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The PROTO-SPHERA experiment is studying the feasibility and the proprieties of a coupled Spherical Torus (ST) / Screw Pinch (SP) magnetic configuration, aiming at replacing the metal center post of an ST with a plasma central column. The plasma of the machine can be considered to be composed by three distict regions: an upper "mushroom-shaped" anode plasma, which is shaped by constant current poloidal field (PF) coils internal to the cylindrical vacuum vessel; a lower symmetric "mushroom-shaped" cathode plasma;  the intermediate central column surrounded by the ST and by the variable current PF compression coils. The scientific objectives can summarized as follow: 1) build up the ideal MHD stable ST+SP configuration destabilizing plasma central column (raising its current Ie rise from 8.5 kA to 60 kA in less than 1 ms) and "tunneling" through a non-linear unstable kink, namely using the same formation scheme successfully developed on the TS-3 device of the Tokyo University; 2) compress the ST to the lowest possible aspect ratio A=R/a, with an elongation κ>2, by a fast rise (0.5-1 ms) of the current in the PF compression coils, producing in this way a Flux Core Spherical Tokamak rather than a Flux Core Spheromak, as in TS-3 and Sphex (UMIST); 3) sustain the coupled configuration by Helicity Injection (HI) from the central plasma column– fed by annular electrodes – to the ST (with a toroidal current up to Ip=240 kA), through resistive instabilities at the torus edge, exceeding at least one resistive time-scale (∼70 ms); 4) compare the ST energy confinement time τE with the one of conventional Spherical Tokamaks of similar size (e.g. START), in order to assess any possible degradation due to HI.


The first phase of PROTO-SPHERA, in which only the constant current PF coils have been built along with their power supply and with limited performance cathode heating and central column plasma power supplies, is now producing the central column plasma only which has at the moment achieved a current of 1.7 kA (whereas 8.5 kA are due), the limitation is due to a spurious surrounding discharge path, which is driving half of the plasma central column current outboard near the vacuum vessel cylindrical wall, a problem which is at the moment being cured by adding to the machine further constant current PF coils external to the vacuum vessel. The first results of PROTO-SPHERA have already removed the major concern that the Screw Pinch plasma could attach itself on a restricted portion of the annular anode (both anode and cathode were designed with an annular shape in order to handle the high power and high current density on the plasma-electrode interfaces). Each PF coil inside the vacuum vessel is in principle at a floating electric potential, but can as well be connected through resistances either to the anode, to the cathode or to the vessel (ground) potential. Luckily enough each PF coil is spontaneously and indipendently charged to a particular potential by the plasma discharge itself: the ensuing electric field E inside the machine produces an E∧B drift which distributes smoothly the plasma on the annular anode surface, without any evidence of attachment or even of filamentation in the anode region. This result is even more impressive as the plasma emerges from the directly heated annular cathode in 18 filaments, as the cathode in the first phase of PROTO-SPHERA is only partially filled with 54 emitters, but the E∧B drift eliminates the filamentation even before the plasma enters the anode region. 

The major components that have to be built in order to complete the PROTO-SPHERA machine are: 1) the variable current PF compression coils, also internal to the cylindrical vacuum vessel, they are more sophisticated than the already built constant current PF shaping coils, as the fast current rise required for the formation of the ST will compel them to have Inconel (instead of Stainless Steel casings) and the internal insulator must be able to withstand many kV voltage; 2) an extension from 54 to 324 cathode emitters in order to drive 60 kA in the central plasma column; 3) the upgrading of the cathode heating and of the central column plasma power supplies; 4) the variable current PF compression coils power supply. The recent development of the so-called Supercapacitors can allow to design in a robust and simple way the power supplies required for the fast rise of the Screw Pinch current and the compression PF coils currents, overcoming the overshoot and feedback problems inherent in such demanding components. In conclusion at this moment it seems possible to overcome all the most critical technical points that could have hindered the final completion of PROTO-SPHERA machine.
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