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Abstract: This paper intended to the elastic scattering of an electron from the target by absorbing a photon from the laser
field has been studied for the polarized potential. Since the solution of the Schrédinger equation of whole three-body system
has not been found, we consider such intensities of electromagnetic field (Laser field) that the electron field coupling is the
dominant process and the target is transparent to the field such that photon- target coupling can be ignored. Therefore the
internal structure of target can be ignored and represented just as a scattering potential. For number of photon, /=-1 i.e,
absorption of a photon (inverse Bremsstrahlung), we have concluded that the differential scattering cross section of an electron
depends upon the fourth power of the wavelength (1*) and the intensity of the Laser field. From this work we see that at certain
values of laser parameters the differential scattering cross section of scattered electron decreases with increase in scattering
angle and attains a minimum value of 0.1 barn and further increase in scattering angle also increases in differential scattering
cross section and attains a maximum value of 0.3 barn.
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with noble gases (Wallbank et al. 2009), a recent on being
with a Nd:YAG laser (Luan et al 2011). On the other hand,
theoretical studies are not easy to perform with these atoms
and the hydrogen atom has been studied extensively
(Rahman ans Faisal 1978, Jetzek et al 1988, Bhattacharya et
al 1993). Hydrogen as a one electron atom is a simple to deal
with and it is often interesting information concerning the
main features of the problem.

The free process can theoretically be studied at various
levels. As the target does not change states in this process, its
own energy spectrum can be ignored and a simple potential
can mimic the electron atom interaction. The collision

1. Introduction

Electron atom interaction in the presence of a laser field
attracted considerable theoretical attention in the recent year
not only because of the importance in applied areas (such as
plasma heating or laser driven fusion), but also in view of
their interest in fundamental atomic theory. The problem of
this process, is in general, very complex, since in addition to
the difficulties associated with the treatment of electron atom
collision, the presence of the laser introduces new parameters
(for example, the laser photon energy hw and intensity I)
which may influence the collision. Moreover, the laser

photon can play the role of a "third body" during the collision,
and "dressed" the atomic states. It is therefore of interest to
begin the theoretical analysis by considering the simpler
problem of the scattering of an electron by a potential in the
presence of a laser field. A fully realistic description of the
target atom is quite difficult. We shall represent it here by a
potential model.

Mason and Newell (1982) reported experimental evidence
of simultaneous electron-photon excitation of atoms.
However most experimental studies have been performed

process can then be treated either classically or quantum
mechanically by means of the simple scattering theories .
Furthermore, the collision can be treated as occurred at such
intensities of electromagnetic field that the electron-field
coupling is the dominant process and the target is transparent
to the field such that photon-target coupling can be ignored.
If, however, the frequency of the photon is such as to couple
two stationary states of the target, then the target-field
interaction becomes extremely important. Here we discussed
such intensity of the electromagnetic field where the photon-
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field interaction can be neglected.

We want to show the effect of various collision and laser
parameters on the collision process. This is the motive of the
paper. Furthermore, most theoretical studies for scattering of
electron by atoms in an intense radiation field are based on
perturbation theory (Gersten and Mittleman 1976; Byron and
Joachain 1984; Garvila et al 1990) starting with the well
known Kroll and Waston (1976) work on the soft photon
approximation, there exist only a few non-perturbative
approaches for this problem. Shakeshaft (1983) formulated a
non- perturbative method of coupled integral equations for
calculating the scattering cross section by assuming the
potential to be separable. Rosenberg (2000) applied the
variation method for coulomb scattering in a laser field using
a low frequency approximation.

The reaction studied in the present work is,

e, + H(D) + N(w,€) = e, + H() + (N £ Dy(w, )

Representing the collision of an incoming electron with
momentum k; with hydrogen atom initially in the state i in
the presence of a single mode laser beam moving to the
excited state j with exchange of | photons between the
electron and the laser field. We have used the Born
approximation, to treat the electron- atom interaction as it is
simple enough to allow calculation of a larger number of
transitions, and it becomes exact at high energies.

