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Resonant Photoeaisaion otAtosüc jti

t. flruhn, E. Schmid t , H. Schröder and B. Sonntag

II. Institut für E x p e r i m e n t a l p h y s i k der Universität Hamburg

and Deutsch«! E lek t ronen-Synchro t ron DESY, 2Hamburg 52, Cermany

The photoemisi ion of atomic Mn has been obtained in the photon energy

ränge 40 eV to 56 eV. The strong coupling of the 3p «nd 3d exc i ta t ions

leadi to a re ionant enhancement of the 3d ( S) 4«, 3d (4x) 4s,

3d ( 0) *• and 3d ( D) 4s nl photoemisiion lines above the 3p

threshold.

Accepted for pub1lc«t1on In Physics Leiters A

Ac the 3p threshold the abtorption ipectrua of atomic Mn is dominated

by a ttrong aaynnetric absorption band. Thii band ii du« to the

i n t e r f e r e n c e be tween the d i i c re t e 3p 3d 4s + 3p 3d AI t r ans i t i ons

e f (1 ,2) . Inand the continuum transitions 3p 3d 4i -* 3p 3d

order to be able to discriminate between the d i f f e r enc channeli contribut-

ing to the absorption and to gain more insight in to the couplgLng of then

channeli, the photoemission of atomic Mn has been investigated,

For thia purpose the Synchrotron radiation emitted by th* storage ring

DORIS was monochromatized with a neu toroidal grating monochromator. The

monochromatic photon beam (bmöVidth • 0,2eV)was fixu«ed onto the xnoramon am* vt*n k

crossed a beam of atomic Mn emanating from a resistively hea t ed high

temperature furnace. The k i n e t i c energy of electrons einerging frotn the

interaction zone was determined by a cylindrical mirror analyur (angular

acceptance 0,82 of 4-r> energy resolution fiE • 0,8 Z of the pass energy).

Only electrons emitted «t the magic angle of 54° 44' relativ« to tfce po-

larization vector of the incoming light were accepted by the analyzer. This

eliminates the asymmetry of the photoelectron angular d i s t r ibu t ion (3) «nd

allows for a direct determination of partial cross-sections. All photoemisiion

spectr* were nonaalized to the incoming photon f lux and corrected for th«

energy dependent dispersion of Ehe e l ec t ron analyitr. Since the density of

Mn atoma in the interaction zone was not de t e rmined , only relative cross-

sectiona are given. Deta i ls of the experimental set-up will be preiented

eliewhert (4).

In Fig. l the photoemiision spectrum of a t o m i c Hn taken at 50,0 eV photon

energy is shown. There is a dominant line corresponding to the
4 5 2 53d ( D) 4s D state of Mn II accompanied by a series of weaker l inei .

Our assignment, in part based on tabulated atomic energy values (5) is

summarized in Table 1 . The partial cross-sections for the emission of th*

outer 4s and 3d electrons are strongly influenced by th* coupling to the 3p

excitations. Thia can be direclly read off fron Fig. 2 in which • »tritt of

photoesüsiion spectra taken at d i f f e r e n t photon energiea are given together

with ehe absorption spectrum. The main pho toemiss ion lioe (No. 6) i i

suppressed at tht 3p-thrcahold and strongly enhanced in th« region of

3p 3d 4» $ + 3p 3d 4s P t r a n s i t i o n s , which con t r i bu t e moit to th«

dominant ab iorp t ion band (1 ,2) . Exccpt for th« marked incr«ase at hu • 55.4 «V
5 5 2wh*r« truntions to 3p 3d 4a nl (o > 3) contribut* to th* absorption,



- 3 -

th* intansitits of th* lim ) - 4 shov a aiaülar dependcnc* on cht

photon energy . Thii Supports our tentativ* as i ignment of theie lines

to 3d ( D) 4s nl i tatei of Mn II. Th* i n t e n n t y versua photon energy

of th«»« l in«! reseablei ehe absorption spectrua. The Fano type

profile (6) clearly manifest« ehe interftrence between the 3p and 3d

excitationa. In contrast the strength of the lines 7 - 10, assigned to
5 4 5

the 3d ( X) AI X itatei of Mn II is s tmilar at 48 eV and at 50,5 eV.

Alio th* aiyametry of the inteniity versus photon energy curve ii auch

less pronounced. The correiponding curves for the photoeniision lineg

anigned to the 3d ( S) 4§ ' S i tatei of Mn II can be «pproximated

by the lupcrpoiition of tuo Lorentzian l i nes positioned at 48 eV and 50 eV.

