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 Spherical Tokamaks allow to obtain: 

High plasma current Ip with low BT, high ! 

and more compact devices 
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New configuration proposed 
(Alladio F. et al. 2006 Nucl. Fusion 46 S613): 

PROTO-SPHERA 
“Flux Core Spherical Tokamak” (FCST), rather than FCS 

Disk-shaped electrode driven Screw Pinch plasma (SP) 

Prolated low aspect ratio ST (A=R/a!1.2, #=b/a~2.3) 

to get a Tokamak-like safety factor (q0!1, qedge~3) 

SP electrode current   Ie=60 kA 

ST toroidal current          Ip=120÷240 kA 

ST diameter            Rsph=0.7 m 

! 

Stability should be improved and helicity drive may be less disruptive 

than in conventional Flux-Core-Spheromak 

But Flux Core Spheromaks are: 

• injected by plasma guns 

• formed by ~10 kV voltage on electrodes 

• high pressure prefilled 

• with ST safety factor q!1 

EPR2016 | Auburn, 23-26 February 
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Formation time scale: 

Alfvén MHD growth time   CA~ 0.5 µs 

Resistive diffusion time    CR~ 70 ms 

(CRCA)1/2~ 0.6 ms for IST=120 kA (2xIe) 
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Some level of low n resistive instability needed 

(reconnections to inject helicity from SP to ST) 

but 

SP+ST must be ideally stable at any time slice 

! 

Ideal MHD analysis to assess Ip/Ie & # limits 
(Micozzi P. et al., 2010 Nucl. Fusion 50 095004) 

! 

Key points of PROTO-SPHERA design 
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“Smoke-ring like 
self-organization”

Beluga 

"#$%&!

'()*$%&!Etna volcano 

Crab Nebula 
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Helicity Injection to sustain the plasma torus: 
driven relaxation of Plasma Central Column forms & sustains the ST 
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#$%&%'(#)*$+"#,-./'0"
Aims: ST formation, compression & sustainment 

(All parts will be reused) " 12"-334567"
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8 PF coils 

Centerpost only 

8 + 10 PF coils 

#$%&%'(#)*$+"#,-./'8"
Aims: 

1) Breakdown 

2) Stable formation of plasma ‘mushrooms’ 

3) Stable (!1 s) achievement of Ie = 8.5 kA 
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PROTO-SPHERA power supplies: SuperCapacitors will be used 
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CKF configuration: a possible evolution of PROTO-SPHERA 

!"#$%&'()$*&$+,$-),.//0$123$4*.+/,$'5$*&$678$
!"#$%&'&()*+$#*+,-,#.*+,'&$(*'"/0.*-1#,'-.#'2*

3,9,(,:.*,$;<5&-(*$&($=>?@?<A=2B>C$.(&),$-4$.$(&DD/,E$
Different orbits of co- & counter-circulating 

charged fusion products: 

…preferential thrust through 

one of the two degenerate X-points  

How to drive the ST current? 

In a D-He3 reactor the co- & counter-circulation of 

charged fusion products could produce the 

sustainment current of the surrounding plasma… 
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CKF configuration: a possible evolution of PROTO-SPHERA 
(CONTINUE…) 
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