2. Materials and Methods

We consider a collision between an electron and hydrogen
atom in the presence of a laser field. We begin this section by
considering the simple case in which the target atom is
modeled by a center of force and hence does not interact with
the laser field. The field is assumed to be purely
monochromatic with angular frequencyw, linearly polarized
with linear polarization vectoré. We also assume that the
dipole approximation is valid. The Hamiltonian of the
electron-atom system in the presence of a laser beam can be
written as,

H=Hf+H + V(r, 1) (1)

Where

H; —>Hamiltonian of the free electron

H, —»Hamiltonian of the target atom

And V(r,,7,) is the interaction between the incident
electron and atom, defined as,

1

-Z
Vo, 1) =7+ ?:1@ (2)

Where,

1, = Position coordinate of the projectile electron

Z — Atomic number of target or charge of the target atom
1, — Position of an atomic electron

For H-atom, Z=1 (i.e, one electron) equation (2) becomes

1

7ol I ITo—T1|

V(1) =

In equation (2) Z is the charge of the target atom. Working
in the coulomb gauge we have the electric field

E(t) = E, sinwt
And the corresponding vector potential is
A(t) = 4, coswt with 4, = %

In the presence of a laser field the incidence electron of
momentum k is represented as

X (T'o, t)= (27'[) 2 exp [(lk r— lk ao sin wt) — ﬂ 3)
Where,
h2k2
E, =
k 2m
. ed,
a, =
mcw

- eE

Also, dp = —=
field and the projectile.

Equation (3) is also known as volkov wave function. This
equation gives the states of a free electron in a laser field.
Since there is no conservation of energy in free state of an
electron. So the states repersented by the volkov wave
functiion is also called as virtual state, to make the energy
conservation there must be another parameter. Here in our
case we take the static potential as the third parameter for
energy conservation of electron.

The S-matrix (scattering matrix) element for the transition
from initial state (i) to final state (f) (i.e i — f) is given by,

[ref]

S=—<x Vi >
The angle bracket denotes both space and time integration.
Where,

Xy is the volkov wave function for the final state of an
electron

Y is the exact formal
schrodinger wave equation,

L (B
2m

where Y(#,t) is the time dependent wave function in
presence of the scattering potential V (#) in the presence of
laser field.

the solution this equation (4.65) can be written as [ref],

Y@ D =P F O+ G VYt F ) dt

solution of the following

eA(t) IP( t)

> Y@ )+ V@EYE, t) = ih———

Now taking electron atom interaction upto the first Born
approximation, we get scattering matrix (S-matrix) as,

S=—<xIVxi > “)
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x; is the Volkov wave function for the initial state of an
electron

And V is the interaction potential defined by equation (2).

Initially the electron is free from potential and take part in
interaction for certain time and after that it scattered from the
potential to the Free State. So this interaction is also known
as free- free scattering process.

Now we can write equation (4) as,

—i(rt -3 - -
Skepie; = Fﬂ. (2m) 2 exp [(ikf.F — iks.d, sin wt)
iEy t
h

S
— ik;.d, sinwt) —

-3 =
] V() (2n)Z exp [(iki. 7
iEit] rds
n T

Where,
k; — Initial wave vector of projectile particle
k; — Final wave vector of the scattered particle

Skfki

—i 3 ' A7 ibGy sinwt i Bl ~Ek)Err oy 13
=?(27T)_ ff e !ATethGosSinwl g WS PEIRY (P d P rdt

Here, A - (Ef - Ei)
(momentum transfer during scattering process)

=i L ((Eg —Ex)e
Skfki = ?V(A) ‘f_mem'ao sinwtg kg™ ki hdt
where,
(A = (2m)3 f e BTy () d3r

This is the Fourier transformation of the potential in the
momentum space.

Since V (¥) is independent of time (t), we can seperate time
and space integration so that V' (A) can be taken outside of
time integration.

Using the generating function of the Bessel Polynomial

We get,

o]
edaosinwt — Z 1, (A. ao) ellwt

l=—0o0

So the S-matrix element becomes
=i RS 0 (B e—Ep)e
S =200 [ S etere P Peoiay
P ="

where [ is the no of photons exchange during the scattering
process. It may take the values,

I=0,%1,£2,£3, ... e oo .

