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~ Relativistic The cross sections of the electron scattering from atoms and spin
— Electron scattering polarization has been calculated for the scattering of electrons from Mg
— Mg and Ca atoms and Ca atoms at different energies using the relativistic Dirac equation.

— Dirac equation

i e The interest of these calculations is to obtain an information about the
— Spin polarization

scattering process. The incident electron- target interaction is
represented by an a potential, which is consist of a sum of real model
potentials used in the solution of relativistic Dirac equation. The
comparison of the results obtained by this method are very good
agreement with the other available results.
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collisions between electrons with atoms have
been progressed significantly as given by the
review of Kessler [1]. During the scattering of
electrons, their magnetic moments interact with
the magnetic field generated by the orbital
motion of these particles with respect to the
target atom, leading to the well-known spin-
orbit interaction term. Hence, even though the
incident beam of projectiles may be
unpolarized, the spin-orbit interaction can adjust

1. Introduction

The electron scattering from atoms is a
fundamental atomic process in nature to obtain
information about the structure and dynamics of
astrophysical objects [1]. The cross sections of
the electron scattering from atoms are needed in
such different fields as astrophysics,
atmospheric  physics, plasma physics, and
biophysics. Theoretical studies of relativistic
effects and spin-dependent phenomena in
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the spins of the scattered particles in a preferred
direction causing a net spin polarization. The
study of spin polarization of the incident
projectiles according to scattering provides
more detailed information about the projectile-
target interaction. In the present work, the
calculations are started with the Dirac equation
to describe the scattering system and calculate
the cross sections and Sherman functions
according to scattering from Mg and Ca atoms
at different incident energies. The relativistic
treatment of electron collisions enables us to
calculate the spin polarization function or the
so-called Sherman function, which describes the
calculated spin-up and spin-down asymmetries
in the number of scattered electrons . In sec.2,
the theory used in this paper will be introduced
,in which the calculated spin polarization
parameter and the total interaction between an
electron and a target atom will be described
While, sec.3, deals with the results and
discussion obtained from the calculated results,
the conclusions are given in sec.4.

2. Theoretical Part

The Dirac equation for the projectile of rest
mass mo traveling in a central field at a
velocity v is given by[2]:

lcaP+pmc? +V(N] ¢ _ E 0
Where E =m_jc® = E, + m,C’ is the

total energy ,7 = (1—V2 /CZ)_% and E; is the

kinetic energy of the incident particle. & and #
are the usual 4 X 4 Dirac matrices.The spinor ¥

has the four components and ¥ = (y1,y2 ,y3,y
4), where (y!,y2) are large components and (y

$,y4) are small components of y. For a central
potential, the Dirac equation can be reduced to a
set of two equations [3]:

(07" +[K* =10 +1)/r* ~U; (197 (1) =0y

Where, 91 is related to the radial part G

of the large component of ¥ by [ 3] :

E—-V(r)+m.c?
Glz\/;%n:[ (h)c oC°]

(E? —m’c*) )
n*c’ TheV' are the effective
Dirac potentials and are given in atomic units

K? =

(m, % “ Wwhere@is the fine-
structure constant)by[2]:

/1\2 i /
—U,*(r)=—27)\/+a2\/2_%ﬂ+%77_+(|+1)77_
n

And

2

/1\2
—U;(r)==2N +a’V? _§ﬂ+£77__l77_
4 n° 2mn rp
Here, single and double primes denote the
first and second derivatives with respect to r,
respectively. It should be noted that the last
term of U in Equations (3) and (4) corresponds
to the two eigenvalues of the well-known spin-
orbit interaction, one according to spin up and
other according to spin down[3]:

L 1vm,,
4micr or (5)

Here, O is related to spin S as @ =25 and

the value of (o -L) equals I for j=I +% and

—(1+2) forj=I —%. The proper solution of
Equation (2) behaves asymptotically as[4]:
gT(K, r) = Kr[j, (Kr) —tan(s;" )z, (Kr)]

when ' = _(6)

