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ABSTRACT

Aims. We provide tabulated net radiative cooling rates (NRCRs) in the plasma of cool coronal condensations, together with the elec-
tron densities and ionization degrees describing its partial ionization. These readily applicable rates result from combined effects of
the radiative cooling and radiative heating in the dominant atomic transitions in hydrogen, Mg ii , and Ca ii .
Methods. These NRCRs represent realistic estimates based on 1D non-LTE (i.e. departures from the local thermodynamic equilib-
rium) radiative transfer modelling that uses 1D isothermal and isobaric prominence models. To construct easy-to-use NRCR tables,
we employed the concept of voxels (volume pixels), which allowed us to incorporate the essential information about the location of
the modelled plasma with respect to the source of illumination. We provide tabulated values of NRCRs, electron densities, and ioniza-
tion degrees for a broad range of plasma parameters representing a wide variety of cool coronal condensations, such as prominences,
cool coronal loops, spicules, jets, and coronal rain.
Results. The accuracy of the provided voxel-based NRCRs, when tested against non-LTE calculations, is high, often showing a differ-
ence of only a few per cent. However, in some cases, the differences increase by up to a factor of two, which is the consequence of the
assumptions and simplifications adopted here. Despite such differences, the voxel-based NRCRs that incorporate both the optically
thick and thin radiative processes are a significant improvement, compared to the optically thin radiative loss formulas, when dealing
with the cool plasmas at temperatures below 30 000 K.
Conclusions. The provided NRCRs are tabulated for three different scenarios of the orientation of the modelled structure with respect
to the source of illumination: (i) a vertical orientation where a surface receives illumination from one half of the solar disc, (ii) a hor-
izontal orientation where the bottom surface receives illumination from the entire solar disc, and (iii) a horizontal orientation where
the top surface does not receive any illumination from the solar disc. This allows the voxel-based NRCRs to be implemented even in
complex multi-dimensional simulations of cool coronal condensations.
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1. Introduction

The aim of this paper is to provide tabulated net radiative cool-
ing rates (NRCRs) in cool coronal condensations. These are
structures such as prominences (e.g. Vial & Engvold 2015), cool
coronal loops (e.g. Reale 2010), coronal rain (e.g. Antolin et al.
2015), spicules, and jets (e.g. Tsiropoula et al. 2012). They are
composed of cool and dense plasma located within the hot and
tenuous coronal environment. Another characteristic property of
cool coronal condensations is the strong external illumination
the plasma receives from the solar surface and the surrounding
corona. This external source of radiation plays a significant role
in the energy balance of the cool and dense plasma within the
corona due to its high opacity in some atomic transitions. That
leads to the absorption of the incident radiation and consequent
radiative heating of the plasma. Such processes are coupled with
the radiative cooling – the loss of energy due to escaping radia-
tion in both the optically thin and thick atomic transitions. These
complex radiative mechanisms are described in detail in, for
example, Kuin & Poland (1991) and Heinzel et al. (2014).

A better understanding of NRCRs in the cool, externally illu-
minated plasma located in the solar corona can play an essential
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role in solving many open questions of modern solar physics.
An example are the later stages of the formation of prominences,
coronal rain, and coronal loops when their plasma cools to below
about 30 000 K and becomes optically thick. The earlier stages
of the formation of these structures were studied, for example,
by Luna et al. (2012), Auchère et al. (2018), Antolin & Froment
(2022), and Jerčić et al. (2024). Another example is the waves
and oscillations in the prominence-like plasma, such as those
studied by Ballester et al. (2016), Soler et al. (2021), Jerčić et al.
(2022), and Liakh et al. (2023). Knowledge of NRCRs is also
essential for highly realistic 3D simulations of prominences and
their fine structures, such as those of Jenkins & Keppens (2022)
and Donné & Keppens (2024). The radiative cooling and heating
of the optically thick plasma of cool coronal condensations also
play a role in their instabilities studied, for example, by Hillier
(2018), Snow & Hillier (2024), and Antolin et al. (2022).

Here we provide readily applicable NRCRs resulting from
the combined effects of the radiative cooling (radiation escap-
ing the plasma volume) and radiative heating (due to absorption
of the external illumination) in the dominant atomic transi-
tions in hydrogen, Mg ii, and Ca ii. The tabulated NRCR val-
ues provided here represent a realistic estimate based on the
non-LTE (i.e. departures from the local thermodynamic equi-
librium) radiative transfer modelling in 1D prominence models.
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Fig. 1. Illustration of NRCRs as a function of the distance from the illuminated surface. Only one half (left) of the model width is shown (the
model is symmetric). The plotted NRCR values correspond to a 1D vertical slab model with T = 6000 K and p = 0.5 dyn cm−2. The full line
shows the total NRCRs derived as a sum of hydrogen (short-dashed black line), Mg ii (dash-dotted black line), and Ca ii (long-dashed white line)
NRCRs. The blue and red stripes represent the voxels. The first five voxels have sizes of 50 km, and the rest have sizes of 250 km.

To provide practically usable tables of NRCRs for a wide
variety of cool coronal condensations, we utilized the con-
cept of voxels and tabulate the NRCRs for a wide range of
plasma parameters. We also provide corresponding tables of
electron densities and ionization degrees. The NRCR tables
and the ionization degrees are provided in a simplified form in
Appendices A, B, and C. The full versions of the tables,
including the electron density values, are available at Zenodo1

(Gunár et al. 2025). The accuracy of the provided voxel-based
NRCRs was tested against non-LTE calculations of NRCRs in
1D models that include temperature and pressure variations rep-
resenting the prominence–corona transition region. These mod-
els were used, for example, by Anzer & Heinzel (1999). The cor-
respondence between the non-LTE solutions and the estimates
using the voxel-based tabulated NRCRs is very good, often with
a difference of only a few per cent. However, in some parts of
the modelled prominences, the differences can be up to a factor
of two.

Nevertheless, despite such differences, the voxel-based tab-
ulated NRCRs represent a significant improvement because
no equivalent NRCR values, including optically thick radia-
tion processes and external illumination in hydrogen, Mg ii ,
and Ca ii had been published before now. Kuin & Poland (1991)
provided tables of optically thick NRCRs for hydrogen and
helium. However, helium seems to be less important in cool
plasmas while Mg ii and Ca ii are critically important coolants
(Heinzel et al. 2014), as in the chromosphere (Vernazza et al.
1981). The optically thin radiation-loss formulas, such as those
from Hildner (1974), Rosner et al. (1978), Milne et al. (1979),
Schure et al. (2009), Soler et al. (2012), and others, have typi-
cally been used.

2. Models and their illumination

To derive NRCRs for a wide variety of cool coronal conden-
sation use cases, we computed a large grid of 1D isothermal,
isobaric, non-LTE models. These models solve the radiative-
transfer problem in a 1D finite slab using the multi-level non-
LTE code MALI1D (e.g. Heinzel 1995). We used the 5-level
plus continuum atom model for hydrogen, Mg ii and Ca iiwith
the resonance lines treated with partial frequency redistribution.
The same code was used also by Heinzel et al. (2014); see their
Sect. 2 for further details. Helium is supposed to have a marginal
effect on the electron density and also on NRCR and we did not

1 https://zenodo.org/records/15480951

Fig. 2. Sketch of the configuration of the used models. Top: 1D vertical
slab model symmetrically illuminated from both sides. Bottom: 1D hor-
izontal slab model illuminated from below. The inlaid stripes visualize
the geometry of the voxels in both orientations.

include it in the models. The parameters of the models used to
construct their large grid are described in Sect. 4.

Although the 1D models used here are isothermal and iso-
baric, the resulting NRCRs are not uniform. Due to the optically
thick radiative transfer effects, NRCRs vary across the model
width, as illustrated in Fig. 1. This NRCR variation within the
models is the reason why we needed to adopt the concept of vox-
els (see Sect. 3). This concept allows us to describe the NRCRs
with respect to the sources of the illumination. To derive such
NRCRs, we used 1D non-LTE prominence models in two spe-
cific configurations – vertical 1D slab illuminated from both
sides (Fig. 2, top) and horizontal 1D slab illuminated from below
(Fig. 2, bottom). These two configurations allow us to take into
account multiple scenarios of the illumination from the solar sur-
face: i) illumination from the entire solar disc received by the
bottom surface of the horizontal slab; ii) illumination from half
of the solar disc received by the sides of the vertical slab; and
iii) no illumination received by the top surface of the horizontal
slab. Note that in the considered atomic transitions of hydrogen,
Mg ii and Ca ii , the illumination from the surrounding corona is
negligible.

On the other hand, the illumination from the solar surface
in these transitions has a significant influence on the resulting
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Table 1. Parameters covered by the grid of models.

T [K] 6000 7000 8000 9000 10 000 12 000 15 000 20 000 25 000 30 000

p [dyn cm−2] 0.03 0.05 0.1 0.3 0.5 0.7 1.0

D [km] 500 1000 2000 5000 10 000

NRCRs. Therefore, to provide tabulated NRCR values corre-
sponding to a typical illumination of cool coronal condensations,
we assume the modelled plasma to be static and at an altitude of
10 000 km. We adopted the incident radiation profiles emergent
from the solar surface based on the observed values obtained
during a minimum of solar activity. We used the Lyman-α refer-
ence profiles from Gunár et al. (2020), the reference profiles of
the higher Lyman lines from Warren et al. (1998), and the ref-
erence Hα profiles from David (1961). The Mg ii h&k reference
profiles are from Gunár et al. (2021). The Ca ii incident radiation
profiles are a compilation of various observations made by Gor-
shkov, Heinzel, and Vial. These profiles were used, for example,
by Gouttebroze et al. (1997) and Anzer & Heinzel (1999).

3. Voxels

To provide easy-to-use tables of NRCRs (together with electron
densities and corresponding ionization degree), we use the con-
cept of voxels – ‘volume pixels’ with defined sizes and known
locations. These volume units allow us to divide the space occu-
pied by the plasma in any model into blocks with nearly uniform
plasma properties. For such blocks, tabulated values of NRCRs
can be efficiently used and thus provide a good estimate of the
balance of radiative processes in the entire modelled structures.
In the 1D geometry that we are using here, voxels are equivalent
to narrow 1D slices with the defined size (width) – see Fig. 2.
In 2D geometry, voxels are equivalent to 2D columns and in 3D
geometry to 3D blocks. For more details on the potential use of
voxel-based NRCRs, see Sect. 9.

To maintain the balance between the granularity of the tabu-
lated NRCRs and the usability of the provided tables, we adopted
two specific sizes of voxels. In the proximity of the surfaces of
the model, we used five narrow voxels with a size of 50 km.
Starting at the distance of 250 km from the surface, we used
voxels with sizes of 250 km. These voxel sizes allowed us to
provide better precision within the near-surface layers where
NRCRs are changing significantly – see the example in Fig. 1. In
each voxel, we averaged the NRCR functions provided by mod-
els. This allowed us to derive representative NRCR values for
each combination of temperature, pressure, and distance from
the nearest surface. The distance from the nearest surface (L)
specifies the location of each voxel with respect to the source of
the illumination. L is one of the parameters describing the para-
metric space in which we tabulate the NRCRs (see Sect. 4). Note
that L is defined as the distance from the nearest surface to the
corresponding side of the voxel, not to its centre.

