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We report a high-resolution coincident experiment between the g\, 2and 2ps, photoelectrons and
subsequently emitted,s-M,3M 55 Auger electrons, where thep2photoelectrons were ionized far above the
threshold. We demonstrate the applicability of the coincidence method when separating the different ionization
and decay channels even in the case of strongly overlapping peaks. The measurement was carried out with a
new high-energy-resolution electrostatic analyzer that is capable of recording the single and coincidence
spectra at large range of emission angles simultaneously. An anomalous value was found for the
2P~ ((Po12/ D)) intensity ratio in the Py, coincidence spectrum, while all the other relative intensities are
in good agreement with the previously published data. The possible reasons for the difference are discussed.
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[. INTRODUCTION sity ratios in the energy region of thes- M ,3M 55 transitions
of argon. All theoretical values differ from the measured

The high-resolution Auger spectroscopy is a very efficientones for the®Py.,/1D, intensity ratios(see, e.g., Tables 4
tool for checking the adequacy of theories in the descriptiorand 5 in Ref[10]). The L,;-MM Auger spectrum of argon
of the decaying excited states and the electronic structure ¢onsists of many overlapping lines, originating from differ-
atoms, molecules, and solids. This is especially true, whefnt excitation and rearrangement processes. It may be that
the instrumental energy resolution is the same or smallefome shake-up and/or shake-off satellite lines overlap with
than the natural linewidth of the excited states thus revealin%}‘? diagram transitions. In spite of the excellent energy reso-
much of the fine structure in the spectra. If the final states ofution of the earlier studie9,10] where the instrumental
the Auger transitions overlap within their natural widths, it is '€S0/ution(~60 meV) was smaller than the natural width of

possible that they cannot be separated, not even with the'® 20 shell Ofkarg(?l? ['2p~120 meV), the overlap among
highest experimental resolution. However, by applying thelh® Auger peaks still remains,
Because noncoincident measurements cannot apparently

coincidence technique, relatively clean experimental condi-

tions can be provided for separation of the different excita—SOIVe the ~possible satellite contribution on the Ar
P b L ,o-M,3M 3 Auger spectrum, we decided to detect the Auger

tion and rearrangement processes at high-energy phOtOIO@Tectrons in coincidence with®, and 2p4/, photoelectrons.

ization. This method is very useful, especially for studyingSuch a measurement seems to be rare in the paper: we could
the decay of the inner-shell hole at photoionization/excitatior}, ,; finq any that would include high-kinetic-energy,resolu-

in synchrotron radiation experiments. This has been ShOWﬂon whole kinetic-energy range of Ar,sM M5 transi-

recently in the case of the Auger-electron—photoelectronyg (200—208 eV, and high photon energy~440 eV).
[1,2], Auger-electron—Auger-electrd,4], Auger-electron—  gych measurement is extremely useful in this case because
photoion[4], and fluorescent-photon—Auger-elect{&i co-  the coincidence condition between the photoelectrons and
incidence experiments. It is also possible to perform comauger electrons reduces the overlap between the peaks. Fur-
plete measuremen{§—8|, where all parameters describing thermore, because of the high kinetic energy of the photo-
the photoprocesgmatrix elements and their phase-shift dif- electron, the postcollision interactig®Cl) distortion to the
ferenceg are determined. line shape is small11,12. A recently developed angle re-
Many experimental and theoretical studies have been pulkolving electron-electron coincidence spectrometer was used
lished on thel,5-MM Auger spectrum of argofsee, e.g., to perform the measurements utilizing simultaneous detec-
[9,10], and the references thergirGood agreement among tion of the single and the coincidence spectra.
the experimental data for different projectile impgahoton,
electron, and ionverifies the prediction of the two-step hy-
potheses(the separability of the excitation and relaxation
processes The measured intensities and energies are inde- The measurements were carried out at the beamline 1411
pendent from the mass and charge of the projectile. The ef43,14] on the third-generation MAX-Il storage ring in
isting theories, however, overestimate the transition energieddAX-Lab, Lund, Sweden. The main components of the
The deviations are much larger than the uncertainty of thébeamline are a hybrid undulator, a modified SX-700 mono-
published experimental data. The agreement between the eghromator, and different end stations. The differential pump-
perimental and theoretical data is more or less good for theng stage between the monochromator and the experimental
branching ratios. However, noticeable differences werestations maintain the beamline at UHV condition during gas-
found between the experiment and the theory for the intenphase measurements. Before the permanent end station, a 1

