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Abstract 

     The present work displays a theoretical calculation of the differential, integral 

cross-sections, and momentum transfer of electrons scattering from carbon 

monoxide (CO) and carbon dioxide molecules (CO2). The collision energy used 

ranged from 20 to 1100 eV for the CO molecule and from 10 to 700 eV for the CO2 

molecule. The partial wave analyses with complex optical model potential were 

used for solving the Dirac relativistic equation in the high and low energy regions. 

The results show decent agreement with current experimental studies and other 

theoretical predictions. 
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 .على نطاق واسع من الطاقات  تصادم الإلكترونات بجزيئات أول أكسيد الكربون وثاني أكسيد الكربون 
 

 علاء خلفاحلام ياسر ،   
 قسم الفيزياء، كلية العلوم، جامعة البصرة ، البصرة، العراق                

 
 الخلاصه 

يبين العمل الحالي حسابًا نظريًا للمقاطع العرضية التفاضلية والتكاملية ونقل زخم الإلكترونات المستطارة       
 ( الكربون  أكسيد  أكسيد  COمن  جزيئة أول  ثاني  )(. وكذلك جزيئة  التصادم   2COالكربون  تراوحت طاقة   .)

الكربون ومن     1100إلى    20المستخدمة من   أكسيد  الكاربون  إلى    10الكترون فولت لجزيء اول اوكسيد 
الإمكانات    700 ذات  الجزئية  الموجية  التحليلات  استخدام  تم  الكربون.  أكسيد  ثاني  لجزيء  فولت  الكترون 

النموذجية البصرية المعقدة لحل معادلة ديراك النسبية. في مناطق الطاقة العالية والمنخفضة، تظهر النتائج  
 اتفاقًا جيدًا مع الدراسات التجريبية الحالية والتنبؤات النظرية الأخرى.

الكربون؛   أكسيد  ثاني  جزيء  الكربون،  أكسيد  أول  جزيء  الإلكترون.   استطارة  المفتاحية:  الكلمات 
 . الاستطارة المرنة   موديل النموذج البصري؛  

 

Introduction 

     Projectile and atom/molecule scattering is of great importance in many natural and man-

made systems such as gaseous plasmas.[1]. Dispersion of ejected atoms or molecules is 
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highly common.  Understanding scattering phenomena are critical for improving our 

knowledge of planetary sciences, stars, and interstellar space and developing technologies[2, 

3]. However, it is important to study electron impact scattering from atmospheric molecules 

using models of both chemistry and physics, like gas transport electrons, atmospheric auroral, 

photochemistry of the atmosphere, emissions, biomaterial treatment, and plasma 

discharges[4]. Compounds that contain carbon, such as carbon monoxide and carbon dioxide, 

are the most essential material in the atmosphere and are the main factor of the chemistry that 

occurs in the atmosphere[5]. 

 

     Carbon monoxide (CO) is a major component of the atmosphere molecules of Venus and 

Mars[6]. It is a known component of comets in interstellar space. Furthermore, CO is used for 

gaseous discharges in the laboratory for different purposes[7]. On the other hand, electron-

carbon monoxide collisions play an important role in research on these topics, and now a 

large number of new cross-section data are available[8, 9]. 

 

     Carbon dioxide (CO2) is a linear triatomic, nonpolar, and heterogeneous molecule. It is the 

most available component of Venus and Mars atmospheres  and on earth [10]. However, to 

understand the aurora borealis and daylight, the excitation cross-sections, ionization, and 

dissociation of atmospheric types by electrons should be understood [7]. Therefore, reliable 

statistics of the electron-CO2 (e-CO2) collisions are important for controlling the atmosphere. 

Moreover, CO2 is often used in gaseous vacuums and low-temperature plasma devices. Thus, 

many experimental and theoretical articles regarding e-CO2 dispersal were collected and 

published until 2022 by a review article [8, 10-13].    Billah et al. [14] studied e-CO2 dispersal 

at a threshold energy of 10,000 eV, while  Vinodkumar et al.[15] calculated e-CO2 dispersal  

at 5000 eV.  Recently, Hudson et al.[16] studied the e-CO2 dispersal at a threshold energy of 

250 eV and estimated the total inelastic cross-section depending on the famous Spherical 

Complex Optical Potential (SCOP) formula. 

 

     The study of differential cross sections of CO and CO2 obtained a new set of 

recommended cross-sections. The independent atom model and screening correction using a 

complicated optical potential were used for solving Dirac relativistic equation in partial-

wave[17]. The model successfully calculated various observables of electrons and positrons 

scattering from CO molecule targets. 

 

     In the present work, Differential  Cross Sections (DCS), Total Cross Sections (TCS) and   

Momentum Transfers Cross Sections (MTCS) of the electron scattering from CO and CO2 

molecules at energy ranging from 20eV to 1100eV were calculated. Furthermore, the spin 

polarization of these scattering systems was determined for the first time. Dirac theory and 

the partial wave analysis with a complicated optical potential model were used in our 

calculations to adapt the fractional wave approach to the projectile-molecule interaction [18]. 

