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The advancement of laser technology is causing the research field of optics to become more active, and with
the help of advancement of technology, more detailed information can be obtained. The primary goal of this work
is to calculate differential cross section by using a mathematical model in presence of coulomb potential and
elliptically polarized beam with single photon absorption. The developed model shows.the differential cross
section increases with wavelength and decreases with electron energy with.elliptically polarized beam. The
differential cross section become maximum at 1.56 radian polarized angle and minimum at -1.56 radian polarized
angle. The observation is based on 1.5eV laser photon energy, laser field intensity 10**Wcm™2, polarized angle
1.56 radian angle, and electron energy 0 to 600eV. Using the born first approximation and the Volkov wave
function, the developed equation is obtained. The numerically obtained differential cross section in this work is
approximately 10~*°m?to 10~2°m?, which is less than the differential cross section obtained by Flegel et al.
(2013), which is approximately 10~*7m?2.
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Introduction

These days, the study of electron-atom collisions in the presence of a laser beam has gotten a lot
of interest. This is due to various application in disciplines of science (such as plasma heating or driven
fusion) as well as in nuclear collision-field. Observation of multiphoton events has become possible
due to the development of powerful and adjustable lasers with relatively low light field intensities.
When compared to the problems associated with field-free electron-atom scattering, the theoretical
analysis of electron-atom collisions in the presence of a laser field becomes extremely complex. The
study of collision in laser/field introduces certain new parameters, such as laser frequency, intensity,
polarization, and influence collision interactions. In interaction laser field (Photons) act as a “third
body” in the universe. The existence of photons acts as a "third body" in the collision, "dressing™ the
atomic states [1]..For simplicity, to study the differential cross section in presence of laser field, the
energy of the target.atom. is neglected because it does not change states during phenomena of collision
but the potential is not neglected because potential replicate the electron-atom collision interaction.
The simple reaction-with laser-assisted elastic electron-atom scattering is given by equation (1) as,

eqi+Ai—>eqf+lhw+Ai, @

where A is target atom remains in its ground state during the collision while the electron exchanges [ quanta
with photon field (I < 0 for absorption and [ > 0 for emission) to change momenta fromg; to q5 = q; + hw.
The scattering equation represented in equation (1) also known as a free-free transition. The Kroll-Watson
theorem [2] is one of the oldest and most reliable theoretical results in multiphoton physics. This theorem
also described scattering of an electron by a potential in the presence of a low frequency linearly polarized
laser field. The majority of theoretical studies of electron scattering by atoms in an intense radiation field are
based on perturbation theory [3]. Kroll and Wastonon's also contribute to perturbation theory using the soft
photon approximation and numbers of researchers have recently working on laser-assisted scattering more
detail [4, 5].
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Instead of number of difficult to observe laser-assisted electron impact atomic excitation in the presence
of a strong field some of researcher is active to develop a simple model to understand the laser-assisted
collision [7, 8]. The electron-target system in laser-assisted collisions, known as simultaneous electron-
photon excitation (SEPE), can absorb or emit one or more photons from the laser field, causing the atom to
be excited. In laser-assisted elastic and inelastic [9, 10] electron-atom collisions, the exchange of one or more
photons between the electron-atom system and the laser field has been observed in several experiments. In
the presence of a field, the collision can be treated in such a way that electron-field coupling is the dominant
process. Mason and Newell in 1982 reported experimental evidence of atoms being excited by both electrons
and photons at the same time. The majority of the experimental studies have been conducted with noble
gases [11], with Abdelkader et al. [12] conducting a recent one with Nd: YAG laser. He-target and low-field
laser field were tested in two states: (i) SEPE, electron energy below the excitation threshold of the
metastable 253 state collide with ground state 1S* and achieve excitation because laser supplies energy; and
(i) SEPE, electron energy above the excitation threshold of the metastable 2S2 state collide with ground state
11S and achieve excitation because laser supplies energy. (ii) SEPE has also been observed from higher
excited states [13]. Shinha et al. [4] investigated the free-free transition for an electron-hydrogen atom
system in the ground state in the presence of an external homogeneous, monochromatic, and linearly
polarized laser field at very low incident energies. The incident electron is thought to be non-perturbatively
dressed by the laser field by selecting Volkov solutions in both the initial and final‘channels. For single-
photon absorption or emission in the soft photon limit, the laser intensity issmuch lower than the atomic field
intensity, and the laser-assisted differential and total elastic cross-sections are-calculated.