Where, positive / describes the photon emission stimulated

Bremsstrahlung and negative [ describes the photon
absorption or inverse Bremsstrahlung and [ = 0 corresponds
to the pure elastic scattering in the presence of the laser field.

—1i 1

t
t i(Eg.—Eg,+lhw)s
Sipki =5 Thpiy S 7Rt (5)

where,

T = 0(8) ) Ji8ay)
l

Using the idea of integral form of Dirac delta function
O —x) = 5[, e™Cdk )

We reduce equation (5) in the following form,
Sksk; = —2miT} k0B, — Ey, + lho) (6)

The delta function in above equation ensures energy
conservation,

i.e, Ekf =Eki_lh0)

Here hw is the photon energy and Ey; is the kinetic energy
of a projectile electron.
Now the differential scattering cross section in terms of
transiton matrix is given by,
doB? m? ks |

2
R — A [ o1
dQ  (2m)2ht Kk, |

kfki
This is the required relation of differential cross section of

electron with transfer of [ photon.
where ,

] =Y 2 W)
l

V(A) = (@2m)3 f e BTy () d3r

For spherically symmetric potential,
V(@) =V(r)

So that,

7(A) = (2n)3 wa(r)rzdr fne‘m”ose sin 8d@ J-znd(p
0 0 0
This gives,
. et
V()|? = yryY

To calculate Y};J;(A. a,) we have the expression for the
Bessel function which is, [ref]
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B x" 1 x? x*
0= T D [ T2+ D) 2a2mrDmED) ]
Here we take

n=1land x = A.a, then

(A ap)*
2420+ DI +2) ]

(A ay)
2T+ 1)

(A a,)?
T22(0+1)

Li(x) =

For low intensity and low frequency we get,
2 a, 2

A
[]I(A ao)]z = 4

Thus we get square modulus of the transition matrix
element as,

Aq,? et
T4 4mtAt

N
|kaki|
Substituting these values we get the value of the

differential cross section as,

do® €% ki E,?
dQ  (2m)Sh* k; w* (ks — k;)?

doBl e kf E,?
aa (2m)8h* k; w*(A)?

O
We have,
A=k -k,
N =kf+ ki - 2k—f)Hc050
Where, 6 is the angle between k; and k;, that means 6 is
the scattering angle between initial and final momentum of

the projectile particle.
Thus we have,

1
2= k2|12 9) o (12 OV s 41
= kf Ey Ey cos

Substituting this value in equation (7) we get,

do®' e ks E,?
Ao~ (2m)Shtk; 1
hw hw\2
47,2 _hw) _aw
w*k; [(1 Eki) 2(1 Eki) cosf +1

dO.Bl
aqQ .
e " hw\? E,?
Tr2@ene\” E, N

da.Bl
dQ

1
2

6 M,

e
:( Yemh2 ()10 5(1 lhw) 1
2)8mh?(m)1%¢ - B

Bl g |(1-52) - 2(1- ) coso +1

ki i

ki

We have the relation

_ 2mc 2 _ 8ml
w—TandEo =—

where,
I, is the intensity of the laser field.
A is the wave length of the radiation.
c is the velocity of light.

1

doB? lhw\2 A,

a -\ E I

ki lhw lhw\2
E.(l——)—Z(l——) 6+1
k; [ E, E, cos

Where, C = Dm0 is the constant quantity.

Now, for [ =1 i.e, one photon emission (stimulated
emissioin)

A%,

dgB1 hw \2
o —C(l—g) (8)

1
2

hw hw
Eki |:<1—E—ki)—2<1—E—ki> cos 6+1

This is the differential cross section for the scattering of an
electron with one photon emission (stimulated
Bremsstrahlung) in the presence of potential .

Also for | =—1 ie, one photon absorption (inverse
Bremsstrahlung),

A,
how how
Eki|:<1+E—ki)—2<1+E—ki)

This is the differential cross section for the scattering of an
electron with one photon absorption (inverse Bremsstrahlung)
in the presence of potential.

