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ABSTRACT

In this paper work, we have investigated scattering of an electron by hydrogen atoms in the presence of the
Circularly Polarized (CP) laser field. In our present work we have included the polarization effect of laser field
on hydrogen atom and effect of the resulted polarized potential on differential scattering cross section is
studied. Since we assumed the scattered electrons to have initially 20 eV kinetic energy, this permitted us to
treat the scattering process in first order Born Approximation. The scattering electron was described by Volkov
wave function. The differential scattering cross section decreases with the increase in scattering angle, for a
fixed value of a laser parameters and kinetic energy of an incident electron. So from this study we concluded
that non linear differential scattering cross section depends upon the scattering angle and kinetic energy of the
incident electrons also we calculated the differential scattering cross-section area for scattering electron.

Key word: Volkov wave function, differential scattering cross-section, circular polarization,

polarized potential and photon

I. INTRODUCTION

Electron atom interaction in the presence of a laser field attracted considerable theoretical attention in the recent
years 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 fe and intensity 1) 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 [1]. 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. The laser field of
a monochromatic infinite plane wave, linearly polarized, in the dipole approximation, the plane wave
assumption is not critical, as the extension to the single mode laser pulse of adiabatically varying intensity can
subsequently be made. At high intensities atomic transition abundantly involves multi-photon absorption and
emission. The description by perturbation theory is no longer valid, and new method of solution of the

Schrédinger equation are needed [2]. A non perturbative theory was developed earlier by Kroll and Watson for

low frequency regime [3] is well suited for the range of the intense IR laser. In the following we shall present
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our theory for the low frequency regime. We shall mainly deal with the case of electron atom collision in the
radiation field also termed free-free transitions. It is the purpose of the present work to investigate free-free
transition on a hydrogen atom for a CP laser field and the target dressing by radiation field is ignored. We shall
first describe the formalism and then apply it to the case of a polarized potential.

The free -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.
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. Here we discussed such intensity of the electromagnetic field where the photon-field

interaction can be neglected.[4]
I.MATERIALS AND METHODS

We consider free-free transition for scattering of an electron by the potential [5]

7.

Vir,t) = Vi) + o0, — (1)

r

which describes a hydrogen atom in a laser field. V() denotes the potential:

ve) =~ (147) @)

And oz, is the static polarizability (cc,= 4.5 a.u. for hydrogen in its ground state). The second term in equation

(1) describes approximately the interaction between the electron and the atomic dipole moment induced by the
field.

For circularly polarized electric field in the dipole approximation,
Et) = i 2 [exp(—iwt) E —exp (iwt) E7] 3)

where € and E” are polarization vectors. On expanding the exponential functions

- E, i[E—E" [E+ E']
E(t) = — t)——— i t
(t) wlﬁ{cns{m ) - + sin{wt) 7 (4)
Defining two unit vectors along two orthogonal directions in the polarization plane:
. i|E —€" . [E+E]
g =——(= and &=—— ®)
’ V2 32

So, equation (4.), can be written as:
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£ () = 2 [8sin ) - §cos wt)
Eft)= E[gl sin wt) — &/{cos wt)] (6)

where E; is the amplitude and w is the frequency of the electric field, & and & are the unit vectors along two
orthogonal directions in the polarization plane and A is the vector potential representing the laser field for a

circularly polarized wave. Here, we take 4 in spatially independent form because we have taken Coulomb
gauge. In Coulomb gauge,
184 84 1.

E=—-—=—=—-Et
c Ot at c @

Substituting for E(t) and integrating, we get

A= 4[E(coswt) + & (sinwt) @
where, 4, = ¢E, /(«+/2). Here, we assume that the laser field is circularly polarized. Using equation (7), the

Volkov wave function becomes

1@ = 2T exp(ik -7)

¥ exp (_E“‘ il -I—%An[éﬂ[{cns wt) + &(sinwt)] B+ V(7 t]dt}]

2

= (EH:I_T! exp(ik - 7) % exp (—:‘%t - l—ﬂ j[e (coswt) + & (sinwt)] - P dt} - J‘ V(7. tjdt)

For an electron of kinetic energy E; and momentum k the volkov solution reads as

-3

ot L B
= (2m)z exp{:‘k-r—T?x exp{ fory[€ sinwt — & coswt] j'lr’{r,t:]dt

where,

g4y g cky 1 ek
e —] = = — —
T mew  meow g2 2mo?

