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Abstract

The phntoelectron spectra and t he relative partial pholninni7otion cross

scctians of atomic Cs and Sm have bnen determined in thc photon etiergy ränge

of 4d - 4f, ef excit.ations (Cs >0 eV - HO eV; Sm 120 eV - 160 e V ) . Tor

Cs riirect 4d ionization dnminat.es whereas thc Sm "4d -+ 4f, ef resonance"

mainly autoionizes via the. emisRion of a 4f electron. The Sm 4rt partial

cross seclion gnes t.hrough a maximum 15 eV above threshold, wihere i t becnmRR

comparable to tlie 4f partial cross üerLion. The 4f type charactcr of the

Sm excited wave functinn nt threshoJ-d turna i nt n 4f, zf type character Itl

eV above. Close to thc 4d Lhreshold the 5s, 5p, and twn filfirtron satellite

photocmission linca are strongly enhanccd Tor butli Lilnms.

tu be published in J. Phys. B

Solid rnre Rarths (Hfirkfin et. nl. 19R2, Ziinkina et al. 1967. St.rasscr et

al. 198» and atomic rare earths (Uolff Rt al. 1976, Hansficld and ConnRrade

1976, Radtkc 1979, Conncradc 1^70, Becker et. al. 1980) exlübiL giant resonances

above the 4d threshold, vjhich qain their nir.ci llaLor strcngth f'rom transit-inns

nf 4d elentrnnF; into thR p o r t i a l l y unnccupicd 4 f " shell (Starace 1972, Sugar

1972, Dührner and Staracy 1972, Wund HI and Starace 1978, Zangiuill and Soven

1980, Wcndin iVß'l, Amusia et al. 19U1}. Xe, Cs, and Ra, the elRmRnt.fi precedinq

the rare earths in the perioriir tahle, nlsn display atrong absorptiun maxima

above the M Lhreshold (ffüerRr 1964, tlaunjjL-1 et al. 1969, Rabe et al. 1974.

Coniierado and Hanafiolil 1974, Ilorht and l indau 19S1, Petersen et al. 1975,

Starace 1902, Sarnaon 1982, Amu^ja 1983, Kelly 1983, Zangwill 1903, Amusia

198». On passing irom Xe to elements with higher Z there is n sys iRmat i r

chanqe of thfi stronq .nbsnrptinn rRsonrinne. The myximum yeLa narrowcr and

Lhe rnain puak ahifta tüivards thrcshuld. Hie character of the exci ted Rlertron

wavc function äs expected to chanqe from cf type ( X e , CR. Rn) tn "4f, cf"

type (ta - Tm) . This is norroborated hy the roultiplet slrucLurc displayed

by the abscrption spechra. Detfirmming the decay ehannels of the resonance

forms uti irieol methnrj to probe Lhe charactcr of the excited state. For low

L elcments the main process can be uiewed äs

4d
9 M

whereau für high Z thc process

.Jü. „N-l ß
itd 4f + f: [

dominates. The photoemission dat.a nn snlid rare earths are consistent with

this picture. Due to the L-onoideraUlc difficulties enconntereri in determining

the VLJV photoelectron spectra uf frcc rare earth atoms, RxpRrimental resulta

are scnrce. Only very recently photoelectron spentra of atomic i-u taken

in the enerrjy ränge of the 4d excitatinns have been reported (Becker et

al. 19U5a). There are preliminnry data on atomic I3a fUuilleumier 1984, Decker

et al. 1985h). In order tu test thc above ideas we investignteri the photo-

electron spectra of atomic Cs and Sm. In Cs 4d 5s 5p 6s S thc 4f function is

noL collapsed even in the core excited state wherenu in Sm 4d >s 5p 4f 6s F

the 4f shell is collapsud nnd pnrt tn l ly nccupied. Iherefore the chunqc in



charact.pr nf t he rfisnnance shnuld show up very r lenr ly. In t t - is context

WP alr;;i wtüileif tu examine tn whirh Rxhent Lhe reF:onan;-H dec-iyr, via 5s, 5p.

and &s fimisr>inn. A further point. nf interest ifjas t'ie strfinqth and enerqy

dependprice nf Fiiit R! 11 te emUiSion.