Where, J' and " are the spherical Bessel
functions of the first and second kind,
respectively. The plus and the minus signs

attached to the phase shifts o correspond to

incident particles with spin up and with spin

85



JOURNAL OF KUFA-PHYSICS | Vol. 10, No. 2 (2018)

A. K. Yassir, A. H. Hussain, F. A. Ali

+

down, respectively. The phase shifts 9" can be
obtained from the values of the radial wave

function g' at the two adjacent points » and
r+ h(h«r)atverylargeras[4]:

(r+h)g; () i, [K(r + h)] - rg; (r +h) j, (Kr)

tans; =—-— —
rg, (r +h)a, (Kr) = (r +h) gy (r)m [K(r + h)]
(7)
In the present calculation, the wave

functions 91 are obtained by using numeral
method of Equation (2). The two complex

scattering amplitudes F(K,0) (the direct
amplitude) and 9K (the  spin-flip
amplitude) are defined as[5]:
f(K 0)
Z{(I+1)[exp(2|5) 1+ I[exp(2i0, —D]1}
2|K o P, (cos 0)
(8)
and
g(K 0)
= 2K 1 Z[exp(Zlé ) —exp(2is, )1p; (cosﬁ)
(9)

Where, ¢ is the scattering angle and
1
R (cos?) and P (cos0) are the Legendre

polynomial and the associated Legendre
functions, respectively. The elastic differential
cross section for the  scattering of the
unpolarized incident electron beam is given

by[3]:

do
:—:f
2.(0) dQ ||

2 2

+ol
: (10)
And the spin polarization parameter S(0)

has the form[6]:
5(9) — I(fg* B f*g)
o (12)

The Sherman functionS describes the spin
polarization parameter of the scattered electrons

if the incident electron beam is unpolarized. The
total interaction between an electron and a
target atom is described by an effective

potential V(r)’ which is chosen to be a sum of
three terms, the staticvst(r),exchange Vec(1) ,and

the correlation polarization Vepar(F) , potentials.
These potential terms are functions of the
electronic  density of the target and
approximately account for the dynamics of the
collision. The electrostatic interaction energy
between the projectile and the target atom is
obtained by [7]:

Va(N) = Z,eg(r) = Z,elp, (N + 0. (N1 (19

Ze

Where “°~is the charge of the projectile

and ?(Nis the electrostatic potential of the
target atom which is express as the sum of
contributions from the nucleus and the electron

cloud, @0 (1) and q’e(r), respectively , by[7]:

Pn (r) = e[%j.pn (r/)47zf/2dr/ +Tpn (r/)4ﬂr/dr/)
’ | (13)

and

P, (r) = —e[%jpe(r’)4m’zdr/ +Tpe(r’)47zr’dr’]
| (14)

Where p”(r)and P (1) denote the space
densities (particles per unit volume) of protons
in the nucleus and orbital electrons,
respectively. To quantify the screening of the
nuclear charge by the atomic electrons, there is
a screening function, y(r), defined as the
fraction of the nuclear charge seen by a particle
at a distance r from the center of the
nucleus,and obtained by[7]:

2(r) = Zi o(r)
e’ (15)

The electrostatic potential and the particle
densities of the atom are linked by Poisson’s
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equation which for spherically symmetric

systems and ("~ 9) s simplified to [7] :

o=t 9% A (U]
pn (r) pe (r) - 47Zer dr2 [r¢(r)] 47Zr dr2
(16)

Where p“(r)is obtained by Fermi
distribution as [7] :

Po
exp[(r—Rn)/Z]+1. 17)

pa(r)=

-13
Where £ =1/(4In3) =0.546x10""cm 4

t =2.4x10"cm (the skin thickness) defined as
the distance over which the density drops from
09 to 0.1 of its central value, also

