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AUGER-ELECTRON SPECTROSCOPY OF TRANSIENT METALS

The calculated data on the Auger-transition energies for a number of metals (Fe, Co,
Cu, Zn) are presented and compared with theoretical data by the semi-empirical method by
Larkins as well as experimental data. As basic approach to calculating the Auger spectra of
solids we use a new approach, basing on the S-matrix formalism by Gell-Mann and Low
and relativistic perturbation theory formalism.

This work goes on our investigation of the
characteristics for the Auger effect in atomic
systems and solids [1-7]. As introduction let us
remind [1] that the Auger electron spectroscopy
remains an effective 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 technological applications. So
called two-step model is used most widely when
calculating the Auger decay characteristics [8-
13]. Since the vacancy lifetime in an inner atomic
shell is rather long (about 10-'"to 10-'4s), the atom
ionization and the Auger emission are considered
to be two independent processes. In the more cor-
rect 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 cor-
rectly a number of correlation effects, including
the energy dependence of the vacancy mass op-
erator, the continuum pressure, spreading of the
initial state over a set of configurations etc.

Now it is clear that an account of the relativ-
istic and exchange-correlation effects is very im-
portant 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 for-
malism by Gell-Mann and Low and relativistic

perturbation theory (PT) formalism [13]. Earlier
the method has been applied to calculation of
the Auger-electron spectra (transitions), the ioni-
zation cross-sections of inner shells in various
atomic systems and solids [1-7]. In this paper we
apply this method to studying the Auger —electron
parameters fro a number for a number of the tran-
sient metals.

As the key aspects of our approach have been
earlier described [1-7], here we are limited by a
brief consideration. Within the frame of the rela-
tivistic many-body theory , the Auger transition
probability and the Auger line intensity are de-
fined by the square of an electron interaction ma-
trix element having the form:
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The terms Q™ and Q° correspond to sub-
division of the potential into Coulomb part
cos|w|r /r,, and Breat one, cos|w|r a,a/r . The
real part of the electron interaction matrix ele-
ment is determined using expansion in terms of
Bessel functions:
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where J is the 1% order Bessel function, (1)=21+1.
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The Coulomb part qul is expressed in terms
of the radial integrals R, and the angular coeffi-
cients S, [13]:
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As a result, the Auger decay probability is ex-
pressed in terms of ReQ (1243) matrix elements:
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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 /' 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:
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The partial items of the 33 sum answer to

contributions of a'®(bg)'K channels resulting in
formation of two new vacancies bg and one free
electron k: w=w +w,—w_. 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
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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]:
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In addition,y,(0)=ReR,(1243), y (¥)=X(13). The
formulas for the Auger decay probability include
the radial integrals R (akgb), where one of the
functions describes electron in the continuum
state.

The energy of an electron formed due to a
transition jk/ is defined by the difference be-
tween energies of atom with a hole at j level and
double-ionized atom at 4/ levels in final state:

®)

In order to take into account the dynamic corre-
lation effects, the equation (8) can be rewritten as:
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where the item D takes into account the dynamic
correlation effects (relaxation due to hole screen-
ing 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:
ES 4Gk L)) = EgGKLPS Ly ) + AES + Ry + e®
S I AT J =10
where DE*is a correction for the binding energy
change in the solid; R, the same for out-of-atom
relaxation; ef takes into account the work of out-
put. Other details can be found in Refs. [1-7].

In table 1 we present our calculation data on
Auger-electron energies (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 2 eV as an average. Our
approach provides more accurate results that is
due to a considerable extent to more correct ac-
counting for the exchange-correlation effects.



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
Fe |LM,M, 'G,|701.2| 702.8 | 701.3
Co |LM, M, 'G,|772.5| 7728 | 772.7
Cu |LN,N, 'G, [919.0| 9225 | 919.1
Zn |LN, N, 'G, |991.8| 994.0 | 991.8
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The calculated data on the Auger-transition energies for a number of metals (Fe, Co, Cu, Zn)
are presented and compared with theoretical data by the semi-empirical method by Larkins as well
as experimental data. As basic approach to calculating the Auger spectra of solids we use a new
approach, basing on the S-matrix formalism by Gell-Mann and Low and relativistic perturbation
theory formalism.

Key words: Auger-transitions, transient metals
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JI. B. Huxona

OXKE-2JIEKTPOHHAS CHEKTPOCKOIIUS NEPEXOAHBIX METAJIJIOB

Pesrome

[IpuBenens! pe3ynbTarsl pacueta suepruii Oxe-nepexonos i psaa metaios (Fe, Co, Cu, Zn) u
IIPOBE/ICHO UX CPABHEHUE C TEOPETHUUECKUMHU TAHHBIMU, TOJTyYE€HHBIMHU HA OCHOBE IOJTY3MITUPHUUECKOTO
Merona ¢ JlapkuHca , a Takke SKCIIEPUMEHTAIbHBIMU JaHHbIMU. [ pacuera mapameTpoB Oxe-
CIEKTPOB TBEPIBIX TEJI HCIIONB30BAaH HOBBIM TOAXOA, KOTOpBIM Oa3upyercs Ha S-MaTpUYIHOM
dbopmanusme ['enni-Manna u Jloy 1 ¢popmannzmMe pesTUBUCTCKONW TEOPUH BO3MYIIICHUH.

KuroueBbie ciioBa: Oxe-nepexo/ibl, MepexoIHbIE METaIIIbI

VK 539.27
JI. B. Hixona

OXKE-2JIEKTPOHHA CIIEKTPOCKOIIIA INEPEXITHUX METAJIIB

Pesome

Hageneni pesynsraru po3paxyHKy eHepriit Oxe-nepexonis i psaay metanis (Fe, Co, Cu, Zn)
Ta MPOBEJIEHO 1X MOPIBHAHHA 3 TEOPETUYHUMH JaHUMH, OTPUMAHUMH Ha OCHOBI HaNiBEMIIPUYHOTO
merony JlapkiHca, a Tako)X €KCIEPUMEHTAJIbHUMM JaHUMHU. {11 po3paxyHKy mapamerpiB Oxke-
CHEKTPiB TBEPAMX TLI BUKOPUCTAHUI HOBUH MiAXij, skuil 6a3yeTbes Ha S-MaTpuyHOMY (hopmanizmi
I'enni-ManHa 1 Jloy 1 popmaitizmi penaTUBICTChKOT Teopii 30ypeHb.

Kurouosi ciioBa: Osxe-miepexou, mepexiaHi MeTam
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