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Recent attempts to use scintillation from the upper atmosphere in order to provide 

diagnostics of the properties of the cosmic rays are similar to experiments at very low pressures 
and very high E/N [1].  Recently a model of thermalization of electrons has been developed 
which focuses [2] on the effective excitation at high electron energies and the role of secondary 
electrons.  In this paper we have applied our model of high E/N discharges in nitrogen  to 
describe excitation efficiency when electrons are thermalized at high altitudes, i.e. relatively low 
pressures [3,4]. Electronic excitation and ionisation in molecular nitrogen are of interest for 
interpereting scintillations due to cosmic rays and consequently of the very high energy 

elementary particles.  The best suited bands for that purpose are those due to the C3Πu-B
3Πg 

transition of neutral nitrogen (second positive 2+) and B2Σu-X
2Σg transition bands of N2

+ (first 
negative 1-). 

The purpose of this paper is to discuss quantitative relation between these two bands and 
conditions of electron thermalization. We also try to improve the calculation of the effective 
contribution of the secondary electrons to the emission, based on our normalization of cross 
sections for high E/N discharges.   

The Monte Carlo code is based on the null collision technique, used to calculate the time 

between the collisions. Total collision frequency is calculated from the sum of total elastic cross 

section and total inelastic cross section. For each inelastic cross section, collision frequency is 

generated in order to select process type and differential cross sections are exploited to select 

angle after the collision thus accounting for anisotropic electron scattering.  Ionization is treated 

by using a known relation for energy partition between two electrons after the ionization [3].  

We follow all the contributions due to initial high energy and all the secondary electrons until 

they drop below the threshold for excitation. 

If we increase the initial electron energy for one order of magnitude (Fig. 2), signal due to 

the direct electrons is lower and broader than in Fig.1. At the same time signal due to the 

secondary electrons significantly increases being more than one order of magnitude larger.   

In the case where no electron multiplication is assumed in ionizing collisions the range of 

the electron penetration is broader since the initial electrons decrease kinetic energy only in 

inelastic collisions and not in the partitioning between two electrons (bold dotted and bold curve 

respectively in Fig. 2). On the other hand, intensity of the emission obtained for direct electrons 

and for the case when no multiplication is assumed for the process of ionization, is almost the 

same due to the similar amount of electrons for these two cases. 

The cross sections set for electron scattering on N2 was the same one as in [3]. It consists 

basically of the data due to Phelps and Pitchford [5,6] for the total inelastic cross sections, while 
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the total cross section was determined on the basis of their momentum transfer cross section and 

our collection of differential cross sections.   

In Fig. 1 we will show spatially resolved emission of 2+ band for low initial 

electron energy (100 eV).  Total emission signal (total) is a superposition of the signal 

due to the initial electrons (direct) and due to the secondary electrons (sec). The two 

groups produce nearly equal contributions.  Erroneous interpretations of the excitation 

efficiency were made in past leading to the development of the pressure dependent cross 

sections.  In reality however, complex excitation due to secondaries ensues after the 

initial electrons. Effective emission is also dependent on the pressure due to excitation 

quenching by parent gas collisions.  In addition we have shown how the spatial profile 

of emission would look if we were to neglect the formation of secondary electrons. 

 
Acknowledgements 
 
The work presented here was supported in part by MNRS 141025 project.  We are grateful to Željka 
Nikitović for help in preparation of the manuscript. 

 

 
Reference 
[1] Z.Lj.Petrović, B.M.Jelenković and A.V.Phelps 1992 Phys. Rev. Lett. 68 325.  
[2] F. Blanco and F. Arqueros, 2005 Phys. Letters A 345  355. 
[3] V.D. Stojanović and Z.LJ. Petrović, 1998  J.Phys.D: Appl. Phys. 20 1395.  
[4] S. B. Vrhovac, V. D. Stojanović, B. M. Jelenković and Z. Lj. Petrović 2001 J. Appl. Phys.  90, 5871  
[5] A.V. Phelps and L.C. Pitchford, 1985 Phys. Rev. A, 31 2932. 
[6] S. Yoshida, A.V. Phelps and L.C. Pitchford, 1983  Phys.Rev. A 27 2858. 
 

0.0 0.2 0.4 0.6

103

104

105

 total
 sec
 direct
 no multiplication

2+  e
m

is
si

on
[a

rb
.u

n
.]

d[cm]

100 eV

0 2 4 6 8 10

102

103

104

105  total 
 sec
 direct
 no multiplication

2+
 e

m
is

si
o

n[
ar

b
.u

n.
]

d[cm]

1000 eV

 

Fig. 1-2.  Spatially resolved emission of 2+ emission band of N2 at pressure 1 Torr and for the initial 

electron beam energy of  100 eV and 1000 eV. 