(€))

1
2
cos 6+1

3. Result and Discussion

In the present work, we have studied the elastic scattering
of an electron-atom interaction by absorbing a photon from
the laser field. For simplicity, we have neglected the dressing
effect of an atom i.e., we have neglected the field- atom
interaction so that we can neglect the internal structure of an
atom because we choose the intensity of the field in such a
way that the target atom is transparent for the field.

Here, the differential cross-section equations (8) and (9) is
found to be proportional to A* (where 1 is the wavelength of
the radiation ) which explains why it has been easier to
observe laser —assisted cross section using infrared laser
(high wave length and low frequency) than those operating in
the visible or ultraviolet spectral regions.
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Equation (9) is plotted as the functions of scattering angle,
kinetic energy of an electron, wavelength and intensity of the
laser field as shown below:

1: Variation of differential scattering cross section with
kinetic energy of the incident electron

x 107
8 . . T T

751 B

7 i

651 B

6k N

differential scattering cross section (m QSr"\)

35 1 1 1 1 1 1 1
16 1.8 2 22 2.4 26 2.8 3 32

kinetic energy of the incident electron (J) ¥ 10718

Fig. 1. Variation of differential scattering cross section with kinetic energy of
the incident electron

From the plot, we see that the differential scattering cross
section decrease as the kinetic energy of the incident electron
increases. Going on increasing the kinetic energy of an
incident electron we will get zero value of scattering cross
section.

2: Variation of differential cross section with the wave
length of the laser field

x 107
8 T T T

differential scattering cross section (m 2Sr‘1)
=

L 1 1 1
0 0.01 0.02 0.03 0.04 0.05
wavelength of the radiation (m)

Fig. 2. Variation of differential cross section with wavelength of the field

From the plot, it is found that the differential scattering
cross section increases with increase in wavelength of the
laser field. It shows that the differential scattering cross
section is zero below the wavelength 0.01m.

3: Variation of differential cross section with intensity of
laser field

-29

x 10
8 T T T T T

differential scattering cross section (m2Sr1)

0 1 1 1 1
0 1 2 3 4 5 6

Intensity of laser field (WImQ) X ‘]02D

Fig. 3. Variation of differential cross section with intensity of the laser field

From the figure, it is clear that differential scattering cross
section increase with increase in the intensity of the laser
field. It shows that the differential scattering cross section
varies linearly with intensity.

4: Variation of differential cross section with scattering
angle

251 B

differential scattering cross section (m28r1)

0.5 1 I 1 1 1
1 2 3 4 5 6 7

scattering angle (rad)

Fig. 4. Variation of differential cross section with scattering angle

From the plot, it is clear that differential cross section
decreases as the scattering angle increase and attains the
minimum value 1x 1072°m? and further increase in
scattering angle also increase in differential scattering cross
section which is clearly shown in polar plot.



International Journal of Mechanical Engineering and Applications 2014; 2(6): 87-97 92

5: Polar plot of differential cross section with scattering
angle

270

Fig. 5. Polar plot of differential cross section with scattering angle

From the polar plot, it is clear that the differential
scattering cross section of an electron decreases with increase
in scattering angle and attains minimum value and further
increase in scattering angle also increase in cross section and
attains maximum value 3 X 10729m2,

It is generally observed that when electrons are scattered
from the atom in the presence of a laser field, a new effect is
observed which are not accessible in ordinary electron —atom
scattering. This collision have the basic peculiarity of being
processes in which three subsystem are present (i) the
electron (ii) the target atom (iii) the radiation field. The last
one provided energy and momentum and is characterized by
the polarization of its electric field, which introduces in this
collision process a new physical axis.

