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ABSTRACT 

This study explores the differential cross section (DCS) for laser-

assisted scattering of diatomic molecules, considering various 

polarization conditions (linear, circular, elliptical) and potential 

parameters. The primary objective is to understand how polarization, 

screening effects, and potential parameters influence the scattering 

behavior. Utilizing a model that incorporates the Morse potential with 

screening effects, the analysis treats the laser field classically as a 

time-dependent, spatially homogeneous electric field, while the 

electron dynamics are described quantum mechanically using the 

Schrödinger equation. The Volkov wavefunction is derived, and the 

first-Born S-matrix element is computed to evaluate the scattering 

process. The results show that the DCS decreases with increasing 

screening parameters, with linear polarization yielding higher values 

than circular or elliptical polarization. Specifically, at an initial 

momentum of 8 MeV and a final momentum of 9 MeV, the DCS for 

elliptical polarization is notably higher. The DCS also varies with 

potential strength and well width, showing a peak at 0.14 Å for 

potential well width. The findings suggest that linear polarization is 

most effective for scattering studies under varying potential strengths. 

It is recommended to focus on linear polarization for enhanced 

scattering efficiency and to carefully adjust screening parameters and 

potential well widths for optimal results.   
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INTRODUCTION 

Laser technology has experienced significant advancements in intensity, frequency, and time 

domain capabilities in the last two decades. These improvements have led to the discovery of 

highly nonlinear laser-induced phenomena such as above-threshold ionization (ATI) and high-

order harmonic generation. Additionally, well-known processes have been modified by the 

presence of intense laser pulses. While the dynamic aspects of the ionization of atoms in a 

strong laser field are now well understood, theoretical analysis of similar processes in more 

complex targets, such as diatomic and polyatomic molecules, remains an active area of 

research. Recent experiments have shown that molecules behave differently in intense laser 

fields compared to weak field conditions, with new phenomena such as Coulomb explosion, 

bond softening, vibrational trapping, optically triggered explosions, and above-threshold 

dissociation being observed. Even the simplest process, multiphoton sequential ionization, 

exhibits many new features compared to atomic ionization. Understanding the ionization 

mechanism and its properties is crucial, as ionization is often followed by interesting 

secondary processes such as fragmentation or rescattering of the photoelectron [1]. Diatomic 

molecules subjected to strong laser pulses exhibit a wide range of fundamentally important 

processes influenced by the laser pulse parameters and the properties of the diatomics. Varró 

et al. [2] presented a general mathematical procedure to handle interactions described by a 

Morse potential in the presence of strong harmonic excitation, accounting for permanent and 

field-induced terms and their gradients in the dipole moment function. Their analytic formulae 

for bond-length change and shifted energy eigenvalues of vibrations provide insights into the 

behavior of H2 and LiH when driven by near- or mid-infrared lasers at intensities around 1013 

W cm-2. 

The change in internuclear distance caused by a laser pulse significantly influences the 

attosecond streaking spectrum and the formation of vibrational wave packets in diatomic 

molecules. Wei et al. [3] explored the photoelectron momentum distributions of H2 and N2, 

and their companion atoms Ar and Xe, under close-to-circularly polarized laser fields. They 

observed significant deviations in the results for N2 compared to Xe, attributing these 

differences to the two-center interference effect in diatomic molecules, which varies due to 

the parity difference in their molecular ground-state wave functions. Despite the established 

theoretical framework for molecules interacting with laser fields, analytic results in the strong-

field domain are rare and often approximate, while numerical methods can be computationally 

expensive for infrared wavelengths. Therefore, developing new analytic methods for 

molecules in strong fields is of great significance. Recent studies using fully quantized 

approaches have shown that intense laser-atom interactions can generate controllable high-

photon-number entangled coherent states and coherent state superpositions, revealing new 

phenomena not observable within semiclassical theories. Stammer et al. [4] provided a 

comprehensive fully quantized description of intense laser-atom interactions, discussing 

processes such as high-harmonic generation and above-threshold ionization, and their 

implications for quantum state engineering of light. 

