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Abstract: Spectroscopy has been crucial for our understanding of physical and chemical phenomena.
The interpretation of interstellar line spectra with radiative transfer calculations usually requires two
kinds of molecular input data: spectroscopic data (such as energy levels, statistical weights, transition
probabilities, etc.) and collision data. This contribution describes how such data are collected,
stored, and which limitations exist. Also, here we summarize challenges of atomic/molecular
databases and point out our experiences, problems, etc., which we are faced with. We present
overview of future developments and needs in the areas of radiative transfer and molecular data.

Keywords: atomic/molecular data; radiative and collisional processes; stars

1. Introduction

Many fields in astronomy such as astrophysics, astrochemistry and astrobiology, depend on data
for atomic and molecular (A + M) collision and radiative processes. Among these amount of data
collections there are atomic and molecular processes and spectral regions that even today are poorly
represented. Therefore, there is an urgent need to collect these data in the databases as well as to
develop methods for improving the existing ones. Also, this require a joint effort both of scientists and
IT software specialists to develop state-of-the-art infrastructures satisfying their needs, such as Virtual
Laboratory [1-3].

The Base Astrophysical Targets

Nowadays, the data in in the field of astrophysics modeling are especially important and needed
for simulations/calculations. For example the A + M data for hydrogen are important for development
of atmosphere models of solar and near solar type stars and for radiative transport investigations as
well as an understanding of the kinetics of stellar and other astrophysical plasmas [4,5]. Modern codes
for stellar atmosphere modelling, like e.g., PHOENIX (see e.g., [6-8]) require the knowledge of atomic
data, so that the access to such atomic data, via online databases become very important.

The helium A + M data are of interest particularly for helium-rich white dwarf atmospheres
investigations [9,10]. Such data are also important in modelling early Universe chemistry (see the
paper of Coppola et al., 2013 [11]). The data for H and some metal atoms like Li, Na, Si are important
for the exploring of the geo-cosmical plasmas, the interstellar medium as well as for studies of the
early Universe chemistry and for the modelling of stellar and solar atmospheres (see, e.g., [12,13]).
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Recently, in the papers [14-18] it has been pointed out that the photodissociation of the diatomic
molecular ion in the symmetric and non-symmetric cases, are of astrophysical relevance and could
be important in modeling of specific stellar atmosphere layers and they should be included in
some chemical models. In the symmetric case, it was considered the processes of molecular ion
photodissociation (bound-free) and ion-atom photoassociation (free-bound):

hv+ Ay <= A+ AY, 1)

where A and AT are atom and ion in their ground states, and A} is molecular-ion in the ground
electronic state.
In the non-symmetric case, the similar processes of photodissociation/photoassociation are:

hv+ AMT <= AT + M, )

where M is an atom whose ionization potential is less than the corresponding value for atom A. AM™
is also molecular-ion in the ground electronic state.

In the general case molecular ion AJ or AM™ can be in one of the states from the group which
contains the ground electronic state. For the solar atmosphere, A usually denotes atom H(1s) and M
one of the relevant metal atoms (Mg, Si, Ca, Na) [14-16], but there are cases where A = He, and M =H,
Mg, Si, Ca, Na. For the helium-rich white dwarf atmospheres A denotes He(1s?) and M denotes, H(1s),
and eventually carbon or oxygen [19,20].

Recently, the results from [16] show the importance of including the symmetric processes
with A = H(1s) in the stellar atmosphere models like [5]. Also, for modeling the DB white dwarf
atmospheres results for case A = He(1s?) have been used (Koester 2016, private communication).
The photodissociation of HeH™ has been extensively studied both from a theoretical and experimentalist
point of view and inserted in chemical networks describing the formation and destruction of
primordial molecules.

