all the fluctuating quantities

are highly correlated and that the maximum correlation occurs for high frequency density
fluctuations. Performing separate L- and H-mode correlations on as2@ime scale between
magnetic and density fluctuations leads to the result that the minimum correlation time scale in
L-mode is of order 10Qus, while no correlation exists for H-mode. @002 American Institute of
Physics. [DOI: 10.1063/1.1481747

I. INTRODUCTION especially interesting to examine the temporal and spatial
scales of the turbulent structures involvéid:The correlation
Understanding the mechanism controlling access to imand time delay between bursts in various quantitiis the
proved confinement regimes such as the high confinememehavior of bursts on different spatial scales diid the
(H)-modé in fusion plasmas remains a puzzle only partially lifetime of the bursts. Concerning this last point, the para-
solved. The literature dealing with the possible COﬂneCtiOl’]‘nount question is whether the fluctuations d|sp|ay a “Chi-
between turbulence suppression and the low confinemenjese boxes® type of correlation or if we can resolve the
(L)-H transition is extensive—a present candidate beingemporal scale with the available sampling rates. That is, the
EXB shear flow decorrelatida-but several important ques- time resolution(20 us) has to be sufficient to determine the
tions remain unanswered. This statement is also valid for thggrrelation time of the bursts<{100s). We define the cor-
so-called “advanced tokamak scenarios,” such as internalejation time to be the full-width at half-maximutEWHM)
transport barriergITBs)® during reversed magnetic shear qf the cross correlation function.
(RS operation, the radiatively improveIl) modé and qui- The discharges analyzed to answer these questions were
escent double barri¢QDB)° discharges. part of a predivertor investigation on Wendelstein 7-M&7-

_ Transport in fusion plasmas appears to possess an inteks) concerning itself with obtaining good core confinement
mittent nature with associated bufstef fluctuations in sev-  gng high recycling at the limitérW7-AS has ten inboard

eral plasma parameters. Observing the details of these burglgrhon-fiber-composite limiters, acting to define the outer

might shed light on the underlying phenomena. It would beyoyndary of the plasma. The shots were well suited for a

comparison between L- and H-mode plasmas, since they had
dElectronic mail: nils.basse@risoe.dk a quasi-steady-state dithering pha%Bithering means a fast
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switching between the two confinement states. 35
The primary tool used in the article is small scale elec- Wa[kJ]
tron density fluctuation measurements obtained by thg CO 15«10
laser based collective scattering diagnostic installed ongn jm? A S Y
W7-AS ! The other main diagnostic is a Mirnov coil system S o
which provides information on magnetic fluctuations. For H. [a.u] %WWWWWM‘\\N k |
previous work done correlating magnetic and density fluc- * Ll dithering ) B

%

tuations in W7-AS, we refer the reader to Ref. 12. The re- L — e ———— _

sults therein show that the quantities are correlated in a re- =MW e 1

gion extending from 70% of the normalized minor radius out . 20 ) SRR

to the last closed flux surfad&CFS). power e TR N T
In the previous paragraphs and throughout the article, we'®“1 = = = —

use the expression “correlation of fluctuations.” To prevent ' ' Tme[s] '

confusion, we wish to make it clear that we mean the corre-

. - . : FIG. 1. Discharge overview-time traces from 100 to 450 ms. Linestyles in
lation  of fluctuation power or its rms amp“tUde aVeragedorder of ascending wavenumber are solid, dotted, dashed, dash dot, dash dot

over certain time windows, typically 10—1Q@s. The mea- ot dot, and long dashesyclic usage From top to bottom: diamagnetic
surements which we analyze for possible correlations werenergy(kJ), line density, H-light for shot 47133(the dithering period is
not sampled using a common clote different analog to marked, NBI power(MW) and frequency integrated density fluctuatiohs

. , . ms time windows in volume 1 normalized to the analysis time window
d|g|ta! converters, ADC’s, were not synchronlzetherefore (gray semi-transparent rectangl&he arrow on the density fluctuation data
we will not analyze crosspower spectra. points in the direction of increasing wavenumber.

We report on results from a “wavenumber scan,” where
the probed wavenumber of the density fluctuations was var-
ied in steps from 14 to 62 cnit in eight similar discharges. . g

. ies foun ickin nly the ELM part of
To the best of our knowledge, density fluctuations in dither- ;ﬁﬁegﬁ dhbgsepc g out only the part of a
ing plasmas have never previously been investigated at such gp ' ,
i) We compare the results from the first step to an analy-
large wavenumberS. However, measurements at these . . L .
: sis of fluctuation properties in ‘Hmode and during
wavenumbers have recently become of interest due to non-

: ) . . . individual (singulay ELMs.
linear numerical simulations treating electron temperature

and show that these are clearly different from proper-

gradient(ETG) driven turbulencé? For certain conditions, In this article we address the first step; we treat the tasks
these simulations show that transport due to ETG modes cagelonging to the second step in a future publication.
constitute a significant part of the total transport. The paper is organized as follows: In Sec. Il we describe

We will show that there is indeed a very fast correlationthe discharges, the density fluctuation diagnostic and auxil-
between magnetic and density fluctuations in L-mode, theary diagnostics. Section Il details the spectral characteris-
cross correlation having a FWHM of order 1@8. Further, tics of L- and H-mode separated density fluctuations. Section
we prove that these correlations are strongest for the smallepy contains correlation analysis between-kght, magnetic
wavenumbers measured and that the frequency of the densiiynd density fluctuations. In Sec. V we discuss and compare
fluctuations, where a maximum correlation is observed withour findings to related tokamak measurements and finally we
respect to other fluctuating quantities, increases with wavestate our main conclusions in Sec. VI.
number.

