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Elliptically polarized laser assisted elastic
electron-hydrogen atom collision and differential
scattering cross-section
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2 Central Department of Physics, Tribhuvan University, Kirtipur, Nepal

Abstract: In the present study, we have investigated scattering of an electron by hydrogen atoms in the presence of
the elliptical polarized laser field. We have discussed the polarization effect of laser field on hydrogen atom
and effect of the resulted polarized potential on differential scattering cross-section is studied. We assume the
scattered electrons having kinetic energy (~ 3000 eV) and laser field of moderate field strength because it is
permitted to treat the scattering process in first Born approximation and the scattering electron was described
by Volkov wave function. We found that the differential scattering cross-section area increases with the increase
of the kinetic energy of the incident electron and there is no effect of changing the value of polarizing angle
on the differential cross-section with kinetic energy. We observed that differential scattering cross-section in
elliptical polarization in the high energy region depends upon the laser intensity and the incident energy for
a linearly polarized field.

Keywords: Elliptical polarization e Differential cross-section e Polarized potential ¢ Laser assisted collision

1. Introduction

The study of electron-atom collisions in the presence of laser field has attracted much attention these days
because of the importance of these processes in different applied fields of science (such as plasma heating or driven
fusion) and interest in collision theory. Atomic matter exposed to a fields of strong radiation becomes a broad
field of current research both experimentally and theoretically. The development of intense and tunable lasers
at relatively moderate laser field intensities has made possible for the observation of multiphoton processes. The
theoretical study of electron-atom collisions in presence of a laser field becomes very complex compared with the
difficulties associated with the treatment of field free electron-atom scattering. The presence of the laser field
introduces some new parameters like laser frequency, intensity, polarization and influence collisional interactions.
Presence of photons play the role of a ”third body” during the collision, and ”dressed” the atomic states [1].Since

the target atom does not change its states during the process its own energy can be ignored but the potential can
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Elliptically polarized laser

simulate the electron-atom collisional interaction. Simply, a laser - assisted elastic electron-atom scattering is a

process can be represented as,

€q; + A; —)6qf + AW + A;

Where the atom A remains in its ground state during the collision while the electron exchanges 1 quanta
with photon field (1<0 for absorption and 1>0 for emission) to change momenta from g; to ¢y = ¢;+hw. This kind
of process is referred as a free-free transition and has been studied extensively over last two decades. One of the
oldest and most reliable theoretical results in multiphoton physics is Kroll-Watson theorem [2]. It describes the
scattering of an electron by a potential in the presence of a low frequency linearly polarized laser field. Most of
the theoretical studies in scattering of electron by atoms in an intense radiation field are based on perturbation
theory [3] initiated with the well-known work by Kroll and Waston on the soft photon approximation. Recently
laser-assisted scattering reviews have been discussed by many workers [3-5].

The possibility of observing laser-assisted electron impact atomic excitation in the presence of a strong
field [6], is much more difficult to observe. In the laser-assisted collisions, titled as simultaneous electron-photon
excitation (SEPE), the electron-target system can absorb or emit one or more photons from the laser field, living
the atom in excited state. Several experiments have been performed, in which exchange of one or more photons
between the electron-atom system take place and the laser field has been observed in laser assisted elastic and
inelastic [7, 8] electron-atom collisions. The collision in presence of electromagnetic field can be treated in such
a way that the electron-field coupling is dominant process. The target is transparent to the field and hence
protontarget coupling can be ignored. Here we discussed such intensity of the electromagnetic field where the
photon-field interaction can be neglected. Therefore such problems attract workers to begin the theoretical
analysis by considering the problem of the scattering of an electron by a potential in the presence of a laser field.
Mason and Newell (1982) reported experimental evidence of simultaneous electron-photon excitation of atoms.
Most of the experimental studies have been performed with noble gases [9] and a recent on being with a Nd:
YAG laser by Abdelkader et al.[10]. They considered He-target and laser field of low field experimentally under
two states (i) SEPE, with incoming electron energy below the excitation threshold of the metastable 23S state,
the electron collides with atoms in their ground state 11S, where the laser supplies the needed energy to achieve
excitation and (ii) SEPE from higher excited states has been also observed [7]. Shinha et al.[3] studied on the
free-free transition for an electron-hydrogen atom system in the ground state at very low incident energies in the
presence of an external homogeneous, monochromatic, and linearly polarized laser field. The incident electron is
considered to be dressed by the laser field in a nonperturbative manner by choosing the Volkov solutions in both
the initial and final channels. The laser-assisted differential as well as total elastic cross sections are calculated
for single-photon absorption or emission in the soft photon limit, the laser intensity being much less than the

