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Inherent lifetime widths of Ar 2 p~%, Kr 3d™?1, Xe 3d7%, and Xe 4d! states
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The natural widths of the Ar@ %, Kr 3d™%, Xe 3d™%, and Xe 41! states have been determined from
photoelectron spectra measured with very high resolution. Lifetime willthof 104+=3 meV and 111
+3 meV were obtained for the Xedé},% and 415‘,21 states, respectively. In contrast, no differences in the
inherent lifetime width could be found for the spin-orbit split components of AP, =118+4 meV) and
Kr 3d (I'_=88+4 meV) ionized states. The lifetime widths of the Xé;3 and 3 states were found to be
49030 meV and 516 30 meV, respectively. The extracted lifetime widths are compared with the previously
published experimental results.
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[. INTRODUCTION core-ionized states. This is based on the assumption that the
electron excited to the Rydberg orbital does not appreciably
When a certain amount of energy is introduced to an atonghange the total transition rate of the core-hole state. This
(or to a moleculg it can be lifted to a higher-energy state. condition is best fulfilled when the excited electrons reside
Such an excited state can decay to lower-energy states vi# the highest Rydberg orbitals. In this method, the total
radiative (fluorescenceor nonradiative/Auger or autoioniz- absorption of the photons is measured as a function of the
ing) transitions. Each of the possible decay channels has Rhoton energy after light has passed through the studied gas.
particular transition probability. The lifetime of the excited More often, the measurement is done by measuring the total
state is proportional to the inverse of the sum of all partialelectron or ion yield while scanning the photon energy. The
transition probabilities. The Heisenberg uncertainty principldifetime widths of the core-excited states can be obtained
states that the finite lifetime of the excited state leads to @IS0 by using the electron-energy loss spectrosd@ng].
finite uncertainty in the energy of the excited state. The exThe tunable narrow-band synchrotron radiation has recently
cited state has a Lorentzian energy distribution, the fullProvided rather accurate-lifetime widths for the core-excited
width at half maximumFWHM) of which gives the lifetime ~ States of noble gases and simple molec{des?].
width of the state in questiofL]. In this paper, we determine the lifetime widths of the Ar
A straightforward way to obtain the lifetime width of a 2p~ %, Kr 3d™*%, Xe 3d™*, and Xe 4~* states using high-
singly ionized state is to measure the corresponding photdesolution photoelectron spectroscopy. The Ar Hetime
electron spectrum. The total experimental width of the phowidths were determined to be 120 meV by x-ray emission
toelectron line consists of contributions from the inherentspectroscopy by Nordgreet al. [8]. Recently, Carrolkt al.
Lorentzian lifetime width, photon bandwidth, Doppler [9] extracted the same result from the Apz photoelectron
broadening due to the thermal motion of the atoms and théne. Slightly different values were reported in Re[f$0,11].
finite resolution of the kinetic energy analyzer. More pre-The lifetime widths appear not to have been determined for
cisely, the observed line profile is the convolution of thethe Kr 3d™* states with any high accuracy. Their widths are
partial profiles describing separately each of the abovecommonly assumed to be the same as those of the core-
mentioned broadening source. For the accurate determinatig@xcited 31~ '5p states(83 meV/[2,4]). For Xe 4d~* states,
of the lifetime width one should have both a narrow photonthe lifetime widths recently reported in literature vary from
bandwidth and good analyzer resolution compared to thd10 meV to 121 me\{12—14. Ausmeeset al. [12] found
lifetime width. Recent developments in synchrotron-evidence on the photon energy dependence of the &Xe 4
radiation sources, monochromators, and electron spectrorfifetime widths close to the d threshold. The lifetime width
eters are nowadays providing excellent means for such stu@f the Xe 3~* states was estimated to be 0.5 eV from the
ies. photoelectron spectra by Svenssetnal. [15] and by Ban-
The model of the two-step process of Auger and radiativeeroft et al. [16] using monochromatized A« x-ray radia-
decay gives another possibility to determine the core-holdion.
lifetime widths. In this context photoionization and subse-
guent decay are cons_,ide_red_ as separate processes; the core- Il EXPERIMENT
hole state after photoionization is the initial state of the fol-
lowing decay. Some of the final states are long lived and The photoelectron spectra were measured on the gas
therefore have very narrow-lifetime widths. The energy dis-phase beam line 141[17] at the third-generation storage ring
tributions of the emitted Auger electrons and fluorescenMAX-II, Lund, Sweden. The synchrotron radiation is pro-
photons carry then detailed information about the lifetimeduced by a hybrid undulator in the photon energy range from
width of the initial state. 50 to 1500 eV. The degree of linear polarization of light is
The measurements of photoabsorption resonances beldeetter than 98%, as determined using the Xepbotoelec-
the threshold also allow to estimate the lifetime widths oftron line together with XéN, 5O, 0, 3 Auger spectrum. Ra-
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IIl. EXPERIMENTAL BROADENINGS

