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The decay of individuall subshell vacancies iuyAg has been investigated through selective photoionization
by monochromatized synchrotron radiation. By tuning the radiation energy ovérdtiges, the ionization of
particular subshells can be turned off and on. The corresponding subshell ionization cross sections including
the subtle structure caused by electron correlations are known from our previous studies. The x-ray fluores-
cence emitted in the vacancy decay was recorded by @ipidetector. Advanced fitting techniques were
employed to extract the intensities of lines originating from different subshells. The extracted line intensities
were plotted versus energy of the primary radiation. The relative jumps of the line intensities occurring at the
edges directly correspond to the Coster-Kronig yields, whereas the absolute values of the total subshell fluo-
rescence give the fluorescence yields. The following Coster-Kronig yields were obtaiihge:0.143),
f13=0.585), andf,;=0.183). Adopting the valuaw;=0.056(7) from literature, the following fluorescence
yields are obtained: w;=0.013(2) andv,=0.067(9). The results agree reasonably with theoretical calcula-
tions. In particular, the rather large value fgf indicates that the ;-L3M, 5 Coster-Kronig channel is well
allowed.[S1050-29479)05005-7

PACS numbsgs): 32.50+d, 32.70—n, 32.80.Hd, 33.506:j

I. INTRODUCTION The extraordinary strength of these transitions taxes the limit
of the common single-particle picture and a treatment by a
A vacancy in an inner electron shell created, e.g., by phoperturbative approach. An especially interesting case is the
ton or charged particle impact, is rapidly filled up by an|, decay of elements in the vicinity of atomic numbér
electron from a higher-lyingsubshell. Three different pro- ~49 due to the cutoff of thie;-L 3M 4 5 Coster-Kronig chan-
cesses compete in the filling: The simplest one is the radigng| having an extremely large transition rald. WhenZ is
tive one-electron decay in which one electron jumpssmaller than 48, this channel is energetically allowed and the
“down” and the released energy is emitted as a fluorescencgominant one, but wheg is larger than 50, it is blockef®].
x ray. The other two are nonradiative processes: The SOy 5 tapylation of theoretical values, a sharp cutoff has
called Auger process results from the mutual repulsion ofg,\awhat arbitrarily been placed betweeA=49 andZ
two electrons in higher shells that causes one eleptron 1959 [3]. A closer look at the energy threshold reveals that
jump down and the other to leave the atom carrying thethe abrupt cutoff is smeared out by the multiplet structure of

excess energy as kinetic energy. The so-called Coster-Kron| e final state. Furthermore, when the transition is allowed
decay is a special Auger process in which an initial vacanc ) - . S
Y P ger p ;ist above threshold, the emitted electron has tiny kinetic

is transferred to a higher subshell of tkameshell. The k ) L ,
relative probabilities of the various processes of vacancy fill€Nergy and strongly interacts with the remaining ion during
ing are calledvacancy yields. its sl_ow escape. The multlelec'gron nature of th_e interaction
The practical importance of vacancy yields is consider-PrO_V'deS a challenge for atomic theory. Experimental data
able: For example, they determine the characteristics of thédicate, in fact, that the cutoff is not sharp but extends over
vacancy cascade after inner-shell ionization leading to a mul certain rang& = 48...50[4,5]. Decisive experimental data
tiply ionized ion. The degree of ionization is a decisive pa-are needed to settle this problem.
rameter for plasmas, e.g., in laboratory ion sources, fusion Various experimental methods for measuringubshell
reactors, and astrophysics. Subshell fluorescent yields amields are availabl¢6,7]. The Ka-La coincidence method
important, e.g., in x-ray fluorescent analysis, radiative energprovides a powerful tool for a precise measurement of all
transport through matter and radiation shielding, medical diandL3 subshell yields, namely, the fluorescence yields
agnostics, and astrophysics. w,, and the Coster-Kronig yielfl,;. However, this method
Reliable values of the yields are also of considerable inis not applicable td-; subshell yields. Various experimental
terest for fundamental theory. When Coster-Kronig pro-methods have been explored to meaduyesubshell yields,
cesses are energetically allowed, they are strong and—iwhich suffer from different problems. Still, in the early
many cases—even the dominant process of vacancy fillingl980s, rather few experimental data bpyields with only
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FIG. 1. Recorded fluorescence spectra and fitted lines. The peak “scatt.” originates from elastic scattering and occurs at the primary