It is well known [21] that the chemical composition of the primordial gas consists of electrons and
species such as: helium- He, He', He?* and HeH; hydrogen- H, H~, H", H} and Hp; deuterium- D,
D*,HD, HD' and HD~; lithium- Li, Lit, Li~, LiH™ and LiH*. Evaluation of chemical abundances
in the standard BB model are calculated from a set of chemical reactions for the early universe [21]
and is presented at Figure 1 from [21]. One can see that among them are species like molecular ions
H;“ ,HD™", HeH", etc., whose role in the primordial star formation is important.
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Figure 1. Evaluation of chemical abundances in the standard Big Bang (BB) model. Vertical axes are
the relative abundances and the horizontal axes are relative to the redshift (taken from [21]).
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2. MolD

2.1. Database Description

MolD database contains cross-sections for photodissociation processes [22], as well as
corresponding data on molecular species and molecular state characterisations. MolD project is part
of Serbian Virtual Observatory (SerVO)! and Virtual Atomic and Molecular Data Center (VAMDC)?
(see Figure 2).

Home atabases  Guided query  Advanced query  Saved queries |  Disciaimer  Citation policy  Info Login  Register
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Figure 2. Snapshot from the query page from the Virtual Atomic and Molecular Data Center
(VAMDC) portal.

MolD application is implemented as a customisation and extension of NodeSoftware provided by
VAMDC. It complies to VAMDC interoperability standards and protocols for distributed remote
queries. The underlying technology is Python-based, with Django as a Web framework [23],
MySQL as a relational database system [24]. The web application runs on Apache web server.

The data model of MolD application is tailored to specifically suit the needs of the theoretical
photodissociation data, and yet to easily map onto VAMDC's standardized XSAMS® (XML Schema
for Atoms, Molecules and Solids format) schema for representation and exchange of atomic and
molecular data®.

2.2. Accessing MolD Data
MolD data can be accessed in several ways:

e  Via MolD homepage (http://servo.aob.rs/mold). There is an AJAX-enabled (Asynchronous
JavaScript and XML) web form for data querying as well as calculating and plotting average
thermal cross sections along available wavelengths for a given temperatiure.

http://servo.aob.rs

http://vamdc.eu

http:/ /vamdc-standards.readthedocs.io/en/latest/dataModel /vamdcxsams /structure.html
http:/ /standards.vamdc.eu
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e Via VAMDC portal (http://portal.vamdc.eu), where one can pose a distributed query to
30 databases across the European scientific institutes.

e  Via standalone applications which support VAMDC-TAP (Table Access Protoco) for data access
and tranformation to VAMDC-XSAMS.

During 2017, MolD entered stage 3 of development. Currently, the database includes
cross-section data for processes which involve species such as He2+ , Hz+ ,MgH", HeH", LiH", NaH ™.
These processes are important for exploring of the interstellar medium, the early Universe chemistry
as well as the modeling of different stellar and solar atmospheres (see papers [11,15,16,20,22]).

Our plans include transition to new versions of Django framework and NodeSoftware,
with ongoing incremental inclusion of A + M data from our papers. We also intend to develop
a more intuitive interface for querying and presentation of multidimensional data on our website.

2.3. Example: Hy Molecular Ion

MolD is available online from the end of 2014 and it contains the data for the photodissociation
processes Equation (1) with A = H(1s) and A = He(1s?). Also it contains the relevant data for some
other non-symmetric photodissociation processes Equation (2) where M = Li, Na, Mg or He.

The methods of calculation. The cross-sections for the photodissociation of individual ro-vibrational
state of the considered molecular ion HJ is determined in the dipole approximation [14]:

877 | (J + 1)|DE 410, 1> + JIDE,j—1;0 1>

%00 =31 21 / )
and the corresponding averaged thermal cross sections are given by:
1 ~ Ep—Eno
pnd (A, T) = = 33 8ro(2] +1)e T ap,(A). @
T v

where T is temperature, A-wavelength, D ;1. is the radial matrix element [25], E}, is the energy of
the individual states with the angular and vibrational quantum numbers | and v respectively, and Z is

the partition function
Ero—Eoo

Z=YY g2 +1)e T . 5)
] v

In this expression the product gj., x (2] + 1) is the statistical weight of the considered state and
the coefficient g;., depends on the “the spin of the nuclei”.

The photo-dissociation crosssection 0,y,4(A, T) given by Equation (4), as well as the coefficients
Kis(A, T), are determined within the approximation where the processes are treated as the result of the
radiative transitions between the ground and the first excited adiabatic electronic state of the molecular
ion Hy which are caused by the interaction of the electron component of the ion-atom system with the
free electromagnetic field taken in the dipole approximation.