250+
oo0l ' The Kr 4p5, photoelectron line was meqsured over the
> NO.0. (D) Xe kinetic energy range 41-107 eV to determine the analyzer
o 150} contribution to the total linewidth. Corresponding to ioniza-
= tion from the outermost shell, thep4,; state has a negligible
€ 100F inherent lifetime width and the experimental line broadening
8 sol consist only from photon bandwidth, analyzer resolution,
37 5= Doppler broadening and possible plasma and surface poten-
ol Kinetic energy {eV) tials. All these contributions are considered to be Gaussians.
0 50 100 150 This assumption was found to be rather good by fitting the
Photodiode current (uA) measured Kr f3, photoelectron spectra. They showed al-

most perfect Gaussian shapes, only distorted slightly on the
FIG. 1. The intensity of XeN4O,40,4'D) Auger line as a  taj| where the count rate was below 3% of that of the peak
function of the photodiode current. The plot shows observed coung,sximum. It should be noticed that the main contribution to
rate in the microchannel plate of the SES-200 electron spectromye 13| linewidth comes from the analyzer resolution at
eter. The_ bla_ck-and-whlte detection mode was _used at the measurgiose ow photon energies. At higher photon energies, such
ments. Line is drawn through the measured points to guide the &8s used for Xe 8 ionization (ionization limits: s,
=676.4 eV, 35,=689.0 eV [23]), the photon bandwidth
diation from the undulator is monochromatized by a modi-gives the largest contribution to the linewidth and the ob-
fied SX-700 plane-grating monochromafd8,19 equipped served line shape may differ more from a Gaussian. How-
with a plane elliptical focusing mirror. After the monochro- ever, in our earlier measuremerj®4] at photon energies
mator exit slit, light is refocused by a toroidal mirror. The ~870 eV, the Ne 2 photoelectron line showed only slight
differential pumping stage separates the low-vacuun@symmetry in the observed line shape. Because the mono-
"6 f . ; 32
(~10"% mbar) gas phase side from the rest of the beam linechromator bandwidtfi’,, behaves as<E(hv)** [25], the
The end statioi20] is equipped with a high-resolution Sci- Peak asymmetry probably decreases at photon energies used
enta SES—200 electron analy$2d]. Electrons are detected In the Xe 3 photoionization.
with a position-sensitive multichannel plate detector. The The Doppler broadenind, (in meV) was calculated
analyzer is rotatable around the photon beam between tHE°™ the equation22]

0°-90°.
The electron spectra were collected with the SES-200 [ —0.7215 2" (1)
analyzer at the so-called “magic” angle of 54.7° with re- b M’

