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3p~excitation of atomic Mn;

experimental evidence for the super Coscer-Kronig decay

R. Bruhn, B. Sonntag and H. W. Wolff

II. Institut für Experimentalphysik der Universität Hamburg and

Deutsches Elektronen-Synchrotron DESY, D-2000 Hamburg 52, Germany

The experimental 3p-spectrum of atomic Mn is shown to be in good

agreement with theoretical results based on the interference between

the 3p 3d 4s -* 3p 3d 4s and the 3p 3d 4s -»• 3p 3d 4s ef excitations
C f. •) f- l -J

mediated via the 3p 3d 4s ->- 3p 3d 4s ef super Coster-Kronig decay.





Stimulated by recent measurercents of the 3p-absorption of Mn vapour and the de ta i led

analysis of the spectrum reported by Connerade et al. j] Davis and Feldkamp| 2 ,3] have

calculated the multiplet Splitting and the osc i l la tor strength of the Mn

3p63d54s2 6S , -> 3p53d64s2 (J = 3/2, 5/2, 7 /2 ) t ransi t ions . The interference
i c n

between these discretc excitations and the continuuia t rans i t ions 3p 3d 4s -*•

3p 3d 4s ef has been taken into account by extending Fano's theory[4] tn the case

of many discrete states with many continua. J5] As has been puiuted out by

Connerade et al. Ml the above channels are strongly coupled by the super Coster-

Kronig decay 3p 3d 4s •+• 3p 3d 4s ef . Note t ha t this super Coster-Kronig decay ia

indistinguishable fron autoionization. The spectrum calcula ted by Davis and Feld-

kamp [2' and the experimental spectrum reported by Connerade et al, \\e sliuwn

5 6 2 6
12 ~* P 3 /2 ,

transitions are broadened into the dominant , asymnietric absorption band.

in Fig . 1. According to Davis and Feldkamp the 3p 3d 4s

5/2, 7/2

Due to decay selection rules [2j transitions to D and F, responsible for the

sharp lines at threshold are almost una£fec ted . The main f e a t u r e s o£ the spectrum

are reproduced by the calculations but there remainsa series of tnarked discri-

pancies:

i the three weak S-,; -* F ,„ ... _ ,~ lines at the 3p-threshold

predicted by the theory are missing in the experimental spectrum.

Consequently Connerade et al. assigned the strong line at 47,80 eV to

S •*• F j whereas according to the theory it is mostly due to S + D.

ii. the two remainlng sharp lines in the theoretical spectrum are due to

transitions to P final s ta tes uhich are strongly mixed with P and

D, Ir. contrast to this Connerade et al. detected five struc.tures in.

this energy ränge which they ascribed to F and D final ßtates.

iii probably due to the overlap of higher spectral Orders the spectrum of

Connerade et al. does not show the pronounced Fano type p ro f i l e of the

dominant absorpCion band- Furthermore the marked shoulder is missing

in the experimental cur/ve and the broad band contains less oscillatoi
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strength relative to the sharp lines than calculated.

iiii the calculated energy Separation between the sharp lines and the

dciinant maxiKum exceeds the Separation determined experiraentally.

To assess the validity of the theoretical approach we carefully reinvestigated

the 3p-spectrum of atorcic Mn.

The expcrinental set-up has been described previously [6,7]. The temperacures o£

the Mn vapour ranged from 1150 C to 1300 C, which corresponds to vapour

pressures between 0.4 and 2.9 Torr. The a t o m i c absorption lines of the bu£fer

gases Kr and X e ' S j in f i r s t and second spectral o rder , superimposed on the ab-

sorption spectrum of a tumic Mn served f n r the determination of the energy

positiop.s of the M:i absorpt ion maxima l is ted in Table 1. We ncite t ha L Lhe values

reported by Connerade et al. [ l | are o f f by -\, 0.3 eV. The assignment based on the

c a l c u l a t i o n s of Davis and Feldkarap|2] is included. The energy resolution at the

3p-Lhreüho ld wüb 16 meV. The relat ive Spectral dependence o£ Lhe absarp t ion

coeff ic ient has been establisiied f r um a s^ries n£ photopraphic plates obtained

und er d i££eren t conditions (vapour p ressuce , exposure ti;r,e, f i Lters) . For these

exposures higher spectral Orders have been suppressed by a carbon coated mirror

(ref lect ivi ty < 4Z above cu t -o f f energy 130 eV) in £ront of Lhe spec.trograph, by

Al-£i l ters and by the b u f f e r gas. O n l y the dcns i tomete r traces in wavelengLh regions

covered by the plates £or which the densi ty of the plates was within the ränge of

l inear response were used. Spectra obtaii-.ed under the same condit ions were averaged.

