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The emission from free-propagating plasma streams was studied in experiments with a 1-MJ plasma-focus PF-1000
facility operated at the IPPLM in Warsaw, Poland. The machine was filled up with a pure deuterium or a mixture of
deuterium and argon. Optical spectra were recorded at a distance of 30 cm from the electrodes, at different experimental
conditions, i.e. initial pressures, charging voltages and acquisition times, in the wavelength range of 350...1000 nm.
The most intense lines originated from the applied working gases. In some cases distinct Cul and Fel lines resulted from
the electrodes and the insulator were observed. From the Balmer lines, Dg and D,, an electron density as a function of
time was estimated. The application of this finding made it possible to perform some experiments concerning
spectroscopic research on the interaction of free-propagating plasma streams with tungsten targets. In the recorded
spectra some WI and WII lines were identified, but the resolution of the spectrometer was not good enough for their

quantitative analysis.
PACS: 52.25.-b, 52.70.-m, 52.30.-q, 52.58.Lq

1. INTRODUCTION

Research on high-current discharges of the plasma-focus
devices has been carried out in different laboratories for
many years [1-2]. This paper describes spectroscopic studies
of free-propagating plasma streams in experiments with a
PF-1000 facility [3]. Similar studies were performed earlier
within the RPI-IBIS facility [4] as well as in experiments on
an interaction of laser beams with a tungsten target [5]. The
main aim of the described experiments was to record the
optical emission spectra at a larger distance (z = 30 cm) from
the electrodes and to investigate dynamics and
contaminations of plasma-streams.

2. EXPERIMENTAL ARRANGEMENT

A scheme of the experimental arrangement used for the
spectroscopic measurements within the PF-1000 facility is
presented in Fig.1.
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Fig. 1. Experimental set-up for spectroscopic
measurements at the PF-1000

The main experimental chamber of the device was
filled up with pure deuterium (D,) at the pressure of
(1...2,9) hPa or a mixture of deuterium and argon at the
pressure of (1,1 hPa D, and 0,13 hPa Ar). Discharges
were supplied from a 1,32 mF condenser bank charged up
to the initial voltage varied from 21 to 27 kV, what
corresponded to energy from 290 to 480 kJ. The
maximum discharge current depended on the initial

charging voltage and it amounted to 1,5...1,8 MA,
respectively.

Optical spectra emitted from a plasma stream were
recorded at a distance of 30 cm from the electrodes ends.
Signal was collected by means of a quartz collimator and
transferred through a fiber cable (of 10 m in length) to a
Mechelle900 spectrometer with a spectral resolution equal
to A/AA =1050 at A =435nm. The spectroscopic
measurements were performed with different acquisition
times at different delays in relation to the discharge
current peculiarity (so-called a “dip”). The recorded
spectra were wavelength- and intensity-calibrated by
means of Mercury-Argon (HgAr) and Deuterium-
Tungsten (DW) lamps, respectively. On the basis of the
spectral lines of HgAr lamp, the apparatus broadening
was determined to be AL = 0.4 nm for A = 486,03 nm, and
AA = 0,6 nm for A = 656,10 nm.

3. SPECTROSCOPIC RESULTS

An example of the optical spectra, which were recorded
at different instants after the “dip”, is presented in Fig.2.
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Fig. 2. Temporal evolution of the spectrum recorded
within PF-1000 at a distance z = 30 cm
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It should be mentioned that at the same experimental
conditions there were observed only small differences in
the registered spectra. A comparison of the recorded
spectra (see Fig. 2) showed that an amount of the impurity
lines was smallest in the period up to about 5 ps after the
»dip”. After that period there were observed many
impurity (mainly Cu I) lines.

In the described experiment there were recorded
interesting profiles of the deuterium Balmer lines. An
analysis of the Dy line profile is presented in Fig. 3.
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Fig. 3. Temporal changes of D 486.03 nm line observed

in the PF-1000 experiment (a) and an example of D4 line

shape recorded with the acquisition time t.,, = 100 nsin a

period of 2 — 2.1 ys after the current ,,dip”” and compared
with the corresponding fitting curve (b)

It should be noted that one can easy distinguish at least
two parts of the Dy line: a broad profile and a narrow
central part of that. Similar shapes of the deuterium
Balmer series have also been observed in other
experiments [6-8], but in those cases FWHM values of
these lines were many times smaller than in the described
experiment.

In the first approach the observed line shapes, and in
particular the broad part of line, can be explained by the
appearance of fast deuterons, what has been confirmed by
other diagnostics, e.g. ion measurements with SSNTD [9].
Nevertheless, more measurements and detailed analysis
are needed to explain the observed profiles.

In this analysis to estimate plasma parameters, e.g. an
electron temperature and density, only the central part of
the observed Dg line has been taken into account.
Assuming a dominant role of the Stark broadening, the
electron density has been calculated on the basis of the
known formula [10]. Some results of the computations are
presented in Fig. 4 where neutron yields are also shown.