 

2. Theory 

     Partial wave action cannot be used to determine the scattering of electrons by a molecule 

because of the non-spherical shape of the shell molecule connection. The dispersion of the 

cross-sections because of the molecule (differential or integral) is created by simply adding 

the special contribution made by the individual free atoms that comprise the molecule  

according to the Additive Rule (AR)[14], which represents a basic approximation involving 

chemical bonding and aggregation effects. However, when an identical atom is present in a 

molecule, its intensity distribution differs from its density distribution when the atom is 

alone, where the grouping in the molecular composition leads to a distortion in the density 

distribution, which has an impact on dispersion as well as on the projectile and molecule 
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interaction of the atom-shell. The interaction of atoms in a molecule results in the formation 

of a free atom in the independent atom approximation and a reduction of single center 

dispersion of a molecule to a polycentric dispersion of a symmetric spherical potential owing 

to a free atom. The approximation allows the use of scattering partial wave analytics. This 

method can account for the molecular impact by defining the differential cross-section as a 

cohesive collection of waves transmitted from atoms at fixed points inside the molecule[17]. 

In addition, instead of the atom, the energy of the initial excitation and the dipole 

polarizability of the molecule are utilized to form the projectile atom. According to a 

theoretical framework, the contraction of the scattering potential is a critical problem that 

affects the calculated scattering parameters when a complex potential is present as an optical 

potential. Therefore, scattering potential contraction was investigated and identified[14].  

 

     The relativistic Dirac formula [19] of a projectile of m0 rest mass moving in a central field 

of V(r) with a velocity of v is given by: 

[𝒄𝜶. 𝒑 +  𝜷 𝒎𝒐 𝒄𝟐  +  𝑽(𝒓)] 𝝍 (𝒓)  = 𝜺 𝝍(𝒓)                                                                   (1) 

𝜀 =  𝛾𝑚0𝑐2 =  𝜀𝑖  +  𝑚0𝑐2 

the total energy is: 

γ = (1 − v 2/c 2) −1/2 

Where: c is the speed of light in vacuum, 𝜺i is the kinetic energy of the incident particle and α 

and β are the usual 4 × 4 Dirac matrices. 

 

Potential visual complexity 

The package of radial subroutines [20] and the complicated optical potential [21] type were 

used for solving the Dirac equation numerically: 

V(r) = Vreal(r) − iWabs(r)    

=  𝑉𝑠𝑡(𝑟) + 𝑉𝑒𝑥 (𝑟) +   𝑉𝑐𝑝(𝑟) −  𝑖𝑊𝑎𝑏𝑠(𝑟)                                                           (2) 

 

     The exchange, static, and correlation polarization potentials are represented by the genuine 

elements  𝑉𝑒𝑥(𝑟),  𝑉𝑠𝑡(𝑟) and  𝑉𝑐𝑝(𝑟), respectively, while the amplitude of the absorption 

potential is represented by the imaginary component Wabs(r). An electron's overall 

interaction with a target atom is described by the effective potential 𝑽(𝒓) selected to be the 

three potentials added together; static 𝑽𝒔𝒕(𝒓), exchange  𝑽𝒆𝒙(𝒓), and the correlation-

polarization 𝑽𝒄𝒑𝒐𝒍(𝒓)potentials. The terms are functions of the target's electronic density and 

approximate the collision dynamics given by: 

 

𝑽(𝒓) = 𝑽𝒔𝒕(𝒓) + 𝑽𝒆𝒙(𝒓) + 𝑽𝒄𝒐𝒓(𝒓) + 𝑽𝒑𝒐𝒍(𝒓)                                                     (2) 

        The energy of the  projectile's electrostatic interaction with the target atom can be 

obtained through [22]: 

𝑽𝒔𝒕(𝒓) = Ƶ𝒐𝒆𝝋(𝒓) = Ƶ𝒐𝒆[𝝋𝒏(𝒓) + 𝝋𝒆(𝒓)]                                                            (3) 

 𝐕𝐬𝐭(𝐫) = Ƶ𝐨𝐞𝛗(𝐫) = Ƶ𝐨𝐞[𝛗𝐧(𝐫) + 𝛗𝐞(𝐫)]                                                             (4) 

∅(𝒓) = ∅𝒆(𝒓) + ∅𝒏(𝒓)                                                                                            (𝟔) 

∅𝒆 (𝒓) = −𝒆 [
𝟏

𝒓
 ∫ 𝟒𝝅𝒓`𝟐

𝒓

𝟎

𝝆𝒆(𝒓`)𝒅𝒓` + ∫ 𝟒𝝅𝒓`𝝆𝒆

∞

𝒓

(𝒓`)𝒅𝒓` ]                              (5) 

∅𝒏(𝒓) = 𝒆 [
𝟏

𝒓
 ∫ 𝟒𝝅𝒓`𝟐

𝝆𝒏

𝒓

𝟎

(𝒓`)𝒅𝒓` + ∫ 𝟒𝝅𝒓`
∞

𝒓

𝝆𝒏(𝒓`)𝒅𝒓`  ]                                (6) 

 

