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The role of hydrogen atoms and molecules as well as helium atoms in boundary plasmas is currently being very
thoroughly investigated [1]. In this contribution we present the characteristic properties of magnetized hydrogen
and helium plasma measured with diagnostic techniques which are readily available in divertor plasma simulators

[2] and in smaller experimental fusion devices [3].
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1. Introduction

Recently, linear magnetized hydrogen plasmas are
widely used to simulate boundary or divertor plasma
conditions in fusion experiments. In such simulators basic
plasma-wall interaction mechanisms and turbulent plasma
transport across the magnetic field can be studied
successfully. Similarly, simple plasma and neutral gas
diagnostic techniques can be improved or new methods
developed and tested. Our intention is to adapt our
plasma machine for such studies and to investigate novel
probe and spectroscopic techniques in more complex
boundary-like plasmas.

The linear magnetized plasma machine at the Jozef
Stefan Institute in Ljubljana (Figure 1) consists of two
chambers, a source chamber and an experimental chamber.
The source chamber is mounted in the region of weak
diverging magnetic field. The experimental chamber has a
diameter of 17 cm, is 1.5 m long and is mounted in the
tunnel of 14 magnetic coils, which can produce a linear
magnetic field from 0.01 T up to 0.4 T. Plasma is generated
by a hot cathode discharge between ten heated tungsten
wires and the source wall. The thoriated wires are 0.2 mm
thick and 10 cm long, connected in parallel and heated
with 40A heating current to the emitting temperature. The
emitted electrons are accelerated with a discharge voltage
of 50 V. The plasma column in the experimental region has
a diameter of 2.5 cm and is terminated by a floating or
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biased end plate. A typical length of the plasma column is 1
m.

The plasma parameters and their profiles, such as
density, potential and electron temperature are measured by
movable cylindrical Langmuir probe, while possible
particle drifts can be determined by a double sided planar
Langmuir probe. The plasma potential is also recorded by
an emissive probe. Special probe systems or antennas have
been used in the past to measure the properties of the ion
acoustic resonance cones and the ion acoustic wave
propagation. From measured data the values of various
plasma parameters can be deduced.
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Fig.1 The scheme of the linear magnetized plasma

machine with the hot cathode plasma source.

©2009 by The Japan Society of Plasma
Science and Nuclear Fusion Research



M. Cercek er al., Electric and Spectroscopic Characterization of Magnetized Hydrogen and Helium Hot Cathode Discharge Plasma

2. Electric characterization
In order to further enhance the plasma-atom
(molecule) interaction we made a minor modification of
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Fig.2 The radial profile of hydrogen plasma
density measured at an axial distance of 60
cm from the cathode. The center of the
plasma column is at r = 5 mm.

the plasma source. Plasmas with relatively high densities
are now easily obtained. We measured the plasma
parameters with a cylindrical Langmuir probe. In Figure 2
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Fig.3 The radial profile of the primary electron
temperature at the same axial distance.

the plasma density profile is shown for a hydrogen
discharge at P =0.15 Pa and discharge current of 1;=4.2 A.
The central density value is n = 6x10'° m™. The plasma
column is rather large, at 4 cm diameter the density is still
above n = 1x10'® m>. The electron component of the
plasma was found to be composed of two electron
populations: of primary electrons emitted and accelerated
from the hot cathode and of secondary electrons produced
by the impact ionization of hydrogen gas. They were
obtained by fitting the measured probe characteristics from
which the ion saturation current was subtracted with a
bi-Maxwellian electron velocity distribution function.
Their typical temperatures were T pim = 13 €V and T =
5 -2 eV, respectively. Radial profiles of both temperatures
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are shown in Figures 3 and 4. The plasma potential is
radially decreasing indicating the radial confinement of
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Fig.4 The radial profile of the secondary
electron temperature at the same

axial distance.

less magnetized ions (Figure 5). In the plots of plasma
density and plasma potential profiles one can observe
certain structures which are due to the inhomogeneous
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Fig.5 The radial profile of the plasma

potential at the same axial distance.

production of plasma at the cathode. The W wires are
mounted in a weak magnetic field and the emitted
electrons are confined in sheets along the field lines and
therefore producing a partially inhomogeneous plasma
column. We intend in the near future to replace the
existing cathode by a planar LaBg electron emitter. We
are building a gas feeding station with two lines in order
to enable experiments in plasmas with two ion species
which are fusion relevant (He, Hy/D;) or to puff in
hydrogen gas at a different locations than near the plasma
source. In this respect also a special source of
vibrationally excited hydrogen molecules has been
constructed.

