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ence]. A strong effort has been also spent to study QSH
in MST [P. Franz.et al, Phys. Plasmad3, 012510 Figyre 1: Virtual shell RFX-mod dis-
(2006)]. Here a comparison will be made of the recefHarge with a quasi-stationary QSH.

results obtained in these two machines.

In the initial operation of RFX-mod, mainly at low curreat0.6MA and with no feedback
control, long-lasting QSH states were reproducibly obtained, with charstatsrsimilar to
those previously observed in RFX [D.F. Escandeal, Phys. Rev. Lett85, 3169 (2000)].
This was important to confirm the robustness and reproducibility of such dties.we will
compare these experiments with more advanced operations, both in RFX-mbtsdnd

During the last year, we started using the new RFX-mod magnetic feedback system. Th
state-of-the-art tool consists of 192 active saddle coils providing ectwérage of the torus
surface. A flexible control system permits one to explore a variety of schemesafgnetic
feedback control. This allowed the exploration of completely new regim&¥-X-mod, char-

acterized by a much better plasma control and reduced plasma-wall interaction. RFeGuid
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thus accessMA currents for longer periods than in the past, without excessive wall load.

The first feedback scheme in-
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significantly all the mode ampli_Figure 2:Oscillatory QSH in (a)-(b) RFX-mod and (c)-(d) MST.
tudes. Though its effect extends

up to the plasma core, it does not prevent the plasma to access QSH spectra. Ortrérg con
even purer QSH spectra are associated with VS.

Fig. 1 reports an example of a spontaneous transition to a quasi-statioBbryn@ VS dis-
charge. The dominant mode is typically the innermost resonantioael, n= —7. The red line
represents the normalized secondary mode amplitndel, n = —8 to —15. After a first oscil-
latory phase, the plasma settles down in a QSH state for aboug 3be fast back-transitions
to MH are not fully understood at the moment. They could be related to thiesitc nonlinear
plasma dynamics, but also to more technical reasons, such as a non perfect optiroizéon
error field control or of the VS algorithms. The optimization of these digsrto obtain fully
stationary QSH states, constitutes a very important challenge.

A hot helical core is present during quasi-stationary QSH states for a periodomger than
the global energy confinement timg ~ 0.5ms This good confinement region corresponds to
the dominant mode helical flux surfaces, as observed by soft x-ray tomography ams$drn
scattering. Fig. 1-c shows the ratio of the soft x-ray brightness fronoppwosite lines of sight,
which represents the asymmetry of the brightness profile. A ratio of abtus Hue to the
Shafranov shift, while higher ratios are associated with a hot helical core, agwenfiso by
tomographic reconstructions. The profile asymmetry has very fast oscillatiomtated with
the mode amplitude at the beginning of the QSH transition, and reacheseastationary value
of about 13 during the long QSH period indicating the presence of a more stationarsiénd.

In standard MST discharges QSH has typically a sawtooth dynamics. At the momgnt lo
lasting QSH states have been observed in MST only under particular conditions, such as

pulsed poloidal current drive ard= 0 discharges [L. Marrellgt al,, Phys. Plasmak2, 030701
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(2005)]. A sawtooth dynamics similar to MST has been recently observed forgherfie also

in RFX-mod during VS operation. Fig. 2 shows such an example compared witmeard
MST shot. These two shots have different plasma parameters, e.g. plasma currentsityd den
but the mode dynamics is similar. The dominant mode is in both casesrthermost resonant
onefm=1n=—-6in MST andn= 1,n= —7 in RFX-mod) and the average sawtooth period
Is comparableTsaw ~ 5ms We also note some differences. The magnetic signals are smoother
in RFX-mod than in MST. This is due to the fact that in RFX-mod the pick-ufs @ve placed
outside the conducting shell, which has the effect to low-pass filter the sjgmaile in MST

they are inside. Another difference is the absolute value of the modetadgd, which is lower

in MST. This is likely due to the faster natural mode rotation in M$®(20kH2) than in RFX-

mod (f ~ 3HZ), which can have a larger stabilizing effect. Other systematic differences could
be introduced by the different radial position of the coils, by toro&ftdcts, or by a different
Lundquist number, but they have not been accounted for accurately at the moment

Studying the differences between long-lasting
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A large parameter range could be explored. TI% I P 0,4<|P<O..';‘>5l\/IA:
plasma current varies from@to 09MA, density 0.1y =e=  MST -
from 1 to 4x 10°m~3, and the reversal parameter 0.001  0.010 0.100  1.000

QSH probability
F = By(a)/(By) from —0.25 to —0.05. For each

discharge, QSH periods are defined by the confligure 3: QSH durationvs probability for

tion Ng = [Zn(E’in/ S Bin/>2] - < 3, where the RFX-mod discharges at different plasma cur-

spectral spread indéMs = 1 for a pure SH state and©nts and for MST discharges.

Ns > 1 when secondary modes are also present. We

then defined for each discharge f&H probabilityas the ratio between the sum of the QSH

periods and the flat-top duration, and Q&H durationas its longest QSH period. We found

that the strongest dependence of these two quantities in the database islasrieequrrent.
Fig. 3 reports QSH duration as a function of QSH probability for threeectiranges. The

longest QSH periods are found in discharges with the highest QSH propailnititthe highest

plasma current. An ensemble of standard MST discharges witk Op < 0.55MA, the high-

est currents possible at the moment in MST, have been also analyzed. These discharges have
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a higher QSH duration and probability with respect to the RFX-mod dischatgd®e same
current. This could be due to the lower MST aspect ratio, as predicted by MHD siomslat
This result suggests that exploring even higher current regimes in MST celddrficial for
QSH states. A positive trend of the QSH transition probability with plasmeeotihad been
already observed in RFX [D. Terranow,al., Plasma Phys. Controll. Fusid@2, 843 (2000)],
MST, and TPE-RX [P. Piovesast al, Phys. Plasmasl, 151 (2004)]. The present results not
only confirm those findings, but extend them to a much broader parameter ramgé. pfasma
current promotes the transition to long-lasting QSH states, a very pranpsitspective opens
for the high-currentp > 1MA scenarios planned to be explored by RFX-mod in the near future.

A robust result of present and pre-
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tion to QSH. Not only during QSH _
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in these secondary mode amplitude

Is also observed. This is shown in Fig. 4, which reports the dominant and sggamdde

amplitudes, normalized to the equilibrium poloidal magnetic field, as etifum of the spec-

tral spread indeXs for two databases of RFX-mod discharges without and with VS. The VS

database is the same as in Fig. 3, while the standard one only includes disehigrgdasma

current 04— 0.6MA, since VS makes high-current operation safer. The VS effect is also clear

from Fig. 4. In fact not only the mode amplitude decreases with VS, butNdseaches values

much closer to 1. This implies that purer QSH spectra can be obtained with VS. Thaisaime

ysis has been made also for a database of standard MST discharggswi@MA, which are

indicated in blue in the figure. The same positive trend is also present ineficed where the

mode amplitudes seem to reach even lower values. As commented above, this caugdtde d

the fast mode rotation present in these discharges, which tends to furthezstdi@imodes.
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