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Resonant satellite photoemission of atomic Mn
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and H.E. Wetzel
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der Universitd#t Hamburg, Hamburg, Germany

The photoelectron spectra and the relative partial photoionization cross

sections of atomic Mn have been determined for photon energies between 45 eV
and 65 eV. Besides the main 3d54s2 65 - 3d4452(5D)el, 3d54s(5’7S)el photo-
emission lines there are prominent 3d44s nlel satellite photoemission lines

which are strongly enhanced in the range of the giant 3p » 3d resonance
and the 3p63d5482 - 3p53d54$2n1 Rydberg transitions. Near the 3p - 3d resonance
the partial cross sections of these two electron satellites behave similar

to that of the 3d54s2 he 3d4

3p63d5452 6S > 3p53d6682 6P excitation and the continuum channels manifests

2 : . .
4s57€l main line. The interference between the

itself in the asymmetric profiles of the partial cross sections. In contrast

to this, the 3d5452 + 3d%s 5L el partial cross sections can be approxima-

ted by the superposition of Lorentzians centered at the 3p63d5432 65 >

3p53d6452 6D, 6P, AL excitation energies. The 3d55351 photoemission only
undergoes a single symmetric resonance. All these lines including the main
lines do not show an enhancement close to the 3p53d5452 7P ionization limits.
When tuning the photon energy across these ionization limits, post collision
interactions give rise to further satellite lines, and to asymmetric M2,3
M4,5NI Auger lipes which, in comparison' to the normal Auger lines, are shifted

towards higher energies.
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L. Introduction

Many electron effects result in strong deviations from the independent particle
model for atoms with filled and empty orbitals with similar spatial dimensions
(Wendin 1982a,b; Starace 1982} Samson 1982; Crasemann and Wuilleumier 1984;
Amusia 1983; Kelly 1983; Zangwill 1983). The large overlap of the 3p and

3d orbitals makes the atomic 3d transition metals excellent examples. The
strong coupling of the 3p + 3d and 3d + ¢f excitations results in a resonant
enhancement of the 3d photoemission lines (Bruhn et al. 1982a,b; Schmidt

et al. t983; Kobrin et al., 1984; Krause et al. 1984). The gross features

of the photoemission spectra are in agreement with model calculations performed
by Davis and Feldkamp {1976, 1978, 1983). A more detailed analysis requires

the extension of the methods developed for treating electron correlation

to the treatment of atoms with partly filled shells. Despite the success

of various methods for closed she11>atoms {Wendin 1982a,b; Starace 1982;

Amusia 1983; Kelly 1983; Zangwill 1983) only a few attempts have been under-
taken to tackle the spectra of open shell atoms (Kelly 1983; Amusia [983;
Zangwill 19B3; Combet-Farnoux 1980; Garvin et al. 1983, I984; Amusia et

al. 198la,b, 1983). The main problem rests with the great number'of inter-

acting open and closed channels.

The complexity is reduced for almost empty, almost filled and for half filled
shells. Atoms with half filled shells occupy an intermediate position between
closed shell atoms and open shell atoms. This preatly facilitates the exten-—
sion of the existing theoretical approaches to these atoms, Atomic Mn, which
has a 3p63d5452 65 ground state configuration of the outer shells, therefore
forms an ideal testing ground. The characteristic features of the absorption
and photoemission spectra of atomic Mn for photon energies close to the