For determination of 0,,(A, T), as well as the coefficients Kj, (A, T) it is important to know the
dipole matrix element D1, (R) defined by relations

D12(R) = D12(R), Dp2(R) = (1|D(R)[2) (6)

where R = |R| and D(R) is the operator of electron dipole momentum. The mentioned adiabatic
electronic states, X2 Z; and A?2Y",, are denoted here with 1) and |2) and R is the internuclear distance
in the considered ion-atom system.
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The described mechanism of the processes causes absorption of the photon with energy €, near

the resonant point R = R,, where R, is the root of the equation
Up(R) = U1 (R) — U2(R) = €. ?)

where U; (R) corresponds to the ground electronic state, and U, (R)—to the first excited electronic state.
In Figure 3 are presented the data for 0}, (A) Equation (3) for the case ] = 0 and v = 10, in the
wavelength region 50nm < A < 1500 nm.
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Figure 3. The behaviour of the cross-section 07, (A) Equation (3) for ] = 0 and v = 10, as a function
of A.

The spectral coefficients. The absorption process (1) i.e., processes of molecular ion photodissociation
(bound-free) for the case A=H is characterized by partial spectral absorption coefficients f;,(A)
(see e.g., [25]) taken in the form

Kia (A) = phd(/\/ T)N(H;_) 8

where N(HJ ) is density of the H} and opnd(A, T) is average cross-section for photo-dissociation of
this molecular ion given by Equation (4). As in previous papers [14,25] the partial spectral absorption
coefficient x;,(A) is also used in the form

Kia(A) = Kia(A, T)N(H)N(H™) ©)
where the coefficient Kj, (A, T) is connected with 0,,4(A, T) by the relations

_ N(H)NHT)
KA T) = 0ppa(A T)x 7!, x= ———— 10

m( ) phd( )X X N(H;_) (10)

In accordance with the definition of the absorption coefficient «;,(A), the coefficient K;,(A, T)

is given in units (cm®). The results for the average photodissociation cross-section Opna (A, T) for
H molecular ion are illustrated by Figure 4. The curves in this figure show the behavior of
opna(A, T) as a function of A for a wide range of temperatures T, which are relevant for the stelar
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atmosphere (e.g., solar photosphere). The values of the coefficient K, (A, T), defined by Equation (10),
are presented in the Table 1 for the regions 90nm < A < 370 nm with small wavelength steps and for
3000K < T < 10,000K in order to enable easier use (interpolation) of this results. This allows direct
calculation of the spectral absorption coefficients during the process of applying a any atmosphere
model with the given parameters of plasma and composition.
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Figure 4. The behaviour of the averaged cross-section 0y;,4(A, T) for photodissociation of the Hy
molecular ion, as a function of A and T.

Table 1. The coefficient K;, (cm®) Equation (9) as a function of A and T.

