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On correlation between potential well structures, neutron yields and regimes of DD fusion at nanosecond vacuum discharge
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Detailed PIC simulation of nanosecond vacuum discharge conditions for DD collisional microfusion [1] recognized the principal role of virtual cathode (VC) and correspondent potential wells (PW) formations at interelectrode space. In particular, formation of single and double potential wells in space turns out possible during the voltage applied time Tpulse. From the other hand, the processes of  decay and recovery of space charge as a result of the formation of VC will provide the dynamics of potential well in time [2]. Time taken to form a virtual cathode Tv  ≈ Cd  U / IL   [3] is variating effectively at experiment by selection of A-C distance deff (IL ~ U3/2 / d2eff  – limiting current). In a result, few different regimes of neutron yields were recognized experimentally: 1) single neutron peak (Tv  ≈ Tpulse ), 2) two or more neutron peaks with intermittent yield (Tv<Tpulse), 3) pulsating (oscillatory) neutron yield  (Tv << Tpulse ) [2]. Last regime have been discussed earlier in terms of multiple fusion events (MFI) [1].

Two double neutron peaks were registered in experiments rather often but were poorly understood earlier. It corresponds probably to double PW formation and their couple decay during the time of voltage applied Tpulse. Meanwhile, pulsating regime (Tv << Tpulse ) registered at very small deff looks partially similar to periodically oscillating plasma spheres (POPS) conception [4] where instead of standard IECF scheme with beam-beam interaction the additional electron injection into spherical device to produce VC have been used. Ions in the potential well undergo harmonic oscillations that will be accompanied by high fusion power density at the moments of maximum compression. Frequency of oscillations estimated through POPS expressions give for discharge conditions [1] ( ≈ 75 MHz, that in a good agreement with the typical time of pulsating neutron yield (T osc   ≈ 12-13 nanoseconds) observed experimentally. Further, the value of POPS-like fusion power density corresponding to collapse phase has the same order as neutron yield registered at experiment with nanosecond discharge [1]. Assuming ( ≈ 60 кeV and rVC  ≈ 0.2 см, we get the yield  ~ 5 * 106 neutrons for a single collapse of D+ ions at the discharge axis or for one period of ions oscillations [2]. Thus, specific advantage of IECF systems like POPS [4] or MFI [1] is the favorable scaling of fusion power density (with decreasing set-up size) which is increased with decreasing of rVC and increasing of PW depth. As discussed above, during Tpulse [1] we may get from single to 4-5 moments of deuterium ions collapses at the axis (depending of relation between Tv and Тpulse). It will be accompanied by the correspondent number of neutron peaks in real experiments (see figures at [1,2]).
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