X-ray energy.

modest accuracy were available. quality of the data. However, these are not the original re-
About a decade ago, we have pioneered a new experimegerded spectra but that after background subtraction and
tal method for measuring vacancy yields employing mono-smoothing.
chromatized tunable synchrotron radiati@]. This method (b) The Auger spectrum consists of a large number of
makes use of the fact that the ionization of a particular subindividual lines. In order to extract the contributions origi-
shell can be switched on or off by tuning the incident photonnating from individualL subshells, a massive theoretical in-
energy across the respective ionization threshold. Either thput on positions and strengths of lines is required. Since this
induced x-ray fluorescence or the Auger electrons are ddnput bears some uncertainty, also the extracted results may
tected. This experimental method can provide yields ot all suffer from systematic problems.
subshells. The achieved accuracy is good, since it is a direct (c) Due to the weak signal, measurements were taken at
method and the photoionization cross sections are rather wednly three primary photon energies. In the data evaluation,
known both from theoretical calculations as well as fromsimply the ionization cross at these energies as predicted by
experimental mass attenuation data. Various investigationsingle-electron calculations were taken. However, mean-

by this method have been performed in recent y&arshro-
nological order. (i) by fluorescence detectio;=79 [8],
Z=72-82[9], Z=62 [10], and Z=54 [11], and (ii) by
Auger-electron detectionZ=39 [12], Z=47 [13], and Z
=28,28,42[14].

As outlined above, measurementsloSubshell yields at

while it has been recognized that electron correlation effects
significantly affect the ionization cross sections and thus the
derived Coster-Kronig yields.

Referencd 13] states rather small uncertainties of the ob-
tained Coster-Kronig yields, e.gf;,=0.044+0.004. Since
thel, ionization cross section is about half as large ad.the

Z~49 are of particular interest to study the cutoff of theionization cross section, thils, value means that the inten-

strongL,-L3M 45 Auger channel. The Coster-Kronig yields

sity of L, Auger electrons actually increases by ca. 2.2%

of ,7Ag have been previously studied via the detection of£0.2% when the primary photon energy is tuned above the
Auger electrond13]. This measurement, however, suffers L, edge. The stated uncertainty must be judged as much too

from main experimental problems:

small regarding the statistical and systematical uncertainties

(a) The counting statistics is poor since both the produc-of this experiment.

tion of Auger electrons in the interesting thin surface layer

In order to obtain decisive values of the Coster-Kronig

and the detection via an electron spectrometer are inefficienyields of ,;Ag we decided to perform a measurement making
Furthermore, there is considerable background in the spectigse of the induced fluorescence. The detection of fluores-

(electrons from the depth of the solid targewhich intro-

cence is advantageous as compared to the detection of Auger

duces noise. Due to the poor counting statistics, the derivedlectrons: X rays are produced rather efficiently and can be
vacancy Yields bear substantial statistical uncertainty. Furdetected efficiently and energy dispersive by dL$) detec-
thermore, a change of background may introduce systemattor. Thus very good statistics is obtained within reasonable

errors. The spectra shown in R¢L3] suggest a reasonable

measuring times at present synchrotron facilities even if the
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TABLE I. Values of x-ray lines used as input in the spectra fit. ; L; edge L, edge L, edge
2
Relative con- E
Energy of tribution to Natural Lorentzian § total L, fluorescence
x-ray line  radiative width of line g d o d e
(Ref.[20]) decay (Ref.[21]) 2 . *
V)  (Ref.[22) (V) E |
Al K fluorescence 5 2 . |°
Ka 1.486.6 - - < e .
Ag L fluorescence ﬁg 1°
LI 2633.7 3.3% 10.8 83 total L, fluorescence
La, 2984.3 79.1% 24 gg e d e d
La, 2978.2 8.9% 2.4 g N )
LBs 3256.0 0.6% 24 g
LB 1s 3347.8 8.0% 2.4 g !
Ag L, fluorescence %
L7y 2806.1 2.6% 11 %
LB, 3150.9 88.5% 2.6 é
Lys 3428.3 0.5% 2.6 fb total L, fluorescence
Ly, 3519.6 8.3% 2.6 < ..
Ag L, fluorescence 0 : 1 :
LB3 32345 52.0% 6.7 33 34 35 36 37 38 39 40 41
LB, 3203.5 31.2% 6.7 primary x ray energy (keV)
LBg 3439.2 0.5% 6.7
L B0 34329 0.3% 6.7 FIG. 2. Totallintensities O.f the fluorescence of a partjcularL/,—\g
Ly, 3743.2 5.6% 12 subsh(_all normalized to the simultaneously recorde& Alline ver-
Ly, 37498 9.4% 12 sus primary photon energy.

