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The paper presents results of the recent spectroscopic studie

s of pulsed plasma streams generated in the PF-1000 facility at

the IFPiLM in Warsaw. This facility has recently been equipped with a modified inner electrode, which had the front copper-
plate with a central tungsten (W) insert of 50 mm in diameter. Interactions of the collapsing current sheath and electron beams
with this insert have changed characteristics of the X-ray and VR emission considerably. New spectroscopic measurements

were performed at the chosen angle and perpendicular to the di

recorded at different distances from the electrode outlets, and at

determine dynamics of the VR emission in the investigated VR
PACS: 52.59.Hq, 52.70.Kz, 52.30.q

INTRODUCTION

The operation of Plasma-Focus (PF) devices is based
on pulsed high-current discharges performed between two
coaxial electrodes placed in a chamber, which is filled up
with a working gas (e.g. deuterium) under an appropriate
pressure [1]. During the last years the interest in PF
facilities has grown considerably, because they constitute
very efficient sources of the fusion-produced neutron
emission [2-7]. Therefore, many PF experiments are run
all over the world, but the problem of the scaling and
saturation of the neutron yield is still open.

The PF-1000 machine operated at the IFPiLM in
Warsaw, Poland, is the largest Mather-type PF facility in
Europe. It has been investigated for many years, and it has
been modified several times [3-7]. Studies of PF-1000
discharges have been carried out by means of different
diagnostic techniques [6]. Recently the PF-1000 machine
has been modified. It has changed some important
characteristics, and particularly the X-ray and VR
emission. The main aim of this paper was to present some
results of the recent optical emission studies.

1. EXPERIMENTAL SETUP

The described studies were performed within the PF-
1000 facility with the anode made of a thick-wall Cu tube
of 230 mm in diameter, which was equipped with a
central diametr 50 mm insert made of tungsten (W). The
modified machine was operated at a D, filling under the
pressure of 1.3 hPa, and powered by a condenser bank
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scharge axis. In the second case optical emission spectra were
various instants after the current peculiarity (dip). It enabled to
range.

charged to 24 kV, 380kJ. The maximum discharge
current amounted to 1.8 MA. Optical measurements were
started by taking time-integrated pictures of the VR
emitted from plasma streams, which was observed behind
an optical window and recorded by means of a CCD-
camera with various filters. Spectroscopic measurements
were performed behind optical windows, which looked at
chosen angles and perpendicular to the z-axis (see Fig. 1).
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Fig. 1. Scheme of the PF-1000 experimental setup
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To record optical emission spectra the use was made
of an optical collimator coupled with the optical-fiber
cable and a Mechelle®900-type spectrometer.

2. EXPERIMENTAL RESULTS

The first series of the spectroscopic measurements was
carried out at an angle of 67° to the z-axis in order to
record emission from plasma at the centre of the W-insert.
An exemplary optical spectrum is presented in Fig. 2.
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Fig. 2. Optical emission spectrum from plasma produced
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at the W-insert center and recorded at 67° to the z-axis
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The second series of measurements was performed
side-on, with the exposition (t.,) equal to 5 ps - in order
to record the time-integrated optical spectra of discharges.
The measurements were made at different z-distances
(varied in several steps from 0 to 14 cm) from the
electrode ends. An example is presented in Fig. 3.
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Fig. 3. Optical emission spectra recorded perpendicular
to the discharge axis, at different distances and t.,= 5 us

The detailed spectroscopic measurements were carried
out at distances of 3.5, 6.5 and 8.5 cm from the electrode
outlets, at much shorter exposition (t.x, = 100 ns) in order
to determine dynamics of the emission of various spectral
lines, and in particular of the deuterium and tungsten (WI
and WII) lines. Two examples are presented in Fig. 4.
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Fig. 4. Optical emission spectra recorded at t,.,= 0.1 ys,
and different instants after the discharge current dip,

atz=35cmand 8.5 cm
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3. ANALYSIS OF EXPERIMENTAL DATA