3p threshold are well described by model calculations based on the extension
of Fano's theory (Fano 196!) to the case of many discrete states interacting
with many continua (Davis and Feldkamp 1977, 1978, 1981; Bruhn et al. 1978,
19825). Improved agreement with the experimental profile of the giant photo-
icnization resonance at the 3p threshold has been achieved by Amusia et

al. (1981). By dividing each atomic subshell, except the half filled one,

into two subshells, in each of which all electron spins are parallel they
constructed a quasi closed shell system to which the closed-shell RPAE formalism
could be applied. Spin-orbit interaction was not taken into account. Therefore

the sharp 3p63d5432 28 > 3p53d6432 6F 6D QP lines at energies below the

dominant 3p63d5452 65 > 3p53d6452 6P resonance are missing in their spectrum.
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Garvin et al. (1983) included the spin-orbit coupling in their MBPT calcu~
lation. They alsc extended the theoretical 3d cross section to energies
above the 3p53d5452 5p ionisation threshold. For the giant resonance in
the 3d partial cross section the result agrees with those of Amusia et al.
(1981) and with the experimental results (Bruhn et al. 1982; Kobrin et al.

5

1984 ; Krause et al. 1984). On the other hand they predicted prominent 3p63d 452

> 3p53ﬂ5452 ns, nd Rydberg series converging towards the 3p53d5452 7P series
limits which have only weak counterparts in the experimental spectra (Bruhn
et al. 1978). Kelly (1983) speculated that photoionisation-with-excitation
processes may be responsible for this discrepancy. The importance of these
processes has been underlined by the recent results for the 3p63d5452 -
3p53d5 (°p) 5s ®P resonant transitions (Garvin et al. 1983b). In order to
test these ideas we determined the resonant satellite photoemission in the
photon energy range of the 3p -~ 3d, 3p + nd, ns transitions. In doing so

we also greatly improved the data on the main photoemission lines and the

corresponding partial cross sections.

11. Experiment

For the photoelectron measurements the synchrotron radiation emitted by

the electron storage ring DORIS was monochromatized {bandwidth 0.5 eV at

40 eV and 0.3 eV at 65 eV) with a toroidal grating monochromator {(Bruhn

et al. 1983). The monochromatic photon beam (about IOIl photons/sec) was
focused onto the interaction zone, where it crossed a beam of atomic Mn
emanating from a resistively heated high temperature furnace. Of all 3d-metals
Mn is the easiest to prepare as an atomic beam. Temperatures around 1200

K are sufficient to attain a vapour pressure in the 0.1 to | Pa range. This
temperatures are still below the melting point, thus the reactive liquid

state is avoided. The furnace could be operated up to 10 hours at reasonably

constant conditions.

The kinetic energy of electrons emerging from the interaction zone was deter-
mined by a cylindrical mirror analyzer (angular acceptance 0.8 Z of 4m,
energy resolution AE = 0.8 ¥ of the pass energy). Only electrons emitted

at angles close to the magic angle of 54°44' relative to the polarization
vector of the incoming light were accepted by the analyzer. This eliminates
the influence of the asymmetry of the photoelectron angular distribution
(Starace 1982; Samson 1982) and allows for a direct determination of partial

cross sections. The partial cross sections were determined from a series
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of photoelectron spectra taken at different photon energies and also from
constant ionic fimal state spectra, where the photon energy and the pass
energy of the electron energy analyzer are scanned simultaneously. All
spectra were normalized to the incoming photon flux and corrected for the
energy dependent bandpass of the electron spectrometer. Since the density
of atoms in the interaction zone was not determined, only relative cross
sections are given. Instabilities of the atomic beam, which is estimated
to yield IOI2 atoms/cm3 in the interaction zone, are the main source of

errors. Every cross section presented in this paper was derived from several

independent runs. The count rates were up to 2000 cts/s for the main 3d“(50)452€1

line and typically 100 cts/s for the stronger satellites. The scatter of
the data presented in Figs. 2-5 gives a good idea of the relative accuracy
of the partial cross sections which we estimate to be 10 Z. Details of the

experimental set up are given elsewhere (Schmidt et al. 1984; Schrider 1982).

