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Introduction

Since the L-H transition was discovered in 1982 [1], manystjoes regarding the physical
mechanism of the turbulence reduction came up. Some of tbafd be answered satisfactorily,
but others still remain as open questions to the fusion conitmuOne important point, which
has not been addressed intensely, is the scale-dependendautence reduction. Furthermore,
the identification of differences and similarities in diffat types of confinement devices (here:
stellarator and tokamak) could yield important information the processes associated with
turbulence suppression.

Doppler reflectometry [2] has proven to be a powerful techeigp measure the perpendicular
velocity of density fluctuations and their fluctuation lewel different spatial scales. The per-
pendicular velocity is obtained from the Doppler shif§ of the spectrum of the received signal
throughawp = u | k| . The perpendicular wavenumber is calculated after the discharge by ray
tracing (TJ-11) or beam tracing (ASDEX Upgrade). From thegemdicular velocity, the radial
electric field can be calculated. Both experiments (TJ-1l ARIDEX Upgrade) are equipped
with Doppler reflectometers [3, 4], which have been used tedtigate L-H transitions with

special emphasis on scale separation (T&ll:==3 — 15 cnT!, AUG: k; =3 -20 cnt?).

Experimental results

L-H transitions in TJ-Il occur spontaneously, dependingntyeon the combination of den-
sity, heating power and plasma current. Plasmas in TJ-léwefNBI heatedH\g, = 370 kW)
with line-averaged densitig®) ~ 2.8 x 10'° m~2 and edge rotational transfornfa) /2 =
1.63, wherea is the plasma minor radius.

The L-mode plasma in ASDEX Upgradéne) ~ 4.2 x 10 m~3) was heated by 1.1 MW
NBI power. In H-mode, additional 1.5 MW ECRH and 2.6 MW NBI powereased, obtaining
(ne) ~ 6.0 x 10'°® m~3 with an edge safety factor gps = 5.3.

Radial Profiles of the Perpendicular Velocity Fig. 1 shows radial profiles of the perpendic-

ular velocity of density fluctuations, in L- and H-modes for TJ-1l (a-b) and ASDEX Upgrade
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Figure 1: Perpendicular velocity profiles for TJ-Il L-modg @nd H-mode (b) and for ASDEX Upgrade L-mode

(c) and H-mode (d) plasmas. For details refer to the text.

(c-d). p =r/ais the normalized poloidal flux radius. Since Doppler refienetry is a scale-
selective diagnostic, the perpendicular wavenunkhecan be scanned. The respective values
of k| are color-coded in the velocity plots (see colorbar).

The u, -profile in L-mode plasmas in TJ-1l (a) is almost flat with vaduof about -5 km/s.
When going into H-mode (b), the profile changes substantiatig a strong radial velocity
shear layer is formed at ~ 0.83. Velocities inside this shear layer (towards the plasora)c
take on values of up to -15 km/s, while in the edge plasma, @aheeg almost show no changes
compared to the L-mode plasma. In ASDEX Upgrade (atd)is negative in the edge and
positive towards the core. A strong velocity shear exists-iand H-modes, while generally in
H-mode the absolute velocity values are higher, resultiregstronger shear as well.

In both experiments na, -dependence ok, is observed, in all plots of fig. 1 red points
are found amongst dark ones. It can be concluded that eliegritase velocity of turbulence
is small compared to thE x B-velocity, Vph < VExB, Or thatvy, does not depend ok, i.e.

Vph 7 Vph(K1 ). For TJ-II, vph < VExB has been shown by comparison with Heavy lon Beam
Probe measurements for ECRH and NBI L-mode plasmas [5].

Perpendicular Wavenumber Spectra Fig. 2(a-b) shows wavenumber spectra for L- (black)
and H-modes (red) in TJ-1l. Two different radial regions ah®wn,p = 0.73—0.78 (a) and
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Figure 2: (a-b) Density Wavenumber spectra in TJ-II at twféedent radial regions for L- (black) and H-modes
(red). (c) Radial profile of fluctuation level in H-mode nofimad to L-mode for different scales. For details refer

to the text.
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Figure 3: Density wavenumber spectra in ASDEX Upgrade) (asmode and (d-f) H-mode plasmas in different

radial regions indicated in the respective plots.

p = 0.79—0.82 (b), corresponding to the respective parts of the velquitfiles in fig. 1(a-
b). In particular, the spectrum from fig. 2(b) is measuredhmu, -shear vicinity in H-mode.
For the inner positions, no change between L- and H-modebssreed, while close to the
u, -shear, the density fluctuation level is reduced on all scalkich points to a decorrelation
of the turbulence due to strong velocity shear. Apart froat,taknee— defined by an abrupt
change of the spectrum slope [6] — is observed in the specitunmer radii, while the spectra
close to the velocity shear do not show any clear knee.

In fig. 2(c) the radial fluctuation level profile in H-mode nalzed to the L-mode values
is depicted. Close to the maximum gradient (cf fig. 1(b)) the fluctuation reduction is maxi-
mum. Towards the edge and core, the fluctuation reducti@sssgronounced. Furthermore, the
reduction of intermediate-scale turbulence (6 — 11 &nis strongest, even in the edge plasma.

No interpretation for this effect has been found yet.
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Perpendicular wavenumber spectra of density turbulenteerASDEX Upgrade tokamak
are plotted in fig. 3. The L-mode spectra for different radégjions (a-c) reveal a knee at about
k, =6 cm !, which corresponds to structure sizes of about 1 cm. Furtbes, the density
fluctuation level is decreasing with decreasing plasmaugaffrom (a) to (c)).The H-mode
plasmas (d-f) show a more pronounced radial decrease afifitich amplitude.

Fig. 4 shows the radial evolution of the spec-

0 - ' ' tral index a for small-scale turbulence in L-
2f m N ] (k. ps=0.7—1.6, black) and H-modek( ps =
B ) @ 1  10-40, red) of TI-Il (squares) and ASDEX
° o a u 1 Upgrade (circles). In TJ-1l in H-mode; ~ —86,
o O AUG ] about twice as large as in L-mode wherex
i(z) | | . TJIl 1 _3. For ASDEX Upgrade, the values in H-
0.7 0.8 0.9 1.0 mode are comparable to the TJ-1l values. How-

Figure 4: Spectral indices th 13411 (squares) and A%Ver, no change between L- and H-modes can
DEX Upgrade (circles) in L- (black) and H-mode (red). . . L
be observed. Since the radial variationoois

small in all cases, no radial change in turbulence chaiiatiter can be concluded.

Summary

Perpendicular velocity profiles and wavenumber spectra lh@en compared between the
TJ-1l stellarator and the ASDEX Upgrade tokamak. From L- tanidde, the changes in per-
pendicular velocity profiles are more pronounced in TJ-ib. dbservable dependence of the
perpendicular velocity on wavenumbers has been detectagitloer experiment. This means
that either the phase velocity of turbulence is small comgao theE x B-velocity or that the
phase velocity of turbulence is independent of the turledescale. In H-mode, both experi-
ments exhibit a strong perpendicular velocity shear clogbe plasma edge, in the respective
maximum pressure gradient region.

Wavenumber spectra show a reduction of fluctuation levellloscales from L- to H-mode.
In TJ-II, the turbulence reduction in the perpendiculaioedl shear region is strongest. Fur-
thermore, intermediate scales are reduced most effectinel J-1l. The spectral indices for
small-scale turbulence are comparable in both experiniefismodes.
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