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Reactive electron/molecule collisions: state-to-state cross sections and 

rate coefficients for modeling the kinetics of the cold plasmas

Electronic collisions are major processes dominating the kinetics of cold non-thermal ionized media such as interstellar molecular clouds, polar aurorae, fusion

edge plasmas, shock layers of atmospheric reentries, propulsion gases and plasmas assisting ion implantation and combustion.

Using the Multichannel Quantum Defect Theory (MQDT) [1-3], R-matrix Theory [4] and Configuration Interaction Method (boomerang model)[5], we computed

cross sections and rate coefficients for the dissociative recombination (DR) (1.1) and the related competitive processes – (ro)vibrational excitation or de-excitation

(RVE or RVdE) (1.2) (Nf
+,vf

+> Ni
+,vi

+ or Nf
+, vf

+< Ni
+, vi

+ respectively) and dissociative excitation (DE) (1.3) for molecular cations :

where vi,f
+ and Ni,f

+ stand for the initial or final vibrational and rotational quantum number of the target ion.

The description of the quantum dynamics relies on molecular structure data previously explored. A representative sample of such data is given in Figures 1-3,

taking the electron/H2
+ system as example.

Relevant examples are given below for various targets: AB stands for H2
+ - Fig. 4, HD - Fig. 5, BeH - Figs. 6 and 7, BF – Fig. 8, CH – Fig. 9, CO – Fig. 10, N2 –

Figs. 11 and 12, SH – Figs. 13, 14 and 15, ArH – Fig. 16, BF2 – Figs. 17 and 18, C2H – Fig. 19, N2H – Fig. 20 and CH2NH2 – Fig. 21.

Figure 5. Rate coefficients for Dissociative Recombination(DR), 

Elastic Collisions (EC) and RoVibrational Excitation (RVE) of  HD+ in

its ground state [6].
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Figure 7. Rate coefficients for DR of BeH+ [7,8,9], BeD+ [10] and 

BeT+ as a function of the vibrational energy: isotopic effects.
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Figure 4. Maxwell isotropic rate coefficients for the DR and

state-to-state VE, VdE of H2
+ ion [article in preparation].
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Figure 1. Summary on potential energy curves - ground rotational 

state – relevant for the electron/H2
+ reactive collisions [article in 

preparation].

Figure 3. Rydberg states quantum defects for the 7 symmetries 

considered in the MQDT calculations. For the symmetry 1∑g
+

both contributions coming from s- and d-partial waves are shown 

article in preparation].

Figure 2. Discrete-to-continuum couplings for the 7 symmetries

considered in the MQDT calculations. For the symmetry 1∑g
+

both contributions coming from s- and d-partial waves are shown

[article in preparation].
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Figure 13. Yield (in percents) of the global contributions to 

the two sets of atomic fragments [article in preparation]. 

Figure 14. Partial DR's rate coefficients leading to the S(3P)+H(2S) 

and S(1D)+H(2S) atomic fragments [article in preparation].
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Figure 21. DR and VE rate coefficients of CH2NH2
+ in its

ground state [23].

ArH+

Figure 16: Rate coefficients for DR and DE. vi
+ = 0, 5, 10, 15, 20 

and 23 of ArH+ [article in preparation]
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Figure 15. Anisotropic rate coefficients for DR of SH+ [20] 

compared with TSR measurements [21]. 

Figure 11. Dissociative Recombination (DR) and Vibrational 

Excitation (VE) cross section for N2
+ in its ground state [18].
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Figure 10. DR, VE and VdE rate coefficients for a vibrationally

relaxed CO+ target [17].
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Figure 18. Rate coefficients for Dissociative Recombination(DR) 

and Vibrational Excitation (VE) of  BF+ [11] and BF2
+ radicals [22]. 
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Figure 12. Dissociative Recombination(DR), Vibrational Excitation 

(VE) and Vibrational De-excitation cross sections for N2
+ in its 

lowest 6 vibrational states [19].

Figure 17. Cross section for Dissociative Recombination (DR) of 

BF2
+ radicals [11]. 
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Figure 19. VE cross sections for the normal modes of C2H
+ in

its ground state [article in preparation].
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