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Decay of the Ar2s™® and 2p~! and Kr3p~! and 3d™! hole states studied
by photoelectron-ion coincidence spectroscopy

S. Brinken* Ch. Gerth! B. KanngieRer, T. LuhmanhM. Richter® and P. Zimmermann
Institut fur Atomare Physik und Fachdidaktik, Technische Univetsterlin, HardenbergstraBe 36, D-10623 Berlin, Germany
(Received 11 October 2001; published 21 March 2002

The decay channels of the As2! and 2p~! and Kr3p~! and ™! electronic hole states have been
investigated by means of photoelectron-photoion coincidence measurements following innershell ionization
using synchrotron radiation. With the method of final ion-charge resolving electron spectroscopy it has become
possible to disentangle different contributions to the electron spectrum and to determine the decay probabilities
P(nl~1—n+) of the above-mentioned hole stated (%) to the final ionic charge statest. A high corre-
lation with threefold or even fourfold charged ions has been found in all cases. Possible decay routes, via
cascade or direct double Auger processes, are discussed on the basis of energy-level schemes calculated with
the Hartree-Fock method. Special emphasis is laid on the examination of the Kid@cay process, where the
two fine-structure component$= 1/2,3/2) exhibit noticeably different decay probabilities to*Krand K#*
final ionic charge states.
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[. INTRODUCTION routes. No increase in the charge state with respect to the
initial ionic state implies radiative transitions; any increase in
The decay of inner-shell hole states in the sub-keV regiorthe charge state is connected with the corresponding number
is dominated by Auger transitions involving the emission ofof emitted Auger electrons. This way, the photoelectron-ion
electrons with element-specific, discrete kinetic energies¢oincidence method relates information about the initial state
Auger-electron spectroscopy, therefore, has been establishégtained by electron spectroscopy to information about the
as a standard analytical methfit] as well as a method for final ionic charge state obtained by ion spectroscopy.
the investigation of inner-shell hole states. The creation of an !N this paper, we report on electron-ion 09|nC|denc§lmea—
inner-shell hole state in a many-electron atom is followed bysurementilnvestlgfiting the decay of the Ar2 and p
a multistep cascade process, in which vacancies are tran@d Kr3p = and 3™~ hole states. Special emphasis is laid
ferred via different decay channels to the outer shells. Hencjzn th_e glecay routes connected W't& dand 4+ charged
for the investigation of the decay of inner-shell hole state inal ionic states, i.e., multistep and direct double Auger de-
one has to take into account additional decay channels, e.gc.?ys'
radiative transitions or double Auger decay involving the
multiple emission of electrons with continuous energy distri- Il. EXPERIMENT
butions. A complex situation is thus created where electron

spectroscopy alone is of limited use. Coincidence techniques h i iod he el

provide a way to select a subset of possible transitions in, The expenments were carrie out at the e egtron storage

order to disentangle these complex decay routes. fing BES.S.Y | in Berlin, _Germany. Monoc_hromath synchro-
tron radiation was provided by the toroidal grating mono-

The photoelectron-ion coincidence technique with eNergy - omators HE-TGM 2 and TGM 3 for the photoionization
analyzed electrons has proven to be a powerful tool for th

. . : o %f Ar and Kr.
Investigation of different d.e‘?"?‘y routes folloyvmg mner—_shell Electrons emitted in the photoionization process are ana-
photoionization[2—7]. The initial ionic state is marked in a

hotoelectron-i incid - t by th >IFyzed according to their kinetic energy by a cylindrical mir-
photoetectron-lon coincidence expenment by he energy,, analyzer. These electrons serve as start signals for time-

A. Principle setup

incidence signals and registered in the coincidence spec-
trum. A full account of our experimental setup can be found

. . e in Ref.[6].
*Present address: I. Physikalisches Institut, UnivergitaKoln,

Zulpicher StralRe 77, D-50937 g Germany.
TPresent address: Deutsches Elektronen-Synchrotron DESY, Not-
kestralRe 85, D-22603 Hamburg, Germany. The relative intensities of the different ion species in a
tpresent address: CANBOX AG, Cloppenburger StraRe 316¢oincidence spectrum do not represent directly the correla-
D-26133 Oldenburg, Germany. tion probabilitiesp(e,n+), i.e., the probabilities for the cor-
Spermanent address: PTB/BESSY, Albert-Einstein-Strasse 15¢glation of n-fold charged photoions to electrons of the se-
D-12489 Berlin, Germany. lected kinetic energy. The following distortion effects have