For t he photoelertron measurements HIR uynchrntrnn i'adintion pmitl"fid hy

t he electron st.oraqe rinn, ßtüSV was used. Additional cxpcriments wcrc per-

formed nt the stnrng« riny DORIS. In all cases the radiation was monochroms-

tized by toroidal ij i-aLintj mcnochromators (8ESSY: TGM1 banöwidth AE = 0.3 cV

at-fioi = 70 eV ; AE = n.f, eV at -fix = 105 eV , Gudat et al. 1982; T G M 2 ÖL - ü.> clr

at>nüj - 80 eV; ÄF = 1.6 eV nfni,: r 140 eV, Braun et al. 1983: DORIS: TOM

üE = 0.3 p.V ot <iuj = 00 cU; A E = 0.5 eV at 'fu = 140 eV, Bruhn el al. 1983) .

The mnnnrhrumatic photon beam (appruximatcly 1U photons/s) was focuscd

nnlo the intcraction zone, wherc it crossed the atomic beam emanating f'rom

a rcüiütivcly heated high temperature furnace. Temperatures around 'ilij K

für Cs and 9UÜ K for Sm are süfficient to attain a vapour pressüre of 0.6 Pa

in the furnace. The density of atoms in the interaction reqion ia estimated

interaction zone was riefermined hy a cylindrunul miri-or analy/er (anyulür

acceptance 0.8 51 nf in, energy reuoluLion AE - 0.9 % of the pa^^ cnurgy).

Only electrnnR emi t l tsd at angles closc to the magic angle of iüD4ü' relative

to thfi pnlnri7aLion vcctor üf the incoming light were accepted by the analyzer.

The parLiol cruü sectians were determined from a series of photoelectron

spectra taken ah differp.nl photon energics and also from constant ionic

•final stat.e spectra (C IS ) , where the photon enerqy and the pass erierqy of

the elentron eneryy analyzer were scanned simulhanenusly. A l l spectru were

nnrmnli/ed tu the incoming phnton flux unri correc-ted for the cncrgy-dcpendent

hanrfpaüu uf the electron sperlromeler. Sincc the density of atoms in the

inleraction zone could not he determined, only relative cross sections have

been ubtained. InstabilihiRB of the atomic beam are the main sourre nf the

errars. Details nf thp experimental üet-up are given elsewhdre (Schmidt

et al. 1984, Schröder 1982, Schmidt 1985).

photoelectron spectra

The phctneleeLrun fipectrur nf afomic Cs taken at the maxir.um of the absurp-

t inn resonance (h:i; - 105 pV ; (Petersen et nl. 197b) iü preuented in Fiq. 1.

The 5p, 5a, nnd 4d photoclectrnn lines are clearly seen. The Splitting üf

the U:; II 'ip'Yj;; "V, 1P; 5p^5d ^P 1Ü si-ntfis (Süzer et al. 198D) is not fully

resolved :n the 105 eV spectrüm. At hu: ± 5fl eV the 5p, -2 peak spl i ts into

t wo componenUi. The Auqer lines (4d -* 5s 5p , 4d + 5p : 4d > 5p fa; )

extend from the Inw pnerqy end of the ^pectrum up tu 65 eV kinetic enerqy.

Takinq into accüunt Uie lower energy rüuolution of our analy^er there is

qood agreemcnt wilh UIR Rjected electrun upertrum reported hy Aksela and

Aksela (198.0. Ihc main photoelectron linou arp nrcompanicd by a host of

satRllite lines, markcd SI - S10 in Fig. L. f o r photon enerqieu hetween

Hß eV and 102 eV the satel l i te lines 55, 54, S5, ;md 56 are harri tn dis-

entnngle from the overlappiny AurjRr lines. The 6s photoelectron linp is

vei-y wp;ik nnd much less intcnue Lhnn many of the saLcll it.R lines. Ihc bindinq

cnergieu and nur nssiqnment of the phntoelectron lines arfi summarized in

lable 1. The assiqnment is based on tybulated energy values for atcmic LF;

(Header 1976) und Rn (Moore 1958), the Z + l tinaloque to core exni ted C r , Ihc

binding encrgies delerminfid from these "oplical data" are given for comprrison.

partial cross sections

In F jg . 2 t.hp C.s 5s, 5p, and 4d parlinl rross sections are presented. l or

curpipariijun the nhsorption spectrum (Peteivüen fit al. 1975) is incliided. Due

to problcms inherent [n phohoqraphic recording and dufi ho saturalinn affects

the centcr part of the ahsorpt.ion spectrum could only be estimated. The

absorption spectrum has been aligneri wihh t.he 4d partial crnss section at

the hiqh energy end. Due to the neglect nf other ionization chnnnels, this

resulhs in an nbsnrption cross section somewhat to low. The closfi similarity

between the absorption upectrnm and the 4d-partial cross section corrohnrateB

the dominance of the dircct 4d •* d ionizatinn. Bnth the 5cs nnd the 5p partial

CTORS sectinnf; show a prominent maximum at 1UO c\! and a stoJlder at •- 93 eV . According

