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Abstract. In this contribution, some collisional processes i.e. chemi-recombination
processes in alkali-metal low-temperature plasmas are investigated. The spectral rate
coefficients which involve alkali metals, as well as corresponding data on species, are
calculated as a function of quantum numbers and temperatures. The presented results can
be of interest for laboratory plasmas as well as for the research of chemistry of different
stellar objects with various astrophysical plasmas.

1. INTRODUCTION

Collisional processes which include atoms and molecules in geo-cosmical plasmas
constantly attract the attention of scientists (see e.g. Sreckovic et al. 2020;
Klyucharev et al. 2007; Ignjatovic et al. 2020). Among these processes, those
which produce highly excited Rydberg atoms are of particular interest (Gnedin et
al. 2009; Mihajlov et al. 2011; Sreckovic et al. 2018a). Primarily this can be
attributed to a group of chemi-recombination (CR) processes (Mihajlov et al. 2003,
Sreckovic et al. 2018b). In a series of papers of Mihajlov and coworkers’ CR
processes involving hydrogen and helium have been studied from the point of view
of their effect on the optical (spectral line shapes) and kinetic properties of weakly
ionized laboratory and astrophysical plasmas. This contribution is a continuation of
this research.
Here we will consider the following chemi-recombination processes,
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A +e=>A(m)+4  (la)
A+ A" +e= A (n)+ A (1b)

where 4 and A" are alkali (Li or Na) atoms and ions in their ground states, and 4,"
is molecular-ion in the ground electronic state.

The importance of chemi-recombination (egs. (1a)— (1b)) and chemi-ionization
processes in a geo-cosmic plasma, is determined by comparing corresponding
fluxes. This is performed under the standard assumption that in photosphere
plasmas Te = Ta = T, where Te and T« are the electron and atom temperatures and
T is their common value. Under this assumption, the deviation from LTE in a given
plasma is manifested through the departure of the excited atom state populations
from Boltzman’s distribution. Therefore, it is necessary to take into account all
processes which can influence the excited atom state populations, particularly

ionization/recombination processes.
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Figure 1: Total chemi-recombination rate coefficients for processes (1) for the case
A=Li, with 500 K < T <5000 K and for principal quantum numbers 6 <n < 12,

Total chemi-recombination rate coefficients can be defined as the sum of the
partial ones describing both processes (1a) and (1b):

K9 =K9+KD @)
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For details see e.g. Mihajlov et al. 2003, 2011. The rate coefficients for the
chemi-recombination (CR) processes are calculated for a wide region of
temperatures and the principal quantum numbers. The obtained data are needed for
modeling and research of cool stars, lithium stars, sodium clouds around Io
cometary tails, and primordial gas containing Li atoms and ions (Gnedin et al.,
2009), etc.
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Figure 2: Total chemi-recombination rate coefficients for processes (1) for the case
A=Na, with 500 K < T <5000 K and for principal quantum numbers 6 <n < 12.

2. RESULTS AND APPLICATION

We give the total rate coefficients for CR processes for sodium and lithium cases
(4=Na, Li) for principal quantum numbers 6 < n < 12 in a wide region of
temperatures 500 K < T <5000 K.

The total CR rate coefficients K,"*(n,T) are shown in Figs. 1 and 2 for the cases
of Li and Na. The results presented here show the influence of chemi-
recombination processes (1) in populating the highly excited atoms in non-
equilibrium alkali plasmas in broad ranges of parameters. It can be observed that
the total rate coefficient for all cases decreases with increasing temperature and the
coefficient decreases with increasing principal quantum numbers.
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3. SUMMARY

The results presented here show the influence of chemi-recombination processes
(1) in populating the highly excited atoms in non-equilibrium alkali plasmas in
broad ranges of parameters. Therefore, these processes have to be included in all
collisional radiative models dealing with such plasmas. Generally, the obtained
results have potential astrophysical use in the improvement of chemistry and
modeling of different layers of weakly ionized geo-cosmical plasmas of the
atmospheres of various stars and cosmic objects (Sreckovic et al. 2014; Mihajlov
2011, Sreckovic et al. 2020). The results are also important in theoretical and
laboratory spectroscopic plasmas research, industry, and technology application.
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