Where: Z0e is the charge of the projectile electrons (Z0 = -1), r is the distance from centre of 

the molecule, ∅(𝑟) is the electrostatic potential function of the target atom represented as the 
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sum of the nucleus' and electron's contributions which is the total contribution from the 

nucleus and electron cloud, and ∅𝑛(r) and ∅𝑒 (r) are formed by the distribution of electric and 

nuclear charge, respectively[20] produced as a result of the electronic and nuclear charge 

distributions, respectively. The Fermi nuclear charge distribution 𝜌𝑛(r), provided by Hahn et 

al.[23] . Was  used to create ∅𝑛 (r). Furthermore, 𝜌𝑒 (r) was generated using the most exact 

electron densities, while  ∅𝑒 (r) is available for free atoms, which are determined from self-

consistent relativistic Dirac–Fock (DF) computations [18]. The electron exchange potential 

was calculated by the same density of ∅𝑒(r). The exchange potential model of Furness and 

McCarthy[24], that is a local approximation to the exchange interaction, was used to do the 

computations that is provided by: 

𝑽𝒆𝒙(𝒓) =
𝟏

𝟐
(𝑬𝒊 − 𝑽𝒔𝒕(𝒓)) −

𝟏

𝟐
[(𝑬𝒊 − 𝑽𝒔𝒕(𝒓))

𝟐
+ 𝟒𝝅𝒂𝟎𝒆𝟒𝝆𝒆(𝒓)]

𝟏
𝟐⁄

               (7) 

 

Where: Ei, is the projectile's kinetic energy and ao is the first Bohr radius. The parameter of 

free polarization potential for the binding and polarization potential Vcpol(r) can be 

determined by the binding energy of the target molecule as provided by Salvat et al. [20] 

where it has two components: short-running Vcor(r) and long-running Vpol(r) parts. 

 

𝑽𝒄𝒑𝒐𝒍(𝒓) = {
𝑽𝒄𝒐𝒓             𝒊𝒇                  𝒓 < 𝒓𝒄

𝑽𝒑𝒐𝒍           𝒊𝒇                  𝒓 ≥ 𝒓𝒄
                                                            (8) 

     The present work has adopted the parameters of the correlation potential given by   

O’Connell and Lane [25] 

 

2𝒗 𝒄  [𝝆]  ≡ {

𝟎. 𝟎𝟔𝟐𝟐𝒍𝒏𝒓𝒔 − 𝟎. 𝟎𝟗𝟔 + 𝟎. 𝟎𝟏𝟖𝒓𝒔𝒍𝒏𝒓𝒔 − 𝟎. 𝟎𝟐𝒓𝒔            𝒓𝒔   ≤ 𝟎. 𝟕
−𝟎. 𝟏𝟐𝟑𝟏 + 𝟎. 𝟎𝟑𝟕𝟗𝟔 𝒍𝒏 𝒓𝒔 , 𝟎. 𝟕 < 𝒓𝒔 ≤ 𝟏𝟎

−𝟎. 𝟖𝟕𝟔𝒓𝒔
−𝟏 + 𝟐. 𝟔𝟓𝒓𝒔

−𝟑
𝟐⁄

− 𝟐. 𝟖𝒓𝒔
−𝟐 − 𝟎. 𝟖𝒓𝒔

−𝟓
𝟐⁄

 , 𝟏𝟎 ≤ 𝒓𝒔

             (9) 

Where: 

 𝒓𝒔  = (𝟑
𝟒𝝅𝝆⁄ )

𝟏
𝟑⁄

                                                                                              (10) 

 

     The projectile's electrostatic interaction with a static potential is caused by the atomic 

charge distribution that can produce electron density calculated using Dirac-Focus [26] and 

the nuclear charge distribution of Fermi [23]. The present work used Furness and McCarthy's 

[24]  quasi-classical local exchange potential constructed from non-local exchange 

interactions utilizing WKB-like wave functions. The potential for polarization occurs as a 

consequence of the displacement of the atom's charges by the charged event and remains 

attractively ejected to both electrons. Gote and Ehrhardt  [27] used the Vcp(r) global 

correlation-polarization potential, which blends long-range Buckingham potentials with no 

parameters and short-range correlation potentials based on Local Density Approximation 

(LDA). For projectiles with kinetic energy above the first excitation threshold, there is a loss 

of particles from the elastic channel to inelastic channels. This effect can be modelled by 

including a negative imaginary term, −iWabs(r), in the optical-model potential. -iWabs(r).   

 

     The  𝑉𝑠𝑡(𝑟),  𝑉𝑒𝑥(𝑟),  𝑉𝑐𝑝 (𝑟), and  𝑊𝑎𝑏𝑠(𝑟)  components were shown in detail by many 

published works [17, 28, 29]. In the Dirac partial wave analysis, elastic scattering amplitude 

completely describes electron scattering by the potential V(r) [30]. Two contributions can be 

referred to: the spin-conserving contribution, 𝐹(𝜃), and the spin-flip contribution, g(𝜃). The 

elastic differential cross section of a non-polarized electron can be calculated using: 
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𝒅𝝈

 𝒅Ω
=  |𝒇(𝜽)|𝟐 + |𝒈(𝜽)|𝟐                                                                                          (11) 

 

Because the projectile-molecule interaction is not spherically symmetric, the partial-wave 

method cannot be used to directly generate observable numbers for e-CO, CO2 scattering. 

