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Resonant sate_ll_ite photoemissinn of a tomic Cu

R. Bruhn, E. Schmidt, H. Schröder and B. Sonntag

II . I n s t i t u t für Experimentalphysik der Univers i tä t Hambur

and Deutsches Elektronen-Synchrotron DESY, 2000 Hamburg 52, West Germany

Abstrac t . The photoemission of a tomic Cu has been obtained in the
8 2 l 3 lphoton energy ränge 65 eV to 90 eV. The 3d 4s (.',, F, D s a t e l l i t e

lines are resonant ly enhanced a L L l i e energy of the 3p 3d 4s >

3p 3d 4s t r ans i t i ons . The in tens i ty of the sa t e l l i t e s versus photon

energy can be approximated by two Symmetrie l ines separaLed by the spin-

orbit S p l i t t i n g of the 3p-core. The s a t e l l i t e s are driven by the

3p 3d 4s^ -* 3p 3d 4s cü, super-Coster Kronig decay , i i i ter ference

effecta are negligible.

At the 3p threshold of atomic Cu there are o n l y two weak '3p 3d 4s -*•

3p ( P| 3) 3d 4s absorption l i nes superimposed on a large 3d 4s-*1

9 T' T3d 4s tf background (Bruhn et 3.1. , 1979) . Recent photoemission

measurcments (Chandesr i s et al . , I 9 f l l ) showed a resana.nl Enhancement oi the
f o 7 1 3

3p 3d 4s G, F satelli te lines when tuning the photon energy to the

3p -* 4s absorption lines. Due to the overlap of the non-resolved

3? ( P| 3) 3d 4s Spin n r b i t coraponenLs the l ine yhape cou ld not be

2 2 determined in thcse measurements (Chandesris et a l , , 1981) .

According to the calculat iuns of Davis and Feldkamp ( 1 9 8 1 ) the resonant

enhancement results from the 3p 3d 4s -+ 3p 3d 4s t£ super-Coster

Kronig decay. Due to the weakness of the 3p 3d 4s -*• 3p 3d 4s -.9,

two electron exc i t a t i on , i n t e r f e rence e f f e c t s should be negl ig ib le . Therefore

the satelli te intensity versus phoLoii energy siiould show a aymiiietric. J tni?

shape (Davis and Feldkamp 1 9 8 1 ) . In our exper iment the synchrntron r a d i a t i o n

emitted by the storage ring DORIS uas monochromatized wi th a new toroidal

grating monochromator. The bandwidth of 0.35 eV is su f f iden t to resolve

the spin o rb i t Sp l i t t i ng of the 3p core. This allows the d e t e r m i n a t i o n of

the linc shape of the two spin orb i t components. "Ihe monöchromatic photon

bcam was fcicused onto the interacticn zone where ir crossed a heam of a tomic

Cu emanating from a resistively heated high temperature Eu rnace . The

kinet ic energy o£ electrons emerging from the in tecact ion zone was determined

by a cylindrical mirror atialyzer (angular acceptam-.e 0.8^ ot A T , energy

resolution AE = 0.8^ of the pass energy}. Only electrons c m i L t e d at the

- 2 -

magic angle of :>U 44' ± 1° relative to the pn la r iza t ion vector of

tt ie incöKing l ight were acceptcd by the analyzer. This el iminat .es the

asymmetry o£ the photoclectron angular distr ihution (Starace 1982) and

allows for a direct determinat ion of part ial cross-sei-.ti eins. Contrary

to this Chandesris et al. ( 1 9 8 1 ) had u> a p p l y corrections based uii

c a l c u l a t e d asymmetry parameti'.rs. Al l photoeff.ission spec:Lra were no rma l i eed

to the ineoming photon f l u x and corrected for the energy dependent dispers ion

ot the e lect ron ana lyzer . Since the density of Cu atoms in the i n t e r a c t i o n

zone was not deterained u n l y r e l a t ive cross-sections are given. Deta i ls of

the experimental atit-up will be presented e l s c w h f r e (Bruhn et a l . , 1982 ) .

