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Abstract: The aim of this work is to studiwthe Scattering behavior of electrons in a Gaussian-screened
potential under polarized laser fields @inéary circular, and elliptical) within thermal and nonthermal
environments. For this purpose, we de¥éloped a theoretical model using the thermal Volkov wave function
to describe electron dynamics in theGanssian-screened potential. Using the thermal Volkov wave function,
we derived the scattering and transition matrices via the Kroll-Watson approximation. From the transition
matrix, the differential cro§sssection was obtained, which directly characterizes the scattering behavior of
electrons in the Gaussian-scréened potential. The developed differential cross-section model was computed
to analyze electron behayior under thermal and nonthermal conditions. Observations indicate that the
differential cross-seetionyis'highest for elliptical polarization, followed by circular and linear polarizations.
Additionally, the)differential cross-section is greater in thermal environments compared to nonthermal ones.
Also, the scr€eénihg parameters significantly affect resonance positions and differential cross
section mag@nitudes, shifting peaks toward smaller angles and increasing cross-section values at
higher s€reening. Distance separation studies reveal contrasting trends between thermal and non-
therptal regimes, and photon energy variations highlight polarization reversals at higher energies.
the Study demonstrates that differential cross section can be effectively manipulated by tuning
pelarization, screening, temperature, and scattering angle. This study shows that electron scattering
with Gaussian-screened potentials can be controlled by tuning polarization, screening,
temperature, and scattering angle, which has practical applications in plasma physics, fusion
energy, and semiconductor technology. The findings also provide insights for advanced material
processing, space plasma modeling, and the development of laser-based diagnostic tools.
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Introduction

Quantum dots (QDs) are nanostructures with unique optical and electrical properties due to
quantum confinement, which allows for precise tuning of these properties based on size and
composition. Since their discovery in the 1980s, QDs have been widely researched for their
applications in photonics, including solar cells, electroluminescence, photon imaging, and
nonlinear optics (Yu et al., 2000). Various types of QDs, such as cadmium selenide (CdSe);%ine
sulfide (ZnS), and cadmium telluride CdTe, have been explored for both fundamental andapplied
sciences (Liu et al., 2009; Zou et al., 2011; Li et al., 2005). Adjusting QD sizg ‘allews for
customizable optical properties, opening opportunities for advanced photonic devieesy, Studies on
two-electron QDs have provided insights into electron-electron interactions, aiding the theoretical
understanding of their structure using techniques like Hartree-Fock and”effective mass theory
(Chakraborty, 1999; Peeters, 1990). Modifying QD confinement properties can alter photon
emission frequency, highlighting their versatility in optical technologics, (Bahar et al., 2018).
Artificial atoms, also known as QDs, have garnered significant, attention for nanoscale
applications, including digital photography, optoelectronics, quantiim imformation processing, and
solar energy harvesting (Chakraborty, 1999). Their electrical and aptical properties resemble real
atoms, except for a scale factor and the absence of a Coulombteeniter potential. QDs are typically
1-100 nm in size and contain multiple electrons in a confined*space, making their interaction with
ultrashort, strong radiation fields critical for undersganding their electrical dynamics. Radiation
within the THz and mid-IR range can excite or ionize,QDs, leading to active experimental inquiry
(Jacob et al., 2012). Recent experiments using ultrafast THz and mid-IR radiation have probed the
femtoscale structural dynamics of QDs. Like, atomie systems, these ultrafast interactions are
expected to reveal valuable insights into, QDs} €lectronic dynamics. Since early investigations,
much theoretical and experimental workehas focused on the correlation and entanglement of
confined electrons.