It should be noted that the error bars in the electron
density values originated from the fitting of a Lorentz
profile (since the contribution of Gauss in Voigt profiles

was negligible). Unfortunately, the obtained values cannot
be compared with the results determined with other
diagnostic techniques (e.g. a laser interferometry) because
interferometric measurements were performed by another
team in a region from 0 to 10 cm from the end of
electrodes only.
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Fig. 4. Electron density versus time after the ,,dip”, as
observed in the PF-1000 experiment at z = 30 cm. For a
comparison there are also given neutron yields

The electron temperature value T, has been calculated
using intensities of two Cul lines: A = 510,55 nm and
515,32 nm. Temperature changes at different time delays
after the ,,dip” were very small and the T, value varied
form 0,65 to 0,7 eV. The determination of the T, value by
means of a Boltzmann plot was impossible because of a
small number of Cul lines with different energy levels of
the upper state. The higher temperature values (at
comparable values of the electron density), using Arll
lines, have been obtained (e.g. 3eV) in a case of
discharges performed with the deuterium and argon
mixture [11]. A sample of the recorded spectrum is
presented in Fig. 5.
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Fig. 5. Optical spectrum recorded for a PF-1000
discharge performed with the argon-deuterium mixture

After the determination of a period when the spectra did
not contain many impurity lines, it was possible to
perform some preliminary spectroscopic measurements
during an interaction of free-propagating plasma streams
with a pure tungsten target placed at z = 30 cm. In that
case, in the obtained spectra, besides the distinct Cu and
Fe lines, there were also recorded lines identified as WI
and WIL In future experiments, a larger tungsten target
will be used to assure the creation of a plasma pillow at
the target surface.
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CIIEKTPAJIBHBIE NCCJIEJOBAHMUS PA3PSAJA B I1®-1000 ITPU PA3JIMYHBIX
IKCIIEPUMEHTAJIBHBIX YCJIIOBUSAX
M. Kubkowska, K. Jakubowska, E. Skladnik-Sadowska, K. Malinowski, M. Paduch,
M.J. Sadowski, M. Scholz, A.K. Mapuenko

HccnenoBano n3imydeHne cBOOOTHO paclpOCTPAHSIONINXCS IIa3MEHHBIX TOTOKOB, TEHEPHUPYEMBIX METraPKOYIbHBIM
mw1a3MeHHBIM (oxycoMm [1D-1000 (MDITJIM, Bapmaga, [Tonsma). B kagecTBe pabodero rasa MCHONB30BAICA YHCTHIN
netepuil U cMech aedTepus ¢ aproHoM. OmTndeckne cnekTtpsl B amama3one 350...1000 HM perucTpupoBaguch Ha
pacctostHuu 30 CM OT 3JIEKTPOJIOB MPH BApHUAIMU KCIIEPUMEHTAIBHBIX YCIOBUH (HAYaIbHOTO JABIICHUS, HANPSHKECHUS
u BpeMeHH o0paboTku). Haubonee WHTEHCUBHBIMU CIEKTPAIGHBIMH JIMHUSMH, 3apETHCTPUPOBAHHBIMU B
OKCIICPUMECHTAJIbHBIX CICKTpax, ABJIAIOTCSA JIMHUN pa60qero raza. B HCKOTOPLIX ClIydasax Ha6n}0)1am/101) TaKXC JIMHUU
npuMecHbIX aneMeHToB: Cul — matepuana anexktponoB u Fel — nzomaropa. BpemenHas 3aBUCHMOCTH 3JIEKTPOHHOM
TUJIOTHOCTH IUIa3MBbl OLIEHWBANACh U3 yIIMpeHHs OanbMepoBckux nunuil Dg u D,. IIpeacTaBineHsl Takxke pe3ynbTaThl
CIEKTPaJIbHOIO aHaliM3a Ipoliecca B3aUMOJCHCTBHSI IUIA3MEHHBIX IOTOKOB ¢ BoJb(pamoM. MiaeHTHUIMPOBAHBI
cnexTpanbHbele juHUM WI n WII, ogHako paspelieHue CHEKTpOMETpa HE IMO3BOJWIO NMPOBECTH KOIMYECTBEHHBIN
aHaus3.

CIHHEKTPAJIBHI JOCJ/IIKEHHSA PO3PALY B I1®-1000 ITPU PI3HUX EKCIIEPUMEHTAJIBHUX
YMOBAX

M. Kubkowska, K. Jakubowska, E. Skladnik-Sadowska, K. Malinowski, M. Paduch,
M.J. Sadowski, M. Scholz, I.K. Mapuenko

JlochimkeHo BHUIPOMIHIOBAHHS IDIa3MOBUX ITOTOKIB, IO TEHEPYIOTHCS METraKOYIBHUM IUIA3MOBHM (DOKYCOM
[I®-1000 (IOIJIM, Bapmasa, [Tompma). B sikocTi pobodoro rasy BHKOPHCTOBYBABCS YHCTHH AeUTepidl i cymimn
neirepiro 3 aproHoM. OnTudHi cnekTpy B gianazosi 350...1000 aM peectpyBanmcs Ha Biactai 30 ¢M Bill eJIEKTPOIIB
MpH Bapiarii eKCIepUMEHTATbHUX YMOB (IIOYaTKOBOTO THCKY, HAampyrH i dacy oOpoOku). Haiibinem iHTEeHCHBHUMHI
CHEKTPAIIbHUMH JIHISIMH, 3apEECTPOBAHUMH B EKCIIEPUMEHTAJIBHHUX CIIEKTpax, € JiHii pobdodoro razy. Y meskux
BHIIAIKaX CIIOCTEPIrajJuch TaKoX JiHIi momimkoBux enemeHTiB: Cul — marepiamy enextponiB i Fel — i3omsTopa.
YacoBa 3aJIeXHICTh €JIEKTPOHHOI I'yCTHHH IIJIa3MH OLIHIOBAaCh 3 PO3IIMPEHHs OanbMepiBehkux JiHiA D ta D.
[IpencraBineHO TakoX Pe3yJbTaTH CIEKTPAIHHOIO aHAI3y MPOIeCY B3aEMOJIl MIa3MOBUX IOTOKIB 3 BOJb(PPaMOM.
InentudikoBano cnekrpanbHi dinii WI 1 WIL, npote po3ainbHIiCTh CrIeKTpOMeTpa He J103BOJIMIIA IPOBECTH KUTBbKICHUH
aHai3.
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