The hydrogen atom is one of the most basic atoms to work with'and can be used to collect interesting
aspects of the problem. The free-free process can be studied theoretically on several levels. The goal of this
paper is to investigate the impact of various collision and laser parameters on the collision process in an
elliptically polarized laser-assisted elastic electron-hydrogen.atom collision. The authors attempt to develop a
detailed calculation of differential cross section for laser-assisted electron-hydrogen collisions in this paper.
The Volkov wave [14] is used to treat the interaction between the field and the projectile as non-perturbation.
The authors focused on the elliptical polarization laser field for polarized potential. To begin, consider a
collision event in which an incoming electron with-momentum k; interacts with a hydrogen atom that is
initially in the state | in the presence of a single-mode laser beam and moves to the excited state j through the
exchange of | photons between the electron and the laser field.

1 Theory and Method of calculation
1.1 Volkov- wave function

Consider an elastic collision at the ground state between a fast (non-relativistic) electron of mass (m)
and charge (-e) with hydrogen as the target atom. The collision takes place in the presence of a laser field,
which is assumed to be@ monochromatic, single-mode, and homogeneous electromagnetic field. Therefore,
the vector potential of a field propagating along the Z-axis in the Coulomb gauge is obtained as,

A(t) = Ay {J? cos(wt) + ¥ sin(wt) tan (g)} 2
where Ag= % E, is the electric field and w is frequency, n is measured the degrees of ellipticity of the
field:n determine the nature of laser field as, for linear polarization (n = 0), for circular polarization(n = g)

and for elliptical polarization (—% <n< %) The wave function of the projectile embedded in the field is
given by the non-relativistic VVolkov wave function

2V G 0) = ) exp (iK.7— 1 [° (& + -2 A.F)dr) 3)
On solving integration of equation (3),
=3 o je > o TV ~ T
x" (7, t) = (2m)z exp (lk.T — lETkt — leCAO(t) [(x k)'smwt — (y. k) tan (%) cosa)t]) (@)

Assuming, £.k = Rcosyy, (§.k) tan (g) = Rsiny,as R = %ﬁo(t) then equation (4) becomes

-3 N .
2/ G, t) = (2n)% exp (ik.7 — £ — Rsin(wt — v ) (5)
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Equation (5) is the required form of the Volkov wave function with R = ayDyk, Dy = [cosze +

ek,
mw?’

21
2

sin?6 tan

1/2 ky
] tany, = ?;tan (g) and ay =

1.2 Calculation of S-matrix element

The general S-matrix theory is used to study multi-photon ionization and also define T-matrix in terms
of S-matrix matrix elements, i.e. transition amplitude is the S-matrix matrix elements. Kroll and Watson in
1973 developed the S-matrix formulation for a low-frequency response. This formulation was developed in
the search for a non-perturbative approach hand suitable not only for free-free scattering but also for
ionization, recombination, and excitation. Unlike other methods, this method does not suffer from energy
loss or gain. As a result, in the case of multi-photon ionization, this method is more applicable for calculating
total transition rate and differential cross-section, because total transition rate divided by jincident flux gives
the differential cross-section, which is proportional to the square of the transitionmatrix. The S-matrix
element is given by

S = ?1 < XﬁfVXEi > (6)

Equation (6) related transition amplitude from the momentum state Eitoﬁfas
: t
_1 "
Skek; = 7ff_w)(E»fV)(Eid3rdt (7)