The preliminary analysis concerned the experimental
data shown in Fig. 2, which presents a comparison of the
optical emission spectrum recorded in a laser & W-target
experiment (red line) with three spectra recorded in the
PF-1000 facility at an angle of 67° to the z-axis, but at
different temporal instants (ranging from 5 us to 10 ps).
One could easily notice that these optical spectra, emitted
from a region near the anode center and the W-insert,
contained many WI and WII spectral lines. The emission
of those lines could be explained by interactions of the
collapsing current sheath and electron beams with the W-
insert surface. It should be mentioned that such lines were
also recorded in earlier laser-experiments with W targets
[10]. Unfortunately, the detailed analysis of rich tungsten
spectra in Fig. 2 could hardly be performed because of an
interference of numerous W-lines and intense continuum
emission. It constituted an experimental evidence that the
erosion of the W-insert was relatively strong. Effects of
this erosion could also be observed upon the surface of
the W-insert after series of discharges, as shown in Fig. 5.

Fig. 5. Picture of PF-1000 electrodes ends, which shows
distinct tracks of the erosion of the anode (Cu-plate and
W-insert). The center of the anode was illuminated with

an auxiliary laser beam

Analyzing the spectra presented in Fig. 3, which were
recorded perpendicular to the z-axis of the PF-1000
facility, at different distances from the electrode outlet
and at a relatively long exposition time t.,= 5 s, one
could also observe intense continuum and very rich
spectrum containing not only D- and W-lines, but also
Cu-lines and other impurities. Intensity of the optical
emission was considerably lower at distances larger than
10 cm from the electrode ends. In that case the
identification of D, and Djg lines was possible, but their
quantitative analysis could hardly be performed because
these lines were deformed by other near lines and re-
absorption effects. In spite of the careful calibration, the
observed ratio of D, and Dy intensities was found to be
different from the correct value, what could be explained
by a lack of the complete thermalization.

Considering the optical spectra presented in Fig. 4,
which were recorded at various instants after the
characteristic peculiarity (dip) of the discharge current
and at different z-planes (z = 3.5 cm and 8.5 cm), one
could notice that relative intensities of some WI lines
observed in the earlier phase decreased in the period from
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t =0 to t = 10 us. In contrary, the relative intensities of
some distinct WII lines recorded in the plane z = 8.5 cm
increased during that period (until t = 10 ps) noticeable. It
delivered some information about dynamics of the W-
plasma production and expansion. It should, however, be
noted that information about W-ions with a higher
ionization could not be collected because of limitations of
the applied optical spectrometer and a lack of data (about
WIII and higher W-lines) in available databases. A
quantitative analysis of the Dy line could hardly be
performed, but estimates based on the analysis of the D,
line delivered information that the plasma concentration
at distances from z = 3.5 cm to z = 8.5 cm varied in a
range from 9 x 10"° cm™ to 6 x 10" cm™, respectively.

SUMMARY AND CONCLUSIONS

The most important results of the reported studies can
be summarized as follows: 1. The use of optical emission
spectroscopy made it possible to record the spectral lines
emitted from the plasma-ion streams generated in the
modified PF-1000 facility; 2. A quantitative analysis of
the recorded W-lines could hardly be performed because
of the very rich spectrum and intense continuum, but
some information about dynamics of the optical emission
was obtained; 3. In some cases the quantitative analysis
of the D, line was performed and approximate values of
the electron concentration were calculated.

One can conclude that spectroscopic studies of the
optical emission in the present version of the PF-1000
facility should be continued, and particularly more
accurate space- and time-resolved optical measurements
should be performed in order to collect information about

behavior of free-propagating plasma streams and their
interactions with different solid targets.
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OIITHYECKO-OMUCCHUOHHASA CIIEKTPOCKOIINA NUMITYJIbCHBIX IIVTASBMEHHBIX IIOTOKOB,