4. Parametric space

The grid of models used to calculate the NRCRs covers a wide
range of temperatures, gas pressures and model widths – see
Table 1. The temperature ranges from 6000 to 30 000 K, covering
both the low-temperature cases and the temperatures at which
the plasma becomes practically optically thin in most hydrogen,
Mg ii and Ca ii atomic transitions (apart from the Lyman-α and

Lyman-β lines; see e.g. Gunár et al. 2007). Note that at tempera-
tures below 6000 K, the electron density can be enhanced by the
ionization of metals. This idea was mentioned in Heinzel et al.
(2024) but there are no quantitative estimates published up to
date. We will consider this problem in the future.

The pressure ranges from low, coronal values of
0.03 dyn cm−2 up to the significant pressure of 1.0 dyn cm−2.
The distance of voxels from the nearest surface L scales with the
size of voxels we adopted (see Sect. 3). The L of the first voxel
is equal to 0, followed by 50, 100, 150, 200, and 250 km. From
that value, L increases in increments of 250 km. The width of
the 1D slab models ranges from 500 to 10 000 km. However, to
reduce the parametric space in which we tabulate the NRCRs,
we used the mean values of NRCRs from models with identical
T and p but varying widths. More details of the averaging over
model widths are given in Sect. 5.

All models assume illumination corresponding to a static
plasma at an altitude of 10 000 km above the solar surface. The
incident radiation profiles correspond to the minimum of the
solar activity. A choice of a different altitude, moving plasma,
or other than solar minimum incident radiation will have an
impact on the actual NRCR values. This is because the inci-
dent radiation is one of the most crucial input parameters for
cool coronal condensations. It represents the dominant outer
source of energy. Not only NRCRs but also the spectra emergent
from externally illuminated cool-plasma structures in the corona
change significantly with the illumination. Often, an increase (or
decrease) in the intensity of the incident radiation can result in
a comparative change in the spectra emergent from the observed
structures. For example, Gunár et al. (2020, 2022) show that for
Lyman lines and Mg ii h&k lines, models with otherwise identi-
cal plasma parameters (temperature, pressure, etc.) will produce
synthetic spectra modified by about 30% if the incident radiation
is modified by the same amount. These findings may have con-
siderable implications for the NRCR values, especially when we
realize that the change in the incident radiation intensity between
the minimum and maximum of the solar cycle can reach even up
to 100% (see e.g. Gunár et al. 2020; Koza et al. 2022).

Complementary to the stage of the solar cycle, the altitude
and the dynamics of the externally illuminated plasma also influ-
ence the incident radiation. The altitude modifies the incident
radiation due to its dilution with the rising height above the
solar surface and by the determination of the portion of the sur-
face from which the illumination is received. For more details
see Gunár & Heinzel (2024). Fast movement of the illuminated
structures influences the incident radiation due to the Doppler
shifts of the incident radiation profiles, causing the Doppler
dimming/brightening effect (see e.g. Heinzel & Rompolt 1987;
Vial & Engvold 2015; Peat et al. 2024).

To investigate the influence of different incident radiation
(due to altitude, dynamics, or solar cycle), we need a systematic
study that goes beyond the scope of the current paper. However,
the NRCR values provided here for the altitude of 10 000 km,
static plasma, and solar minimum illumination are realistic and
correspond to typical illumination conditions in quiescent promi-
nences. Moreover, the changes in temperature and pressure of
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the modelled plasma have a significantly larger influence on the
NRCR values than the variations in the illumination.

5. Averaging across models with different widths

We used a grid of models in which, for each set of T and p, we
have five models with different widths (D). This means that for
each T and p combination, voxels with L = 0 to L = 200 km
are present in five models (models with D of 500, 1000, 2000,
5000, and 10 000 km). Voxels with L = 250 km are present in
four models (D of 1000, 2000, 5000, and 10 000 km). Voxels
with L = 500 and L = 750 are in three models (2000, 5000, and
10 000 km), voxels with L = 1000 to L = 2250 km in two mod-
els (5000 and 10 000 km), and voxels with larger L in a single
model.

While the influence of the model width on the actual NRCR
values can be considerable (especially at higher temperatures) it
is smaller compared to the influence of T or p within the domi-
nant part of the parametric space. This allows us to take for each
set of T , p, and L the mean value of NRCRs from all models in
which the given voxel is present. That helps us reduce the para-
metric space and provide easy-to-use NRCR tables.

To demonstrate the dependence of NRCRs on the model
width, we plot in Fig. 3 the total NRCRs from all models in
the case of two selected voxels (L = 0 and L = 500 km). In
both panels of Fig. 3, the x-axis gives the temperature while the
pressure values are denoted by different symbols. The clusters of
the same symbols represent the spread of NRCR values in mod-
els with different D but identical T and p. Note that the NRCR
values are plotted for every combination of T , p, and D. Wher-
ever the symbols appear not in clusters but as single data points,
the spread of the NRCR values due to the model width is mini-
mal. The clusters of the same symbols representing models with
different D typically show a variation by about a factor of two.
This is in most cases considerably smaller than the variations in
NRCR values corresponding to models with differing T or p.

6. Tabulated NRCRs and ionization degrees

In the printed form in Appendices A, B, and C we provide quick-
look tables of the total NRCRs – i.e. the sum of hydrogen, Mg ii,
and Ca iiNRCRs. The tabulated total NRCRs are given for vox-
els with L between 0 and 1250 km. The NRCRs in voxels with
larger L change only minimally with the increasing distance
from the illuminated surface (see the example in Fig. 1). The
full set of voxels is provided in the electronic tables described
in Sect. 7. For each voxel, we tabulated the total NRCRs for all
combinations of T and p covering the entire parametric space
described in Sect. 4. The negative NRCR values (indicated in
red) correspond to the radiative heating instead of cooling.

Tables A.1–A.5 correspond to 1D vertical models that
receive illumination from a half of the solar surface (see Sect. 2
for more details). Tables B.1–B.5 correspond to the bottom sur-
face of 1D horizontal models receiving illumination from the
entire solar surface. Tables C.1–C.5 correspond to the top surface
of 1D horizontal models that does not receive any illumination.

For each voxel, we provide corresponding plots of the
total NRCRs. See Figs. A.1–A.3 for the 1D vertical models,
Figs. B.1–B.3 for the bottom, and Figs. C.1–C.3 for the top sur-
face of the 1D horizontal models.

Together with the total NRCRs, we provide the values of
the ionization degree. The relationship between the ionization
degree, electron density, and the local values of T and p can be

described by the following formula:

p = NkT, (1)

where N is the total particle number density given by N =
nH + nHe + ne (we neglect other species). Here, nH is the total
hydrogen density – the sum of the neutral hydrogen and the pro-
ton density, and nHe is the helium density. Assuming 10% abun-
dance of the helium and no helium ionization for temperatures
below 30 000 K, we can write

p =

(
1 +

1.1
i

)
nekT, (2)

where i is the hydrogen ionization degree defined as

i =
ne

nH
, (3)

where we assume that ne = np. This assumption might not be
correct at temperatures below 6000 K.

7. Electronic tables – NRCRs and electron density

On Zenodo2 (Gunár et al. 2025), we provide NRCR values sepa-
rately for hydrogen, Mg ii , and Ca ii . The total NRCRs are then
obtained as their sum. The NRCRs are tabulated for all voxels (L
of 0, 50, 100, 150, 200, 250, 500, 750, etc. until 4750 km) and for
each orientation of the model with respect to the source of illu-
mination – the sides of the 1D vertical models, and the bottom
and top sides of the 1D horizontal models.

Together with the NRCR tables, we also provide the electron
densities for each combination of T , p, and L. The ionization
degree can be derived from the provided electron densities using
the following formula obtained from Eq. (2):

i =
1.1

p
nekT − 1

· (4)

8. Test of voxel-based NRCRs

To test the accuracy of the voxel-based NRCRs, we used 1D
prominence models with varying temperature and pressure.
These 1D vertical slab models, used in Anzer & Heinzel (1999),
are based on the Kippenhahn & Schlüter magneto-hydrostatic
equilibrium (Kippenhahn & Schlüter 1957), which determines
the pressure variation. The temperature is prescribed semi-
empirically and varies from 30 000 K at the boundary to Tmin
at the centre of the slab. This variation corresponds to the
lower prominence–corona transition region surrounding the cool
prominence core.

Using two sets of input parameters as an example, we
employed two different methods to derive NRCRs within the
modelled prominence slabs. The first, more precise method
relies on solving the non-LTE radiative transfer. The second
method estimates the NRCRs within the modelled plasma using
the voxel-based tabulated values provided here. To do so, we
first determined to which voxel all grid points lying along the
model width correspond to. Then, using the actual values of
temperature and pressure at each grid point, we derived the
NRCR values from the table corresponding to the given voxel
by interpolating in T and p. In this way, we derived the esti-
mated NRCRs along the width of each model. Figure 4 presents

2 https://zenodo.org/records/15480951
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Fig. 3. Example of the total NRCRs in voxels with the distance from the nearest illuminated surface, L, of 0 and 500 km. The plots show all models
from the grid. The temperature is given on the x-axis, and the pressure is indicated by the symbols. The asterisk (Λ) corresponds to 0.03 dyn cm−2,
the diamond (�) to 0.05 dyn cm−2, the square (�) to 0.1 dyn cm−2, the triangle (4) to 0.3 dyn cm−2, the cross (×) to 0.5 dyn cm−2, and the plus sign
(+) to 1.0 dyn cm−2. In each panel, we plot NRCR values from the 1D vertical slab models with all widths (500, 1000, 2000, 5000, and 10 000 km).
The clusters of symbols (as indicated by the red and green ellipses) indicate the spread of the NRCR values from models with identical T and p
but with different widths. Note that the voxel with L = 0 km is present in the models with all widths. The voxel with L = 500 km is present only in
the models with widths of 2000, 5000, and 10 000 km. The seemingly missing data points in the grey zones are lower than the plotted range and
are mostly negative. Negative NRCR values correspond to radiative gains.

models M1_T8000 and M2_T8000, which differ in terms of
the column mass parameter that determines the mass loading
of the modelled prominence slab. That, via the Kippenhahn &
Schlüter equilibrium, determines the pressure in the centre of
the slab and also the width of the model (see Anzer & Heinzel
1999, for more details). Model M1_T8000 has a column mass
of 1.8×10−4 g cm−2, resulting in a substantial central pressure of
0.735 dyn cm−2 and the total width of the slab of nearly 6000 km.
M2_T8000 has a lower column mass of 6.7 × 10−6 g cm−2, pro-
ducing significantly lower central pressure of 0.135 dyn cm−2

and a narrower total width of over 600 km. In both models, Tmin
at the centre of the slab was set to 8000 K. Other parameters,
such as the incident radiation or the height above the solar sur-
face are identical as in the iso-thermal and iso-baric models used
in the present work (see Sect. 4 for more details). Note that for
this test, we computed nearly twenty models and selected two
models in which the differences between the non-LTE solution
and the voxel-based estimated NRCRs are the most pronounced.

When we compare the non-LTE solution and the voxel-based
estimated NRCRs, we see a very good agreement between the
two sets of NRCR curves along significant portions of the width
of the models (Fig. 4). However, in several places, there are clear
discrepancies. In some cases, the voxel-based NRCRs underes-

timate the true NRCR values, in other cases they overestimate
them. These differences can in places reach up to a factor of two.
Nevertheless, the estimated NRCR curves in general character-
ize the complex, double-peaked NRCR variations well.