The amplitudes of direct and spin-flip scattering are calculated using[17]: 

𝒇(𝜽) = ∑ 𝒆𝒙𝒑(𝒊𝒒. 𝒓𝒊) 𝒇𝒊     (𝜽)                                                                                    (12)
𝒊

 

And 

𝒈(𝜽) =  ∑ 𝒆𝒙𝒑(𝒊𝒒. 𝒓𝒊)
𝒊

𝒈𝒊  (𝜽)                                                                                      (𝟏𝟓) 

Where: iq represents the momentum transfer, ri is the position vector of an atom i's nucleus 

with reference to an arbitrary origin, and 𝑓𝑖(𝜃) and  𝑔𝑖(𝜃) are the scattering amplitudes of the 

element's component-free atom. The appropriate DCS is calculated by the average of the 

orientations of all random oriented particles and are given by: 
𝒅𝝈

𝒅Ω
=  ⟨|𝑭(𝜽)|𝟐 +     |𝑮(𝜽)|𝟐⟩                                                                                    (13) 

 = ∑ 𝒆𝒙𝒑(𝒊𝒒. 𝒓𝒊,𝒋)[𝒇𝒊  (𝜽) 𝒇𝒋
∗(𝜽) + 𝒈𝒊 (𝜽) 𝒈𝒋 

∗ (𝜽)]𝒊,𝒋                                          (14) 

= ∑
𝒔𝒊𝒏(𝒒𝒓𝒊𝒋)

𝒒𝒓𝒊𝒋
𝒊,𝒋 [ 𝒇𝒊(𝜽)  𝒇𝒋

∗(𝜽) + 𝒈𝒊(𝜽)𝒈𝒋
∗(𝜽)]                                                   (15) 

=∑ [ |𝒇𝒊  (𝜽)|𝟐 + |𝒈𝒊(𝜽)|𝟐]𝒊 + ∑
𝒔𝒊𝒏(𝒒𝒓𝒊𝒋)

𝒒𝒓𝒊𝒋
𝒊≠𝒋  [𝒇𝒊(𝜽)𝒇𝒋

∗(𝜽) + 𝒈𝒊(𝜽)𝒈𝒋
∗(𝜽)](16 )  

In this equation, 𝑞 = 2𝑘 𝑠𝑖𝑛 𝜃
2⁄   , 𝑟 𝑖𝑗 is the distance between the atoms located at the i-th 

and j-th positions. , 𝑠𝑖𝑛
(𝑞 𝑟𝑖 𝑗)

𝑞 𝑟𝑖 𝑗
 = 1 when  𝑞𝑟𝑖 𝑗 = 0  and the expression  ∑  𝑖≠𝑗  reflects 

interference's contribution to molecular DCS. The integrated elastic ( 𝜎𝑒𝑙), momentum-

transfer ( 𝜎𝑚), and viscosity (𝜎𝑣 ) cross-sections for 𝑒 - CO, CO2 scattering are expressed in 

terms of DCS as: 

 

𝝈𝒆𝒍 = ∫
𝒅𝝈

𝒅Ω
 𝒅Ω = 𝟐𝝅 ∫ (

𝒅𝝈

𝒅Ω
)

𝝅

𝟎

𝒔𝒊𝒏(𝜽) 𝒅𝜽                                                        (17) 

 

𝝈𝒎 = 𝟐𝝅 ∫ (𝟏 − 𝒄𝒐𝒔𝜽) (
𝒅𝝈

𝒅Ω
)

𝝅

𝟎
𝒔𝒊𝒏(𝜽)𝒅𝜽                                                            (18)  

𝝈𝒗 = 𝟑𝝅 ∫ [𝟏 − (𝒄𝒐𝒔𝜽)𝟐] (
𝒅𝝈

𝒅Ω
)

𝝅

𝟎

𝒔𝒊𝒏(𝜽)𝒅𝜽                                                     (19) 

The total cross-section for the projectiles can be calculated by: 

 𝝈𝒕𝒐𝒕 =
𝟒𝝅

𝒌
 ∑ 𝒍𝒎𝒇𝒊   (𝟎)                                                                                  (𝒊 20) 

Where: 𝐼𝑚𝑓𝑖 (0) refer to the imaginary component of the forward direct of scattering 

amplitude 𝜃=0 for i-th atom. The 𝜎𝑡𝑜𝑡  includes both elastic and inelastic (absorption) portions 

due to the imaginary component. The inelastic cross-section in is given by: 

𝝈𝒊𝒏𝒆𝒍 =   𝝈𝒕𝒐𝒕 − 𝝈𝒆𝒍                                                                                           (21) 

 

     The Independent Atom Model (IAM) model has a flaw in that  it does is not account for 

multiple scattering of the shells from the molecule's constituent atoms, that limits its 

applicability to relatively high energies higher than 100eV [17, 31]. Another reason for this 

low-energy model's failure is its lack of knowledge of mutual interference between adjacent 

atomic cross-sections. To solve the problem, Blanco et al. [31]. presented 𝑠𝑖-correcting assay 

