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Resonant Photoemission of Atomic Mn

R. Bruhn, E. Schmidt, H. Schr8der and B. Sonntag
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and Deutsches Elektronen-Synchrotron DESY, 2Hamburg 52, Germany

The photoemission of atomic Mn has been obtained in the photon energy
range 40 eV to 56 eV. The strong coupling of the 3p and 3d excitations
leads to a resonant enhancement of the 345(68) 4s, lds (‘x) 4s,

Jd‘ (sb) “2 and Jd‘ (sb) 4s nl photoemission lines above the 3p
threshold.
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At the 3p threshold the absorption spectrum of atomic Mn is dominated

by a strong asymmetric absorption band. This band is due to the
interference between the discrete 396 365 “2 - Jps st uz transitions
6345 4?4 3% 3a et (1,2). 1

order to be able to discriminate between the different channels contribut-

and the continuum transitions 3p

ing to the absorption and to gain more insight into the coupl.*n; of these
channels, the photoemission of atomic Mn has been investigated.

For this purpose the synchrotron radiation emitted by the storage ring

DORIS was monochromatized with a new toroidal grating monochromator. The
monochromatic photon beam (bandvidth = 0,2eV)was focussed onto the interaction zone where it
crossed a beam of atomic Mn emanating from a resistively heated high
temperature furnace. The kinetic energy of electrons emerging from the
interaction zone was determined by a cylindrical mirror analyz:r (angular
acceptance 0,8% of 4y energy resolution AE = 0,8 X of the pass energy).

Only electrons emitted at the magicangle of 54° 44' relative to the po-

larization vector of the incoming light were accepted by the analyzer. This
eliminates the asymmetry of the photoelectron angular distribution (3) and
allows for a direct determination of partial cross-sections. All photoemission
spectra were normalized to the incoming photon flux and corrected for the
energy dependent dispersion of the electron analyzer. Since the density of

Mn atoms in the interaction zone was not determined, only relative cross-
sections are given., Details of the experimental set-up will be presented
elsevhere (4).

In Fig. | the photoemission spectrum of atomic Mn taken at 50,0 eV photon
energy is shown. There is a dominant line corresponding to the

1" o) 4s? 3
Our assignment, in part based on tabulated atomic energy values (5) is

state of Mn II accompanied by a series of weaker lines.

summarized in'Table |. The partial cross-sections for the emission of the
outer 4s and 3d electrons are strongly influenced by the coupling to the 3p
excitations. This can be directly read off from Fig. 2 in which a series of
photoemission spectra taken at different photon energies are given together
with the absorption spectrum. The main 9hotocliuiou line (No. 6) is
suppressed at the Jp-threshold and strongly enhanced in the region of

pr st 602 ‘S - 395 346 “2 6! transitions, which contribute most to the
dominant absorption band (1,2). Except for the marked increase at huw = 55.4 eV
where transitions to 3’5 3" “2 nl (n > 3) contribute to the absorptionm,




=3l

the intensities of the lines | - 4 show a similar dependence on the
photon energy. This supports our tentative assignment of these lines
to 3“ (SD) 4s nl states of Mn II. The intensity versus photon energy
of these lines resembles the absorption spectrum. The Fano type
profile (6) clearly manifests the interference between the 3p and 3d
excitations. In contrast the strength of the lines 7 - 10, assigned to
the 3‘5 (‘x) 4.5 X states of Mn II is similar at 48 eV and at 50,5 eV,
Also the asymmetry of the intensity versus photon energy curve is much
less pronounced. The corresponding curves for the photoemission lines
assigned to the st (68) 4s 5'78 states of Mn Il can be approximated

by the superposition of two Lorentzian lines positioned at 48 eV and 50 eV.

These lines are driven by the 3ps 3d6 llz - 396 3d

symmetric, since they are only weakly influenced by interference with
the Jp‘ 3ds tlz - 396 Sds 4s €l excitation due to the small cross-section

for the 4s excitation.

