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Abstract:

Spin polarization has been calculated forsttegtering of electrons from xenon atoms at imgaefrgies
up to 10 eV .The projectile-target interaction epresented by an optical potential used in thetisolwf
relativistic Dirac equation . The calculations weegried out within a relativistic dirac method.Guamison
with available results shows rather good agreement
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1.INTRODUCTION:

Theoretical studies of spin-dependent incident projectiles according to scattering predd
phenomena in collisions between electrons andmore detailed information about the projectile-
atoms have been progressed significantly since theéarget interaction. In the present work,the
classic review of Kessler [1]. It is well known tha calculations start with the Dirac equation to
the relativistic interaction plays an importanterdah describe the scattering system and calculate the
understanding this phenomenon in the scattering ofSherman function S according to scattering at low
electrons from heavy atomic targets.In the presenimpact energies up to 10 eV. The relativistic
work , the investigation is performed on the xenontreatment of electron collisions enables us to
target using the relativistiapproach, by solving calculate the asymmetry function or spin
the Dirac equation, which provides, in its standard polarization function or the so-called Sherman
formulation, the interaction effects of the function, which describes the calculated spin-up
projectile’'s spin .During the scattering of and spin-down asymmetries in the number of
electrons,their magnetic moments interact with thescattered electrons.
magnetic field generated by the orbital motion of In sec.2 ,the theory used in this paper bl
these particles with respect to the target atom,introduced , in which the computational method
leading to the well-known spin-orbit interaction used in present work , the calculated spin
term. Hence, even though the incident beam ofpolarization parameter and the total interaction
projectiles may be unpolarized , the spin-orbit between an electron and a target atom will be
interaction can adjust the spins of the scattereddescribed .While sec.3, deals with the results and
particles in a preferred direction causing a na@t sp discussion obtained from the calculated resulie, t
polarization.The study of spin polarization of the conclusions are given in sec.4 .

2. THEORY:

The Dirac equation for a projectile oftres energy of the incident particle. and S are the
mass r traveling in a central fieldV(r)at a  ysual 4 X 4 Dirac matrices.The spin#r has the
velocityv is given by [2]: four components an¥ = (y,.v,,v;,y,),where

lca’.P + pm,c® +V(r)J ¥Y=EY ... (y,.v,)are large components andy {,)are

— 2 _ 2 :
Where E = m,)c” = Ei + M,C” is the total  SMall components of.For a central potential, the
Dirac equation can be reduced to a set of two

equations [3]:
(g7)" +[K*=1(1 +D/r* U (N]g () =0..

energy which is not full relativistic since the
energy is low,so quasirelativistic treatment is enor

suitabley = (L—V? /cz)_y2 .andE is the kinetic
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Where g is related to the radial paG® of the 9iven in atomic units
large component oF by : (m =e=h= ZL% =qa,where q@ais the fine-
G :\/EEL’”:[E‘V(;)C"‘”B&] oo (B _zngCA) structure constant) by [2]:
r nic

.The U are the effective Dirac potentials and are

\2 /i /
_Ul+(r):—2W+a2\/2—§@+l”_+M”_ .. (3
4 n 2n r n
And
I\2 /i /
—Ul'(r):—2W+a2\/2—§@+l”——}”— .. (4
4 n 2n rn
Here, single and double primes denote the first and 1 10V(r)
second derivatives with respectrioespectively. It WF ar
should be noted that the last term 0Of* in ) )
Equations (3) and (4) corresponds to the twoHere , o is related to spisas 0 =2Sand the

o.L ..(5)

eigenvalues of the well-known spin-orbit value of ( o . L ) equalsl for j =1 +% and
interaction, one according to spin up and other
according to spin down [4]: -(I1+1) for j =l —%.The proper solution of

Eq.(2) behaves asymptotically as[3]:
g; (K,r) =Kr[j,(Kr) =tan©®)7,(Kr)] ,when r - oo ()]
Where |, and/j, are the spherical Bessel functions with spin down , respectively.The phase shifs
of the first and second kind,respectively.The plus can be obtained from the values of the radial wave

and the minus signs attached to the phase sfjifts  function g at the two adjacent points and r+h
correspond to incident particles with spin up and (h «r)at very large r as :

