International Journal of Innovation in Science andMathematics

lJlSM Volume 4, Issue 3, ISSN (Online): 2348051

Source of Knowledge

Computation of Total Cross Section for Lutetium Usng
Eikonal Approximation

Salisu I. Kunya Sadig G. Abdu Muhammad Y. Onimisi
Department of Science Laboratory Technology,Department of Physics, Kaduna State Department of Physics, Nigerian
Jigawa State Polytechnic, Dutse-Nigeria University, Kaduna-Nigeria Defence Academy, Kaduna-Nigeria

Corresponding Author email:
salisuisyakukunya@yahoo.com

Abstract — Eikonal approximation method is one of the Described by a plane wave
theoretical frameworks of quantum mechanics to stud
scattering process; this approximation was applietb explain P = gikz )
the total cross section for the interaction. Resulshows that o
the total cross section for electron Lutetium colBion is S . . . Ly
dependence on energy ranging from 1.0eV to 1000.0eVhis Traveling ,'n the Z- direction that satisfy Schragkn
result is in agreement at these incident energiesinge when ~Wave equation.
compared with NIST SRD 64.This result obtained were

significant at higher energies. h? 2
| | — o VAW VY = EY 3)
Keywords — Total Cross Section, Born, Eikonal, Electron,
Lutetium. The free particle wave function becomes “distorted”
the presence of a potentidd(r).the distorted wave
|. INTRODUCTION function is composed of an incident plane wave and

_ . scattered wave.
The interaction between photons, electrons, atomts a

molecule are fundamental to the process of lifee th ] eikr
universe and almost everything, the analysis oftexiag Wy = e +f(0)
has yield most of our present knowledge of elemgnta

particle physics (Cox, Deweerd and Linder, 2002), Equation (4) can be calculated by solving the
Compton scattering of X-Rays by electron is oftéaccas Schrédinger wave equation. Whefég) is the complex
experimental evidence f(_)r the particle nature efghoton _scattering amplitude embodies the observable stajte
(Cox, Deweerd and Linder, 2002).Rayleigh and Migyoperties and is the basic function we seek terdene.
scattering are the theoretical framework of ligtattering Moreover, collisions are always characterized bg th
theory, these theoretical result explain the blod eed jifferential cross section (that is, measure of the

(4)

r

sunset. _ _ o _ probability distribution) given by:
Electron scattering from atom is usually dividedtin
elastic and inelastic scattering, in the former ¢fectron do
exchanges momentum q with the atom and is deflected ——= = |f(6)|* 5)

with no or very small energy loss. In the lattee th df

scattered electron changes the electron configurati the This has the simple interpretation of the probabitif
scattering atom without transferring momentum te thfinging scattered particles within a given solidyn The
nucleus (Vos, 2010), a wide variety of approximati@ve total cross section can be obtained by integratimg

been used to investigate scattering process, #wetical gifferential cross section on the whole sphere of
study employed in this work is eikonal approximati®  opservation (4 steradian).

compute total cross section (TCS) i.e. a measurthef

probability that an interaction occur (Abdu, Onimésd do 2 n do

Kunya, 2014). A cross section has dimension of area o = f— dfn =f d(bf df sin 6 — (6)
which is cnf or n?, since the nuclear radii are of the order a 0 0 a

of 10m to 10™m, thus cross section are normally

measured in Barn (1barn=1n?)(Goshal, 2005), the lll. E IKONAL APPROXIMATION
atomic unit is also a common unit that can be used
amstrong square. For scattering problems where the potential V(x) is
much smaller than the energy, one can make usheof t
Il. SCATTERING THEORY Eikonal approximation in order to solve the problérhis

approximation covers a situation in which the pt&tn

varies very little over distances of the order angton

wavelength. This approximation is semi classical in
h2K2 nature; it is essence is that each ray of the émtighlane

= >0 D wave suffers a phase shift as it passes throughadtemtial

Consider a particle of mass m and energy

2m
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on2 azslt/gaight line trajectory as shown in Fig. Taye= o (b, z) = e2x(®2) (13)
(b*+22)*2, m [ ,
x(b,z) = — 2k f_wV(b,z )dz (14)