In any case, some level of discrepancy between the non-LTE
solution and the voxel-based estimate is to be expected. One rea-
son is that the voxel-based tabulated NRCR values cannot pro-
vide the level of spatial resolution that is needed to fully describe
fine-scale variations in complex models – see, for example, the
sharp peak in the hydrogen NRCRs present within about 50 km
of the surface of the second model shown in Fig. 4. Another
reason is that to provide usable NRCR tables, we used the aver-
aging across models with different widths (see Sect. 5 for more
details). This averaging allows us to provide easy-to-use sets of
voxel-based NRCRs that do not depend on the dimensions of
the studied plasma structures. However, this simplification intro-
duces potential inaccuracies, which might be as high as a factor
of two – see Fig. 3 where the clusters of symbols indicate the
spread of the NRCR values from models with identical temper-
ature and gas pressure but with different widths. Such inaccura-
cies may account for the discrepancies of up to a factor of two
that we see in the models used here as examples. In general,
this level of inaccuracies is the consequence and the cost of the
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Fig. 4. Comparison of NRCRs derived by solving non-LTE radiative transfer and estimated, voxel-based NRCRs. The top six panels correspond
to the model M1_T8000 and the bottom six panels to model M2_T8000. For both models, the first row of panels shows the variation in the
temperature (left) and pressure (right) across one half of the symmetrical slab. The second row shows the total NRCRs (left) and hydrogen NRCRs
(right). The third row shows the Mg ii (left) and Ca iiNRCRs (right). The voxel-based NRCR curves are plotted using dashed lines, while the
non-LTE solution is plotted using the solid lines.

easy-to-use voxel-based concept of tabulated NRCRs con-
structed from isothermal, isobaric 1D models. For many numer-
ically demanding applications, such a level of inaccuracy is a
price worth paying. On the other hand, in cases when high-
precision knowledge of the NRCRs is needed, the non-LTE
solution will have to be adopted instead of voxel-based NRCR
estimates.

9. How to use voxel-based tabulated NRCRs

The tabulated NRCRs provided here can be used in any geom-
etry (1D, 2D, or 3D) if we know the temperature and pres-

sure distributions of the modelled plasma. This is because any
plasma structure can be divided into volume elements (vox-
els; see Sect. 3) in which the temperature and pressure can be
assumed to be constant. Such isothermal and isobaric voxels can
be as small as necessary. In the 1D geometry, the voxels will
have the shape of narrow 1D slices, in 2D voxels are thin 2D
columns, and in 3D they are 3D blocks. For each voxel, the tab-
ulated NRCRs (given in erg s−1 cm−3) can be used to derive the
radiative energy losses and gains. However, to do so accurately,
the distance of each voxel from the nearest surface (L) needs to
be identified. This is because the NRCRs in the externally illu-
minated plasma of cool coronal condensations vary with respect
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Fig. 5. Sketch of a 2D horizontally infinite prominence model illumi-
nated from the solar surface at its sides and the bottom. On the right is a
close-up view of the model cross-section divided into voxels. For each
voxel, the nearest surface of the model is indicated by a colour. For yel-
low voxels, the nearest surface is at the bottom of the model, receiving
the illumination from the entire solar surface. For red voxels, the closest
surface is at the sides, receiving the illumination from half of the solar
surface. For the blue voxels, the nearest surface is at the top, where there
is no illumination from the solar surface.

to the source of illumination. It means that in otherwise identical
voxels (the same T , p, and L) the NRCR values are different if
the voxel is near the bottom, side, or the top surface of a mod-
elled structure. This difference is caused by the different amount
of illumination each surface receives. For example, the bottom
surface is illuminated from the entire solar surface visible to the
modelled structure (see Gunár & Heinzel 2024 for more details).
The top surface, on the other hand, does not receive any illumi-
nation from the solar surface.

The best way of dividing the modelled plasma into voxels
and identifying their location with respect to the source of illu-
mination will depend on the specifics of each use case. Likely,
several implementation strategies may have to be tested to find
the most efficient and accurate way of using the voxel-based
NRCRs. We are open to provide assistance with the implementa-
tion upon being contacted. For illustration, we show here a sim-
ple scenario of a 2D horizontal model of a prominence (similar
to e.g. Jejčič et al. 2014). The scheme of this scenario is shown
in Fig. 5. In the figure, the enlarged view of the cross-section of
the model is divided into voxels and colouring indicates the near-
est respective surface to each voxel. In the case of yellow voxels,
the nearest surface is at the bottom of the model, receiving the
illumination from the entire (visible) solar surface. For the red
voxels, the closest surface is at the sides of the structure, receiv-
ing the illumination from half of the solar surface. For the blue
voxels, the nearest surface is at the top, where there is no illumi-
nation from the solar surface. The NRCR values for each voxel
can be obtained from the provided tables specific to each case.
Note that the voxels do not need to have a uniform size, which
was adopted in Fig. 5 only for illustration purposes. In general,
the dimensions of voxels will depend on the actual temperature
and pressure distributions of the modelled plasma. The NRCR
values corresponding to the actual T , p, and L of each voxel can
be interpolated from the provided tables.

10. Conclusions

In this paper we provide the first tabulated NRCRs for the
plasma of cool coronal condensations that incorporate the opti-
cally thin and optically thick radiative transfer processes in the
most important coolants – hydrogen, Mg ii , and Ca ii . This rep-
resents an extension of the work of Kuin & Poland (1991), who
studied the atomic transitions in hydrogen and helium. The pro-
vided NRCR values are tabulated for a wide range of tempera-
tures and gas pressures. The tables are easy to use thanks to the

concept of voxels, which encapsulate essential information about
the location of the plasma elements with respect to the source of
illumination. In Appendices A, B, and C, we provide a simplified
form of the NRCR tables, together with the intuitively under-
standable tables of the ionization degrees. The full form of the
NRCR tables, together with the more general electron density
values, are available on Zenodo3 (Gunár et al. 2025). These tab-
ulated NRCRs can be used to study any cool coronal condensa-
tions and can be implemented even in complex, computationally
demanding simulations. This makes the present paper a unique
contribution to improved understanding of the energy balance
in prominences, coronal rain, spicules, coronal loops, and other
cool and dense plasma structures illuminated by radiation from
the solar disc.

However, it is important to note that the provided NRCR val-
ues are only an estimate of the true NRCRs in the studied plasma.
There are several assumptions and simplifications that we had
to make to construct the easy-to-use voxel-based NRCR tables.
Therefore, depending on the actual use cases, these assumptions
will have a varying degree of influence on the accuracy of the
NRCR estimates based on the tabulated NRCRs. It is thus essen-
tial to understand the assumptions used in this work and be aware
of the impact they can be.

The first set of simplifications comes from the models we
used to construct the NRCR tables. To encompass a large range
of plasma parameters in a systematic way, we used 1D isother-
mal isobaric models. Such models are practical for constructing
extensive grids. However, they become somewhat limiting when
used to approximate significant variations in temperature and gas
pressure within the modelled plasma. That is because the radiation
field is not determined only by local thermodynamic conditions,
but also by non-local conditions via the radiative transfer – hence
the use of non-LTE radiative transfer modelling. The minor limi-
tations of the NRCR tables constructed from isothermal isobaric
models are already apparent in the examples shown in Sect. 8:
we used models with varying temperature and pressure, result-
ing in differences between the voxel-based NRCRs and NRCRs
derived from the non-LTE solution. These differences are typi-
cally rather small but can increase by up to a factor of two. This
suggests that in cases where the temperature and pressure of the
modelled plasma exhibit complex variations (such as in the 3D
simulations of Jenkins & Keppens 2022 and Donné & Keppens
2024), even large differences can be expected.

The second important assumption we made in this work is
the use of the illumination corresponding to a static plasma at an
altitude of 10 000 km above the solar surface, with incident radi-
ation profiles corresponding to the minimum of the solar activity.
A choice of a different altitude, moving plasma, or a use of the
incident radiation from other than the solar minimum part of the
solar cycle will have an impact on the actual NRCR values (see
e.g. Gunár et al. 2022; Gunár & Heinzel 2024; Peat et al. 2024).
However, a systematic investigation of the true influence of dif-
ferent levels of incident radiation (due to altitude, dynamics, or
the solar cycle) on the NRCRs is beyond the scope of the cur-
rent paper. Moreover, the changes in temperature and pressure
of the modelled plasma discussed below have a significantly
greater influence on the NRCR values than the variations in the
illumination.

The third simplification of the voxel-based NRCRs is the
limited spatial resolution of the voxels. To provide usable NRCR
tables, we could not tabulate NRCR values for a very large num-
ber of voxels. Rather, we used voxels of 50 km in size near the

3 https://zenodo.org/records/15480951
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illuminated surfaces and 250 km in size deeper in the modelled
structures (see Sect. 3 for more details). This choice, however,
cannot provide the level of spatial resolution that is needed to
fully describe any fine-scale variations encountered in complex
models (such as those in Antolin et al. 2022, Jerčić et al. 2024,
and Snow & Hillier 2024). Therefore, when studying significant
small-scale changes in the temperature or gas pressure, some dis-
crepancy between the true NRCRs and the NRCRs estimated
from the voxel-based tables can be expected (see the discussion
in Sect. 8).

Another important simplification is the averaging across the
models with different widths described in Sect. 5. This allowed
us to provide easy-to-use sets of voxel-based NRCR tables that
do not depend on the dimensions of the studied plasma struc-
tures. However, this averaging also introduces potential inaccu-
racies as high as a factor of two.

While the influence of these simplifications on the accu-
racy of the provided NRCR tables may seem significant, it is
in fact significantly less than the impact of the plasma properties
that are encompassed in our NRCR tables. For example, from
Figs. A.1–A.3, B.1–B.3, and C.1–C.3, it is clear that the varia-
tion in the gas pressure leads to the largest changes in the NRCR
values, with differences exceeding three to four orders of magni-
tude. We can see this in the differences between the pressure at a
given temperature. Variation in the temperature also causes large
changes in the NRCRs, by up to two orders of magnitude. This
can be seen when following the same pressure value along the
temperature range. Most of this sensitivity is seen at low temper-
atures, between 6000 and 10 000 K.

The differences in the NRCRs between individual voxels,
i.e. due to the distance from the nearest surface, are also sig-
nificant. This is the especially case for the temperatures below
10 000 K. There, the differences between, for example, the vox-
els with L = 0 km and L = 1000 km can reach up to a factor
of two to ten. However, even more importantly, the NRCR val-
ues can change from positive (signifying radiative cooling) to
negative (signifying radiative heating). In such cases, the abso-
lute magnitude of the change in NRCR values is not as critical
as the different physical evolution of the studied structures. For
example, when NRCRs become negative, any cooling of coro-
nal condensations stops. This is an important distinction between
the NRCRs from different voxels, but also a crucial distinction
between the optically thick NRCRs provided here and the opti-
cally thin prescriptions discussed below.

The differences between NRCRs obtained from different ori-
entations of the 1D model, and hence due to a changing amount
of illumination, are similar in magnitude to the differences
between voxels. Predictably, the largest variations, between fac-
tors of two and ten, are present in the voxels near the surface.
This is especially true in the two extreme cases of full illumina-
tion at the bottom surface of the horizontal 1D slab (Appendix B)
and the top surface of the horizontal slab, which does not receive
any outside illumination from the solar disc (Appendix C). Con-
sequently, the impact of the different levels of incident radiation
(due to altitude, dynamics, or the solar cycle) can be expected
to be considerably smaller than that from these two extreme
cases.

