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1. Introduction

The existence of two emission features in the solar spectrum near
12 µm was announced by Murcray et al. (1981)1, but only when
they were informed by L. Testerman and J. Brault that they had
noticed them too. Before that, Goldman et al. (1980) had white-
pasted them out of their spectrum atlas in the mistaken belief that
all solar and telluric lines should be in absorption. We explained
these emission features many years ago (Carlsson et al. 1992,
henceforth Pub I; see also Rutten & Carlsson 1994).

2. Model computations

2.1. Background

In the solar photosphere NLTE departure diffusion occurs in the
upper reaches of the Mg i term structure (see Figs. 3 and 42 of
Pub I). It is akin to optically-thin collisional-radiative recombi-
nation along Rydberg levels in tenuous plasmas as sketched in
Fig. 13. The righthand cartoon in Fig. 2 here4 shows the H i Ry-
dberg ladder more formally.

2.2. Method

We solved the statistical equilibrium and radiative transfer equa-
tions for all relevant levels and frequencies in Mg i and Mg ii for
various models of the solar atmosphere, including the standard
one formulated in the monumental articles by Vernazza et al.
(1973, 1976, 1981).

3. Conclusion

Our computation explained the formation of the enigmatic
Mg i 12 µm emission features. They arise through population
depletion by line photon losses and population replenishment
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Fig. 1. Collisional-radiative recombination along Mg i Rydberg states
visualized by Mats Carlsson for drop-pool kayakers. Left: the largest re-
combination flow from the magnesium population reservoir in the Mg ii
ground state is into the highest Mg i level (n = 9 in the present model).
Right: along the ∆n=1 downward ladder the flow is initially dominated
by collisional transitions but radiative transitions take over lower down.
The recombination flow is driven by photon losses in strong Mg i lines
and is balanced by radiative ionization in ultraviolet Mg i edges. Similar
Rydberg flows occur in other elements, but the Mg i Rydberg levels con-
tain the largest photospheric populations, exceeding even the H i ones.
From Rutten & Carlsson (1994).

from the ionic reservoir through highly excited levels. A
Rydberg-channel replenishment flow is realized by collisionally-
dominated population diffusion via ladder-wise departure diver-
gence (see Fig. 1 in Sect. 2).
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