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Fusion with and without alpha particle heating
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Heating plasma by the fusion generated alpha particles is a backbone of a fusion reactor concept based on magnetic confinement. At the same time, this approach is automatically linked with numerous problems. Two of them, the most fundamental, are (a) the anomalous energy losses due to “hot-electron” operation  (while, at present all high performance machines are working in the “hot-ion” mode), and (b) the power extraction of entire alpha particle power (1/5 of the total fusion power) through a thin scrape-off-layer.

Here, a new approach to magnetic fusion, i.e., the concept of LiWall Fusion, Ignited Spherical Tokamaks (IST), and their Super-Critical Ignition (SCI) regime, is outlined. 

The lithium-based plasma facing components of an IST provide the pumping boundary conditions for the plasma. When combined with central fueling of the plasma by low energy (E_{NBI}=70-80 keV) neutral beam injection (NBI), the LiWall environment leads to a flat plasma temperature

T=E_{NBI}/5. This results in a super-critical ignition regime, with ion and electron temperature gradient turbulence eliminated, when the energy confinement is close to neo-classical and exceeds the level  required by the conventional nTtau criterion. In SCI, NBI can maintain and control the fusion plasma with Q >>5. The edge-localized modes are stabilized in the SCI regime.

The IST can serve as a neutron fusion source for a Reactor Development Facility) is outlined would be uniquely consistent with three objectives of magnetic fusion, i.e., 

(a) Obtaining a high power density plasma regime  (5-10 MW/m3),

(b) Designing the "first wall" of a reactor (up to a fluence of 15 MW year/m^2), and  

(c) Developing a self-sufficient tritium cycle.

Unlike the mainstream magnetic fusion approach, the LiWall Fusion relies on SCI, core fueling by NBI, and fast expulsion of the alpha-particles. In this regard, the ISTs (for the neutron source purposes) are more similar to stellarators (as the power reactors), rather than to tokamaks.