Bryant (1997) conducted one of the“earliest studies on electron-electron Coulombic collisions,
showing how QD size influgnces'thertransition from independent particle systems to many-body
systems. As QD size increases,th&Significance of correlation interactions grows, particularly since
the Coulomb energy decreases more slowly than single-particle energy differences (Nikolopoulos
and Bachau, 2016). MAdvances in nanofabrication have further enabled the use of QDs in
optoelectronic devices, emphasizing nonlinear optical effects, refractive index changes (RICs),
and absorption goeffigients (ACs). The influence of external fields, especially intense laser fields
(ILF), has beefisfotnd to significantly alter QD properties, breaking system symmetry and enabling
second haymohic/generation. Studies on laser-dressed cylindrical QDs with axial Morse potentials
show thatSstfuctural parameters and external fields closely impact their intraband optical
propettiesyoffering potential for optoelectronic device applications (Ungan et al., 2021). At the
mnanoseale, electron movement can be restricted in various ways, forming structures like quantum
wellsywires, and dots. Advances in crystal growth techniques like molecular beam epitaxy enable
precise control over QD characteristics, making them valuable for semiconductor laser diodes and
optoelectronic devices (Khordad, 2012; Xie, 2008). The study of QD electron dynamics under
strong laser fields has led to breakthroughs, such as attosecond laser pulse generation (Gunatilaka
and Gamalath, 2016; Bauer, 2006).

The motivation for this study stems from the need to understand and control electron scattering
dynamics in Gaussian-screened potentials under polarized laser fields, which has important
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implications for plasma physics, fusion energy, semiconductor technology, and advanced material
processing. Despite extensive research on quantum dot and electron dynamics, comprehensive
theoretical models that simultaneously account for polarization effects, thermal and non-thermal
environments, screening parameters, and scattering angles remain limited. This work addresses
this gap by developing a differential cross-section model based on thermal Volkov wave functions
and the Kroll-Watson approximation. Using this framework, we derive the scattering and
transition matrices necessary to evaluate the differential cross section (DCS) and systematicall¥
analyze how polarization, screening, temperature, and scattering angle collectively,infltfence
electron behavior. This theoretical approach not only advances the fundamental understanding’of
laser-assisted electron scattering but also provides practical insights for experimental dpplications
and technological developments in plasma physics, fusion energy, semiconductor technology, and
laser-based diagnostics.

Methods and Materials

The lateral coupling quantum well wires are to be exposed to a monochsomatic planar wave of
frequency in a strong terahertz laser field. The laser beam is polarized in<a finear manner along the
x-axis direction and non-resonant with the laterally-coupled quantum well wires (LCQWWs). As
a result, the electron's transverse motion is the only thing that the Jaserfield alters; its axial motion
remains unchanged. The time-dependent Schrodinger equatignizgan be used to describe the
conduction-band electrons dynamics of the LCQWWs ingthe (%, y) plane:

1 e 2 . alp (x’ y’ t)
Y- <p CA(t)) +V|yY, y t)=ih 5% (D
where m* represents the conduction-band electrofiic &ffective mass, p represents the momentum
within the (X, y) plane, e represents the electron charge, c represents the speed that light travels in
vacuum, and 7% is the Planck constant. The vectoppotential that defines the laser field is expressed
as A(t) = Aocosot, where Ao is the amplitude of wavefunction of laser photons. The Kramers-
Henneberger unitary transform andath&, dipole approximation can be used to further modify
equation (1) (Liu et al., 2009).
nearr L 0P(x,y,t)
[ I+ +Vllp(x:y,t)—lh 6t (2)
where 1 (x, y, t) represents.flie wave function and V(x, y, t) = V(x + aesin(wdt), y) represents the
laser-dressed confining, potential. The quiver motion of a single electron in the laser field is
described by the Jascérdressed variable og.With a period of T = 2m/wq, V(x, y, t) represents a
periodical functign'efitime that oscillates at frequency wq. It is assumed that T denotes the electron's
characteristigtransit time within the quantum structure. The Schrodinger equation in dependence
on time to(obtaiy the wave form of an electron connected to an external electromagnetic field. The
laser field,"e@n be represented by the vector potential A(t) in the dipole approximation.
Congequently, an electron connected to an external field of electromagnetic radiation (Kim, 2022
and Bfansden and Joachain, 2003) has time-dependent wave function is

2

1 E
X(r8) = Gz exp {i%.(r +%JA(t)dt>— it = i ZethAz(t)} dt (3)

This goes by the name of the Volkov wave function. E is the free electron's kinetic energy.
Similarly for elliptical polarization, we also have vector potential (Yadav et al., 2020) we have

