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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.

. 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 transition
energies for a whole number of atomic systems 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 effective method to
study the solids electron structure, chemical
composition of solid surfaces and nearsurface layers [8-
12]. Sensing the Auger spectra in atomic systems and
solids gives the important data for the whole number of
scientific and technological 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" to 10*s), the atom ionization and the Auger
emission are considered to be two independent
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 distribution 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 adequate description of the
Auger spectra of atoms and solids. This problem is
partly solved in this paper. As basic approach to
calculating the Auger 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 inner
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:

" s il s _ \
Mg =l 02 sz Xoa 2 2= 1}“( I ]x Re 0 (1234)
i

A
mp—my W
_ Qul 4Br 1
0, =010, (1)
The terms QQY and Q correspond to subdivision

of the potential into Coulomb part

cos\rn\r,/r;, and Breat one, cos\rn\r,a,a,/r,. The

167


mailto:quantnik@mail.ru

real part of the electron interaction matrix element is
determined using expansion in terms of Bessel functions:
N\
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The Coulomb part QQ is expressed in terms of
the radial integrals R, and the angular coefficients

S, [13]:
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As a result, the Auger decay probability is ex-
pressed in terms of ReQ), (1243) matrix elements:

Re R, (1243) = [[ dnrr2 ()0 ()1, )Z0 )20
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Where f is the large component of radial part of single
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 I;. is to be changed by the small g; one and
the moment |, is to be changed by I, = I, — 1 for Dirac
number &;> 0 and [; — 1 for &; <O0.

The Breit interaction is known to change con-
siderably the Aug er dec ay dynamics in some cases.
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 ngl.j.m, can be re presented as:
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The partial item s of the Xz, ¥, sum answer to

contributions of o*—(By) K channels resulting in
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formation of two new vacancies By and one free
electron k: o=w,+ws-0, 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 transition s is carried out
according to the methodology [11,12,14]. The
calculation of radial integrals ReR;(1243) is reduced to
the solution of a system of differential equations [13]:
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In addition,

Y3 (0)=ReR; (1243),

Y1 (0)=X;(13).

The formulas for the; Aug er decay probability
include the radial integrals R,(akyp), where one of the
function s descri bes de ctron in the continuum state.
The energy of an electron formed due to a transition jki
is defined by the; difference between energies of atom
with a hole at j level and double-ionized atom at kI
levels in final state:

E GkLBHL ) = EX () - EX (25 L,)  (8)

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

E G2 L) = E(j) - E() - EQ) - AGLE2S L) (9)

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

E* AGKLEL, ) = EgGRLPSHL; )+ ABY 4 Ry 40 (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 output.
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 Larkins’ 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 accurate 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-correlation
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

As L‘ﬁ/f__,;v{” 1226,4 | 1227.1 | 1226,6
4

Ag ,MJJV{“\JM” 3534 358.8 354.8
G,
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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 ,
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JI. B. Hukona, C. C. Cepedenxo, I1. I'. Fawxapvos

PACYET DHEPTUH OKE-3JJEKTPOHOB JUISI TBEPJBIX TEJI

Pe3tome

B paMkax HOBOTO PENATHBHUCTCKOTO MOAXOJa BBIMOJHEH pacueT dHepTuil Oe MepexoNoB I psla TBEPIbIX
ten. HoBele manHbie mo OXe-3JIEKTPOHHBIM JHEprusM st AS W AQ aHaIU3UPYIOTCS W CPaBHUBAIOTCS C
aHBTepHaTHBHBIMI/I TCOpeTI/I‘IeCKI/IMI/I HOHyBMHHpH‘{CCKI/IMH JaHHBIMU, l'lOJ'Iy‘IeHHBIMI/I B HpI/I6III/DKeHI/II/I
SKBHBAJIEHTHOTO ocToBa Larkins, a Takke SKCIIepUMEHTAIBHBIMU Pe3ysibTaTaMu.. I10yd4eHO JOCTATOYHO XOPOILIee
corjlacue TeOPUHU M dKCIIEPUMEHTA.

KuioueBble ciioBa: Oxe-CeKTPOCKOMNUS, aTOMBI, TBEpPJbIe Teja
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PO3PAXYHOK EHEPT'TH OKE EJJEKTPOHIB JIJISI TBEPJMX TL

Pe3rome

B Mexax HOBOTO peNATHUBICTCHKOTO ITiAX0y BUKOHAHO PO3paxyHOK eHepriid Oxe mepexoiB s psIy TBEPANX
Tin. HoBi nani no Oxe-eaeKTpoHHUM eHeprisaM st AS 1 AQ aHalli3yloTbes 1 MOPIBHIOIOTHCS 3 aJbTEpPHATUBHUMHU
TEOPETUYHUMH HAMIBEMITIPUYHUMH AaHUMH, OTPUMAaHUMH Y HAOJIMKEHHI eKBiBaleHTHOTo ocToBy Larkins a takox
eKCIIEPUMEHTaJIbHIMHU pe3ysibTaTaMu. [1o1y4eHo JoCTaTHBO J00pe y3TroPKEeHHs Teopii Ta EeKCIIEPUMEHTY..

Kuo4oBi ciioBa: Oxe-CIEeKTPOCKOTIisl, aTOMH, TBEP/i Tea
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