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INTRODUCTION 1 2 3 4 5 6
As the increasing number of plasma focus (PF) F sl
installations turns to be operated at power supply 7 7

energies(W) above 100 kJ, new factors become evident
to come into play that prevent obtaining the neutron
yields (N) predicted by the well-known scaling N 2.W
This is mainly due to the fact that with an increasing
energy there is no increase in the current flowing in
plasma filament compressed on the axis of a discharge
system proportionally to W, and a part of discharge
current starts to flow at the periphery [1]. It is also
known that the main condition of matching the moment
when the discharge current reaches its peak value and
th_e moment. when the plasma (current) s_,heath coincid %.1 The scheme of the installation CPE —1M
with the axis leads to a perfectly certain ratio of PF; = insulator: 2 - electrodes: 3 - gas radial filling:
system parameters which can vary with optimization oj[ - axial fillin ' 5._atp 6- vac,uum vc?lume 9
discharge conditions: 3%r?P = const, where V and C 9 P:
are, rggpectlvely, the initial voltage' and capacity Of. a In the first case, the gas (deuterium) was let in
capacitive energy a_lccumulato_r, l IS the acceleratlnr%dia”y in the middle part of a coaxial-type discharge
electrode length, r is the radius of internal electrodg S ;
. - . system, through 30 holes, each of 4 mm in diameter, in
(anode), and P is the initial working-gas pressure. Thij L . .
. . . a cylindrical external electrode with a diameter of 130
ratio shows that with changing power supply parameters : - :
o ) . . __mm. The internal electrode was 80 mm in diameter; the
it is necessary that either the discharge system sizes

ia?erctrode length was 240 mm. The insulator was made

the workmg gas pressure should be approp.natea% alundum. Before being filled with gas, the vacuum
changed. It is more preferable to carry out matching béﬁamber was pumped out to a pressure of X0

varying the working gas pressure P, for in this case Voltage and discharge current, time and integral

there is no need to perform complicated work associated f d diati
with changes in the accelerator sizes. parameters of X-rays and neutron radiation, energy

spectra of ion beams generated in the PF have been

There are two optimum points on initial PreSSUre easured in the experiments. The discharge was

in the PF discharges. If pressure is relatively low, the . e .
the formation of uniform plasma sheath takes place. T %otographed in_visible and X-ray regions of the

latter effectively carries away the gas from the initia?peCtrum'

) . ; : The quantity of gas in the discharge volume and
region of discharge volume, that essentially increases . ..~ . e
15 distribution along the axis were controlled within

the electrical strength of internal electrode gap require N .
for peaking the discharge power at a final stage [2]. Aerain limits by varying the delayr)( between the

the pressure rises, the discharge dynamics at the figpment of valve opening and the onset of discharge.
stage of PF formation as well as the mechanisms 9fEXPERIMENTAL RESULTS AND DISCUSSION
neutron generation become optimized [3]. However, in
practice, the pressure can be increased only up to.
certain limit, following which a noticeable deterioration
in operating conditions of the installation occurs.
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PF-discharge  characteristics  have  been
in"i’iestigated in a wide range of delays. At given
experimental conditions the PF discharge was observed
in the delayr range between 1.0 and 2.5 ms.tAt 1.0
1. EXPERIMENTAL INSTALLATION OF to 1.4 ms the discharge behavior is similar to that at a
RESEARCH TECHNIQUE low pressure regime with a steady-state gas filling of the
One of the ways to optimize the PF system in thgAcuum chamber [2, 4], the only difference being that

neutron yield is to create profile gas distributions, wher&® Singularity here exists for a longer time of
the working gas density in the vicinity of insulator iA1= 0-6... 0.8us.

lower than the one in the region of PF formation. For _ /AS it can be seen from the voltage and current
this purpose, PF discharges have been investigated qﬁglllograms in Fig. 2, a succession of d|scharge current
the installation CPF-1IM (W ~ 40 kJ, V ~ 25kv,d|srupt|ons and the corresponding voltage spikes up to
T/2 ~ 7ys) at pulsed neutral-gas supply conditions witt00 -+~ 120 KV take place.

the use of an electrodynamics valve. The studies were

performed by two methods shown schematically in

Fig. 1.



the nonlinear stage transfer the plasma to a turbulent
state. This results in an abnormally high (of about 10

i Ohm) resistance of the current channel. Plasma
S0 electrons and ions get accelerated to high energies in the
0 HJ-‘-?r-J_ arising strong electric fields. The pinhole-camera
o - measurements (3 input holes, each being 1 mm in