Ln Ilartree-Slater nnlculat.ions (Theodosiou and F ielder 19821 thcse cmss Rect.ions

shuuld smoothly dCL-reaae towiards higher energies. Thfi enhancuieiit of the 5s and 5p

parlial crnss seulinns is nauserl by Ute internet im of the 5s, 5p • F. l channels
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with the 4d -* ef channel. Ihis intcrshell cuupling hos nnt been taken int.o

account in the Hartree-51ater calculaLions. The 5s and bp partial cruss

seciions peak at photon energies well below the peak pnsition of the main

4d channel. The characteristic features of the abovc rcsults can he explained

in terrns of the local field model (7ancjwill onri Soven 1980, Zangwill 1983,

Wendin 1902). linder the influence of the extcrnal electrnmaqnetic field

the 4d-shell oscillates like a damped Harmonie oscillator. The resiilting

dipolar field is superimposeri nn the external field. Below resonance the

4ri shell oRcillates in phase wi th the external field qivinq rise to an cnhance-

ment of the local field outsidc the itd-shell, i.e. in the ränge of the 5s

and 5p shells.

Within the "Random Phase Approximation w s t h Exnhanqe" (RPAE) Amusia and

coworkers (Amusia et al. 1976, Amusia and Chcrcpkov 1975, ArmiRia 1983, 1984)

have nalculated the Cs 5s, f!s(5s+5p), and 4d partial croos sertions. For

the 4d partial cross section it is essential hhat by generalization of RPAr

they succeeded to take the relaxation of" the electrons around the core hole

into accnunt (Amusia et al. 1976). The calculated cruss sectinns are qiven

in Fig. 2. The partial 5p cross scction has been obtained by subtract ing

o5s frcm y(5s+5p). The experitnental curves have heen scaled by matching

the experirnental ö5p to the theoretical cross section fnr photon energies

below 90 eV anrt at 110 eV. For ö4d there is reasonablc agreement hetween

theory and Experiment. The theory uvereRtimates the width of the reRonance.

The experimental 5s partial nross section is cnnsiderably smallcr than tlie

theoretical cross section and peaks at higher energies. A similar discrepancy

has heen noted for atomic Xc (Amusia 1982, 1984) and Ba (Zangwill and Souen

1980). The admixturc of outer shell excited ütates (e.g., 5s 5p nd 6s, >s 5p

6s f.d) tn the 5s5p 6s state tranofers oscillator strength tn other channels

and thus lowers the 5s cross section. For photon encrgieü fnr nhnve the

^R threshüld the modified partial croRR Rention is given by

where o? MSiii) denotes the cross section without allowing für this ccnfiqura-
;>s

tion interaction. The spectroscnpic fartor F describes the wcighl of the
6

5s5p 6sei state. Frnm our data wie deducc F = D.fi. For Xe a value of 0.3 has

heen determined (Amusia 1984). The qross TcaLurea of (he experirnental o r arc

well deRcribed by the theory. Towarris hiqher photon encrgjes the theoretical
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curvc decreasjea more ateeply than the experimental onc. The shoulders at

ubnut 97 fV in the experimental or and O_ upectra haue nu counterparts

in the thenretical spectra. We attribute Lhese shnulders to lhü Rimultaneous

cxcitat ion of a 4r1 electron and a 5p electron. Similar structures due to

t.hese tiMO electron cxcitationu have been deterted in the speclra nf metallic

Cs and Rnlid and crystalline CsCl (Radier and Sunntag 1976). In the abüorption

spcctrum nf ntomic Ts (Petersen et al. 1975) these transitions qive risc

to a series ot" lines bctwcün 93 eV and IHfl eV- Autnioni ?at iun of the two

electron excited states should lead to an Enhancement oF the satellitc cmissinn.