B. Coincidence measurements
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to be taken into account for the determination of the corre- Tonization Energy [<V]
lation probabilities{i) the occurrence of false starts and false MBI I B T e
coincidences(ii) the dead time in the coincidence signal _ o Ar 267
registration iii ) the finite transmission of the TOF spectrom- E a00f
eter, and(iv) the detection efficiency of the ion detector. In 2 ol o
order to deduce the true coincidences from a coincidence g Rl ] ?
spectrum, the distribution of false coincidences is measured B R st
in a reference spectrum under the same experimental condi- o3l 4+
tions, where the start signals are generated periodically by a 02} { } i
pulser with the identical start rate as in the coincidence mea- o1 § *} i L fati!
surement. The spectrum of true coincidences is then calcu- ]
lated from both the coincidence and reference spectrum T of 3+ {“gg !

: o g osf iy
whereby the above-mentioned distortion effects are taken EOd g B
into account; this evaluation procedure is described in detail g 02
in Ref.[8]. The transmission and detection efficiencies of the 3 T
TOF spectrometer are mainly dependent on the ionic charge § 0al { { {}
state leading to a discrimination of ions with a lower charge 5 0.l 2+ { } i H{ t
state. In order to correct the coincidence spectra for these 5 00 AL
detection distortions, the ratios of the different ion charge o2y T T
states were determined from the reference spectra and com- g(‘) 1 'TIR 44,
pared to those found in the literatur@,10] measured at the b I LA
identical photon energy. The resulting correction factors o2f
were applied to the ratios of the respective ionic charge states 20 22 24 26 28 30 32 34 36 38 40
measured in the coincidence spectra. Kinetic Energy [eV]

FIG. 1. Top: & photoelectron spectrum of Ar recorded at a
C. FIRE spectroscopy photon energy of 360 eV. Bottom: correlation probabilitige,
The main goal of a photoelectron-ion coincidence mean+_) for the_ final ion-charge states Ar to Ar** measured at ki-
surement is the determination of the probabilitiegnl -t  Netic energies.
—n+) for the decay of an inner-shell hole staté™ ! into
the different final ionic charge states-. Due to photoion- 2s emission are mainly correlated to doubly and triply
ization processes causing a continuous distribution in theharged ions, i.e., & and AP?". However, the correlation
electron spectra, e.g., direct double photoionization or direcprobabilitiesp(e,2+) andp(e,3+) in the vicinity of the %
double Auger decay, the correlation probabilitigle,n+), photoelectron line differ drastically from those of the adja-
measured at a kinetic energyof a specific photoelectron cent continuous electron distribution. Since the lihe is
line, in general, deviate from the decay probabilitiessuperimposed on this continuous distribution, electrons origi-
P(nl"t—n+) of the corresponding core hole stai¢ *. nating from photoionization processes that result in this
Various photoionization processes have been disentangled background contribute significantly to the correlation prob-
the electron spectrum of Ar and Kr with our method of final abilities measured at kinetic energies of thelide. Hence,
ion-charge resolving electrofFIRE) spectroscopy. FIRE for an accurate analysis of the decay probabilifif@s™*
spectroscopy is an extended form of photoelectron-ion coin--n+), this contribution of the continuous electron distribu-
cidence spectroscopy, where coincidence measurements aien to the correlation probabilities has to be subtracted.
carried out for a complete electron spectrum, i.e., measure- With the aid of the correlation probabilities obtained from
ments are also performed in the energy regions between ththe coincidence measurements, the electron spectrum can be
photoelectron lines. decomposed into parts that are correlated to photoionization
To demonstrate the capability of FIRE spectroscopy weprocesses ending up in a certain final ionic charge state. Such
have chosen the relatively weak Ars Zhotoelectron line a final ion-charge resolved electron spectriFIRE(n+)
[0.2510) Mb at 360 eV[11]], which is superimposed on a spectrun} can be produced by multiplying the correlation
comparably large background of a continuous electron distriprobabilitiesp(e,n+) for a certain charge state+ at each
bution. The upper part of Fig. 1 shows the ghotoelectron  kinetic energye with the corresponding signal intensity of
spectrum of Ar recorded at a photon energy of 360 eV. Backthe photoelectron spectrum. The FIRE() spectra for the
ground in the electron spectrum that does not originate frongharge states+ to 4+ in the region of the & photoelectron
Ar photoionization processes has been subtracted. The réine have been determined by applying this method and are
sults of the coincidence measurements are presented in tedown in the lower part of Fig. &lots with error bans The
lower part of Fig. 1: the correlation probabilitig€e,n+)  solid lines represent the results of fits with Voigt profiles. The
for the final ionic charge states+l to 4+ in the energy upper part of Fig. 2 depicts theshotoelectron spectrum
range 20 eVse<40 eV. For each coincidence measure-with its decomposition into the different FIRE{) spectra
ment at kinetic energy, the sum2ﬁ=lp(e,n+) is normal-  represented by gray areas, whereby each gray shade corre-
ized to 1. As a first result, the electrons in the vicinity of the sponds to one charge state as shown in the lower part. Due to
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FIG. 2. Top: & photoelectron spectrum of Ar recorded at a
photon energy of 360 eV. Bottom: FIRE{) spectra of the charge FIG. 3. Top: 2 photoelectron spectrum of Ar recorded at a
states At* to Ar*" (note the change of scale photon energy of 278 eV. Bottom: FIRE{ ) spectra of the charge
states At* to Ar** (note the change of scale