(0 ≤si ≤1) for a molecule's i-th and j-th atoms, that is provided by: 
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𝒔𝒊 = 𝟏 −
𝜺𝒊

(𝟐)

𝟐𝒊
+ 

𝜺𝒊
𝟑

𝟑𝒊
−

𝜺𝒊
𝟒

𝟒𝒊
+ ⋯ ∓

𝜺𝒊
𝑵

𝑵𝒊
                                                        (22) 

Where (26) 

𝐸𝑖
(𝑚)

=
𝑁 − 𝑚 + 1

𝑁 − 1
∑

𝑗𝜀𝑗
(𝑚−1) 

𝛼𝑖𝑗
(𝑚 = 2, ⋯ , 𝑁)

𝜎

𝑖≠�̇�

 

 

m represents the number of interfering atoms and  N is the number of the atom in the target 

molecule, and ij = max (4r𝜋𝑟2, 𝜎𝑖𝜎𝑗  ) where i and j are atomic total cross sections of the 

molecule's i-th, j-th atoms. Equation (15) has the following form for a CO2 molecule (N=3) 

and CO molecule (N=2): 

 𝒔𝒊 = 𝟏 −  
𝜺𝒊

(𝟐)

𝟐!
+

𝜺𝒊 
(𝟑)

𝟑!
                                                                                              (23 ) 

However, These coefficients Si  reduce the contributions of constituent atoms to the 

molecular cross-section  Blanco et al. [31] improved the formalism by adding another factor, 

Vij , to the positive values of : 

∑ 𝑣𝑖𝑗𝑠𝑖𝑠𝑗     𝑖≠𝑗
𝑠𝑖𝑛(𝑞𝑟𝑖𝑗)   

𝑞𝑟𝑖𝑗
[𝑓𝑖  (𝜃)𝑓𝑗

∗ (𝜃)],   

which is defined by  

𝑣𝑖𝑗 =  𝑟𝑖𝑗 
2 /(𝑟𝑖𝑗

2 + 𝜌𝑖𝑗
2 ), 

with a length-dimensional parameter  

𝜌𝑖𝑗 = 𝑚𝑎𝑥 (
√𝜎𝑖   

𝜋
,

√𝑎𝑗

𝜋
,

1

𝑘
  ). Here, ( √𝜎

𝜋⁄   )   depicts the radius of an area circle. As a result, 

Equation[32] was screening-corrected: 

(
𝑑𝜎

𝑑Ω
)

𝑠

= ∑ 𝑠𝑖
2

𝑖  [ |𝑓𝑖 (𝜃)|2 +  |𝑔𝑖(𝜃)|2]+∑ 𝑣𝑖𝑗𝑠𝑖𝑠𝑗𝑖≠𝑗
𝑠𝑖𝑛(𝑞𝑟𝑖𝑗)

𝑞𝑟𝑖𝑗
 [

𝑓𝑖(𝜃)𝑓𝑗
∗(𝜃) +

 𝑔𝑖(𝜃)𝑔𝑗
∗(𝜃)  

]                    (24) 

 

     The screening-corrected integrated elastic σel, momentum-transfer σm, viscosity σv, and 

total σtot cross-sections are given by: 

 𝝈𝒆𝒍 
𝒔 = 𝟐𝝅 ∫ (

𝒅𝝈

𝒅
)

𝒔𝝅

𝟎
𝒔𝒊𝒏(𝜽)𝒅(𝜽)                                                                                         (25) 

 

RESULTS 

   Relativistic calculation of the Total Cross Sections (TCSs), Differential Cross Sections 

(DCSs), and momentum transfer for electrons collisions with CO and CO2 molecules in 

various energies of (20-1100) eV for CO and (10-700) eV for CO2 employing optical model 

potential was done. The calculations were carried out using both real and absorption 

potentials. Tables 1&2 list the calculated scattering values of MTCS, TCS for the e-CO and 

e-CO2, respectively 

Figure 1 shows the obtained results of DCSs for e-CO collisions at 20 eV compared with the 

theoretical data of Billah et al. [17], Castro et al. [33], Lee et al. [34] and the experimental 

data of  Middleton et al. [35], and Nickel et al. [36]. For the energy of 25eV, the obtained 

results were compared with the data of Billah et al. [17] and the measurements of Gote and 

Ehrhardt [27]. For the energy 30eV, the results were compared with the data of Billah et al. 

[17], Lee et al.[34], and the measurements of Gibson et al. [37], Middleton et al.[35], and 

Chutjian and Tanaka [38]. The results for the 40eV energy were compared with the data of 

Billah et al. [17] and the measurements of  Middleton et al. [35], Nickel et al. [36] and 

Chutjian et al.  [38].  
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Figure 2 shows the obtained DCS results at 50 eV energy, which were compared with the 

theoretical data of Billah et al. [17], Castro et al.[33] and Lee et al. [34], the results were also 

compared with the experimental data obtained from  Middleton et al. [35], Nickel et al. [36] 

and Gote and Ehrhardt [27]. The results for the energies of 60eV and 70eV were compared 

with the data of Billah et al. [17] and the measurements obtained by Nickel et al. [36]. The 75 

eV energy results were compared with the data of of Billah et al. [17], Lee et al. [34] and with 

the experimental data of Gote and Ehrhardt [27] . 