Now, defining

glt) = o, [& sinct — & cos wt 8
DL"tL g
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Where a(t) represents the classical oscillation of the electron in the electric field E(#) and g

1 G 1) = 27 exp |(iF.7 — 1K -d(9) -

j V(7. ) dt (9)
This is volkov wave function
In the first-order Born approximation, the S-matrix element corresponding to the scattering of the electron is
= ?J‘_xdt < }::}_ “’,{?’;; t:] |}":L = (10)
Where yz.and x7, are volkov solution

Substituting for xz. and xz,, we get

=h{2_—;]g_f J‘E‘xp(—iﬁf-ﬁﬂﬁf-a{ﬂ +iE, h}{ j'gﬁ}

X exp (El F = ik a0 —

t 3
Ey; .ﬁJ d*rdt

e | e i - F) - Aepli(Fy - B)-20) x o {i(5y - B) Ve a

"S-I-

RC2n)? [ [ ewl-i® ) - e li(®, - %) 4@} x exofi (5 —E;Lij%]}{ux

}d rdt
re

Let the momentum transfer of the scattered electron be g

kkhen

-

Fl':7 :]" J‘ J‘exp{ iq - lexpl—ig - Et':t:]}exp[{E‘” Ey }t}x Vir) dr dt

oo

. -
HCSE ]u ijrp{q 7} exp{—ig - u{ﬂ}epr{E” Ehl}h}x {o: - }d rdt 11)

"SI-

The first part of equation (11 is
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—i v o o t
551 = m J‘ J‘ E:Hp'[.,ﬁ ?"_}EJEP{—»ﬁ -E(t:l}exp IE{EF.-;' - Ehl}g} V(r) d*r dt

—_—

t
- 5 @555 f ep(—i 40 }ewp {i(Eey — Er) )

‘ . t
= 2 (g) .ﬁ{7 m=E J‘xdtexp {—Eq_'.% o[ (sineut) — & (cos cat:l]} b exp{i{E;l.f - E"‘}E}

(12)
where
1 e
£ (g) :—Efmp (13N
is elastic scattering amplitude. Here,
iqi.T3 |6 (sinwt) — & (cos wt)] = Eun[q. & (sinwt) — 4.8 (cos wt)]
NG / 3 J
Accordingly, the following notations are introduced
q. & q. &
Eusqjq: | 15 ) Eiﬂqﬁq = I d - 1
_d'(ﬁ- &) +(g.g) _J(ﬁ- &) +(q.8)°
R =—a, (.67 +(3.6)% and o, = ﬁlé}]).{
0 = 5% (@8 + @) and g =arctg =0 )+ i (13)
Where @ is the dynamical phase and | is an integer
S0
, g
.,573 a8 (sinwt) — & (cos wt)] = EHq[cns ¢ (sin wt) — sin ¢, (cos wt)]
NG i
= iR, sin(wt — ¢,)
So,
t t
.S'Er_l = {q] .ﬁ{7 mE J‘ xdtexp{—iﬁq. sin(wt — qhq.:]} exp IE{ERI — E"l}ﬁ} (14)

We know that the generating function of the Bessel Polynomial is (Watson,)[6]
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[+ =
g = ] (x) €9
-

Therefore,

exp{—in. sin{wt — ‘F'q]} = Z JrN{Rq] g (—IVw) 5[V

N=—o
So equation (14) becomes
581 a1 i i R 3 gliVeg) J-r dt gl—ivet) { {E E NF } t}
- = o —_— A - - ) kf — Lpf — 4 .
if = (g) h(2m)2 \r__.,:JrN( q]F B te EXP i\ By ki oY) o

In atomic unit, & = 1. Therefore,

: * ] t # t
SF =@ 15537 D In(Re) ™o f_j'iglﬂp{i@k - B = ¥ha) 3}

N=—u

- -
= Jipe?l ':t]‘] ﬂ z IN{-R#}F[IJW:':IE (‘E;‘f _E;‘i - th) (15)

N=—m

Here, we have used

8 —x) = — [ ™= dk [7]
Again, the second part of equation (11) is

—i 3 - . ) t ?
58 = m-"f_tw fig.7lexpf —ig. a(t]}ﬂp{i{gkf — Ey) E}{DCS r_g} dirdt

Here,

-
i-E L
o, —— = 0, r—::r' . [m{p(—imt] g —exp ( fcot)) E_‘q

re

Therefore,

_: t t
SF =i B ||_ow (3.Rew (—3.80) e {i(By - B0) 3]
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-
r

b {[Eﬂp(—imﬂ = € —exp (iwt) 'r% -E_"]}dgrdt

The first part of equation (16) is
T t -
I, =0, E, ﬂ exp {id.7)exp { —ig.d(£)} exp{il[E;if - E;i[}i}{exp(—imﬂ %E} dirdt
- F
=0 B, J. W{W'F}ﬁ'gdg?