Il. EXPERIMENT

fluorescence yield amounts to a few percent only. Further- The measurements were performed at the x-ray beam line
more, the x-ray spectra are less complex than the Auger eleat the electron storage ring Elektronenspeicheranlage
tron spectra, which facilitates the data analysis. There i$ELSA) in Bonn. The synchrotron radiation is monochroma-
some line overlap in the recordédfluorescence spectra of tized by a double-crystal spectrometer and then delivered to
intermediateZ elements due to the limited energy resolutionthe apparatus. The experimental setup is similar to the one
of the Si(Li) detector. Since positions and strengths of theused in previous work§10,11. The primary radiation hits
lines are well known both from crystal-spectrometer meathe target that is tilted by 45° towards the incoming beam.
surements and theoretical calculations, an extraction of th&he induced x-ray fluorescence is detected by & 8i de-
contributions originating from individual subshells can betector located at 90° towards the incoming beam. Since scat-
reliably performed by careful data fitting as shown in ourtering of primary radiation(e.g., by aiy into the detector
previous measurements ggXe [11]. disturbs the recorded spectra, the path of the primary beam
Measurements on decay Yyields through synchrotrorand the target were surrounded by a vacuum tube. Only mi-
photoionization require reliable photoionization cross sechor scattering by the target itself remains. The target consists
tions. Although the cross sections vary rather smoothly withof two foils: Ag as an element under investigation and Al
energy, a specific structure in the regime of the absorptionvhoseK « radiation is used for normalization purposes. The
edges exists. This structure results from electron correlatiofoils were delivered by the Goodfellow company specified as
effects and amounts to a few percent. It is small, but directlyl-um Ag and 0.8um Al, each evaporated on a thin plastic
affects the extraction of Coster-Kronig yields from the mea-support foil.
sured intensity jumps at the edges. Due to their importance, Fluorescence spectra were recorded with monochromator
we have previously studied the structure both experimentallgettings in the energy range from 3jdst above the;AgL
and theoretically for larg&- [15] and intermediate ele- edge to 4.9 keV (well above all,7AgL edge$. Figure 1
ments[16]. shows some typical spectra recorded at different primary en-
The detection of the induced x-ray fluorescence offers thergies. The actual energy of the primary radiation was
possibility to extractll L subshell yields: The Coster-Kronig checked from the fluorescence spectra, which contain a small
yields are derived from intensity jumps at the absorptionamount of primary radiation. The deviations between nomi-
edges, the fluorescence yields are derived from the absoluteal and actual primary energy were small, typically a few
intensities of x-ray lines, and the Auger yields are obtained:V, which is in the order of the fitting accuracy. Harmonics
from the normalization of all yields of a particular subshell in the primary beam were not present since the synchrotron
to unity. In contrast, Auger measurements provide no inforradiation of ELSA drops sharply at energies above a few
mation on the fluorescence yields when these are divall  keV. In fact, the recorded fluorescence spectra give no indi-
less than a few percent cation of ionization of a;;Ag L subshell at a primary radia-
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TABLE II. Analytical fit to the calculated photoelectric cross
section[24].

Fitted function of

lonized shell ionization cross section

4770, L3 subshell
47Ag, L, subshell
4770, L, subshell
13Al, K shell

3.167 Mb (E/keV)>4733
1.509 Mb (E/keV)>3802
0.285 Mb (E/ke\V)*600°
0.644 Mb (E/keVy?2 7162

tion below its absorption edge caused by harmonics.