Figure 3 compared the results of DCSs at 80eV and 90eV with the theoretical data of Billah 

et al. [17] and the experimental data of Nickel et al. [36], while the results of the 100eV 

energy were compared with the data of Billah et al. [17] and with the experimental data of 

Nickel et al.[36] , Castro et al. [33], and Lee et al.[34]. Finally, for the energy of 125eV, the 

results were compared with the data of Billah et al. [17] and with the experimental data of 

Gote and Ehrhardt [27]. 

Figure 4 shows the results of DCSs at 150 eV and 200eV compared with the theoretical data 

of Billah et al. [17], and with the experimental data of Gote and Ehrhardt [27]. For the energy 

175eV, the results were compared with the data of Billah et al. [17] and the experimental data 

of Gote and Ehrhardt [27]. For higher energy of 200eV, the results were compared with the 

data of Billah et al. [17],  Lee et al. [34], and with the experimental data of Gote and Ehrhardt 

[27]. For the energy of 300eV, the results were compared with the data of Billah et al. [17] 

and Lee et al. [34] and with the experimental data of Maji et al. [39] and Bromberg [40] . 

Figure 5 shows the obtained results of DCs at 400 eV compared with the theoretical data of 

Billah et al. [17] and Jain [41] as well as with the experimental data of Bromberg et al. [40]. 

The 500 eV energy results were compared with the data of Billah et al. [17], Lee et al. [34] 

and with the empirical data of Maji et al.[39] and DuBois and Rudd [42]. Furthermore, the 

energy 700eV results were compared using the data of Billah et al. [17] and Maji et al. [39] 

and with the experimental data of Maji et al.[39]. Finally, the 800eV energy  results were 

compared by the data of Billah et al. [17], Jain [41] and with the experimental data of DuBois 

and Rudd [42]. 

Figure 6 shows the results of DCSs at 900 and 1100eV compared with the theoretical data of 

Billah et al.[17], Maji et al. [39] and with the experimental data of Maji et al.[39]. 

 

     The TCS and TMCS results are shown in Figure 7(a and b), respectively. The TCS results 

were compared with the theoretical data of Kanik et al.[43] and Jain and Baluja [44] and the 

results were compared with the experimental data of Gibson et al.[37]. Moreover, the results 

of TMCS were compared with the theoretical data obtained by Jain and Baluja [44] and 

Morgan and Tennyson [45] and with the experimental data of Gibson et al. [37] and Haddad 

and Milloy[46]. 

Figure 8 shows the DCSs results of e-CO2 collision at 10 eV compared with the theoretical 

data of  Lee et al. [47], Morrison et al. [48], and with experimental data of Tanaka et al. [49] 

and Srivastave et al.[50]. The obtained results at energy 20 eV were compared with the data 

of Lee et al.[47] and Gianturco and Paioletti [51], as well as with the experimental data of 

Tanaka et al. [49] and Gibson et al.[37]. The 30 eV energy results were compared with the 

data of Botelho et al. [4] and with the experimental data of Tanaka et al. [49] and Gibson et 

al. [37]. For the energy of 40 eV, the results were compared with the data of Billah et al.[14] 

and with experimental data of Tanaka et al. [49], Shyn et al.[52] and Gibson et al.[37]. 

 

     The results of DCSs at 50 eV are shown in Figure 9 and are compared with the theoretical 

data of Billah et al. [14] and Botelho et al. [4] and with the experimental data of Register et 

al.[53], Shyn et al.[52] and Gibson et al. [37]. For the 60 eV energy, the obtained results were 

compared with the data of Billah et al.[14] and Iga et al.[54] and with the experimental data 

of Tanaka et al.[49].  The results obtained with 70eV energy were compared with the data of 
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Billah et al. [14] and with the experimental of Kanik et al. [55] and Shyn et al.[52]. For the 

energy of 80eV, the results were compared with those obtained by Billah et al.[14] and with 

the experimental data of Kanik et al. [55]. 

 

     The results of DCSs obtained at 90 eV were compared with the theoretical data of Billah 

et al. [14] and Botelho et al.[4] and with the experimental results of Register et al.[53]. For 

the energy of 100eV, the results were compared with the data of Billah et al.[14] and Iga et 

al.[54] and with the experimental data of Iga et al.[54]. The results with energy 200eV were 

compared with Billah et al. data[14] and Iga et al.[54] and also with the experimental data of 

Iga et al.[54]. For the energy of 300eV, the obtained results were compared with the data of 

Billah et al. [14] and Botelho et al.[4]  and with the experimental data of  Iga et al.[54, 56]. 

Figure 11 shows the results of DCSs at 400eV, which were compared with the theoretical 

data of  Billah et al. [14] and with the experimental data of Bromberg [57] and Iga et al. [54]. 