A (nm) 3000 K 4000 K 5000 K 6000 K 7000 K 8000 K 9000 K 10,000 K

90 350E-37 262E-38 b5.50E—-39 193E-39 9.04E—40 5.07E—40 3.20E—40 2.20E—40
91 3.75E-37 2.78E-38 5.80E—39 203E-39 947E—40 5.30E—40 3.34E—40 2.29E—40
92 399E-37 294E-38 6.10E-39 212E-39 9.90E—40 5.53E—40 3.48E—40 2.39E—40
93 423E-37 3.10E-38 640E—-39 222E-39 1.03E—39 576E—40 3.62E—40 2.48E—40
94 447E-37 3.25E-38 6.69E-39 231E-39 1.07E-39 598E—40 3.76E—40 2.57E—40
95 471E-37 341E-38 698E—-39 241E-39 112E-39 6.20E—40 3.89E—40 2.66E—40
96 495E-37 3.56E-38 727E-39 250E-39 116E-39 642E—40 4.03E—40 2.75E—40
97 518E-37 3.70E-38 7.54E-39 259E-39 1.20E-39 6.63E—40 4.16E—40 2.84E—40
98 540E—37 3.85E-38 7.82E—39 268E-39 124E-39 6.85E—40 4.29E—40 292E—40
99 5.62E—-37 3.99E-38 8.08E—39 276E-39 127E-39 7.05E—40 4.41E—40 3.01E—40
100 5.82E-37 4.12E-38 834E-39 285E-39 1.31E-39 7.26E—40 4.54E—-40 3.09E—40
101 6.03E—37 4.25E-38 8.59E—-39 293E-39 135E-39 7.46E—40 4.66E—40 3.17E—40
102 6.22E—37 4.38E—-38 8.83E—39 3.01E-39 1.38E-39 7.65E—40 4.78E—40 3.26E—40
103 6.40E—-37 450E-38 9.06E-39 3.09E-39 142E-39 7.84E—40 490E—40 3.34E—40
104 6.58E—37 4.62E-38 9.29E—-39 3.16E-39 145E-39 8.03E—40 5.02E—40 3.41E—40
105 6.74E-37 4.73E-38 9.51E—-39 324E-39 149E-39 8.21E—40 5.13E—40 3.49E—40
106 6.90E—-37 4.83E-38 9.72E-39 331E-39 152E-39 839E—40 524E—40 3.57E—40
107 7.04E-37 493E-38 992E-39 338E-39 155E—-39 857E—40 5.35E—40 3.64E—40
108 718E-37 5.03E-38 1.01E-38 3.44E—39 158E—-39 8.74E—40 546E—40 3.72E—40
109 730E-37 5.11E-38 1.03E-38 3.51E-39 1.61E-39 8.90E—40 5.56E—40 3.79E—40
110 741E-37 5.20E-38 1.05E-38 3.57E—-39 1.64E—39 9.06E—40 5.67E—40 3.86E—40
111 7.52E-37 528E—-38 1.06E-38 3.62E—39 1.67E—-39 9.22E—40 5.77E—40 3.93E—40
112 7.61E-37 535E-38 1.08E—38 3.68E—39 1.69E—39 9.37E—40 5.86E—40 3.99E—40
113 769E-37 542E-38 1.09E-38 3.73E-39 1.72E-39 9.52E—40 5.96E—40 4.06E—40
114 7.77E-37 548E-38 1.11E-38 3.79E-39 1.74E-39 9.66E—40 6.05E—40 4.12E—40
115 7.83E-37 554E-38 1.12E-38 3.83E-39 177E-39 9.80E—40 6.14E—40 4.18E—40
116 7.89E-37 5.59E-38 1.13E-38 3.88E—39 1.79E—-39 993E—40 6.22E—40 4.24E—40
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A (nm) 3000 K 4000 K 5000 K 6000 K 7000 K 8000 K 9000 K 10,000 K
117 793E-37 5.63E—38 1.15E-38 3.93E-39 1.81E-39 1.01E-39 6.31E—40 4.30E—40
118 797E-37 5.68E-38 1.16E-38 397E-39 1.83E—-39 1.02E-39 6.39E—40 4.36E—40
119 8.00E-37 5.71E-38 117E-38 4.01E-39 1.85E-39 1.03E—-39 6.46E—40 4.42E—40
120 8.02E—-37 5.75E-38 1.18E—38 4.05E—-39 1.87E-39 1.04E—-39 6.54E—40 4.47E—40
121 8.03E—-37 5.78E-38 118E-38 4.08E—39 1.89E-39 1.05E—39 6.62E—40 4.52E—40
122 8.04E-37 5.80E—-38 119E-38 4.12E-39 191E-39 1.06E-39 6.69E—40 4.57E—40
