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Abstract: The expression for differential cross-section of elastic and inelastic scattering of relativistic
electrons from atoms has been obtained analytically on the basis of distorted-wave theory. Differential
section of elastic scattering of electrons from free gold atom calculated in incident energy of electrons ~
25 eV has been compared with precise calculation method. Thickness of surface layer and root-mean
square radius of density distribution of electron in gold atom have been determined.

Keywords: Distorted electron wave, differential sections, characteristics of atoms.
1. Introduction

At present, there are many experimental and theoretical methods of investigating surfaces
and surface area of atoms and solid bodies among which the reactions followed by scattering of
electrons should be indicated [1, 2, 3].

Study of atoms by electrons is one of the most effective methods of research of atoms’
structure as the character of interaction of electron with nucleus and electrons surrounding
nucleus is well-known.

It is important to consider distortion of incident and scattering waves in coulomb field of
atom’s nucleus and electrons screening this nucleus. However, it complicates the calculation of
scattering amplitude.

Differential cross-section of elastic scattering of electron beam from free atom in work
[4] has been calculated analytically, considering distortions, only in phase functions of scattered
spherical waves which brought to the improvement of the agreement with the results obtained by
numerical methods.

Rather precise numerical method to consider distortions in the phase and in the amplitude
of scattered electrons in coulomb field was obtained in the frame of highly energetic
approximation in the paper [5] by Yennie, Boss and Ravenhall from quasi-classic solution of
Dirac equation.

It should be noted that such an approach of calculation of distorted phase function and
amplitude of scattered waves depending on distribution density of charges in the target gave
satisfactory results that were obtained in a number of calculations of differential sections on
elastic and inelastic scattering of high-energetic electrons in nucleus [6].

2. The Proposed Theory

The aim of the work is to get expression in the analytical form for the amplitude of elastic
and inelastic scattering of electrons from free atom or from the crystals developing this distorted-
wave theory of scattering of electrons.

Moreover, in the frame of terms kR>>1 and E>>V, where E- is energy of incident
particle, V- is atomic potential, R- is area of potential effect; more adequate in the given work is
high energetic approximation. These terms allow to develop various approaches in the theory of
scattering of electrons.
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Differential cross-section of scattering of electrons is determined by standard form [6]:
Now let’s indicate the section through the form-factor:
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Here 17 ki = kfis the impulse of electron transfer to the target atom and pu(x) —is radial

transition density of an atom.

For spherical symmetric distribution of electron density p(x) and to present it in the form of
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Distorting terms expressing in the phase and amplitude of scattered waves through these
parameters we get:
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Here parameter a, describing radial dependence of coulomb potential in the atom’s center is
proportional to the charge density

4
a=—4my + =L p(0) (7)
3k ,
parameter b- giving curviness to wave front of the incident wave has the form
_y
b=17 j p(x)dx, ®)

but for potential in the center of the atom we have

63



Journal of Radiation Researches, vol.4, No.1, 2017, Baku

V(0) =47y + 47y [ p(x)xdx 9)
0

For the form-factor of atoms we get the following expression, which is the functional of
Born form-factor
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However, in calculating Born form-factor - F;(q) , it is necessary to choose the function

of electrons’ density distribution in the atom.

It is known that scattered electrons on the atom’s surface “feel” thin structure well. Thin
structure in the distribution of electrons density is revealed in three-parametric Fermi-functions
with the help of parameter- @

2
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Pole method is used for calculation of the radial integral —

XZ
3 0 @, +CO¥
F, () = 3 e[ (% ———xdx (12)
47ZR5[1+(?)2]'S:¢1 0 l+ed

which is shown in [8] :
Fe(Q) = —4% e {[a)o +o(l- 37[(%)2 )]sin(gR — %) + [%(a)o +o(3- (%)2 } cos(qR — %}(13)

After determining the evident expression of the form-factor and elastic scattering of electrons
from free atoms, let’s calculate the differential cross-section.

3. Results and Discussions
Compactness of the obtained analytic expression of differential cross-section allows to
check the above-developed theory on a level of high accuracy.