The 500eV energy results were compared with the data obtained by Billah et al.[14] and 

Botelho et al.[4] and with the experimental data of Bromberg [57] and Iga et al.[56]. The 

results of energy 600 eV were compared with data of Billah et al. [14]. The results of the 

energy 700 eV were compared with the Billah et al. results[14] and with the experimental 

results of Maji et al.[39].  

 

     The results of TCS are shown in Figure 12a and were compared with the theoretical data 

of Billah et al. [14], De-Heng et al. [58] and Jain and Baluja [44] as well as with the 

experimental data of Szmytkowski and Macia̧g  [59]. Figure 12b compares the TMCS 

obtained results with the theoretical data of Billah et al. [14] and Nakamura [60] and with the 

experimental data of Gibson et al.[37].  

 

     It is noteworthy that at Ei < 10 eV of the TCS no theoretical calculations can produce the 

resonance shape. However, Theoretical works, such as the R-matrix or multi-channel 

computations, can re-produce these special low-power features.  

 

DISCUSSION: 

     Interference structures are caused by the way the DCS changes with angle (or energy), 

which appear only in low-energy fields. These structures of are of great interest in collision 

dynamics where they appear because of the diffraction effects emerging from the quantum 

mechanics nature of matter. However, the interference structures are absent when a collision 

becomes very energetic, leading to the interactions of molecules and projectiles to occur 

inside the K shell. The DCs results calculated from Figures 8 to 11 were done at different 

energies at which the projectile's de Broglie - wavelengths are tiny enough in comparison to 

the target molecules' interatomic distances. Therefore, incident particles collide with all the 

atoms (within the target molecule) separately, with no geometrical overlap. 

 

     In general, the obtained results of DCSs for e-CO collision with different energies very 

well agreed with those obtained by others. For e-CO2 collision at low energies, some 

differences were noted between our results and those of other researcher. However, at 

intermediate and high energies, the results were enhanced. Furthermore, according to total 

and momentum transfer cross results presented in Figures 7 &12, the TCs results appeared 

good except at high energies where some discrepancy for the MTCs was noticed. 
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Table 1 : momentum-transfer (MTCS) and total (TCS) cross-sections for e-CO scattering. 
Energy (eV) TCS (cm2 ) MTCS(cm2 ) 

1.00000E+01 2.22379E-15 1.58463E-15 

2.00000E+01 1.64124E-15 1.12327E-15 

3.00000E+01 1.25941E-15 7.70175E-16 

4.00000E+01 1.04812E-15 5.89322E-16 

5.00000E+01 9.07630E-16 4.72224E-16 

6.00000E+01 8.04441E-16 3.88075E-16 

7.00000E+01 7.23987E-16 3.25071E-16 

7.50000E+01 6.89807E-16 2.99433E-16 

8.00000E+01 6.59278E-16 2.76932E-16 

9.00000E+01 6.07063E-16 2.39492E-16 

1.00000E+02 5.64025E-16 2.09844E-16 

1.25000E+02 4.82955E-16 1.57583E-16 

1.50000E+02 4.25847E-16 1.24046E-16 

1.75000E+02 3.83752E-16 1.01370E-16 

2.00000E+02 3.50824E-16 8.49867E-17 

3.00000E+02 2.65889E-16 4.90366E-17 

4.00000E+02 2.16850E-16 3.29625E-17 

5.00000E+02 1.83776E-16 2.40712E-17 

7.00000E+02 1.42077E-16 1.47403E-17 

8.00000E+02 1.27886E-16 1.20586E-17 

9.00000E+02 1.16364E-16 1.00718E-17 

 

Table 2: momentum-transfer (MTCS) and total (TCS) cross-sections for e-CO2 scattering 

Energy (eV) TCS (cm2) MTCS (cm2) 

6.00000E+00 2.66383E-15 1.26419E-15 

8.00000E+00 2.64889E-15 1.28111E-15 

9.00000E+00 2.61737E-15 1.28347E-15 

1.00000E+01 2.57729E-15 1.28190E-15 

1.50000E+01 2.33059E-15 1.22339E-15 

2.00000E+01 2.09317E-15 1.12577E-15 

2.50000E+01 1.89375E-15 1.02416E-15 

3.00000E+01 1.72891E-15 9.28943E-16 

3.50000E+01 1.59149E-15 8.42616E-16 

4.00000E+01 1.47578E-15 7.65780E-16 

4.50000E+01 1.37720E-15 6.97804E-16 

5.00000E+01 1.29237E-15 6.38019E-16 

6.00000E+01 1.15407E-15 5.39276E-16 

6.50000E+01 1.09694E-15 4.98405E-16 

7.00000E+01 1.04489E-15 4.62179E-16 

8.00000E+01 9.55841E-16 4.00963E-16 

9.00000E+01 8.82832E-16 3.51568E-16 

1.00000E+02 8.21912E-16 3.11315E-16 

2.00000E+02 5.13350E-16 1.30991E-16 

3.00000E+02 3.88976E-16 5.22475E-19 

4.00000E+02 3.18054E-16 4.12856E-19 

5.00000E+02 2.70540E-16 3.35197E-19 

6.00000E+02 2.36446E-16 2.78059E-19 

1.50000E+03 1.14085E-16 7.19469E-18 

2.00000E+03 8.90718E-17 4.49334E-18 
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2.50000E+03 7.31370E-17 3.09439E-18 