III. Results and Discussion

IIX.] Photoelectron Spectra

A series of photoelectron spectra taken at different photon energies between
45 eV < hw < 55 eV are given in Fig., ). The figure clearly shows the strong

dependence of the intensity of the various photoemission lines on the photon

5652 5 4, 2

energy. The main 3d + 3d74s €1, 3d 4s” €1 lines (EB < 15 eV) are strongly

enkanced far photon energies between 49 eV and 52 eV due to the coupling

of the continuum channels to the 3p%3d°4s? ®s » 3p°3a%s% (P 50.0 ev +

0.2 evlar 5.0 + 0.2 eV) excitations. These lines also display a marked

enhancement at fw = 48.1 eV, the position of the 3p63d5452 68 > 3p53d6432 6D

transition (Bruhn et al. 1978; Bruhn et al. t982a). The dominant 3d5hs2 b5 -

3d4432(50) €l line is suppressed at hw = 47.5 eV due to the destructive

interference between the 3p63d5632 6S hd 3p53d6!;s2 6? channel and the

3p°33%s2 85 > 3p®3d%s? (°D) €1 channel. The 3d%sZ » 3d°5s €1, 3d*4s nl €l
satellite lines are also enhanced for photon energies beween 49 eV and 52 eV.
But in contrast to the main lines they show in part a marked enbancement

in the region of the 3p°3d ks’ ~ 3p 3d°

452 nd, ns Rydberg transition {54 eV
< fw < 57 eV}, OQur assignment of the photoemission lines is summarized in
Table 1. The assignment is based on the tabulated energy values (Corliss
and Sugar 1977}. We will come back to the assignment of the satellite lines

later on.
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J11.2 Total cross sections and partial cross sections of the main lines

The theoretical description of the resonant behaviour of total and partial cross
sections when many resonances interfere via many autoionization and Auger decay
channels is extremely complicated (Starace 1977; Combet-Farnoux 1982; Davis

and Feldkamp 1381; Starace 1982; Wendin 1982 b). Therefore there are no simple
parametrized expressions which could be used to describe the total cross

sections and the partial cross sections. In order to simplify the situation we

6,5 2 6s o

assume that the Mn spectra at the 3p threshold are dominated by the 3p 3d™4s
3p53d6432 6P resonance. This brings us back to the case of one single reso-
nance interacting with several contirnua. In this case the total cross section

is given by (Fano 1961):

2
o=0 [ (2-02) + pz {qre)” ] n
t t 2
: l+e
E~-E
_ 0
VT

where o: is the cross section far from resonance, I' and Eo are the full-width
at half-maximum and the position of the resonance, respectively, g is the
asymmetry parameter and ¢ is the reduced energy. The partial cross section o

in each chapnel p is presented by

2
o =c° [ 1+ |nd2 Siii + 2 Req, ~%9~l—+ 2 Img i%ﬂm 1, (2)
# b g +] £ +1 £+l

where q and ¢ are the parameters defined for the total cross section (Combet-
Farnoux 1982). The off-resomance partial cross section is given by UE. The
complex parameter ap can be interpreted as a measure of the coupling between
the p th channel and the resonance. For details the reader is referred to the
literature (Combet-Farmoux 1982, Starace 1977). If the parameter o takes a
finite value the above expression can be transformed into

(g we)?

- 0 - 2 2w T 3
g9, =9, [« pu) + o, EZ+] ] (3)

where p'.l and q_are effective Fano parameters. For o towards infinity the
o]
partial cross section displays a Lorentzian profile. The Fano parameters

are assumed constant over the resonance.

Total cross section

The total eross section determined by summing the contributions of all photo-
emission channels is presented in the uppermost part of Fig. 2. The 3p53d5452
7P4 (56.5 + 0.2 evV), 7P3 (57.1 + 0.2 ev), 7P2 (57.4 + 0.2 eV} ionization
potentials, determined from ejected electron spectra (Schmidt et al. 1984),

are indicated by the vertical bars. For comparison the photoabsorption spec~
trum (Bruhn et al. 1978) is included. The absorption spectrum has been adjusted
at energies below the omset of the 3p excitations. Furthermore the absorption

spectrum has been scaled in order to make the amplitudes of the 3p+ 3d

maximum of both curves match. Both spectra clearly show the 3p63d5bs2 68 >
3psld6452 6D transition at 48.1 eV. The dominant maximum at 50.4 eV is due
6,.5 26 5,.6, 26

to the 3p"3d74s” °S + 3p~3d 48” P excitation. The assignment is based on the

energy positions, oscillator stremgths and the calculations performed by Davis
and Feldkamp (1978).

