End of construction of the first phase of the PROTO-SPHERA experiment
A spherical tokamak (ST) fusion power plant would have the important advantage of allowing for large toroidal plasma current Ip with a low value of the toroidal magnetic field. However, it would unfortunately concentrate most of its engineering difficulties around the toroidal field centre stack, where the magnetic fields and therefore the electromechanical stresses are the highest, and which, due to its slimness, cannot be shielded from neutrons. In the same way, the almost inexistent space allowable for a central transformer makes it mandatory to sustain also a magnetic fusion configuration of this kind through current drive, which would become particularly demanding (even with respect to conventional tokamak power plants), due to the large toroidal plasma current and density and to the low value of the toroidal magnetic field.

An intriguing possibility is to substitute the metal centre post current with the plasma current of a screw pinch (SP), driven by DC electrodes (see Fig.1). In this way, two problems are potentially solved: first the already mentioned damage of the central conductors disappears and second the helicity injection from the SP to the toroidal plasma closed surfaces should be able to sustain Ip inside the ST, through cyclic reconnection oscillations of the magnetic configuration.
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Fig. 1. 
a) Sketch of the PROTO-SPHERA plasma formation.

The PROTO-SPHERA system is a simply connected magnetoplasma configuration, composed by a spherical torus (with external diameter 0.7 m, with closed flux surfaces and toroidal plasma current ≤240 kA) and by a hydrogen plasma arc, taking the form of a screw pinch fed by annular electrodes (radius=0.40 m, height=0.04 m, with length LPinch≈2 m and midplane diameter ≈0.08 m) with open flux surfaces and plasma electrode current equal to 60 kA.

In order to clarify the breakdown conditions and the pinch stability before the formation of the Spherical Torus, the MULTI-PINCH test-bench has been designed as a reduced setup of the PROTO-SPHERA experiment, devoted to assess and clarify the most critical points of the PROTO-SPHERA experiment from the SP point of view: to explore the breakdown conditions and the pinch stability in the starting phase of the PROTO-SPHERA discharge, in presence of the poloidal field (PF) shaping coils alone and therefore in absence of the spherical torus (see Fig. 2).
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Fig. 2. 
CAD model of Multi-Pinch, showing the dissassembling of cathode group from below

The load assembly has been built inside the START vacuum vessel (kindly gifted by the Euratom-UKAEA British Association) in the years 2007-2009 by ASG Superconductors in Genova (Italy). Figure 3a shows the final phases of Multi-Pinch construction in ASG Superconductors in Autumn 2009, when the machine was successfully tested against vacuum leaks. Figure 3b shows a wide-angle view of the central part of the machine.
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Fig. 3. 
a) Vacuum tests in Genova along and b) wide-angle view inside the machine.

The load assembly has been delivered to Frascati in Dicember 2009 and installed in place somewhat later (see Fig. 4).

MULTI-PINCH will explores the first phase of the PROTO-SPHERA discharge (IElectrode≤10 kA), in presence of the shaping subset of the poloidal field coils alone and therefore in absence of the spherical torus. The MULTI-PINCH cathode is the final PROTO-SPHERA cathode, only partially filled with Tungsten filament modules (54 Vs. 378); each filament will deliver its maximum plasma current (150 A). The screw pinch amplifier will be limited to the first unit (IElectrode≤10 kA) and also the cathode heating power supply will be a 1/6 of the final one (10 kA and 25 V AC). It should start plasma operation in the of 2011, beginning of 2012.
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Fig. 4. 
Multi-Pinch in its final position at CR-ENEA Frascati.