123 8.04E-37 5.82E-38 1.20E—-38 4.15E-39 193E-39 1.07E—-39 6.76E—40 4.62E—40
124 8.03E—37 5.84E—-38 121E-38 4.18E—-39 1.94E-39 1.08E—39 6.83E—40 4.67E—40
125 8.01E-37 5.85E—-38 1.21E-38 4.21E-39 1.96E-39 1.09E-39 6.89E—40 4.72E—40
126 799E-37 5.86E—-38 122E-38 4.23E-39 197E-39 1.10E-39 696E—40 4.77E—40
127 797E-37 587E-38 1.22E-38 4.26E-39 199E-39 1.11E-39 7.02E—40 4.81E—40
128 794E-37 587E-38 1.23E-38 4.28E-39 200E-39 1.12E-39 7.08E—40 4.86E—40
129 790E-37 5.87E—-38 123E-38 4.30E-39 2.01E-39 1.13E-39 7.14E—40 4.90E—40
130 7.86E—37 587E—-38 1.23E-38 4.32E-39 203E-39 1.14E-39 7.19E—40 4.94E—40
131 781E-37 5.86E—-38 124E-38 4.34E-39 2.04E-39 1.15E-39 725E—40 4.98E—40
132 776E-37 5.86E—38 124E—-38 4.36E-39 2.05E-39 1.15E-39 730E—40 5.02E—40
133 770E-37 5.84E-38 1.24E-38 4.37E-39 206E-39 116E-39 735E—40 5.06E—40
134 7.65E—37 5.83E-38 124E-38 439E-39 207E-39 117E-39 740E—40 5.10E—40
135 758E-37 5.82E—-38 124E-38 440E-39 2.08E-39 1.17E-39 745E—40 5.13E—40
136 7.52E-37 5.80E-38 1.24E—-38 4.41E-39 209E-39 1.18E-39 749E—40 5.17E—40
137 745E—-37 578E-38 124E—-38 4.42E-39 209E-39 1.19E-39 7.54E—40 5.20E—40
138 738E-37 5.76E—-38 124E-38 443E-39 210E-39 1.19E-39 7.58E—40 5.24E—40
139 731E-37 573E-38 1.24E-38 4.43E-39 211E-39 120E-39 7.62E—40 5.27E—40
140 724E-37 571E-38 124E-38 4.44E-39 212E-39 1.20E-39 7.66E—40 5.30E—40
141 716E-37 568E—-38 1.24E—-38 4.45E-39 212E-39 1.21E-39 7.70E—40 5.33E—40
142 7.08E—37 5.65E—-38 1.24E—-38 4.45E-39 213E-39 1.21E-39 7.74E—40 5.36E—40
143 7.00E-37 5.62E-38 1.23E-38 4.45E-39 213E-39 122E-39 7.77E—40 5.39E—40
144 6.92E—37 559E-38 1.23E-38 446E-39 214E-39 122E-39 7.80E—40 541E—40
145 6.84E—-37 556E—-38 1.23E-38 4.46E-39 214E-39 122E-39 7.84E—40 5.44E—40
146 6.76E—37 552E—-38 1.23E-38 4.46E-39 2.15E-39 123E-39 7.87E—40 5.46E—40
147 6.68E—37 549E-38 1.22E-38 446E—-39 2.15E-39 1.23E-39 790E—40 5.49E—40
148 6.59E—-37 545E-38 1.22E-38 4.46E-39 2.15E-39 1.23E-39 793E—40 5.51E—40
149 6.51E-37 542E-38 1.22E-38 445E-39 215E-39 1.24E-39 795E—40 5.54E—40
150 6.42E—-37 538E—-38 1.21E-38 445E-39 2.16E-39 124E-39 798E—40 5.56E—40
151 6.34E—-37 534E-38 121E-38 445E-39 2.16E-39 124E-39 8.01E—40 5.58E—40
152 6.25E—-37 530E-38 1.20E—-38 444E-39 216E-39 1.25E-39 8.03E—40 5.60E—40
153 6.17E—37 5.26E—38 1.20E—38 4.44E—-39 2.16E—-39 125E-39 8.05E—40 5.62E—40
154 6.08E-37 5.22E-38 1.20E-38 443E-39 216E-39 125E-39 8.08E—40 5.64E—40
155 6.00E-37 5.18E-38 1.19E—-38 443E-39 216E-39 1.25E-39 8.10E—40 5.66E—40
156 591E-37 5.14E-38 119E-38 442E-39 217E-39 125E-39 8.12E—40 5.68E—40
157 5.83E-37 5.10E-38 1.18E-38 4.42E-39 217E-39 126E-39 8.14E—40 5.70E—40
158 574E—-37 5.06E-38 1.18E—-38 441E-39 217E-39 1.26E-39 8.16E—40 5.72E—40