Laser-driven nuclear dynamics of diatomic molecules have been investigated extensively, 

although many studies often neglect field-induced terms of the dipole moment function. 
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Corkum's [5] well-known three-step model has played a crucial role in the development of 

ultrashort pulse generation techniques, which are essential for attosecond science. Attosecond 

bursts of light, with durations shorter than a femtosecond, have enabled researchers to study 

electron dynamics in atoms and molecules on their natural timescales, facilitating the control 

of chemical reactions at the electronic level and obtaining time-resolved images of electronic 

motion. Palacios et al. [6] provided an overview of theoretical tools capable of describing 

electron and nuclear dynamics resulting from interactions with femto- and attosecond 

UV/XUV radiation, highlighting the time-dependent Feshbach close-coupling (TDFCC) 

formalism used to investigate various attosecond phenomena in the hydrogen molecule. 

Most theoretical approaches to date have explored H2 using the fixed nuclei approximation 

(FNA), with only a few considering both electronic and nuclear degrees of freedom while 

ignoring the dependence of electronic structure on internuclear distance. However, some 

implementations within the FNA have achieved significant breakthroughs, such as the first 

successful descriptions of one-photon and two-photon double ionization of H2 [7]. The 

advancement of laser technology has revitalized the research field of optics, allowing for more 

detailed information to be obtained. Yadav et al. [8] developed a mathematical model to 

calculate differential cross sections in the presence of a Coulomb potential and an elliptically 

polarized beam with single photon absorption. Their model demonstrated that the differential 

cross section increases with wavelength and decreases with electron energy under elliptically 

polarized beams, reaching a maximum at a 1.56 radian polarized angle. Dhobi et al. [9] studied 

the differential cross-section in the presence of a weak laser field during inelastic scattering, 

finding that the cross-section increases when the target absorbs energy and varies with the 

scattering angle. 

Dhobi et al. [10] also investigated the thermodynamic properties of thermal electrons 

participating in scattering events in the presence of a laser field, using a thermal Hamiltonian 

model. They found that thermodynamic energy around the target exhibits destructive 

interference at certain field amplitudes and temperatures, with the thermal Hamiltonian 

resembling a Coulomb potential. Further studies by Dhobi et al. [11] on laser-assisted thermal 

electron-hydrogen atom elastic scattering revealed that differential cross-sections vary with 

scattering angles and incidence energies, highlighting the differences between thermal and 

nonthermal electrons in the presence of a laser field. 

The literature on laser-induced phenomena in diatomic molecules has made significant 

progress in understanding processes like above-threshold ionization, high-order harmonic 

generation, and multiphoton sequential ionization. However, a notable research gap exists 

concerning the study of DCS involving a Morse potential in the presence of a laser field. While 

Varró et al. [2] developed a mathematical procedure for interactions described by a Morse 

potential under strong harmonic excitation and applied their results to H2 and LiH, they did 

not investigate DCS with laser fields or consider the screening effect. Moreover, existing 

studies often neglect field-induced terms in the dipole moment function or rely on fixed nuclei 

approximations, leaving the complex interplay between molecular structure, electronic wave 

function symmetry, and laser fields insufficiently explored. Therefore, this work aims to 

address this gap by studying the DCS with a laser field and a screening Morse potential, 
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providing new insights into the behavior of diatomic molecules under intense laser fields and 

contributing to a more comprehensive understanding of laser-molecule interactions. 

The introduction effectively sets the stage for the research by highlighting advancements in 

laser technology and their impact on nonlinear laser-induced phenomena. It emphasizes the 

need for further exploration of diatomic molecules in strong laser fields, particularly regarding 

DCS and interactions with a screening Morse potential, filling a notable gap in existing 

research. 

METHODS AND MATERIALS 

To study the DCS, we use a model that incorporates the Morse potential with screening 

parameters under laser-assisted scattering. This approach allows us to analyze the interactions 

between diatomic molecules and laser fields, considering both the screening effects and the 

dynamic changes in molecular structure induced by the laser. The vector potential is treated 

as spatially homogeneous and time-dependent. In our calculations, the collision dynamics are 

treated quantum mechanically, while the laser field is treated classically as a single-mode, 

spatially homogeneous electric field. We work in the Coulomb gauge, with the vector potential 

of a field propagating along the z-axis and represented in the collision plane. This model aims 

to provide a deeper understanding of the complex interplay between molecular geometry, 

electronic wave function symmetry, and intense laser fields. 