(LS ) diameter) using various absorbing filters give the

average energy of the main portion of beam electrons to
range between 30 and 100 keV.
A similar  picture of inhomogeneous
- luminescence of the end of the internal electrode is also
T LkA observed in the framing pictures of the discharge (Fig.3
) ) bottom). It is seen that there is no axial localization of
Fig. 2.Typical waveforms of voltage (l_Jpper) and C“”erﬂlasma and it consists of separate filaments.
(lower) of the plasma focus discharge. As T increases, the gas distribution, set at short
At this stage, intense bursts of hard X-rays argéelays, with the density maximum in the middle part of
registered. The integral pinhole-camera pictures takenétectrodes (place of gas filling) and with the density
hard X-rays from the end of the discharge systeifall-off in the vicinity of the insulator and at the end of
(Fig. 3) display that the hard X-rays are emitted not onlylectrodes, gradually changes. As a result of gas
in the near-axis region of the anode. accumulation in the closed initial region of the
discharge volume, the gas density grows close by the
] 500115 insulator. In this case, the «singularity» duration on
volt-ampere curves and the amplitude of voltage spike
decrease. Almost in the whole range of delays (.1
... 2.2us), the neutron yield remains at a level of € 10
neutrons/discharge at W ~ 40 kJ, and it was lower than
1=1200us at conditions with a constant gas filling of chamber at
the same energy.
The results show that the distribution of neutral
[ gas with a reduced density in the initial part of the
ol Al Al discharge volume is optimum for creating conditions
& mm = 4mm a=1.8mm when the interelectrode space behind the accelerated
O‘ J . plasma sheath acquires and retains an electrical strength
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high enough to maintain a rather long existence of the
«singularity» (< 1us). During this time, the discharge
power reaches a value of >'4@V. On the other hand,
low density in the region of radial current-sheet
compression does not allow to form an axisymmetrical
PF with the highest possible current density in it. As a
result, it appears impossible to form a dense cumulative
plasma jet required for the effective beam-target
mechanism of neutron production [3].
In the following series of experiments the
i i method of gas inlet into the discharge volume was
modified so that the gas density should gradually
increase from the insulator to the end of electrodes.
camera pictures in hard X-ray¥Vith this purpose, a hollow copper cylindrical tip 5 with
a diameter of 140 mm was added to the former design
n?f the discharge system. The bottom of this tip was set
aluminium foil closed hole (foil thickness=0.4mm: at a distance of ~70 mm from the internal electrode

0=0.8mm) (bottom) Framing pictures of the discharggnd' The gas came through te12-mm axial channel

(viewed from the end).The interval between the frame n the internal electrode and, being reflected from the tip
0,55 ’ ottom, it uniformly filled the internal electrode

volume.

Well-localized or diffuse sources of hard x-ravs The gas pressure variation with time in the initial

. YSnd final regions of interelectrode volume has been
bremsstrahlung can be seen on different parts of the e estigated previously [5]
of the internal electrode. This points to the fact tha )

Fig. 3 (top) Pinole-
(viewed from the end) obtained at various delays
From left to rate: an open hole with a diameter of 1 m

at the end of the internal electrode to the region with hth points of initial (1) and final (2) regions of
decreasing neutral-gas density. In this case, the curr%%

sheet is split into separate filaments. The instabilities a %)?(I)irii?aotglyspace grows linearly up to 3.5 torr,
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Fig. 4
Fig.5 gives the plot of neutron yield as a function
of delay in the same time scale as the pressure curves irFig.6.Pulses from hard X-rays {4nd %) neutron

L]

Fig.4. _ radiation’s (3 and n).
o N, ke i | CONCLUSION
Thus, the axial method of working gas filling
2 allows one to optimize both the initial and the final
L phases of the discharge with the result that a rather high
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and well reproducible neutron yield is obtained. This
method of gas filling also made it possible to investigate
discharge regimes (steady-state gas filling of chamber)

" f i tps) at conditions of additional introduction of various
0 1 500 3000 impurity components (Xe, Ar), without deteriorating
Fig. 5. dynamic properties of the discharge, which have an

1 - neutron yield with axial pulsed gas filling. Each appreciable effect on radiation energy release in the PF.
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2 - neutron yield at steady-state gas filling of vacuum
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Fig. 6 shows the signals from the type SNFT-3
photomultiplier with a scintillator, recording neutron
radiation and hard X-rays, the time-of-flight lag being R
= 6. 5 m. The energy spectrum of ions accelerated in the
PF was investigated using a magnetic analyzer [3]. This
analyzer can detect ions in a wide energy range (from
10 keV up to 2 MeV) with a high time resolution.
Generation of intense ion beams of energy E ~ 0.8 MeV
is always synchronous with sharp bursts of hard X-rays
high amplitude.