The last issue we want to address is the distinction between
the optically thick NRCRs provided here and the radiative cool-
ing rates derived from optically thin radiative loss functions.
A systematic study of the many available radiative loss func-
tions (e.g. Hildner 1974; Rosner et al. 1978; Milne et al. 1979;
Schure et al. 2009; Soler et al. 2012) is beyond the scope of this

work. However, one clear advantage of the NRCRs provided
here is the fact that the optically thick processes are, naturally,
not encompassed in the optically thin radiative loss functions.
They therefore cannot realistically describe situations in which
cool coronal condensations reach a balance between radiative
losses and gains, the radiative equilibrium (see Heinzel et al.
2014 for more details).

Data availability

The full form of the NRCR tables, together with the elec-
tron density values, are accessible at https://zenodo.org/
records/15480951
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Heinzel, P., Gunár, S., & Jejčič, S. 2024, Philos. Trans. R. Soc. Lond. Ser. A,

382, 20230221
Hildner, E. 1974, Sol. Phys., 35, 123
Hillier, A. 2018, Rev. Mod. Plasma Phys., 2, 1
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Appendix A: 1D vertical model

Appendix A provides tables of total NRCR values and ionization
degree (Tables A.1 - A.5) for the 1D vertical models (see Fig. 2,
top). These models receive the illumination from half of the solar
surface on each side.

Fig. A.1. Total NRCRs in voxels with L of 0, 50, 100, and 150 km for
the 1D vertical models (Tables A.1 and A.2). The temperature is given
on the x-axis and the pressure is indicated by the symbols. Asterisks
correspond to 0.03 dyn cm−2, diamonds to 0.05 dyn cm−2, squares to
0.1 dyn cm−2, triangles to 0.3 dyn cm−2, crosses to 0.5 dyn cm−2, and
plus signs to 1.0 dyn cm−2. The seemingly missing data points in the
grey zones are lower than the plotted range and are mostly negative.
Negative NRCR values correspond to radiative gains.
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Fig. A.2. Same as Fig. A.1 but for voxels with L of 200, 250, 500, and
750 km for the 1D vertical models (Tables A.3 and A.4).

Fig. A.3. Same as Fig. A.1 but for voxels with L of 1000, 1250, 1500,
and 1750 km for the 1D vertical models (Tables A.5).
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Table A.1. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 0 and 50 km – a side of 1D vertical models.

L = 0 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00004991 -0.00006964 -0.00003881 0.00085649 0.00242512 0.00434468 0.00759079
7000 -0.00000907 0.00002663 0.00027221 0.00280735 0.00689209 0.01199338 0.02105886
8000 0.00003328 0.00014249 0.00072198 0.00663918 0.01740513 0.03240484 0.06197168
9000 0.00009038 0.00031917 0.00149683 0.01421615 0.03940504 0.07700822 0.15641016

10000 0.00017502 0.00058591 0.00260973 0.02320673 0.06317437 0.12249311 0.24654648
12000 0.00043733 0.00131908 0.00504077 0.03599426 0.08916261 0.16213352 0.30341690
15000 0.00100572 0.00273650 0.00915603 0.05351470 0.11917436 0.20074496 0.34562275
20000 0.00158343 0.00420387 0.01396682 0.07975403 0.17208189 0.28168984 0.46824027
25000 0.00107943 0.00297458 0.01091029 0.07359377 0.16864130 0.28501120 0.48707184
30000 0.00057164 0.00160149 0.00622880 0.04895549 0.12226660 0.21893784 0.39717925

L = 0 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.55 0.45 0.31 0.15 0.10 0.08 0.06
7000 0.61 0.50 0.36 0.20 0.15 0.12 0.10
8000 0.66 0.56 0.45 0.34 0.31 0.29 0.27
9000 0.71 0.64 0.59 0.58 0.58 0.57 0.58

10000 0.76 0.72 0.71 0.75 0.77 0.78 0.80
12000 0.85 0.85 0.87 0.91 0.92 0.93 0.94
15000 0.92 0.93 0.94 0.96 0.97 0.98 0.98
20000 0.97 0.97 0.98 0.99 0.99 0.99 0.99
25000 0.99 0.99 0.99 0.99 0.99 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 50 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00003985 -0.00003972 0.00005845 0.00110466 0.00251224 0.00400017 0.00621505
7000 -0.00000347 0.00004480 0.00033491 0.00286090 0.00650966 0.01082305 0.01820737
8000 0.00003646 0.00015378 0.00076723 0.00684527 0.01765175 0.03237992 0.06062311
9000 0.00009146 0.00032158 0.00148605 0.01368663 0.03762582 0.07310308 0.14687610

10000 0.00017150 0.00056152 0.00238876 0.01988867 0.05329291 0.10234152 0.20287856
12000 0.00040269 0.00115163 0.00410192 0.02733552 0.06661125 0.11990453 0.22147846
15000 0.00086027 0.00219933 0.00694558 0.03917012 0.08730355 0.14773069 0.25585007
20000 0.00136923 0.00344395 0.01081385 0.05874678 0.12557044 0.20512962 0.34101792
25000 0.00102978 0.00276531 0.00970765 0.06050854 0.13395985 0.22186078 0.37200716
30000 0.00056627 0.00157551 0.00602982 0.04513591 0.10894447 0.19005038 0.33456062

L = 50 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.54 0.42 0.28 0.12 0.07 0.05 0.03
7000 0.60 0.48 0.33 0.18 0.14 0.12 0.10
8000 0.66 0.56 0.46 0.38 0.35 0.34 0.32
9000 0.72 0.67 0.64 0.66 0.66 0.66 0.67

10000 0.78 0.77 0.78 0.83 0.84 0.86 0.87
12000 0.88 0.89 0.91 0.94 0.96 0.96 0.97
15000 0.94 0.95 0.96 0.98 0.98 0.99 0.99
20000 0.97 0.98 0.98 0.99 0.99 0.99 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.

A89, page 11 of 29



Gunár, S., et al.: A&A, 699, A89 (2025)

Table A.2. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 100 and 150 km – a side of 1D vertical models.

L = 100 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00003389 -0.00002431 0.00009590 0.00111615 0.00234220 0.00356055 0.00527535
7000 0.00000007 0.00005483 0.00036020 0.00280525 0.00619040 0.01014362 0.01687578
8000 0.00003857 0.00016033 0.00078702 0.00684663 0.01746040 0.03174379 0.05873482
9000 0.00009225 0.00032281 0.00147223 0.01332009 0.03643850 0.07042906 0.14024298
10000 0.00016961 0.00054791 0.00227591 0.01855041 0.04954188 0.09478683 0.18656125
12000 0.00038574 0.00107723 0.00374490 0.02452138 0.05943810 0.10653238 0.19580269
15000 0.00079962 0.00200299 0.00623189 0.03491348 0.07784068 0.13168957 0.22785473
20000 0.00127543 0.00315052 0.00974180 0.05235866 0.11175408 0.18246304 0.30297284
25000 0.00100089 0.00265306 0.00913630 0.05537036 0.12135289 0.19989419 0.33348077
30000 0.00056249 0.00155804 0.00590626 0.04312739 0.10255097 0.17703796 0.30820868

L = 100 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.53 0.40 0.25 0.10 0.06 0.04 0.03
7000 0.59 0.47 0.32 0.17 0.14 0.12 0.10
8000 0.65 0.56 0.47 0.41 0.38 0.36 0.34
9000 0.73 0.69 0.67 0.69 0.70 0.70 0.71
10000 0.80 0.79 0.81 0.85 0.87 0.88 0.89
12000 0.90 0.91 0.93 0.96 0.97 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 150 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00002975 -0.00001451 0.00011633 0.00109782 0.00219615 0.00324509 0.00466553
7000 0.00000262 0.00006149 0.00037390 0.00274959 0.00596675 0.00971034 0.01606945
8000 0.00004013 0.00016484 0.00079823 0.00682219 0.01726814 0.03120271 0.05726960
9000 0.00009285 0.00032342 0.00146016 0.01306748 0.03560541 0.06852691 0.13554018
10000 0.00016823 0.00053802 0.00220121 0.01775166 0.04731770 0.09028530 0.17682097
12000 0.00037429 0.00102994 0.00353334 0.02289544 0.05530507 0.09889232 0.18134629
15000 0.00076213 0.00188762 0.00582713 0.03252605 0.07249526 0.12257406 0.21192634
20000 0.00121701 0.00297625 0.00912781 0.04877127 0.10399986 0.16968391 0.28138654
25000 0.00098033 0.00257658 0.00876898 0.05229437 0.11397270 0.18717435 0.31130458
30000 0.00055951 0.00154461 0.00581545 0.04177203 0.09841119 0.16883113 0.29201524

L = 150 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.52 0.40 0.24 0.09 0.05 0.04 0.03
7000 0.58 0.46 0.31 0.17 0.14 0.12 0.10
8000 0.65 0.56 0.47 0.42 0.39 0.37 0.35
9000 0.73 0.69 0.68 0.71 0.71 0.72 0.72
10000 0.80 0.80 0.82 0.86 0.88 0.89 0.90
12000 0.90 0.91 0.93 0.96 0.97 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table A.3. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 200 and 250 km – a side of 1D vertical models.

L = 200 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00002675 -0.00000793 0.00012865 0.00107334 0.00208109 0.00301782 0.00425681
7000 0.00000452 0.00006612 0.00038193 0.00270194 0.00580670 0.00941551 0.01553174
8000 0.00004132 0.00016811 0.00080489 0.00679202 0.01709817 0.03075615 0.05611630
9000 0.00009331 0.00032366 0.00145009 0.01288052 0.03497993 0.06709446 0.13203282
10000 0.00016714 0.00053044 0.00214859 0.01722353 0.04584145 0.08728056 0.17032230
12000 0.00036599 0.00099763 0.00339500 0.02184607 0.05265736 0.09403922 0.17225863
15000 0.00073691 0.00181308 0.00557155 0.03102747 0.06912367 0.11681451 0.20188766
20000 0.00117746 0.00286247 0.00873703 0.04652156 0.09913814 0.16164853 0.26779932
25000 0.00096484 0.00252104 0.00851438 0.05027545 0.10921196 0.17903095 0.29715153
30000 0.00055708 0.00153386 0.00574535 0.04079582 0.09552806 0.16323605 0.28119448

L = 200 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.51 0.38 0.22 0.08 0.05 0.04 0.03
7000 0.57 0.44 0.30 0.17 0.14 0.12 0.11
8000 0.64 0.55 0.48 0.44 0.41 0.39 0.37
9000 0.74 0.71 0.71 0.74 0.74 0.75 0.75
10000 0.82 0.82 0.84 0.88 0.89 0.90 0.92
12000 0.91 0.93 0.94 0.97 0.97 0.98 0.98
15000 0.96 0.97 0.98 0.99 0.99 0.99 0.99
20000 0.98 0.99 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00001550 0.00001187 0.00015489 0.00096251 0.00174123 0.00243898 0.00336101
7000 0.00001254 0.00008118 0.00039728 0.00252241 0.00532596 0.00857849 0.01400321
8000 0.00004706 0.00017983 0.00081701 0.00660771 0.01634542 0.02896990 0.05192418
9000 0.00009613 0.00032462 0.00140665 0.01214974 0.03260935 0.06178576 0.11949325
10000 0.00016296 0.00050029 0.00195869 0.01548434 0.04093945 0.07715509 0.14833263
12000 0.00032778 0.00085821 0.00283661 0.01814544 0.04380753 0.07811600 0.14268005
15000 0.00062465 0.00148770 0.00448011 0.02486557 0.05545945 0.09365717 0.16172409
20000 0.00100610 0.00236989 0.00705736 0.03707823 0.07883770 0.12822604 0.21171894
25000 0.00089151 0.00225657 0.00731741 0.04128465 0.08849621 0.14395485 0.23686508
30000 0.00054265 0.00146922 0.00534364 0.03591999 0.08186726 0.13751558 0.23280187

L = 250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.54 0.42 0.28 0.12 0.07 0.05 0.03
7000 0.60 0.48 0.33 0.18 0.14 0.12 0.10
8000 0.66 0.56 0.46 0.38 0.35 0.34 0.32
9000 0.72 0.67 0.64 0.66 0.66 0.66 0.67
10000 0.78 0.77 0.78 0.83 0.84 0.86 0.87
12000 0.88 0.89 0.91 0.94 0.96 0.96 0.97
15000 0.94 0.95 0.96 0.98 0.98 0.99 0.99
20000 0.97 0.98 0.98 0.99 0.99 0.99 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table A.4. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 500 and 750 km – a side of 1D vertical models.