the normalization relation of the correlation probabilities, the

sum of all FIREfQ+) spectra amou_nt; to trlel original elec- gtate decays predominantly with @%6 into A final

tron spectrum. The decay probabiliti®{2s “—n+) for  states. The probability for the decay into“Arfinal states is
the 257+ core h_ole ha_ve bee_n ca_lculated from the areas ojo(z)%_ The FIRE(2+) spectrum reveals a nearly continu-
the corresponding Voigt profiles in the FIREf) spectra  oys intensity distribution that can be related to direct double
and the results have been included in Figirepercent. By  photoionization processes, and the decay probability
means of this procedure, thes photoionization process has P(2s '—2+4) amounts to only ®)%. As expected for
been separated from processes leading to a continuous elagrajlow inner shells, the fluorescent decay connected with
tron distribution, and an accurate determination of the decay 1+ final states is negligible. A verification of the theoreti-
probabilities became possible. A detailed description of ougg) prediction for thel-shell fluorescence yield of 0.147%
photoelectron-ion coincidence method and the generation ¢f 7] is |imited due to the statistical error of the measured

FIRE spectra can be found in Ré6]. valueP(2s 1—1+)=0(2)%. The 25! hole state is ener-
getically allowed to decay into AF up to A" final ionic
lll. RESULTS AND DISCUSSION states. However, signals of Ar and AP" ions were not

The method of FIRE spectroscopy has been applied t bservgd in the ion spectrum and, hence, decay rou-tes into
study the decay probabilities for each fine-structure compo. ese final ionic states can be neglected and are not discussed

A 1 -1 1 further.
Qtearttgf the Arz~=and 2o~ and Kr3 " and 3" hole The 2p photoelectron spectrum and the corresponding

FIRE(n+) spectra are shown in Fig. 3. The photon energy
was tuned to 280 eV in order to resolve the fine-structure
A. Argon 2s™* and 2p™* splitting into the 2,3 and 23 states. From the decay
Let us first concentrate on the decay of the Ar2 hole ~ probabilities included in the lower part of Fig. 3, it can be
state. As described in detail above, the upper part of Fig. 2oncluded that transitions into Af final states dominate the
shows the 2 photoelectron spectrum of Ar together with its decay of the p~* hole states. The values for both fine-
decomposition into the various FIRE{) spectra. The Structure states are quite similar. The probability of ting 2
lower part of Fig. 2 presents the FIRE{) spectra for the state for the decay into Ar final states of 12@)% is
final charge states to 4+ as well as the decay probabili- slightly smaller than the value of 13%)% for the 331_/% state
tiesP(2s '—n+) determined from the FIRE(+) spectra.  at higher ionization energies. A small probabiliB(2p~*
As can be seen from the decay probabilities, tse2hole  —4+)=0.3(1)% wasfound for the decay into A final
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TABLE |. Decay probabilitesP(2s™*—n+) and P(2pj’1 stemming from the first step of the decay occur at kinetic

—n+) of Ar. Values are given in perceit¥). energies between 28 eV and 50 §M]. This Auger decay
— mainly determines the natural width of the photoelectron
Final ionic charge state line of 2.255) eV [15]. The L, M-MM Auger lines of the
Hole state l 2+ 3+ 4t second step are superimposed on theMM Auger lines
251 0(2) 1(4) 89(3) 10(2) resulting from the decay of thep2 * hole states. These Au-
2p;2 0.4(4) 85.96) 13.45) 0.32) ger lines have been studied intensely by electron spectros-
2pyt 0.5(4) 86.605) 12.54) 0.31) copy [16,17] and by electron-ion coincidence spectroscopy

after K-shell ionization[18,19.