(r +h)g (r)j,[K(r + h)] —rg (r + h) j, (Kr)
rg; (r + h)g, (Kr) = (r +h)g (r)m [K(r +h)]
In the present calculation,the wave functiog$ amplitudesf (K, ) (the direct amplitude) and

are obtained by using Numerov's method of g(K, &) (the spin-flip amplitude) are defined as[5]:
Eq.(2).The two complex scattering

tand” = - (1)

f(K,6) = ﬁi{(l +1)[expid") —1] +I[exp2id -]} P(cosh) ... (8)
And =
9(K.6) = ﬁz[exp(z &) - exp@id’)] pt(cost) . (9)

Where 6 is the scattering angle arfd(cosf)and  The sherman functioB describes the spin

1 . polarization parameter of the scattered electréns i
pi(cosd)are the Legendre polynomial and the the incident electron beam is unpolarized.The total

associated Legendre functions, respectively.Theinteraction between an electron and a target asom i

elastic differential cross section for the scai®r  gescribed by an effective potenti(r) which is
of the unpolarized incident electron beam is OiVeN . icen to be a sum of three terms, the

by [3]:

Y3l do , , staticV, (r) ,exchang¥,,(r),and the polarization

Uu(e)zﬁzm *|g - (10) Vo (1) potentials. These  potential terms  are

And the spin polarization paramet&(6) has the functions of the electronic density of the target a

form[6]: approximately account for the dynamics of the
; foa' - £ collision.The electrostatic interaction energy

s(g):u ..(11) between the projectile and the target atom is

o,(0) obtained by [7]:
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Va(r) = Z,e(r) = Z, @, (1) + ¢.(r)] - (12)
Where Z e is the charge of the projectile and the nucleus and the electron cloud, (r)and

@(r)is the electrostatic potential of the target atom g _(r), respectively , by [7]:
which is express as the sum of contributions from

¢.(r) :e{%j'pn(r’)4n’zdr’ +]2pn(r’)4n’dr’j ... (13)
And r
$.(r) = —e{%j'pe(r’)4n’2dr’ +]:pe(r’)4n’dr’j ... (19)

Where p, (r) and p,(r) denote the space densities

r
(particles per unit volume) of protons in the nuedle () Ze¢(r) - (13)
and orbital electrons, respectively.To quantify the The electrostatic potential and the particle desssit
screening of the nuclear charge by the atomicof the atom are linked by Poisson’s equation which
electrons, there is a screening functionr), for spherically symmetric systems aifd > Q) is
defined as the fraction of the nuclear charge bgen simplified to:
a particle at a distance from the center of the
nucleus,and obtained by [7]:

1 d? Z d?x(r)
r)-— ry=—-————.r r e 16
Pa(1) = pe(r) == F el =~ =1 (16)
Where p, (r)is obtained by Fermi distribution as [7] :

Po
expl( —R,)/Z] +1
Where Z =t/(4In3)=0546x10"cm and numerically.Foro,(r) in the present work,where it

t = 24x10*%cm(the skin thickness) defined as has used the most accurate electron densities

the distance over which the density drops from o.gavailable for free atoms which are obtained from
to 01 of its central value, also Self-consistent relativistic —Dirac—Fock (DF)

3 A Y% _ _ calculations [8].The same densigy,(r) is used to
R, =107x10°A’3cm, is the mean radius (half- _ _
obtain the electron exchange potential.In the

density radius)The constantg,, which is twice  present work,the exchange potential model of

the proton density at = R , is to be determined by Furness and McCarthy[9] which is local
o . . approximation to the exchange interaction is used
normalization. The electrostatic potential of the

e to perform the calculations and is given by:
Fermi distribution, ¢, (r),has to be calculated

p,(r)= e (A7)

1

Vo) = STE Vo ()] - SHE -V, (1)) + 478,640, (D} 19)

Where E is the total energy of the projectile.For Here, r. is the point where the two forms cross

the correlation-polarization potentiaV,,, (r),a2  each other for the first time. The short-range form

parameter-free polarization potential is basechen t for electron scattering from atoms is based on the
correlation energy of the target atom which is free electron gas exchange potential and is giyen b
used.lt has two components, the short-rangel10,11]:

