The change of the collision parameters of ‘O* + N2 — NO* + N’ reaction according to
geomagnetic activity days in the ionosphere
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ABSTRACT

A plasma is a medium containing a large number of charged particle interactions. For this reason, it is common and
appropriate to examine the plasma in terms of kinetic theory. In this context, the collision dynamics of the ‘O* + N2
— NO™* + N’ reaction for geomagnetically quiet day (04/09/2017) and disturbed day (08/09/2017) were calculated
for ionospheric altitudes with the help of kinetic theory. As a result of the calculation, it was seen that the mean free
path values were less on the disturbed day, as expected. The total collisions number was seen to reach maximum at
the height of hmF2 on both quiet and disturbed days, and the disturbed day values were greater. It was seen that the
collision frequency decreased exponentially with altitude.
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Iyonkiirede jeomanyetik aktivite giinlerine gore ‘O* + N2 — NO* + N’ reaksiyonunun
carpisma parametrelerinin degisimi
oz
Bir plazma c¢ok sayida yiiklii pargacik etkilesimlerini igeren bir ortamdir. Bu nedenle plazmay1 kinetik teori
acisindan incelemek yaygin ve uygundur. Bu baglamda jeomanyetik olarak sakin giin (04/09/2017) ve tedirgin giin
(08/09/2017) igin “‘O* + N2 — NO* + N’ reaksiyonuna ait ¢arpigsma dinamikleri kinetik teori yardimiyla iyonkiiresel
yiiksekliler i¢in hesaplandi. Hesaplama sonucunda ortalama serbest yol degerlerinin beklenildigi gibi tedirgin glinde

daha diisiik oldugu goriildii. Toplam garpisma sayisinin ise hem sakin hem de tedirgin giinde hmF2 yiiksekliklerinde
maksimuma ulastigi ve tedirgin giin degerlerinin daha biiyiik oldugu belirlendi. Carpigsma frekansinin ise istel

olarak azaldig1 goriildii.

Anahtar Kelimeler: Carpisma frekansi, jeomanyetik firtina, iyonkiire, kinetik teori

INTRODUCTION

The geomagnetic storm refers to the intense energy
input from the magnetosphere into the Earth's upper
atmosphere [1]. This energy input leads to the changes
in the complex morphology of the electric field,
temperatures, winds and media components, and affects
all ionospheric parameters [2]. During geomagnetic
storms, the quite increasing energy of the
magnetospheric flux is spent at the high-Ilatitude of the
ionosphere and causes ionospheric disturbances
expanding into the equator [3]. Perturbations occurred
at ionospheric F region heights in association with the
geomagnetic storm, (termed ionospheric storms) last for
several days, including the recovery period [2,4]. The
energy that enters the upper atmosphere from the
magnetosphere in a geomagnetic storm causes to heat

up.
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As the heating changes the rates of the chemical
reactions and the atmospheric components at that point,
it increases the thermospheric circulation and produces
traveling ionospheric disturbances (TIDs), disturbance
dynamo electric field (DDEF) [3]. Since the changes in
the chemical dynamics of the ionosphere lead to the
phenomena above mentioned during the period of
geomagnetic storm, the investigation of the dynamics of
these chemical reactions may lead to a clearer
understanding about these events. The kinetic theory for
classical gases consists of a combination of mechanics
and statics. The theory states that the motions of
molecules are determined by probabilities rather than
their own directions [5]. In plasma Kinetic theory, the
change in particles is defined by the distribution
functions expressed by kinetic equations [6]. For kinetic
theory used in obtained the plasma convection flux and
the conservation laws, the identification of either the
cross section or the interaction potentials between gases
is one of the main problems [7]. Despite the difficulty of
guantum mechanical or plasma physical calculations of
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reaction dynamics such as reaction cross-section and
rate constant associated with reactive collisions, which
have an important place in ionospheric plasma, the
importance of the work to be done on this subject is
emphasized [8, 9].

