PROTO-SPHERA: a magnetic confinement experiment which emulates
the jet + torus astrophysical plasmas
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[bookmark: _GoBack]The PROTO-SPHERA experiment, built at the CR-ENEA laboratory in Frascati, was inspired by the jet + torus astrophysical plasmas, a rather common morphology in Astrophysics, in particular in Pulsar Wind Nebulae (PWNe). The experiment obtains the appearance and the sustainment of a single plasma torus around an internal magnetized plasma centerpost (jet) by self-organisation. The 3D tomographic reconstruction of the visible light emitted by the plasma, shows that the single torus forms in a purely magnetostatic pre-existing field and is then sustained by recurring magnetic reconnections (resistive MHD instabilities). As expected, the reconnections are not axisymmetric: their places of occurrence are less than 60º wide portions of the two circles of ordinary X-points on top and bottom of the equator. The reconnective magnetic flux transfers from the centerpost to the torus are efficient enough, while the remarkable ideal MHD stability of the PROTO-SPHERA torus is quite significant, as it is obtained in a simply connected plasma geometry, inside a perfectly insulating vacuum vessel, and without the need of any stabilizing conducting shell around the plasma. The PROTO-SPHERA plasma rotates in toroidal direction, certainly a stabilizing feature in magnetic confinement, acting as an oblique rotator, just as the plasma of PWNe. A new model has been set-up in order to describe PWNe plasmas: the odd symmetric Chandrasekhar-Kendall-Furth configuration, endowed with opposite relaxation parameter µ/-|µ| with respect to the equatorial plane. The difference is that in the Pulsar Wind Nebulae model the current in the two plasma jets has opposite direction in the upper and lower hemispheres, whereas in PROTO-SPHERA the plasma current goes through the center of the magnetic configuration without changing direction. The main variant with respect to the laboratory experiment is that in the PWNe model two distinct tori are present on top and bottom of the equator. Even if perturbations to the configuration should appear, these two tori would continue to remain in position by the attraction force between their aligned toroidal currents flowing in the same direction, despite opposite radial and toroidal fields on the two sides of the equator, upon which a singular toroidal (azimuthal) current layer appears. This toroidal current layer describes an impressive reconnection machine: the place of occurrence of the magnetic reconnections seems to be the equator of the PWN, where bright fast-moving not-axisymmetric knots have been observed.