II. EXPERIMENT
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m section is reserved for different experimental setups. The Q/CHS7’
usable photon-energy range is 50—-1500 eV and the flux is _ :
10*'- 10" photons/(% 100 mA) at 0.1% bandwidth. The 2) :
degree of the linear polarization of the light is 98% or better.
The used electron analyzéESA-22 was mounted at the
one-meter section where the horizontal and vertical size of \‘
the photon beam was 05L mm in the target region, respec- A
tively.

In order to perform electron-electron coincidence mea-
surements, two spectrometers are needed. In Auger-
photoelectron-coincidence spectroscdf$|, one spectrom-
eter is kept fixed to photoelectron kinetic energy and the
other is used to scan the Auger kinetic-energy range, yielding

N
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0oC2

1CS

an Auger coincidence electron spectrum. During the coinci- 10 cm
dence measurements also the noncoincidence single spec- =

trum is stored. The electron-electron coincidence measure- o

ments are very time consuming due to the limited solid angle

of the spectrometers. Furthermore, finding the common sen- 0

sitive volume of the spectrometers requires serious alignment
procedures. In order to overcome these experimental difficul-
ties, a new electron-spectrometBiSA-22 was developed in
ATOMKI, Debrecen in cooperation with the University of
Oulu, Finland. The schematic cross section of the spectrom-
eter is shown in Fig. 1.

The analyzer consists of a spherical and a cylindrical mir-
ror. It is very similar to our previously built ESA-21 analyzer
[16]. The main difference is that the focal ring can be formed
at different diameters, thus, either a series of channeltrons Photons (k) gy (SP1)

(CHS in Fig. 1 or a position sensitive detect@SD) can be

applied for simultaneous angular recording of electrons. Fur- FIG. 1. The schematic cross section of the ESA-22 electron
thermore, the outer sphere and cylinder are cut into twepectrometefa) and the geometry of the scattering plaiine. The
parts, resulting in two spectrometers, named as 1 and 2. lpold dashed and solid lines show the outer electrodes of the spec-
Fig. 1, OS1 and OC1 sign the outer sphere and cylinder offometers 1 and 2. The electron trajectories show the two different
the spectrometer 1, while OS2 and OC2 are the same for tHcusing possibilities. The channeltrons are marked as CHS, posi-
Spectrometer 2. This Concept enables us to ana|yze two indéon sensitive detector as PSD, outer cyIinder and the sphere of the
pendent angularly resolved electron spectra in different ensPectrometer 1 as OC1 and OS2, outer cylinder and sphere of the
ergy regions, simultaneously. spectrometer 2 as OC2 _and 0S2, gas nozzle as GN an_d a spherical

At the exit of both spectrometers there are ten channeltetardat'on lens as RLH_ls the angle between the direction of the
trons mounted at every 15° from75° to 75° relative to the S/eCtron and the electric vect@r of the light, ¢ is the angle be-
electric vector of the light. Each channeltron can detect electveen the d'rec.t'on of the e'e°”°'_‘ anel the scattering plplame of

