theory and fundamental aspects

Multiple ionization upon K-shell representation and its string by which the wavefunction is
photoabsorption ofthe COand N t;a?f‘fn(;r;_e‘:magéq is the spin part of the wavefunction:
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numbers. Within this method the termsyiul] starting from
The spectra of multiple ionization of CO and iN the gas phase some large enough, are substituted by respective terms of the
in the region of the K-shell ionization thresholds of C and N arewavefunctions of occupied states which were determined
studied  theoretically. = The processes of additional beforehand by numerical solution of a multi-centre problem (here
excitation/ionization from ft and ®-shells are included. The and below, they are numbered with a subsciijpt As a result,
effects of many-electron correlations on the extention of multipletthe photoelectron wavefunction assumes the form:
structure for some configurations of multiple excitations is |ny)= Sa"md + Sa® Sali -
studied. Absolute values of photoabsorption cross sections ar‘em |SZOQ ) IZa, |;oa e

calculated in some of the channels of multiple ionization. The functionsthyl uOwith 1< |y are determined as expansions
K ds: photoabsorpi y iole ionizati over basis set:
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The basic functions of discrete and continuous energy spectra
CklyuOwith fixed values of orbital quantum numbers are obtained
by numerical solution of one-electron Hartree-Fock equation:

The studies on the excitation/ionization spectra of the CO and N(ﬁ—ekw)[[](lyp> =0, whereh is a system’s Fockian. The system of
molecules carried out with the use of various experimental
methods by Kayet al. (1977), Hitchcocket al. (1980), . R
Schmidbaueret al. (1992), Shigemaset al. (1993), Koppeet al. DI [(k'l Vi |h|kive) — €, 8,8, |+
(1995), Kempgengt al. (1996) allowed to discover a complex EZ‘;Z&'W"" ’wlivlu)[e e ]: o
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1. Introduction

algebraic equations of the type:

fine structure of X-ray absorption in the region of carbon and
nitrogen K-shell ionization thresholds.

The calculation by Padiat al. (1978) allowed assignment of Sg T agar(iv ki), —e, 5, +
the main feature in the experimental spectrum to one-elestron 0O , . 0
resonance. Hitchcoct al (1980), basing on comparison of the Hzﬂ.ﬁafva.”(i'v' Hnlivik) - €,8, 5= 0;
electron energy loss spectrum and X-ray photoelectron spectrum . - N
supposed that some features in the spectrum may be connectetéz’aterrnInes the coefficients”, ay andgY.
with the states of multiple ionization. K&y al. (1977) were the To calculate the extent of the multiplet structure of
first to measure the absolute values of the carbon X-ray K-monynyyi-configuration in the Hartree-Fock approximation
absorption intensity in CO. The absolute values of the carbon andith respect to its centre of gravity, a secular equation is
nitrogen photoabsorption cross sections in CO apdwire constructed employing the methods reported by Condon &
measured recently bydppeet al. (1995) and by Kempgers al. Shortley (1949). The basis is formed of one-determinant
(1996). The calculation of the intensity of processes of single anavavefunctions  with  uncoupled one-electron momenta
of several types of multiple excitation/ionization with taking_Jm’lny’lnlyl(aiMrMS)> whereM; and Mg stand for the line of
monopole rearrangement of electron shells into account is . . L .
performed by Bandaraget al. (1993), Schirmeet al. (1990), irreducible .representatlon and the projection of total spin
Yavnaet al. (1994), Schirmeet al (1991). Comparison of the momentur_m numbers the se_ts of quantum numbers_ for electron
results of theoretical and experimental studies allows one t&onfigurations @). After solving the secular equation by the
conclude that a good agreement of the'2rt(*3"Ymo ley— methoq of ngnaet al. (1998), the wavefunctions of terms are
ionization spectra in CONE2) is obtained. The mechanism of determined in the form:
formation of Ir’2mt(** *A)moley and mo'50'2nlec — [FSM M. k) =5 a, (I'S)EI]n‘c’lny’lnlyl(aiMFMS»,
spectra of multiple excitation/ionization of CO had been L ) .
investigated theoretically by Yavre al. (1998). The aim of this where the subscr_lrk nqmbergg the terr’r_1§ of the configurations,
study is to calculate the spectra of themblecule. We also show i are the configuration mixing coefficients, and S are the
the CO spectra to for comparison. irreducible representation and spin of the term, respectively.

Final state of the phototransition, which was obtained by
combining the photoelectron functiagyuxd and the function

2. Theory [FTSM:Mg k [Jhas the form:

In the calculation ofinyxGphotoelectron wavefunctions, a one-

centre expansion over the functidisiuyd with fixed values e :0)>:iHr5MrMs:ivk>
of orbital quantum numbel is used, whera is a principal V2 2
quantum numbery and u stand for the irreducible

1 1
EYMX = —E>—‘I'SM,_MS = _E'k>
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Figure 1
Cross sections of M'2rt(3z")mo ey ionization of CO (m=2) and N
(m=1). The experiment is shown with squares.

Figure 3
Cross sections ofri’2rt(*>,°s",'A,*A)mo ey — ionization of CO (m=2)
and N (m=1). The experiment is shown with squares.
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Figure 2 Figure 4

Cross sections ofrt*2rt(*=")moey ionization of the CO (m=2) and:N

Cross sections of a'50'(Z)21t 2Meg  — ionization of CO (m=2) and
(m=1). The experiment is shown with squares.

N2 (m=1). The experiment is shown with squares.
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where Iy andS, are irreducible representation and spin of 4. Satellites of ma50-2TEd Excitation/lonization
the final configuration term. - . o
In this case the matrix element of the dipole transitionOne-electronmo-2mtransition can be accompanied by ejection of
operator is: o-symmetry core electrons without change of symmetry. In this
2 . work we study the processes of photoabsorption with the
D, (M,S, =0)D )= (oA +B,B,)]: e L .
( (oS )| q|(p %[ak'( AR q)] additional excitation of electrons fronoshells. According to

o . (s ey ) 200D (el dipole selection rules, allowed is the transition into the states with
&zN@wM\dqpb)— y E ; mo'507(3Z)21t - terms of molecular residue. The results of
adi (k) (o) calculation of respective electron spectra are compared with the
G =ND qu\zo)— s <8Mk3y%><k%p3‘aq‘m)%<wmw '(i?(é)ljerr;nfnt by Kppeet al. (1995), Kempgenst al. (1996) in
P2 elion) ] i)

where ¢> is the ground state of the moleculés the Fermi level,
o, and B, is the angular coefficients ard is the product of the —References
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