The various;7Ag x-ray lines in the recorded spectra show
considerable overlap which results both from the number o
lines each having a natural width and from the finite resolu-
tion of the Si(Li) detector. In order to extract the true line
intensities without systematic errors, an advanced fitting pro
cedure with an accurate modeling of the actual line shape i
required[17,11,18. In the present case, the excitation by
tunable primary energy bears advantages: For example
when only thel ; subshell is ionized, the spectra only have
L5 x rays, which are reasonably well resolved to establish the
experimental parameters for the fit. For that reason, the spe«
tra were analyzed in successive steps, i.e., first bglfluo-

rescence, theh; andL, fluorescence, etc, using the com-
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FIG. 4. Experimentally measurdd; and L, subshell normal-
ized fluorescencédotsy and fitted curves using the ionization cross
section ratios shown in Fig. 3. Tofsolid curve: RHS. Bottom
(dashed curve LRA.

puter programGPPFNC[19]. Individual x-ray peaks were
represented by a Lorentzian profile, which was convoluted
with the detector response represented by the Hypermet
function[18]. This function contains a Gaussian function, an
exponential tail and a flat plateau stretching the range from
zero energy to the x-ray peak. The two latter contributions
originate from incomplete charge collection in the detector.
There were four ranges for the tail paramef@sundaries at

0, 1.8, 2.7, 3.6, and 10 ke\and within each range the pa-
rameters were kept to be the same. The parameters of the
exponential tail and the plateau were determined succes-
sively from the spectra of AL and AgL x rays.

The spectra have three series of x-ray lines, corresponding
to the three Ad. subshells. In each series there is a strong
line (i.e., La, LBy, and LBz 4, respectively and usually
many weaker linegTable ). In the analysis of the spectra,
the weak lines were locked to the main line within each
series by assigning their positions, intensities, and widths.
The positions were calculated using tabulated enefgiék
The natural widths were taken from tabulatidi2d]. Their
intensities were kept fixed to the main line, the ratios of the

FIG. 3. Ratios of theoretical photoelectric cross sections. Datdntensities were assumed to be that of Dirac-Fock calcula-

for the Al K shell were taken from relativistic Hartree-Slater calcu-

lations(RHS) by Scofield[24]. Data for AgL; subshells were taken
also from RHS(solid curve and from the LRA by Dooleicited in
Ref.[16]) (dashed curve

tions [22] and were corrected for the detector efficiency.
Each series had two groups. Theg x rays were fitted as the
individual Ll andL « lines, and the intensities of all the other
L5 x rays were locked to thea line. Similarly, thel , x rays
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TABLE lll. Coster-Kronig yields of,;Ag. Values of the present paper have been obtained by fitting
measured fluorescence intensities to calculated cross sections, either bfeRREt®n correlations not in-
cluded, which are not regarded as reliable, and by LRAectron correlations included

f23 f12 f13
Theory(198)) [1] 0.155 0.068 0.740
Semiempirical(1979 [26] 0.15+0.03 0.10-0.02 0.59-0.06
Experiment(1989 [13] 0.16+0.03 0.044-0.004 0.61*0.05
Present experiment, using RHS 0.27 0.14 0.58
Present experiment, using LRA 048.03 0.14-0.03 0.58£0.05
were split intoL» andLB;, and the otheL, x rays were I (E) o (E) o1(E)
locked to thel B line. In contrast, thé ; series was divided I (B) Y o) Tz () } 2
in the Ly, 3, LB3, LBy, andL Bg 1 groups. Additionally, K K K
for the strongLa and LB, lines each a satellite line was
fitted with the same intensity ratios as the corresponding dia- lLa(B) _ o3(E) " oL2(E)
gram line ratios and with an energy 33 eV above the diagram I «(E) @3 ox(E) 23 ok(E)
lines as follows from calculation23]. The inclusion of sat-
ellites adds one additional variable to the fit. F (Fiat Foo f ou(E) _ 3
(fiat+ 1o f29) ©)

ok (E)

lll. EXTRACTION OF YIELDS Here,C is an instrumental constant. The above formulae are