Ai t e r c u r r c i c t i n g for the wavelength dependence o£ the spectrum wi thou t Mn, the spec-

tra were normal i?.Rd to one set of exposure tizie and Mn pressure. Th i s was achieved

by ad jus t ing the re la t ive height;; of st ruc Cures and the slope of tht; cutves in

rngior . i w r - r c t h e speccra obtained under d i f t t ; r e n t condi t io i i s overliip. Ihe spect rum

of a tomic Mn given in F ig . l has be.cn aormalized to the spect rum of m e t a l l i c Mn [9!

beluw and above the 3a- threshoid.



Most of the discrepancies between theory and experiment discussed above are

resoLved hy our iteasurair.ents . The three weak lines ( l - 3) at ehe 3p-ehrt? s hold

predicted by Davis and Feldkazip clearly exist. In agreement uith the theory

a groun of three, well resolved lines (4 - 6) fol lows towards higher energies.

This confinr.s the statemer.t by Davis and Feldkar^i, that the Splitting of the

line at 48.8 eV (6) detected by Connerade et al.[l] is unreal,

The interaction with ehe continuum via the super Coster-Kronig decay manifests

itself in the Fano type profi le of the dominant absorption band. The aaximuni

is split into two peaks. Identifying the low energy peak wich the shoulder in

the thaoretical spectru^i this is in accordance with the theory. The distr ibution

of the oscillator strength detsrmined experimetltally is well reproduced by the

calculations. Transitions to 3p 3d 4s n£ (n > 3) states or double excitations

have not beer, incorporated in the calculat ions and therefore the lines above

54 aV are missing in the theoretical spectrum. Thu3 only two major discrepanciea

renain:

i the masima (l - 8) of the calculated spectrum span an energy ränge •>• 2 eV

wider than determined experiraentally,

ii the calculations overestimate the width of the dominant absorption band.

Arguing that aost of the correlation e f fec t s , which result in a reduction of the

aultiplet Splitting, are contained in the interaction between the channels

discussed above, Davis and Feldkamp did not scale the Slater paramecers obtained

by Hartree-Fock calculations []]. The above discrepancies between theory and expe-

riment can probably be remedied by scaling the Slater Parameters, or by explicicly

takir.g into account additional correlation e f fec t s which reduce the multiplet

Splitting and furthernore shift the higher excitations towards threshoid.

Ir. sunimarizing the abcvc discussions ue CLinclude t h a L aur da ta g ive l u r L h e r

s t rong evidence lior the i : :LerpretaLiür , o t" the j p - s p e c c r u m cf a c o m i c Kr. i r.

Lerma of the model based or. the super CosLer-Kroiug decay öl Lho c x r i t ^ r i

states. The simiiari ty of the 3p-spectrur.: of meta l l ic Mn, includad in F ig .

and ntonic Mn suggests, äs has been. painted out be fore [3 , l l , that the saroe

mechanisms determine the spectrum of ehe meta l .

We are indebted to L.C. Davis and L.A. Feldkamp for making their results

available tu us, prior to publ ica t ion .
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Table 1. Energy posi t ions of the Mn 3p-absorption maxitna. The nurabers in

brackets in column 2 give the relative uncertainty of the last

digits. The absolute error of the experitnental data is 0-02 eV

The 21 structures detected in the energy ränge f r o m 54.4! to

59,87 eV are omitted. The energies given by Davis and Feldkamp [2]

and the assigTUEent based on their calculations are included.

Peak Energy (eV)

this work theory[2J

Assignment

1 4 7 . 3 4 4 (9) 47,09

2 47.346 (M) 47 .29

3 47.490 (20) 47 .44

„_ , 6. .5. 2 6„Mn 3p 3d 4s S

•* 3P53d64s2 6F

5/2

7/2

' 5 /2

r 3 /2

4 48.074 (-) 48.44

5 43.501 (4) 48.89

6 43.832 (9) 49.18

J 7/2 , 5/2, 3/2

•5/2

3/2

50.40 (5) 51.35

50.63 (5) 52.13

7/2, 5/2, 3/2

\ *F,



Figure Caption

Fig. l 3p-absorption of atorcic (solid lioe) and metallic[9] (dotted line) Mn.

The lower solid line gives ehe densitonveter trace reporced by

Connerade et al.[lj The absolute absorption coef f i c icnc refers to the

spectrum of metallic Mn. The oscillator strength df /dE for atomic

Mn calculaced by Davis and FeldkanpL2j is given by the dashed line.
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