159 5.66E—-37 5.02E-38 1.17E-38 4.40E—-39 217E-39 1.26E—-39 8.18E—40 5.73E—40
160 558E-37 498E-38 117E-38 4.39E-39 217E-39 126E-39 819E—40 5.75E—40
162 541E-37 490E-38 1.16E-38 4.37E-39 216E-39 1.26E-39 822E—40 5.78E—40
163 533E-37 4.85E-38 1.15E-38 4.36E—-39 216E-39 126E-39 824E—40 5.79E—40
164 525E-37 4.81E-38 114E-38 435E-39 216E-39 127E-39 825E—40 5.81E—40
165 517E-37 4.77E-38 1.14E-38 4.34E-39 216E-39 1.27E-39 827E—40 5.82E—40
166 5.09E-37 4.73E-38 113E-38 433E-39 216E-39 127E-39 828E—40 5.83E—40
167 5.02E-37 4.68E—38 1.13E-38 4.32E-39 216E-39 127E-39 829E—40 5.85E—40
168 494E-37 4.64E-38 112E-38 4.31E-39 216E-39 127E-39 8.30E—40 5.86E—40
169 486E—-37 4.60E-38 1.12E—-38 4.30E-39 215E-39 127E-39 831E—40 5.87E—40
170 4.79E-37 4.56E-38 1.11E-38 4.29E-39 215E-39 127E-39 8.32E—40 5.88E—40
171 471E-37 452E-38 110E-38 4.27E-39 215E-39 127E-39 8.33E—40 5.89E—40
172 4.64E-37 448E—-38 1.10E—38 4.26E—-39 215E-39 127E-39 8.34E—40 5.90E—40
173 457E-37 443E-38 1.09E-38 4.25E-39 214E-39 127E-39 8.34E—40 5.91E—40
174 450E-37 439E-38 1.09E-38 4.24E-39 214E-39 127E-39 8.35E—40 5.92E—40
175 443E-37 4.35E-38 1.08E—-38 4.22E-39 214E-39 127E-39 836E—40 5.93E—40
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A (nm) 3000 K 4000 K 5000 K 6000 K 7000 K 8000 K 9000 K 10,000 K
176 436E—-37 431E-38 1.07E-38 4.21E-39 213E-39 127E-39 8.36E—40 5.94E—40
177 429E-37 4.27E-38 1.07E-38 420E-39 213E-39 127E-39 837E—40 5.94E—40
178 422E-37 4.23E-38 1.06E—-38 4.18E-39 213E-39 127E-39 837E—40 5.95E—40
179 415E-37 4.19E-38 1.06E-38 4.17E-39 212E-39 127E-39 8.38E—40 5.96E—40
180 4.09E-37 4.15E-38 1.05E—-38 4.16E—39 212E-39 127E-39 8.38E—40 5.96E—40
181 4.02E-37 4.11E-38 1.04E-38 4.14E-39 212E-39 127E-39 8.38E—40 5.97E—40
182 396E-37 4.07E-38 1.04E—-38 4.13E-39 211E-39 1.26E-39 8.39E—40 5.98E—40
183 390E-37 4.03E-38 1.03E-38 4.11E-39 2.11E-39 1.26E-39 839E—40 5.98E—40
184 3.84E-37 4.00E-38 1.03E-38 4.10E—-39 2.11E-39 1.26E-39 839E—40 5.99E—40
185 378E-37 396E-38 1.02E—38 4.09E-39 210E-39 1.26E—-39 8.39E—40 5.99E—40
186 3.72E-37 392E-38 1.01E-38 4.07E-39 2.10E-39 126E-39 839E—40 6.00E—40
187 3.66E—-37 3.88E—-38 1.01E-38 4.06E—-39 2.09E-39 1.26E-39 839E—40 6.00E—40
188 3.60E-37 3.84E-38 1.00E—38 4.04E-39 2.09E-39 1.26E-39 840E—40 6.01E—40
189 3.54E-37 3.81E-38 9.95E-39 4.03E-39 2.09E-39 126E-39 840E—40 6.01E—40
190 349E-37 3.77E-38 9.89E-39 4.01E-39 2.08E-39 126E-39 840E—40 6.02E—40
191 343E-37 3.73E-38 9.83E—39 4.00E-39 2.08E-39 1.26E-39 8.39E—40 6.02E—40
192 338E-37 3.70E-38 9.77E-39 398E-39 2.07E-39 126E-39 839E—40 6.02E—40
193 333E-37 3.66E-38 9.71E-39 397E-39 2.07E-39 125E-39 839E—40 6.03E—40
194 327E-37 3.63E-38 9.65E—39 3.95E-39 2.06E-39 1.25E-39 8.39E—-40 6.03E—40