spect to the electric vector of the photon beam. The analyzer
pass energy was set at 10 eV, monochromator exit slit waghereE,, T, andM are the kinetic energy of the electr@n
10 um and kept constant during the measurements. PressureeV), temperature in K, and the mass of the target atom in
in the analyzer chamber was typicalljx30 ’ mbar during ~ amu, respectively.
the measurements that corresponds to the pressure approxi-The monochromator bandwidth was estimated by taking
mately 16—-10° times higher in the gas cell. The low gas into account the vertical size of the photon beam, the surface
pressure was chosen to reduce plasma poterfidlsinside  errors of the mirrors, and the monochromator exit slit size in
the gas cell. The plasma potentials can cause line broadenirige calculations. At photon energy 64.10 eV, the calculated
mainly by shifting the kinetic energy of the photoelectron photon bandwidth with a 1@m exit slit is 5.6 meV, which
line between separate scans. is in good agreement with He double-excitation absorbtion
The saturation of the detector can also lead to line broadmeasurements done at the same energy on this beam line
ening. This is because at the top of the peak the count rate [26]. The nominal exit slit size of the monochromator was
highest, but due to the saturation, all counts are not recorded0 wm during the measurements, but the actual slit size was
In the line shape, this is seen as a flattening of the peak anabt known accurately. At photon energies used for the He 4
correspondingly, the FWHM of the peak increases. To findphotoelectron spectrél10—-170 eV, the photon bandwidth
the saturation point, we measured the intensity of the Xds similar to the analyzer resolution. At photon energies used
N4O, 0, 4'D,) Auger line as a function of the photon in- for Kr 3d photoionization(160—200 eV, the photon band-
tensity (see Fig. L The photon flux was varied by adjusting width is slightly bigger than the resolution of the analyzer,
the monochromator exit slit and the photodiode current wasvhereas in the Ar @ measurements around 300 eV, the
recorded together with the Auger line maximum intensityphoton bandwidth dominates the total Gaussian contribution.
(not the peak argaThe spectra were measured in the pulselt is thus essential to know accurately the photon-energy
counting or black-and-white mode and the time for each enresolution used in the measurements. The XepBotoelec-
ergy channel set at 0.2 s. From the individual spectra, wéron lines provided a means for this; at photon energies
found that a clear saturation occurs with count rates highe{730—780 eV used for 3l ionization, the monochromator
than 100 000 counts/s, but for very high resolution work, thebandwidth almost completely determines the total Gaussian
count rate should be limited below 50 000 counts/s with thecontribution. From the fit of nine @ photoelectron spectra
current detector. (see beloy, an average Gaussian contribution of 225 meV
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_. 30 g pass mode of the analyzer voltage supplies was used to ob-
E 25+ . ,",-«'/'/ tain the highest analyzer resolution with the used pass energy
= 20l ah (10 eV) and analyzer slit settingscurved 0.5 mm The
g 5l drawback'of psing the high—accura(_:y 'voltage supplie_s was
5 _.‘._._._,_.::;37‘ that the kinetic energy range was limited to the maximum
3 o .uno:*A AT it value of 120 eV. This prevented us from measuring the Kr
& 5¢ anaadt —¥— Analyzer 4p photoelectron line for the photon-bandwidth calibration
ol 1lazﬁfj§;romawr at the same photon energies as the studied -core-
20 60 80 100 120 photoelectron lines. _ _
Kinetic energy (eV) The photoelectron lines were analyzed using a least-

