The PROTO-SPHERA workshop was held in Frascati on March 18-19, 2002. The most relevant suggestion given by the Panel of the PROTO-SPHERA workshop was:

“The panel considers that the PROTO-PINCH electrode experiments provide sufficient technical basis for designing the electrodes themselves in
PROTO-SPHERA, but are not yet adequate for reliable multi-electrode operation.  Uniform current sharing among a large number of cathodes has not been proven in PROTO-PINCH (at the 1% level of the full implementation).  The proponents should be aware of the possibility of cathode current channeling and guide field instabilities that would benefit from further testing using multiple cathodes, and mushroom-shaped guide fields”.

In order to clarify this point the experiment MULTI-PINCH will be built as a testbench preliminary to PROTO-SPHERA. The testbench will produce a stabilized Screw-Pinch having the same linear dimensions of the PROTO-SPHERA pinch, but with reduced electrodes and PF coils currents. Its main task will be to explore the breakdown conditions and the pinch stability of PROTO-SPHERA before the formation of the Spherical Torus.

Following an offer from the Culham Euratom/UKAEA Association, the former vacuum vessel of the START experiment will be transferred to Frascati and used for MULTI-PINCH (see Fig. 1a). The multi-pinch testbench will have a limited number of cathode coils (18 vs. 378), but each of them will be of the nominal size and will capable of delivering the PROTO-SPHERA design current (150 A). The coaxial conductor system will be the one envisaged for PROTO-SPHERA. The cathode structure will be the one designed for PROTO-SPHERA but, hosting only 18 Molybdenum cathode modules, will not require any massive heat shields. A total limited current (2.7 kA vs. 60 kA) will be driven between the electrodes, simplifying the power supply. A simplified PF coils system with constant current will be built, fed by 600 A - 120 V, with an electrical power reduced by an order of magnitude with respect to the PROTO-SPHERA requirement of 1.9 kA - 350 V, and so will not need water cooling. PF coils sustaining columns will be composed of three section at different voltages: top at anode potential, medium at floating potential, bottom at cathode potential – ground. The first phase of the experiment will have a provisional single anode (not mushroom shaped, see Fig. 1). The first phase of MULTI-PINCH will investigate the uniformity of emission from multiple cathodes, in presence of a mushroom-shaped cathode guide field, without having to worry about anode arc anchoring.
In a second phase the full PROTO-SPHERA anode will be built with Cu-W protected holes and toroidal reservoir gas feeding system, see Fig. 2. At this point also the anode plasma will be mushroom-shaped. The second phase of MULTI-PINCH will investigate the breakdown between two annular electrodes with mushroom-shaped guiding fields and the occurrence of anode arc anchoring. Sufficient space is available near the electrodes, should additional tools (such as rotating magnetic fields) be added inside the vacuum vessel to overcome difficulties with current channeling and guide field instabilities.
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Fig. 1.
The MULTI-PINCH testbench plasma (pink) and part of the load assembly:

a) Inside the START vacuum vessel, b) Phase-I plasma, PF coils and electrodes
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Fig. 2.
The phase-II of the MULTI-PINCH testbench: plasma (pink), electrodes and coaxial conductor system.

