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CALCULATION OF AUGER-ELECTRON ENERGIES FOR SOME SOLIDS

Within a new relativistic approach there are presented the calculation data on the
Auger electron transition energies for solids of As and Ag. New data on the Auger-electron
energies for atoms and solids of the As and Ag are analyzed and compared with alternative
theoretical semiempirical equivalent core approximation results, obtained by Larkins as
well as experimental data. There is physically reasonable agreement between theory and

experiment.

1. Introduction

This work goes on our investigation in a field
of theoretical Auger spectroscopy of atoms and
solids [1,2]. In Refs. [1-7] there were presented
the calculation data on the Auger electron transi-
tion energies for a whole number of atomic sys-
tems and solids, in particular, alkali and transient
metals and inert gases. Here we present the Auger
electron energy data for As and Ag.

In eRefs. [1,2] it has been indicated that the
Auger electron spectroscopy remains an effec-
tive method to study the solids electron structure,
chemical composition of solid surfaces and near-
surface layers [8-12]. Sensing the Auger spectra
in atomic systems and solids gives the important
data for the whole number of scientific and tech-
nological applications. So called two-step model
is used most widely when calculating the Auger
decay characteristics [8-14]. Since the vacancy
lifetime in an inner atomic shell is rather long
(about 10'7to 10'%s), the atom ionization and the
Auger emission are considered to be two inde-
pendent processes. In the more correct dynamic
theory of the Auger effect [9] the processes are
not believed to be independent from one another.
The fact is taken into account that the relaxation
processes due to Coulomb interaction between
electrons and resulting in the electron distribu-
tion in the vacancy field have no time to be over
prior to the transition. In fact, a consistent Auger
decay theory has to take into account correctly a
number of correlation effects, including the ener-

gy dependence of the vacancy mass operator, the
continuum pressure, spreading of the initial state
over a set of configurations etc. Now it is clear
that an account of the relativistic and exchange-
correlation effects is very important for the ad-
equate description of the Auger spectra of atoms
and solids. This problem is partly solved in this
paper. As basic approach to calculating the Au-
ger spectra of solids we use a new approach [1-7],
basing on the S-matrix formalism by Gell-Mann
and Low and relativistic perturbation theory (PT)
formalism [13]. Earlier the method has been ap-
plied to calculation of the Auger-electron spectra
(transitions), the ionization cross-sections of in-
ner shells in various atomic systems and solids
[1-7]. Here we are limited only by the key topics.
Other details can be, for example, found in Refs.
[1-5].

2. Method

Within the frame of the relativistic many-body
theory , the Auger transition probability and the
Auger line intensity are defined by the square of
an electron interaction matrix element having the
form:

J1J3
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The terms QX" and Q° correspond to sub-
division of the potential into Coulomb part
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real part of the electron interaction matrix ele-
ment is determined using expansion in terms of
Bessel functions:

/N

/H/(ja)\q)l . /Qw\g)& cosnry) (2)

coda|n .z
"2 2nn /1 0

where J is the 1 order Bessel function, (A)=2A+1.

The Coulomb part qul is expressed in terms of
the radial integrals R, and the angular coefficients
S, [13]:

ReQQ! = %Re{Rl (1243)5,, (1243)+ By (1243 )55, (1 243 )+

A3)
+ Ry (1243)s, (1233)+ B, (1233 )5, (1233 )}
As a result, the Auger decay probability is ex-
pressed in terms of ReQ, (1243) matrix elements:

Re R, (1243)= [[ drr’? /()13 () ()1 ()22 )2
(4)

where fis the large component of radial part of sin-
gle electron state Dirac function; function Z and
angular coefficient are defined in refs. [2-4,13].
The other items in (3) include small components
of the Dirac functions; the sign «~» means that in
(3) the large radial component f; is to be changed
by the small g, one and the moment [ is to be

changed by 7=/ -1 for Dirac number & > 0 and
[+1 for & <0.

The Breit interaction is known to change con-
siderably the Auger decay dynamics in some cas-
es. The Breit part of Q is defined in [7,13]. The
Auger width is obtained from the adiabatic Gell-
Mann and Low formula for the energy shift [7].
Namely, according to [1,7], the Auger level width
with a vacancy n [ j m ~can be represented as:

ZZQA (okyB)O, (Brkar):

Py<sk>f

Z (7»)(Ja ®)

oc ] 7\‘21
(o ko !
The partial items of the %; sum answer to

contributions of o' —(Py)'K channels resulting in
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formation of two new vacancies By and one free
electron k: o= to;-o . The final expression
for the width in the representation of jj-coupling
scheme of single-electron moments is given by
the corresponding sum on over all possible decay
channels.