A=a [9? cos(wt) + Psin(wt) tan G)] and then for this we have Volkov wave function in thermal
case form (Dhobi et al., 2025a; Dhobi et al., 2024) we have

© Author(s) 2026 CC BY 4.0 https://creativecommons.org/licenses/by/4.0/ :w



Accepted Manuscript (Author Version)

h

+ i ;;C::h -2 (tan2 (g) + 1) wt + (tam2 (%) - 1) sin(2wt)
+ 2 tan? (g) cos(Zwt)]} — k.VTexp(imert)

Form equation (4), ¢ is ellipticity and —k,VTexp(ioert) term is thermal wave functron w
is electron thermal conductivity, VT is change in temperature of electron, et is freq l@
thermal electron (electron in thermal environment) (Gonzélez De La Cruz, G., & Gure\%’
Now to obtained DCS with Kroll Watson Approximation for Linear Polarized (Kr

1973) we have,

1 P . E
Xg (r,t) = W exp yip.r + Rsin(wt —y) — i—t

+o0o

[
Spi = 0 — % i Xp (r,t) [V X (r, t))dt (5)
Now substituting value of X; (7, t) and X¢(r, t) from above equation modified of V(r) =
Vo] (Zaor) exp [ (? +a°)] (Durak and Sakiroglu, 2023). W the potential assuming

the electron is surrounding the Gaussian potential so it is g 0 multlphes by screening part

and become = -V, J (Zaor) Xp[ r :aO) e ~" here ? eening parameters. For linear
r

0

polarization £ = 0, for elliptical polarization & = circular polarization & =— from

equation (5). Scattering matrix (S-matrix) is @ € of time development operator between
unperturbed asymptotic in and out state when ti s to —oo to + oo where as transition matrix
in a fixed time. Due to the application of scattering theory combined with a classical
treatment of the electromagnetic field, tl@ is regarded as semiclassical. Equation is used in

a derivation akin to that presented by ( d Watson, 1973).
(Xr(r, OV @)X (r, 0)) dt (6)

Equation (6) is S-matrix re thh is combined form of Kronecker delta and transition
matrix. Since we are in study the differential cross section (DCS) and transition matrix
(T-matrix) is directl alte from equation (6) we take second term which is known as transition
matrix is expressed

=i f_ (X (r, OV (@)X, 1) dt (7)

Equation own as T-matrix, where, X¢ and X; is final and initial wave function of after and
before thermal environment . To evaluate the T-matrix putting the value of equation
@) 0@ v thermal wavefunction and modified Gaussian-screening potential and solving with

% n of algebraic term we have

| | |
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Tfi
@ 1
— 3 : . _ o
= L fV(r)d r(zn)3 exp {ip.r + 2R sin(wt —y) — iEt }dt

« k,VTariexp(iwerit) P E
_ 3. eV 1eTi€XP eTi {__f . _ _f}
L) JV(r)d r 2m)i7? exp \~i-.T + Rsin(wt —y) + i ht dt

o k VT reexp(—iwerst i E;
—f fV(r)d3r VTerieXp(—iwert) exp {i&.r + Rsin(wt —y) — i—Lt}dt
o (2m)3/2 h h ) Q

— f f V(1) k2VTar;VTereexp(iwept)dtd3r

In equation (8) VTer; is change in temperature of thermal environment before s at%&;azd VTere
fr
A

is change in temperature of thermal environment after scattering, weTj is th u of thermal
electron before scattering and weT; 1 energy of electron after scattering. Th ation (8) is used
to calculate the T-matrix with integration of ‘r’ and ‘t’. Also, the p%y is defined as y =

tan~! (tan@ tan G)), where 0 is scattering angle and y determine t rization case (linear,
elliptical and circular) dependent on scattering angle and ellipticity. solving equation (8) we
get,