A secondary aim is the thorough characterization of L-1l. OVERVIEW
and H-mode separated density fluctuation autopower spectr
Although spectral shapes varied appreciably between L- an
H-mode, the frequency integrated autopower change was The discharges were separatrix limited with an edge ro-
quite modest. The differences found between L- and H-modétional transforme of 0.56 (the “§ boundary island” con-
behavior in W7-AS and comparable scattering measurementiguration, where the main plasma is bounded by nine mag-
in tokamaks warrants a comparative analysis. netic island®®) and had a duration of 400 msThe

It is of central importance to realize that when we in thisdeuterium plasmas were heated by hydrogen neutral beam
article mention L- and H-modes, these are occurring undeiniection (NBI) of up to 2.5 MW, where the absorbed power
dithering conditions. No statements are made concerning efs @Pout 75%. The discharges exhibited pronounced dither-
ther stationary L-mode or edge localized ma@M)-free N9 h'grl‘GNBl power was used to suppress the ELM-free
H-mode (H* -mode. Our work presented is first part of an H-mode-”The effective plasma minor radingy(LCFS) was
effort to clarify if dithering can be viewed as collections of 12 M. With a toroidal magnetic fiel8,, of 2.5 T and zero
closely spaced ELMs. Whether the two are manifestations opet current.

a single mechanism could be determined by the followingf Figure 1 d'Sp'a}/S flve time traces from 100 0 450 ms—
two steps: rom top to bottom: Diamagnetic stored energy, line density,

H,-trace for shot 47 133, NBI power and density fluctuations
(i) We elaborate certain properties of the fluctuations byintegrated over frequency for the eight discharges; top trace
picking out only the H-mode part of a dithering phase,is the smallest wavenumbéiength of time windows is 1

. Discharge description
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<_k;> ing angle. In the experiments analyzed herein the direction of
40 - T , ] k, was set along the major radils of the stellarator. Het-
electon 1 erodyne detection is performed, meaning that we can distin-
L glr%mognehc . guish the direction of the fluctuations as being due to inward
direction @? ] (outward [positive (negative frequencie$traveling fluctua-

] tions parallel toR. The wavenumber can be varied from 14
] to 62 cm', which are extremely large values compared to
similar diagnostics’*°but comparable to those of Ref. 20.
% 1 The cited papers describe diagnostics measuring density
40 . . . fluctuation wavenumbers typically around 10ch We wiill

160 R [cm] 240 present measurements covering the entire wavenumber range

in eight similar discharges. Due to the narrow volume waist

» Negative frequencies (wavenumber resolutioAk, =2w=5cm ) and the small
Positive frequencies scattering angle, the measurements presented are line inte-
FIG. 2. Schematic drawing of the diagnostic setup on flux surfaces from agrals Of, the, density ﬂucwat_lons alo_ng the volumes. Therefqre
shot having a rotational transform é (The W7-AS equilibrium code qet.ermmatlon ‘?f the spatial Io_catlon of the .ﬂUCtuatlon.S IS
TRANS could not calculate flux surfaces for the actual transforr%l.)ﬂfhe indirect and relies on assumptions and previous experience
dashed line shows the last closed flux surface due to limiter action. Thésee Refs. 11 and 21 for localized turbulence measurements
magnetic field direction and corresponding electron diamagnetic drift direcand profiles, respectivelyFor reference, we summarize the
tion is indicated. The measured wavenumber is along the major r&dius corresponding shot/wavenumbers in Table I.

z[cm]

A

ms). The fluctuations are normalized to the 50 ms time inter-C. Complementary diagnostics
\r/nasl, (Erhr?eszrr:aflc;/rsizutzmn;ilgt;?/zll)lizlfé;rzz]::\)t/eféot:?/ :(;?a;)sii?'— The twq main dlagnostlcs we use.for direct comparisons

' . ; - M the density fluctuations are Hight signals and magnetic
transparent rectangle in all figures containing quam't'e%luctuations measured by Mirov coils
shown versus timéfor additional time traces covering the '
analysis time window, see Flg 7 belvaach trace is dis- 7, H, and magnetic fluctuations
placed for clarity, with horizontal lines marking the average A diode measuring the Hemission at an inner limiter is
values. The discharges had three phases: a startup phaseutoed in this article. see Fig. 1. The sianal led

) . , g. 1. The signal was sampled at 10

150 ms, a quasi steady-state period from 150 to 300 ms a 7 (100 ps). The emission comes from neutral hydrogen
dynamical development from 300 to 400 ms where the dis- tering tﬁe iolasma so the,Hignal is a measure of recy-
charges were terminated. The change of parameters at 3§€ng between the pI:asma a;d vessel surfdses, e.g., Ref
ms is due to heavy gas puffing initiated at this point. Befor Lo '

e ; .
s s s v o by b 22 SosEeon 13 e, e st Scp o e
fueling ~2.5x 10%° s™1). It can be seen from the traces that @ >'9

) L . recycling. This is interpreted as being connected to an edge
the global plasma parameters in the analysis time windo ; : o .
. . ransport barrier associated with improved confinera&nt.
were roughly stationary. Note that one dischaitgrgest . ; : .
wavenumberwas heated by only 2 MW NBI. ) Th?’ Mirnov coil system used consists of 16 ccﬁdglled _
MIR-1" ) around the plasnfAand measures fluctuations in
: . the poloidal magnetic field,. Simulations show that the
B. The LOTUS diagnostic signal in a single coil primarily originates from a 5 cm region
The localized turbulence scatterifgOTUS) density in front of the coil®* Figure 3 (top) shows the calibrated
fluctuation diagnostic has been described in detaikignal from a monitor coi(“MIRTIM” ) in T/s, while the
elsewheré! We will therefore limit ourselves to a rudimen- bottom plot shows a spectrogram for this trace. The time
tary description below. resolution was 4us. The dithering manifests itself as switch-
LOTUS is a dual volume diagnostic; two narrgdiam-  ing in the magnetic fluctuations and consists of broadband
eter v=8 mm, wherew is the beam waigtvertical mea- bursts?® As the sampling rate was 250 kHyquist fre-
surement volumes toroidally displaced by 29 mm passjuency 125 kHy, aliasing problems are to be expected since
through the central plasma as indicated by the vertical line ifbursts are observed up to 125 kHz. These bursts have for our
Fig. 2. For additional information on the dual volume geom-discharges been determined to have an inversion point just
etry we refer to Fig. 16 in Ref. 11. Each volume is formed byinside the LCFS by the use of soft x-ray camefasor a
the crossing of a maiiM) and local oscillato(LO) beam, detailed explanation of how to find the pivot point, see Fig.
the measured wavenumbdx, () is determined by their cross- 18 in Ref. 25. Mode analysis shows that the poloidal mode

TABLE I. Measured wavenumber for a given shot.

Shot no. 47133 47135 47136 47137 47138 47141 47142 47 143

Wavenumber (cm?) 14 21 28 34 41 48 55 62
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FIG. 4. Edge radial electric fiel&, as determined by Boron IV spectros-
FIG. 3. (Color) Magnetic field derivative in T/s from the “MIRTIM” moni- copy versusz. The diagnostic coordinate is roughly double the minor
tor coil (top) and a spectrograntbottom) covering 350 ms. Dithering is  radius value.
observed as a large derivative.