Ihis iss conuisterit with nur reRiilt.R for the satellite intensities.

satellite Emission

l he üüte l l i te partial cross sections for the 4d-satcllite ( S 2 ) , the 5s-satcllitet

(ÜJ - S7 ) , and the ."ip-satel l i tes (58, S9) are presented in Fig. 3. The experi-

ment yields the parLial satel l i te CPORR RentionR relative to the n E-TORR

section. By scaling U to the theoretical erous sectinn the obcolute üaLellite

CTOBR BRctions hawe been obtained. üctwccn 90 cV and 100 eV pholon energy

Auger linet; (Aksela and Aksela 1983) overlap some of the 5s-satellites,

preventing an exact determination nf their relative strenqth. All the 5s-,

5p-satellite cross sections pcak in the tiame energy ränge (95 eV - 105 eV)

äs the partial "JR- and 5p-cross sections (see Fig. 2). This clearly demonstrates

the cuupliriy of the direct 5R, 5p ' cl channels and the satellite channels.

The >p-satellitcs (58, 59, Sin, SU only to be seen Tor fiü! £ 55 eV) are

attributed to shake-up of the outer 6s electrons. This iy consistenL with

the ahsence of Ratellite lines close to the 5p-photuelectron lines in the

Rpertrum of atomic Xe (Adam et al. 197FJ, Fahlmann et al. 1984). The great

number of 5s5p nl, 5s 5p nl,nl final states renders the Interpretation nf

the satellite lines clnse tn the 5s line a very riifficulh task. There is

some similarity to the Xc speulrum but the asuiynment oF the Xe satellite

lines only can be used for guidancc. lo the authors knoiwledge therc are
2 4

nn energies for the 5s 5p nl,n'l' states auailable in the literature . The

states listed in Table l üre to be nnderstnod äs possible ionic final ütates.

The energy Separation oF the sate l l i te lines Sl and 52 From the 4d lines
1 0 2 9 2 6suqqests an Interpretation in tcrms oF 4d 5s 6s "* iid 5s 5p ?ÜE! shake-up

trnnsit ions. The partial cross section oF line 52 closely resembles the

parLial 4d-cruus section.



branching ratlos

Ine ratlos of the partial rruüss scctions of subshells with the sair.e angular

monentum ^ hut riifferent tota l nnqular rnnmentum j - $ + 1/2 ancf g - 1/2

have been shown Ln cframat ical l y dev iu te frnm the statistical ratio (Sornsnn

1902, Krause et al. 1981, Ünq and Manson 19UU, Johnson and Cheng 1979, Oanna

t't al. 1979). These deviations are viery sensitive to relatiuistio anrl eorrela-

tion effects (Onq and Mansori 19RTJ, Johnson und Cheng 1979). Heasurements

of these branehing ratios therefore provide stringent tests for t.hc thcory.

Branching r.itios ran he determined directly from the intensity of the spin-orbit

split phntoelertron lines reqistered a t the same photnn enerqy. Therefore

there is no need for nurmalizat.ion tn the inenming phntnn Flux, only the

small C'hunge in the bandpass of the filfirtrnn energy analy7er has to be enrrected

for. This conaidei'ably reduces the unrertoi nt ies in the det erminnti nn of

relative partial cross sectiona. The oxperimental o 5p,..,: o5p, ,-., branching

ratio in Us is presented in Fig. 4. By Icokinq at Fig. 4 and at \. 2 it

becomes obvious that the energy dependence of the branchinq ratio cannot

be explained by the kinetic enerqy effect. This effect predicts the branchinq

ratio to be larger or smaller than the statistical ratio dependinq an whether

the partial cross section is nsiny or folling äs a funclion of energy (Wa lke r

et nl . 1973, Walker and Waber 1974). Tlie general fcaLurea of the Cü branching

rot io are üitnilar to the Xc branching ratio (Krause et al. 1901, Johnson

and Lhcng 1979, Schmidt 19B5). At low energies the branching ratio lies

well below the statistical walue. Towards hiqher enerqies it smoothly in-

creases reachinq a maximum value nf 2.1 at 79 eV. ßetuueen 80 e\ and 110 e\

the branchinq ratio rapirily nscillol.es wi th luw values aL the 4rl Llireshnld

and maxima at - ßfj eV and 100 cV . l he structurc rcminds one of the maximum

and the shnulder displayed by the partial ^p cross section (see Fiq. 2).

This inritcateü the impurtance of intershell correlat.ion. Fnr Xe, .lohnson

and Cheng (1979) haue shown that relatiwistio effeots and the rnrrelation

bctwecn the ">s, ^p, and 4d shell are essentiol fnr explaining the energy

dependence of the 5p branching ratio. Ihis similarity to the Xe branching

ratio is even mnre prnnnunced for the a4d , : a4d . branching ratin given

in Fig. 5 (Barina et al. 1979, Schmidt 1985, Yntes et al . 1985). Frum a thres-

hold value far above the statmtical ratio the Cs branching ratio steeply

drops reachinq a minimum at ~ 9B eV. Towards higher photon energies this

minimum is followed by o maximum at ~ 100 eV and a further minimum at 10^; eV.