e . . . E andk), andk is photon-beam direction.
trons within the verticallg, see Fig. 1 and horizontal(6)
angular windows oft1.5° and*=5°, respectively. The angu-
lar acceptance of the position sensitive detectar1s5°(¢)  cylinder axis is parallel to th& axis as shown in Fig. 1. The
in the vertical direction covering angles from82.5° to  analyzer collects the electrons from tlseattering plane
82.5° with respect to electrical vector with high angular reso-which is identical with the plane determined by the momen-
lution of =1.5°. Further advantageous property of the PSD igum (k) and electric(E) vector of the photon beam. Thus
that the spectrometer works as a spectrograph coveringondipolar effect¢see, e.g., Ref$17,18, and the references
+0.8% energy band around the selected pass energy. Wherein to the angular distribution of the electrons can be
note that we are not restricted to use only PSD with onealetected with this setup. Around the target region a spherical
spectrometer and channeltrons with the other, but we caretardation lengRL) was built to increase the energy reso-
also focus the electrons with both spectrometers to the PSIition (RL in Fig. 1). The solid angle of one spectrometer is
or to the channeltrons. determined by the slit size of the inner sphere around the

Both spectrometers share the same inner sphere and innszattering plane and it is1% relative to 47 in the present
cylinder. The eccentricity Ax/r ) and precision of the setup.
shape Qr/r) of the electrodes are better than $0 Ax is A special gas nozzle was built in the retardation lens to
the radial displacement between the outer and inner elegroduce beamlike gas target. A piece of a microchannel plate
trodes and is the radius of the electrodes. It means that thewas fixed to the exit of the nozzle with open area diameter of
sensitive source volume is the same for both spectrometefs5 mm. The diameter of the target beam~8 mm in the
within this error. In the present experimental geometry thescattering plane. It was determined by measuring the size of
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the volume of the light emission. The light originated from binding energies for the 2 spin-split components

the outer shells of the target atoms excited by electrons. IPAEg(2p) =2.148 eV[19]], and thus, there was no overlap
the present setup, the sensitive volume of the spectrometervgith the spin-orbit components on the PSD image. The de-
¢4x 1.3 mm disk and it is higher than the crossed volume oftector efficiency may vary on the detector surface and cause
the photon and target beam. It means that the source volumencertainties to the measurements. This effect was avoided,
of the spectrometer approximately independent from théecause the spectrometer 2 voltages were kept constant dur-
angle measured between the direction of the observation andg the measurements, and so the photoelectron line illumi-
the photon beam. nated the same area on the detector.

The above-described advantageous properties of the spec- In the present experiment, the estimated gas density was a
trometer are very useful in electron-electron coincidencgew times 162 atoms/cm (it is approximately equivalent
studies. The time for the angle-resolved coincidence meagith 10~3 mbar pressudein the target beam and the back-
surements can be then reduced, which is very importarﬁround pressure was 10 and 5< 108 mbar in the spheri-
when working at storage ring beamlines where the beandy) and cylindrical mirror. These conditions are good enough

time is limited. ) to minimize the multiple scattering of the photons and the
A special measurement control and data-handling SySte'@jected electrons in the target and the rest gas region.
as well as a software was developed for the spectrometer. The Ar LM M, Auger electrons were detected by
The high voltages of the spectrometers are controlled by tW@panneltrons in the-75° to +75° angular region at every
18-bit digital-to-analog converter regulated power supplies.15o, using the spectrometer 1. The kinetic energy was
The signals from the channeltrons are amplified with tWogcanned between 199 and 208.5 eV. The time for one scan
16-channel voltage-sensitive preamplifiers, and shaped witith g0 kinetic-energy points was about 30 min and every
constant fraction discriminatof8x 8 channe) before enter- i gividual kinetic-energy scan as well as their sum were
ing to the so-called single unit. The single unit transforms thesigred on the computer. The photon flux was measured by a
fast negative pulse to a positive one and sends them to the %Q]Otodiode and its current was transformed to frequency.
single scalersand also to the coincidence unit. The coinci- This signal was led to the counter, and when the selected
dence unit forwards the signals to the 20 coincidence scaletg,mber of counts was exceeded, the counter was reset and
if they satisfy the coincidence conditions. The single andhe measurements continued on the next kinetic-energy
coincidence data are stored simultaneously. This solution iﬁoint. This procedure together with a long lifetime of
very useful in electron-electron coincidence measuremenjax.-|| storage ring (flux dropped~7 mA/h) should ensure
because the single spectrum can be used to correct the rag@at the normalization with the flux was done properly.
coincidence data with excellent statistical err(gse details The sum signal of the ten channeltrons initiated the TAC
laten. The time spectrum originated from the time-to- 4nq the fast signal taken from the second-channel plate of the
amplitude convertefTAC) is measured and stored with a psp was used to stop the TAC. If more than one electron
multichannel analyzefMCA). Time spectrum can be used to were detected simultaneously by the channeltrons, the sum
the estimate of the valid-to-accidental ratio in the coinci-coincidence unit rejected those pulses and those events were
dence spectrum. _ not used to start TAC conversion. The time spectrum of the
The current coincidence and single measurements Welgart-stop pairs was obtained using a multichannel analyzer.
performed at 440 eV photon energy. At this photon energyrne full width at half maximun{FWHM) of the time peak in
the 120um monochromator exit inF corresponds to th_e pho-the spectrum was-12 ns, from which 11 ns originates from
ton bandwidth of 0.9 eV at beamline 1411. The relative en-he angle-dependent time of flight of the electrons. The ratio