Vg(r) and the long-range/ ,(r) parts and are

given by [2] :
Vo) = VR (1) <, 1

cpol( ) - VpLo'F(r) T > rc ( )

sy 4] G| d G6—=lG| | dd+2Z) |G
er‘(r){dﬁdlrsrf} {JE } 3[{du+qrs+rf}% 3 } {(do+dirs+r§>2} @H o
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Where d =3.4602d, =32 andd, =-09 also ¢, =g r, +e, \/E +e ..(23)

C, — C, represented by the equations: 3e \/r_ e
2 3 C,=2r +—Y 5 4+g +2 ...(24)
C =T +e4r52+e5rs+e6\/r_s"'(21) 2 2 s
e 2
C, =€ +—2 ..(22) cS:(r52+e4rs% +e5rs+e6\/E) .. (25)
2Jr,

With : g =-181942e, = 274122, =-144288¢, = 05372308, = 1.28184ande, = 20404¢ .

_ . r = O,where it is given by the expression of
Where s _{3/[47106(0]}%  Pe(r)is the Mittleman and Watson [13] as:
undistorted electronic density of the target .The . Y
long-range form of polarization potential is given d, ZEO’daOZ b

pol
by Buckingham model [7]:
4
-a,e
VLR(r) - d

(27)

Where @, is atomic unit assumed equal to one and

(26) b§o| is an adjustable energy-dependent parameter

T A dy?) o
Where (@,) is the relativistic dipole polarizability W?'Ch Is given by [13]:
of the target atom . For xenon atom it is takehdo bPO' = max {(E-50 eV)/(16 eV),1} - (28)

27.31 12].And th | f i
( aﬁ) [12].An e value of dy) is a So ,in this work the assuming is that the

phenomenologica_ll CL.jt'Oﬁ parameter thqt SErves tOBuckingham potential,is given by Eqgs.(26)-(28).
prevent the polarization potential from divergirtg a

3.RESULTS AND DISCUSSION:

In this work the values of the spin polatian energies.Also the effects of the
or the so-called Sherman functio(6) for the  polarization,correlation and the exchange become
scattering of slow electronby xenon atom at Very small when impact energy increases where
various impact energies between (2-10 eV) areonly the_ static p_otentlal k_)eco_mes dor_nlnate ,where
calculated relativistically by using the optical the static potential used in this work is comphetel
potential in the Dirac equation where the resues a détermined by the adopted nuclear and electronic
compared with the available theoretical values of charge-density models.The correlation—polarization
P.Syty et.al. [14] ,these results are shown inpote_n_tlal r_nodels c_:onS|der<_ed in th_ls W_o_rk combine
figurel(a-d),where the calculated values of spin€mpirical information (static polarizability anah
polarization parameter agree reasonably well withadjustable energy-dependent parameter) with the
the available theoretical values of P.Syty etid][ local-density approximation (i.e. the target is
as shown in figl(a-d), the difference between thereégarded as a locally homogeneous electron
shape of the Sherman function of my calculation 9@S),while P.Syty et.al. [14] they had used the
and the shape of the Sherman function of p_SytyreIatlws_tlc multiconfiguration method where the
et.al. [14] at these impact energies because of th&€orrelation  effects  responsible  for  target
interaction potentials as well as the relativistic Polarization were treated in a relativistic
correction according to the spin-orbit interaction configuration-interaction scheme that allows for
term becomes more sensitive at low impact dynamical effects.

4. Conclusions:

The elastic scattering of electrons fromot®  relativistic correction terms according to the spin
atom has been treated relativistically by solving t  orbit interaction becomes more sensitive at low
Dirac equation. The projectile-target interaction impact energies, where the dependence of the
consists of Static,Exchange and Correlation- electron exchange,correlation and polarization
Polarization terms.These terms are important forpotentials on the radial distance, according t@ th
xenon atoms as well as the other atomic systemselativistic terms in the Dirac equation, becomes
especially when the atomic number increases.Themore important at low energies.
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Figure (1) : Sherman function S(6) for the scattering of slow electrons by xenon atom for an impact energy (a) 2

eV, (b) 4eV,(c) 6eV and (d) 10 eV, in all energiesthe sdid curve corresponds toresults obtained in present
wor k, whilethe dotted curve correspondsto results dbtained by P.Syty et.al. [14].
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