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ABSTRACT 
K-absorption spectra  of kr ipton and zirconium are calculated con- 

s ider ing addi t ional  monopole exci tat ions of 3d-shell. It i s  shown 
t h a t  the disturbance of smoothness of the  atomic photoionization 
cross section due t o  multi-electron exci tat ions including 3d-shells 
lea.' t o  the  appearance 04 low frequency W S - o s c i l l a t i o n s  t h a t  do 
not coxespond t o  the s t ructure of atomic encirclement of the  ab- 
sorber. Such an e f f ec t  can make data  analyses d i f f i c u l t  f o r  the 
spectra  with weak s t ruc tu ra l  signal.  

It i s  known t h a t  magnitudes of the f o m e r  transforms (FT) of 
some Ems-spec t r a  have la;:.-R peaks which cannot be a t t r ibu ted  t o  
any interatomic distances C1l. This means t h a t  the normalised spect- 

contain low-frequency osci l la t ions.  Here PO i s  the absorption co- 
e f f ic ien t  of an i so la ted  atom which is laorinally supposed t o  be a 
smooth discenting curve and i s  being obtained approximating e q e r i -  
nental spectrun: with a comparatively smooth ana ly t ica l  function. 

Studying the spectrum of gaseous b i p t o n  it was supposedL21 tha t  
the low frequei~cy osc i l la t ions  of X may be incorporated ia 
and be caused by multielectron excitations.  Peaks i n  FT of ZrK-spe- 
c t r a  of amorphous Z r - N i  a l loys were obtained a t  R n  1 %L31. It was 
supposed t h a t  each minimum of corresponding low-frequency osci l la-  
t ions  of X is  caused by the addi t ional  exci tat ion of the spec i f ic  
nl-level . 
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This paper's aim is t o  study theore t ica l ly  how the e f f ec t s  of nu- 
l t i p l e  ionizat ion influence the shape of absorption spectra  far be- 
yond the edge and how t h i s  may a f f ec t  the E W S  data  analyses v i a  
FT method. 

K-absorption spectra of I& and Z r  were calculated considering 
addi t ional  monopole exci tat ions 36 -, j n ,  E d. 

Atomic photoionization cross sect ion Day be expressed through a 
matrix element of dipole t r ans i t i on  operator : 

1 i> and I f >  being the wavefunctions of i n i t i a l  and f i n a l  s ta tes .  
me-electron wavefunctions of \i'> were obtained by solving the 

2 2 6 Hartree-Fo& (HF) equations f o r  the configurations KO = Is 2s 2p - 
2 2 3s23g63d1 04s24p6 i n  Rr, and KO = [&J 46 5s i n  Zr. Calculating 

I f >, t he  monopole core electrons '  rearrangement was taken i n t o  con- 
s iderat ion:  r a d i a l  nl-orbi ta ls  were obtained from HI? equations f o r  
the  configuration &1 = IS-' Ep ( the populations Nnl w i l l  be hereaf- 
t e r  noted r e l a t i ve ly  t o  X,). Subst i tut ion of \ i) and \ f > i n  (2) 

by t h e i r  one-determinant functuons leadsL41 t o  the following eapres- 
s ion f o r  the K-ionization matrix element: 

1 
where N = 'nl n <nl+\  nl) , , 'gl are  the  population numbers 

<ls,lls> n l  
of ITo, "+" sign denoting the nl-functions of K,,. 

!Be f i n a l  s t a t e  f o r  Dl ionizat ion is  deccribed by the  configu- 
4,5- f 

r a t i on  % = IS" 3d-I c~~ { n , ~ ] ~ ,  Ep-orbitals being the same a s  i n  
previous calculation while 1 n , k!d-orbi t a l s  were obtained i n  a poten- 
t i a l  formed by the core 1s-~3d" constructed of the o rb i t a l s  of con- 
f igurat ion Kl . K l ' ~ I ~ , ~ i o n i z a t i o n  matrix element may be obtained by 
subs t i tu t ing  ) i) and ( f) i n  (2) by the functions of $ and PC: 

where k = 0 a t  the  K-ionization threshold. 
If E, is the K-ionization threshold energy and q,,,, EKM are  the 

energies of 331-excitations and XN-ionization then when exci tat ion 
takes plase 



and during ionizat ion 

E = A E ~ ,  + ti' + E' 

where AE& = - EK; AEK* = EKM - Er, 
2 Let GI ( ) * NIsMl ( E ) be the  $-ionization cross section a t  the 

energy 6 beyond the  edge. Then using (4,5) and omitting a weak de- 
pendance of cross section on photon energy one has the following 
expression f o r  the multiple exci tat ion cross  section: 