N
P

=— Z Jn(2R) e™" 218 (nw — E) <(27T)2'w

n=-—oo
(—71+ip—ifco )Zr@ (—m+ip — ipcosH)r(J)]
r

2

T O
k,VTe £ o= 225 (E W\,
+anz_oo]n( )e T ( f +nw) m 7

2
—n + ipr — iprcosO)T, nhipg—ipscosd “rd —n +ips — iprcosf)r
| (o1 + ipy — ipyeosO)ry g%, ; e (_( n + ips — ipscos) 0)]

(—m + ip — ipcosO)r,

2 2
koVTert I Vo \7¢
+ PISEE Z Jn( 218 (E; — wers + nw) (—(Zn)zz‘pi)? 1
n=—oo
N (—n+ip; — @9)7’0 \/Ee(—nﬂpi—ificos@)zr& erfc (_ (—n +ip; — ipicose)ro)]
2

i gﬂ) _a_gﬁ<r2_2+n2) g
+ iO 2V 1V Teredm2 8 (wor)cosbe 70 0 2 e 4 (9)

n (9) is obtained by putting value of gaussian-screening potential in equation (8) and
solving by integration with respect to ‘r’ and ‘t’. for ‘t’ integrate we used Jacobi—Anger Expansion
(e#sinf = 3= J.(z)e™) to solve the integration in term of Bessel function. Also using
complementary error function (erfc(x)) is a special function (Gaussian integrals) for ‘r’ integrate
of equation (8). Now arranging the simplifying equation (9) we get final expression of T-matrix
as shown in equation (10),

- - ©
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Tf i

VoTo —in
<2p(2n>2) D, e

\/_ ro(= n+1p lPCOSQ) (n+ip=ipcosd)*ry ¢ (=n +ip — ipcosB)ry
er1c 2
_ Voke VTeTlr0 2 Q
R)e 1
2p;(2m)7/7 In(R)e Q

\/_r +i iprcos@) (-n+ips—ipscoso “r3 +i i cq{%
mro(—1) L ), " erfc< (=n + ip, — ipy

@\
_ VokVTersrd Z ]n(R)e_”Wl 4

2p;(2m)772 &
Vary(—n + lpl lplcose) = 17+lpl—lp16059)2 § < (—n +i lplcose)ro ]
+ erfc

2 2
VoV TeriVTere2mcosOk2ry [ 2 n’ ro ao \)
+\/— oV LleTi e’l.‘f elo [ & 1’]2 o (10)
4i r02

Now equation (10) is final equation used to calcite the D or the study of scattering dynamic of
electrons in presence of laser field with gaussmn creg 1ng potential. As we know that DCS is
directly realted to T-matrix (Kavazovi¢ et al., 2 d realted by equations (11) as shown,

@ (11)
Now putting value of T from (10) i e get DCS. The obtained equation was sued to study
the scattering dynamics of electrgn gaussian-screening potential in presence of laser in
thermal and nonthermal enviro

Results and Discussion

The developed equation ) was computed using MATLAB programming language with
considering differe erical value change in momentum = 0.3 eV, field strength = 1 a.u.,
photon energy 5 1\d7)eV, separation distance = 10 A, and electron conductivity (ke) = 1 a.u. The
result of comp &graphs with this numerical value is shown in Figure 1(a), which presents the
% ing angle, for different polarization cases (linear, circular, and elliptical). The
rat the DCS for elliptical polarization is highest, followed by circular and then

compared to circular. Similarly, circular polarization covers a larger interaction region than

r due to its geometry. The alternating high and low peaks are attributed to resonance effects—
higher peaks correspond to resonance with the superposition of multiple photons, while lower
peaks arise from resonance with fewer photons. In general, the DCS decreases in amplitude with
increasing scattering angle, since oscillation amplitude diminishes with angle. Figure 1(b) shows
the variation of DCS with scattering angle under different conditions. Here too, the DCS for
elliptical polarization is greater than that of circular and linear. Beyond ~45°, the DCS for elliptical
polarization decreases, while circular and linear cases show a decrease only at higher scattering

. . i
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angles. Additionally, the thermal case (around room temperature) shows a higher DCS compared
to the non-thermal case (absence of temperature effects), provided no screening effect is present.