atomic field intensity.
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Hydrogen atom is one of the simplest atom to deal with and can be used to gather interesting feature of
the problem. The free - free process can theoretically be studied at various levels. The motive of this paper is
to study effect of various collision and laser parameters on the collision process under elliptically polarized laser
assisted elastic electron-hydrogen atom collision. There only exist a few works on non-perturbative approaches
for such problems. In this paper we shall present the result of a detailed calculation of differential cross-section
for laser assisted electron-hydrogen collisions. The interaction between the field and the projectile is treated as
non-perturbative by using Volkov wave [11] and we confined our attention in elliptical polarization for polarized
potential. Initially we suppose a collision event in which an incoming electron with momentum k; that interact
with a hydrogen atom initially in the state i in the presence of a single mode laser beam moving to the excited
state j with the exchange of 1 photons between the electron and the laser field. We have used the first Born

approximation, to treat the electron- atom interaction.

2. Theory and Method of calculation
Volkov- wave function

Let us consider an elastic collision between a fast(non-relativistic) electron of mass m and charge (-e) and a
hydrogen target in its ground state where spin effects can be neglected, in the presence of laser field assumed to
be described as a monochromatic, single mode and homogeneous electromagnetic field. Working in the Coulomb

gauge, we have for the vector potential of a field propagating along the Z-axis,
A(t) = Ao {53 cos(wt) + ¢ sin(wt) tan (g) } (1)

where Ag=CEop/w Fo and w are the electric field amplitude and frequency respectively. Here,n7 measures the
degrees of ellipticity of the field. For linear polarization,n = 0, for circular polarization,n = = / 2 and for elliptical
polarization, —7/2 < n < 7/2 .The wave function of the projectile embedded in the field is given by the non-

relativistic Volkov wave function:

o )
X" (7 ) = (2m) "% exp (zk = i/ <i + 2 1. ﬁ) dt)

Ceo \Zm  mc

_3 N . t P2
= (27)2 exp <zk P — — iAo(t) {fc cos I coswt + g sin g sinwt ¢ - hkdt)

hJ_o2m mc 2
_ ;2272
= (27r)Ts exp(ik - ¥ — %52:1 t
St
—% %A’o(t) {f:cosgcoswt—i—gjsingsinwt} -hkdt)
= (27r)_Ts exp(ik - 7 — Zl;kt

e -

t
——Ap(t) / {:E cos g coswt + §sin g sin wt} . hkdt)




Elliptically polarized laser

ie o = [t - [t n
——Ap(t) {a%k/ {Coswtdt+g]-k/ tanfsinwt} dt})
mc — 0 — o0 2

= (277)_73 exp (’LE S = iExt e

1 ¢ K)sinwt — (- k n
5 mwcAo(t) [(w k)sinwt — (§ - k) tanQCoswt])

Put 2.k = Rcos Vk,(y.ﬁ)tang = Rsin~y, where R = michfo (t). Then

x(7t) = (2#)_73 exp (zE ST — ZE}::t — [Rcosy, sinwt — Rsinyg coswt])

= (27r)773 exp (zE S — ZE;:t — Rsin (wt — ’yk)> .

This is the required form of the Volkov wave function, where
R R 1/2
R=ao [(k 82 4 (K- )2 tan® g} — apDok

1/2
Do = |:COS2 0 + sinZ 6 tan> g]

k-
EE()
Qg = )
mw
Calculation of S-matrix element
The S matrix element is given by
g— !