_ _ _ negative inside the confined plasma. This would indicate that
numbersm=2,3 dominate during the bursts, while most oy frequencies rotate in the electron d.d. direction at the
of the mode activity disappears in the quiescent phasegdge, high frequencies in the electron d.d. direction in the

A crude estimate of the perpendicular wavenumber of theyuter core. UsingE, ~ —800 (—4100) V/m for edgeouter
perturbations iskyup~mM/ryyp~0.2 cn L, where ryp core, we arrive at

(~14 cm) is the minor radius location of the bursts. For the edge N

correlation calculations we use the rms signal of a coil situ-  VExs(14 cm ©)=—71 kHz,

ated at the midplane on the high field side of the plasma; the YQUEer corg 1 4 o1y = — 365 kHz,

correlation calculations show that the coil selection is not VExB 3
important. vEI98(62 cm )= —316 kHz, &

Louter cor _
2. Spectroscopic measurements of the radial electric vEss ©t62 cm )= —1.6 MHz.

field An important point with regards t&, in the type of
Measurements of the edge radial electric fieldfrom  discharge we analyze is that it usually is quite small in the

shot 47 133 were obtained by passive spectroscopy using thiener regions of the confined plasma, has a deep (melja-

2824 A boron IV line?” The electric fieldusing the lowest- tive E,) inside but close to the LCFS and a small fipbsi-

order force balance equatipis given by tive E;) outside the LCFS. The measurements shown in Fig.
4 only display the outside slope of the well; the radial elec-

E,=(v,By—vsB,)+—=—VP|, (1)  tricfield at the bottom of the well is about20 kV/m. AnE;
ezn profile for a discharge with profiles comparable to ours is

wherel is the common atomic specigsee Ref. 27 for more shown as Fig. 6 in Ref. 27. In similar discharges having a
elaborate formulas, Eq$9) and (10)]. Typically, the major lower dithering frequencydue to smaller NBI powey clear
contribution toE, in W7-AS comes from poloidal rotation switching is established inside the LCFS, corresponding to a
vy. 2 deepening of thé&e, well in H-mode phases. ThE, inver-
Figure 4 shows the eddge, measured at five radial po- sion radius is, within errorbars, situated at the LCFS. Ehe
sitions z in the edge p|asma_ The diagnostic coordinaie is similar for the other diSCharges analyzed, reSUlting in a
about two timeg’eﬁ; the measurement at=25 cm is at the linear increase of the frequenCieS ka . In the fOIIOWing
LCFS. The time resolution was 4 ms, which is not sufficientParagraphs dealing with profile measurements we will esti-
to resolve the fast switching between L- and H-mode. TheremMate the electron drift wave mode frequency to determine
fore the figure shows data averaged over the 50 ms analysf¢hether rotation or drift waves dominate our spectra.
time window.
We can converE, to EXB frequencies according to the 3. Thomson scattering measurements of electron

relation density and temperature
E The final auxiliary measurements presented are electron
C!)E><B:27TVE><B:kHB—r, (2 density and temperature profilésee Fig. 5. The measure-
%]

ments are made using a ruby laser Thomson scattering sys-
where we usé,~k, .2 A negative(positive) E, means flow tem that provides one density/temperature profile per dis-
in the electron(ion) diamagnetic drift(d.d) direction, re- charge. We show profiles from three of our discharges, where
spectively. It is seen th&, towards the plasma edge is small the measurement time point was shifted between each dis-
and negativézero within error bars whereas it is large and charge so as to provide the profile evolution. The red solid
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I T of the linear mode frequency of electron drift waves, given
3 3 by
| o HpgHE 8E )
E ] we(Ky)=wr —,

107 m*) 3 §§§§ 3 T o= e T

n, (107 m?] 3 o 10 ; 5 330ms @
] ogelal &6 986
3 & @ ] o 3 keTe

*
We =

200ms * - )
B,Ln

- whereL, *=14, In(ny)| is the inverse electron density scale
! length?® We again assume th&t,~k, and we know that

i L,~6 cm from the density profile measurements. Thus, we
conclude that

: vi(14 cm )= —446 kHz,

- ve(14 cmi 1)=—151 kHz,
5

04 N v¥(62 cm 1) =—2.0 MHz,

-15 o [ETT] 15

_ _ ve(62 cm 1)=—50 kHz.
FIG. 5. (Color Electron density(top) and temperaturébotton) profiles

obtained using ruby laser Thomson scattering. Solid red dots are measured . .
in shot 47 141 at 200 ms, open green dots in shot 47 138 at 330 ms and solid 1N Sec. 1l we show that the measured density fluctuation

blue squares in shot 47 133 at 380 ms. frequencies extend up to 2 MHz. Comparing the drift wave
electron d.d. frequencies to the ones duEXB rotation, we
conclude that rotation and not drift wave modes is respon-

dots are taken at 200 ms, green open dots at 330 ms and big@'€ for the major part of the observed frequency shift for
solid squares at 380 ms. Our analysis interval begins at thif9e wavenumbers. But since the observed frequency is the

200 ms time point, where the central density was slightly>Y™

above 1x10°°m~3, while the density rose to 2.5

% 10?° m~2 in the final stages. The central electron tempera- vexst Ve:ﬁ E T — |,

ture was 0.6 keV. Byo\27  Ln(1+Kgpg
Assuming a pure H plasma in our analysis time window

(mass numbeA=1) and an electron temperature of 0.3 keV it is possible that low frequency drift wave turbulence is

(at rog=12 cm), the ion Larmor radius at the electron tem- rotating at theEXB velocity.

peraturep, is equal to 1 mm. This means that the product  Although rotation is dominating the measured spectra

k, ps varies between 1.4 and 6.2 at the edge for the wavefor large wavenumbers, the situation at small wavenumbers

numbers we are measuring, and is somewhat larger in thgé ambiguous. This is because {imgve=limy ... ve=0

core. The profile information allows us to calculate estimatesvhereasvg g increases linearly withk, .

(6

DCcarrier FIG. 6. (Color) Autopower versus time and frequency

| frequency for discharge 47 133, volume 1. The time resolution of

I the spectra is 1 ms and the colorscale is logarithmic.
The measured spectra in volume 2 are quantitatively
similar to those in volume 1.