5 T —
@ T (I-Dl'l:ceilr r 15 (b) —Linear
’54 -4 E*i; idal — —Circular
© = —Elliptical
ev:a m\(_“/ 1 L .
2 o
x 2 : ° QQ
2] »n 057 1
8. 2 %\
% 20 40 60 % 20 on
Scattering angle (Degree) Scattering angle )
Figure 1: DCS with scattering angle at n = 0 (a) VTer; = 293K and VTgps = 300K (b) VTer; =
VTers = OK &

Figure 2(a) shows that the DCS increases sharply up to about %r which it decreases. The

observed peak is attributed to resonance. Among the polarizati ases, the DCS for elliptical

polarization is the highest, followed by circular and the 'n&ﬁbrthermore, Figure 2 illustrates

the DCS at different screening parameters. It is obsewe%th increasing screening parameter

values, the DCS also increases. Additionally, highgr scréening enhances the resonance effect,

leading to the appearance of smaller resonanges% are shifted towards smaller scattering
€

angles, as seen in Figures 2(a)-2(d). This indi at resonance is strongly influenced by the
screening parameters. Therefore, by considering scteening effects around the potential of the target
atom, one can measure and control scattef‘ eriments more effectively.

6 r r A 3 .
—Linear —Linear
= (@) —circular = (b) —circular
© —Elliptical © —Elliptical
v4 L o v2 L .
~ -
o o
X X
0 2t 0 1r
(@] ©]
a &)
0 L L 0 .
0 20 40 60 0 20 40 60
ttering angle (Degree) Scattering angle (Degree)
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0.03

——Linear 5 " ]
() —circular (d) :Llpear
—Elliptical 54t _gl'l':;:';:l -
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S o 3}
) =
(©] X 2F
0 0.01f N
&)
a1t
0 - 0 .
0 20 40 60 0 20 40 \ 0
Scattering angle (Degree) Scattering angle (Degrée
Figure 2: DCS with scattering angle (a)n = 0.2, (b)n = 0.4, (c)n =0« (dn=08at

q=03eV,ay=1,1ry = 10 atat VTor; = 293K and VTere= 30
The results, shown in Figure 3 at a scattering angle of 27°, presen %DCS variation with
momentum change for both thermal and non-thermal cases across 1 1zation types, without
considering screening parameters. In both thermal and non-the %es, the DCS for elliptical
polarization is greater than that for circular, and circular is hig Kb linear. In the thermal case
(VTeri = 293 Kand VT.py = 300 K), the DCS is significantly higher compared to the non-
thermal case (VTori = VTers = 0K, considered as no%nal). Additionally, in the thermal
case, the DCS remains nearly constant up to about 4oV, affer w
eV, resulting in the observed peak in Figure 3(a). W,
assisted quantum dots in the absence of temperatuge, the)DCS is observed to decrease with increasing
incident energy, showing a trend similar to the slo c&e se presented in Figure 3(b) (Kurmi et al., 2025).
A more detailed comparison was limited, as no &nal literature for similar cases could be found. Such
resonance does not appear in the non- 1 case. This indicates that temperature plays an
important role in laser-assisted sc and can be used to manipulate both experimental
observations and the calculation o DCS values.

hich a resonance occurs around 5
mparing the DCS with Kurmi et al. for laser-

£ O\, : :
1.5F \

—~3.275146 :
S
S 1! —Linear |
< p) —Circular
P (b) cu
- 3.27514% —Elliptical

T

DCS x 1072 (a.u.)

(,)X \ —Linear
8@% 0 g
) s
0 2 4 6 0 2 4 6
c) Change in momentum (eV) Change in momentum (eV)
We 3: DCS with change in momentum at n = 0(a) VTer; = 293 Kand VT.rs = 300 K, (b)
VTeri = VTers = 0K

Figures 4(a) and 4(b) show the DCS as a function of momentum change at a lower scattering angle
of'5.7°, considering different screening parameters in the thermal case, while Figures 4(c) and 4(d)
show the corresponding results at 27°. At 5.7°, the DCS decreases sharply in the low-energy region
due to electron transformation into the target and the surrounding scattering environment. With
increasing screening parameters, the DCS tends to converge, as shown in Figure 4(b), maintaining
a similar trend to that observed for lower screening values. At the higher scattering angle of 27°,

| | |
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the DCS for smaller screening parameters is found to be lower than that for larger screening
parameters. Resonance is observed at 27°, whereas weaker resonances appear at 5.7°. The nearly
constant DCS in the range of ~0.5-4 eV corresponds to the condition where the electrostatic
interaction energy is approximately equal to the resonance energy, as depicted in Figure 4.

