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On the features of DD synthesis at inertial electrostatic confinement scheme based on vacuum discharge with deuterium-loaded Pd anode
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The generation of energetic ions and DD neutrons from microfusion at the interelectrode space of a low energy nanosecond vacuum discharge with deuterium-loaded Pd anode has been demonstrated recently [1]. To understand better the physics of fusion processes the detailed particle-in-cell (PIC) simulation of the discharge experimental conditions have been developed using a fully electrodynamic code KARAT [2]. The dynamics of all charge particles was reconstructed in time and anode-cathode (A-C) space. The principal role of a virtual cathode (VC) and the corresponding single and double potential well formed in the interelectrode space are recognised. The calculated depth of the quasistationary potential well (PW) of the VC is about 50-60 kV, and the D+ ions being trapped by this well accelerate up to energy of few tens keV that provides DD nuclear synthesis under head-on D+ collisions (the partial review of experimental data and modelling results related is presented at [3]). In particular, ions in the potential well undergo high frequency (~80 MHz) harmonic oscillations accompanied by a corresponding regime of oscillatory DD neutron yield. The value of high frequency ion oscillations observed coincides with extrapolation of expressions obtained for inertial electrostatic confinement fusion (IECF) scheme with periodic oscillating plasma spheres (POPS) [4] (for A-C geometry of experiment [1] and PW depth calculated [2]). In fact, the miniature size of VC (rVC  ~ 0.1 см) and rather deep PW (like ( ≈ 50 кV) correspond to favourable scaling of the fusion power density (~ (2/r4VC ) [4] which have been demonstrated at the present scheme of IECF based on table-top vacuum discharge [1-3]. The anode erosion may provide the partial fulfillment of PW by deuterium clusters (dense interelectrode ensembles).The total trapping of fast ions by clusters observed would increase the neutron yield essentially (up to ~ 107/4() [1,2]. Meanwhile, besides of small-scale discharge geometry itself, the limiting case rVC  ( 0 might be realized at very initial stage of discharge probably also, when the voltage is applied and electron beam extracting from cathode starts to interact with the surface of deuterium-loaded Pd anode. In fact, at this early stage of discharge sometime the neutron peaks registered by time-of-flight do appear also. We may conclude preliminary that micropores, microcracks, dislocations (fulfilled by dense deuterium) and so on, at deuterium-loaded Pd anode represent potential natural array of  micro channels for certain number of microfusions near the surface at initial stage of discharge (integrated multichannel chip–sized microreactor) [3]. Some new data on PIC modeling for more efficient cylindrical A-C geometry of discharge are presented and discussed also. 
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