_ -13 %
Ry =1.07xI07"ACM ¢ the mean radius

(half-density radius). The constant ¢, which is

twice the proton density at r= R“, is to be

determined by normalization. The electrostatic
potential of the Fermi distribution, (on(r), has to

be calculated numerically. For?e(") in the
present work,where it has used the most
accurate electron densities available for free
atoms which are obtained from self-consistent
relativistic Dirac—Fock (DF) calculations [8].
The same density p,(r)is used to obtain the

electron exchange potential.In the present
work,the exchange potential model of Furness

[—2—2(0-0311 In(r;) — 0.058 + 0.00137; In(r;) — 0.00847;) at 7, < 1]

Vcng )=

and McCarthy[9]which is local approximation
to the exchange interaction is used to perform
the calculations and is given by [7] :

V, (1) = %[E V(0] —%{[E V(O

+4ra.e’p, (1)}
(18)

Where E is the total energy of the
projectile. For the correlation-polarization

potentiaIVCPO'(r) ,

a parameter-free polarization potential is
based on the correlation energy of the target
atom which is used.It has two components, the

short-range VSR(r)obtained from the local-
density approximation by assuming that the
correlation energy of the projectile at r is the
same as if it were moving within a free-electron
gas of density p, equal to the local atomic

electron density and the long-range Vig(r) parts
and are given by [2] :

cho|(r) _ {Vcilr?(r) M <T } (19)

Voo (r) =T

Here, o s the point where the two forms
cross each other for the first time. The short-
range form for electron scattering from atoms is
given by Perdew and Zunger [10], where the
correlation potentialis given by [10]:

‘ (20)

2
e —0.1423-0.1748,/15—0.063 37
| ——< /s s) at n=1 |

(1+1.0529,/75+0.333475)°

Ao

_ b
Where s ={3/[470. (NI} is density

parameter ,pe(r) is the undistorted electronic
density of the target.The long-range form of
polarization potential is given by Buckingham
model[7]:

4
—a,e

Var ()~ 2+ d,%)° e

Where, (ad) is the relativistic dipole
polarizability of the target atom. ForM g atom it
is taken to be (10.06x 10~2*cm3 ) and forCa
atom it is taken to be (22.80x 10™2%*cm?3)

[11].The value of (dﬂ)is a phenomenological
cut-off parameter that servesto prevent the
polarization potential from diverging at r = 0,
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whereit is given by the expression of Mittleman
and Watson [12] as:
d,* = %ad a,Z b’

pol

(22)

Where, % js atomic unit assumed equal to

2
one andbp"' Is an adjustable energy-dependent
parameter which is given by [13]:

biolz max {(E-50 eV)/(16 eV),1} (23)

So ,in this work the assuming is that the
Buckingham potential, is given by Eqgs.(21)-(23)

3. Results and Discussion

In the present work, the relativistic Dirac
method is used to calculate the scattering cross
— sections, and momentum transfer cross
sections of the electrons scattered by Mg and
Ca- atoms by using the ELSEPA code of Salvat
.et .al [7] Figure (1) shows the different incident
energies for Mg-atoms at different incident
energies (10,15,20,40,60,80,100,300) eV , our
results were consistent with results of other
investigators, the static effect is the dominant
factor in the Scattering process, whereas the
differences at low energies is due to the other
limits of the efforts being included because the
potential is sensitive to the incident electron
energy especially at low energies ,also Figure
(2) Shows the total cross sections (TCS’s) for
Mg- atoms ,Which is compared with theoretical
calculation of Ismail et.al [14] and experimental
measurements of Williams et. al [15 ] and
predojevi et . al.[16 ], Where we did not agree
with our results where it is observed at low
energies, the value of these sections is great
because the beam of electrons falling down
affects the potential strongly at these energies.
Figure(3) explains the momentum transfer cross
sections from Mg - atoms, where no results
were available to compare with them, but it
was observed at high energies the Momentum
transfer cross- sections decreases slowly as a
function of the energy of the electron and

potential . Figure (4) shows the differential
cross — section from Ca- atoms for an incident
electron energies ( 10, 40, 60, 200, 300, and
500 ) eV, our results are compared with the
results of other investigators and were
theoretically compatible with Hassan et.al. [17 ]
, Pandya [18] and Khare [19] and experimental
measurements of milisavljevic et. al. [20] .The
DCSs can be greatest at the small angle because
the beam of electrons falling close to the center
of the control of central potential of the target.