The derived line intensities were not corrected for absorpvalid for all energie< if one putsg;=0 at energies below
tion of the primary radiation and the emitted fluorescencehe corresponding ionization threshold.
inside the target foils. This correction may either increase or Since ionization cross sections vary rather smoothly with
decrease the ratio of Agx rays and AK x rays line inten- ~ €nergy except at the edges, the fluorescence intensities are
sities, depending on the mounting sequence of the Ag and A3Iso expected to vary smoothly. The experimental points in
foils. Unfortunately, the mounting positions during the ex-Fig. 2 exhibit some scatter, which is larger then expected
periment were not documented. The effect on the derivedfom the counting statisticé~1%, approximate size of the
fluorescence yields turns out to be almost negligible as comrdots. Possibly, the scatter results from minor fluctuations of
pared to the other error sources. More crucial is the correcthe position of the primary beam. As expected, the fluores-
tion in the case of Coster-Kronig yields. Since the mountingcence intensities exhibit jumps at the absorption edges due to
positions were not changed during the experiment, also herf@e creation of additional vacancies by vacancy transfer from

the correction has almost a negligible effect on the derivedieeper lying subshells by Coster-Kronig transitions.
results. In order to extract the Coster-Kronig yields from the mea-

Figure 2 shows the measured total lAg AgL,, and sured intensities, the measured fluorescence intensities have
Ag L, fluorescence intensities normalized to thekat line to be matched to the ionization cross sections according to
at different primary energies. The fluorescence from a parthe ansatz of Eqsi2) and (3), whereby the Coster-Kronig
ticular AgL subshell originates both from direct ionization Yields are fitting parameters. For this purpose, the ionization
of the subshell as well as vacancy transfer from deeper lyin§0SS section ratios Ag; to Al oy are required. In a first
subshells by Coster-Kronig transitions. ligt(E) denote the frial, we used the advanced theoretical cross sections ob-
total fluorescence intensity of the Ag subshell andy that tained by a relativistic treatment of the ionization process
of the AlKa line, excited by primary radiation at energy and employed a relativistic Hartree-Slater potentRHS)

Then the normalized A; fluorescence can be described by [24]. The theoretical values are tabulated at some energies
the following expressions: and are known to exhibit a smooth behavior. For conve-

nience, the tabulated values were interpolated by analytical

functions as given in Table Il. Figure 3 shows the obtained
ILa(E) —Co o1 (E) (1) cross-section ratios versus primary energy. The fit of the
Ik(E) Y ok(E)’ measured fluorescence intensities to the cross-section ratios

TABLE IV. Fluorescence yields of thg/Ag L subshells. Thé& denotes the value adopted in the present
paper(average of the values given in Ref4, 25, 26).

w3 w2 w3
Theoretical(1981) [1] 0.0114 0.056 0.0577
Semiempirical(1979 [26] 0.016+0.004 0.0510.010 0.0520.008
Experimental(1988 [25] 0.016+=0.003 0.055:0.009 0.0580.010

Present experiment, using LRA 0.018.002 0.06%0.009 0.056:0.007




PRA 59 COSTER-KRONIG, FLUORESCENCE, AND AUGE. .. 3413

TABLE V. Auger yields of the,;Ag L subshells. 0.3
f23
a; a, as
0.
Theoretical(1987) [1] 0.181 0.789 0.942
Semiempirical(1979 [26] 0.29+0.08 0.8G-0.04 0.948 0.008
Present paper 0.270.08 0.75:0.04 0.944-0.007 0.
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is shown in Fig. 4, top. In the figure, the correspondence
between a particular jump and the corresponding Coster-
Kronig yield is indicated. P

Although this data fit looks reasonable, it gives wrong
results due to the minor errors in the ionization cross sec-
tions. In order to extract the jump ratios, the precise depen-
dence of ionization cross sections on primary energy plays a TP O O FETOT IO POV TV TR R AT AP
crucial role. As follows from our previous studies, the actual 30 40 60 60 70 80 5, 90 100
cross sections exhibit minor characteristic deviations from
the predictions of the RHS calculations, which originate
from electron correlation effectfl5]. The collective re-
sponse of all atomic electrons to the external field basically
causes a screening of the field, which can be treated in a
linear response approximatio.RA). Our studies on the
electron correlations by mass attenuation measurements anc
comparative LRA calculations have clearly established these
effects and have shown that the LRA model qualitatively
well reproduces the features but somewhat overestimates
their size[16]. According to these studies, the ionization
cross sections of the Ag subshells should be corrected for
the electron correlation effects. Since these correlation ef-
fects are pronounced mainly in the vicinity of the absorption FIG. 5. Compilation ofL-subshell Coster-Kronig yields for all
edges, no correction of the ionization cross section d{ A8  elementstaken from Ref[11] with new data added Crosseg+)
required. Figure 3 also shows the corrected ratios of ionizaare theoretical result§l], curve is the semiempirical fif26],
tion cross sections. squares M) are experimental results obtained by #e-La coin-