Due to the large overlap of2and 2 wave functions in
states. As in the case of thes2! hole state, radiative decay the L shell, the transition probabilities of the Auger decay
of the 2p~ ! states into At* final states is negligible. Again, Ar'*2s™'—Ar?*2p~*(3s,3p) ' as the first step of the cas-
the upper limits of the measured decay probabilities ofcade transitions are apparently much larger than those of the
0.4%+ 0.4%(2py3) and 0.5%¢0.4% (253) due to the Auger transitions creating two holes in th®l  shell
statistical error are much larger than the theoretical predicAr™2s'—Ar?"(3s,3p) "% The latter transitions are con-
tion [12]. The measured decay probabilitiP§2s 1 —n+) nected with the productlon of At final states and wou.ltlj
andP(2p '—n+) of Ar are summarized in Table I. show up as Ar* signals. From the small decay probability

For the interpretation of the decay probabilities, single-P(25™*—2+)=1(4)%, it can beconcluded that these tran-
configuration Hartree-FockSC-HP calculations for various ~ Sitions contribute only weakly to the decay of the 2 hole
energy levels of AF" to Ar** in the energy range 0-350 eV State.
were carried out with the use of trmowan code[13]. The It is interesting to consider the decay routes that are con-
energy-level scheme shown in Fig. 4 summarizes the resulféected with the production of Af. From the energy-level
and represents a simplified picture of the states relevant fg¥cheme in Fig. 4 one can deduce that one possible decay
the decay of the € * and 20! hole states. Arrows indicate foute corresponds to cascade transitions for which the first
main decay routes. step At 2s 15 Ar2*2p~1(3s,3p) ! is the same as for the

From the energy-level scheme in Fig. 4, it can be seen thanain decay into A" final states. However, the second step

the main decay routes of thes2! hole state are cascade Of the decay At*2p~*(3s,3p) ~*—Ar®*(3s,3p) ~*nl com-
transitions to  A}' final  states: Alt2s 1  prises Auger decays with an additional shake up leading to

. Ar2*2p~1(3s,3p) 1 Ar3*(3s,3p) 3. Here, the nota- Ar*"3s7'3p~°nl or Ar’*3s7?3p~?n| states that subse-
tion (nyl4,n,l,) X includes all possible combinations &f duently decay to A¥*3p~* or 3s~*3p~°. Another possibil-
hole states in the subshetigl; andn,l,, e.g., the expression ity for the production of At* are direct double Auger
(3s,3p) ~2 comprises the hole states33p 1,35 13p~2, (DDA) transitions in the second step of the cascade such as
and 3. This two-step decay gives rise to discrete AugerAr> 2p~*(3s,3p) ' —Ar**(3s,3p) ~*.
lines in the electron spectrum. THe L, M Auger lines The 2p;; and 2y; states decay predominantly via

’ L,sMM Auger transitions Ar2p~1—Ar?*(3s,3p) 2
(Y N — ] leading to AF* final ionic states. The decay into #f final
[ 26’ p'st | 2p'pl ] ionic states can be explained by cascade transitions via inter-
300 - . mediate shake-up states A2p~1—Ar?"(3s,3p) >nl

i — ] —Ar®"(3s,3p) "% or by direct double Auger decay
Artt2p 1o Ardt(3s,3p) 2.

The only calculation on the decay of the As2* and
2p~ ! hole states we found in the literature has been per-
formed by Kochuret al.[20], who applied a straightforward
HF model to construct deexcitation trees following the cre-
ation of the hole states. As the authors already pointed out
for the shallow hole states, the calculations underestimate the
decay probabilities for the ions with higher charge states
(Ar®* and AF"). Deviations from the measured values are
most pronounced for the decay probability of the 2 hole

. . ] state: the measured mean value Rf2p 1—3+)=13%
xr gl ———— ] cannot be reproduced by the calculation, which yields a
= ] value of 0.8%.