3.00000E+03 6.20844E-17 2.27211E-18 

3.50000E+03 5.39623E-17 1.74543E-18 

4.00000E+03 4.77397E-17 1.38674E-18 

4.50000E+03 4.28199E-17 1.13099E-18 

5.00000E+03 3.88316E-17 9.41753E-19 

6.00000E+03 3.27579E-17 6.84911E-19 

7.00000E+03 2.83501E-17 5.22475E-19 

8.00000E+03 2.50051E-17 4.12856E-19 

9.00000E+03 2.23797E-17 3.35197E-19 

1.00000E+04 2.02643E-17 2.78059E-19 

 

 
Figure 1: DCS (cm2 /sr) for elastic scattering of electrons from CO at energies of 20, 25, 30, 

and 40 eV. Theoretical data for Billah et al. [17], Castro et al.[33],   Lee et al. [34]. 

Experimental data for Middleton et al. [35], Nickel et al. [36], Gibson et al. [37], Chutjian 

and Tanaka[38]. 
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Figure 2: DCS (cm2 /sr) for elastic scattering of electrons from CO at energies 50, 60,70, and 

75 eV. Theoretical data for Billah et al. [17], Castro et al. [33], and Lee et al. [34]. 

Experimental data for Nickel et al. [36], and Gote and Ehrhardt [27] 
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Figure 3: DCS (10-16 cm2 /sr) for elastic scattering of electrons from CO at energies 80, 

90,100, and 125 eV. Theoretical for Billah et al. [17], Castro et al. [33] and Lee et al. [34]. 

Experimental for Nickel et al. [36], and Gote and Ehrhardt [27] 
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Figure 4: DCS (10 -16cm2/sr) for elastic scattering of electrons from CO at energies of 

150,175,200 and 300 eV. Theoretical data for Billah et al. [17], Castro et al. [33], and Lee et 

al. [34]. Experimental for Nickel et al. [36], Gote and Ehrhardt [27], Maji et al. [39], and 

Bromberg[40] 
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Figure 5:  DCS (10 -16cm2/sr) for elastic scattering of electrons from CO at energies 400, 

500,700, and 800 eV. Theoretical data for Billah et al. [17],  Jain [41], Maji et al.  [39] and 

Lee et al. [34]. Experimental data for Nickel et al. [36], Gote and Ehrhardt [27], Maji et al. 

[40], DuBois and Rudd [42] and Bromberg [41] 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6:  DCS (10 -16cm2/sr) for electrons elastic scattering from CO at energies 900 and 

1100eV. Theoretical data for Billah et al. [17] and  Maji et al.  [40].   Experimental from Maji 

et al. [40] 
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Figure 7: TCS and MTCS for elastic scattering of electrons from CO2. Theoretical data for 

Kanik et al. [43], Jain [41] and Morgan and Tennyson[45]. Experimental data from Haddad 

and Milloy [46] and  Gibson et al. [37]. 

 

 
 

 

Figure 8: DCS (10 -16cm2/sr) for elastic scattering of electrons from CO2 at energies of 10, 

20, 30, and 40 eV. Theoretical data for Lee et al. [47], Morrison et al. [48] ,Gianturco and 

Paioletti [51], Botelho et al. [4], and Billah et al. [17]. Experimental data for Serivastave et 

al.[50],Tanaka et al.[49], Gibson  et al. [37] and Shyn et al.[52] 
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Figure 9: DCS (10 -16cm2/sr) for elastic scattering of electrons from CO2 at energies of 

50,60,70 and 80 eV. Theoretical data for Billah et al. [17], Botelho et al. [4] ,  and  Iga et 

al.[56]. Experimental data of Register et al.[53], Shyn et al.[52], Gibson et al.[37],  Tanaka et 

al.  [49], and Kanik et al. [55] 
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Figure 10: DCS (10 -16cm2/sr)  for elastic scattering of electrons from carbon dioxide at 

energies of 90,100,200 and 300 eV. Theoretical Masum et al.  [17]. Botelho et al. [4], and Iga 

et al. [54]. Experimental: Register et al. [55] Shyn.[53], Gibson et al. [37] , Iga et al.[54]. 
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Figure 11: DCS (10 -16cm2/sr) for elastic scattering of electrons from CO2 of 400,500,600 

and 700 eV energies. Theoretical data for Billah et al. [17], and Botelho et al. [4]. 

Experimental data for Iga et al. [54],   Bromberg [57]and Maji et al.[39] 
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Figure 12: TCS and MTCS for elastic scattering of electrons from CO2 .Theoretical data of 

Billah et al. [17] , De-Heng et al. [58], Nakamura [60] and Jain and Baluja [44]. Experimental 

data for Szmytkowski and Macia̧g [59] and  Gibson et al. [37]. 
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