ergy resolution of the analyzer was setd&/E~3X10 °  of the true and accidental coincidence was 1.8, and the maxi-
and 1.5¢<10°* for the Auger and photoelectron side, respec-mum coincidence count rate was 0.13 Hz.

tively. A constant 100 eV retardation was used to increase the Tyg separate beam times were used to collect the coinci-

energy resolution. The resulting analyzer energy resolutiogience data. There was small difference in the analyzer reso-
was 0.3 eV for the Auger electrons and 0.2 eV for the phoqytion (about 20—40 meyand in the kinetic-energy step size
toelectrons, respectively. The resolution then changes whilgetween the two beam times, but these should have negli-
scanning the Auger spectrum, but only from 0.3 to 0.324 eVgiple effect to our results considering the branching ratios.
in the kinetic-energy range of 199 to 208.5 eV. Such smalBoth cases, we could determine the angular distribution of
difference relative to the total resolution is negligible, and dothe coincidence Auger spectra because the angle-integrated

not affect the reliability of the data. Unfortunately we cannotphotoelectron events were used for the coincidence condi-
decelerate more, because the time spread caused by differggp

lengths of trajectories of electrons progressively reduce the
time resolution at lower kinetic energies.

Photoelectrons were detected with the position-sensitive
detector in the—82.5° to +82.5° angular region relative to
the polarization vector of the photon beam with the spec- Due to the finite-time resolution and limited solid angle,
trometer 2. The kinetic energy was adjusted so that the wholtéhe raw coincident data consist of valid and accidental coin-
area of Py, or 2ps, photoelectron line illuminated the PSD cidence events. The shape of the random coincidence spec-
image. The total experimental resolutié®.92 e\ for the  trum should be the same as with the single spectrum. Figure
photoelectron lines is clearly better than the difference iR2 shows the angle-integrated raw coincidence spectra be-

IIl. DATA EVALUATION
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FIG. 2. The figure shows the raw Auger spectra in coincidence FIG. 3. Comparison between the measured single and true co-
with 2ps, (@) and 2py, (b) photoelectrons. The marked lines be- incidencel ,-- M ,3M »3 Auger spectra of argon. A solid line and full
long to the valid coincidence peaks. The light gray part of the specsquares with error bars represent the single and the coincidence
tra was used for the determination of the valid/accidental correctionspectra, respectivelya) In coincidence with P, photoelectrons,

(b) in coincidence with p,,, photoelectrons. The data were normal-
tween the Pg, (@), 2Py, (D), andL - MogM o3 Auger elec- ized to the?Py,-'D,, and ?Py,-3Py, transitions.
trons.