250 |

200

150

Tonization Energy [eV]

100 |-

Ar3+ Ar4+
FIG. 4. Energy-level scheme of Ar calculated with the HF |nlthe following we discuss the decay of the Ky3" and
method in single-configuration approximation. Energy positions of3d™~ hole states. The 8 and 3 photoelectron and
the APT 3s72, 3s7!3p~%, and 72 levels have been derived FIRE(n+) spectra are shown in Figs. 5 and 6, respectively.
from Ref.[16]. As in the case of the Ar€ ! and 207! hole states, radiative

B. Krypton 3p~! and 3d™*
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FIG. 5. Top: 3 photoelectron spectrum of Kr recorded at a Kinetic Eiety [€V]

p?c;tonKe?rletrgyKoI 3?3 ?V'tEOtt%m: FIR?F) ;pectra of the charge FIG. 6. Top: 3 photoelectron spectrum of Kr recorded at a
states 0 Kre— (note the change ot scale photon energy of 115.2 eV. Bottom: FIRE() spectra of the

B
decay of the §* and 3~ ! hole states into Kr" final ionic charge states Kf and KF' (note the change of scale

charge states has been found to be negligibfeL %). In For the discussion of possible decay routes, we performed
order to reduce the statistical error for the charge states oth@jc_HF calculations with theowan code[13] for the rel-
than 1+, Kr'* has been omitted from the final evaluation g ant energy levels of K¥ to Kr**. Figure 7 gives a sim-
procedure, and the FIRE(t1) spectra are not shown. For the pjified picture of the level scheme for ionization energies in
3p * hole states, the decay into Krand KP* is energeti-  the range 0-240 eV. Arrows indicate main decay routes.
cally allowed but has also been found to be negligible |n comparison to the energy-level scheme of Ar, the level
(<0.1%) and is not discussed further. The decay probabilistructure of Kr shown in Fig. 7 exhibits distinct differences
ties P(3d;'—n+) and P(3p;*—n+) of each fine- that manifest themselves in the different experimental results
structure component, determined from the areas of the Voigor the Ar and Kr FIREA+) spectra with respect to the
profiles, have been included in Figs. 5 and 6 and are sunhigher charge states. These differences are the greater abun-
marized in Table II. dance of levels associated with the extdishell in krypton

The 3p spectrum of Fig. 5 was recorded at a photon en-and correlation effects of the hole states with relevant levels
ergy of 284 eV, i.e., well above thep3donization energies of of the next higher charge state. This is most obvious for the
214.6 eV (J33) and 221.8 eV (By3) [21]. The most strik- ~ Arl* 2p~1 states and the analogous!Kr3p~? states. The
ing feature of the p FIRE(3+) and FIRE(4+) spectra is latter overlap considerably with the nearby ?Kr 3d~2
the remarkable difference of the relative intensities for thestates, giving rise to strong correlation effects. These strong
3py5 and J,; fine-structure states. As a result, the decaycorrelations between these states and their influence on the
probability P(3p,,,—4+)=44(7)% isconsiderably larger
than P(3p,;—4+)=23(3)%. Consequently, the probabil-
ity for the decay into Kt* final ionic states also differs
significantly: 5%8)% for 3p;,3 and 725)% for 3p,; . Decay
routes leading to Kt final ionic states occur with a prob-

TABLE Il. Decay probabilitiesP(Spflﬂnﬂ and P(Bdfl
—n+) of Kr. Values are given in perceii¥o).

Final ionic charge state

ability less than 10% within the error limit. For thel 3pec- Hole state ¥ 2t 3 4t
trum, the photon energy was tuned to 116 eV. Tldg’,;%and 3p. <1 19) 55(8) 44(7)
3dg,; hole states decay predominantly into?Krfinal ionic 3pa; <1 5(5) 72(5) 23(3)
states with about 70% probability. The probability for the 3d;; <1 691) 31(1)
decay into KF' final ionic states is about 30% for both 3dg; <1 71(1) 29(1)

fine-structure states.
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: dence experiment performed by Shigemasal. [2]. They
reported on an intensity ratio for K to Kr?* of 0.3305)
when measured in coincidence witd 8lectrons, which cor-
responds to a decay probabili®(3d " 1—3+)=24.93)%.
This value is smaller than our mean valRé3d *—3+)
=30(1)%, taking into account the branching ratio of
3dg;:3d5,=1.55:1[27].

No theoretical predictions have been reported in the lit-
erature. As in the case of Ar, there only exist HF calculations
by Kochuret al.[20] that do not predict satisfying results for
shallow hole states. The calculated probabilities for the de-
cay of the 317! hole states into K& final ionic states
amount only to 1.2% and for the decay of both fine-structure
, — components B3 and 353 into Kr** final ionic states only
to 3%.