L = 500 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00000470 0.00002873 0.00016726 0.00081700 0.00139674 0.00192647 0.00268750
7000 0.00002069 0.00009422 0.00039978 0.00231486 0.00483415 0.00771054 0.01236389
8000 0.00005325 0.00019025 0.00081762 0.00632251 0.01529262 0.02660621 0.04680894
9000 0.00009882 0.00032242 0.00134528 0.01125959 0.02971468 0.05538864 0.10506331

10000 0.00015678 0.00046377 0.00176068 0.01372623 0.03584942 0.06668321 0.12635277
12000 0.00028575 0.00072094 0.00233025 0.01492655 0.03607605 0.06420602 0.11712448
15000 0.00051568 0.00119553 0.00354753 0.01969092 0.04395321 0.07418142 0.12817326
20000 0.00083519 0.00191486 0.00559664 0.02915386 0.06182301 0.10025576 0.16512304
25000 0.00080053 0.00195633 0.00610134 0.03313523 0.07022008 0.11336166 0.18499154
30000 0.00052197 0.00138218 0.00485014 0.03065977 0.06806042 0.11254306 0.18743437

L = 500 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.53 0.40 0.25 0.10 0.06 0.04 0.03
7000 0.59 0.47 0.32 0.17 0.14 0.12 0.10
8000 0.65 0.56 0.47 0.41 0.38 0.36 0.34
9000 0.73 0.69 0.67 0.69 0.70 0.70 0.71

10000 0.80 0.79 0.81 0.85 0.87 0.88 0.89
12000 0.90 0.91 0.93 0.96 0.97 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 750 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00000106 0.00003456 0.00016932 0.00074873 0.00125539 0.00173863 0.00248340
7000 0.00002341 0.00009864 0.00039870 0.00223475 0.00464935 0.00737787 0.01173031
8000 0.00005528 0.00019370 0.00081694 0.00620480 0.01485469 0.02562724 0.04473848
9000 0.00009941 0.00032094 0.00132317 0.01093240 0.02862216 0.05298756 0.09977733

10000 0.00015421 0.00045097 0.00169704 0.01315583 0.03418544 0.06330087 0.11937983
12000 0.00027434 0.00068494 0.00219383 0.01400040 0.03383262 0.06020439 0.10986084
15000 0.00048965 0.00112832 0.00333416 0.01845438 0.04114525 0.06942427 0.12003927
20000 0.00079304 0.00180812 0.00526168 0.02733462 0.05788670 0.09378502 0.15443341
25000 0.00077435 0.00187722 0.00580319 0.03123736 0.06597595 0.10622228 0.17285561
30000 0.00051565 0.00135720 0.00471510 0.02931305 0.06461833 0.10635476 0.17619237

L = 750 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.52 0.40 0.24 0.09 0.05 0.04 0.03
7000 0.58 0.46 0.31 0.17 0.14 0.12 0.10
8000 0.65 0.56 0.47 0.42 0.39 0.37 0.35
9000 0.73 0.69 0.68 0.71 0.71 0.72 0.72

10000 0.80 0.80 0.82 0.86 0.88 0.89 0.90
12000 0.90 0.91 0.93 0.96 0.97 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table A.5. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 1000 and 1250 km – a side of 1D vertical models.

L = 1000 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 0.00000549 0.00004142 0.00016272 0.00065106 0.00109332 0.00153561 0.00223228
7000 0.00002882 0.00010406 0.00038541 0.00209002 0.00430045 0.00672297 0.01050886
8000 0.00005980 0.00019817 0.00080129 0.00588905 0.01380221 0.02349085 0.04078665
9000 0.00010101 0.00031522 0.00125825 0.01012912 0.02608896 0.04767634 0.08896723

10000 0.00014772 0.00041987 0.00155052 0.01184419 0.03036449 0.05569927 0.10444706
12000 0.00023958 0.00058486 0.00186328 0.01203871 0.02909588 0.05171918 0.09456206
15000 0.00040963 0.00092882 0.00272735 0.01517911 0.03391127 0.05725395 0.09926700
20000 0.00066539 0.00149144 0.00429984 0.02226274 0.04703139 0.07604715 0.12522863
25000 0.00068800 0.00162039 0.00487579 0.02562032 0.05368186 0.08600645 0.13943964
30000 0.00049073 0.00126056 0.00422840 0.02499363 0.05413675 0.08819732 0.14462536

L = 1000 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.51 0.38 0.22 0.08 0.05 0.04 0.03
7000 0.57 0.44 0.30 0.17 0.14 0.12 0.11
8000 0.64 0.55 0.48 0.44 0.41 0.39 0.37
9000 0.74 0.71 0.71 0.74 0.74 0.75 0.75

10000 0.82 0.82 0.84 0.88 0.89 0.90 0.92
12000 0.91 0.93 0.94 0.97 0.97 0.98 0.98
15000 0.96 0.97 0.98 0.99 0.99 0.99 0.99
20000 0.98 0.99 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 1250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.00000753 0.00004391 0.00016029 0.00061141 0.00103218 0.00146482 0.00215031
7000 0.00003041 0.00010601 0.00038151 0.00204406 0.00418907 0.00651400 0.01011811
8000 0.00006105 0.00019974 0.00079778 0.00579533 0.01347528 0.02280871 0.03949416
9000 0.00010129 0.00031367 0.00124177 0.00990251 0.02535262 0.04612472 0.08578434

10000 0.00014583 0.00041165 0.00151330 0.01150395 0.02937255 0.05372827 0.10053166
12000 0.00023254 0.00056384 0.00178859 0.01155649 0.02793407 0.04966029 0.09086095
15000 0.00039511 0.00089282 0.00261581 0.01452926 0.03244380 0.05478683 0.09508204
20000 0.00064171 0.00143371 0.00412402 0.02132398 0.04501220 0.07275865 0.11986486
25000 0.00067073 0.00157160 0.00470492 0.02460025 0.05141365 0.08222769 0.13313916
30000 0.00048564 0.00124153 0.00413424 0.02417479 0.05212804 0.08465744 0.13837647

L = 1250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.50 0.37 0.22 0.08 0.05 0.03 0.03
7000 0.57 0.44 0.29 0.17 0.14 0.12 0.11
8000 0.64 0.55 0.49 0.45 0.42 0.40 0.38
9000 0.74 0.71 0.72 0.74 0.75 0.75 0.76

10000 0.82 0.83 0.85 0.88 0.90 0.91 0.92
12000 0.92 0.93 0.95 0.97 0.97 0.98 0.98
15000 0.96 0.97 0.98 0.99 0.99 0.99 1.00
20000 0.98 0.99 0.99 1.00 1.00 1.00 1.00
25000 0.99 0.99 1.00 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Appendix B: 1D horizontal model - Bottom surface

Appendix B provides tables of total NRCR values and ionization
degree (Tables B.1 - B.5) for the bottom part of the 1D horizontal
models (see Fig. 2, bottom). This surface receives the illumina-
tion from the entire solar surface.

Fig. B.1. Total NRCRs in voxels with L of 0, 50, 100, and 150 km
for the bottom part of 1D horizontal models (Tables B.1 and B.2). The
temperature is given on the x-axis and the pressure is indicated by the
symbols. Asterisks corresponds to 0.03 dyn cm−2, diamonds to 0.05 dyn
cm−2, squares to 0.1 dyn cm−2, triangles to 0.3 dyn cm−2, crosses to 0.5
dyn cm−2, and plus signs to 1.0 dyn cm−2. The seemingly missing data
points in the grey zones are lower than the plotted range and are mostly
negative. Negative NRCR values correspond to radiative gains.
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Fig. B.2. Same as Fig. B.1 but for voxels with L of 200, 250, 500, and
750 km for the 1D vertical models (Tables B.3 and B.4).

Fig. B.3. Same as Fig. B.1 but for voxels with L of 1000, 1250, 1500,
and 1750 km for the 1D vertical models (Tables B.5).
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Table B.1. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 0 and 50 km – bottom part of 1D horizontal models.

L = 0 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00007562 -0.00014717 -0.00028573 0.00004753 0.00141201 0.00338166 0.00711121
7000 -0.00002605 -0.00002735 0.00010499 0.00253835 0.00710849 0.01302768 0.02358785
8000 0.00001694 0.00009214 0.00057603 0.00654786 0.01800002 0.03409359 0.06582647
9000 0.00006567 0.00024688 0.00128238 0.01358495 0.03852649 0.07594233 0.15505046

10000 0.00013178 0.00046668 0.00227134 0.02184648 0.06007088 0.11667987 0.23486249
12000 0.00034145 0.00110342 0.00455975 0.03390193 0.08381908 0.15196410 0.28387941
15000 0.00083667 0.00243032 0.00859491 0.05118900 0.11346311 0.19041364 0.32700707
20000 0.00142774 0.00394265 0.01349748 0.07754363 0.16632219 0.27100914 0.44858740
25000 0.00103264 0.00289141 0.01073989 0.07259994 0.16553240 0.27848143 0.47345721
30000 0.00056157 0.00158300 0.00618801 0.04870728 0.12135641 0.21670305 0.39157425

L = 0 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.66 0.56 0.41 0.20 0.13 0.10 0.07
7000 0.71 0.61 0.46 0.25 0.18 0.15 0.12
8000 0.75 0.66 0.54 0.39 0.34 0.32 0.29
9000 0.78 0.72 0.64 0.61 0.60 0.60 0.60

10000 0.82 0.77 0.75 0.77 0.79 0.80 0.81
12000 0.88 0.87 0.88 0.91 0.93 0.94 0.95
15000 0.93 0.93 0.94 0.97 0.97 0.98 0.98
20000 0.97 0.97 0.98 0.99 0.99 0.99 0.99
25000 0.99 0.99 0.99 0.99 0.99 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 50 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00006474 -0.00010852 -0.00012873 0.00075837 0.00236962 0.00419414 0.00703916
7000 -0.00002057 -0.00000543 0.00020344 0.00287516 0.00710329 0.01207615 0.02032194
8000 0.00002000 0.00010559 0.00064192 0.00682208 0.01813710 0.03358956 0.06316296
9000 0.00006770 0.00025462 0.00130231 0.01315653 0.03672632 0.07172137 0.14449471