In this work, we have studied the scattering of an electron
from the target atom by absorption of a photon from the laser
field. From this study we concluded that the differential
scattering cross section of an electron depends upon the
intensity and wavelength of the laser field where as in
ordinary electron -atom scattering, cross section only
depends upon the scattering angle. The differential scattering
cross section increases with increase in wavelength and
intensity of the laser field. For a fixed value of a laser
parameters and kinetic energy of an incident electron, the
differential scattering cross section of an scattered electron
decreases with increase in scattering angle and attains a
minimum value of 1 X 1072°m? = 0.1barn and further
increase in scattering angle also increase in differential
scattering cross section and attains a maximum value of
3 X 1072°m? = 0.3barn. Also from this study we see that,
the differential scattering cross section for the electric field
perpendicular to the direction of momentum transfer is zero.
So from this study we concluded that the differential
scattering cross section is also greatly depends upon the
polarization of the laser field.

4. For Polarized Potential

If we choose V () as polarized potential

, _ ap
i.e,V(r) = 202rd?)
Where,
at =22
273
a, — dipole polarizability
Z — atomic number
Now,
Fourier Transformation of polarized potential,
P(A) = 1 f“’sin(Ar) Vd
T Tom2)y T a VY
~ 1 [(“sin(Ar) ap
V(A) =— d
(D) =52 , A 202+d2?
= % M4 (-ad)
8m2iA 2d € [20]
a
T/ A = p (_Ad)
(D) = Tona®
So that,
a
V(A2 = p (-Ad) |2
V(W) = | 7o o)
_ ap® (-2Ad)
256m2d?
__ W [q_28d, @ad)?
7256112112[ TR ]
- a,? (2Ad)?
V(D)2 ==——]1-2Ad
Ve 256n2d2[ T2 ]

Higher order terms can be neglected for small momentum
transfer

2ap2A ap?  (24d)2
256m2d 256m2d2 2

— 2
V(D)2 = —2— —

" 256m2d2

To calculate Y;J;(A. a,) we have the expression for the
Bessel function which is, [15]

_ x" x? x4
Jn®) = 2"T(n + 1) [1 220+ D) T 2a2mr Dt 2) ]

Here we take
n=1land x = A.a, then

_ (aap)?
2.2(1+1)

(A.(Zo)4 - ] (**)
2.4.2(1+1)(1+2)

Ji) = ey

2lr(1+1)

for =1 ie, for one photon
Bremsstrahlung) then we get

(A.ay)
2T(2)

emission (stimulated

(A ay)?
2.2.2

]I(A- ao) =

(A ay)*
2.4.2.2.3 e
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2 4
Jidqy) = o) Qeod y Coo

2.2.2.2 2.4.2.2.3.2

(10

If we take & as the angle between electric field and
momentum transfer i.e,

A a, = Aa,cosé

and for high frequency and low intensity the higher order

terms of equation (4.97) can be neglected because o, = %
Then we get,
Aa, cosé
Ji(dap) = ———

If the direction between electric field and momentum
transfer is parallel (i.e,{ =0) then cosé =cos0 =1

Thus, J;(A.a,) = % and also,

(A a)]? = -2 (1)

If the direction between electric field and momentum
transfer is perpendicular (i.e, ¢ =90° ) then cos¢ =

cos90° =0
Thus, J;(A.a,) =0.
for I = —1 one photon absorption (inverse Bremsstrahlung)

the Bessel function is J_; (A. a,).
We have the relation,

Jo() = (=D (x)
Using this relation, for l =1 we get,
Joa(Aoa) = =] (x)

Aa,
2

Jo1(Aia,) = —

Uor(By) |2 = 220

(12)

We have,

] =Y 2 .a) [P0’
l

_Azocoz( ap? 2ap%A ap® (ZAd)z)
4 256m2d? 256m2d ~ 256m2d% 2

2
_ (Azaozapz _ 2aplap A% a2 ap?

(2d)2a%
1024m2d? 1024m2d

4 256m2d? 2

Here the higher order term of momentum transfer is also
neglected.
So that we get,

3 a,oza,pz
" 1024m2d?

e 2
|kaki|
Thus we get,
a,a
T]‘lf ki — °P
o 32nd

Tl _ apeEoz
krki ™ 32mmw?2d
ek,
a, =

mw?