𝐴(𝑡) = 𝐴0𝑥̂ cos(ω𝑡 + ϕ) + 𝐴0𝑦̂ sin(ω𝑡 + ϕ) tan (
η

2
).    (1) 

This describes the vector potential A(t) of the laser field. The vector potential is crucial in 

laser-matter interactions, as it describes the momentum transferred from the electromagnetic 

field to the charged particles (such as electrons in the molecule). Here, the laser field is 

expressed in terms of two components along the x- and y-axes. A0 represents the amplitude of 

the vector potential, ω is the angular frequency of the laser., ϕ is the phase of the laser field 

and the term tan(η/2) introduces an angle η, likely relating to the ellipticity of the polarization 

of the laser field. The corresponding electric field E(t) associated with the vector potential. 

The electric field is directly responsible for driving the dynamics of charged particles, such as 

electrons in a molecule, causing phenomena like ionization, excitation, or dissociation. 

𝐸(𝑡) = 𝐸0𝑥̂ sin(ω𝑡 + ϕ) − 𝐸0𝑦̂ cos(ω𝑡 + ϕ) tan (
η

2
).   (2) 

Here, E0 is the electric field amplitude, proportional to the time derivative of the vector 

potential. The electric field components along the x- and y-axes are again modulated by the 

cosine and sine functions of (ωt+ϕ), corresponding to the time evolution of the laser field. The 

η measures the degree of ellipticity of the field, with 𝜂 =  0 corresponding to linear 

polarization and 𝜂 =  𝜋/2 to circular polarization. 𝐸0 =
𝜔𝐴0

𝑐
 and ω represent the peak electric 

field strength and the laser angular frequency, respectively. We start by obtaining the 

wavefunction of a free electron in the presence of a laser field, where its non-relativistic motion 

is described by the Schrödinger equation. 

𝑖
∂

∂𝑡
ψ(𝑟, 𝑡) = 𝐻𝐿ψ(𝑟, 𝑡) =

1

2
(𝑝2 +

𝐴(𝑡)

𝑐
) ψ(𝑟, 𝑡)    (3) 
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The solve of EQUATION (3) give give the Volkov wavefunction [12], 

χ𝑘(𝑟, 𝑡) = (
2π

𝑉
)

−
3

2
exp[𝑖(𝑘 ⋅ 𝑟 − 𝐸𝑘𝑡 − 𝑅𝑘 sin(ω𝑡 − γ𝑘))]  (4) 

Where, 𝑅𝑘 = α0((𝑘 ⋅ 𝑥̂)2 + (𝑘 ⋅ 𝑦̂)2) tan2 (
η

2
), and tan(γ𝑘) =

𝑘⋅𝑦̂

𝑘⋅𝑥̂
tan (

η

2
), α0 =

𝐸0

ω2 the 

amplitude associated with the classical quiver motion of the electron in the laser field is 

denoted by the amplitude term, and its kinetic energy is given by 𝐸𝑘=𝑘2/2. In the Volkov 

solution, as shown in EQUATION (4), the A2 term is omitted, as it can be removed from the 

Schrödinger Equation, EQUATION (3), by a unitary transformation. The Volkov wave 

function in EQUATION (4) is normalized to a δ function. 

χ𝑘(𝑟, 𝑡) = (2π)−
2
3 exp [𝑖 (𝑘 ⋅ 𝑟 − 𝐸𝑘𝑡

− α0((𝑘 ⋅ 𝑥̂)2 + (𝑘 ⋅ 𝑦̂)2) tan2 (
η

2
) sin(ω𝑡 − γ𝑘))]  (5) 

The central quantity to be evaluated is therefore the direct first-Born S-matrix element [13-

14], we  

have  

𝑆𝐵1 = −𝑖 ∫ 𝑑𝑡 ⟨𝜒𝑘𝑓
|𝑉|𝜒𝑘𝑖

⟩
∞

∞

               (6) 