The basis of the electron state functions was
determined by the solution of Dirac equation
(integrated numerically using the Runge-Cutt
method). The contribution of the lower order PT
corrections to the energies of the auger transi-
tions is carried out according to the methodol-
ogy [11,12,14]. The calculation of radial integrals
ReR, (1243) is reduced to the solution of a system
of differential equations [13]:

A = £ B2 (ofofr) 2+
% = 1 652l @)
% =00 B 1+ 2 £ B2 (ofolr)

In addition,

y,(©)=ReR (1243),

¥, (0)=X,(13).

The formulas for the Auger decay probability
include the radial integrals R_(cky[), where one
of the functions describes electron in the contin-
uum state. The energy of an electron formed due
to a transition jkl/ is defined by the difference
between energies of atom with a hole at j level
and double-ionized atom at £/ levels in final state:

E GKLSTL ) =EX ()~ EXF (ke *5Ly)  (8)

In order to take into account the dynamic corre-
lation effects, the equation (8) can be rewritten as:

E4GkL>STL ) = E(j) - E(h) - EQ) - A, 251, (9)

where the item A takes into account the dy-
namic correlation effects (relaxation due to hole
screening with electrons etc.) To take these ef-
fects into account, the set of procedures elabo-
rated in the atomic theory [2,3] is used. For solid
phase, the more precise form of equation (9) is as
follows:

E* 4Gk ML) = E4GRLPP L)) + AES + Ryg +e® (10)

where AE*is a correction for the binding energy
change in the solid; R, the same for out-of-atom



relaxation; e® takes into account the work of out-
put. Other details can be found in Refs. [1-7].

3. Some results

In table 1 we present our calculation data on
Auger-electron energies for As and Ag (column
B) and also the semi-empirical method under Lar-
kins’ equivalent core approximation (from [8,9]
(column A) as well as experimental data [2]. The
calculation accuracy using the Larkins’ method is
within about 2a few V as an average. As earlier
calculation show, our approach provides more ac-
curate results that is due to a considerable extent
to more correct accounting for the exchange-cor-
relation effects. Especially physically reasonable
accuracy has reached for alkali and alkali-earth
elements. At the same time atoms of the transient
metals are related to significantly more complex
systems and a role of different exchange-correla-
tion effects is of a critical importance. However,
we believe that an approach used can be improved
at this case too.

Table 1. Experimental and theoretical data for
Auger electron energy: Exp-experiment;

A, semi-empirical method - [8,9]; B- present
paper;

Solid Auger line Exp Theory: | Theory:
A D
1226,4 | 1227,1 | 1226,6

As L3A/[4,5A44,5
1G4

Ag f\égv“zv“ 3534 | 3588 | 3548
4
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JI. B. Huxona, C. C. Cepeoenko, I1. I bawkapbog

PACYET DHEPTHUH OXKE-JIEKTPOHOB JIJISI TBEPIBIX TEJI

Pe3rome

B pamkax HOBOTO pesITUBUCTCKOTO MOX0/Ia BRIMTOIHEH pacdeT dHepruii Oke mepexo10B I psaa
TBepabIX Tes. HoBble manHbie mo Oxke-31eKTPOHHBIM SHEPTUAM 711 ASs U Ag aHAIU3UPYIOTCS U CPaB-
HUBAIOTCS C aJbTEPHATUBHBIMU TEOPETUUECKUMU MOIYIMIUPUISCKUMU TaHHBIMH, TIOJTYYECHHBIMU B
npuOIMKEHUH SKBUBaTIeHTHOTo ocToBa Larkins, a Takke skciepuMeHTanbHBIMU pe3ylbTaraMu.. [1o-
Jy4YEHO JOCTATOYHO XOPOIIee COTNIACUEe TEOPHH U IKCTICPUMEHTA.

KuroueBblie ciioBa: Oxe-ClIEeKTPOCKONUS, aTOMbI, TBEpAbIE Tea
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JI. B. Hixona, C. C. Cepeoenko, 11. I bawkapbos

PO3PAXYHOK EHEPT'I! OXKE EJIEKTPOHIB JIJIS1 TBEPIUX TLT

Pesrome

B Mexax HOBOTO PEJSITUBICTCHKOTO MiIXOy BUKOHAHO PO3PaxyHOK eHepriii Oke mepexoniB Juis
psny tBepaux Tl HoBi nani mo Osxe-eIeKTpOHHUM eHeprisaM st As 1 Ag aHaNi3yI0ThCS 1 TOPIBHIO-
IOThCSI 3 aJIbTEPHATUBHUMU TEOPETUYHUMHU HaliBEMITIPUYHUMHU JAHUMH, OTPUMAHUMH Yy HAOIMKEHHI
eKBiBaJEHTHOTO o0CTOBY Larkins a Takox ekcriepuMeHTaIbHUMU pe3ynbTaraMu. [loimydeHo 1ocTaTHbo
n00pe y3rofKeHHs Teopii Ta eKCIIEPUMEHTY..

KurouoBi ciioBa: Oxe-CIIeKTPOCKOITiSI, aTOMH, TBEP/Ii Telia
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