» 4s ¢l decay. They are

In order to put our discussion of the 3p - 3d intershell coupling on a
firmer basis, we will compare the variation of the intensity with photon
energy for the most prominent lines, i.e. the lines assigned to the

Bd‘ (SD) “2 50 and the 345 (68) 4s 5.7 S states of Mn II, to the results
of a model calculation. The model is based on the extension of Fano's
theory (6) to the case of many discrete states interacting with many
continua by Davis and Feldkamp (7,8). The model, schematically depicted

below, takes the interaction between the discrete stams ¢), ¥, ad the corrinua Vie, e

and the spin-orbit coupling of the 3p core into account.

Excited States of Mn

discrete states continuum states
I; %E
Fadled ‘p Ve 3p¢ 3d s (s ) el

;' \&E

3’:’3J‘ 4s ‘P Ve =g 3,0‘ 3d” ¢ (SD)E{

N W _7

3p° 3d" 4" s

ground state '

s

For the autcionisation matrix elements Vy; = <Ygc / H / &;> the
following relations hold: Vi2 = 0 due to symmetry (2), Vip > Vpp

due to three instead of two electrons having the same principal

quantum number. In our model the matrix elements Vy;, the matrix element
A= <0|/H/01> proportional to the spin-orbit interaction of the 3p core
and the asymmetry parameter q (3,6) have been used as parameters.

Direct optical excitations from the ground state to $; and ¥2€ have been
neglected. The experimental data and the results of the model calculation
are presented in Fig, 3. It is obvious that the model well describes

the characteristic features of the experimental spectra. The parameters
given in Fig. 3 are in reasonable agreement with those reported in the
literature (2). Transitions to other states (e.g. 3ps Licl6 (‘x) 6.2)

2 5

autoionizing into 3p6 Jd‘ 48" (D) €X are probably responsible for the

deviations between 50 eV and 53 eV, Marked discrepancies between the calculated

curves and the experimental results show up at photon energies below 49 eV.
These are in part due to the limited experimental resolution which results
in a considerable broadening of the 6D line. Due to this and due to the

neglect of the interaction with the 345 ("x) 4g €L continua the model over-

estimates the coupling between the Jps 3d6 6:2 6l) state and the

396 st és (5'75) £l continuum, Furthermore, it is clear from the nonzero
intensity of the 5,7 S photoemission lines below 47 eV that the
5.2 5

3d” 4s° =+ 3d” 4s ¢€p cross-section is not zero as assumed in our model.
The transition to the ‘PS/Z line at 48,5 eV (see absorption spectrum in
Fig. 2) is reflected in the 3p6 ed‘ “2 (SD) channel. This proves that
transitions to 395 346 “2 ‘x states are also coupled to this channel. These
transitions may in part also be responsible for the enhancement of the

Hs (‘x) 4s SX photoemission lines.
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Figure Captions

Fig, ) . Photoemission spectrum of atomic Mn taken
et 8o = 50 eV.

counts/sec.
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Fig. 2 Photoemission spectra of atomic Mn taken at various

photon energies {lower part). The photon energies

T 644

at which the photoemission spectra were recorded are

SZ

given on the energy scale of the absorption spectrum

of atomic Mn (upper part).
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Fig. 3 Experimentally determined intensity of the 3d4 482 5D ) :
5,7

A3%70
A3 005

and the sum of the 3d5 48 S (x)} photoemission lines

0z

as a function of the photon energy. The results of the
model calculation are given by the solid lines.

Sl

oL
('22s/S3UN0Y 0GZI)

(A9) 83

BLGEE




2 "6y

~

(siun Qo) uondiosqp ——

photon energy (eV) ——

48 48 5 5 52 53 514 515 516

L LR L S R . G
——

LI
NV

a
A

wnsdads vondsosqo

DJIdads uosdaRojoyd

700 4

600 +

500+

400+

3004

200+

100+

Photoemission

[arb. units)