Having obtained the eikonal approximation to the
scattering wave function, we can now obtain themesi
scattering amplitud&(@), inserting equation (8) in to an
exact integral expression for the scattering anghéit

f@) =- - fe‘”‘f-TV(r)‘P(r)d3r (15)
2mh?
We have,
fo= sz b [T, dze V(b D$(B,2)  (16)

Using eqn. (9), we can relate \§()) directly toziz).
Furthermore, if we restrict our consideration to
relatively small scattering angles, so tjjat 0, then the Z
integral in equation (17) can be done immediateid a
The approximation can be derived by using the serHSing edn. (15) fop(r), we obtain.
classical wave function

Fig. 1. Geometry of Eikonal approximation

ik bl 2
fo = —;—n f d? be™iP(g2ix(®) — 1) (17)

Y(@r) = p(r)eti” @)

Where,(r) is a slowly-varying function, describing the
distortion of the incident wave. The dynamic of thetion
can be described by Schrédinger wave equation

With the profile function
x() = x(b,z = o) =

M (b, 2z (18
thkf_m ,z)dz (18)

—h? Sincey is azimuthally symmetric, we can perform the
Z—VZ‘P(r) +V(@r)Y(r) = E¥Y(r) (8) azimuthally integration in equation (17) and obtaiar
m final expression for the eikonal scattering ampléu
Putting equation (7) in equation (8) we have o
e fo=—ik f bdb], (qb)(e?*® — 1) (19)
5= @ik + V() + Vo(r) = 0 ) ‘

In deriving this expression, we have used the itleof

If we now assume thai(r) varies slowly enough so that Bessel function.
the ¥ % term can be ignored (i.e. k is very large), weehav

ikh?

——¢(b,2) = V(b,2)$(b,2) (10)

Here, we have introduced the coordinate b in tlaael
transverse to the incident beam, so that;

V(b,z) =V(r) (11)
From, Fig.1
r = (b%+ z2? (12)

From symmetry considerations, we expect thatill be
azimuthally symmetric and so independent of b. ggna
(10) can be integrated immediately and using thenbary
condition that? —1 as Z» « since there is no distortion
of the wave before the particle reaches the patientie
have

1 (2
— —iqgbcosp
Jolab) = 5 [ et ag (20)

Hence f, depend upon both (through K) and q.

An important property of the exact scattering atoplé
is the optical theorem, which relates the totalssfo
section to the imaginary part of the forward scatte
amplitude. After a bit of algebra, one can showt tha
satisfied this relation in the Ilimit that the ineia
momentum becomes large compared to the length scale
over which the potential varies.

41 @
§= ?Imf(q =0)= 871_[ bdbsin?y(b)  (21)

V. CENTRAL POTENTIAL

A three dimensional physical systems have a central
potential i.e. a potential energy that depends @mythe
distance r from the origii(r) =V(r). If we use
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spherical coordinates to parameterize our threen-time and have the extension .DAT. The firsinghi
dimensional space, a central potential does notmtepn done was the successful installation of the FORTRAN
the angular variabl® and®. Therefore, in a scattering codes in the computer. This requires familiarityhwihe
experiment it is easier to work in the Centre ofsma linker, editor and the graphics package to be used
frame, where a spherically symmetric potential taes plotting. The program runs interactively. It begingh a
form V(r) withr = [x|, due to the quantum mechanicaltite page describing the physical problem to be
uncertainty (|e we can 0n|y predict the probajmh)f inVeStigated and the Output that will be produmt, the
scattering in a certain direction). menu is displayed, giving the choice of enterincgapzeter