The maxima calculated by Davis and Feldkamp (1978) and by Garvin et al.
(1983) both show a shoulder. But the calculations disagree in respect to

the energy position and the assignment of the shoulder. According to the
calculations of Garvin et al. {1983} the 3p63654sz 6S > 3p53d64s2 6F tran—
sitions are responsible for the peak at 50.9 eV whereas according to Davis
and Feldkamp transitions to other 4L final states contribute. Details of

the structure in this region are sensitive to the location of the numerous
energy levels, the amount of spin orbit interaction, and the strength of

the interaction with the continua. The 3p63d5452 65 > 3p53d5632ns,nd Rydberg
transitions showing up between 54 eV and 57 eV in the absorption spectrum
are hardly discernible in the total c¢ross section obtained from the photo~-
electron spectra. The absorption spectrum overshoots the total cross section
determined from the photoelectron spectra above 53 eV by a factor of two.
This striking discrepancy probably rests with the difficulties encountered
in determining reliable relative absorption cross sections from a series

of photographically registered absorption spectra (Bruhn et al. 1978). In
order to obtain the Fano parameters the total "photoelectron cross section”
has been fitted by a Fano profile (equationvl) centered at the 3p63d5452 -
3p°38%s? ®2 transicion. The 3p%3¢%4s? » 3p°3a%s% “F and the 3p%3a%452 b5
3p73d 4s” "D excitations have been taken into account by superimposing
Lorentzian profiles. The instrumental broadening has been simulated by con~
voluting the Fano profile and the Lorentzian lines by a Gaussian of 0.8 eV

FWHM. The parameters thus obtained are listed in Table II.
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Partial cross sections of the main 3d5452 6

The center part of Fig., 2 gives the 3d5452 lSS - 3da452 5Dsl partial cross

section, As for the total ¢ross section the experimental spectrum can be
approximated by the superposition of a Fano type profile (equation 3) and

a Lorentzian prafile. The effective parameters are given in Table IT. We
note that Kobrin et al. (1984), guided by the photoabsorption spectrum (Bruhn
et al. 1978) arrived at a similar fit for the main 3d-photoemission cross
section, although experimentally they did not resolve the overlapping reso-
nances. For comparison the spectrum calculated by Garvin et al. (1983a) is
also shown in Fig. 2. For energies above 50 eV spin-orbit effects have not
been taken into account by the theory. For the dominant maximum the spectrum
calculated by Amusia et al. (1981) (not shown in Fig. 2) is in good agree-
ment with the theoretical spectrum shown in Fig. 2. Including spin-orbit
effects up to 53 eV Garvin et al. (193a) obtained a somewhat lower ahsorption
cross section at the maximum and a shoulder at the high enexrgy side (curve
not included in Fig. 2). All spectra have been adjusted at 45 eV i.e. below
the onset of the 3p excitations. The gross features of the experimental
spectrum are reproduced by the theoretical spectra. The effective q values
{exp. 2.5 + 0.2, theor. 2.5) agree whereas the theoretical [ value (2 eV)

is larger than the experimental one (1.34 + 0.10). The RPAE calculation
(Amusia et al. 198]) does not give any fine structure. In contrast to this
the MBPT calculation (Garvin et al. (983a) predicts sharp lines at the 3p
threshold and sharp Rydberg lires in the region of the weak structures of
the absorption spectrum. The marked discrepancies between experiment and

theory are:

(i)  the position of the sharp lines at the 3p threshold differ from those
determined experimentally,
(ii) instead of sharp Rydberg lines the experimental spectrum displays

only weak structures.

