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1 - Introduction

SphericalTori (aspectratio A=R/a<2) were originally proposedby M. Pengand his
collaboratorsat ORNL." They are basedon economical(low aspectratio=low volume=Ilow
cost) and physical (probableno disruptions,low geodesiccurvature, high beta) attractive
features. These features have been confirmed by the STedR&riment at Culham.

The decreasen the aspectratio and the trend to the Ultra Low Aspect Ratio Torus
(ULART, A<1.3) is a necessary further step in Spherical Tori. The main problerSuterical
Torus Reactoris the impossibility of shieldingthe centralrod from the neutronflux, therefore
the central rod cannot be superconductingThe PROTO-SPHERA experiment (Spherical
Plasma for HElicity Relaxation Assessment), whagh be built at Frascatiwill be devotedto
demonstratehe feasibility of an ULART wherea stabilizedscrew pinch takesthe role of the
central rod; such a magnetic configuration is known as “Flux Core Spheromak’. Two
electrodes, composdyy a large numberof elementarytubesmadeof refractorymetal (hollow
cathodesand hollow anodes) pressedadially and alignedalongthe lines of force of the disk
shapedplasma,will feedthe centralscrewpinch andsustainthe ULART by driving poloidal
field by DC Helicity Injection (Fig. 1).

Fig. 1. Load assembly and plasma configuration of PROTO-SPHERA.
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The TS-3 ULART experiment(Tokyo University) hassuccessfullyobtaineda similar
magnetic configuration thdtasbeensustainedor tensof Alfvén times(i.e. for approximately
100us). The main goals of PROTO-SPHERA will be the following:

1) form, compress and sustain the configuration on a resistive time scale (>20 ms);

2) assess the steady state operatidns) and the efficiency of the Helicity Injection;

3) assesghe behaviorof the global energyconfinementtime, comparingit with the one
obtained in START, as PROTO-SPHERA is comparable in size and plasma current to it.

The key parameteref PROTO-SPHERAare: ULART currentl =240 kA, longitudinal pinch

current |=60 kA, ULART aspect ratio Al.20, edge safety factor of the ULART=R.8.

The problemof damagedo the central rod is howeverturned to the problem of avoiding

damages to the electrodes.

2 — The Electrodes’ Benchmark (PROTO-PINCH)

A benchmark for the electrodes is requilemtausehe high value of powerhandledby
them. The electrodeenchmarkPROTO-PINCH(Fig. 2) hasbeenbuilt andoperatedit has
produceda screwpinch with roughly the samegeometricaldimensionsof the screw pinch of
PROTO-SPHERA, with a simpler mechanical configuration of the electrodes.
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Fig. 2. Load assembly and plasma configuration of PROTO-PINCH
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PROTO-PINCH,with an anode-cathoddistanceof 0.75 m and a stabilizing magnetic
field B=1.5 kG, hasa currentcapabilityof 1, .,=1 kA, (with g,,,,22). The technicalsolution
for the 5 cm diameterelectrodesare:i) a water cooledhollow anode(Fig. 3a), built in copper
and/orstainlesssteel,throughwhich the H, gasis puffed (a feed-backsystemstabilizesthe
pressure pin the vessel)ii) a directly heatedThoriatedTungstenhollow cathode(6 spiralsof
W-Th), that is shown in Fig. 3b.

Fig. 3: a) Hollow anode; b) directly heated cathode.

The cathodestructureis built by refractory metals (Molybdenumand Tantalum) and
high temperature resistant insulators (Alumina); the W-Th spirals can be heated up“d 2800
few secondsdy atotal currentl ;=200 A with avoltageV ;=20 V (P_,,=4 kW), in orderto
obtain the needed electron emissivity.

3 — PROTO-PINCH Results

Self-sustained pinch discharges héeenobtainedwith B=0.8 kG, |;,,<400 A (limit
of present power supply) ang,\,=40+80 V, therefore ndigh voltageis required.The pinch
current has been obtained in filling pressure rapge p10% 1.10” mbar, namely the typical
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Fig. 4: Characteristic of the PROTO-PINCH primary arc Vs. the filling pressure p,
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values of a standard Tokamak break-down. The characteristivs #ROTO-PINCHprimary
arcareshownin Fig. 4: the behaviorof | ., andV ., Vs. the fluxed filling pressurep, are
well reproduced by a Paschen curve. The typical "duration of a plasma pulse at a pinclofcurrent
300 A is 510 s; it has to be remarked as #mergydepositedon the electrodesy a discharge
with 1, ,=700 A, V,, ,=80 V in 5 secondss comparablevith the one of the standardpinch
dlscharge in PROTpO -SPHERAZB0 kA, V=200 V, 1 second pulse).

Up to now, only few tens of PROTO-PINCH dischargesat 300-400 A has been
performed:the extensivecampaignthat must assesghe electrodecapability of surviving at
hundreds of full power plasma pulseg (=700 A) is in progress.

. Fig. 5: @) PROTO-PINCH electrode benéhmark; b) Hydrogen arc discharge in PROTO-PINCH

An image of the PROTO-PINCH experiment,togetherwith a photo of a standard
plasma discharge, is shown in Fig. 5.
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