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INTRO: Solar photosphere and M Red Dwarfs before AGN BLR topic 

Chemi-ionization/recombination processes in solar 
photosphere

Few years ago we started investigations of  chemi-ionization/recombination 
processes and their influence in solar photosphere
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Associative chemi-ionization channel i.e. creation of H2
+

Non-associative ionization ch.

In Mihajlov et al. 2011 we investigated chemi-ionization/recombination 
processes in H*(n) + H(1s) collisions and their influence  on the populations of 
hydrogen Rydberg atoms and electrons in weakly ionized layers of the Solar 
photosphere and the lower chromosphere

chemi-ionization processes:

Invers chemi-recombination processes:

We compare with the corresponding electron-atom collision
processes



Mechanism is described in details in review paper Mihajlov et al. 2012

A*(n) +A is represented as [A++ *A(1s)] + e
system of quasi molecule and electron 
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First we calculate cross sections and  rate coefficients for the conditions that exists 
in weakly ionized layers of the Solar photosphere and the lower chromosphere. 

These data are input parameters needed for modeling. 

a)

b)

Total rate coefficient

Rate coefficient for channel a) and b)

Cross sections 
for channel a) and b)
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the first conclusion in the paper Mihajlov et al. 2011 relates to relative contribution 
of partial chemi-ionization and recombination processes i.e. channels a) and b) 
for given n and T
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(a)

(b)

branch coefficients 
ratio



second conclusion relates to the comparison with the corresponding electron-atom 
collision processes 
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It has been demonstrated in Mihajlov et al. (2011) that
Chemi-ionization/recombination processes in H(n) + H(1s) collisions, for the
principal quantum number n>2, must have significant influence
in comparison with the corresponding electron-atom collision
processes on the populations of hydrogen Rydberg atoms and electrons
in weakly ionized layers of the Solar photosphere and the lower
chromosphere, and that they have to be included in modelling
and investigation of Solar plasma, especially in the region of the
temperature minimum in the Solar photosphere.
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The presented results suggest that the 
chemi-ionization/recombination 
processes due to their influence on the 
excited state populations and the free
electron density, also should influence 

on the atomic spectral line shapes. 

This assumption is confirmed by the 
Figs, which show the profiles of some 
of hydrogen spectral lines in the M red 
stars calculated with and without these 

processes using PHOENIX code.



In AGN, especially in the region of the moderately ionized layers of dense parts 
of the BLR clouds (NeT ~1014cm-3K) plasma conditions are closer to stellar 
atmospheres than to photoionized nebulae (Osterbrock 1989). 

Consequently, it is of interest to investigate the influence
of the mentioned processes in dense parts of BLR clouds and to
provide the data on the corresponding rate coefficients useful for
modelling and investigations of such layers.

Out main idea
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Let's go back to the Chemi-ionization/recombination Atomic Processes 
in the AGNs Broad-Line Region  
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Mercè Crosas and Jon C. Weisheit, Hydrogen molecules in quasar broad-line regions, MNRAS, 1993, 262, 359.

we started to check the literature. problems

No rate coefficients for higher n 
and
No rate coefficients for second 
non-associative channel

the uncertainties of  the rate 
coefficients due to hydrogen 
collisions exist in almost all cases

For the conditions 104 - 1010 cm-3

they concluded that the influence of 
the associative chemi -ionization 
processes is negligible in BLR clouds. 

However, in very dense weakly 
ionized regions with > 1010 cm-3 , 
these chemi ionization / 
recombination processes could be 
important and could change the 
optical characteristics
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the uncertainties of the rate coefficients due to hydrogen collision
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Total rate coefficient

Rate coefficient for channel a) and b)

Cross sections 
for channel a) and b)



XI BULGARIAN-SERBIAN ASTRONOMICAL CONFERENCE 14 - 18 
MAY, 2018, BELOGRADCHIK, BULGARIA



*

2

*

() (4)

() (5)

AnAAe

AnAAAe

+

+

++

+++

*

2

*

() (6)

() (7)

AeAnA

AAeAnA

+

+

++

+++

chemi-ionization processes:

Invers chemi-recombination processes:

We compare with the corresponding electron-atom collision
processes
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DISCUSSION AND CONCLUSION

We can see as well that even around the value of N1 = 1012 cm-3 the inclusion of the 
considered here chemi-ionization/recombination processes could improve the 
modelling and analysis of such regions not only in photospheres of Sun and solar like 
stars but also in clouds in AGN BLR and NRL.

Additionally, the Figure 3 demonstrates as well the high sensitivity of the influence of 
these processes to the relatively small changes of N1 which can be of interest for the 
determination of limiting N1 densities in clouds in AGN BLR and NRL.

submitted in MNRAS



Our plan is to present the results obtained during this investigation in MolD database 
which can be accessed directly through http://servo.aob.rs as a
web service (Marinković et al., 2017; Srećković, 
Ignjatović, Jevremović, Vujčić, & Dimitrijević, 2017). 

perspectives



Website User Interface



Or 



Map of databases (on all continents)





Sample output from MolD. Data set, represented in XSAMS 
(XML Schema for Atoms, Molecules and Solids) format.
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