The accidental coincidence events can be seen clearly istate because the total angular momeniinis less than
Fig. 2(a), as an appearance &P, Py, Auger peak at 207 unity (see, e.g., Refs[20,21)). Ten noncoincident Auger
eV. Similarly, the 2P5-1S, peak (at 201 eV is also well  spectra at different emission angles were fitted with a Voigt
visible in Fig. 2b). For the separation of the valid and acci- function (a convolution of a Lorentzian and a Gaussian func-
dental coincidence events we determined the ratios of th#éon) and using a linear background. The Lorentzian lifetime
areas of these peaks from the raw coincidence and singlgidth was set to 120 meV for all of the peaks, and the
spectra. These values are in good agreement with the vali#WHM of the Gaussian distribution was linked between the
accidental ratios obtained from the time spectra. In order tgpeaks and let to vary freely. From the fit results, the peak
determine the true coincidence spectra, the single spectereas for the?P,,-2P;, transitions were used to obtain the
were multiplied with these ratios and then subtracted fromefficiency factors for each measured angle. These factors
the raw 245, 2p3p» Ccoincidence spectra. were then used to correct the single and coincidence spectra

For checking the validity of the true coincidence spectraintensities at different angle@lifferent channeltrons This
the same procedure was used on the raw coincidence spectf@rrection only changes the relative intensities of the spectra
measured at different angles. The angle-dependent accidentdl different angles and does not change the branching ratios
correction ratios were determined from the single and coinbetween the Auger peaks.
cidence spectra measured at the same angle. The corrected

data were integrated for the measured anglgs. Thg agreement IV. RESULTS AND DISCUSSION
was excellent between the two spectra obtained with the two
methods. Figure 3 shows the measuréds-M,3M o3 single and the

For the determination of the transmission and efficiencyrandom coincidence corrected pg, 3, photoelectron—
of the angular channelghanneltronswe used the isotropic Auger-electron coincidence spectra of argon at 440 eV pho-
2P, ;-3Po1, Auger transition from the single spectra. The ton energy. The Auger data are integrated over-#¥&° to
Ay alignment parameter is zero for tHé®,,, intermediate  +75° angular rangésum of ten individual spectra from the
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TABLE |. The energies and relative intensities of the;M,3M,; Auger peaks of argon derived from the coincidédéenoted as
“Coinc.” in table) and single data.

Initial state

2 2
P P3p

Final state E®(eV) Singlé Coinc® Coinc? Singlé Theory E?(eV) Singlé Coinc® Coinc? Singl¢é Theory

180 203.10 0.266/) 0.272) 0.262) 0.3037) 0.233 200.97 0.238) 0.242) 0.2712) 0.2588) 0.234
1D2 20551 1.0 1.0 1.0 1.0 1.0 203.38 1.0 1.0 1.0 1.0 1.0
3P012 207.08 0.6821) 0.824) 0.784) 0.753) 1.07 205.02 0.898) 0.663) 0.723) 0.943) 1.26
8From fit.

bSum.

°From Vikor et al. [10].

channeltrons and photoelectrons were integrated over the+0.001 for the single and 0.660.06 for the coincidence
—82.5° to +82.5° angle region relative to the electric vector spectrum, respectively. Statistical accuracy is very good in
of the light. The solid line is the well-known single Auger our single measurements, since the Auger peak intensity is of
spectrum(without coincidence conditionthe squares with order of 16 counts. Similar value (0:50.1) was also found
error bars represent the coincidence data. The single spectiar the 2P,-(3Po;,/1D,) coincidence intensity ratio in our
are normalized to the intensity of théPg,-'D, and earlier test measurements with moderate-energy resolution at
2pP,,-3P1, coincidence Auger peaks. Figure@Band 3b) 350 eV photon energy. The kinetic-energy range was then
show clearly that we could eliminate the overlap between thenuch narrower and the quality of the data was worse, but
L,-Mo3M 53 andL3-M,3M o3 Auger transitions in the coinci-  this finding is in good agreement with our current result. The
dent spectrum. coincidence value 0.660.06 is about 30% lower than the
Table | compares relative intensities from our measurepresent and earlier published single experimental ratios.
ments with the earlier single data published bkafiet al.  Even larger differencé50%) was found in comparison be-
[10]. The coincident ratios were derived by two ways. One oftween the coincidence and theoretical val(sse Table ).
them is the simple sum of the counts of the well-separatetiowever, we note that all theoretical calculations published
Auger peaks and the other one is the results of thedit the  in the paper overestimate these ratios for tRg,, and 2Py,
preceding paragraphThe single and coincidence intensity initial states.
ratios agree well for all transitions except for the  Without coincidence condition, the Auger-electron spec-
2P (3Pg12/'D>) ratio. This value is 0.92 Ref9] and 0.94  trum is the composition of the following process& rep-
Ref.[10] for photon and electron bombardment without co-resents the kinetic energy of the photoelectrons, Coster-
incidence condition, respectively. We obtained ratios 0.896<ronig transition is signed by CK