In r i g . l the photoemission spectrua of a tomic Cu Laken at 73 .2 eV, the

Pos i t i on of Lhe 3p 3d 4s -> 3p ( P3) 3(i 4s t ransi t ion, is shown.
T 9 1 3

There is a dominant line co r re spond ing ^ to the 3d 4s D, D states of

Cu II accompanied by a series of weaker l ines. The assignnent taken

I r u m Chandes r i s et al . ( 1 9 8 1 ) is sminiiarize.d in Table 1. As these authurs
g

(Chandesris et al., 1981) already n o t i c e d , the 3d 4s line is hardly
„ 5 .2n , „10 , 2
1p t P | i 3 ) Jd 4s t ransi t ions.

12

a f f e c t e d by the 3p 3d 4s

The explanation rests w i t h the weakness of the 3p 3d 4s -* 3p 3d 4s

Au^er decay (Davis and Feldkamp, 1 9 8 1 ) . In contrast to tlie phn ton energy
Ü Q T "J l

dependence of the main 3d 4ü l ine , the 3d 4s C F D sa te l l i te lines are

s t r o n g l y enhanccd by the 3p 3d 4s -, 3p ("P] 3) 3d 4s transi t ions

via the 3p 3d 4s -+ 3p 3d 4s r S, super-Goster-Kronig decay. Fig. 2

shows the in tens i ty nf these lines, normal i zed to the intensity of t_hr.
y

3d 4s l ine , versus photon energy. The tue 3p spin-orbit cumpnnents are

well separated. The exper imental data cati be represented by the superposit ion

of twc LoreiiL^ian curves posit ioned at the encrgies ( 7 3 . 1 5 ; 75.4 eV) of the

3p 3d 4s -* 3p ( P | , 3 ) 3d 4s t ransi t ions. The symmetry of the
T 7line p ro f i l e s corroborates the unimportance of in ter ference e f f e c t s äs

calculated by Davis and Fe ldkamp ( 1 9 8 1 ) . The results of the i r ca lcu la t ions

are included in Fig. 2. Since the calculated line width of 3 .42 eV (FW11M)

is more than twice the experiment.il value, the spin orbit S p l i t t i n g is not
o 2 3

resolved in i_he theoret ical curves. The 3d 4s F is superimposed on a con-

siderable non-resonant background ascribe.d to inelast ic sca t t e r ing into
9

3d 4p f i n a l states by Davis and Feldkamp ( 1 9 8 1 ) . At maximum the in tens i t i es

of the 3d 4s K, F, D are 1 6 % , 62, 2l of the main line 3d 4s . The
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8 2 l ^
experimenta! percentage of ehe 3d 4s emission in C (63%), F (27 7,),

D (6£), P + S (4%) conipares favorably with the calculated percentage

!G (62%), 3F (292) and 'ü (8%).

In suramarizing we want to state that our results corroborate the pre-

dictions by Davis and Feldkamp (1981). In coraparison to the results

reported by Chandesrts et al. (1981), there are two points we wish to

stress:

i) the line shape of the two spin-orbit components is Symmetrie

ii) the relative intensities of the G, F, D and P + S

photoemission lines were determined without corrections for the

angular distribution of the photoelectrons.

Table l

Experimental binding energies Eg of the states of Cu II giving rise

to the photoemission l i nes in Fig. I .

Line CeV) State o£ Cu II

!

2

3

4

5

6

7

24,

21,

19,

18,

16,

10,

7,

,4

,2

,5

.3

.3

.7

,7

+

+

+

4

+

-f

0.2

0.2

0.2

0.2

0.2

0.1

3d

3d

3d

3d

3d

3d

3d

8 , 2

8 L
ß 2

4s
8 2

8 2
4s

9
* 4s
10 1

's
4p

1
G

1

D

3F,
•j 1
D l

3d9 4p

1
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Figure Captions

Figure l Photoemission spectrum of atomic Cu taken at 73,2 eV.

Figure 2 Experimentally determined intensity of the

3d
, 2 1 3 l
As G, F, D photoemission lines (•) äs a

function of pboton energy. A nonresonant background

has been subtracted (peak:background D 13:1;
3 l
F 1.5:1; G 32:1). Representation of the experimental

data by a superposition of two Lorentzian curves (posi-

tioned at 73.15 eV and 75.A eV, half width 1.75 eV)

(- - -). Intensity calculated by Davis and Feldkamp

(1981) ( ).
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