Construction of the first phase of the PROTO-SPHERA experiment

The PROTO-SPHERA system is a simply connected magnetoplasma configuration, composed:
•
by a spherical torus (ST, with external diameter 2•Rsph=0.7 m, with closed flux surfaces and toroidal plasma current IST≤240 kA) and

•
by a Hydrogen plasma arc, taking the form of a screw pinch fed by annular electrodes (see Fig. 1): 
RElectrode=0.40 m, ΔZElectrode=0.04 m  (SP, with length LPinch≈2 m and midplane diameter 2•Pinch ≈0.08 m, with open flux surfaces and plasma electrode current IElectrode=60 kA. 

The central metallic conductor of a spherical tokamak will be replaced in PROTO-SPHERA by the screw pinch acting as a plasma central column: resistive instabilities will drive magnetic reconnections, injecting magnetic helicity, poloidal flux and plasma current from the electrode-driven SP into the ST and converting into plasma kinetic energy a fraction of the injected magnetic energy (see Fig. 1).

[image: image1.jpg]WATER COOLED ANODE RING

WATER COOLED ANODE RING WATER COOLED ANODE RING WATER COOLED ANODE RING WATER COOLED ANODE RING

P . e o

DIRECTLY HEATED CATHODE RING  DIRECTLY HEATED CATHODE RING ~ DIRECTLY HEATED CATHODE RING DIRECTLY HEATED CATHODE RING

DIRECTLY HEATED CATHODE RING



[image: image2.jpg]Kink Saturation Reconnection Reconnection Closed flux surfaces




Fig. 1. 
a) Sketch of the PROTO-SPHERA plasma formation.

In order to compare the plasma performances of PROTO-SPHERA with those of a spherical tokamak with metal centerpost, geometrical size and plasma currents very similar to the ones of the pioneering spherical tokamak experiment START, operated in Culham from 1991 to 1998, have been chosen. A collaboration has been established with UKAEA-Culham British Association. Within that framework ENEA-UKAEA Culham has donated in 2004 to Frascati the available START equipment (in particular the vacuum vessel), see Fig. 2.
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. 3).
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Fig. 2. 
The START vacuum vessel being transferred from Culham to Frascati in 2004.

MULTI-PINCH 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).
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Fig. 3. 
CAD model of Multi-Pinch, showing the dissassembling of cathode group from below

MULTI-PINCH will also be relevant for the main tokamak line for exploring biased divertors and plasma sources for NBI injectors (PElectrode≈20 MW/m2) and for high current vacuum arcs (jElectrode≈1 MA/m2) in presence of guiding magnetic fields.

The Multi-Pinch vacuum sealed poloidal field coils (4 pairs) have been completed in March 2007 by ASG Superconductors (Genova), like all other load-assembly and power supply components built for MULTI-PINCH, the four pairs PF shaping coils and their power supply will be fully reusable for PROTO-SPHERA.
A European Call for Tender for the remaining parts of MULTI-PINCH load assembly was started in spring 2007 and adjudicated in November 2007, to ASG Superconductors (Genova). In June 2008 the emptied START vacuum vessel was shipped from Frascati to ASG.

In December 2008 ASG completed the work for the detailed design of the load-assembly and started the construction of the load assembly. Figs. 4 to 8 show the final phases of Multi-Pinch construction in ASG Superconductors in Autumn 2009.

The machine will be delivered to Frascati within December 2009.
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Fig. 4. 
a) Modules of the final annular anode of Multi-Pinch, b) Annular cathode with 54 Tungsten filaments.
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Fig. 5. 
a) Anode group with nearby plasma shaping coils,  b) Cathode group.
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Fig. 6. a)  Final closure of Cathode group - lower part of Multi-Pinch, b) Final closure of Anode group – upper part. ASG Superconductors Genova (October 2009).
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Fig.7 The Cathode group: a)  During assembly  b) Inside the vacuum vessel
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Fig. 8. Multi-Pinch in ASG Superconductor (Genova) ready for vacuum test (October 2009).