Now,

do _ m? kf| . |2
Q" (2m)2ht k; | ek

1
do _ _m? ( lhw)z @o’ap? 1o (13)

aa ~ (2m)2nt Ey,) 1024m%d?

1
do _ m?a,? 1 e E(X 22
dQ  4096mthtd? E o

(14)

Here,
A = kf — k; thus
A* = (kp — k;)?
=k} + k} — 2kgk; cos 6

Where, 6 is the angle between k; and k;, that means 0 is
the scattering angle between initial and final momentum of
the projectile particle (electron).

NN N% ke
1
(A)Z_ ) lhw 21 lhw\2 01
v = Ey, Ey, cos

1
A2 = k2 [(1—”1—“’)—2(1—”‘—“’)2cose+1
E E

ki i

(15)

Substitute this value in equation (4.100) we get,

1
_ )2 eFoyppaf(y  the)
-2 e (-2

21-hwfkil2cosb+1 (16)

do _ mzozp2
dQ ~ 4096mthtd?

we have from equation (4.83),

forl=1 ie,
Bremsstrahlung)

for one photon emission (stimulated
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electron with one photon absorption (inverse Bremsstrahlung)

1
A% = k7 |[1 ey 211 ho)? 0+1
= ki -—— - ——| cos
f Ey, Ey,

Substitute this value in equation (4.102) we get,

1
do m2a,? hw\Z [ eE, \* hw
—_— = 1 -— (_) K ll1-—
dQ  4096m*h*d> Ey,) \mw? : Ey,

2(1-9) s +1
B cosO +

ki

1
do m2a,? hw \2 e2E,2 hw
s tali-g) 2 -2)-

dQ ~ 4096m*h6d>2 Ey, k;

21—-hwtkil2cos6+1 a7

do me?a,? 1 hw EE 2p 2 |(1 hw
dQ ~ 32768m8héd2c* Ey,) ° N Ey,

2(1-9) s +1
B cosO +

ki

1
1 heo 2(1 ha)? 6+1
E, E,, cos

(constant)

meza 2
Where, C= 3276871:3hzd2c4
This is the differential cross section for the scattering of an

electron with one photon emission (stimulated

Bremsstrahlung) in the presence of potential V(r).

Again from equation (14) we have,

forl=-=1 ,one
Bremsstrahlung) it is

photon absorption (inverse

Also, A% = k?

Then equation (4.102) becomes

1
do m2a,? hw \2 e2E,2 hw
N

dQ ~ 4096m*h6d>2 Ey,) m?w* k;

(18)

21+hwtkil2cosf+1

This is the differential cross section for the scattering of an

in the presence of potential V(r).
Where,
m = mass of an elactron
k; = initial momentum vector of an electron
E}, = initial kinetic energy of the incident an electron
hw = photon energy of the laser
I = no. of the photon transfer during interaction
6 = scattering angle
A = momentum transfer
E, = amplitude of the electric field of the laser

5. Result and Discussion
5.1. Result and Discussion

In the present thesis work, we have studied the elastic
scattering of an electron-atom interaction by absorbing a
photon from the laser field. For simplicity, we have neglected
the dressing effect of an atom [21] i.e., we have neglected the
field- atom interaction so that we can neglect the internal
structure of an atom because we choose the intensity of the
field in such a way that the target atom is transparent for the
field.

When an electron scatters elastically from the target by
absorbing a photon (inverse Bremsstrahlung, i.e., | = —1)
from the fields, then the differential scattering cross-section
is given by equation (17) as,

do  mla,? N hw
dQ ~ 4096m*h6dz\" ' Ey,) mPw*

1
hw\2
-2 1+E— cosf +1

kj

From this relation, it is clear that the frequency w of the
laser field is not only important but also the field amplitude
E, is important for the differential cross section.

Now we changed this equation in terms of wavelength and
the intensity of the laser field.

‘We have the relations,

8w,
o

E§

where, I, is the intensity of the laser field.

2mc
and also, w = -

where

A is the wave length of the radiation.

c is the velocity of light.