squares fitting prograrl1]. The Lorentzian profile distorted
FIG. 2. The different experimental broadenings as a function ofpy PCI is calculated using the formula given by Arneral.
the kinetic energy as obtained from the analysis of the K54  [27]. The final line shape is obtained from the convolution of
photoelectron spectra. The analyzer resolution was calculated byhe inherent line shapg.orentzian or PCl-disturbed Lorent-
subtracting the monochromator bandwidth and Doppler broadeningian) and the Gaussian shape. The important feature of the
from th_e total Iinev_vidth of the Kr i3, photoel_ectron line. Analyzer program is that up to ten different spectra can be fitted si-
resolution was fitted to follow the relationl’anayzer (MEV)  1yyitaneously while linking variables between separate spec-
=0.075¢Eyin (eV)+13.8 meV. tra. This enabled us to link the lifetime widths for each sub-
shell between the spectra. The Gaussian contribution was
was obtained. Our calculated value with a A6 slit is 230 calculated from the analyzer, Doppler and photon broaden-
meV, in a very good agreement with the experimental resultings for each kinetic energy and kept fixed during the fit.
Therefore we believe that our calculated values for the phoEvery spectrum was first fitted individually to see possible
ton bandwidth are rather accurate. changes in the lifetime widths. After this, variables between
After removing the monochromator and Doppler contri- multiple spectra were linked and the fit was repeated.
butions from the total experimental linewidth, the analyzer Similar measurements, but with a shorter photon energy
contribution(calculated as/thot—thy—FzD) shows a linear range were made during another beamtime to check the re-
behavior(see Fig. 2 With the constant pass energy of 10 sults of the first beamtime. During these measurements, the
eV, the analyzer contribution increases slightly from 17 to 21valence Ar 3, Kr 4p and Xe 5 photoelectron lines were
meV over the initial kinetic energy range of 40—-110 eV. Thismeasured at the same kinetic energies as thepArkz 3d
might be due to the effects of increased retardation on thand Xe 4l core photoelectron lines, respectively. This time
focusing and angular-distribution properties of the electrorthe photon bandwidth was determined by measuring the Ar
lense on the analyzer. 3p and Xe H photoelectron lines at the same few photon
energies as used for Krd3and Xe 4l lines. Total ion yield
measurements were performed using a time-of-flight spec-
trometer to evaluate the resolution of the beam line. The
When the ionization takes place above, but close to #@hoton-energy resolution was this time slightly worse due to
core-ionization threshold, an asymmetric line shape usualljhe storage-ring conditions, but the results for the lifetime
occurs. This originates from the postcollision interactionwidths were practically the same as from the spectra of first
(PCI) between the slow photoelectron and the subsequentlyeam time.
emitted Auger electron in the vicinity of the electric field of
the ion. In addition to the asymmetry in the line shape, also
the apparent position of the electron line is affected. PCl may V. RESULTS
complicate the determination of the lifetime widths since it A Xe 4d
requires a specific line shape that depends on the model as- '
sumed. The Kr @ and Xe 4l photoelectron spectra were  The Xe 4 photoelectron lines were measured at 16 dif-
measured only at such high-photon energies that PCl was dgrent photon energies between 109-174 eV. The lowest ki-
no concern, i.e., photoelectrons had larger kinetic energieetic energy of 4, photoelectrons was 40 eV, which is
than the Auger electrons. This was not purposeful in theabove the kinetic energies of all th, sOO Auger transi-
measurements of Ar@®2and Xe 31 photoelectron spectra, tions. Thus a symmetric lineshape results, see Fig. 3. The
since ionizations are in these cases followed by the emissiowpper limits for the Xe 43, and 4dg; lifetime widths are
of high kinetic energy Auger electrons. 107 and 114 meV, respectively, obtained by fitting the spec-
The Ar 2p, Kr 3d, Xe 3d, and 4 photoelectron lines tra with pure Lorentzian line shapes.
were measured at several photon energies, keeping as manyThe results for the ! lifetime widths obtained from the
experimental variables the same as possible as in the calibrapectra when fitted separately are shown in Fig. 4. The total
tion measurements using the Kp4, photoelectron line, i.e., experimental Gaussian contribution was calculated to vary
analyzer pass energy, gas pressure and monochromator efttm 222) to 332) meV at these kinetic energies. It was
slit size. The photoelectron lines were measured at the sankept fixed in the fit, while the Lorentzian contribution was
kinetic energies as the Krpg,, line that enabled us to re- allowed to change freely. As we can see, thig 4 state has
solve the analyzer contribution very accurately. The low-systematically a~7 meV higher lifetime width than the

IV. DATA ANALYSIS
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FIG. 4. Experimental lifetime widths of Xedf ! states as a
FIG. 3. Xe 4 photoelectron lines measured at 117.0-eV photonfunction of the photon energy as obtained by fitting the X 4
energy. The solid line shows the result of the least-square fit to thghotoelectron lines individually. The open and filled symbols de-
data points given by circles. note to measurements in the different beamtimes.

71 - —
4dy; state. The photon energies overlap the Xe #l  gpates at photon energy 109 eV. These values are 6—7 meV
resonances at 140.8 and 144.7 eV, but there seems to be MPger than our results.