Now putting the value of χ𝑘𝑓
(𝑟, 𝑡) and χ𝑘𝑖

(𝑟, 𝑡) are final and initial wave function of electron 

in laser field and 𝑉 = [𝐷𝑒−2𝑎(𝑟+𝑅0) − 2𝑒−𝑎(𝑟+𝑅0)]𝑒−𝜂𝑟   is morse screening potential [2]. The 

Morse potential function, introduced by Philip Morse in 1929 [15], is a three-parameter 

empirical model for potential energy. It is useful for modeling the interaction between atoms 

in a diatomic molecule and between an atom and a surface. Unlike the Harmonic potential, the 

Morse potential accounts for dissociation, which enhances its applicability. The formula for 

the Morse potential as V=De[1-2e-α(r-R
0

)+ e-2α(r-R
0

)] [16-19]. This is new potential decrease for 

this study and hence putting the value from (5) in (6) of χ𝑘𝑓
(𝑟, 𝑡) and χ𝑘𝑖

(𝑟, 𝑡) as well as 

potential we have from EQUATION (5);  

 

𝑆𝐵1

= −𝑖(2π)−
4
3 [× ∫ 𝑑𝑡

+∞

−∞

exp [𝑖𝑅𝑘𝑓
sin (ω𝑡 − γ𝑘𝑓

) − 𝑅𝑘𝑖
sin(ω𝑡 − γ𝑘𝑖

)] 𝑡]

× [𝐷 ∫ 𝑑𝜙 ∫ 𝑠𝑖𝑛𝜃 𝑑𝜃 ∫  𝑟2𝑑𝑟 
∞

0

𝜋

0

2𝜋

0

𝑒−2𝑎𝑟−2𝑎𝑅0−𝑖𝑞𝑟𝑐𝑜𝑠𝜃−𝜂𝑟  

− ∫ 𝑑𝜙 ∫ 𝑠𝑖𝑛𝜃 𝑑𝜃 ∫ 2𝑟2𝑑𝑟 
∞

0

𝜋

0

2𝜋

0

𝑒−𝑎𝑟−𝑎𝑅0−𝑖𝑞𝑟𝑐𝑜𝑠𝜃−𝜂𝑟  ]                                       (7) 

On Integrate this EQUATION (7) and we get  
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𝑆𝐵1 = −
𝑖

2𝜋
∑ 𝐽𝑚 (𝑅𝑘𝑓

) 𝐽𝑛(𝑅𝑘𝑖
)

∞

𝑚,𝑛=−∞ 

 𝑒𝑖(𝑚𝛾𝑓−𝑛𝛾𝑖)

× [
4𝜋𝐷𝑒−2𝑎𝑅0(2𝑎 + 𝜂)

(𝑞2 + (2𝑎 + 𝜂)2)2

−
16𝜋𝑒−2𝑎𝑅0(2𝑎 + 𝜂)

(𝑞2 + (2𝑎 + 𝜂)2)2
]                                                        (8) 

Now T-matrix is obtained as  

𝑇 = −
𝑖

2𝜋
∑ 𝐽𝑚 (𝑅𝑘𝑓

) 𝐽𝑛(𝑅𝑘𝑖
)

∞

𝑚,𝑛=−∞ 

 𝑒𝑖(𝑚𝛾𝑓−𝑛𝛾𝑖)

× [
4𝜋𝐷𝑒−2𝑎𝑅0(2𝑎 + 𝜂)

(𝑞2 + (2𝑎 + 𝜂)2)2
−

16𝜋𝑒−2𝑎𝑅0(2𝑎 + 𝜂)

(𝑞2 + (2𝑎 + 𝜂)2)2
] (9) 

Also, the DCS is obtained as  

𝑑𝜎

𝑑Ω
=

𝑘𝑓

𝑘𝑖
|𝑇|2                                                                                                     (10) 

𝑑𝜎

𝑑Ω
=

𝑘𝑓

𝑘𝑖
|−

𝑖

2𝜋
∑ 𝐽𝑚 (𝑅𝑘𝑓

) 𝐽𝑛(𝑅𝑘𝑖
)