Up to 160 eV the branching ratin stnys below the statistical ualue. Aqain

an interpretotion in terms of the kinet i r energy effect fails. For Xe the

nrusü lüLiturer, cf the experimental 4d brnnrhinq ra t i o are wel i desrnheri

by results oblained by Chünq at ie; Johnson (1903) w i r /h in the relati vi ?t ic

random pliase approxi"-at inn ;RRPA) .

photoclectron spectra

Photuelectron spectra öl" atomic Sm taken bel-ow tlie giant 4d -1 4ffcf resunanre

(fiu;. - 132.2 eV) , at the first (-fii-t - 134.fi sV) and abuve the sernnd peak

(fiui = 154 cV) uf the resonance are shuwn in Fiq. 6. The weak l ine (16) at

the low enerqy end (t - 5.7 eU) is due to the emission of a 6u electron.

The li-jo dominant lines (14, 15) are causcd by 5m iif 6s F * 4F 6s H F

(E,, - 9.2 e V ) , 6P (E.. = 11.9 uVK-1 transitions. The hindinq energies are
R U

in agreemeril wi th those reportt-d hv Lee et al. (1977). Due to the limited

energy rcsolutiun tlie Splitting aF the 4f f is F, F and tlie 4f 6s H E

levels detectcd in the He I and Ne I pliotneleotron spectra ( i e e et al. 1977)

could not be rcsolued. The strong 4f cmiuuinn lines are replirnted by satellite

lines (11,12) (ER - 16.3, 19.0 eV) which in analngy to Cs we tcntatiuely

Lisnribe to 4f66s2 7f - 4fbfis7s 6H, 6F; 6Pr:L uhake-up excitatinns. Srn 5p 4f 6s

• 5p 4f 6s gl transitions give rise to the group of Hnes (7, 8, 9, 1(1)

witli 25 eV < Fn < 32 eV. The Splitting is caused by 5p spin-orbit internntion
— D —

and the coupling of the open 5p and 4f Shells. Satellite emission contrihutes

to the high energy Uni of this group [5, 6). Two 5s phutoelectron lines

(3, 4) clearly show up aboue 45 eV. The Splitting is attributed to the inter-

actinn of the partly filleri 4f and 5s Shells. The peak Separation of 3 eV

is in gnod aqreement with the value qiven for the 5s exchange splitlinq

of 5di metal (Herbst et al. 1977). Für photon energies ohnve 14U eV the 4d

emission lincü (l, 2) (ITn = 130; 135.5 eV) rould be well nbserved. l he hinding
D

enerqies and the aaüignment of the photuelectrnn lines shown in Fiq. 6 are

summarized in Table 2.

partial cross sectinns

The photnelectron spectra ( T ig. 6) nlready demonstrate the strong dependence

of the intensity nf the various photoelectron lines on the photon energy.

Even more convincing is the resonant Enhancement of Lhe parLial 4d, 5p and
1 0 6 2 9 7 2

4f cross sections in the ranne of the 4d 4F 6s * 4d 4f 6s excitations



displayed in Fig. 7. Ry addinq all partial CTORS secticns the uppermuoL

curve in Fig. 7 has bcen obtained. This curve rescmble;; the absnrption RpecLrum

reported by Radtke (1979). In the ab^orptinn spectrum the maximum at 14rj e\l

is less pronounced. This may be due to the limited dynamic ranqe of photo-

graphic plates used in the abRnrption measurements. In analouy to Lhe .Inter-

pretation of the 4d absorption spcctra oF severol rare earths (Sugar 1972,

Wolff et al. 1976) t/je ascribe the strurt.ure to the multipleL splittiny üF
9 7 2

the 4d 4f 6s confiauration. 2pectra reeenLly cnlculated by using the atomic

phyairs code RCN/RGG (Cowan 1981) display t wo groups of stronq lines separated

by - 8 eV (Kerkhoff 19B5). Dur results belp to shed üome light. on the character

of Llie Final statcs. The weak maxima at f.m - 127.5 eV, 130 eV and t.he dominant
9 7 2

maximum close to the 4d-lhreRhnlds altnost exclusivcly clecay v ia 4d itf 6s •*

sr

2

Ad 4f 6y tl ontolonisation. l he interferennp between the discrete exc i tn t ion