Substituting the values of E? and w in equation (17),then
we get the following form for the differential cross- section,

[ (1 + f“") ]

1/8ml —|-
do  2me’a,’ hw 2( c O)Ekl-/14| Ey, |
dQ~ 40967*hod? Ey, (2mc)* heo\Z
2<1 +—> cosf +1

ki
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1

do _ melap? how\2 (8r 1, 4 hw
40 32768m8h6d2ct (1 + E_kl> (T) By, A (1 + E_kl) -
21+hwtkil2cos6+1 (19)

Similarly, when an electron scatters elastically from the
target by emitting a photon (stimulated Bremsstrahlung,
i.e.,, [ = 1), then the differential scattering cross-section is

given by equation (18) as,
(1 — h_“’) —
Eki

(20)

2 2
do _ _map (

1
= ho\2 e?Ep? K2)2
dQ  4096m*h6d2 t

E; m2w*

21—hwtkkil2cosf+1

Substituting the values of E2 and w in equation (5.3), then
we get the following form for the differential cross- section,

1
_ho)zemlo) b e |(q _he) _
1 Eki) ( c )Ekil (1 Ek.)

2, 2
do _ me-ay (
13

dQ ~ 32768m8h6d2c*

21-hwtkil2cos6+1 21
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Fig 6. Variation of differential scattering cross section with kinetic energy of
the incident electron

Here, the differential cross-section equations (18) and (19)
is found to be proportional to A* (where 1 is the wavelength
of the radiation ) which explains why it has been easier to
observe laser —assisted cross section using infrared laser
(high wave length and low frequency) than those operating in
the visible or ultraviolet spectral regions[22].

Equation (18) and (19) are plotted as the functions of
scattering angle, kinetic energy of an electron, wavelength
and intensity of the laser field as shown below:

From the plot, we see that the differential scattering cross
section increases as the kinetic energy of the incident electron
increases. Going on increasing the kinetic energy of an
incident electron we will get infinite value of scattering cross
section.

5.2. Variation of Differential Cross Section with the Wave
Length of the Laser Field

21
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Fig 7. Variation of Differential Cross Section with the Wave Length of the
Laser Field

From the plot, it is found that the differential scattering
cross section increases with increase in wavelength of the
laser field. It shows that the differential scattering cross
section is zero below the wavelength 0.015m.
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Fig 9. Variation of differential cross section with scattering angle

From the figure, it is clear that differential scattering cross
section increase with increase in the intensity of the laser
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field. It shows that the differential scattering cross section
varies linearly with intensity.

From the plot, it is clear that differential cross section
increases as the scattering angle increase and attains the
maximum value 2.6 X 1072°m? and further increase in
scattering angle decreases in differential scattering cross
section which is clearly shown in polar plot[23].

270

Fig 10. Polar plot of differential cross section with scattering angle

From the polar plot, it is clear that the differential
scattering cross section of an electron increase with increase
in scattering angle and attains maximun value of 2.6 X

1072%n2and further increase in scattering angle, decreases in
2

cross section and attains minimum value of 0.98 x 1072%m?2.

5.3. Conclusion

It is concluded that from the above discussion that when
electrons are scattered from the atom in the presence of a
laser field, a new effect is observed which are not accessible
in ordinary electron atom scattering. This collision have the
basic peculiarity of being processes in which three subsystem
are present (i) the electron (ii) the target atom (iii) the
radiation field. The last one provided energy and momentum
and is characterized by the polarization of its electric field,

which introduces in this collision process a new physical axis.

This work reflected that the scattering of an electron from
the target atom by absorption of a photon from the laser field.
From this study we concluded that the differential scattering
cross section of an electron depends upon the intensity and
wavelength of the laser field where as in ordinary electron -
atom scattering, cross section only depends upon the
scattering angle. The differential scattering cross section
increases with increase in wavelength and intensity of the
laser field. For a fixed value of a laser parameters and kinetic
energy of an incident electron, the differential scattering
cross section of an scattered electron increases with increase

in scattering angle and attains a maximum value of 2.6 X
1072%m? and further increase in scattering angle , decreases
in differential scattering cross section and attains a minimum
value of 0.98 X 1072m?2,
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