In respect of the first point it is interesting to note that the semiempiri-
cal calculations of Davis and Feldkamp (1978) give a good description of

the sharp lines at the 3p threshold (Bruhn et al. 1978, 1982a). The second
point can be traced back to the neglect of photaionization-with-excitation
in the MBPT calculations. This will be made clear in context with the dis~
cussion of the satellite partial cross sections. The asymmetric Fano type

profile of the big resonance in the total cross section and the 3dsﬁs2 6S >

_8_

3d4452(5D)€1 partial cross section proves the interference between this
ionization channel and the 3p63d5452 6S > 3p53d64s2 6? excitation mediated

. P . 6
via autoionization of the P state.

The 3d5&s2 6S hd 3d545 5'7SE1 partial cross section can be fitted by a Lorent-
zian line shape, if one ascribes the deviations at the low energy side to

the contribution of the discrete transitions below the 6S = 6P resonance
(bottom part of Fig. 2}. The experimental data, especially the constant

ionic final state spectrum renders this unlikely, because it does not‘display
a superposition of narrow profiles. A good approximation of the experimental

data over the whole energy range can be achieved by a Fano profile with

6,.5 26 5,7

q = -8. A close scrutiny of the 3p 3d74s” 'S > 3p53d645 Sel partial

cross section published by Garvin et al. (1983a) (see Fig. 2), though con-

siderably lower, reveals a similar weak asymmetry. This means that the

3p53d6452 + 3p63d5¢s€l decay is only weakly modified by interference with

the 3d5as2 4 3d54581 ionization due to the small cross section for this
process. The line parameters obtained by the fits of both partial cross

sections (see Table II) are in agreement with those obtained by a model
calculation taking the coupling of the 3p53dbhs2 6D, 6

3d548 5’7SE1, 3d4ﬁs2 5Dc]concinua into account (Bruhn et al. 1982a). This

P states with the

adds to the confidence in the simple approach.

The branching ratio a(3d%s 7561}/0[3d5as 3

+ 0.1 at 44 eV to 2 minimum value of 0.25 + 0.03 between 50 eV and 5] eV.

Se1) drops from a value of 0.8

Towards higher energies it rises again, reaching 0.8 + 0.2 at 54 eV. Krause
et al. (1984) determined this hranching ratio over a wider energy range.
In the region of overlap there is fair agreement between both sets of data,

though our minimum value lies somewhat above their value of 0.19 + 0.06.

EII.3 Partial cross_sections of satellite lines

Partial cross section of the 3d54s2 B

Dyke et al. (1979) detected seven satellite lines between 9 and 13 eV binding
energy in their Hel photoelectron spectrum of atomic Mn. Close to the 3p + 3d
resonance four of these lines plus an additiomal line at 11.2 eV bindirg

energy show up in our spectra (Bruhn et al. 1982a, see Fig. 1}.

. . - 5
In contrast to the 4s-lines discussed above the remaining 3d” electrons

of the ion are coupled to a 4L state. In Fig. 3 the partial cross sections
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4
bs & 3d5( Flis 5Fsl, SdS(QGJ4S 5Gel photoemission lines are
presented for photon energies between 45 eV and 55 eV. Both cross sections
are enhanced at the energies of the 3p63d54s2 65 > 3p53d6452 6D (48.1 eV),

hP {48.5: 48.8 eV), 6P (50.0 ev), g (50.0 eV) excitations (Bruhn et al.

of the 3d5452

1978; Davis and Feldkamp 1978). In the range of the strong resonances the

experimental points can be approximated by a superposition of three Lorentzian
curves centered at the 65 + 6D, 6P, 4F transitions. The instrumental broadening
of our set-up is important for the 6S -+ 6D resonance, which has a FWHM of

< 0.1 eV in the absorption spectrum {Bruhn et al. 1978). The fit parameters

are summarized in Table II. The symmetric line shapes sipnal the weakness

of the interference between the closed and open channels. This is consistent

with the small 3d5452 68 -+ 36545 (SF, 5G)El ionization cross section outside

the resonance shown in Fig. [. The 3d5432 6S+3d5fas 5Ds:l photoemission line

(E. = 1.5 V) (see Fig. 1) is mainly driven by the 3p°3d°4s? ®s » 3p°3a%s% ©p

B
excitation, indicating a small 3p53d6452 6P > 3p63d545 5D €1 decay rate.