195 322E-37 359E-38 9.59E-39 394E-39 2.06E-39 125E-39 839E—40 6.03E—40
196 3.17E-37 3.56E—-38 9.54E—-39 392E-39 2.06E-39 125E-39 839E—40 6.03E—40
197 3.12E-37 3.52E-38 948E-39 391E-39 2.05E-39 1.25E-39 8.38E—40 6.04E—40
198 3.08E-37 349E-38 942E-39 3.89E-39 2.05E-39 125E-39 838E—40 6.04E—40
199 3.03E-37 346E—-38 9.36E—39 3.88E—-39 2.04E-39 125E-39 838E—40 6.04E—40
200 298E—-37 342E-38 9.31E-39 3.86E—-39 2.04E-39 124E-39 838E—40 6.04E—40
205 2.76E-37 3.26E—-38 9.03E-39 3.79E-39 2.01E-39 124E-39 835E—40 6.04E—40
210 256E-37 3.11E-38 8.75E—-39 3.71E-39 1.99E-39 1.23E-39 833E—40 6.04E—40
215 237E-37 297E-38 849E-39 3.64E-39 196E—-39 122E-39 829E—40 6.03E—40
220 220E-37 2.83E-38 8.24E-39 357E-39 194E-39 121E-39 825E—40 6.02E—40
225 2.04E-37 271E-38 7.99E-39 350E—-39 191E-39 120E-39 821E—40 6.01E—40
230 1.90E-37 259E-38 7.76E-39 3.43E-39 1.89E-39 1.19E-39 8.17E—40 5.99E—40
235 1.77E-37 248E-38 7.53E-39 3.36E-39 186E—-39 1.18E-39 8.13E—40 5.98E—40
240 1.66E-37 237E-38 7.32E-39 330E-39 1.84E-39 1.17E-39 8.08E—40 5.96E—40
245 1.55E-37 227E-38 7.11E-39 3.23E-39 181E-39 1.16E-39 8.04E—40 5.94E—40
250 1.45E-37 2.18E-38 6.92E-39 3.17E-39 179E-39 1.15E-39 799E—40 5.92E—40
255 1.36E-37 2.09E-38 6.73E—-39 3.11E-39 1.76E-39 1.13E-39 794E—40 5.90E—40
260 1.27E-37 2.01E-38 6.54E-39 3.06E-39 1.74E-39 1.12E-39 7.89E—40 5.87E—40
265 1.20E-37 193E-38 6.37E-39 299E-39 172E-39 1.11E-39 7.83E—40 5.84E—40
270 1.12E-37 1.85E—-38 6.20E—-39 294E-39 1.69E-39 1.10E-39 7.78E—40 5.82E—40
275 1.06E-37 1.78E—-38 6.04E—-39 289E-39 1.67E-39 1.09E-39 7.72E—40 5.79E—40
280 9.99E-38 1.72E-38 5.89E-39 283E-39 1.65E-39 1.08E—39 7.67E—40 5.76E—40
285 943E—-38 1.66E-38 5.74E—-39 278E-39 1.63E-39 1.07E-39 7.62E—40 5.73E—40
290 892E—-38 1.60E—38 5.60E—-39 273E—-39 1.61E-39 1.06E—39 7.56E—40 5.70E—40
295 845E—-38 154E-38 547E-39 269E-39 159E-39 1.05E—-39 751E—40 5.67E—40
300 8.00E—38 149E-38 5.34E—-39 264E-39 157E-39 1.04E-39 7.46E—40 5.64E—40
305 760E—38 144E-38 b5.22E-39 260E—39 155E-39 1.03E-39 741E—40 5.61E—40
310 722E-38 1.39E-38 b5.10E-39 256E-39 153E-39 1.02E-39 736E—40 5.59E—40
315 6.86E—38 135E—-38 4.99E-39 252E-39 151E-39 1.01E-39 7.32E—40 5.56E—40
320 6.53E—38 1.31E-38 4.88E—39 248E—-39 149E-39 1.01E-39 727E—40 5.53E—40
325 6.23E—38 127E-38 4.78E—39 244E—-39 148E-39 9.96E—40 722E—40 5.51E—40
330 594E—-38 123E-38 4.68E—39 240E-39 146E-39 9.88E—40 7.17E—40 5.48E—40
335 567E—-38 1.19E-38 4.58E—39 237E—-39 144E-39 9.79E—40 7.13E—40 5.45E—40
340 542E-38 1.16E—-38 4.49E-39 233E-39 143E-39 9.71E—40 7.08E—40 5.43E—40
345 519E-38 1.13E-38 4.40E-39 230E-39 141E-39 9.63E—40 7.04E—40 5.40E—40
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Table 1. Cont.