Such examination has been carried out on the example of elastic scattering of electrons
from atom of 79Au in the energy of incident electrons - 25 eV.
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Fig.1. Differential cross-section (DCS) of elastic scattering of electrons with 25 eV energy on gold atom:
Full line-the result of the given work. Points-Mott calculations [9].

In fig.1 comparison has been shown, calculated differential section with the data has been
taken from [11-7] where calculation has been carried out based on Mott's scattering theory in
Dirac-Hartree-Fock-Slater’s approximation by spherical symmetric potential of Yukava type. As
it is seen from this figure, although in these calculations various approaches have been made
while choosing potentials (in this case function of electrons’ density distribution in the atom
according to Fermi-Dirac statistics has been chosen in the form of (Fermi function) movement of
curved differential cross sections is in a good agreement.
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Fig 2.Distribution of electrons density on atom zeAu.
d=0,1-10%sm, R=1,37-10"®%m (from the eksp.).

The curve describing the distribution function of radial density of electrons in gold atom

in various values of parameters w, =0.3, w =0,6has been shown in fig.2 Thickness of surface
layer of distribution of electrons density in the atom is determined with the help of the expression
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Ar = 15,(0,1pmax) — 71(0,90max) =0,167-10% sm. For the radius of root-mean-square
distribution of electrons density in gold atom - < r >'/2=0,19 - 1078 sm has been found in
atom radius R = 1,37 - 1078 sm..

4. Conclusion

Thus, carried-out calculations and comparisons of charged atoms form-factors with the
results obtained by precise numerical methods show that calculation of amplitude of elastic
scattering process of electrons obtained in distorted wave high energy approximation is both a
convenient and a precise method.
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HNCCIEJOBAHUE ATOMOB PACCESAHUEM 2JIEKTPOHOB
M.M. Mupaoyraubl6oB, M.X. AnuneBa, A.B. PacyiioBa

Peziome: Ha ocHOBE HMCKa)K€HHO-BOJIHOBOIM TEOPUHU B aHAJIUTHYECKOM BHUJE IOIYYEHO BBIPAXKEHHUE IS
TG PepeHIINaTbHOTO CEUCHUSI YIPYroro W HEYNPYroro paccesHde JJICKTPOHOB Ha aToMax.
HuddepenumanbHoe cedeHHe YHOPYroro paccessHWe OJJICEKTPOHOB Ha CBOOOZHOM aTOME 30JI0Ta
BBIUMCIIEHHBIM MPH MaJaroleil SHEPIrUH JIEKTPOHOB ~ 25 3B comocTaBeHO ¢ TOYHBIM METOJa pacyera.
OmnpeneneHsl TONIIMHBI IIOBEPXHOCTHOTO CJIOSI M CPEIHEKBAJAPATUYHBIA pPagUyC paclperesIeHHs
IUIOTHOCTH 3JIEKTPOHOB B aTOME 30J10Ta.

Kntouesvle cnosa: WickaxkeHHasi dJEKTPOHHAs BOJHA, MU((EepeHInanbHble CEeYeHUs, XapaKTePUCTHKH
aTOMOB.
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ELEKTRONLARIN SOPILMOSILO ATOMLARIN TODQIQI

M.M. Mirabutalibov, M.X. 9liyeva, A.V. Rasulova

Xiilasa: Tohrif olunmus dalgalar nozoriyyasi osasinda elektronlarin atomdan elastiki vo geyri-elastiki
sopilmasinin diferensial effektiv kasiyinin ifadssi analitik sokildo alinmisdir. Enerjisi ~ 25 eV olan
elektronlarin qizil atomundan elastiki sopilmasinin diferensial effektiv kosiyi hesablanmagla bu atomda

elektronlarin sixliginin paylanma funksiyasi, elektronlarin paylanmasinin orta kvadratik radiusu vo
atomun sath tobogesinin galinligi hesablanmigdir.

Acar sozlar: oyri elektron dalgasi, diferensial kasiklor, atomlarmn xiisusiyyatlori.
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