Partial cross section of the 3d5452 68 > 3d553 SSEL two electron satellite

The photoemission line (EB = 16.8 eV) popping up at hw = 50.6 eV (see Fig. 1)
is still puzzling us. According to Corliss and Sugar (1977) only the MnII
3a°(®s)ss 703

The partial cross section of this line (Fig. 4) can be well approximated

§ and 3d5(aD)4p 3P states have the correct binding energies.

by a Lorentzian convoluted by a Gaussian. There seems to be a weak coupling
to the 3p63dslas2 63 > 3p53d6432 QL transitions located between 49 eV and

50 eV. The half-width of the Lorentzian (0.34 eV} is close to the half-width
for the 3p63d5452 65 + 3p53d5452 by excitation. This leads us to the con-
clusion that this line is driven by a 6S > AX transition, where X stands

for P, D, F, Based on this we can exclude the MnII 3d5f68)53 75 final state,
because it cannot couple to a 4X state with the outgoing electron. Therefore
in LS-coupling the decay rate would be zero. There are several 3d54s2 b5 »
3d5(4X)6p€1 photoemission lines spanning the binding energy range from 15.4
eV to 17.7 eV (see Fig. 1}. The partial cross section for this group of
lines except for the peculiar line at EB = 16.8 eV resembles that of the

3d4(5D16s4p shake up line (see below). Since it is hard to see why just one of

5,26 3

the 3d74s” "5 » 3d5(4D]4p Pcl shake up linesshbuld be enhanced so dramati-

>(®s)5s 2sgp O, cf OF final
state. LS-coupling favours the resonant enhanrcement via 3p63d54s2 68 i

3p°3a%s2 %P, *F excitations.

cally we tend to ascribe this line to the 3d

-0 -

Partial cross section of the 3d5&s2 6

5 26

The assignment of the 3d 4s> OS + 3d° (°D)4stpel, 3d° (°D)4s5sel, 3d° (°D)4sbdel

photoemission lines is based on the tabulated energy values for atomic Mn

(Corliss and Sugar 1977), the ordering of the isoelectronic states of atomic

Cr (Sugar and Corliss 1977) and the energies calculated for the Mn 3p63d5452 >

3p53d5&3255, 4d Rydberg transitions (Garvian et al. 1982a). The partial cross
sections for these photoemission channels are presented in Fig. 5. All lines

are enhanced in the range of the 3p63d5¢52 6S > 3p53d6hs2 6P, 4

F excitations.
We can approximate the partial cross sections in this photon energy range

by the superposition of a Fano type profile and a Lorentzian profile. From

the effective g and I' values (see Table II) we conclude that there is considerable

interference between the "discrete closed 6S + 6P channel and' the ionization-

with-excitation channels. In contrast to all partial cross sections discussed
so far there is a further resonant enhancement in the region of the Rydberg
transitions. A detailed analysis is hampered by the limited emergy resolution
of our set-up (0.2 eV at 55 eV). Inspite of this the spectra yield enough
information for a tentative assigoment. The maxima positioned at 54.4 +

0.2 eV, 54.9 + 0.2 eV and 55.3 + 0.2 eV in the center spectrum of Fig. 5

are ascribed to the following photoionization and decay sequence: 3p63d54s2 63 >

3p53d5a52(7P4 3 2)Ss . 3p63d44s5sel. In analogy we assign the maximum po-
sitioned at 53.3 + 0.2 eV in the vpper curve of Fig. 5 to the 3p63d5452 6S -
3p53d5432 (7P4)4d photoexcitation decaying into 3p63d4(4D)454d€1. These
decay channels, not taken into account by the MBPT calculations (Garvin

et al. 1983), result in a broadening of the Rydberg lines and thus explain
the missing of sharp Rydberg lines in the experimental spectra (see Fig.