. l . . . . .
conclusive effect on thedt - lifetime widths. The variation In Table Il we compare our results for the core-ionized

. . Mtates with those obtained for the resonantly excited states.
the instrumental factors. Therefore, in the current photon eng

. L King et al. [2] measured the lifetime widths of the Ar
ergy range, we cannot verify the finding of Ausmexsal. 2p~Inl, Kr 3d~Inl and Xe 41~ nl states using electron
[12] about the lifetime dependence on the phpton energy. energyyloss technique. Their values 6fL30 meV for the

Based on the assumption that the Xe Wfetime widths - i dths of th ‘ﬁ—l | stat ther high. M
are constant in the current photon energy range, a new fit wddetime widths of the d “nistates are rather high. viore
performed by linking the lifetime widths of each line be- '€cent values from Sairanest al. [4] and from Masuiet al.
tween separate spectra. When the calculated total Gaussi @dree better with our results.
contributions were used in the fit, the lifetime widths of
104(3) and 1113) meV were obtained for the d§;; and B. Kr3d

4dg; states, respectively. We believe that these values are The Kr 3d photoelectron lines were measured at five dif-
quite accurate since the analyzer contribution clearly domiferent photon energies between 158—198 eV. At these ener-
nates the total Gaussian width and the absolute uncertainty igies the line shape is symmetric and not disturbed by the
the estimated monochromator bandwidth is small. In addiPCl, see Fig. 5. When both Lorentzian and Gaussian widths
tion, the Lorentzian widths are large compared to the Gausswere free in the fit, a result of 91 meV was obtained for the
ian contribution. 3d™! lifetime width, but the Gaussian contribution became
The lifetime widths reported in the literature are com-too low (~20 meV). We calculated that the correct Gauss-
pared with our results in Table I. The lifetime width of 110 jan width should be 3@) to 40(3) meV for this energy re-
meV for the 415’,3 state deduced from the;0, 10, 3 (1sy) gion in the present measurements. Using these values and
Auger line by Schmidet al. [14] at 110-eV photon energy linking the lifetime widths between spectra, we got ar4$8
agrees very well with our measurements. Ausnetes. [12] meV natural width for the Kr 8@ levels. The fit gave only an
reported 11®) and 1182) meV for the 41;,21 and 4d5‘,§ 0.5 meV difference between the widths of thé 8pin-orbit

TABLE |. Experimental lifetime widthgmeV) of the Ar 2p~ %, Kr 3d™%, Xe 3d" %, and 41! states
compared with experimental values from the literature. The numbers in parenthesis show the error in the last
significant digit. Numbers in square brackets refer to sources of literature from which values have been taken.

This work
Ar 2pq) 1184) 120(8] 130(5) [10] 100(10) [11]
Ar 2ps) 1184) 120(8] 120(9] 130(5) [10] 107(10) [11]
Kr 3ds), 88(4)
Kr 3ds), 88(4)
Xe 4d;), 104(3) 11002) [12)2 114(4) [13]
Xe 4ds), 111(3) 1182) [12)2 121(4) [13] 110[14]
Xe 3d3), 490(30) 500[15] 500[16]
Xe 3ds), 51030 500[15] 500[16]

8At photon energy 109 eV, error derived from the figure.
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TABLE II. Lifetime widths for some of the Ar B’lnl, Kr 8r
3d~Inl, and Xe 4~ !nl resonantly excited states in comparison & 8d,, Kr
with the values obtained for the core-ionized states in this work. g 6l
Not all resonant states are included in this table. The numbers in 3
parenthesis show the error in the last significant digit. The numbers m,?
in square brackets refer to sources of literature where from values = 47
have been taken. %
2}
This a
State work 0 7\ 2
Ar2pss4s  1142)[4]  1163)[3]  111(3) [6] 62 63 64 65
3d 1253) [4] 1124) [6] Kinetic energy (eV)
4d 1295) [4] 116(5) [6] )
54 13310) [4] FIG. 5. Kr 3d_ ph_otoelectron lines measured at 157.8-eV photon
6d 13910) [4] energy. The solid line shows the result of the least-square fit.
2p3; 1184) C.Ar2p
2py; 4s 1093) [4] 1184 [3] 1113 [6] Ar 2p photoelectrons were measured at four photon en-
6d 13310 [4] ergies between 289.5-304.8 eV. Because {¢h?eshold is
2p3 1184) around 250 eV, the photoelectrons have lower kinetic energy
than Auger electrons, which leads to a PCl-distorted line
Kr3dgisp  83(1) [4] 83(4) [2] shape, see Fig. 6. At the kinetic energies of the measure-
6p 7902) [4] ments there are no main Auger lines and therefore the back-
7p 7902) [4] ground is practically absent. The Gauss!an width was calcu-
3dg} 88(4) Iated.to be~ 60(5) meV at thesg energies from WhICh.the
contribution of the photon bandwidth was56 meV. The fit
3d-15 with linked lifetime widths between the four spectra resulted
529P 832 4] i higher lifeti idth for the |33 state than f
6p 843)[4] 9812 [2] in1.3 [nlev igher lifetime width for t e_ﬁ3,_2 state than for-
3d;} 88(4) the 2p,,; state. The difference is again inside the error limits

of our data analysis; we present 14B8meV as the lifetime
widths for the 27,5 and 2p5; states.