2.691993
= —~2.135172
© 3
0’7,2.691992 ) —|énea|r S/ 2.13517 ——Linear ° QQ
o ——Circular 3 i
-— . o (b) Circular
X 5 691991 — Elliptical < 2135168 — Elliptical \
8 ' 8 2135166 L %
e lk a O 2135164 \@&
269199 2135162
0 2 4 6 0 2 4\6
Change in momentum (eV) Change in mom?um (eV)
3.163258
— s —~2.850006
3 3
0;‘3 3.163256 — Linear 0;‘3 2.850004 — Linear
o (c) —Circular fe) 2 850002 (d) —Circular
; —Elliptical ‘; : —Elliptical
» 3.163254 %) 2.
O O
[m)] [m)]
3.163252
2 4 6

Figure 4: DCS with change in mome

cases without considering s

higher and exhibits an
5(a) and 5(b), resp
polarization states ar

geometry, meanil%
different polari& :

tive

[}
0 2 4 6 \
Change in momentum (eV)Q}

a)n =0.2at5.7° (b) n=08at5.7° (c))n = 0.3
d(d))n=6at27°

Change in momentum (eV)

n the thermal case (Figure 5a), the DCS values for nearly all

ost equal. This indicates that thermal effects dominate over polarization
at finite temperature the oscillation region becomes uniform across
This conclusion is further supported by the contrasting behavior observed

in the non-t ase (Figure 5b).
[ 15 P = \ 1
<y e \ 3
— = Inea[ QEETTHS 0ESTEE ~ —_—
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Figure 5: DCS with distance separation at n = 0(a) VTer; = 293 K and VT.ps = 300 K, (b)
VTeri = VIers = 0K
Figure 6 presents the DCS as a function of distance separation, considering both thermal and
screening effects, for elliptical polarization cases. At lower screening values, the DCS behavior is
similar to the thermal case without screening (as shown previously in Figure 5a). However, at
higher screening values, the DCS exhibits two distinct behaviors. For distances below ~1.5 A, the
DCS follows the same trend as in the low-screening case. Between ~1.5 A and 4.5 A, the ]Q
remains nearly constant, indicating that in this region the electrostatic interaction energy m
the rest energy of the interacting particles (Figure 6b). Beyond 4.5 A, the DCS incr a&g{ th

distance, resembling the behavior observed in the non-thermal case (Figure 5b). The ature
of the DCS under screening is similar across other two polarization cases (circula liffear).
)
15
15
- %
3 (o
e, o
s (@) = (k)
‘_>< %
Q05 Q05
a B
0 . - 0
0 1 2 3 4 5 ¢ 1 2 a 4 5
Distance (A) Distance (A)

Figure 6: DCS with distance separation (a) n, = *) n=1atVTer; = 293 Kand VTeps =

3

Figure 7 shows the variation of DCS with p epgy for both thermal and non-thermal cases.
Figures 7(a) and 7(b) correspond to the thermal and non-thermal cases, respectively. In the thermal
case (Figure 7a), multiple resonance observed. The smaller DCS peaks correspond to
resonances involving the superposi r&bf a lower number of interacting particles, whereas the
larger peaks arise from resonanc the superposition of a greater number of particles in the
scattering process. Around € DCS decreases for all polarization states. At lower photon
energies, the DCS for glli olarization is highest, followed by circular and then linear.
However, with increasin ton energy, this order reverses: the DCS for linear polarization
becomes higher thapgircular, and circular becomes higher than elliptical. This behavior is
attributed to the ts being dominant at lower photon energies. In the non-thermal case
(Figure 7b), th aintains the expected ordering—elliptical > circular > linear. Only small
resonance p observed: the first (below 0.2 eV) is due to resonance with the superposition
of fewer s g particles, while the second (0.2-0.5 eV) corresponds to resonance with a larger
number% ttefing particles. Beyond 0.9 eV, the DCS increases exponentially, as shown in
Fig s