t =
. ; t
% J- dt Z JrN{Rq'] g[—wmrjg[h"-f#':r:' EXp {E{E&f _ .E;“:} E}Eﬂp{—iﬁﬂt}

— N=—m

Where

exp{ —ig.a(t)} = E [ (R ) el ivn) g (W8]

N=—m

Therefore,

3

-+ [
r . t
I, =, E, J-Exp {EE}'-?}E'E’ a3 z Jw(R ) e @93 x J. dtm{p{i{ﬁ}if —E;H-}E— i(N+ ljwt}

N=—mx —

E

= o, E, J- exp {aﬁ.#}% Edr z Ju(@R)e™*dhx J- d%exp{i{{ﬁ‘;if —Eu)— (N + 1]&.:0}%}

N=—m —o

=+ [
r )
=0, E, [ exp {a@'.#}; Edir z In(®R)e™*dh 2n 8(En, — Ex, — (N + 1)ha)

N==—

Replacing N by N -1,

4 w
r .

I, =, E, J-exp{za.ﬁ}—g Edir z Juo1R e %R 2n 5By, — By, — Nha)
r

N=—a

Here, the integral

+ -+
7 e - 2w € cos @ g
; T, — -
J. = exp lig. ¥}d*r = — . = _zﬁiqz

Hence,

(16)
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I, = —(2m)*h o E,, Z Jy-1(R7) ™" ”“’#5(5 5 — Nhaw) (17)
N=—u
The second part of the equation (16) is
: - e I | - £ - F —Fu 3
I, = —x, E‘Df exp {ig.7exp [ —ig.alt) texp I;{E;‘f —E.) E} exp {;mt:]r—!-E dirdt
{ 3 F — = A |:|
=, Ey ). fm{ﬂq}e':“"'-"*-'fr—!-e exp 1.7} d*r
N=—m
t
£
% J‘ Exp{ [{E;l.‘,- - E; }E_ (N - ljmt]} dt
Here,
7 e r e cosf . g e
j 3 exp {ig. ¥ld*r = Jjﬂ r—!exp{iqf' cosBlr drsinfdfde = —2n =
Therefore,
- e [ t
I = —o, E, Z Ju(R,)elod) (—zan] f exp [ [{Ei.'j By )z — (V- 13@*]}
N=—mx : -
= (2m)? Eag {R}E'N‘-""}EE- —E -(N-1
= @0 % Bty ), In(Re) e P T0(Ey, — B - (¥ - 1)w)
Replacing N by N +1,
I =(2n) =, EE. . Z e (Ry) e '6(Ey; — Ey, — Nheo) (18)
N=—mx
Thus with the help of the equations (17) and (18), equation (16) becomes
=i ol EFo_ (L 5@ .F-=5-E_'
i T oy &y — By _ijg(w%'{“s f[gi fl— .IrN—L{Rl'.'}_ glid) o fn.r+1{:"2q} (19)

Thus using equations (17) and (18) in equation (11), we get

5= E 5 (B, — By, — Naw) x gl™%d) {J@?lf{q]fm{:ﬁq}

€0 (LigndE 6,09 €
— _[9( Pa a fn.r—l{:'qq}_gw*' & .IrN+1{Rq‘}]}

)
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:E E(Ekfr_ER[_‘n"rm) J'\?l (20)
where,
F1 _ _[ive.] BL(p) { } E_':‘ I:—[._ﬂ,- q [m, & }}
gt = e @ (Ry) —o L —e )| (21)

In the presence of radiation field, the scattered electron gain or loose energy equal to New, such that
Er = E; + Nw Where E; £ is the initial (final) energy of the projectile and N is the net number of photons

exchanged (absorbed or emitted) by the colliding system and the CP field. The energy spectrum of the scattered
electron therefore consists of the elastic term, corresponding to N = 0 and a number of sidebands, each pair of

sidebands corresponding to the same value of [N] .

In order to calculate differential cross-section

We have

§ =5 6(Ey, — By, — No)fF*
; .

_ ;_ ,{rﬂ'J‘ gl"Ekf_Ei:i_ijrdt
= -

and using mathematical relation as [8]

lime™ =1
i’;l—:ID
mt
L;l—?g\m T =m hé(E, — E)
or

1
&(ha, — Fawy) =E|5{mﬂ — aup)

Using this,

dP;

ar 21? IFELI26 (WL‘; — Wy, — Nw)

1 -
=52 7 6By, —7)
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Wherey = Ey, + Nw

dP; k¥ Kk* -1 m
— 1 i AL P 17Y-c N -k P
dt 2n lf 3 LL“(zm Em) 2t £ k Sk — k)

Now, the total transition from an incident momentum state k; into a solid angle 4 is

df
W :Z !
— dt

Ji-li dﬂj 5k — K)kdk

(3' ]4
51
=G :]4Iﬂr 2 ks d 2 22)
where
T - — and [&(k; —k)dk =1fork=k;, k is the propagation wave vector and K

normalazation is used.