Figure (5) also shows the total cross
sections for electrons from Ca- atoms , where it
these are a mismatch in the results and the
difference in the potential used, also found in
figure(6),that the momentum transfer cross
sections for the scattering electrons from Ca-—
atoms. Also, we calculate the values of the
spin polarization = S(©) for scattering of
electrons by two atoms , Magnesium atoms at
various impact energies between (10-500) eV
were calculated relatives tically by using the
interaction potential in the Dirac equation , as
show in Figure (7) , it was noted that there is a
difference in the results due to the different
incident energies, the effort of the reaction and
the relative corrections applied to spin — orbit
interaction (SOI) , as we not that limit is very
sensitive at low energies, our results are the
best,When the incident energy increases, we did
not get the theoretical or experimental results to
compare with our results .

Figure(8) explain the spin polarization
parameters S,T,U at 10 eV for Scattering as
shown in Figer (8) (a,b,c) and 200 eV of (d,e,f)
by Mg-atoms ,also, Figures (9) shows the
variation of Spin polarization parameters S(O)
with scattering angle at incident energies(10 —
80 ) eV . for Ca — atoms . Figure (10) explains
the spin polarization parameter S,T,U at 10 eV
for Scattering of (a,b,c) and 200 eV of (d,e,f) by
Ca -atoms .Our results calculated by this
method are in very good agreement with other
atall.

88



JOURNAL OF KUFA-PHYSICS | Vol. 10, No. 2 (2018)

A. K. Yassir, A. H. Hussain, F. A. Ali

1000 T T T

present wo'rk

100
=
K
o 10
&
c
)
o 1
(7]
1]
(2]
2
o 0.1
5
0.01
1E-3
1000 ¢
100
%
& 10
L
C
o
] 1
(o]
(2]
1]
(]
et
c 01
=
(@]
0.01 F
1E-3

Mg

- - - -Ismail . at al./’2016
# Predojevic et al /2007 |

N
> e —
¥ G

*

E=10eV

bad |

30

50 90 120 150 180
Scattering angle (deg.)

Mg

Present Work

# Predcjevic et al /22007
A Williams.et.al /1987
- = =-Khare et al /1983

E=20eV

1 " 1 " 1 L 1

30

60 20 120 150 180
scattering angle (deg.)

2

Diff. cross section (a;f'sr)

fsr)

2
o

Diff.cross section (a;

1000 p—— , ; ; ; . : N
Y b Present Work
M - - - Ismail et. al /2016
o \ ® Predojevic et al /2007
®
10 b
1L
01 L
0.01 |
Mg E=15eV
1E-3 1 L 1 L 1
0 30 60 a0 120 150 180
Scattering angle (deg.)
1000 T T T T
{ present work
v d - - =M.Ismail etal /2016
100 LR —.—. Zatsarinny et.al /2009
Y # Predojevic et al./2007
% s Brown et al /2005
10F \g
1
01 L
0.01 F
Mg E=40eV
1E-3 1 Il 1 1 1
0 30 80 20 120 150 180

scatterin angle(deg.)

Figure (1): Differential cross-sections (a,?/sr) for the Scattering of electrons from Mg- atoms for an incident
electron energy (a)10 eV ,(b)15eV,(c) 20 eV, (d) 40 eV.
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Figure (9):The variation of spin polarization parameter(S) with scattering angle at incident energies(a)10 eV

,(0)20 eV, (c) 40 ev, and (d) 80 eV.
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Figure (10): Spin polarization parameters S , T, and U at 10eV for scattering of (a ,b, ¢) and at 80 eV of (d ,e ,f)

for Ca — atoms.
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