As second trial of the data evaluation, the experimentatidence method, dot@®) are experimental results obtained by the
fluorescence intensitie§ig. 2 were fitted to the corrected synchrotron photoionization method, and diamo(#g are results
ratios of ionization cross sectioniBig. 3). It is felt that this  of the present paper.
fit is the best which can be done. Furthermore, data points in
the immediate vicinity of the; edges were not considered vjdes the fluorescence yield. Such an experiment, however,
since here the correlation effects are strongest and also othgiould require a tedious absolute calibration of the detectors
disturbances by the edge structure odeug., extended x-ray  for the absorbed and emitted fluorescence photons.
absorption fine StrUCtU}eThe obtained fit is shown in F|g 4, On the other hand, the fluorescence y|e|§]|s rather well
bottom. known. Then it is straightforward from our experiment to

The Coster-Kronig yields obtained by both fits are showngerive the fluorescence yields, andw,. The Si Li detector
in Table Ill. Comparing the first fit to the second, the mainysed for the fluorescence detection has a detection efficiency
difference occurs in thd,; value. This difference can be close to unity, a slight decrease towards smaller energies of
traced back to the different energy dependencies of the ionthe fluorescence can be corrected using the efficiency curve
ization cross sectiowr; 3 in the RHS and LRA calculations. supplied by the manufacturer. With this correction, the fluo-
As already stated, the second fit is believed to be reliablerescence intensities of all three Agsubshells are obtained
This result is corroborated by the fact that thg value ob-  jth equal efficiencies, i.e., the constadin Egs.(1)—(3) is
tained in the second fitLRA) agrees well with other pub- jndeed the same in all three equations as already tacitly as-
lished dataTable Ill), whereas thé ,; value obtained in the gsymed.
first fit (RHS) significantly disagrees. The results hl'z and We adopth:O_OSGt 0.007 from other work'see com-
f13 are the same in both fits, which might be fortuitous.  pilation in Table I\). Matching the measured fluorescence

The applied method allows—in principle—an absolute(Fig. 2) to the LRA ionization cross sections, the fluores-
measurement of the individual subshell fluorescence cence y|e|d5wl and w, are obtained. Our results compare
yields: When the energy of the primary radiation is tunedwell with other experimental and theoretical défable IV).

from below to above an absorption edge, the absorption of Finally, the Auger yields are derived from the normaliza-
primary photons abruptly increases. Simultaneously, thejon of all yields to unity:

fluorescence originating from the corresponding subshells is
excited. Comparing the number of additionally adsorbed
photons and the emitted fluorescence photons directly pro- az;=1-ws, (4

S
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a,=1—w,—fp3, (5) tion of Auger electrons. So far, the fluorescence has been
detected by semiconductor detectors. These detectors pro-
a;=1l—-w;—fp—f3. (6)  vide high-detection efficiency but the resolution is modest

for the present application. Measurements of ltheubshell
The obtained results are given and compiled to other data ifluorescence provide no problem in case of laZgelements.
Table V. In case of intermediatg&-elements, a sophisticated spectrum
analysis is required, as was demonstrated in the present ex-
IV. DISCUSSION periment.
With the advent of very brilliant synchrotron light sources
it seems feasible to employ other detector types such as crys-
tal spectrometers or cryobolometers, which offer higher reso-
. . lution at the expense of efficiency. Using these detectors, the
Regarding the present result féf, of 47Ag it is about | g pehelis of smalZ elements as well as thé subshells of
three times larger than that obtained in an earlier experimenfiarmediatez and largeZ elements seem accessible. This
[13]. It should be noted that in this earlier experiment the\,ould open a wide field of experimental studies on these

Auger electrons were detected, which causes various proRyajenging systems, where reliable experimental data so far

lems as discussed in the introduction of thg p.resent PaP€Lre almost nonexistent, and provide the basis for decisive
Interestingly, the present result fég, of ,;Ag is in accor-

studies of a wide variety of processes in the decay of inner-
dance with thef,, value of the neighboring elemeniMo y o' p y

. . ; shell vacancies and their interplay.
obtained by another earlier experiment by the same group pay

using the same techniguig4].