Where Ei the initial is wave vector of the particle and Ef is the final wave vector of the scattered
particle. Substituting the value of for x; and xiffrom (5) in (7):and.on solving,

_1 1 ¢ eud g iR (Ek - Eki)t
Skek; = ?W'ﬂ_m eXP[_l(kf - ki).r]exp [fT]

—vi)]d3rdt (8)
Let us assume A = Ef — Ei be the momentum transfer then equation (8) become

—ig " iea i i(Ex—Ex, )
Skfki — 7V(A)f el(A.aO)AO sm(cot—yk))e ke~ 2k Jrdt (9)

V(@) exp[i(ﬁf — Ei)avosin(u)

where, V(A) = (2;3 [ e 2T Y(¥)d3r and«V(F) is independent of time (t) and authors considering space

integration. So that V(A) can be taken outside the time integration. On using the generating function of the
Bessel Polynomial is [15],

pixsing _ Z ], (x) enit 1)
where, x = A. ayDy and 4 = wt equation (11) becomes
Qi oAy sinwt Z (A Doatg) et (12)
l=—00

On_ substituting the value from equation (12) in equation (9) the S-matrix element becomes

_1 t ) _ t
Skfki — ?J‘ Tlifkiel(Ekf Eki+ lhw)hdt (13)

here Ty, = V(4) X;J;(A. Doao) e!Vkis the transition matrix from the momentum state k; to kg, and time-
independent. Therefore equation (13) becomes
; t
—1 i(Ex,—Ex. + o)+
Skfki = ?Tlifkij el( ke w)hdt (14)

1.3 Calculation of transition matrix and differential cross section

The relation for the differential cross section of an electron with the transfer of I photon is
do _ m® Kepng |2
da (2m)2h* k_l |kaki| (15)
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On substituting the value of Tf(fkiand V(A) from above in (15) we get a differential cross section for [ =
0 (no photon transfer during scattering) as,

& S Do) [T (16)
0~ emrt L Ji (A-Docto
Moreover, equation (16) can be represented as
free—free field—free

(3%) = (dG) Zh (A.Doatp) (17)

Using sum rule Y; J#(A.Doa,) = 1 equation (17) becomes,
do free—free do field—free
- (@) =) - | a9
Thus, in this limit free-free differential cross section is equal to the diffrential cross section in the
absence of the laser field. As we have

2 P
[T = > 128 Dotg) V)2 (19)
l
For spherically symmetric potential, V(r) = V(r) therefore we have,
1 sm(Ar)
V) = -—— V(r)dr (20)
If we choose V(r) as coulomb potential,
1,2
V(@) = — 228 (21)
The Fourier transform of the coulomb potential of equatlon (21)is given by
V() = = (22)
On substituting the value of equation (22) in equation (19),
2
— 2 e2 . e4
lV(A)l T2nzaz] T oamtat (23)

The higher-order terms can be neglected for small momentum transfer. To calculate Y;;J;(A.Dg. ) all
we have to do is to replace x by A.Dy. o, “in.the expression of Bessel function under [ = 1 that corresponds

to stimulated Bremsstrahlung (one photon'emission) at low frequency [16],
J1(8. Dgotg) = =22 (24)

Also at low frequency

4
Tl le (8.Doc) [T = 220% <4$4A4> (25)

On substituting the value of equatlon (25) in equation (19),
do  m?Dfag’e’ k¢ 1
dQ  64mbht Kk A2

1

(26)

in equation (26) and solving the case of

ki

Substituting for A2=k? [(1 - ZL—“’) -2 (1 - Zl—“’)z cosO+1

inverse Bremsstrahlung (I = —1),

1 1 -1

do = C((cos?0 +sin?0 t )%D“L LRV 129 o (1 B0V s 41| 27
) cos sin?@ tan? 2) &, Ey, Ey, Ey, cos (27)
. m2ay2e* 1. . 2 . 2 m\2 1/2 . .
Here, Cis ——c2-=———inau, DOIS(COS 6 + sin?6(tan?) ) ,m is mass of the electron, k; is

initial momentum vector of the electron, Ey. is the initial kinetic energy of the incident electron, hw is photon
energy of the Iaser [ is no. of the photon transfer during the interaction, 6 is scattering angle, A is momentum

transfer, o, |s %, Eq is the amplitude of the electric field of the laser, E, is —n is elliptically polarized
angleand I is the |nten3|ty of the laser.