1). Also the 3p°3d 4s°nl + 3p%3d%4s®nlel Auger decay may contribute to the

broadening (see Garvin et al. 1983b) but from the ejected electron spectrum

(Schmidt et al. 1984) we know that the M Auger transitiom rate

23 ~ Wysh)
is much larger than the sz - M45M45 rate. In LS-coupling the M2,3M4’5H4,5

Auger transition is forbidden by selection rules. In the photon energy range

7, .. . . :
of the P ionization thresholds the partial cross sections of all two electron

satellites display structures which turn into a pronounced peak for the 3da(50)454pe1

emission {see Fig. 5). The enhanced satellite emission in this energy range
(see also below) corresponds to the broad absorption maximum above 56 eV

shown in Fig. 1.
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The dramatic changes of the satellite photoemission spectrum when tuning
the photon energy across the 3p53d5432 7P2 3.4 ionization thresholds are
shown in Fig. 6. In addition to the lines ai;cusaed above (lines -6, see
Table |) new lines {A-F} pop up in this energy range. The binding energies
are listed in Table 3. For photon energies above the highest 7P2 (57.4 eV)
ionization limit the M2’3, M&,S’ NI Auger lines are discernible.

The asymmetric line shape indicates the influence of post~
collision interaction (see e.g. Schmidt 1982). The kinetic energies of the
Auger electrons determined from the photoemission spectrum (26.6 + 0.2 eV,
27.2 + 0.2 eV, 27.6 + 0.2 eV) are approximately | eV higher than those ob-
tained for excitations high above threshold (25.63 + 0.2 eV), 26.16 + 0.2 eV,
26.5 + 0.2 eV) (Schmidt et al. 1984). This is consistent with the expected
energy gain for the Auger electrons by post-collision interaction. Lowering
the photon energy results in the disappearance of the Auger lines and in
an increase of the intensity of lines A-F, because the slow 3p-photoelectron
is captured in a bound orbital {shake down) leading to MnII 3d4n[n'1' final
states. These states can also be reached by ionization and simultaneous
excitation. In this context we want to refer the reader to the discussion of
the connection between Auger lines, resonant satellite lines and post collision
interaction for the 3p threshold region of atomic Ca. (Wendin 1982 3,b;
Bizau et al. 1984),

No marked changes of the photoemission spectrum {10 eV < EB < 35 eV) have
been detected for photon energies between 68 eV and 72 eV. According to
Garvin et al. (1983h) 3p63d5452 65 > 3953d5(5P}48258 transitions broadened
by the coupling to the 3963d5432 bg 3p63d3(4F]€f(5P)43258 bp photoionization
with excitation give rise to noticeable maximum in the absorption spectrum

at 71.4 eV. The energy calculated for the 3p53d5452 5P ionization limit

is 74.1 eV.
Conclusions

The general features of the resonances in the total cross section and the
partial cross section of the main photoemission channels are fairly well
described by recent MBPT and RPAE calculations. However, a closer look at

the data reveals marked discrepancies between theory and experiment which

in many cases can be traced back to the neglect of satellite emission chamnels
in the theoretical treatments. Our results clearly demonstrate the importance

of ionization with excitation.
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Table 2

3 6 5,.6, 2 mu

Fit parameters obtained for the total and partial cross sections in the photon energy range of the uvmwa bwm S > 3p73d4s
b, &

P, 'L excitations. The instrumental broadening has been taken into account by convoluting the profiles by a Gaussian of

0.18 eV FWHM. mo is the resonance energy, I the full width at half maximun and q the asymmetry parameter. The Fano type profile
for finite q turns into a Lorentzian for q towzrds infinity. The relative strength of the resonant part of the cross section