∞

𝑚,𝑛=−∞ 

 𝑒𝑖(𝑚𝛾𝑓−𝑛𝛾𝑖)

× [
4𝜋𝐷𝑒−2𝑎𝑅0(2𝑎 + 𝜂)

(𝑞2 + (2𝑎 + 𝜂)2)2

−
16𝜋𝑒−2𝑎𝑅0(2𝑎 + 𝜂)

(𝑞2 + (2𝑎 + 𝜂)2)2
]|

2

                                                  (11) 

 

RESULT AND DISCUSSION 

The ingestion of DCS for a scattering process under various polarization conditions (linear, 

circular, elliptical) as a function of screening parameters. The initial and final momenta were 

set at 8 MeV and 9 MeV, respectively. The analysis included Bessel function parameters and 

ellipticity values (0, π/2, π), with screening parameters ranging from 0 to 1. The interaction 

potential was defined by potential strength and width, both set to 1. The DCS for each 

polarization state against the screening parameter, thus illustrating the variations in scattering 

behavior with different polarizations and screening effects, in FIGURE 1. The results indicate 

that the DCS decreases with increasing screening parameters. Notably, the DCS for linear and 

circular polarizations remains nearly identical, whereas the DCS for elliptical polarization is 

observed to be higher. This behavior can be attributed to the nature of the interaction between 

the projected and target particles, influenced by the screening parameters. 

In the lower region of screening parameters, the DCS is significantly higher as shown in 

FIGURE 1. This can be explained by the prominent role of the Coulomb effect between the 

projectile and the bound electron when the screening is low. The screening parameter 

moderates the interaction potential, and at low values, the Coulomb interaction is more 
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pronounced, leading to higher DCS values. Conversely, as the screening parameter increases, 

the DCS decreases. This reduction is because the higher screening effectively weakens the 

Coulomb interaction between the projectile and the bound electron, thus lowering the DCS. In 

this scenario, the interaction between the screening electron and the projected electron is more 

influential, while the impact of the bound electron's Coulomb interaction becomes negligible. 

When comparing the different polarization states, the DCS for elliptical polarization is higher 

than that for linear polarization, particularly in the context of the screening effect. The 

screening electron, positioned between two diatomic atoms, contributes to this discrepancy. 

The enhanced interaction due to the elliptical polarization leads to a higher DCS compared to 

the linear polarization case. The circular polarization shows similar DCS values to the linear 

case, suggesting that the nature of the interaction does not significantly change between these 

two polarization states under the given conditions. 

 

 

FIGURE 1. DCS with Screening parameters for linear, circular and elliptical. 

The analysis highlights the critical influence of screening parameters and polarization states 

on the scattering process. The screening effect plays a pivotal role in modulating the 

interaction potential, which in turn affects the DCS as shown in FIGURE 1. Understanding 

these dependencies is crucial for interpreting scattering phenomena in various physical 

contexts, particularly in scenarios involving intense laser fields and complex molecular 

interactions. Electron screening for nuclear reactions in metals plays an unexpected and 

important role in enhancing reaction cross sections in the ultra-low energy region [20]. The 

screening effect of the atomic electrons plays an important role in the cross section itself, as 

well as in the radiation power spectrum [21-22].  

The DCS for a scattering process under different polarization conditions (linear, circular, 

elliptical) as a function of initial momentum, with a fixed final momentum of 9 MeV. The 

study employs first-order Bessel functions, ellipticity values of 0, π/2, and π, and a screening 
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parameter of 0.1. The potential parameters are set to a strength of 1 and a potential well of 1. 