U3JYYAEMBIX U3 MOIU®UIIAPOBAHHOM YCTAHOBKH PF-1000

E. Skladnik-Sadowska, R. Kwiatkowski, K. Malinowski, M.J. Sadowski,
M. Kubkowska, M. Paduch, M. Scholz and E. Zielinska

IIpencraBneHsl pe3ysbTaThl HEAABHUX CIEKTPOCKONMWYECKHX MCCIIEAOBAHUI HMITYJIbCHBIX IIOTOKOB IIJIa3MBl,
reHepupyembix ycraHoBkoid [1D-1000, koropas pacronoxena B UDITuJIM B Bapmiae. Dta ycTaHOBKa HelaBHO ObLia
OCHallleHa MOJU(UIMPOBAHHBIM BHYTPEHHHMM JJIEKTPOJOM, KOTOPBIA HMMEN IEpPeJHIO MEAHYI0 IUIACTHHY C
HEHTpaJIbHON BoJb(GpaMoBoii (W) BcTaBkod AuaMeTpoM 5 MM. B3anmoieiicTBrE CXIIOMBIBAIOIICHCS TOKOBOW 000JI0YKH
U 3JEKTPOHHBIX ITyYKOB C TON BCTABKOH 3HAUUTENIBHO M3MEHMJIO XapaKTEPUCTHKH PEHTI€HOBCKOIO U M3IIyYeHHS B
BUAMMOM Juamna3oHe. HOBBIE CIEKTPOCKOIIMYECKHE H3MEpPEHHs IPOBOAWINCH IIPH BBIOpAaHHOM yIiie U
MIEpIEeHANKYJSIPHO K OcH pa3psiga. Bo BTopoMm ciydae onTHYECKHE CHEKTPHI M3Iy4YeHHs ObUIM 3aperucTpUpOBaHbI Ha
Pa3HbBIX PACCTOSHUSIX OT Cpe3a JIEKTPOJOB U B PA3IMYHbIE MOMEHTHI MOCIIE TOKOBOM OCOOEHHOCTH OCIMIUIOIPaMMBI
TOKa (TIpoBaia). TO MO3BOJHIIO ONPENSIUTh TUHAMUKY BU B ncciie1oBaHHOM THAIta3oHe.

ONTUYHO-EMICIMHA CIEKTPOCKOIIISA IMITYJIbCHUX IIJIA3SMOBHUX IIOTOKIB,
SAKI BAITPOMIHIOIOTHCS 3 MOJIU®IKOBAHOI YCTAHOBKH PF-1000

E. Skladnik-Sadowska, R. Kwiatkowski, K. Malinowski, M.J. Sadowski,
M. Kubkowska, M. Paduch, M. Scholz and E. Zielinska

[IpencraBneHi pe3yabTaTH HENABHIX CIIEKTPOCKOMIYHUX JOCHIPKEHb IMITyJIbCHUX IIOTOKIB IUIa3MH, LIO
reHepyothscst ycranoBkoro [1D-1000, sika posramosana B IPIIJIM y Bapmasi. Ils ycraHoBka HemogaBHO Oyia
OCHaleHa MOAW(IKOBaHMM BHYTPIIIHIM €JNEKTPOAOM, SKHH MaB HepelHIO MiJHy IUIACTHHY 3 IEHTPaJbHOIO
Bosb(pamoBoto (W) BeraBkoro nmiamerpoM 50 mM. B3aemomis 000NIOHKH CTpyMy, sIKa CXJIOMYETBHCS, 1 €IEKTPOHHHUX
ITyYKiB 3 Mi€}0 BCTAaBKOIO 3HAYHO 3MIHMJIO XapaKTEPUCTUKA PEHTI€HIBCHKOTO BUIIPOMIHIOBAHHS Y BUANMOMY Jialla30Hi.
HoBi cmekTpockomiyHi BUMIpIOBaHHS TPOBOIMIINCS TPH 3aJaHHOMY KYTi Ta MEPIEHAWKYIAPHO OO0 Oci po3psmy. Y
JIpYyTOMY BUTIAJIKy ONITHYHI CIIEKTPH BUIIPOMIHIOBAHHS OYJIH 3apeecTpOBaHiI Ha Pi3HUX BIACTaHSIX Bifl 3pi3y €NEKTPOIIB,
1 B pi3HI MOMEHTH TICIII OCOOIMBOCTI OCIHIIOTpaMu cTpyMy (mpoBaiy). Lle mo3Bommio Bu3Haunté auHaMiky BB y
JOCIIIKEHOMY JTiala30Hi.
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