. . 2 ) ) : - :

is given by f = nﬁn . For the mm > mu. bm excitations for which the partial cross sections and the total cross section display

the same Lorentzian line shape, the relative strengths of the partial cross sections nicely add up to the strength of the

total cross section. This is not expected to hold for the @m - mm excitation where the partial cross sections display different
profiles. There is only a weak nonresonant background, most noticeable for the total cross section and the MnIT unmam mm+wm
partial cross section. Last digit errors are bracketed.
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Table 3

Experimental binding energies of the additional lines (see Fig. 6). The

binding energy of the 3d4455351 line {see Table 1) has been used as reference.

Line EB (eV)
A 29.4 + 0.1
B 28.6 + 0.1
c 27.4 + 0.1
D 26.3 + 0.1
E 22.5 + 0.2
F 18.9 + 0.2
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Figure | Photoelectron spectra of atomic Mn. The photon energies at which
Zangwill A 1983 Atomic Physics 8 ed. I. Lindgren, A. Rosén and S. Svanberg

N i i the lefthand scale.
Plenum Press New York page 305 and references therein the different spectra were recorded are given on the lefthand scale

Figure 2 Upper part: Total photoionization cross section determined

from the photoelectron spectra {full dots) and experimental
absorption spectrum of atomic Mn (dash-dotted line, Bruhn et
al. 1978)}. The solid line represents our fit from Table 2 convo-
luted by a Gaussian of 0.18 eV FWHM.
Center part: Partial 3d5452 6S - 3d4ﬁsz(SD)cl cross section.

. Experiment: the full dots were derived from individual photoelec~
tron spectra. The dashed curve was obtained by the constant
ionic final state (CIS) method (see text). Theory: solid line
from Garvin et al. 1983a (for discussion see part IIL.2).
Bottom part: Partial 365452 65 - 3d545(5’75)€1 cross section.
Experiment: full dots and dashed CIS-spectrum. Theory: Lower
solid curve from Garvin et al 1983a. The upper solid curve repre-
sents the fit by a slightly asymmetric Famo profile, the para-
meters of which are given in Table 2.

6S - 3d54s(5F, 5G)sl partial cross sections

Figure 3 Experimental 3d5432
(full dots) fitted by a superposition of three Lorentzians con-
voluted by a Gaussian of (.18 eV FWHM (instrumental resolution).
Data from two different series of photoelectron spectra have
been joined at the broad maximum. This is responsihle for the
scatter of the data points in this range. The better series
of the photoelectron spectra convincingly displayed the double-
peak structure, apparent in the fitted curves near 50 eV.

6

Figure 4 Experimental 3a%4s% 5 » SdSSS(SS)gl partial cross section,

R The full dots were derived from discrete photoelectron spectra
for which a background coerrection could be performed. This could
not be done for the CIS-spectrum (dashed curve) which therefore
lies above the dots on the low energy slope. Both data sets
indicate a weak enhancement near 49.6 eV. The solid line gives
the approximation of the data by a Lorentzian {0.34 eV FWHM)

convoluted by a Gaussian {0.18 eV FWHM).



Figure 5

Figure 6

- ]9..
Experimental 3d5fls2 6S - 3d4(5D}454dE1, 3da(5D)bs53£1 and
3d4(5D)ﬁs4p€l partial cross sections. Approximation of the data
by a superposition of a Fano type profile and a Lorentzian (solid
line). The fitted curve fails to describe the strong emhancement
in the range of the 3d°3a%45% S5 - 3p53d54$2(7P)n1 Rydberg transi-
tions between 54 eV and 57 eV. In a CIS-spectrum of the BdQ(SD)
4555:1 channel several of the Rydberg transitions are clearly

resolved (dashed line).

Post-collision interaction effects in a series of photoelectron

spectra taken at photon energies close to the 79 thresholds.
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