The DCS for each polarization state is computed and plotted against the initial momentum, as 

illustrated in FIGURE 2, to show how scattering behavior varies with different polarizations 

and momentum changes. Similar behavior of the DCS is observed for other screening 

parameters, potential well depths, and strengths, but with different amplitudes. FIGURE 2 

demonstrates that the DCS increases with initial momentum starting from 8 MeV, converges 

at a certain point DCS 10-6 a.u, and then diverges again, showing distinct patterns for different 

polarizations. The converges DCS about 10-6 a.u. shows that all case of polarization has same 

affect and has same DCS. The DCS for linear polarization case increase with energy and 

become maximum up to 1.5 x 10-6 a.u. while for circular and elliptical maximum DCS 

observed up to 10-6 a.u. and then after this decrease and become minimum. It is observed that 

the DCS for linear polarization is higher than for circular and elliptical polarizations. A 

significant fluctuation in the DCS is noted in the energy range of 8 to 11 MeV. This fluctuation 

is attributed to the effect of the screening parameters. 

 

 

FIGURE 2. DCS with change in momentum for linear, circular and elliptical. 

In the initial momentum range of 8 to 11 MeV, the DCS decreases due to the influence of the 

Bessel function. After reaching 11 MeV, the DCS stabilizes and remains almost constant as 

shown in FIGURE 2. This behavior can be understood by considering the screening effect in 

the context of diatomic molecules. Below 8 MeV, the diatomic molecules act as a single 

spherical atom because the screening parameter has a negligible effect. In this range, the atom 

appears as a single target, and the interaction primarily involves the Coulomb force between 

the projectile and the bound electrons. However, in the momentum range of 8 to 11 MeV, the 

screening effect becomes more significant, causing high fluctuations in the DCS. This is 

because the interaction now includes both the projectile electron and the screening electron. 

The screening effect modulates the Coulomb interaction, making it more complex and 
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resulting in fluctuations in the DCS. This indicates that the screening electron starts playing a 

crucial role, interacting with the projectile electron while the effect of the atom is minimized. 

After 11 MeV, the DCS becomes almost constant as shown in FIGURE 2, indicating a balance 

in the interaction forces. This implies that the screening effect reaches a saturation point, and 

the dominant interactions are between the projectile and the screening electrons, with minimal 

influence from the atomic structure itself. The results suggest that by manipulating the 

screening parameters, one can study and control the impact of DCS effectively. The screening 

effect can be leveraged to tailor the DCS according to specific requirements, providing a 

powerful tool for controlling scattering processes in various applications. This study highlights 

the importance of considering both the initial momentum and the screening parameters to 

understand the scattering behavior comprehensively and to achieve desired outcomes in 

practical scenarios. Bartschat et al. [23] study quantum‐mechanical calculations of cross 

sections for electron collisions with atoms and molecules and found the cross section increase 

with energy and become maximum and then decrease in absence of laser field. Similary 

different authors also found same nature with different atom [24-26]  

The DCS for a scattering process under different polarization conditions—linear, circular, and 

elliptical—as a function of potential strength (D), with the initial and final momenta set to 9.1 

MeV and 9 MeV, respectively. The calculations employ first-order Bessel functions, a 

screening parameter of 0.1, and a potential width of 1. FIGURE 3 illustrates how the DCS 

varies with potential strength D for each polarization state, providing insights into how 

scattering behavior is influenced by different polarizations and potential strengths. FIGURE 3 

reveals that the DCS initially decreases as the potential strength increases, reaching a 

minimum value at 4 eV. Beyond this point, the DCS begins to rise with increasing potential 

strength. This trend indicates a complex relationship between the potential strength and the 

scattering cross-section. 

For linear polarization, the DCS shows a clear and significant response to changes in potential 

strength. The initial decrease in DCS with increasing suggests that a stronger potential initially 

reduces the scattering efficiency. However, as the potential strength continues to increase, the 

DCS starts to rise, indicating that the scattering process becomes more favorable under higher 

potential strengths. This behavior underscores the effectiveness of linear polarization in 

diatomic molecules when varying the potential strength, highlighting its importance in 

practical applications where potential control is crucial. Conversely, the DCS for circular and 

elliptical polarizations exhibits negative values across the range of potential strengths. These 

negative values are non-physical and indicate that circular and elliptical polarizations are 

ineffective for the given scattering conditions. This lack of physical significance suggests that 

these polarizations do not provide meaningful results in the context of varying potential 

strength and diatomic interactions under the specified parameters. 
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FIGURE 3. DCS with Potential strength for linear, circular and elliptical. 