0 

Here ~ f $  i s  the number of vacancies i n  nd-shell. A%.,, and A E m  were 
calculated a s  differencies  09 f u l l  energies of corresponding atomic 

4 hole s t a t e s ,  they axe AEKN= 117.4 eU, oEKh;: 126.1 eV f o r  and 
4 5 AEKM = 207.6 eV, AEic,,= 225.9 eV, AEkM= 231.3 eV f o r  Zr .  Gnly two 

terms i n  the sum of (6) were considered because the overlap integ- 
r a l s  (nd\ 3d> decrease sharply while increasing n (see t ab l e  I), 

Calculated spectra  are shown 
i n  f i g .  1. Bor the comparison 
with the  experiment the spectra  
were convoluted with a gaussian 
curve. A t  the KM4,5 threshold 
there  is  a s l i g h t  r i s e  of spect- 
rum due t o  the opening of chann- 

Table 1. e l s  f o r  the additional d i scre te  
Gverlap integrals< nd 1 3d). 3d --, nd excitations.  A t  the  re- 

gion beyond the KM4,g threshold 
the descent of spectrum becomes noticeably l e s s  s teep which is cau- 
sed by the donation of double t rans i t ions  ls3d * E ~ E ' & ,  3d-elect- 
rons going i n t o  the s t a t e s  of continuous spectrum. 

Calculated spectra were t rea ted  v i a  the standard FT method using 
a polynomial approximation f o r  ,Ma . Apprordmation 02 the spectra  

having the  fea tures  described above with a polynomial (or any other 
smooth curve) on a wide energy sca le  leads t o  multiple in te rsec t ion  
of t he  t rue  function with the approldrnating curve. 'ibis leads t o  
the appearance of low frequency osc i l l a t i o s  i n  % (1 ) which give 
r i s e  t o  nonstructural. low-R peaks i n  BT's of the spectra. Pig. 2 
shows the magnitudes of FT f o r  calculated and experimental E;r and 
Z r  spectra  having the peaks a t  Rs-I  i. 
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Qle should expect t h a t  nonstrmctural maxima of the same origin 
may appear i n  FT1s of another atoms' absorption spectra. m e  lead- 
ing ro le  must be played by the additional monopole excitations nl- 
{ n, E?j1 having the thresholds 100 + 300 eV beyond the edge of single 
ionization. I n  t h i s  case the smoothness of atomic cross section i s  
affected i n  the r e e o n  crucial  f o r  MAPS data analyses. IChe main 
donation w i l l  be from the additional ionizations of nl-shells with 

the highest 1 f o r  they have maximnm p r ~ b a b i l i t y ~ ~ ~ .  merefor the 
ef fec t  discussed w i l l  be most noticeable i n  spectra of heavy atoms 
where 100 -t 300 eV deep are the levels  of d- and 9-symmetry, though 
the influenoe of 2p-additional ionizations must be investigated f o r  
l i gh te r  elements. 

'Phe amplitude of s t ruc tura l  osc i l la t ions  of X/  due t o  the influ- 
ence of atomic encirclement nay be several times greater than tha t  
caused by double ionizations, thus low-R nonstructural PT peak be- 
ing negligible compared t o  the s t ruc tura l  ones. Elevertheless those 
amplitudes may become of the  same order of magnitude i n  spectra with 
weak EXAPS-signal, the meddling F'P peak being quite  high compared t o  
s t ruc tura l  ones. Such a s i tua t ion  may take plase i n  spectra of amor- 
phous c ~ m ~ o u n d s ~ ~ ~ .  &e e f fec t s  discussed may be noticeable a lso  i n  
spectra of the compounds where a heavy absorber i s  surrounded by 
l i g h t  ligands having weak backscattering amplitudes. Finally, struc- 
t u r a l  osci l lat ions may be small a t  high tempera-t;ures of substance 
under study. In t h i s  case, a s  it is  known, the s t ruc tura l  FT peaks 
become shorter  and widen while multiple ionization peaks must remain 
unchanged. 
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