14.
CONCLUSIONS

Chandrasekhar-Kendall-Furth (CKF) magnetic configurations are a novel approach to magnetic confinement. They contain a magnetic separatrix, which divides a main spherical torus, two secondary tori on top and bottom of the main torus and a spheromak discharge surrounding the three tori. A CKF equilibrium can be defined as a spherical torus (
[image: image1.wmf]~1.0, 
[image: image2.wmf]~2.0) enclosed within a spheromak endowed with high elongation and therefore with high winding number (
[image: image3.wmf]~3, 
[image: image4.wmf]~5). Whereas CKF force-free fields cannot sustain any pressure gradient (
[image: image5.wmf]=0) and have a relaxation parameter =0
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[image: image7.wmf]/B2 constant all over the plasma, unrelaxed (
[image: image8.wmf]≠0, 
[image: image9.wmf]≠0) CKF equilibria can be calculated with the boundary condition that =0
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[image: image11.wmf]/B2 is constant only at the edge of the plasma. The surface averaged value <>=0<
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[image: image13.wmf]/B2> will decrease from the edge of the surrounding spheromak to the axis of the main spherical torus. If the spheromak discharge can be sustained by driving current on its closed flux surfaces, magnetic helicity, flowing down the <> gradient, will be injected into the main spherical torus, through magnetic reconnections at the X-points. The gradient of the pressure profile will presumably be concentrated in the same region where the gradient of <> has the largest variation. Unrelaxed CKF equilibria, with this kind of <> and pressure profiles, can be stable to all ideal MHD perturbations with low toroidal mode number (n=1,2,3), up to unity beta values, =1. This high  value opens the possibility that plasma motions, i.e. radial electric fields, can sustain the magnetic field of CKF configurations. In the case of a reactor the radial electric field could even be the natural result of losses of charged fusion products. Unrelaxed CKF fusion reactors with the right helicity injection,  limit and energy confinement, will allow for an unimpeded outflow of the high energy charged fusion products, easing direct energy conversion and the use of the burner as a space thruster. 

However a method for injecting current (or torque) into a CKF configuration has not yet been developed. In order to begin an experimental study of unrelaxed CKF configurations, a preliminary experiment is being proposed. The PROTO-SPHERA experiment will study the properties of a CKF configuration where a Hydrogen   force-free screw pinch, fed by electrodes, replaces in part the surrounding spheromak discharge, while poloidal field coils replace the secondary tori. PROTO-SPHERA, with a longitudinal pinch current Ie=60 kA, will produce a spherical torus of diameter 2•Rsph=70 cm, aspect ratio A=1.2÷1.3, carrying a toroidal current Ip=120÷240 kA.

The PROTO-SPHERA project is in the framework of the research on Compact Tori (ST, spheromaks, FRC) and has the capability of exploring the connections between the three concepts. In particular its goal is to form and to sustain a flux-core- spheromak with a new technique. The magnetic configuration of the experiment has been designed aiming at a safety factor profile that is similar to the ones obtained in spherical tori with metal centerpost. The compression of the central pinch, while decreasing the total longitudinal pinch current, would lead, if successful, to the formation of an FRC. So PROTO-SPHERA could also explore a new technique for setting up an FRC. 

Looking at the world program on compact tori, results from PROTO-SPHERA, if obtained as early as in 2004, should be relevant and timely for this research line.


Moreover PROTO-SPHERA contains elements of general interest in plasma physics:

•
To form and sustain a magnetic confinement configuration through the non-linear saturation of an instability (self-organization).

•
To investigate the coexistence between the dynamo effect (reconnections and axisymmetry breaking) and magnetic confinement.

•
To simulate in laboratory plasma the solar and the protostellar flares.

•
To assess the fusion relevance of simply connected magnetic confinement configurations.

PROTO-SPHERA is an experiment containing a component of scientific risk, but its success could lead to a larger size and more fusion oriented experiment.

The three major points that have to be demonstrated on PROTO-SPHERA are that the formation scheme is effective and reliable, that the combined configuration can be sustained in 'steady-state' by DC helicity injection and that the energy confinement is not worse than the one measured on spherical tori. 

Later, with slight modifications in the load assembly, the PROTO-SPHERA experiment could host an unrelaxed Chandrasekhar-Kendall-Furth (CKF) configuration. Whereas the breakdown and the inductive formation of the CKF in the modified PROTO-SPHERA seem feasible, a method for sustaining it, through current or torque injection, remains to be developed.

If all the major points of PROTO-SPHERA are successfully met, and if, in the meantime, a method for injecting current (or torque) into a CKF configuration is developed, the road toward small, compact, low field and simple maintenance fusion reactor (particularly suitable to direct energy conversion and to the use as space thrusters) could be possible.
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