The findings demonstrate that linear polarization is the most effective polarization condition 

for studying scattering processes with varying potential strengths in diatomic molecules. The 

clear and physically meaningful DCS behavior observed with linear polarization contrasts 

with the non-physical results for circular and elliptical polarizations. This outcome emphasizes 

the need to carefully choose the polarization condition in scattering experiments and 

applications, as the choice significantly impacts the interpretability and usefulness of the 

results. 

The analysis of DCS for a scattering process under various polarization conditions—linear, 

circular, and elliptical—as a function of the potential well width. The study uses initial and 

final momenta set to 10.1 MeV and 9 MeV, respectively, with first-order Bessel functions, 

screening parameter of 0.1, and a fixed potential strength of 1. The potential well width  is 

varied from 0 to 1, and the DCS is calculated and plotted against this parameter. FIGURE 4 

illustrates how scattering behavior changes with different polarizations and varying potential 

well widths. FIGURE 4 shows that the DCS for linear and elliptical polarizations increases 

with the potential well width, while the circular polarization does not exhibit a significant 

response in this range. The DCS values for linear and elliptical polarizations demonstrate a 

pronounced increase with smaller potential well widths, reaching a maximum at 0.14 Å. 

Beyond this width, the DCS decreases and eventually stabilizes. This decrease can be 

attributed to the effects of the Bessel function, which influences the scattering dynamics as the 

potential well width becomes larger. 

The increase in DCS with smaller potential well widths for both linear and elliptical 

polarizations indicates that the scattering efficiency improves as the well width is reduced. 

The maximum DCS observed at 0.14 Å suggests an optimal potential well width for enhanced 

scattering under these polarization conditions. This result is particularly relevant for 

applications where maximizing the scattering cross-section is critical. For circular 
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polarization, the DCS does not show a meaningful variation with the potential well width, 

indicating that this polarization condition may not be effective for probing scattering processes 

in this context. The lack of significant results for circular polarization suggests that it may not 

be suitable for studies involving changes in the potential well width for diatomic molecules 

under the given parameters. 

 

 

FIGURE 4. DCS with of the potential well for linear, circular and elliptical 

The linear and elliptical polarizations provide valuable insights into the scattering behavior 

with varying potential well widths, with linear polarization showing higher DCS values 

compared to elliptical polarization. The observed trends underscore the importance of 

selecting appropriate polarization conditions for accurate and effective analysis of scattering 

processes. The decrease in DCS for larger potential well widths, influenced by the Bessel 

function, highlights the complex interplay between potential well width and scattering 

efficiency. 

The study of DCS under different polarization conditions and screening parameters has 

important practical applications across various fields. In nuclear reactions, particularly within 

metals, electron screening can be leveraged to enhance reaction cross-sections, essential for 

low-energy fusion processes. In laser-molecule interactions, optimizing polarization 

conditions helps improve control over molecular scattering, aiding in techniques like 

molecular imaging and spectroscopy. This research also provides valuable insights for 

designing scattering experiments, particularly in particle physics and electron microscopy, 

where maximizing scattering efficiency is crucial. Additionally, in materials science, 

understanding the interplay between polarization and screening can guide the development of 

advanced materials, such as semiconductors and nanotechnology, by improving control over 

electron behavior. 
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CONCLUSION 

This study reveals that the differential cross section (DCS) for scattering processes varies with 

polarization conditions (linear, circular, elliptical), screening parameters, potential strength, 

and potential well width. DCS decreases with increasing screening parameters, with linear and 

circular polarizations yielding similar values and elliptical polarization showing higher DCS 

due to stronger interaction effects. The DCS increases with initial momentum, exhibiting 

fluctuations between 8-11 MeV before stabilizing, with linear polarization providing higher 

DCS. For potential strength, DCS initially drops but rises beyond 4 eV, with linear polarization 

being the most effective. As for the potential well width, DCS increases with smaller widths, 

peaking at 0.14 Å and then decreasing, with linear and elliptical polarizations demonstrating 

significant changes while circular polarization shows minimal impact. These findings 

highlight the critical role of polarization and parameter selection in understanding and 

controlling scattering behaviors. 
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