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Helium plasmas are known to be very sensitive to impurities, this characteristics being even 
more  pronounced  at  high  pressure.  In  atmospheric  pressure  helium  plasmas  excited  in  a 
microwave  resonant  cavity,  an  impurity  concentration  of  500  ppm  is  sufficient  to  modify 
significantly  most  of  the  discharge parameters,  such as  metastable  concentration [1]  and gas 
temperature [2]. At high pressure, the main reaction pathways involving impurities and excited 
helium species are not completely known. In this work, the influence of the concentration and the 
nature of impurity is studied. The impurity can be either Ar, H2, O2 or N2. We will focus herein on 
the behaviour of the late time afterglow.
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Fig.  1 Evolution of He(23S) concentration, measured by laser  absorption,  in the time afterglow 
(power is switched off at 0 µs) for different concentrations in impurity (from 5 to 320 ppm) 
and for different impurities: (a) O2, (b) N2, (c) H2 and (d) Ar. The incident power is 300 W and 
the  helium flow rate  is  4140  sccm.  The  discharge  is  pulsed  at  90  Hz,  the  pulse  has  a 
rectangular shape and the operation duty cycle is 41%.
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To obtain information about the time afterglow, the plasma operates in pulsed mode. The 
time variation of the He(23S) metastable concentration during a complete pulse period is measured 
by laser atomic absorption spectroscopy performed at 1082.9 nm (transition He(23S1-23P0).

Fig.  1  shows the  time  evolution  of  the  He(23S)  metastable  concentration  for  different 
impurities at different concentrations. For pure helium, the post-discharge lasts for hundreds of 
microseconds, i.e. a very long time. The time evolution can be described in three parts. During the 
first 10μs, an exponential decay is observed and it is mainly due to ambipolar diffusion. Next, 
there is an increase in the He(23S) metastable concentration for about 5μs which is controlled by 
the  conversion  of  ions  in  He(23S)  by  electron-assisted  recombination.  Finally,  a  second 
exponential decay occurs but with a weaker slope than the first one, this step being mainly due to 
chemionization processes [3]. We now focus our interest on this latter step.

During the discharge period (plateau at negative time), no significant difference is observed 
for the different impurities. In this region, the impurity concentration plays almost the same role 
for all studied impurities. Concerning the last step of the time afterglow two groups of impurity 
can be distinguished. For O2 and N2, the time constant appearing in the exponential decay of the 
He(23S) is highly affected by the impurity concentration. On the other hand, for H2 and Ar, this 
time constant is almost unaffected by the impurity concentration. 

Tab. 1 Measured effective rate constant (keff) and rate constant for charge transfer
Impurity Measured keff k for charge transfer with He+ k for charge transfer with He2

+

O2 4.5 x 10-11cm3s-1 1.1 x 10-9cm3s-1 1.0 x 10-9cm3s-1

N2 2.3 x 10-10cm3s-1 1.6 x 10-9cm3s-1 1.1 x 10-9cm3s-1

H2 ~0 cm3s-1 < 10-13cm3s-1 0.41 x 10-9cm3s-1

Ar ~0 cm3s-1 < 10-13cm3s-1 0.22 x 10-9cm3s-1

The measured time constant  for  “pure”  helium is  much higher than the expected time 
estimated using literature data. It indicates that He(23S) is in a pseudo-stationary regime: its time 
evolution is determined by the rate constant of the limiting reaction producing He(23S). The main 
source of He(23S) in the post-discharge is the recombination of helium ions (He+ and He2

+) [3]. 
Comparing  rate  constants  for  He+ and  He2

+ interaction  with  the  studied  impurities,  one  can 
observe that differences among rate constants for different impurities reacting with He2

+ are not 
sufficiently important to explain our results. Nevertheless, rate constants for charge transfer with 
the  atomic ion agree qualitatively with our results  (see  Tab.  1).  The rate constants from the 
literature are measured at 300 K and in our experimental conditions the gas temperature is about 
2500 K (where reverse reaction rates are no longer negligible). This temperature difference could 
at least partially explain the difference between our effective rate constants and those given by 
other works. These measurements present a strong evidence that He(23S) metastable states are 
mainly formed from He+ in the post-discharge and consequently that He+ ions are already the main 
ionic species in pure helium discharges at 2500 K, contrary to what is predicted by other works 
that situated this limit closer to 3000 K [4].
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