Time[s]
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Fulle] o [au]) e
g
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35 27 <
Wdla[k‘J] [ T
003 0.21 0.22 0.23 0.24 0.25 —_ -
Time [s] 3 34 cm’]
3r T T T ko2
[ o
H
g
o
2 7
10?
H, [a.u]
5
= 10 i 41 cm’| I 48 cm'|
C ] S
o
r ] 2
§
0' L 1 1 L 2 '
10?
FIG. 7. Top to bottom: Density fluctuations at 700 kHg,=14 cm ! in
volumes 1(solid) and 2 (dotted, H,-light, magnetic fluctuations and the 10°
stored energy, separate bottom plof,-trace for the same 50 ms time win- ';' | 55 cm’]|
dow. The horizontal threshold line selects L-magkussey and H-mode O,
(asterisk} time windows. c‘g
§
2
Il. L- AND H-MODE SEPARATED AUTOPOWER 10
SPECTRA FIG. 8. Averaged autopower spectra for L-mddelid) and H-mode(dot-

. . . . . o ted) time windows.
We begin our first analysis section with a brief introduc-

tion to the spectral analysis quantities we will uggec.

[l A). Thereafter we describe characteristics of the measured S0P (v)dv
autopower spectréSec. Ill B), the behavior of the mean fre- (v)j= i . (10)
quency (Sec. 110, and finally we present wavenumber f,,ipj(V)dV

spectra in Sec. Il D. . . . .
P Finally, the power of the density fluctuations integrated

A. Spectral analysis tools over all frequencies where turbulence is observed is given by

The real signals acquired from each detector are centered - vy
at the heterodyne carrier frequency of 40 MHz. These are Pj= J_ Pj(V)dV+f P;(v)dv. (11
guadrature demodulated to obtain complex signals centered "2 "

at zero frequency. The resulting signals are denoted Note that the frequency interval-v;,v,] is excluded
from the integrals; this is because the signal is dominated by
S (1) =X;(t) +iY;j(t), (7)  the carrier frequency at low frequencies. In the following we
o usev; =50 kHz.
wherej is the volume numbefl or 2). We can proceed and

calculate B. Autopower spectra

2 We begin our description of the density fluctuation auto-
(8) power spectra by showing a spectrogram of shot 47(¢8B
ume J in Fig. 6. Density fluctuations are shown up to

the autopower spectrum of volunjefor a time intervalAt =2 MHz on a logarithmic colorscale; the dc signal is our

=t,—t,;. The autopower in a certain frequency bafd  carrier frequency. The plot demonstrates our ability to obtain
=v,— vy, full spectral information over the entire discharge length. The

L-H dithering shows as vertical lines and an increase in the

v autopower is observed as gas puffing commences around 300
P;’zfzpj(y)dy, © v gas puting

V1

tr )
Pj(y):j Sj(t)e 2™ dt
ty

To facilitate an immediate “correlation-by-eye,” the top
is called the band autopower, as indicated by the lowercasi®ur time traces of Fig. 7 show correlations between density
superscriptp, in Eqg. (9). The mean frequency is fluctuations for a wavenumber of 14 crh at 700 kHz,
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Negqtive frequencies spectra are plotted for a single volurf®®. Our initial obser-
]05 = ] vation is that the spectra all have a tent-like profile, which
\\\ L _’H",,rh/ —  indicates that they might obey a
5 10° = T
& R L PE Rk xe 12
y — — QN type scaling’* whereP is autopower. This scaling is applied
\'\l avrg T — separately for positive and negative frequencies. Further, the
- H-mode spectradotted are limited to lower frequencies
0 70 0 70 than the L-mode specti@olid) and are steeper as a function
wavenumber [cm™] of frequency.
To get a better impression of the differences between the
spectral shapes, Fig. 9 showsand 1£, along with the fits
Positive frequencies
10° 0 cy(k,)=dyxe %k (13)
5 10° 1 and
o \ avig —.\‘\ 2 Celk) = T+ (4,705 K] a9

0 70 0 70 to negative(three top rowsand positive(three bottom rows
r frequencies of the measured spectra shown in Fig. 8dkhe

wavenumber [cm] are constants. The solid lines in the left-hand columns are
FIG. 9. Autopower fit coefficients for negativthree top rowsand positive eXponentlal fits toc.l’ where the smallest wavenumber is
(three bottom rowsfrequencies. For each frequency sign: Left, top to bot- eX(_:IUded from the ﬂ(FO ensure convergence O_f the fithe
tom: ¢, vsk, for L-mode, H-mode and average spectra. Right, top to bot-SOlid curves in the right-hand columns are fits to the data
tom: 1k, vsk, for L-mode, H-mode and average spectra. The solid lines on(excluding the two largest wavenumbers where the measure-
B e e o e s, TS 1@ dominated by njsassuming he dpendency o
2’:)emlmeasuremgnts in Alcator Bee text, Sec. Il B Triangles are volume Eq. (14), W_hlle the dotted curvegall identica) are results
1, squares volume 2. presented in Ref. 31 shown for reference. These reference
fits were made to measurements of density fluctuations in the
Alcator C tokamak. The fit coefficients are shown in Table 1.

H,-light and magnetic fluctuations. The stored energy isSinceds andd, represent the slopes of the autopower spec-
shown for reference at the bottom. The dithering observed i§a, we have directly shown that the H-mode slopes are much
clearly long-time(ms) correlatedsee Sec. IVA That mag- steeper than the corresponding L-mode ones. The average of
netic and density fluctuations are highly correlated is wellthe ratios
known; see, e.g., Ref. 30 for a comparison between far- L L
infrared (FIR) scattering and magnetic fluctuations. The % d % (15
separated bottom plot of Fig. 7 displays how we construct a dg an d? )
series of L- and H-mode time windows from a time interval
of 50 ms. A horizontal line delineates L-mo¢iglussesand  for negative and positive frequencies is £8.3. This im-
H-mode (asteriskg time points. plies that if we “stretch” the H-mode frequency scale by this
Constructing a series of L- and H-mode time windows asamount, the L- and H-mode slopes should be comparable.
shown in Fig. 7 enables us to calculate autopower spectra dfhat this is indeed the case is shown in Fig. 10, where the
the density fluctuations for L- and H-mode plasmas sepaH-mode frequencies are multiplied by 1.8. Or, stated in an-
rately: The autopower spectra are integrated over all L- opbther fashion, the velocity of H-mode fluctuations is only
H-mode time intervals. This is illustrated in Fig. 8, where theabout half the L-mode velocity.

TABLE Il. The d fit coefficients. The subscripts refer to the frequency sign. Last column shows the result from

Ref. 31.

