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The results of experimentah@ theoretical investagion of a new type of pulsed point-like
sources of the X-ray radiation based oncmmiplasma focus symi in laser-induced
discharges at applied voltages 1.7 kV are considered.

Introduction

This is a continuation of ouxperimental and theoretical instggations [1-3] of a new type
of pulsed point-like sources sft and hard X-ray radian, which are based on a dense
micro-plasma focus systems crhin laser-inducedischarges. Here we consider concrete
case of discharge induced by picasat laser beam under applied voltage W.7 kV (note,
that as a theory predicts [3] an analogpbgsical effects can tak@dace under low applied
voltages down to g+ 12 V). An unique experimental dee RFR-4 [4] had been used in our
work for X-ray diagnostis with high spatial§ 2 um) and temporal (3Qs) resolutions and
in computer simulation a mathematical mod##tailed described in [5]. A mathematical
model of vacuum breakdownduced by picosecond laser be@with the same parameters
as in experiments [1,2]) in the presenceetdctric fields is bsed on the 2-D (in r-z
geometry) electro-hydrodynamend heat transfer equatignwith taken into account an
electron emissive processesdaradiation transfer, includingelf-consistent calculation of
the electric field and currerdistributions. The systerof hydrodynamic equations was
solved by using method of “big particles” ,napleted by equations atate in a wide range
and semi-empirical relationshifsr thermal and electric conduaty calculations (including
states of strongly coupled plasmas).

Computer simulations haveeén carried out for the followgj conditions: applied voltage
Uo=1.7 kV, an inter-electrode gap distance Dgah@ the initial temperature of hot spot in
cathode = 20 eV, in all other parts of copper electes the initial temperature equals to the
room temperaturander low inductance4.0, for two cases of actvresistance of external
circuita): R;.= 0.03Q2 andb) R.= 50Q. We also consider cas&3: R.= 0.03Q2 andd): R.=

50Q for To= 10 eV. In this report a normal dynamicscathode torches as well as ultra-fast
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nonlinear processes connected with the mpesma focus formation will be considered.
Here we can shortly consider some peuities only. The evolion of main matter
parameters for all cas are presented in Fig.1-4. In the case<)(of low resistance (at
mode of the shorting) the initial emgrinput is shorter then in casds () of 50Q. It is
connected with the more high current densities in aasecomparison with the case(and

in casec then ind). The one of the interesting pecuiigris the formation of micro plasma
focus near the (grid-like) anodie laser induced dischargieie to nonlinear phenomenon - a
contact collapse [6] when amcreasing of current density,espfic internalenergy, mean ion
charge and etc. take place (see, e.g., Figlig another ultrafast non-linear phenomenon in
laser-induced discharge is the “shooting sokf’ generation [7] which also is accompanied
by matter transition into extreme stateghwa high temperatures, pressures, a multiple
ionisation and etc. é, Fig.2-4, for cased”). It is interesting tonote that only in caseb”

we have a spark stage of vacuum dischargle stich high pressuré€sp to 40 Mbar but for
very small timer~10 ps). Our computer simulation shothist the lifetimes of hot spots are
very short £~ 10-50 ps), but the puls#uration of X-ray radiatin can be greater owing to
the definite time of radiation process and due to the factotmatpulse of X-ray radiation
can be produced from a few polike hot spots. Usually, the ekeic potentials in all cases
(a- d) have a typical values 4100 V, but owing to plasmdisruption (for example, due to
decreasing conductivity istrongly coupled plasas [6-7]) the electripotentials can growth
up to hundred kV(see Fig. 4). This processtie accompanying byrerd X-ray radiation.
The analogous situation occurs &l considered casebut also for atort times. We have
only high voltage bursts on tlommparatively smalpotential distribution. For case “d” we
also have a multiple chargézhs creation in micro volume dfot plasma for a short period.
This process must be accompanying by a liael X-ray radiation geeration. At later time
for this case we have not peakspatial distributions of electrical potential and temperature.
But on the arc stage of sudischarges the mentioned abautrafast non-linear phenomena
can take place again. So, the matter transitit;m extreme states and the short pulse X-ray
radiation occurs in non-periodic mode the background of “usual” dynamics of vacuum
sparks or arcs.

An experimental investigations confirm theoretical resultsFigure 5 shows temporal
evolution of x-ray radiation in spectralnge of 200eV -10 keV folaser-induced spark
discharge with a gap distance of 5 and applied voltage of 1.7 kV.
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Fig.1.The amplitude of current densitr,z) , specific internal energy, and mean ion
charge Z att = 2.49 ns (cage
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Fig.2. The electron temperature iagia for diffeent times, casb.
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Fig.3. The spatial distribution ohean ion charge Z at t = 2.20 ns , pressure P and specific

internal energy att = 2.18 ns.
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Fig.4. The electric potentials Uf),for different times, cade

Summary
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The most interesting results of present invediign are: a creation of an extreme states of
matter - increasing of pressures up tdiar and specific internal energy upeto2.5 MJ/g

during a short times of < 10-30 ps in laser- inducetischarge under applied voltage of

Fig. 5 A streak picturef x-ray emission of laser-inducegécuum discharge with a voltage
of U=1.7 kV. Delay time t = + 9.63 ns. Arcroent | = 34 A. b) - Magnified detail from
the streak picture marked by a broken line

U = 1.7 kV in case ofl§”. With an initial temperature ofiot spot of 20 eV and an active

resistance of 5 in all four considered cases it is pide to generate a soft X-ray radiation

owing to shooting solitons generations and ogatimg instability, as well as a hard X-ray
radiation due to initiation of agaks of electrical potentials plasma torch. It is established

a possibility of line X-ray radiation genéia from a multple carged ions created in

considered micro plasma focus systatrdifferent conditions (for ak,b,c,d —cases). At a

lower applied voltagegfor example, under §J~ 12 V) the described above ultrafast

nonlinear phenomena take placaimode of the shorting only.
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