Theie linea are d r iven by th« 3p 3d 4i _, 3p 3d 4s c l decay. They are

Symmetrie, since they are only weakly influenced by interference with

the 3p 3d 4s .* 3p 3d 4s el excitation due to the amall cross-iectioa

for the 4s excitation.

In order to put our discussion of th« 3p - 3d i n t e r i h e l l coupl ing on a

firmer basii, we wil l coapare the Variation of the in tensi ty wi th photon

energy for the roost prominent lines, i.e. th« linei assigned to the

3d4 (5D) 4» 5D and the 3d5 (6S) 4s 5'7 S states of tti II, to the results

of a model calculation. The model is based on the extension of Fano's

theory (6) to the caae of manydiscrete states interacting with many

continua by Davis and Feldkamp (7,8). Th* model, schematically depicted

below, tak«s the interaction between ehe dttcret* atafca 4 j , $2 "d the oantkiua \p,€

and th* ipin-orbit coupl ing of the 3p core into account.

Excited States of Mn

discret* statas

0

'P

continuum states

V

4

grouod stata

- 4 -

For th« «utoioniiation aatrix «lesents Vkj • <<%e / H / *j> ch«

following rclationi hold: V,2 • 0 du* to syanetry (2), Vjj > Vjj

du« to threa instead of two electrons having the saaw prineipal

quantum nunber. In our model the matrix elementi V^j, th* matrix a lernen t

\ <4./H/$2> proportional to the spin-orbit intaraction of th* 3p corc

and th* aiymetry paraaeter q (3,6) have been used äs paramctara.

Direct optical excitations fro« the ground state to *2 «nd ̂ 2e h«v« b**n

neglected. The experimaatal data and the resulti of th* aodel calculation

are presented in Fig. 3. It is obvious that the model well deicribei

th* charactcristic featurci of the experimental ipectra. The parametcr«

given in Fig. 3 are in reasonable agreement with those reported in th*

literature (2). Transitions to other states (e.g. 3p 3d ( X) 4B )

aucoionizing into 3p 3d 4a ( D) et are probably responsible for th*

deviationi between 50 eV and 53 eV. Harfced discrepancies between the calculated

curves and the experimental rcsults show up at photon energies below 49 «V,

These are in part due to the limited experimental resolution which rcaults

in a coniiderable broadening of the D line. Due to thia and du* to the
5 4

neglect of the interaction with the 3d { X) 4a ci continua the modal over-

estimates the coupling between the 3p 3d 4s D state and the

3p 3d 4s (' S) e£ continuum. Furtherroore, it is clear from th* nonzero

intensity of the 5,7
S photoemission linei below 47 eV that the

3d 4s * 3d 4a ep crois-section ii not zero äs assumed in our model.
4

The tranntion to the P,,, line at 48,5 eV (aee absorption ipectrua in
' A L O 5

Fig. 2) is reflected in the 3p ed 4s ( D) channel. Thii proves that

traniitions to 3p 3d 4s X states are also coupled to this channel. These

transitions may in part also be retponsible for the anhancemcnt of the
S 4

3d ( X) 4s X photocmission lines.
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Table l

Experimental binding energies E™ of the states of Mn II giving

rise to the photoemission lines in Fig. l . The tabulated binding

energy of the 3d ( s) 4s s-j state(s) has been used äs reference.

Line (eV) State of Mn II

l

2

3

4

5

6

7

8

9

10

1 t

12

13

2 5 . 1 - 0.2

24.2 - 0,2

20,8 - 0.2

20.6 - 0.2

15.4 -17 .7

U.2 - 0.15

12.8 - 0.1

11 .5 - 0.1

1 1 . 2 - 0.1

10.8 - 0.1

9.3 - 0.1

8.6 - 0.05

7 .44
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4

4

4

5

4

5

5

5

5

<5

(5

(5

t4
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c4
,4

D)

D)

D)

X)

D)

F)

D)

P)

4s nl

4s 4p

4s 4p

4p

4s2

4s

4s

4s

5

5

5

5

5

5

5

5

F tent
F „

X "

D

F

D

P

i"

3d6 (5D)

3d5 (6s) 48

3d5 (6s) 4« S3 ref,
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Figure

Fig. l . Fhotoemisaion spectrum of atomic Mn taken

«t +ta - 50 eV,

Fig. 2 Photoemission apectra of atomic Mn taken at various

photon energies (lower part) . The photon energies

at which the photoemission spectra were recorded are

given on the energy scale of the absorption spectrum
of atomic Hn (upper part).

4 2 5
Fig. 3 Experimentally determined intetibity of the 3d 4s D (•)

and the sum of the 3d 4s ' S (x) photoemission lines
äs a fimction of the photon energy. The results of the

aodel calculation are given by the solid lines.
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