86 ISSN 1811-1165 (Print), 2413-2179 (Online) Eurasian Physical Technical Joumal, 2021, Vol.18, No4 (38)

3 Results and Discussion

The authors investigate the elastic scattering of an electron-atom interaction with photon absorption in
the presence of an elliptically polarized laser field in this paper. Equation (27), the new resultant equation, is
used to investigate the differential cross section. The differential cross section is determined by, the
wavelength of the assisting laser field, and the electron's kinetic energy. Figure 1 depicts the differential
cross section with the electron beams energy. The representation is based on visible energy photon=1.5eV,
high intensity laser field 10'*Wcm™2(frequency =10'*Hz) Sprangle and Hafizi [17], 6 = 0.209 radian, ) =
1.56 radian angle and energy of electron 0 to 600eV. The Sl unit for differential cross section is m?. Because
the intensity of a laser is directly proportional to its differential cross section, and the differential cross
section studied in this work is for visible photons at high intensities, As a result, for high intensity laser
radiation, we consider the existence of the laser that Saprangle and Hafizi used in their work.
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Fig.1. Variation of do/dQ with K.E. of the incident electron at 1 = 1. 56 radian and 8 = 2. 09 radian

At 25eV, the differential cross section is high, and the differential cross section is not observed below
25eV. This is due to the fact that the interaction of low=energy electrons with atoms does not require atom
(probability of interaction-free and bounded electron is zero). The differential cross section decreases as the
energy of the electron increases because:the "interaction between the incidence electron and the atom
increases (probability of interaction of free and bounded electron is high). When the incidence electron's
energy is greater than 500eV, the|differential cross section is minimum and constant (probability of
interaction-free and bounded electron very dow). Figure 2 shows the variation of a differential cross section
with an elliptical polarization.angle of 8 = 2.09 radian and energy of 10eV. The differential cross section
assistant by the elliptically polarized angle is minimum at -1.56 radian and maximum at +1.5 radian. The
differential cross sectionbetween -1.5 radian and +1.56 radian angle is nearly constant and decreases sharply
at -1.56 radian and +1.56 radian. This sharp increase and decrease are due to the elliptical polarized potential
and the non-uniform interaction between free and bounded electrons (probability of interaction is either high

or low).
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wavelength



Physics and Astronomy 87

As shown in Figure 3, the differential cross section increases with the wavelength of the laser photon at
n = +1.56 radian, electron energy 10eV. Because the energy of the laser photon assisting the electron
decreases as the wavelength increases, the differential cross section increases. The reduction in photon
energy benefits electrons by reducing the interaction of free electrons with bound electrons. Because the free
electron was diverted away from the reference target, the differential cross section increased. The larger the
differential cross section value, the less accurate the information about the target. The ellipticity of the laser
field affects the angular distribution of scattered electrons in the simplest geometry. This is due to the fact
that it destroys the axial symmetry of the angular distribution that exists for n = 0 to the direction of the
polarization vector.

Conclusion

The developed equation (27) depicts the differential cross section for an elliptically jpolarized potential
with single-photon absorption. The differential cross section is determined by the polarization angle, electron
energy, laser intensity, and photon energy. The observed differential cross section is large at 25eV (electron
energy), but not below 25eV. The differential cross section is minimum and constant-at-high energies greater
than 500eV. The differential cross section increases as the wavelength of the laser-photon assisting the
electron increases. Furthermore, the ellipticity of the laser field influences 'the angular distribution of
scattered electrons by destroying axial symmetry. The nature differential cross section is based on existence
numerical data from Sprangle and Hafizi 2014 research work.
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