10000 0.00013268 0.00046224 0.00214556 0.01893199 0.05085812 0.09759553 0.19348210
12000 0.00032981 0.00101203 0.00384034 0.02609299 0.06328282 0.11362986 0.20996639
15000 0.00075582 0.00204197 0.00667841 0.03774623 0.08357351 0.14091843 0.24377221
20000 0.00127373 0.00330496 0.01056808 0.05719184 0.12134166 0.19727057 0.32676524
25000 0.00099285 0.00270418 0.00958691 0.05961121 0.13109898 0.21599914 0.36027406
30000 0.00055735 0.00155950 0.00599539 0.04486983 0.10789374 0.18750081 0.32845607

L = 50 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.64 0.52 0.36 0.15 0.09 0.06 0.04
7000 0.69 0.58 0.42 0.21 0.15 0.13 0.11
8000 0.74 0.65 0.52 0.40 0.37 0.35 0.33
9000 0.78 0.72 0.68 0.67 0.68 0.68 0.68

10000 0.82 0.80 0.80 0.83 0.85 0.86 0.88
12000 0.89 0.90 0.91 0.95 0.96 0.96 0.97
15000 0.94 0.95 0.96 0.98 0.98 0.99 0.99
20000 0.98 0.98 0.98 0.99 0.99 0.99 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table B.2. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 100 and 150 km – bottom part of 1D horizontal models.

L = 100 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00005736 -0.00008559 -0.00005481 0.00093990 0.00241320 0.00392972 0.00610742
7000 -0.00001653 0.00000871 0.00025367 0.00290993 0.00679519 0.01121995 0.01846264
8000 0.00002248 0.00011513 0.00067908 0.00685816 0.01790019 0.03276094 0.06076200
9000 0.00006958 0.00026107 0.00131395 0.01287897 0.03565267 0.06917780 0.13803030

10000 0.00013413 0.00046194 0.00208182 0.01775515 0.04745420 0.09076716 0.17891045
12000 0.00032539 0.00097059 0.00355286 0.02354211 0.05681259 0.10167263 0.18715288
15000 0.00072106 0.00189128 0.00603838 0.03378485 0.07487610 0.12635112 0.21863872
20000 0.00120443 0.00305117 0.00955827 0.05107924 0.10827609 0.17606044 0.29159541
25000 0.00097030 0.00260421 0.00903905 0.05456227 0.11881144 0.19478262 0.32349024
30000 0.00055454 0.00154405 0.00587654 0.04286183 0.10149616 0.17453779 0.30243293

L = 100 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.63 0.51 0.33 0.12 0.07 0.05 0.03
7000 0.69 0.57 0.40 0.20 0.15 0.13 0.11
8000 0.74 0.64 0.53 0.43 0.40 0.38 0.35
9000 0.79 0.73 0.70 0.71 0.71 0.71 0.72

10000 0.83 0.82 0.82 0.86 0.88 0.89 0.90
12000 0.91 0.91 0.93 0.96 0.97 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 150 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00005169 -0.00006906 -0.00000740 0.00101442 0.00234925 0.00364116 0.00538622
7000 -0.00001328 0.00001942 0.00028667 0.00289257 0.00652081 0.01060075 0.01728096
8000 0.00002460 0.00012279 0.00070514 0.00685310 0.01766542 0.03207275 0.05893149
9000 0.00007136 0.00026678 0.00132308 0.01269331 0.03491937 0.06741537 0.13356013

10000 0.00013577 0.00046297 0.00204098 0.01706597 0.04550321 0.08685810 0.17052354
12000 0.00032339 0.00094490 0.00338251 0.02208454 0.05313843 0.09494408 0.17447967
15000 0.00070029 0.00180258 0.00567602 0.03159157 0.07005362 0.11824238 0.20461902
20000 0.00116168 0.00290041 0.00898125 0.04768627 0.10106526 0.16434483 0.27208899
25000 0.00095467 0.00253664 0.00868792 0.05156590 0.11171530 0.18270291 0.30274735
30000 0.00055246 0.00153240 0.00578967 0.04151298 0.09738810 0.16645760 0.28668830

L = 150 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.61 0.49 0.31 0.11 0.06 0.04 0.03
7000 0.67 0.55 0.38 0.19 0.14 0.12 0.11
8000 0.72 0.63 0.52 0.43 0.40 0.38 0.36
9000 0.78 0.73 0.70 0.72 0.72 0.73 0.73

10000 0.83 0.82 0.83 0.87 0.88 0.89 0.90
12000 0.91 0.92 0.93 0.96 0.97 0.97 0.98
15000 0.96 0.96 0.97 0.99 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table B.3. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 200 and 250 km – bottom part of 1D horizontal models.

L = 200 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00004709 -0.00005627 0.00002681 0.00104572 0.00226283 0.00338737 0.00483779
7000 -0.00001058 0.00002804 0.00031049 0.00285773 0.00629060 0.01013804 0.01647169
8000 0.00002646 0.00012929 0.00072480 0.00683419 0.01745476 0.03150302 0.05749029
9000 0.00007306 0.00027205 0.00133142 0.01256186 0.03438316 0.06611753 0.13029143
10000 0.00013757 0.00046495 0.00201454 0.01662603 0.04426574 0.08436788 0.16514146
12000 0.00032292 0.00092870 0.00327367 0.02116110 0.05083714 0.09077343 0.16670038
15000 0.00068750 0.00174667 0.00545025 0.03024229 0.06709132 0.11326516 0.19602907
20000 0.00113374 0.00280328 0.00861705 0.04559152 0.09664467 0.15717413 0.26016838
25000 0.00094332 0.00248825 0.00844598 0.04961956 0.10720971 0.17512423 0.28983562
30000 0.00055085 0.00152325 0.00572304 0.04054630 0.09455238 0.16101739 0.27634501

L = 200 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.62 0.49 0.30 0.10 0.06 0.04 0.02
7000 0.68 0.55 0.38 0.19 0.15 0.13 0.11
8000 0.73 0.64 0.54 0.46 0.43 0.40 0.38
9000 0.79 0.75 0.73 0.75 0.75 0.75 0.76
10000 0.85 0.84 0.85 0.88 0.90 0.91 0.92
12000 0.92 0.93 0.95 0.97 0.97 0.98 0.98
15000 0.96 0.97 0.98 0.99 0.99 0.99 0.99
20000 0.98 0.99 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00003635 -0.00003308 0.00007529 0.00100259 0.00195691 0.00276913 0.00374941
7000 -0.00000379 0.00004437 0.00034310 0.00270644 0.00574741 0.00914779 0.01472057
8000 0.00003067 0.00014071 0.00074749 0.00667277 0.01668510 0.02962281 0.05303358
9000 0.00007464 0.00027419 0.00130113 0.01186281 0.03204752 0.06085431 0.11784555
10000 0.00013404 0.00044193 0.00184488 0.01492073 0.03949057 0.07460073 0.14405883
12000 0.00029191 0.00080430 0.00273911 0.01753332 0.04221131 0.07534626 0.13816167
15000 0.00058718 0.00143788 0.00438113 0.02417438 0.05371575 0.09071288 0.15706358
20000 0.00097258 0.00232442 0.00695475 0.03622843 0.07661049 0.12434739 0.20537860
25000 0.00087293 0.00222906 0.00725542 0.04063369 0.08656838 0.14030519 0.23032385
30000 0.00053665 0.00145930 0.00532227 0.03563755 0.08080482 0.13519510 0.22794611

L = 250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.64 0.52 0.36 0.15 0.09 0.06 0.04
7000 0.69 0.58 0.42 0.21 0.15 0.13 0.11
8000 0.74 0.65 0.52 0.40 0.37 0.35 0.33
9000 0.78 0.72 0.68 0.67 0.68 0.68 0.68
10000 0.82 0.80 0.80 0.83 0.85 0.86 0.88
12000 0.89 0.90 0.91 0.95 0.96 0.96 0.97
15000 0.94 0.95 0.96 0.98 0.98 0.99 0.99
20000 0.98 0.98 0.98 0.99 0.99 0.99 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table B.4. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 500 and 750 km – bottom part of 1D horizontal models.

L = 500 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00002522 -0.00001071 0.00011474 0.00090345 0.00159953 0.00216077 0.00282763
7000 0.00000362 0.00006069 0.00036771 0.00249933 0.00516180 0.00812953 0.01290200
8000 0.00003554 0.00015264 0.00076255 0.00640417 0.01559444 0.02713089 0.04760616
9000 0.00007655 0.00027526 0.00125587 0.01100665 0.02920226 0.05453929 0.10359620
10000 0.00012964 0.00041431 0.00166594 0.01320580 0.03458598 0.06459220 0.12309578
12000 0.00025761 0.00068098 0.00225373 0.01438585 0.03471900 0.06196011 0.11365076
15000 0.00048897 0.00115965 0.00346815 0.01909990 0.04252162 0.07187172 0.12470275
20000 0.00081107 0.00188122 0.00550973 0.02839512 0.05990545 0.09705267 0.16017299
25000 0.00078535 0.00193436 0.00604495 0.03250203 0.06841863 0.11009157 0.17946160
30000 0.00051633 0.00137318 0.00482997 0.03034295 0.06692232 0.11016702 0.18279233

L = 500 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.63 0.51 0.33 0.12 0.07 0.05 0.03
7000 0.69 0.57 0.40 0.20 0.15 0.13 0.11
8000 0.74 0.64 0.53 0.43 0.40 0.38 0.35
9000 0.79 0.73 0.70 0.71 0.71 0.71 0.72
10000 0.83 0.82 0.82 0.86 0.88 0.89 0.90
12000 0.91 0.91 0.93 0.96 0.97 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 750 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00001781 0.00000478 0.00013837 0.00082882 0.00139787 0.00187686 0.00251730
7000 0.00000904 0.00007274 0.00038261 0.00237141 0.00487366 0.00767052 0.01211615
8000 0.00004001 0.00016350 0.00077847 0.00627583 0.01508122 0.02599753 0.04526149
9000 0.00008054 0.00028354 0.00125745 0.01074821 0.02825071 0.05237767 0.09874434
10000 0.00013245 0.00041384 0.00162729 0.01276460 0.03327879 0.06185381 0.11720533
12000 0.00025400 0.00065740 0.00213973 0.01359670 0.03285058 0.05862449 0.10748163
15000 0.00047156 0.00110411 0.00327783 0.01802476 0.04013361 0.06783566 0.11771419
20000 0.00077702 0.00178533 0.00519846 0.02677082 0.05649592 0.09152555 0.15105936
25000 0.00076380 0.00186200 0.00576045 0.03074728 0.06461829 0.10382398 0.16894823
30000 0.00051141 0.00135065 0.00469969 0.02904900 0.06370056 0.10449968 0.17271455

L = 750 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.61 0.49 0.31 0.11 0.06 0.04 0.03
7000 0.67 0.55 0.38 0.19 0.14 0.12 0.11
8000 0.72 0.63 0.52 0.43 0.40 0.38 0.36
9000 0.78 0.73 0.70 0.72 0.72 0.73 0.73
10000 0.83 0.82 0.83 0.87 0.88 0.89 0.90
12000 0.91 0.92 0.93 0.96 0.97 0.97 0.98
15000 0.96 0.96 0.97 0.99 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table B.5. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 1000 and 1250 km – bottom part of 1D horizontal models.