EX(2py)=189.4 e

Ek(2p3/2)2191.6 ej +Ar+_’eAuger+Ar2+, (1)

hv(440 eV) + Ar— egporeX :

EX(2py,)=189.4 eV

EX(2p3p)=191.6 eV E(35,3p_>n|)] +Art*

hu(440 eV)+ Ar—>eph0t0><[

€augert Ar?** (spectatoyr (23
- €augerT Ar?* (participatoy, (2b)
h1(440 eV Ar— epo< {EX(281,) = 113.7 e+ Art — ecy+ Ar? —ep et A7, @

hv(440 eV)+ Areephowx{Ek(Zsl,z) =113.7 e\V-E(3s,3p—nl)}+Ar"*(nl)

eck AT —ep et Ar¥TT (CK spectator, Auger spectajor (4a)
— eCK+Ar2+*—>eAuger+Ar3+ (CK spectator, Auger participator (4b)
eck+Ar?" —epget Ar¥T (CK participatoy. (40
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In process 1, the Ar atoms are ionized with 440 eV pho-and 209 eV. Furthermore, the measurement carried out by
tons, leading to a core hole vacancy in either2or in the  Pulkkinenet al. was at 265 eV photon energy, which is lower
2p4, subshell. In this scheme, the intermediate-state decaythan the shake-up and shake-off threshdl@3,24. Their
via LyzMogMog, LogM Mg, andL,3M;M; Auger tran-  intensity ratios agree very well with Wor et al. and the
sitions. The main interest in this study is the kinetic-energypresent single ratioee Table | in this paper and Table 3 in
range ofL,3-M ,3M 55 transitions at 200—208 eV. In our co- the paper by Pulkkineat al). Therefore the p~*3s™!nl or
incidence measurements, we selected photoelectrons that hag~13p~!nl shake-up processes are probably not respon-
kinetic energies corresponding to scheme 1. This rules out aflible for the difference between the single and coincidence
other possible initial states as described in processes 2, Bitensity ratios.
and 4, because the photoelectron kinetic energy is then dif- Another possible interpretation of the anomalous coinci-
ferent. As a result of this, we can observe only final stateslence ratio is the difference of the angular distribution be-
that have decayed fromp2hole state without initial-state tween the'D, and 3P, transitions. Arpet al. [25] found
shake processes. However, if the shake up or shake off oangular correlation betweeka photons andL,g-M,3M 55
curs during the Auger decay, it will be detected because th@uger electrons. In their experiment, x-ray photons were
photoelectron energy is not changed. In noncoincidence megsed to create a core hole vacancy in tiseshell. When the
surement of Auger electrons the situation is different. All25 electron fills the % hole, a fluorescence photon is emit-
possible decay channels that produce final states to theq. The 3 hole is an initial state for the Auger decay and
kinetic-energy range df ;3 M;3Mo; are detected. the situation is similar as with the direct photoionization of