3. Spectroscopic characterization
We have introduced the atomic and molecular
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emission spectroscopic characterization of
hydrogen/helium plasma. For this purpose we purchased a
new dual-channel fiber-optic AvaSpec-2048TEC-USB2
(Avantes) spectrometer. Both spectrometer channels have
an optical bench with a 75-mm focal length, developed in a
symmetrical Czerny-Turner design. The channels are
equipped with high speed CCD detectors with 2048 pixels
to support the high sensitivity and the optical resolution. In

Fig.6 In-vacuum fiber probe for spectroscopic
measurements.

order to improve the dynamic range and to reduce the dark
noise each CCD is mounted on a single-stage Peltier
cooling device. One of the channels is devoted to the broad
visible spectrum measurements (360 nm — 860 nm) with
grating of 600 lines/mm and a 25-um entrance slit. The
second one is devoted to the study of hydrogen molecular
spectra (Fulcher band: 595 nm — 645 nm). It is equipped
with grating of 2400 lines/mm and also has an entrance slit
of 25 pum. The optical resolution of the narrow channel is
0.09 nm. The light-collection system has a collimating lens
at the end of a 600-um fiber-optic cable. To enhance the
collection of light from the plasma column an in-vacuum
fibre probe (Figure 6) was built, using a special vacuum
feedthrough.

A typical hydrogen-emission spectrum from a pure
hydrogen plasma produced at a pressure 3x102 Pa is
shown in Figure 7. One can clearly observe the atomic
Balmer lines H,, Hg, Hs, H, and the molecular Fulcher
band from 600 nm to 640 nm. The discharge current in this
particular case was I; = 1A.
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Fig.7 The emission spectrum measured in
hydrogen plasma.
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Fig.8 Plasma density » and electron temperature
T increase with the discharge current.

The plasma parameters, such as plasma density and
electron temperature, are closely related to the discharge
current which can be directly controlled by the heating
current through the cathode wires. The results of our
measurements obtained with the Langmuir probe are
shown in Figure 8. We have therefore investigated the
behavior of the emission spectra as a function of the
discharge current. In Figure 9 the intensity of the atomic
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Fig.9 The intensity of atomic hydrogen spectral
lines increases with discharge current.

hydrogen lines is plotted against the discharge current. The
intensity of all lines increases with increasing discharge
current which is in accordance with the increasing electron
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Fig.10 The intensity ratio H,/H; slightly decreases
with increasing discharge current.
density and temperature. The measurements
performed at various working pressures and the result was
the same.

The line ratio methods are used to determine various
plasma parameters and very recently it was used also for
determination of negative hydrogen ion densities [4]. In
order to start such investigations we have studied
preliminarily the dependence of the line ratios on the
discharge current. For two values of the working pressure
the line ratios H,/Hp and Hp/H, were found to be similar,
whereas the line ratio H, /H; is constant or slightly
decreasing with increasing discharge current as it can be
observed in Figure 10. In weaker plasma some departure
from this behavior was observed and it will be investigated
in future. The influence of relevant plasma parameters on
the emission rate for excitation for Hs and eventual
consequences for diagnostics has not been considered yet
in more detail.
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Fig.11 Observed Fulcher band spectra in hydrogen

plasma. The lines of the diagonal vibrational
Q branch are labeled.
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The emission spectrum in the range of the molecular
Fulcher band measured under the same experimental
conditions as the above spectrum in the broad visible range
is shown in Figure 11. The intensity variation with
discharge current was also studied and similar results as for
atomic Balmer lines were obtained. The Fulcher band
spectrum is used for determining the vibrational and
rotational temperature of ground state hydrogen molecules
present in the plasma, as well as indirectly also for
determination of gas temperature. The use of appropriate
models is now under investigation.

4. Conclusion

We have performed introductionary measurements
of various parameters in hydrogen/helium plasma in a
linear magnetized plasma machine. The plasma system is
intended for basic studies of hydrogen interaction with
material surfaces, especially of vibrationally excited
molecules. For this reason a new diagnostic system for
Fulcher band spectroscopy was installed at the machine.
In parallel we are introducing a seldom used method for
measuring the electron temperature with a floating
emissive probe. In this case, the bi-Maxwellian nature of
the electron distribution function should be carefully
taken into account.
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