A (nm) 3000 K 4000 K 5000 K 6000 K 7000 K 8000 K 9000 K 10,000 K

350 497E—-38 1.09E-38 431E-39 2.26E-39 140E-39 9.55E—40 6.99E—40 5.37E—40
355 476E—-38 1.06E—38 4.23E—-39 223E-39 138E—-39 947E—40 6.95E—40 5.35E—40
360 457E-38 1.04E-38 4.15E—-39 220E-39 137E-39 939E—40 6.90E—40 5.32E—40
365 438E—38 1.01E-38 4.07E-39 2.17E-39 135E-39 932E—40 6.86E—40 5.29E—40
370 421E-38 9.82E—39 4.00E—-39 2.14E-39 1.34E-39 924E—40 6.81E—40 5.26E—40

Solar atmosphere: absorption processes. The influence of radiation processes (1) can bee estimated
by comparing their intensities with the intensities of known concurrent radiation processes, namely:

H_ "

sA—i—{ Hao =H+e (11)
H>|< "

sA+{ Ht 4¢ =H" +e (12)

The relative contributions of the processes (1), with respect to processes (11) and (12), is described
by the quantities F defined by relation
Kia
Fe= Keq + Kej (1)
where «,, is absorption spectral coefficient of processes (11) and «,; is absorption spectral coefficient of
processes (12) (see papers [14,16]).

Similarly to the He case in DB white dwarf atmosphere [25] calculations of the absorption
coefficient were performed for the solar photosphere and lower chromosphere by means of a standard
Solar atmosphere model [5], and the total contribution of the processes (1) to the solar opacity was
estimated [16]. The results of the calculations of the parameter F; for 92nm < A < 350nm are
presented in Figure 5. The figure show that in the significant part of the considered region of altitudes
(=75km < h < 1065km) the absorption process (1) together give the contribution which varies
from about 10% to about 90% of the contribution of the absorption process (11) and (12), which are
considered as the main absorption processes [16].

8000 — T[K]
o
LNt — n(H) 10
7000 N ~-—-ne —
= 1\ 10" §
= 6000 4 ) - =
5000 - Tl T 107

0 200 400 600 800 1000 1200 1400 1600 1800 2000
h[km]

Figure 5. Upper panel: The behavior of the temperature T, Ny and Ne as a function of height h
within the considered part of the solar atmosphere model; lower panel: A surface plot of the quantity
Fe = xi,/ (keq + ;) (data taken from [14]) as a function of A and height & for a model of the solar
photosphere [5].
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On the basis of the above, it can be concluded that photodissociation processes represent
important channels for destruction of molecules in lot of astrophysical environments and features of
the interacting radiation are important in their spectral analyses.

3. Future Developments and Concluding Remarks

Exploitation the full potential of A + M data and database services is an ongoing challenge in
virtual data centers. There are still many limitations and problems that users are facing with such as
poor documentation, missing of data evaluation, no open access, etc. The aim of MolD database is to
be accessible, and be used by the wider scientific community, through VAMDC and to follow certain
protocols and defined rules in order to eliminate such limitations and problems.

The next step of development i.e., the stage three of MolD development will be the implementation
of possibility to fit the tabulated data. We plan to develop fitting formulas for photodissociation cross
section as the function of the temperature and wavelength. Also, we intend to update the current
database with newly calculated /measured data.

The continuation of such developments and services such as constantly updated online A + M
database, is crucial in the field of astrophysics and modern physics due to its rapid development and
make an immense impact on the way science is done in the developing world.
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