In this study, the change of collision dynamics of the O
*+ N2 — NO * + N reactive reaction occurring at the
ionospheric altitudes (150-600 km) over Elazig / Turkey
(38 41' N and 39 13' E) was investigated by means of
kinetic theory. The investigation was conducted for
active (08.09.2017) and quiet (04.09.2017) days of the
geomagnetic storm, which is an effective on the
ionosphere.

MATERIAL and METHOD

The density and temperature values used to investigate
the collision dynamics of the present reaction in the
study was obtained by the IRl and MSISE-90 model for
Elaz1g, Turkey coordinate at Local Time (LT) 02:00.

The kinetic theory for gases includes statistical
approaches as well as dynamic-based methods. With
these  approaches, Kkinetic theory allows the
identification of a large number of individual molecules
[5]. The distance traveled between two consecutive
collisions of a single molecule is defined as the mean
free path. The mean free path is defined as the inverse
of the multiplication of the collision cross section by the
particle density [5,9]:

A= 1)

]
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where, o is the cross section and n is the density of the
molecule.

Collisions play a fundamental role in the dynamics and
energy of the ionosphere, as they are responsible for the
production of ionization, the diffusion of plasma from
high -density regions to low -density regions, heat
transfer from hot regions to cold regions, energy
exchange between different species, and other processes
[10-12].

In this study, it was assumed that the ion was mobile
and the molecule was stagnant in the reaction “O* + N3
— NO* + N”. It is assumed that all other molecules
move at the same & velocity and that the relative
velocity of the others relative to the particle fraction is g
(where g and ¢ denote the relative and average
velocities of the molecules, respectively). Considering
the number of collisions at the time dt with the
immobile molecule, these particles, which collide with
the N, molecule at time t = 0, have a circular cylinder
with a volume of & g dt and a length of g dt. Thus, the

number of collisions of the N2 molecule (at time dt) is
equal to the product of the density of the colliding
molecules and the cylinder volume, nogdt [5,11].
Therefore, the number of collisions of a single molecule
at per unit time,v, is given by

—

v=+2ng
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Where, v is the velocity of the moving particle and n is
the density of the immobile molecule.

Total Collision Number

The total collisions number of a moving particle on a
particle that is stationary in the environment is defined
as the collision frequency. The total collisions number
between two particles Z;, is given by

- I mig?
Lz = AWK onn, (.:T) .r_gu dggie” 2T ®)
where k is Boltzmann constant, m* is reduced mass, n,
and n, is particles density and g is relative velocity.
This equation applies to both forward and reverse
reactions. Reversible reactions involve the collision of
two similar molecules, while forward reactions involve
the collision of different molecules. As a result, r,, is
t4 for reversible reactions and w;, is 1 for forward
reactions [5].

NUMERICAL RESULTS and DISCUSSIONS

In this study, ‘O* + N2 — NO* + N’ reaction represents
a reactive collision. The changes of the collision
parameters for this reaction according to ionospheric
altitudes for days, expressed as quiet day and disturbed
day according to geomagnetic activity values, are shown
in Figure 1. The parameters between (b) and (e) in both
panels show the mean free path, collision frequency,
total collision number, and collision cross section of the
reactive ionospheric reaction "O*+ N;—NO* + N"
respectively. (f) - (h) are the input parameters used to
calculate the dynamics of this reaction and denote the
density of the oxygen ion, the density of the nitrogen
molecule, and the reaction temperature, respectively.
Reaction temperature is defined as the arithmetic
average of ion and neutral temperatures. (a) shows the
change in ionospheric electron density for comparison.
It is seen that the change of parameters according to
altitude is showing differences in the numerical values
of the parameters due to their height-dependent changes
in active and quiet days while it is showing curvilinear
similarities. It can be seen that the average temperature
values obtained for the disturbed day are higher than the
quiet day values ranging from about 57-73 K.
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Figure 1. Change with altitude of the parameters of the present reaction for quiet (04 September) and disturbed (08 September)
days of geomagnetic activity. While the left panel shows the changes in the geomagnetically quiet day, the right panel
shows the changes in the disturbed day.
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