!> 2
plus autoioniuatinn ond the direct 4F""6s" ~* 4F 6s el Ionisation causes the

asymctry in the l ano type profile of the 4f partial croac sention. A tentative

fit by a single Fano profile (Fano '1961j

iwith 2(E!-E

T~

results in:

resonance energy E - 133.4 eV

halfwidths T z 4 . 7 e V

asymmetry parameter g - 1.76

9 7 2
From oiii- data we conclude t hat, for the 4d 4f 6s Icvcls gjviny ricR (n thn

tliree low enerqy maxima, the 4f final stnte wave function is localizcd within

the inner well of the effcctive potential (Wendin Lind Staraee 1978) and has
Q f T

a larqe avcrlap with the 4d wauefunction. The cscaping channe int.a the 4d 4f 6s el

continuum is uery small- These low enerqy excitations are also couplcd tu Lhe

"?p ionisatinn channel. Becaose Lhe 5p Ionisation crnss sertion iß very small

>; 100 R V above threshold,interference eFFccta are less impnrtnnt. This is corrobo-

rated by the Symmetrie line shapes displayed by thc 5p partial rrnss section.

Our Findinqs so far are consistent wi th recerit theoretical (Amuüia et al.

1981) and experimental (Becker et al. 19B5a) results for atomic EU.

- 10 -

The chiiracter of the Final state responsible Für Lhe maximum centered at

145 cV, i.e. 10 eV aboue the 4d,,„ ionisation threshold, IR oompletely

different. There is only weak coupling Lo the 4f ond 5p Ionisation continua,

causinq the small bumps located at 141.5 eV in thc 4F and 5p partiol rroas
9 6 2

aecLiona. The riominnnt deray of the 145 e\l resonance leads to an 4d 4F 6s tl

final state. Ihis indicate^ that Lhe f Symmetrie: final state wavefunction

is best described äs an £f continuum wavcfunctiun with strong 4f nharanter

clnsR to the nur-leuR. The 4d-4f exchange interaction pushes part of thc

4d ~" 4F üscillatür-yLrenyth Far up above the ioniRation limit. The character

of the final state coulü be viewed upon ai; an f symmelric continuum rennnance

reflectinq the structure of thc eFFcctive potential (wcndin and Starace

1978). In this regard thcrc is similarity to the Situation encountered

for the 4d exnitation oF atomic Cs. But due to the contracted nature of

the 4f Orbital, in 5m we encounter both, a localized 4f resonance close

to the threshold and a £f 4F cüntinuum resonance in eV ahoue Lhreaholct whereaE

for Cs there is only the continuum £f resonance 2U eV above threshold. The

chorncter iRt ic rfiRiilts for nt.omic Sm are very Rimilar to those dfitermined

in phuluemiuüion experimentj; on Rnliri rore earthR (Gerken 19fl3, Gerken et

al. 1984).
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T a b J e 2

Experimental binding enerqies En of the u ta tcs of Sm II qiv

nhotoelertrnn Ijneu jn Fiq. 6.
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Figure Captions

Fiqure i Photoelectrcn spectrum of atomic Cs takcn at a photon enerqy

of 105 P.\I.

Fiqure 2 Experimental relative 5s (+) , 5p S&I . and 4d d" ) partial crnus

sections of atomir Cs. The experimental relative absorption

er n u n L'.ertinn (Petersen el nl. 1975} is shown for compfinson.

fbe abüiiluLe ueale reForu L u t IIP ralrul nt.pd 5 R (-!, 5p ( - • - - ; ,

and 4d '. } psrtial cross sectiona (Annmus et al. 1975, 1976).

Fiqure 3 Partial sntellite cross sections f'nr atomic CG. (53 + 54 + 55,

;md (58 + 59) qive the cvross secr.ion for the group of lineü.

fhc- absdluLL' LTO--JH sei'linn srnlß hns been established by matehmy

the experimcntöl 5p pari 11'] LTUÜU ueeLi nn t n the ralculated

cross section (Amusia et al. 1975).

Fiqure 6 Phütoeiectron spectra of atomic Sm takefi at phntrnn RnRrqies

below Jflu = 132.2 e V j , at (fin) ^ 1.54.6) and abnve (-Tir^ = 154. D eV)

the 4d •* (4 f t f J resonance.

Fiqure 7 F_xper imentnl relative 5p, 4d, arid 4f partial cross sect ions

nf ntnmir Sm. The uppRrmosh ruriies represent the sum of ttie

pnrtinl i:rnür. sertinns.
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