?.,
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4.41482 6
= —Linear = —Linear
S 4.41481 . > p) — Circular
8 (@ _gl'lrimt’_'ar S4l ( )—Elliptical
© ptical
S 44148
X
3
a 4.41479
4.41478 : : ( E
0 1 2 3 0 1
Photon energy (eV) Photon energy (eV) &
Figure 7: DCS with photon energy at n=0.1 (a) VTer; = 293K and VTer¢ = b) VTeri =

VTers = 0K

Figure 8 presents the DCS at both small (5.7°) and larger (27°) scattering angles for the thermal
case. Figures 8(a) and 8(b) demonstrate that the DCS is strongly inﬂueﬁy the scattering angle.
At the smaller angle (Figure 8a), the resonance peak is sharp, whichsi ates that resonance and
superposition coincide, thereby amplifying the amplitude. At the)% riangle (Figure 8b), the peak
becomes flatter, suggesting that resonance and superposition%coincide. A similar behavior
of DCS is observed under higher screening conditions fomboth al and non-thermal cases. At
higher photon energies, the DCS becomes nearly cons%‘nplying that at such energies the
electrostatic interaction energy equals the rest ener reventing the projectile and target from
approaching each other more closely. For energie 0.5 eV (Figure 8a), the DCS follows the
order elliptical > circular > linear. However, ab % the trend reverses, with linear > circular
> elliptical. This highlights the important r creééning, temperature, and scattering angle in
determining the behavior of projectile—t interactions. For the larger scattering angle (Figure
8b), the general polarization ordering @tained: elliptical > circular > linear.

AN 246488

2.05751
3 — Linear 2 2 46486
S 20575 (@) —Circular U
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'S 5 05749 O 246484
X é —Linear
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2.4648
2 3 0 1 2 3

Q Photon energy (eV) Photon energy (eV)
Fl@ DCS with photon energy at n = 0.4 (a) 5.7 degree and (b) 27.0 degre with VTep; =
293 K at VTers = 300K

ure 9 is computed using a change in momentum of 0.3 eV, a scattering angle of 5.7°, a field
strength of 0.1 a.u., a photon energy of 1.17 eV, a separation distance of 1 A, and 10 photon
exchanges during scattering. The figure 9 shows the DCS as a function of the screening effect for
elliptical polarization, revealing a nearly similar trend across other two polarization cases. The
results indicate that the DCS increases exponentially with the screening effect for all polarization
case (elliptical, circular, and linear). In addition, the work has limitations in comparing the findings with
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previous studies, as the DCS in similar fields has not been extensively investigated either experimentally
or theoretically.
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Figure 9: DCS with screening %

Conclusion

The present study provides a detailed analysis of the diffef?wcross-section (DCS) under varying
physical conditions such as scattering angle, moment’%zl ge, photon energy, screening effects,
and thermal contributions. Across all cases,qpo ion plays a central role, with elliptical
polarization consistently exhibiting the high values, followed by circular and linear.
Temperature is shown to significantly en catfering, producing sharper resonances and
higher amplitudes compared to non-the itions. Screening parameters strongly influence
resonance behavior, shifting peaks to maller angles and increasing DCS values at higher
strengths. Distance separation furt @eals contrasting behaviors between thermal and non-
thermal regimes, while photon ¢ introduces notable polarization reversals at higher values.
Scattering angle also criti ifies resonance sharpness, with smaller angles amplifying
resonance effects. The f DCS in laser-assisted scattering has practical significance in
real systems, such as opt ing quantum dot lasers for photonic and communication devices,
enhancing quantum gaformation processing through controlled exciton states, and improving
biomedical imagi erapy by tailoring QD-laser interactions.
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