Parameter beg Hieg Averaggeq Lpos Hpos Averageqs Reference
d,/10° (a.u) 1.6 1.5 2.4 0.9 2.9 2.6

d, (mm) 2.0 1.8 21 1.8 2.0 2.2 -

d; (kHz) 147 86 129 -121 -75 —108 22

d, (cn? kHz) 0.159 0.094 0.140 -0.235 -0.113 -0.197 0.257
vd,/d3 (mm) 0.3 0.3 0.3 0.4 0.4 0.4 1.1
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- | .
10 20 100 20 100
— 10° wavenumber [cm’']
3
% FIG. 12. Left: Wavenumber spectrum of L-mode density fluctuations, right:
g H-mode wavenumber spectrum. Solid lines are power-law fits to the three
8_ smallest and five largest wavenumbers, dashed lines are fits to exponential
S functions. The vertical lines indicate the transition wavenumber for the
3 . power-law fits. The power-law fit grouping of points used is the only one
10 where convergence is obtained. Triangles are volume 1, squares volume 2.
— 41 cm’
z | 1 to the datapoints assuming that the mean frequency scales
5 linearly with wavenumber. The slope of the fits gives us
§_ mean velocities
[
3 1 (v) =658+29 m/s,
10° _ (16)
(v)y=405=12 m/s,
— 10° 55 G B where the uncertainty estimate is constructed using frequen-
z | ] ] cies of both signs. The ratio between the velocities is 1.6,
5 slightly smaller than the value found in Sec. llIB. If the
§ mean velocities are exclusively due to a radial electric field,
2 the size of this field would be
P-4 § [ #
10° (E)=B,X(v),
FIG. 10. Averaged autopower spectra for L-mgdelid) and H-mode(dot- (E > =1.6 kV/m (17)
ted time windows.Note: The H-mode frequencies have been scaled by a /L ) '
factor 1.8(see text, Sec. Il B (E >H= 1.0 kV/m
r . ’
which is the typicalg, size at the plasma edge.
C. Mean frequencies D. Wavenumber spectra

The velocity differences between L- and H-mode fluc-  We now discuss separated L- and H-mode wavenumber
tuations can also be evaluated using mean frequencies. Vépectrasee Fig. 12 The left-hand plot shows the frequency
show mean frequencies calculated separately for L- anthtegrated L-mode power versus wavenumber, two power-
H-mode time windows in Fig. 11. The results are shown forlaw fits (solid lineg and an exponential function fitlashed
both negative and positive frequencies; the solid lines are fiténe). The right-hand side shows the H-mode frequency inte-

grated power versus wavenumber, again fitted using power-
laws or an exponential function. Two features are especially
interesting here(i) The L- and H-mode wavenumber spectra
Negative frequencies Positive frequencies are similar, both in amplitude and as a function of wavenum-
ber and(ii) either spectrum can be fitted using two power-
laws or a single exponential function. Fits to power las
ok, ™ give m~2.7 at small wavenumbers ana+ 7 at large
wavenumbergsee also Refs. 32 and J19whereas fits to
exponential function®=e™ "k give n~0.15 cm(fitting to
the entire wavenumber rangeSimilar conclusions were
reached in Tore Supra for ohmic and L-mode plasiiase
-}0 20 s 20 again emphasize that these numbers are valibdtnL- and
wavenumber [cm™] wavenumber [cm™] H-mode.
To gauge the quality of the fits, one can calculate the
FIG. 11. Left: Mean frequency versus wavenumber for negative frequenreducedxé for each fit, i-e-J(Z normalized by the number of

cies, right: for positive frequencies. The solid lines are fits assuming that th(aegrees of freedord. For the power-law fits to small wave-
mean frequency scales linearly with wavenumber. Note that the L-mode )

2 . .
slopes are larger than the H-mode slopes, and that the datapoints have&Mbersxz~200, which is very Iar_ge compared to the ex-
larger scatter above 50 crh Triangles are volume 1, squares volume 2. pected value of 1. The power-law fits to large wavenumbers

—_

<v> [MHz]
<v> [MHz]
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give values close to 1, indicating a good quality fit. The
exponential fits give)(§~10, which is large but not com-
pared to the small wavenumber power-law fits. To summa- -
rize, the exponential fits to all wavenumbers appear to offer E
the best compromise between small and large Wavenumbers_,g’ =

IV. CORRELATIONS

The temporal evolution of the autopower spectra indi-
cated thati(i) the amplitude of density fluctuations, magnetic
field fluctuations and the Hsignal changes in a correlated
way at the L-H-L transitions(ii) The time evolution of den-
sity and magnetic field fluctuations shows an intermittent
nature (see Fig. 7. These phenomena will be analyzed in
detail in the following subsections.

In this section we will focus on results obtained from
density fluctuations in volume 1. The results from volume
2 have also been analyzed and were found to be qualitative-
ly in agreement with the volume 1 results. Further, we
only describe analysis made using positive frequencies from
LOTUS; again, the results obtained from negative frequen-
cies are analogous to the positive frequency results.

The quantities that are correlated below are density fluc-
tuations from volume 1 having different frequencies, the rms
power of Mirnov coil measurements and an-kignal. The
Mirnov coil samples are 4s apart, so that 25 samples are
used to construct the rms Mirnov power in Sec. IVI®0 us
time lag stepsand 5 samples are used in Sec. IV B to arrive
at the 20us lag resolution.

A. Correlated changes in density fluctuations, limiter FIG. 13. Cross correlation between, ldnd density fluctuation band auto-

H ,-emission and magnetic fluctuation power power from collective scattering versus band central frequency and time lag
. . ) o (units of 100us). Note that the grayscale is different for each discharge.
In this subsection we wish to quantitatively analyze the

correlation between the limiter Hemission, density and

magnetic field fluctuation amplitude by calculating cross cor-versions of the correlations, designed to treat a series of time
relations between these signals. The time lag resolution iwindows in order to calculate separate L- and H-mode cor-
limited by the H,-signal, which is 10Qus. We will correlate  relations.

time windows of 50 ms length, including several L- and We will let the band autopower of the density fluctua-
H-mode phases. The objective is to establish that all the fluctions be thex series, andy be either the H-signal or the
tuating fields are strongly correlated on this time scale. Wepower of the Mirnov signal. This means that for positive
begin by recalling the basic definitions: Usually, the crosdags, density fluctuations occur first, while for negative lags,

covariance between two time serieandy is given as they are delayed with respect to the other series. We will
N—7—1 denote the lag where the correlation has a maximum the
" ” 35 1 1
Ro(7)=— Xes =X (Y—y) for 7<0, toplag, 7. The cross correlation will be calculated for
o N E (Xt ey several density fluctuation frequency bands and represented
LNt (19 in contour plots; in these plots we define a global maximum
: e : ._max__ b
R _ - Y —X —y) for =0, correlation position in(r, v)-space:ry " =MAX( 7)".
=R kgo () Ve 7)) T We show two series of plots in Figs. 13 and 14. The

contour plots showC,(7) versus frequency of the density

h is time | N is the si f th ies. . . . . .
where 7 is time lag ancN is the size of the two serie§ fluctuations and time lag in units of 1Q@s (covering=1 ms