L = 1000 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00001339 0.00001086 0.00013881 0.00074661 0.00123444 0.00164610 0.00220727
7000 0.00001215 0.00007694 0.00037785 0.00223892 0.00453510 0.00702885 0.01090579
8000 0.00004172 0.00016489 0.00076436 0.00597317 0.01404093 0.02385514 0.04125294
9000 0.00007921 0.00027414 0.00118801 0.00991462 0.02565245 0.04696197 0.08778385

10000 0.00012403 0.00038057 0.00147298 0.01139074 0.02936187 0.05415160 0.10219803
12000 0.00021926 0.00055715 0.00180378 0.01157225 0.02800462 0.05001855 0.09207436
15000 0.00039180 0.00090386 0.00266472 0.01469631 0.03281038 0.05557486 0.09687892
20000 0.00064916 0.00146721 0.00422745 0.02161322 0.04547449 0.07359096 0.12169224
25000 0.00067658 0.00160367 0.00482452 0.02503064 0.05209716 0.08328600 0.13516706
30000 0.00048570 0.00125284 0.00420892 0.02465049 0.05298788 0.08593590 0.14055547

L = 1000 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.62 0.49 0.30 0.10 0.06 0.04 0.02
7000 0.68 0.55 0.38 0.19 0.15 0.13 0.11
8000 0.73 0.64 0.54 0.46 0.43 0.40 0.38
9000 0.79 0.75 0.73 0.75 0.75 0.75 0.76
10000 0.85 0.84 0.85 0.88 0.90 0.91 0.92
12000 0.92 0.93 0.95 0.97 0.97 0.98 0.98
15000 0.96 0.97 0.98 0.99 0.99 0.99 0.99
20000 0.98 0.99 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 1250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00000932 0.00001819 0.00014460 0.00069654 0.00114544 0.00154103 0.00212607
7000 0.00001532 0.00008289 0.00037966 0.00216763 0.00438354 0.00676976 0.01044912
8000 0.00004451 0.00017049 0.00076816 0.00587052 0.01367703 0.02310646 0.03985831
9000 0.00008156 0.00027778 0.00118278 0.00972278 0.02498901 0.04553130 0.08481006

10000 0.00012502 0.00037818 0.00144747 0.01111889 0.02854090 0.05246325 0.09872194
12000 0.00021556 0.00054119 0.00173897 0.01115897 0.02701897 0.04825132 0.08882324
15000 0.00038059 0.00087246 0.00256356 0.01412368 0.03153178 0.05341170 0.09314556
20000 0.00062859 0.00141388 0.00406315 0.02077190 0.04370358 0.07072090 0.11697627
25000 0.00066135 0.00155778 0.00466111 0.02409297 0.05006438 0.07994012 0.12960559
30000 0.00048136 0.00123503 0.00411740 0.02387276 0.05112840 0.08271347 0.13494004

L = 1250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.61 0.47 0.28 0.09 0.05 0.04 0.02
7000 0.67 0.54 0.36 0.19 0.15 0.13 0.11
8000 0.73 0.63 0.53 0.46 0.43 0.41 0.39
9000 0.79 0.75 0.73 0.75 0.76 0.76 0.76
10000 0.85 0.84 0.85 0.89 0.90 0.91 0.92
12000 0.92 0.93 0.95 0.97 0.98 0.98 0.98
15000 0.96 0.97 0.98 0.99 0.99 0.99 1.00
20000 0.98 0.99 0.99 1.00 1.00 1.00 1.00
25000 0.99 0.99 1.00 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Appendix C: 1D horizontal model - Top surface

Appendix C provides tables of total NRCR values and ionization
degree (Tables C.1 - C.5) for the top part of the 1D horizontal
models (see Fig. 2, bottom). This surface does not receive any
illumination.

Fig. C.1. Total NRCRs in voxels with L of 0, 50, 100, and 150 km for
the top part of 1D horizontal models (Tables C.1 and C.2). The temper-
ature is given on the x-axis and the pressure is indicated by the sym-
bols. Asterisks corresponds to 0.03 dyn cm−2, diamonds to 0.05 dyn
cm−2, squares to 0.1 dyn cm−2, triangles to 0.3 dyn cm−2, crosses to 0.5
dyn cm−2, and plus signs to 1.0 dyn cm−2. The seemingly missing data
points in the grey zones are lower than the plotted range and are mostly
negative. Negative NRCR values correspond to radiative gains.
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Fig. C.2. Same as Fig. C.1 but for voxels with L of 200, 250, 500, and
750 km for the 1D vertical models (Tables C.3 and C.4).

Fig. C.3. Same as Fig. C.1 but for voxels with L of 1000, 1250, 1500,
and 1750 km for the 1D vertical models (Tables C.5).
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Table C.1. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 0 and 50 km – top part of 1D horizontal models.

L = 0 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00000688 0.00002733 0.00013453 0.00055579 0.00098501 0.00151740 0.00271714
7000 0.00001290 0.00007353 0.00029117 0.00174866 0.00413424 0.00746358 0.01411913
8000 0.00004998 0.00017749 0.00074046 0.00605436 0.01578751 0.02947227 0.05665421
9000 0.00012421 0.00040157 0.00169330 0.01469043 0.03996734 0.07756811 0.15692297

10000 0.00024715 0.00075142 0.00299819 0.02460842 0.06637668 0.12854920 0.25890495
12000 0.00059236 0.00160813 0.00559423 0.03829824 0.09508623 0.17347259 0.32533595
15000 0.00124047 0.00310678 0.00977377 0.05603122 0.12539489 0.21202586 0.36598377
20000 0.00177040 0.00449331 0.01445935 0.08208422 0.17820543 0.29307030 0.48918992
25000 0.00113027 0.00306186 0.01108422 0.07462084 0.17187589 0.29181587 0.50125466
30000 0.00058207 0.00162034 0.00627004 0.04920352 0.12318566 0.22121435 0.40290321

L = 0 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.33 0.23 0.13 0.05 0.03 0.03 0.02
7000 0.39 0.29 0.18 0.11 0.09 0.09 0.08
8000 0.46 0.38 0.31 0.28 0.27 0.26 0.25
9000 0.57 0.52 0.51 0.54 0.55 0.55 0.55
10000 0.67 0.65 0.67 0.73 0.75 0.77 0.78
12000 0.81 0.83 0.86 0.90 0.92 0.93 0.94
15000 0.91 0.92 0.94 0.96 0.97 0.98 0.98
20000 0.96 0.97 0.98 0.99 0.99 0.99 0.99
25000 0.99 0.99 0.99 0.99 0.99 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 50 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00000223 0.00003562 0.00015975 0.00068181 0.00122129 0.00187060 0.00324531
7000 0.00002005 0.00009015 0.00035079 0.00211080 0.00484710 0.00846675 0.01526588
8000 0.00005745 0.00019912 0.00083569 0.00668295 0.01699868 0.03106931 0.05810350
9000 0.00012513 0.00040273 0.00167817 0.01420944 0.03851702 0.07448191 0.14930209

10000 0.00022785 0.00068280 0.00264706 0.02089825 0.05590608 0.10747628 0.21311071
12000 0.00049501 0.00130396 0.00437265 0.02867799 0.07024324 0.12677094 0.23406972
15000 0.00097600 0.00236075 0.00721977 0.04069591 0.09132131 0.15506961 0.26885957
20000 0.00147170 0.00358663 0.01106524 0.06039545 0.13007445 0.21349351 0.35616364
25000 0.00106882 0.00282823 0.00983031 0.06144927 0.13697477 0.22803645 0.38434664
30000 0.00057546 0.00159178 0.00606485 0.04540853 0.11003389 0.19270941 0.34092715

L = 50 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.39 0.27 0.15 0.06 0.04 0.03 0.03
7000 0.46 0.33 0.22 0.13 0.12 0.11 0.10
8000 0.54 0.45 0.38 0.35 0.34 0.32 0.31
9000 0.65 0.61 0.61 0.64 0.65 0.65 0.66
10000 0.74 0.74 0.77 0.82 0.84 0.85 0.87
12000 0.87 0.88 0.91 0.94 0.95 0.96 0.97
15000 0.94 0.95 0.96 0.98 0.98 0.99 0.99
20000 0.97 0.98 0.98 0.99 0.99 0.99 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table C.2. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 100 and 150 km – top part of 1D horizontal models.

L = 100 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00000141 0.00003593 0.00016178 0.00071529 0.00129248 0.00197253 0.00334606
7000 0.00002192 0.00009366 0.00036523 0.00220913 0.00499712 0.00857578 0.01508038
8000 0.00005889 0.00020287 0.00085243 0.00673496 0.01696369 0.03074057 0.05683308
9000 0.00012259 0.00039319 0.00163055 0.01375903 0.03724636 0.07174739 0.14265330

10000 0.00021577 0.00064258 0.00247051 0.01938835 0.05177878 0.09911175 0.19478945
12000 0.00045274 0.00118348 0.00393750 0.02556794 0.06226279 0.11175764 0.20504402
15000 0.00087865 0.00211176 0.00642766 0.03611048 0.08098807 0.13734662 0.23759774
20000 0.00134781 0.00324978 0.00992858 0.05370996 0.11542941 0.18920730 0.31492451
25000 0.00103266 0.00270281 0.00923506 0.05622091 0.12403380 0.20527341 0.34395479
30000 0.00057065 0.00157226 0.00593682 0.04340378 0.10365783 0.17966933 0.31427477

L = 100 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.39 0.26 0.14 0.05 0.04 0.03 0.03
7000 0.46 0.33 0.21 0.14 0.12 0.11 0.10
8000 0.55 0.46 0.40 0.38 0.36 0.35 0.33
9000 0.67 0.64 0.65 0.68 0.69 0.69 0.70

10000 0.77 0.77 0.80 0.84 0.86 0.88 0.89
12000 0.89 0.90 0.93 0.95 0.96 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 0.99 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 150 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 -0.00000161 0.00003426 0.00015870 0.00073035 0.00133518 0.00203663 0.00339527
7000 0.00002247 0.00009415 0.00037011 0.00226172 0.00507070 0.00859900 0.01486436
8000 0.00005908 0.00020306 0.00085503 0.00673051 0.01686325 0.03039730 0.05578338
9000 0.00011990 0.00038388 0.00159102 0.01344221 0.03633076 0.06974273 0.13778538

10000 0.00020671 0.00061385 0.00235502 0.01847228 0.04925254 0.09394123 0.18349825
12000 0.00042520 0.00110906 0.00368097 0.02375376 0.05760685 0.10306853 0.18852192
15000 0.00081981 0.00196717 0.00597826 0.03350743 0.07505272 0.12709394 0.21951118
20000 0.00127123 0.00305049 0.00927640 0.04991190 0.10707540 0.17524978 0.29104157
25000 0.00100661 0.00261694 0.00885138 0.05306290 0.11635235 0.19186755 0.32023540
30000 0.00056675 0.00155707 0.00584236 0.04204500 0.09949397 0.17134511 0.29763838

L = 150 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.42 0.29 0.16 0.06 0.04 0.03 0.03
7000 0.49 0.36 0.23 0.15 0.13 0.12 0.10
8000 0.58 0.49 0.43 0.40 0.38 0.36 0.34
9000 0.69 0.66 0.67 0.70 0.70 0.71 0.72

10000 0.79 0.79 0.81 0.85 0.87 0.89 0.90
12000 0.90 0.91 0.93 0.96 0.97 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table C.3. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 200 and 250 km – top part of 1D horizontal models.