5< X,;fo,;i >

which is related to the transition amplitude from the momentum state k:(_%) to k_} by

. t
-1 * 3

where k; is the initial wave vector of the particle and ];:_f is the final wave vector of the scattered particle.
Substituting for XE, and Xi,;» We get

®3)

ST

—1 ¢ =3 L N ZEkft . . =3 e -
Sk = %// (2m) 2 exp |:(—Zkf'7'+ - + iRsin (wt—’y@)} V(F)(2m) 2 exp [(zkzZ

1Byt

i

- 1R sin (wt — ’Yk))} d*rdt

Using the value of R,
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o= S o s 5= R) Ao [ 255 v

X exp [z (];:f — l;l) ap Ao sin (wt — ’yk)] d3rdt
Ifé :Ef — EZ be the momentum transfer, then

— 7 A t . - . . —Eki t
Skpk; = JV(A)/ i) Ao sinCt =) i (Bis ) g gy

where
~ 1 e~ IATY (A
V(&) = o [ € V@

Since V() is independent of time (t), we can seperate time and space integration so that V(8) can be taken

outside the time integration. We know that the generating function of the Bessel Polynomial is [12]

oo
eiw sin ¢ — Z Jn($)€ni¢
—o0

with x = A.ag Do and ¢ = wt, we get

oo
iA-agAg si t 2 : tlwt
ez agApg sinwt _ Jl (A.DOCM()) 61 w

l=—0o0

So, the S-matrix element becomes

—0 ¢ - i i - t i
Sk, :%V(A) [m Z J; (A.Doao)e”“’te (Ekf Eki)ﬁe Vel gt
it ()

—1 By, —Eki+lhw)h

= = Tlifk,-ei(

dt
h

—o0

where

T’éfki = V(A) Z Jl (A.Doao) eihk
l

This is the transition matrix from the momentum state k; to ky. Here, T} ks is time independent, so it can

be taken outside from the time integration. Thus,

—q t t
= [ .

— 00
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Calculation of transition matrix and differential cross-section

The relation for the differential cross-section of electron with transfer of [ photon is

do m?  kf |y
= ATy 1 6
dQ ~ (2m)2ht ks s, ©
where
2 .
(Thpm| = 32 7 (ADoco) [V (&) (7)
1
and
o 1 —iAF 3
V(&)= Gy /e v(RdT ®
For [ = 0 i.e., when there is no photon transfer during scattering,
do _ _m’ 3" 72 (ADoao) [V(A))? (9)
Q@ (2m)2nt 4
and
do free-free do field free )
il == . 1
(dQ) (dQ> ;Jl (A.Doavo) (10)
Using the sum rule
Z le (A.Doao) =1 (11)
1
we get
free-free field free
do ~ (% (12)
a2 ds2

Thus, in this limit, free free cross-section is equal to the cross-section in the absence of the laser field. Here,

l
‘kaki

’_ 3" JF (ADoao) [V(A)[?
l

For spherically symmetric potential, V(¥) = V(r). Therefore,

V(A) = — - /0 = S(AT) gy (13)
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then the Fourier transform of the polarized potential is given by

> _ % _(-Ad)
(&) 167rde
So that,
2 2
S5 2 Qp  (—Ad) 2 _ Qg - 2Ad (ZAd)
VA= 16ra¢ = 25622 {1 TR

The higher order terms can be neglected for small momentum transfer. To calculate }, Ji(A.Dg.cp) all we
have to do is to replace x by A.Dy.ap in expression of Bessel function under =1 that corresponds to stimulated

Bremsstrahlung (one photon emission) at low frequency we get [13]

AD
Jl (A.Doao) = TOCVO
and
2 N
Tk | =2 97 (ADoao) V(A)P
l

_ A’Djag o B 202 A a;  (2Ad)?
- 4 256mw2d2  256m2d @ 256m2d2 2

Here, the higher order terms of the momentum transfer can be neglected. Therefore

22,2
2
- aoDoap 2

‘ Fpki 10247242
and
do _ m* kg agDiag (14)
dQ " (2n)2ht ki 102472d2
1
Substituting for A% = k2 {(1 — ZZ) -2 (1 — ?}:) * cos b + 1]
d lhw ? Ih hw ?
g w 2 4 w w
— = 11— — EjEx. A 1——)—2(1—— 0+1 1
s C( Ek1> 0k ( Ekz) ( Ekl) cosv ( 5)
where
202 D2
__me ap6 F (16)
3276878h°d2ct

is a constant. Here,l=1 corresponds to stimulated Bremsstrahlung (one photon emission) and /=-1 cor-
responds to inverse Bremsstrahlung (one photon absorption) in the presence of polarized potential V(r). The

various quantities in Equation (16) are

99
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Doy = (cos® @ + sin? § tan? g)%

m =mass of the electron, k; = initial momentum vector of the electron, E}, = initial kinetic energy of the incident
electron, hw = photon energy of the laser, [ = no. of the photon transfer during interaction, § = scattering angle, A