Similarly, the cross correlation is conventionally defined in

terms of cross covariances as lag in tota).
Figure 13 shows the cross correlation between the den-
Ryy(7) sity fluctuations and H for the discharge series analyzed.
Cyy(1)= : (190 Our first observation is thaiT™®is close to zero time lag and
VR,(0) XRy,(0) aly g

displaced away from low frequency density fluctuations. For

We use this standard definition of the cross correlation i1 cmi ! the correlation is largest, about 75%; it is clear that
the present subsection, where the L- and H-mode separatiatf'® shifts towards higher frequencies as the wavenumber is
is not done. We will in the next subsection describe modifiedncreased. The decay of the correlation is slower for positive
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systematic shift of the toplag to negative values; this indi-
cates that the density fluctuations are somewhat delayed rela-
tive to the magnetic fluctuations. The time lag resolution is
too coarse to conclude anything quantitative at this point—a
rough estimate is a 10@s time delay. In Sec. IVB the
analysis will be done using a faster time resolution. Finally,
the shift of 70> towards higher frequencies for larger wave-
numbers is also observed. The decay of the correlations is
quite similar for lags of both signs.

Lag [ms]

B. Correlation between én, and ;B bursts

We saw in the previous subsection that the dithering it-
self is highly correlated, especially for small wavenumbers.
To discover if the single spikes are correlated on an even
faster time scale, we will separate the calculations to deal
with either L- or H-mode time intervals. The intervals were
selected as was described in Sec. lll. Since we treat a number
of L- and H-mode time windows, an averaging procedure
must be made. In our notation, the number of L-mode time
windows isN_, where the length of L-mode window num-
bern is equal tol, (and equivalentyNy, ny andl, for
H-mode. Two initial corrections to the cross covariance
were made:(i) The normalization of the sum (j was
dropped andii) the averages use,y;, Yo Were not simply
averages of each time window, but averages over all time
0.2 windows, L or H. This does not make a large difference since
the overall time window is selected with care to be quasi-
stationary. We denote the resulting cross covariances
Ry 7)j,mn,, Wherej is volume number1 or 2) andm is

0.1 mode designatiofL or H):
|nm_T—l
FIG. 14. Cross correlation between Mirnov rms signal and density fluctua- RMo _ < VA
. . . i = X —X -
tion band autopower from collective scattering versus band central fre- Xy 7-)J'm'"m E (Xict |71~ Xtod) (Y™ Vo)

quency and time ladunits of 100us). Note that the grayscale is different

for each discharge. for <0,
Inmfrfl (20)
. . . RRY 7)j mn. — 2 (Xk_Yt t)(yk+ _Vt t)
lags, where the His delayed relative to the density fluctua- Xy S ERMn 0 T

tions. This delay is due to the fact that the decay time of H

in the L-H transition is hundreds qfs, whereas the density

fluctuations drop on a very fast time scale. So we have eswvhere we have dropped thg n,n,,) subscripts on the right-

tablished that these two signals are highly correlated fohand sides for simplicity.

small wavenumbers, that the correlation is lost for the largest From the series of time windows we can construct an

wavenumbers and that there is a shift#df* to higher fre-  estimate of the mean cross covariance

guencies with increasing wavenumber. On the 1@0time N mod

scale it is not possible to establish a time delay between the mo 2r1m:1|“mR><y (7)imn,,

signals. (Rey (7)jm)= sNm | : (22)
Figure 14 displays the cross correlation between the den- Mm=1""m

sity fluctuations and the rms value of the magnetic fluctuaweighted by the length of the different time windowfsin

tions. Qualitatively, these plots are in agreement with whatnalogy with this definition, we can construct a mean stan-

was found for the B-correlations, but now there is a small dard deviation

for =0,

N mol 2
=M I, R T)]
np=1Nm' xy L jmng, ) 1
<0'(7')j,m>: \/ sNm | _<R)r(nyo T)J,m> XNm—l (22)

Np=1""m
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FIG. 15. Cross correlation between magnetic and density fluctuations for L-
and H-mode time windows versus time lamits of 20us), 14 cni L. Left,
cross correlation for 150 kHz density fluctuations, right for 750 kHz. Solid
line is volume 1, dotted line volume 2.

I

to calculate approximate error bars on the correlations.

A corresponding procedure can be used for the cross
correlation: We modify the cross correlation to arrive at
CTyOd(T)j,m,nm and take all time windows into account when

averaging. The mean and mean standard deviation of the
cross correlation is then found as was done for the cross
covariance.

Having explained our procedure to calculate separated-
Cross covariances, cross correlations and error bars on these ]
we can proceed to the rgsults. Figure 15 show; Ccross corre: X L -l1 .
lations between magnetic and density fluctuations for two zgi‘g%gfé«%&%
frequencies, 150 kHdeft column and 750 kHz(right col- = «Q AP
umn). The top plots show L-mode results, bottom H-mode. It ’k@’s;.%f’
is immediately apparent that neither L- nor H-mode fluctua- : &
tions are correlated at low frequencies, whereas L-mode fluc- PRI “pe s &

. . . 1205 'QQ
tuations are clearly correlated at higher frequencies. How- e 2 S
eyer’ H-mode ﬂucmatlons re.mam unporrelated. The L_mpd?—IG. 17. Cross correlation between Mirnov rms signal and density fluctua-
high frequency toplag is slightly shifted towards negatiVeqon band autopower from collective scattering versus band central fre-
lags(but at the limit of the lag resolutionindicating that the  quency and time lag for L-mode time windowsnits of 20us). The gray-
magnetic fluctuations occur about 26 before the density scale on the right-hand sides of the plots shows what range of the total scale
fluctuations. We must note that since the ADC’s are not syn's relevant for the particular wavenumber.
chronized, systematic time delays could be due to electronic
artifacts instead of actual time delays. The cross correlation o )
in L-mode for high frequencies is seen to be 30%. This relhe binning of fewer measurement points. The FWHM of the

duction in the cross correlatioftompared to those in Sec. correlation is of order 10(s, which means that we have
IV A) is due to the reduced signal-to-noise ratio arising fromfound the fastest time scales that are correlated. If the fluc-

tuations had been correlated on even faster scales, we would
only see a sharp peak of the correlation at one given lag.

