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Scheme of experiment with miniature nanosecond vacuum discharge oy e
From hard x-rays release to partial diffusion of

Generation of DD neutrons and hard x-rays at miniature with virtual cathode. Hard x-rays and DD neutrons generation ;
nanosecond vacuum discharge (NVD) with virtual cathode has been (M.Skowronek and Yu.K.Kurilenkov 2003,2006) X-rays in more dense ensemble of clusters
demonstrated earlier [1]. The nanodisperse “target” (nucleated PINGE) P @
Elusfarsi nano - ﬂ“d micrﬂ Pﬂr"l'iﬂlﬂ-s nf d|ffaren-|- size frln.m % : a) typlcal «transparent» b) partial «trapping»(diffusion) of
erosion of Pd anode irradiated by autoelectron beams) is forming p|rq.:1]@\ PhiZ) interelectrodes ensemble x-rays and total one for fast ions
automatically at chosen discharge conditions after high voltage -~
applied during the pre-breakdown stage. Current-carrying stage COMPLEX PLASMA
is accompanied by emission of hard x-rays of different intensity
from interelectrode complex plasma ensembles [1]. Preliminary CCDiA)

experiments have recognized also the partial trapping of x-rays
by interelectrodes ensembles of nanoparticles which is growing
with the ensemble density. Also, the effect of x-rays trapping
becomes more pronounced under self-organisation of
interelectrode ensembles [2]. Perhaps, the high power density

interelectrode ensembles of clusters at NVD are possible
candidates for x-rays lasing media.

* Parameters of discharge: =1 ) of total energy, U=70 kV,
t=50ns |, =1kA, TOF=30-90cm P .= 107 mbar.

dense interelectrode ensemble with total trapping of fast ions NRQ'{]CJQIN-JQSZI’“ 31[)]33‘911 Dgclllﬂg_;ammjf ofintensities of hard :-:-ray;l rEIEZEEd :
and partially trapped (diffused) hard x-rays (a) from dilute («transparent») ensemble an
(inside of cluster ensemble) (6) more dense interelectrode ensembles of clusters
. ’ a b Amplifying and
« Diffusion (delay) of lower energy hard x- rays (ch.1,3). Release of Ay scattering particles ey R,

harder x-ray. Enhanced neutron yield from the « ball » (sensitivity of
ch.2is 500 mV, 0426D1). Neutrons leave the « ball » at the same
time or slightly earlier than diffused x-rays
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Examples of ensembles with diffused hard x-rays: y : : -
. i 5 L lasing threshould with trapped x-rays ~ 5 -10 keV (chs 1,3).
x-rays intensities from ch.1 less than triggering voltage (=100 mV) ~U Lebokhoy €3 TETH,

needed to get oscillogrammes (no oscillogrammes for these shots) « High x-rays release
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Size and structure of Pd clusters determined by XRD (X-ray difraction) and HREM Example of interelectrode ensemble with diffused oy AhiSGTI"DpiC hard ){—FGVS burst with SpikES at channels 1 and 3.
ek vesolition clction miciosconv) 178 B P (below x-ray « random » lasing threshould R < Ry ) Thi_s s_hur"r is. done with Fe anode, and looks pr'.nl:}uble that
by M.Suleiman, C.Borchers et al . Z.Phys.Chem 223 (2009) 169-181 emission registered by Chs 1,3 represents mainly the energy
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Fig. 7. HRTEM and FFT images of the 3.6 nm Pd clusters: 95% of the particles have icosahedral separate analysis. Partial and essential x-ray trapping by ensembles as well as
structure (A). The rest is cubic (B) or multi-twinned (C). Fﬂﬂdﬂm laser-like behavior ﬂf Flﬂ'"'ﬂﬂ"'lﬂ“"f ﬂmphf'flﬂg media ﬂf
oos interelectrode complex plasma are presented above. This This work was supported partially by RFBR Grant No. 15-
sesss ose scheme of stochastic (random) laser with non-resonant feedback (8_08720a and Grant No. 14-50-00124 of the Russian
Electrodes eess : esss by energy have been suggested much earlier [3]. Note the Science Foundation.
°e Broken symmetry of ensemble, accompained by:: increased interest to random lasers at visible spectra during
strongly anisotropic x-rays burst (channel 1) last decades [4]. In the case of NVD this scheme assumes the
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