The various measurementslokubshell yields performed
in the last decade have demonstrated that this method is a
powerful tool for determining yields of the inner-shell decay. M. Bonerath was engaged in the measurements. The gen-
Experimentally, the detection of the fluorescence emitted irerous support by Professor Dr. J. Hormes and the ELSA staff
the vacancy decay is advantageous as compared to the detéegratefully acknowledged.

A comprehensive collection df-subshell Coster-Kronig
yields for all elements is shown in Fig. 5. The present result
for f,3 andf 5 of 4,7Ag fit nicely to the body of data.

ACKNOWLEDGMENTS

[1] M. H. Chen, B. Crasemann, and H. Mark, Phys. Rev24  [13] S. L. Sorensen, R. Carr, S. J. Schaphorst, S. B. Whitfield, and
177 (198)). B. Crasemann, Phys. Rev. 39, 6241(1989.
[2] M. H. Chen, B. Crasemann, K.-N. Huang, M. Aoyagi, and H. [14] S. L. Sorensen, S. J. Schaphorst, S. B. Whitfield, B. Crase-
Mark, At. Data Nucl. Data Table9, 97 (1977). mann, and R. Carr, Phys. Rev.4, 350(1999).
 Puri. D. Mehta. B. Chand. N. Singh. and P. N. Trehan.[15] W. Jitschin, U. Werner, G. Materlik, and G. D. Doolen, Phys.
[3] S. Puri, ehta, Chand, Singh, and ehan,
X-Ray Spectrom22, 358 (1993. Rev. A 35, 5038(1987).
[4] B. L. Doyle and S. M. Shafroth, Phys. Rev.18, 1433(1979. [16] W. Jitschin and R. Stael, Phys. Rev. A48, 1221(1998.
[5] E. Rosato, Nucl. Instrum. Methods Phys. Res.18 591 [17] T. Papp, J. L. Campbell, and S. Raman, Phys. Re#9A729
(1986; J. Q. Xu and E. Rosatdbid. 33, 297 (1988. (1994
[6] P. V. Rao, inAtomic Inner-Shell Processesdited by B. (18] T. Papp and J. L. Campbell, Nucl. Instrum. Methods Phys.
: : Res. B114, 225(1996.
CrasemanrtAcademic, New York, 1975 Vol. Il, p. 1.
[7] W. Jitschin, inX-Ray and Inner-Shell Processeglited by T. [19] J. A. Maxwell, J. L. Campbell, and W. J. Teesdale, Nucl. In-

strum. Methods Phys. Res. £8, 218(1989.
A. Carlson, M. O. Krause, and S. T. Manson, AIP Conf. Proc.[zo] J. A. Bearden, Rev. Mod. Phy89, 78 (1967.
No. 215(AIP, New York, 1990, p. 408.

° ] : [21] O. Keski-Rahkonen and M. O. Krause, At. Data Nucl. Data
[8] W. Jitschin, G. Materlik, U. Werner, and P. Funke, J. Phys. B Tables14, 139(1974.

18, 1139(1985. [22] J. H. Scofield, At. Data Nucl. Data Tablds}, 121 (1974;
[9] U. Werner and W. Jitschin, Phys. Rev.38, 4009(1988. Phys. Rev. AL0, 1507(1974; 12, 345E) (1975.
[10] R. Stazel, U. Werner, M. Sarkar, and W. Jitschin, Phys. Rev.[23] M. H. Chen, B. Crasemann, M. Aoyagi, and H. Mark, Phys.
A 45, 2093(1992; J. Phys. B25, 2295(1992. Rev. A 15, 2312(1977.
[11] W. Jitschin, R. Sttzel, T. Papp, M. Sarkar, and G. D. Doolen, [24] J. H. Scofieldunpublishedl
Phys. Rev. A52, 977 (1995. [25] J. Auerhammer, H. Genz, and A. Richter, Z. Phys7,(801
[12] W. Jitschin, G. Grosse, and P."RpPhys. Rev. A39, 103 (1988.

(1989. [26] M. O. Krause, J. Phys. Chem. Ref. D&a307 (1979.