T T T

T T T

CIT T T

T TT=

Cross correlation Cross correlating a series of L- or H-mode time wind-
150 KHz : 750 KHz ows can also be applied to calculate the cross correlation
of f i f between the density fluctuations measured in volumes 1 and
8 3 i 3 2 of LOTUS. An example for the same frequencies as those
_.*-E: ] ] MP/LI\H‘K f treated in the previous paragraph is shown in Fig. 16. At low
e Y _— frequencies, the fluctuations are correlated at zero time lag
1 and have disappeared at =20 us. Our time resolution is
§: ] ] ] in this case not sufficient to resolve the shape of the cross
33 3 3 ] correlation. At higher frequencies, this feature disappears in
s M, o L P A ] H-mode, but remains in the L-mode cross correlation. Fur-
-300 Lag [ps] 300  -300 Lag [us] 300 ther, an additional broad shape emerges in the L-mode cor-

(G 16, C ation b He density f ons in ol relation and seems to be superimposed onto the narrow fea-
. . Cross correlation between the density fluctuations in volumes H : H H :
and 2 for L- and H-mode time windows versus time lagits of 20 ), Yure. This behavior persists for the discharges having larger

14 cm L. Left, cross correlation for 150 kHz density fluctuations, right for wavenumbers.
750 kHz. We have now shown 2D plots of the results from one
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A. W7-AS measurements

300 ~0.3
In this subsection discussing the W7-AS results, we treat
T I measurements in the order they appear in the main text.
= u = Our autopower spectra are all decreasing monotonically
S - H with frequency(Sec. 11l B). We note that this spectral shape
0 0 has been observed in the FT-2 tokamak as efor k.
-300 H-0.1 0 =14 cm 1), whereas pronounced “double hump” spectra

peaking away from DC as observed in Tore Suses, e.g.,

_ Ref. 37 have not been observed in W7-AS, even with good
spatial resolutiort! The frequency range of the fluctuations
does not increase substantially with wavenumber. This
means that the phase velocity

SR RS
(S I
We wa
N o=

AN \/

NG|

o

w
Uph:E (23

decreases with increasing wavenumber, i.e., smaller struc-
s tures have a smaller phase velocity. Again, the same conclu-
sion was reached in Ref. 19 and is thought to indicate that
“the character of motion is different for fluctuations with
different scale lengths.”

We found that the autopower slope versus frequency was
steepest for H-mode phases, and that the L- and H-mode
spectral shapes were close to identical if the H-mode fre-
quencies were scaled by a factor 1.8. The trend of this ob-
servation was confirmed by the calculation of mean
SRR frequencies/velocities showing that the L-mode mean veloc-

NraYA)
350 iw ity was 1.6 times larger than the H-mode of&ec. Il C.
7“(?1 e

(-

This velocity decrease at the L-H transition could be caused
by a decrease dE,| at the radial position of the fluctuations.
Usually the L-H transition is associated with a velocity in-
crease at the plasma edge; these contradictory observations
can be brought into agreement if the velocity decrease we
EIG. 18. Cross correlation betweep Mirnov rms signal and density fluctuagpserve is located deep inside the plasma. Alternatively, fluc-
232ntc’f;”:n;‘;ﬁgﬂgg;;:oﬁmﬁ':ﬁxg ;fneggfm”;?tsvgfrszugﬂg‘?"}iecZ?;;i' fre’[gations could possess different characteristics than has pre-
scale on the right-hand sides of the plots shows what range of the total scaldOUsly been studied at the large wavenumbers we measure.
is relevant for the particular wavenumber. The small wavenumber power-law fit is quite close to
the Kolmogorov value of,*® while the large wavenumber
exponent is completely outside this ran@ec. 111 D). The

shot at two frequencieig. 15 left/right column It is of  fact that an exponential can fit all wavenumbers could mean
course interesting to get the full picture, which can be acthat the wavenumbers observed are entering the dissipation
complished by making 3D plots showing the L- and H-moderange®® To determine whether there is a “hinge point” be-
cross correlations versus density fluctuation frequency angveen two power-laws at a given scale or if the wavenumber
time lag. These are shown for L-mode in Fig. 17 andspectrum is exponentially decaying we would need more
H-mode in Fig. 18. Looking at the plots in Fig. 17, we seethan the eight datapoints used here. Converting the transition
the same structure as was observed for the unseparated cregsvenumber for the power-law fits to a spatial scale gives
correlations:7g® is slightly shifted to negative lags, and to- 27/k, ~2 mm. The only natural spatial scale in the plasma
wards higher frequencies. The global maximum correlatiorclose to this value is the ion Larmor radius, which is 1 mm.
shifts to higher frequencies with increasing wavenumber, angVavenumber scans in plasmas having different hydrogen
disappears at the highest values. In contrast to these clembtope ratios could clarify if the hinge point is connected to
correlations, the H-mode case shown in Fig. 18 exhibits nahe ion Larmor radius. It is interesting to note that the found
clear correlation. exponents apply to both L- and H-mode data, suggesting that
the L-H transition does not change the relative weight of the
fluctuation wavenumbers measured.

We have shown that high frequency density fluctuation

We have divided the discussion into two subsectionsbursts are strongly correlated with bursts in-kght and
The analysis results presented in Secs. Il and IV are dismagnetic fluctuations on a sub ms time sg&@ec. IV A). In
cussed first, thereafter we describe measurements from tlw®ntrast, correlations are not observed at lower frequencies—
DIlI-D tokamak and compare them to our findings. this observation indicates that low and high frequency den-

1|

I TT .

V. DISCUSSION
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sity fluctuations are two separate phenomena. Since thetation.*? The absolute value d&, becomes larger after the
bursts associated with ELMy activity are known to originateL-H transition both inside and outside the LCFS, meaning
a few centimeters inside the LCESit is likely that the high  that core(edge fluctuations increase their igelectron d.d.
frequency density fluctuations are located here as well. Theirection. Assuming thaEXB rotation dominates over tur-
low frequency density fluctuations could be located somebulent mode frequencies, one can obtain localized informa-
what outside the LCF&. This would also be consistent with tion on the fluctuation&® This approach was used in Ref. 42
poloidal plasma rotation due to a large negative radial electo conclude that the bulk of the fluctuations was localized at
tric field E, inside the LCFS and a small positis outside. a normalized minor radius of 0.8.

