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Heat balance of the plasma in a proton-boron-11 fusion reactor
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Nuclear reaction of protons with the boron-11 nuclei (p–11B) is the most promising of all the reactions that can be used for completely neutronless power generation in a fusion reactor. The level of radioactivity associated with concomitant and secondary reactions is negligible, while for D–T reactor 80% of the fusion power is released in neutrons and neutron yield of D–3He is about 5%. Note, D–3He reaction is neutronless, but neutrons are born as a result of D–D branch and the secondary reaction of tritium and deuterium. From a technical point of view the lack of neutrons in the reactor mixture p–11B is very attractive because it removes a major problem of the first wall. But, because of the relatively low rate of p–11B reaction [1] it can not be used effectively in a reactor with a low ( (( is the ratio of plasma pressure to magnetic pressure). Practically necessary ( ~ 1, which holds for a field reversed magnetic configuration (FRC), and it can also be obtained in open traps. Serious physical limitations of the effectiveness of the reaction p–11B are associated with bremsstrahlung losses which are comparable to the fusion power of exceed it [2, 3]. At operating temperatures T > 100–200 keV electrons are essentially relativistic [2, 4]. Taking into account the difference between the electron and ion temperatures in the  clean plasma (free of impurities, including fusion products), the maximum gain factor is Q ~ 5 [5]. When fusion alpha-particles are taken into account, the gain is reduced to Q ~ 1 [6]. To achieve regime with Q ~ 10, the reactivity should be about 2.5 times higher then t in Maxwellian plasma. One way to increase the reactivity is the use of polarized nuclei. In this case, the cross section of the p–11B increases 1.6 times [7]. Another method is the relative motion of the p–11B mixture components assumed in the reactor projects CBFR [8] and ACT [9]. It requires the maintenance of a strongly nonequilibrium state. In this work, the limiting efficiency of energy production in the fusion p–11B mixture is considered on the basis of current understanding of the processes in fusion plasmas. Scheme with Maxwellian plasma and schemes with beams are considered. For optimal regimes Q ~ 5 is expected. Analysis of the requirements for the confinement system with ( ~ 1 showed acceptable performance of the corresponding reactors. The main problem is in the field of physics of the processes that might contribute to an increase in the rate of reaction, treatment of plasma products, more efficient heating of the ions.
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