_Procesges 1 and 3 show the 2nd > |_o_h0t0|0n|zat|0r_1 the 2p shell. In their experiment, thé ,s-M M s Auger
with the diagram or cascade Auger transitions, respectivelyajectrons were measured in coincidence with a fluorescence
We note that the @ photoionization with shake off from the - photon. As a result of anisotropical angle distribution in the
M shell produce similat ,3(M)-MM(M) Auger spectrum  auger decay fromi; initial state, they could observe a dif-
as in process #ole in the subshell is indicated in brackets ference of order of 5-20 % in relative peak intensities when
Kylii et al. [22] studied the argon cascade and shake-off sateomparing the Auger coincidence spectrum with the isotro-
ellite Auger transitions in th&-MM spectra. The measured pjc single spectrum. To check similar effect from our data we
and calculated energies of they(M;g)-MM(Mgg) ransi-  haye determined the angular distribution of the
tions are located between 150-201 eV, while the calculatedp,_ (1p,, 3p,,,) Auger peaks from the coincidence data.
L25(M1)-MM(M,) transitions give many weak overlapping The anisotropy parameters and the intensities were fitted to
lines in the 175-217 eV energy range due to the strong inithe experimental data using E) in Ref. [26]. The ob-
tial and final ionic-state configuration interaction. However,tained intensity ratio remained 0.60.06 from the fit. This
they could not find any peaks corresponding to the calculategy e agrees very well with the simple-summed value 0.66
L2g(M1)-MM(M,) Auger transitions in the experimental -0 03 presented in Table I. Thus the anisotropic angular
spectra. Their conclusion was that these transitions producstripution does not explain the discrepancy between the
only a backgroundlike continuous electron spectra. Acceptsing|e and coincidence data in the angular range of our mea-
ing their results, we believe that the cascade and shake-off,rements.
processes do not produce any peaks in the energy region of Another aspect is that the detection of the photoelectrons
the Lo M3M 3 transitions. Therefore, these processes argng Auger electrons was performed in such angles that the
not likely to create any structure of spectra that would exnondipole effects to the angle distribution are possible. How-
plain the difference between the single and coincidence iNayer, the magnitude of this effect is likely to be minor com-

tensity ratios of our measurements. pared to the normal dipolelike angle distribution and can be
Processes 2 and 4 describe theedhd X photoionization  ¢onsidered negligiblg17,27.

with shake up and with the subsequent rearrangement pro- |n experimental point of view the main difference be-

cesses, respectively. The energy of the emitted photoelectrafyeen the single and coincidence measurement was that in

is much lower than in the cases of 1 andtBe excitation the coincidence case the photoelectrons and Auger electrons

energyE(3s,3p—nl)>10 eV]. It means, that the energy of \vere detected in the opposite directions, therefore, the inter-

these shake-up peaks are far from the energy of the maigction between the photoelectron and Auger electron was

photoelectron line so they do not give any contribution to thestrongly reduced11,17. This interaction could play an im-

coincidence spectrum. The decay processés and 4b), portant role in the noncoincidence case.

4(c) produce higher- and lower-energy peaks relative to the

diagramL ,3- M ,5M 5 transitions, therefore, they do not play
any role in the single and coincidence spectra in the mea-
sured energy region.

Only the 2a) and 4a) decay processes may produce Au-  The high energy-resolution photoelectron—Auger-electron
ger lines in our energy region. However, Pulkkireral.[9]  coincidence study of Ar has been reported to demonstrate the
and Vkor et al.[10] investigating the.-MM Auger spectrum  applicability of the coincidence method in order to separate
of Ar with very high instrumental energy resolutigr-60  the different ionization and decay channels even in the case
meV), did not observe any extra peaks between energies 208f strongly overlapping peaks. Thes M ,5M 55 Auger tran-

V. CONCLUSIONS
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sitions of argon were measured in coincidence with thgx2  tion of the shake processes to the single spectrum or by the
and 2p5, photoelectrons at 440-eV photon energy. The in-anisotropic angular distribution of the coincidence spectrum.
vestigation was carried out with a new high energy-
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