So, low frequency fluctuation@utside LCF$ are large in The above paragraphs gave a brief overview of the L-H
H-mode, while high frequency fluctuatiori@nside LCFS  transition measurements from DIII-D. We will now relate
are large in L-mode. these to the measurements from W7-AS. Let us begin by

The separated L- and H-mode correlation analysis on @oting that our measurements deal with the fast initial sup-
fasterus time scale showed that magnetic and density flucpression, since high NBI power is preventing the ELM-free
tuations are uncorrelated at low frequencies, but that L-modei-mode. Therefore only features pertinent to the fast initial
high frequency density fluctuations are correlated to theransition will be discussed.
magnetic fluctuationgSec. IV B. H-mode fluctuations re- The structure oE, is quite different in DIII-D and W7-
main uncorrelated at high frequencies. We can think of twoAS. We have in Sec. 1l C already described that the radial
probable causes for the disappearance of high frequency castectric field in W7-AS has a deep well or small hill just
relations in going from L- to H-mode: inside or outside the LCFS, respectively. In comparable dis-
charges where the dithering frequency is lower, the H-mode
is associated with a deeper well inside the LCFS, while no
clear development is seen outside the LCFS. This is in con-
trast to the DIII-DE, structure described above, where the
field both inside and outside the LCFS increases in magni-

The first option would be in agreement wiitXB shear ~ tude. _ _ _ _
suppression theory and has been experimentally verified in If the conjecture thaEXB rotation dominates is correct,
DIII-D. changes in th&, of W7-AS are consistent with the changes

The second option would help to explain why a signifi- ©0served in the density fluctuation autopower spectra: As the
cant density fluctuation level remains, even in H-modePlasma goes from L- to H-mode, the high frequency compo-
However, this would contradict the claim that the low fre- Nent is suppressed due to the deeper well inside the LCFS
quency fluctuations are to be found outside the LCFS wherhat increases the, shear. This agrees with the localization
E, is small. Therefore it could be the case that the low fre-0f @n edge transport barrier in W7-AS that is situated within

quency fluctuations are deep inside the plasma, wkere the first 3—4 cm inside the separatffxThe low frequency
becomes small again. component remains unchanged or increases slightly, prob-

ably due to a minor flattening of the hill outside the LCFS.
Apparently, this explanation means that we can reconcile our
measurements with those made with the DIII-D FIR diagnos-
We will in this subsection compare our results to thosetic. We note for completeness that there is a possible ambi-
of the FIR scattering diagnostic installed on DIII!DIn the  guity in the radial localization of the low frequency fluctua-
cited paper initial L-H transition observations were pub-tions, since a smakl, exists both outside the LCFS and deep
lished; they showed that low frequency turbulerfup to a  in the confinement zone.
few hundred kH was suppressed in both poloidal direc- Comparing L- and H-mode autopower spetiras we
tions, and that a high frequency feature in the ion d.d. direcdid in Fig. 8, a broadening of the spectrum was observed
tion appeared and gradual(gver tens of msbroadened in  from L- to H-mode in DIII-D. This is interpreted as an indi-
frequency during the H-mode(observations for k; cation of increased, shear. Although the spectrum widens,
=5cm 1). The broadening was attributed to an increase othe frequency integrated power decreases markedly. This ob-
toroidal rotation. servation is the opposite of what we found in W7-AS, where
The L-H transition in DIII-D has subsequently been de-the autopower spectra narrowed at the L-H transition.
scribed as a two-step process, where an initial zone of turbu- A possible source for systematic differences between
lence suppressiofishear layer”) having a radial extent of DIII-D and W7-AS measurements could be that fluctuations
3-5 cm just inside the separatrix is created within 1*h&.  are reacting in a different fashion on varying spatial scales
further transport reduction on a 10 ms time scale is observe(DIll-D range[2, 16] cm !, W7-AS rangg14, 62 cm™1).
extending deeper into the confined plasma. The interior relathe validity of this idea is difficult to test, but there are
tive fluctuation level decreases about 50% during this periodhdications that electron transport remains anomalously
in comparison to the L-mode level. large, also in the majority of improved confinement
A large positiveE, is observed in the core of DIII-D regimes®® Turbulence in the ITB gradient region has been
plasmas, attributed to toroidal rotation. The radial electricattributed to the possible occurrence of ETG turbulence or
field decreases monotonically towards the edge, where ather short wavelength mod&5A distinction can be made
small negative E, is found (mainly due to poloidal between small wavenumber ion temperature gradigr)

(i) a reduction of the radial correlation length at the
L-H transition(as has been quantified in, e.g., Ref. 40
using phase-contrast imagingnd

(i)  that the fluctuating zone moves radially inwards.

B. Comparison with DIII-D measurements
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turbulence and large wavenumber ETG turbulefic@his  tuations behave disparately in the two machines; in DIII-D
ordering is maintained in Ref. 49, where the increase of lowthe fast suppression of turbulence was observed at low fre-
frequency density fluctuations at the linear/saturated ohmiquencies, while the high frequencies were reduced in W7-
confinement(LOC/SOQ transition is argued to be due to AS. The probable explanation is the differirtgy, in that
long wavelengthK, ps~0.2—0.5) ITG turbulence. Since the there is a well/hill structure in W7-AS and a monotonic field
majority of present fluctuation diagnostics have an uppein DIII-D. Alternatively, the reason could be the different
wavenumber limit of about 15 cnt,"°%%13 suppression of spatial scales observed.
turbulence at these wavenumbers could still be consistent Our investigations presented in this article on dithering
with turbulence remaining at larger wavenumbers. The usugblasmas will be augmented by an analysis of L- and ELM-
observations are corroborated by reflectometry measurdree H-mode plasmas to be submitted for publication.
ments at small wavenumbers in W7-A&these demonstrate A radial injector currently being commissioned on
a large reduction of edge turbulence entering the quiescem/7-AS will provide us with the possibility to manipulate the
H-mode in agreement with tokamak findings. radial electric field. This increased flexibility will be ex-
We briefly want to mention measurements of densityplored in future experiments to elucidate the interplay be-
fluctuations in DIII-D during negative central she@dCS) tween turbulence anBXB shear.
operatior’® A striking similarity between Fig. 3 in Ref. 46
(spectrogram of densny_fluctuatlon autopower. versus t,'meACKNOWLEDGMENTS
and frequencyand our Fig. 6 shows that the dithering sig-
nature in both cases consists of vertical lines in the plots Useful discussions with the Risg plasma physics group,
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