L = 200 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 -0.00000234 0.00003160 0.00015306 0.00073712 0.00136718 0.00208879 0.00343449
7000 0.00002239 0.00009324 0.00037059 0.00229550 0.00511912 0.00860506 0.01468332
8000 0.00005873 0.00020174 0.00085216 0.00671121 0.01676122 0.03010225 0.05494883
9000 0.00011732 0.00037538 0.00155835 0.01320179 0.03562664 0.06819605 0.13406767

10000 0.00019944 0.00059178 0.00227244 0.01784967 0.04751271 0.09036097 0.17574263
12000 0.00040528 0.00105782 0.00351104 0.02256511 0.05456902 0.09744037 0.17794484
15000 0.00077984 0.00187280 0.00569152 0.03184462 0.07122635 0.12046450 0.20786004
20000 0.00121879 0.00291931 0.00885830 0.04749501 0.10173123 0.16626838 0.27563682
25000 0.00098663 0.00255397 0.00858404 0.05096903 0.11132134 0.18312148 0.30475488
30000 0.00056347 0.00154474 0.00576909 0.04106176 0.09656873 0.16560007 0.28634306

L = 200 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.38 0.25 0.12 0.05 0.04 0.03 0.03
7000 0.45 0.32 0.21 0.15 0.13 0.12 0.10
8000 0.55 0.47 0.44 0.42 0.40 0.38 0.36
9000 0.69 0.67 0.69 0.72 0.73 0.74 0.75

10000 0.80 0.81 0.83 0.87 0.89 0.90 0.91
12000 0.91 0.92 0.94 0.96 0.97 0.98 0.98
15000 0.96 0.97 0.98 0.99 0.99 0.99 0.99
20000 0.98 0.99 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.00000670 0.00004438 0.00016093 0.00064599 0.00117235 0.00181123 0.00304339
7000 0.00002965 0.00010415 0.00037598 0.00219036 0.00483587 0.00803874 0.01344354
8000 0.00006447 0.00021150 0.00085814 0.00653280 0.01606017 0.02844094 0.05104155
9000 0.00011910 0.00037185 0.00150162 0.01244788 0.03323375 0.06285464 0.12142262

10000 0.00019150 0.00055254 0.00206500 0.01607369 0.04245730 0.07981222 0.15271552
12000 0.00035921 0.00090577 0.00293129 0.01878283 0.04546048 0.08094765 0.14720201
15000 0.00065738 0.00153362 0.00457889 0.02557831 0.05724561 0.09665090 0.16640953
20000 0.00103770 0.00241393 0.00716144 0.03796094 0.08113342 0.13220096 0.21818535
25000 0.00091014 0.00228413 0.00738098 0.04196888 0.09051142 0.14774153 0.24361177
30000 0.00054877 0.00147940 0.00536643 0.03622295 0.08300609 0.13999896 0.23791097

L = 250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.39 0.27 0.15 0.06 0.04 0.03 0.03
7000 0.46 0.33 0.22 0.13 0.12 0.11 0.10
8000 0.54 0.45 0.38 0.35 0.34 0.32 0.31
9000 0.65 0.61 0.61 0.64 0.65 0.65 0.66

10000 0.74 0.74 0.77 0.82 0.84 0.85 0.87
12000 0.87 0.88 0.91 0.94 0.95 0.96 0.97
15000 0.94 0.95 0.96 0.98 0.98 0.99 0.99
20000 0.97 0.98 0.98 0.99 0.99 0.99 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table C.4. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 500 and 750 km – top part of 1D horizontal models.

L = 500 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 0.00001456 0.00005332 0.00015611 0.00054538 0.00101239 0.00161735 0.00278342
7000 0.00003632 0.00011210 0.00036961 0.00207335 0.00452915 0.00738173 0.01199729
8000 0.00006993 0.00021861 0.00085038 0.00625647 0.01506872 0.02622046 0.04623780
9000 0.00012002 0.00036396 0.00142513 0.01153065 0.03029428 0.05637080 0.10676095

10000 0.00018105 0.00050664 0.00185013 0.01426558 0.03714921 0.06881492 0.12962262
12000 0.00030968 0.00075642 0.00240501 0.01548227 0.03745199 0.06644591 0.12051358
15000 0.00053914 0.00122912 0.00362687 0.02029272 0.04539751 0.07648769 0.13158892
20000 0.00085788 0.00194762 0.00568471 0.02993358 0.06377919 0.10350524 0.17011007
25000 0.00081561 0.00197839 0.00615928 0.03379411 0.07208264 0.11672059 0.19064525
30000 0.00052766 0.00139137 0.00487244 0.03100194 0.06926607 0.11503993 0.19228124

L = 500 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.39 0.26 0.14 0.05 0.04 0.03 0.03
7000 0.46 0.33 0.21 0.14 0.12 0.11 0.10
8000 0.55 0.46 0.40 0.38 0.36 0.35 0.33
9000 0.67 0.64 0.65 0.68 0.69 0.69 0.70

10000 0.77 0.77 0.80 0.84 0.86 0.88 0.89
12000 0.89 0.90 0.93 0.95 0.96 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 0.99 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 750 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.00001170 0.00004839 0.00015250 0.00056861 0.00104496 0.00161784 0.00266436
7000 0.00003406 0.00010855 0.00037057 0.00208924 0.00447537 0.00718853 0.01151633
8000 0.00006701 0.00021238 0.00083629 0.00616188 0.01472029 0.02541236 0.04446080
9000 0.00011401 0.00034878 0.00137688 0.01113560 0.02905809 0.05371775 0.10099487

10000 0.00016998 0.00047886 0.00175962 0.01355126 0.03508663 0.06472040 0.12147081
12000 0.00028890 0.00070707 0.00224490 0.01440087 0.03477982 0.06169033 0.11203680
15000 0.00050394 0.00114984 0.00338908 0.01887674 0.04212102 0.07092892 0.12219191
20000 0.00080729 0.00182978 0.00532492 0.02789942 0.05926086 0.09599316 0.15768192
25000 0.00078459 0.00189242 0.00584728 0.03174172 0.06735382 0.10863045 0.17674084
30000 0.00051994 0.00136407 0.00473317 0.02960299 0.06559403 0.10830473 0.17980726

L = 750 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.42 0.29 0.16 0.06 0.04 0.03 0.03
7000 0.49 0.36 0.23 0.15 0.13 0.12 0.10
8000 0.58 0.49 0.43 0.40 0.38 0.36 0.34
9000 0.69 0.66 0.67 0.70 0.70 0.71 0.72

10000 0.79 0.79 0.81 0.85 0.87 0.89 0.90
12000 0.90 0.91 0.93 0.96 0.97 0.97 0.98
15000 0.95 0.96 0.97 0.98 0.99 0.99 0.99
20000 0.98 0.98 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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Table C.5. Total NRCRs (erg s−1 cm−3) and ionization degrees for voxels with L of 1000 and 1250 km – top part of 1D horizontal models.

L = 1000 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00

6000 0.00002085 0.00005749 0.00014010 0.00045687 0.00090435 0.00146667 0.00249107
7000 0.00004187 0.00011597 0.00035120 0.00194435 0.00412527 0.00651828 0.01026227
8000 0.00007445 0.00022137 0.00082422 0.00583824 0.01365039 0.02326157 0.04051684
9000 0.00011928 0.00034945 0.00132144 0.01036446 0.02658590 0.04849666 0.09029930

10000 0.00016716 0.00045335 0.00162443 0.01230472 0.03137157 0.05724343 0.10666381
12000 0.00025663 0.00060962 0.00192136 0.01250650 0.03016891 0.05336598 0.09693041
15000 0.00042548 0.00095244 0.00278950 0.01566084 0.03499437 0.05888621 0.10155732
20000 0.00068069 0.00151514 0.00437262 0.02291953 0.04859479 0.07849573 0.12871869
25000 0.00069928 0.00163721 0.00492816 0.02622398 0.05529486 0.08876069 0.14373649
30000 0.00049572 0.00126837 0.00425015 0.02535867 0.05533618 0.09052777 0.14880780

L = 1000 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.38 0.25 0.12 0.05 0.04 0.03 0.03
7000 0.45 0.32 0.21 0.15 0.13 0.12 0.10
8000 0.55 0.47 0.44 0.42 0.40 0.38 0.36
9000 0.69 0.67 0.69 0.72 0.73 0.74 0.75

10000 0.80 0.81 0.83 0.87 0.89 0.90 0.91
12000 0.91 0.92 0.94 0.96 0.97 0.98 0.98
15000 0.96 0.97 0.98 0.99 0.99 0.99 0.99
20000 0.98 0.99 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

L = 1250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.00001937 0.00005582 0.00014087 0.00046538 0.00090537 0.00144243 0.00240664
7000 0.00004054 0.00011472 0.00035331 0.00193614 0.00405955 0.00636098 0.00993410
8000 0.00007255 0.00021785 0.00081561 0.00575854 0.01336593 0.02265164 0.03932813
9000 0.00011567 0.00034083 0.00129306 0.01010189 0.02577136 0.04680983 0.08687703

10000 0.00016099 0.00043829 0.00157443 0.01188591 0.03018691 0.05495909 0.10227499
12000 0.00024573 0.00058329 0.00183602 0.01194282 0.02880128 0.05097474 0.09273348
15000 0.00040751 0.00091168 0.00266674 0.01492294 0.03331194 0.05607711 0.09687388
20000 0.00065383 0.00145290 0.00418447 0.02187027 0.04629348 0.07473359 0.12262635
25000 0.00067991 0.00158545 0.00474953 0.02511186 0.05276191 0.08449637 0.13660859
30000 0.00048987 0.00124815 0.00415350 0.02449580 0.05316338 0.08663911 0.14186222

L = 1250 km 0.03 0.05 0.10 0.30 0.50 0.70 1.00
6000 0.40 0.26 0.13 0.05 0.04 0.03 0.03
7000 0.47 0.34 0.22 0.16 0.13 0.12 0.10
8000 0.57 0.49 0.45 0.43 0.41 0.39 0.37
9000 0.70 0.68 0.70 0.73 0.74 0.75 0.75

10000 0.80 0.81 0.84 0.88 0.90 0.91 0.92
12000 0.91 0.93 0.94 0.97 0.97 0.98 0.98
15000 0.96 0.97 0.98 0.99 0.99 0.99 1.00
20000 0.98 0.99 0.99 0.99 1.00 1.00 1.00
25000 0.99 0.99 0.99 1.00 1.00 1.00 1.00
30000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Notes. The pressure (0.03, 0.05, 0.1, 0.3, 0.5, 0.7, and 1.0 dyn cm−2) is given in columns and the temperature (6000 to 30,000 K) in rows. For each
voxel, the total NRCRs (in erg s−1 cm−3) are tabulated at the top and the ionization degree at the bottom.
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