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Fig.l Some ion pinhole pictures, as obtained with CN-type track detectors placed at different distances (d), which
demonstrate a fine structure of ion beams (on the left), and a deuteron energy spectrum obtained from a single
shot (in the middle) and from the seven consecutive shots (on the right), performed within the PACO device
operated at po=2.O mbar D2, Uo=31 kV," I^,,=280 kA:
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5.7 Experimental Studies on Electron and Ion Pulse Beams from the PF and
Z-pinch Type Facilities
by J.Zebrowski, J.Baranowski, LJakubowski, M.Sadowski, E.Skladnik-Sadowska, P.Kubes0,
J.Kravarik'M.Garkusha2', V.Makhlay2) and A.Lepone3)

In 1997 the correlation measurements of the emission of high-energy ions, relativistic electrons, neutrons
and X-rays within the PF-360 facility were continued. The magnetic analyzer equipped with B=0.5T permanent
magnets, which was constructed within the framework of the scientific collaborations with IPP-NSC Kharkov
in 1996, was applied in order to make possible the registration of time-resolved ion signals within two energy
ranges. Results of these measurements and correlation studies were presented at the Lit. Symposium PLASMA'97
[1].

The results of the Faraday-type collector measurements of the ion emission, which were performed at
two different plasma-focus facilities within the IPJ - INFIP scientific collaboration were also presented at the
same Symposium [2].

During the first quarter of the 1997, we also performed preliminary measurements of the ion beam
power by means of a pyroelectric detector obtained from the IPP-NSC in Kharkov.

Within the collaboration with the Department of Physics at the Czech Technical University (CVUT) in
Praque, we elaborated results of measurements of the X-ray radiation from a small 0.5-kJ Z-pinch device. It was
possible to estimate the energy of successive pulses of the X-ray radiation. The results of these studies were
presented at the Praque Symposium [3]. \

In 1997 we also performed preliminary measurements of the spreading of high-energy ion beams. The
use of miniature electron spectrometer made it possible to measure energy spectra of the relativistic electron
beams inside the inner electrode of the PF-360 facility (see Fig.l).



102 Annual Report 1997

oc 250 150 100 80 E J k e V J

Fig.l Energy spectrum obtained with a small electron spectrometer, as registered for two 130 kJ shots within
the PF-360 facility operated at po=4.4 mbar.
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5.8 Measurements of X-rays and Ions Within a Large PF-1000 Facility
(cooperation with the DPPLM in Warsaw)
by M.Scholz", W.Ste_pniewskiI}, L.Karpinski", M.Sadowski, A.Szydlowski and V.M.Romanova2'

Within the scientific collaboration between the Soltan Institute for Nuclear Studies and the Institute of
Plasma Physics and Laser Microfusion in 1997 we performed two new experiments with the PF-1000 facility.
In the both experiments, particular attention was paid to X-ray diagnostics. With additional help of scientists from
the Institute for Innovation and Fusion Research in Troick by Moscow, Russia, an attempt was undertaken to
implode thin-walled liners made of an agar gel. The implosion was an effect of the interaction of a PF current-
sheath with the liner surface. The liners, identical to those used previously in the ANGARA experiment, were
placed on the electrode symmetry axis, near the outlet of the inner electrode. During the collapse phase of the
PF discharge kinetic energy and discharge current (of intensity reaching 1 MA) were transferred from the
current-sheath to the liner material. Using a fast streak camera, sensitive to visible light, it was demonstrated that
the 20-mm-diam. liner may be compressed by the current-sheath with a radial velocity of 2 x 104 m/s. Contrary
to that, the same camera showed that the liners of a smaller diameter (i.e. of 5.4 mm) were not compressed the
same way. However, on pictures taken with an X-ray pinhole camera, one can observe a plasma column of 2 mm
in diameter, having a more intense core of about 1 mm in diameter. That dense plasma was evidently produced
from the liner material [1-3].

In the second PF experiment, as performed with an argon admixture to the working gas (hydrogen),
time-integrated X-ray spectra were measured by means of a spectrograph equipped with a mica crystal bent
spherically. The crystal with 2d= 19.94 A had a radius of curvature equal to 186 mm. The PF-1000 facility was
operated at an initial H2-filling pressure of po=3-5 mbar, using a small admixture of Ar gas. The X-ray spectra
were registered in the plane of the PF-facility axis or in the perpendicular plane. In the first case, the direction
of dispersion coincided with the pinch axis and the spectrograph operated with a space-focusing and an increased
luminosity. In the second case, the spatial resolution was ensured by the focusing in the plane perpendicular to
the dispersion plane (i.e. in the meridional plane to the crystal). In that way it was possible to register spectral
lines of highly ionized argon ions in a function of a distance from the electrode ends. The results of that
experiment were presented at two international conferences [4-5].