= momentum transfer, Fy = amplitude of the electric field of the laser

3. Results and Discussion

In the present paper work, we have also studied the elastic scattering of an electron-atom interaction by
absorbing photons from the elliptical polarized laser field. We have considered hydrogen atom and the effect of
polarized potential in scattering is studied by considering high electron energy (~ 3000 eV) and laser field of
moderate intensities i.e. Fo = 107 V/cm and frequency,f = 3.5 x 10'® Hz, photon energy fiw = 0.117 eV and I
=6 x 10% W/cm?.

We have calculated the differential scattering cross-section in the case of inverse Bremsstrahlung as

1 1
do m2a2D3 w2 e?E? hw hw \ 2
=0 = Ok (1+ o) —2(14+ o) cosf+1 (17)
dQ  40967m4hld? By, ) m2w By, B,
in the presence of polarized potential V(r) where
Dy = (cos? @ + sin? § tan? g)%
Variation of differential cross-section against kinetic energy of electron
4e+017 4e+017
364017 3e+017
> K
E 2es017] E 2e:017
G a
T £
=} ©
° ©
1e+017[ 104017
00 1o016 20016 30016 40016 50016 6e016 70016 %) 10016 20016 30016 40016 50016 6e016 70016
Kinetic energy of incident electron (J) K.E. of incident electron (J)
(a) (b)

Figure 1. Variation of do/dQ2 with K.E. of the incident electron at the polarizing angle (n). (a) 7/4, (b) w/8

From Fig. 1(a), we see that do/df2 increases as the K.E. of the incident electron increases. From Fig. 1(b),

we see that there is no effect of changing the value of 7 on the variation of do/dQ2 with K.E.

100
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Variation of differential cross-section area with polarizing angle (n)

We observed that o/dS in elliptical polarization in the high-energy region depends upon the laser intensity
and the incident electron energy for a linearly polarized field. For the simplest geometry, the ellipticity of laser
field affects the angular distribution of scattered electron as compared to the case of linear polarization and
circular polarization because it destroys the axial symmetry of the angular distribution that exists for n=0 with
respects to the direction of polarizing vector. From Fig. 2, for n=0, do'/dS) is minimum and equal to 0.56 x 10~ !

m?/Sr.

7e-011 T T T

6e-011 [ i

5e-011 [ i

4e-011 - 7

3e-011 - 7

2e-011 4

Differential scattering cross section(m2Sc-1)

1e-011 [ 4

0 1 I 1

Polarizing angle(rad)

Figure 2. Variation of do/dQ2 with polarizing angle (1)

Again, at n==%1 , do/dQ increases asymptotically and the maximum value of do/dQ) is equal to 0.56 x
107 m?/Sr. The differential cross-section varies with polarizing angle like U-shape about 7=0 and at 1=0, it

has minimum value and increases substantially for n = £ |n)|.

4. Conclusion

It is generally observed that when electrons are scattered from the atom in the presence of laser field, a
new effect is observed which are not accessible in ordinary electron atom scattering. The collisions have the basic
peculiarities of being processes in which, three sub systems are present. First, the electron, second the target and
the third radiation field. The last one provided energy and momentum and is characterized by the polarization of
the electric field, which introduces in collision process a new physical axis. In the present study we concluded that
the differential scattering cross-section of an electron depends upon kinetic energy of the incident electron, i.e.

higher the kinetic energy, differential scattering will be higher, but independent of polarizing angle. We observed
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that differential cross-section in elliptical polarization in highenergy region depends upon the laser intensity. The

differential scattering cross-section obtained in our results for elliptical polarization is greater than the result

obtained by Flegel et al. generally differential cross-section for elliptical polarization is greater than those of

linear and circular polarization.
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