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In a hydrogen recombination plasma at a high density and low temperature, vibrationally 

excited hydrogen molecules H2(v”) persist in dissociation and ionization processes of the plasma 
volume. Thus, molecular assisted recombination (MAR) in the presence of vibrationally excited 
hydrogen molecules is effective in enhancing the reduction of ion particle flux in the divertor 
plasma [1-3]. 

In this study, we have carried out the experimental observation and modelling of molecular 
ions in hydrogen plasma in a linear plasma device, TPD-SheetIV [4-6].  Measurements of the 
densities of molecular and atomic ions were carried out in hydrogen plasma with a hydrogen gas 
puff.  The molecular and atomic ion currents were detected using an omegatron mass analyzer [5-7], 
while the electron density and temperature were measured using a Langmuir probe.  The ground-
state vibrational temperature of hydrogen molecules Tvib was deduced by applying the corona 
equilibrium with VUV emission spectroscopy.  The zero-dimensional, which is developed for 
solving the system of rate balance equations for ion and gas species, used to predict the measured 
densities of hydrogen ion species is discussed. 

The experiment was performed in the linear plasma device TPD-SheetIV, shown in Fig. 1 
[4-6].  Ten rectangular magnetic coils formed a 
uniform magnetic field of 1.0 kG in the 
experimental region. Electron density and 
electron temperature were measured using a 
planar Langmuir probe, which were located 3 cm 
in front of the endplate. An omegatron mass 
analyzer, situated behind a small hole (Φ 0.5 
mm) in the endplate made of tungsten. is used for 
analyzing ion species.  The vibrational excited 
hydrogen molecules H2(v”) result from the 
deexcitation of electronically excited hydrogen 
molecules H2( +Σ u

1B , u
1C Π ) by electron impact [8].  

Through a viewing port installed in the sidewall 
of the experimental region, the plasma is 
observed using a VUV spectrometer with a 
differential pumping system by a 150 l/s turbo-
pump and a charge-coupled device (CCD) 
camera.  

To model the ion density in this experiment, 
a zero-dimensional model is developed for solving 
the system of rate balance equations for ion and 
gas species [7,8,9].  We obtain the distribution of 
ground-state quantum numbers from measured 
relative intensities of the H2 molecular radiation 
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Fig.1 Schematic diagram of magnetized sheet 
plasma device (TPD-SheetIV) and omegatron 
mass analyzer. 



between the upper electronic state ( )υ′Σ+
u

1B  and 

( )υ′Π u
1C  with vibrational level.  The corona model 

used to calculate the population distribution of the 
vibrational levels resulting from a Boltzmann 
population distribution in the ground state 
characterized by a temperature of hydrogen 
molecule.  A ground-state vibrational 
temperature of hydrogen molecule Tvib can be 
found which results in a best fit to the observed 
relative intensities of VUV spectrum in the range 
from 120 nm to 140 nm. 

Figure 2 shows the measured ion densities 
(H+, H2

+
, and H3

+) and the calculated ion densities 
(<H+>, <H2

+>, and <H3
+>) plotted against gas 

pressure P at the discharge current Id of 50 A in 
the hydrogen plasma.  The ion density of H+ is 
larger than that of H2

+ or H3
+ in the low gas 

pressure ( < 6 mTorr),  With increasing P, the ion 
density of H+, H2

+ and H3
+ have a maximum 

value at Pdiv ~ 3.0 mTorr and gradually decreases.  
In case of model with the ground-state 
vibrational temperature of hydrogen molecules 
Tvib = 5000 ~ 1000 K in the reactions involving 
H2, H2

+, the characteristic of <H+>, <H2
+>, and <H3

+> show the same tendency as that of the 
measured ion density.  <H+> and <H3

+> have a maximum value at P ~ 4.0-6.0 mTorr and 
gradually decreases with increasing P.  <H2

+> gradually decreases with increasing P.  The 
formation of the H- of the dissociative electron attachment is very small comparison with that of 
the molecular ions for these conditions.  In the low gas pressure for high electron temperature (Te 
~ 3-10 eV), the electron impact ionization of H2 and the electron impact dissociation of H2

+ 
become the dominant processes and the plasma will consist of H+ and H2

+.  On the other hand, 
in the high gas pressure for low electron temperature (Te < 3 eV), the conversion of H2

+ into H3
+  

tends to increase and the plasma will contain H3
+.  Also, it is shown from these results that the 

creation and destruction of H2
+ with H2(v”) molecules are important processes in hydrogen 

plasma. 
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Fig.2  The measured ion densities (H+, H2
+, and 

H3
+) and calculated ion densities (<H+>, <H2

+>, 
and <H3

+>) plotted against gas pressure P at the 
discharge current Id of 50A in the hydrogen 
plasma. 