Using dg = W/ jipe With jine = fik;/m, we get

do =

o ;,4 3Pk —d0 = ..;:1;.% 241240 23)

Then dynamical phase @;, is defined as

=]
il

so, we can rewrite fiit

“_I
i

€ o .gE g E
*.r _ gI:LNdn- {fﬁi{q]jw{ﬂq} — ot E gli—u?q.- qT_er—L{Rﬁ'} - g(l-.ﬁi_. q . _.fp.r+1.'[5'2 q}]}

. 1 Epi_
= o9 {1 @0 (Re) - 5 1T s (R) - (R

Now, using

I.N{Rq} — UN—llrLRq} B .IrN+L|rLRr.'}J

2
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we get
o Ey .
Rt = R @y (Re) - 2 2, 1T BT (R,)) (24)
Thus equation (23) becomes
cP 2 2
R - 2 7 2 ) @

Where [, denotes a basal funtion of an order N and FZ' is the elastic transition amplitude in the first Born

approximation for the static potential

Where polarized potential is given by

Vi) = ———=

2(r? +d42)2

Therefore,

—Op wig
fatg) = —j‘_;ﬁe_qd, g=0

— %P _—gd
“a2 ® 6]

I1l. RESULT AND DISCUSSION

In the present thesis work, we have studied the elastic scattering of an electron-atom interaction by absorbing

photons from the Circularly Polarized (CP) laser field. We have considered hydrogen atom and effect of

polarized potential in scattering is studied by considering high electron energy of 20 eV and laser field of

moderate intensities i.e.Ey = 107V/cm and w = 0.54 a.u.

We have calculated the differential scattering cross section as;

doSP  m? ks Es — 4., :
a0 (2 43(:_:_‘{1‘2?1(?}},55{32:;}_ 20 q—;’lq €]y (Re )3

From the relation it is clear that non linear differential scattering cross section depends on number of photons

(N) and the momentum transfer of incident electron (q).In atomic unit mass of electron is considered unity.
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180

270

Figure:1 Polar plot

It shows that the area of cross-section becomes maximum at 0 and equal to 0.0017 m?* and minimum at 90°

x10°

differential scattering cross section

. . . . . .
o 0.5 1 1.5 2 2.5 3 3.5
kinetic energy of electron EKki x 10-17

Figure:2 Differential scattering with kinetic energy of the incident electron

From the plot it is clear that when the kinetic energy is equal to one joule differential scattering cross section is
equal to 1.5 x10"® m%Sr is maximum while the kinetic energy equal 0.4 joule, differential cross-section becomes

minimum and increases (asymptotically).
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10

semilog differeential scattering cross section
B
o
T
|

10’4 I I I I I I
0 0.5 1 1.5 2 2.5 3 3.5

kinetic energy of electron -17

Figure:3 Variation semi log differential cross-section with the kinetic energy of incident electron

From the plot we see that increasing the kinetic energy of the electron implies that decrease the scattering cross

section area.

semilog differential scattering cross section

Figure:4 Variation semi log differential with angle theta

From the plot we see that symmetric scattering cross-section area log (10%) and maximum at angle 3 radian.

IV.CONCLUSION

It 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 beings 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.
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In this thesis work, we investigated scattering of an electron by hydrogen atom in the presence of circularly
polarized (CP) laser field. In our present work we have included the polarization effect of laser field on
hydrogen atom and effect of the resulted polarized potential on differential scattering cross-section is studied.
Since we assumed the scattered electros to have initially 20 eV kinetic energy, this permitted us to treat the
scattering process in the first order Born approximation. The scattering was described by Volkov wave function,
during the derivation of differential scattering cross-section.

It shows that the area of cross-section becomes maximum at 0° and equal to 0.0017 m? and minimum at
90° differential cross-section decreases to zero, furthering increase of scattering angle, differential scattering
cross-section increases in backward direction up to 180° where kinetic energy of electrons is equal to 20 eV and
the photon energy is equal to 0.17 eV on the other hand ,the differential cross-section obtained in our result for

circular polarization is equal to 1.7x10° m? . It is greater than the result calculated by Gabgriela Buica(2016).

[10]
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