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I ntroduction

Reversed Field Pinch expments resumed in December 2004the modified RFX device
(RFX-mod) [1]. Magnetic boundary is now mabg a thin (3mm) Cu shell with a 50 ms
penetration time,, for vertical magnetic field, B The shell has one odapped poloidal gap

and one toroidal gap and the shell/plasnmaxipnity has been decreased from b/a = 1.24 to
1.1. Toroidal equilibrium is feedback contrallg3] using the field shaping coil system. New
power supplies provide a more flebe control of the toroidal field coils. A new full graphite

tile coverage of the vacuum s&el has been installed, whidmosld prevent highly localized
power deposition on the tile edges thanks to the new design of the tiles [1]. A set of 48x4
saddle coils outside the thin shell [2] will be controlled by a digital feedback system [3],
which will allow a variety of operation modes [4] to act both on field errors, radial field
components due to dynamo modes and resistal modes (RWMs). A greatly enhanced set

of internal and external magnetic pick up coils, internal electrostatic probes and
thermocouples is available [5], which, aloagth detailed measuremenof temperature,
density and impurity emission profiles, permitdim a complete characterization of the pulses,
both in terms of MHD mode ayamics and of plasma confinent. The paper presents the
first experiments at currents of 300-600 kA, whitave been done to assess the performance
of the new machine front-end before commissioning the MHD mode control system, which is
expected to start operating shortly after the Conference.

Experiments

The previous machine had a 6.5 cm thick aluminium stabilizing shell with=a500 ms,
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which guaranteed both mode stabilization and toroidal equilibrium through thd3Mons

pulse length. Hence, the first issue to fac&kRFX-mod was RFP #sg-up and equilibrium
control with a shell whose time constant is comparable to pulse length. Actually this was not
particularly difficult and, after a brief optimization of magnetic field programming, density
and equilibrium control, we have been able to produce R&¢haliges using aided reversal,
matched mode and current ramping with characteristics similar to those of the past (figure 1).
As for toroidal equilibrium, because of thkost shell time constanfeedback control has
indeed proven necessary, but also very effectnaeed we find that it is possible to keep the
plasma shiftA at a constant preset value within a few mm. Optimum plasma performance is
obtained withA =0+5 mm. This up to now allowed us to obtain well sustained pulses with
duration in excess of 130 ms, that is, more than twice the shell time constant. An example of
such pulses is given in fig. 2, where it can be seen that actually the plasma terminated for lack
of volt-second.

The plasma performance of these dischargedban benchmarked versus reference pulses of
the previous database. As shown in fig 2 @ride RFX-mod plasmas have field reversal and
pinch parameter (E By(a)/<By>, ©® = By(a)/<By>), loop voltage, density and temperature
comparable to those of the reference puldésde dynamic is also relatively benign, with

amplitudes and spectra similarttee past ones [7,8]. On thehet hand the petation of the
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Fig.1 Plasma current, M ratio, toroidal field (mean and edge) for pulses with diffiere
RFP setting-up in RFX (black line) and RiRd (red line): (a) aided, (b) matcheddn
(c) ramped. In all cases both the time etiolus and the final states are very similar.
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mode radial field component through the thielsis relatively fast, which leads to enhanced
plasma wall interaction. The impred graphite tiles gggn has countered this negative effect
by spreading the power deposition over the tile central section rather than on their edges. This

is confirmed by CCD images of plasma walleiraction taken during the pulses [6] and by

periodic in vessel inspection. The latter in
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- /- e particular, showed that, contrary to the past,
g o / \\ after several hundred pulses no damage has been
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(1.10°m3). In fact, similarly to the previous

experience, m= 1 and m= 0 dynamo modes are

systematically locked in phase and to the wall.

The statistical distribution of the locking angle

is concentrated around two positions at 180°

toroidally from each other. Such positions

correspond to the poloidal gaps of the stainless

steel shell which has replaced the previous thick

aluminium shell to work as a support structure

for the RFX-mod coils. Such structure has time

o o3 ' 2 constant of~ 15-20 ms for B penetration, and
©ooagd l§ is outward shifted by 5 mm relative to the inner
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Fig.2 Referace "long pulses” in RIX  pulses [7]. Their amplitudes and growth rates
(9523) and RFX-mod (16321). o

discharges terminate because ofet

turning off of the voltage at 0,11 @n which, according also to the results obtained on
0,12 s respectively.

h are compatible with theoretical predictions [8],
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T2 [9], should allow us to control them by o

the new RFX-mod feedback system. oo oo Biam & SmSn B
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Fig.3 Resistive loop voltage versus density

compared to the best pulses of the past, bér pulses at 600 kA

plasma loop voltage is still higher by 2-3 V

this is likely caused by the enhanced plasma-wall interaction due to the faster penetration
through the thin stabilizing shell of radidileld components of locked tearing modes.
Moreover a role is played also by the systematic field errors. Both such field errors, along
with errors due to the growth of RWM, shdwbe adequately corrected with the new RFX-
mod MHD digital feedback system. In this wag expect on the one hand to further improve

the performance, demonstrating the possibitf operating a large RFP without a thick
conducting shell, and, on the other hand, ttaimbeasier and better controlled access to
enhanced RFP scenarios, such as QS PPCD [11], and Intelligent Shell [9].
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