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Experimental Results

Abstract
Research in pulsed electrical discharges at the Chilean Nuclear Energy Commission (CCHEN) currently focuses in a couple of device types: Plasma Focus
discharges and Wire array discharges. Plasma Focus devices available at CCHEN have stored energies that range from 0.1 J (nanofoco) to the hundreds of
kilojoules (SPEED 2), which enables the study of a wide range of physical phenomena. On one hand, this work presents results obtained in PF-400J (176-539
J, 880 nF, 20-35 kV, quarter period ~300 ns) in which spectroscopic observations were made by means of a 0.5m Czerny-Turner imaging spectrometer attached
to a 20 ns integration time ICCD VIS camera. Spatial resolution was obtained by using a telescopic system that enabled the observation of a small volume of
the sheath. Gas impurities (Neon, Nitrogen and Krypton) were added in different concentrations (2 and 5%) to the background gas to be able to observe the
ionization evolution of the plasma sheath when moving in the inter-electrode space. On the other hand, wire array experiments (X-pinch) with a small current
amplitude were carried out in the Multipurpose device (1.2µF, 345J, 47.5nH, T/4=500ns and Z=0.2Ω in short circuit). With a wire load and 24 kV of charging
voltage, currents up to 122 kA were observed with a 450 ns quarter period. Spectral observations were done with a 1 m grazing incidence off-Rowland Circle
spectrometer. A 4-strip MCP detector allowed the acquisition of spectra at different moments of the current pulse, with a time integration of 10 ns.
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Plasma Focus Discharge
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Multipurpose Discharge
Stored Energy:
350J
Peak Current:
120kA
T/4:
~ 450 ns
Wires: Aluminum (Al) 25 µm ,
Copper (Cu) 10 µm.
Charging voltage: 24kA

Stored Energy:
400J
Peak Current:
130kA
T/4:
~ 300ns
Working gases:
- Hydrogen @ 9 mbar
- Hydrogen and Neon,
Nitrogen or Krypton mixture
at an equivalent pressure of
9 mbar.
Charging voltage: 27kA

Grazing incidence spectrometer

Fiber Optic Bundle

Beginning of axial phase

Grazing incidence
cylindrical mirror

Discharge
Chamber

Spectrometer
ICCD

Observation Points
1. Beginning of Axial Phase
2. Beginning of Radial Phase

Time resolved VIS spectroscopy (Plasma Focus)
 0.5m Czerny-Turner Visible spectrometer.
- Gratings: 300 l/mm,1200 l/mm
- Optical resolution (FWHM): 0.4 nm,0.09nm

Hydrogen 95% and Krypton 5%
PF-400J
• Discharges with Krypton as an
impurity showed a shielding (or
higher degree of ionization?) which
limited the identification of line
emission. In the case of 100% Kr,
line emission is observable and
clearly identifiable.
• To try to resolve the regions marked
with (??), higher resolution spectra
were acquired by using the 1200
l/mm grating, showing no distinctive
line emission.

• Times are referenced to the
beginning of the current pulse.
Peak current is around 320 ns
and pinch occurs at around 430
ns.
• In comparison with the H2/Ne
mixture, a clear evidence of
ionization degree is observed.
With respect to H2/Kr mixture,
there is no apparent shielding of
the line emission.
• From the width of the Hβ line,
the plasma evolves differently
than in the case of Neon, where
the “denser” plasma is visible at
times closer to the pinch when
observing at the beginning of
the axial phase.
• Ne measurements from Hα
broadening will be performed in
the near future.

Beginning of radial phase
Detail of the spectral region around 460 nm, H2/N2
discharge

A detailed view of the emission
spectra of the Hydrogen 98% and
Nitrogen 2% mixture is seen above. It
is clear that a higher degree of
ionization is reached at times that are
close to the pinch of the discharge.

Calibration of
XUV spectrometer

Time resolved XUV measurements (X-pinch)
• Grazing incidence cylindrical mirror to
focus radiation into spectrometer slit.
• Grazing incidence spectrometer, with 300
l/mm grating and 10μm slit.
• 4 strip MCP with 10 ns integration time
and 15 ns between frames
• DSLR acquisition

 Princeton Instruments ICCD-576/EMG
- Integration time: 20 ns
- 576 x 384 pixels
 Fiber Optic Bundle
- 19 F.O. Line to circular bundle
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Aluminum 25 μm X-pinch
Multipurpose
Uncalibrated spectrum of a 25
μm aluminum X-pinch. Time
evolution of the spectra was not
available due to low intesity
found in the subsecuent MCP
strips.

Copper 10 μm X-pinch
Multipurpose

4-strip MCP

Image shows focusing spot
of fiber optic
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Diagnostics and Experimental Setup
Lens focusing
system

• Times were taken with respect
to the pinch. Negative times
means the spectra was
acquired before the pinch;
Positive times mean spectra
taken after the pinch.
• Spectral observations show a
clear evolution of the plasma
sheath that advances towards
the top of electrodes.
• Comparing both observation
points, it is evident that a more
dense plasma is present at
the top of the electrodes
(broad H-beta line and deeper
self absorption).
• Fast
ionization
of
the
impurities is evident from the
low emission from Ne I at the
beginning of the current pulse.

• Times are referenced to the
beginning of the current pulse. Peak
current is around 450 ns.
• Spectra are from different shots.
Intensity response of the 4-frame
MCP is not controllable, thus relative
intensity comparisons are not
possible.
• (Left) Emission from an unidentified
ion is visible since very early times in
the current pulse evolution.

Calibration of the XUV spectrometer
has proven to be challenging, as
seen in the image above. The same
emission is found from a 10μm
copper X-Pinch discharge and a
laser impinging on a copper target.

Discussion and Conclusion
• In the plasma focus device there is an evident difference in the ionization degree evolution for mixtures of Hydrogen/Neon and Hydrogen/Nitrogen and
Hydrogen/Krypton. High degrees of ionization are attained in Nitrogen at the same conditions where no ionization of Krypton nor Neon is detected.
• Different percentages of impurities do not improve the spectral emission. The same behavior was observed with lower and higher concentrations of Neon. On
Nitrogen, a higher impurity concentration affected the ionization degree attained. Observation of the spectra at different spectral regions did not yield different results
when Neon was used. Similar observations have been made to Krypton mixture discharges. At the moment, no explanation for this phenomena could be unfolded.
• XUV spectroscopy of X-pinch discharges in CCHEN is in a very early stage, but results look encouraging. Calibration procedures are underway using tens of ns
pulse width Nd:YAG laser. After the successful calibration of the spectrometer, it will be used to describe higher ionization degree of impurities at pinch volume of
Plasma Focus PF-400J.
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