3p

100 + 3d°

Tonization Energy [eV]

50 -

2+

K K IV. SUMMARY

_ The decay of the Arg~ ! and 2! and the Kr31~ ! and

FIG. _7. _Energy-le\_/el sqheme of Kr c_alculated with t_h_e HF 3p~! hole states has been investigated by means of
m%TOd lr; S|ngﬁlf-coinlﬂgurat|on7;;pprOX|mauon. Energy positions Ofphotoelectron-ion coincidence spectroscopy and possible de-
;ref [;'53] ;45 774p 7, and 4~ levels have been derived from .o\ 14 tes have been discussed on the basis of energy-level

e schemes calculated with the SC-HF method. By applying the

method of FIRE spectroscopy we have been able to separate

3p photoelectron spectrum have been observed experimentiscrete and continuous photoionization processes in the
tally by Svenssoret al. [22,23 and discussed theoretically electron spectrum and to determine the probabilities for the
by Ohno and Wendifi24]. Due to the large overlap of thgg3 decay of the above-mentioned hole states into the various
and 3 wave functions there are strong super-Coster-Kronidinal ionic charge states. It has been demonstrated that FIRE
(SCK) transitions Kt"3p~1—Kr?"3d 2. The subsequent spectroscopy may be applied successfully to extremely weak
cascade transitions KF3d 2—Kr3"3d %(4s,4p) 2  photoelectron lines such as the As ine even when super-
—Kr**(4s,4p)~* are responsible for the relatively large imposed on a comparably large background of continuous
number of decays ending up in Kfr final ionic states. Due processes.
to the relatively large spin-orbit splitting of the fine-structure ~ Fluorescence decay is negligible for all investigated hole
components B;,; and 35, that amounts to 8 eV, a larger states and the electronic decay is by far the most dominant
number of energetically allowedp33d3d SCK transitions Process. _A high correlation with threefold or even fourfold
are available for the 8,3 state. This may explain the sig- charged ions has peer} fo.und for all hol'e states. Dpuble Au-
nificantly larger decay probabilit (3py2—4+) of 447)%  9€r decay into 3- final ionic states contributes considerably

- - to the decay process of the Ap2! (13%) and Kr3d !
for the 3p;,5 state compared to 23% for the 3, state. s L
Various decay routes into Kf final ionic states are available (309 hole states. Th_e Ar_SZ ho_Ie st_ate_ and the K3
for the 3p ! states. Here, the two-step decays ViahoIe states decay mainly intot3final ionic states. The de-

1+ gpm—1 24 -1 1 3+ -3 cay probabilities of the fine-structure components of the
Kri*3p 1= Kr?*3d 1(4s,4p) 1 —=Kr3*(4s,4p) seem a?P_l hole states were found to show remarkable differences.

his could be explained by the considerable overlap of these
states with the K&" 3d~2 levels, which open intense decay
channels to Kt* final ionic states. Hence, the probability for
the decay into K" final ionic states increases drastically for
the 3;)1‘,21 state at higher ionization energies. Theoretical pre-
dictions [20] strongly underestimate the decay into higher
charged ions for shallow hole states. Hence, there is a sub-
stantial need for more elaborate calculations for the pro-
cesses involved in the decay into higher charge states.

K" Kr

to be the most favorable decay channels that lead to dec
probabilities of 725)% for the 33;,21 state and 5@)% for
the the ?pl’,% state. As regards the decay probability
P(3p 1—2+), Auger decays into ($4p) ~? final states are
negligible.

The 3d5; and 3,5 states decay predominantly by about
70% into KP* final ionic states, most likely by Auger decay
into the final states & *4p~* and 4o~ 2. This is corrobo-
rated by the high intensity of the correspondig sNN Au-
ger lines[25,26 in the electron spectrun. In contrast to the
Art*2p~1-3s72 transitions leading to Af final ionic
states, the Krd~ 2 states are located above the 3hreshold
and, thus, the 8 '—4s~2 transitions decay further in a
subsequent step into K final ionic states. The decay prob-  The authors express their thanks to the staff at BESSY for
abilities P(3d§,§—>3+)=31(1)% and P(3d§,§—>3+) their assistance. Financial support of the Deutsche Fors-
=29(1)% for thedouble Auger decay deviate from earlier chungsgemeinschaft DF@&i183/11-2 is greatly appreci-
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