In Born and eikonal approximation calculations boé t Vvalues, examining parameter values, running thgraro
scattering of electrons from atoms, in generalsitai Of terminating the program. When the calculation is
complicated multi- channel scattering problem, sittiere  finished, all values are zeroed (except defaulapeter),
are reactions leading to final states in which ahem is and the main menu is redisplayed, giving us the
excited. However, as the reaction probabilitiessanall in  Opportunity to redo the calculation with a new eét
comparison to elastic scattering, for many purpabes Parameters or to end execution. Data generated fnem
problem can be modeled by the scattering of antrelec Program were saved in a file which would be importe
from a central potential (Koonin and Meredith, 1p89 into the graphics software for plotting (Abdu, 2911
This potential represents the combined influencehef
attraction of the central nuclear charge (Z) ane th Table1l: Computed Total Cross Section For Electron-
screening of this attraction by the Z atomic eleusr For a  Lutetium Scattering Using Eikonal Approximation And
target atom, the potential vanishes at large distifaster Assessed In Comparisons With Born Approximation And

than " A very accurate approximation to this potential NIST SRD 64
can be solved for the self-consistent Hartree fmtkntial | E(eV) Approximation Method
of the neutral atom. However a much simpler eséncan Eikonal Born NIST SRD 64
be obtained using an approximation to the ThomamiFe | 1.0 1.793 860.0
model of the atom given by Lenz and Jensen (Blister | 50.0 6.860 230.4 14.612
Hautala, 1979). 100.0 3.132 137.9 10.796
150.0 2.586 99.02 8.450
- —ﬁe‘x(l Fxt b2 b 4 bY) (22) 200.0 3.269 77.43 7.053
- r 250.0 3.760 63.64 6.143
300.0 3.549 54.00 5.507
With, e2=14.409, p=0.3344, B=0.0485, K=2.647% 350.0 3.559 46.80 5.038
1073, and x=4.5397# 1" 400.0 3.632 41.30 4.676
The potential is singular at the origin, Howevdrthie 450.0 3.877 37.13 4.387
potential is regularized by taking it to be a canstwithin 500.0 4.470 34.05 4.151
some small radiush, (say the radius of the atom 1s shell)[ 550 o 4.900 31.66 3.051
the calculated cross section will be unaffectedepk at ["gogo 4.821 2056 3.780
momentum transfers large enough so that 650.0 4,658 2757 3631
700.0 4559 25.71 3.499
Qnin > 1 23 7500 4.538 24.02 3.381
The incident particle is assumed to have the mha#seo 800.0 4.669 22.53 3.274
. ; X 850.0 4.826 21.23 3.176
electron and is appropriate for atomic systemslealfjths 900.0 2863 50.09 3087
are measured in angstrom (A) and all energiesdatrn : . . .
volt (eV). The potential is assumed to vanish belyaA. 950.0 4.855 19.05 3.004
Furthermore, the™ singularity in the potential is cut off 1000.0 4.935 18.13 2.928

inside the radius of the 1s shell of the atom. Note: The minimum energy for NIST SRD 64 as progide
by the code is 50.0eV

V. METHODOLOGY

The computation of Eikonal approximation to theatot
cross section of Lutetium for a given central pttnat
specified incident energy, a FORTAN program devetbp
by Koonin and Meredith (1989) have been used. The
program is made up of four categories of file: caonm
utility program, physics source code, data filed atlude
files.

The physics sources code is the main sources code
which contains the routine for the actual compatatiThe
data files contain data to be read into the maggam at
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Fig. 2.Graph Of Computed Total Cross Section
Electrontutetium Scattering Using Eikon
Approximation And Assessed In Comparisons With E
Approximation And NIST SRD 64 Curv

VI. DISCUSSION

Fig. 1 shows thathe present result and NIST SRD
data is much closer and converges at incidencegeg|
above 400 e V, but in comparisms with the B
approximation, the total cross section is high @wvdr
energy, this indication shows that it valid at réglenergy
Furthermore, we observed that the curve for E
approximation is superior to the other curves. Hetie
present result is in agreement to NIST SRD 64 aorh
approximation at higher energies. This is becaus:
eikonal approximation is valid at high enes and small
scattering angles.

VIl. C ONCLUSION

The total cross section foelectrol- lutetium were
presented, the eikonal approximation used forwhusk it
is in agreement with the result of NIST SRD 64 &win
approximation.
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