Xe 4d-26p 109.81.0) [4] 111(4)[2] 106.30.5 [5
€ *siz5P 810 [4] 1114 [2] 30551 Nordgrenet al.[8] measured the Ar2? lifetime widths

;S 135%})[2] 1289) [2] 12%21(%5[)5[]5] by means of x-ray (.emission. technique and with 50-meV
9p 98(8) [4] 1042) [5] spectrometer resolution. Their value 120 meV agrees very
441 1113) well with our result. Recently, Carroét al.[9] reported 120

52 meV for the 25 lifetime width at 40 eV above the Ar@

1 threshold, but found out that the fit of the experimental spec-
4dg;26p 1071) [4]  1198)[2]  1041) [3] tra gave higher values for the lifetime width close to the
p 1063) [4] 13315 [2] 1060 [5] threshold. They explained that this may come from the in-
9p_1 1045) [4] 1063) [5] sufficiency of the PCI model close to the threshold.
4dg; 1043) The value of 13() meV for the 2 lifetime width from

Vikor et al. [10] is higher than other available results of
Xe 3d;36p  390(20) [7]

3d537p 450(20) [7]
3ds; 510(30) 1200+ 2p,, Ar
1000}
3d3;2 490(30) 800}
2

. o o - S 600r
split components. This is well inside the error limits of our &
data analysis, and therefore we present only one lifetime 400+
width for the 3~ ! states. 200}

The lifetime widths extracted from the Krd3photoelec- A
tron and Auger lines seem to be very rare in the literature; we 24 45 26 27 28

could not find any. Therefore the comparison can only be
made with the lifetime widths of the resonantly excited

states. The natural widths of the Kd3'5p states are about FIG. 6. Ar 2p photoelectron lines measured at 295.3-eV photon
83 meV|[2,4], and thus narrower than found in this work for energy. The line shape is distorted by the PCI effect. The solid line
the core-ionized states. shows the result of the least-square fit.

Kinetic energy (eV)
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s Xe contribution gave the lifetime widths of 4@8D) meV and
300} 5z 510(30) meV for 3d;3 and 3, states, respectively. The

error limits are rather big and therefore it is not certain
whether the lifetime widths really differ for the twod3*
states.

Svenssoret al.[15] and Bancrofit al.[16] measured the
Xe 3d photoelectron lines with monochromatized Kl
radiation. Their result of 0.5 eV for thed3lifetime width is
¥ in good agreement with our data. The lifetime widths of Xe
R 3d§,§np (n=6,7) states have been determined recently by

0 L N ; -

52 54 56 66 68 Sankariet al.[7]. Their result is 39(20) meV for the 6 and
Kinetic energy (eV) 45040) meV for the 7 resonance. The increasing tendency
with n agrees with the larger lifetime width of thed3}

FIG. 7. Xe 3 photoelectron lines measured at 743.7-eV photonState
energy. The line shape is distorted by the PCI effect. The solid line ’

shows the result of the least-square fit.
VI. CONCLUSIONS

~120 meV. However, they pointed out that the discrepancy W& have measured the A2 Kr 3d, Xe 3d, and 4
might be due to the less-well-understood PCI line shape iffhotoelectron lines with very high resolution. From the ex-
the presence of two electrons in the case of electron excit2erimental data we have obtained the lifetime widths of the
tion. The lifetime widths of 100L0) and 10710) meV for the core-ionized states with high accuracy. The previous I|te_ra-
2p1,and 2, states were given by Kipeet al.[11]. These ture values obtained from photoelectron or Auger studies
valltjzés are I%/ilCh lower than our results. ' ' agree reasonably well with our results, but our values are

A very high resolution photoabsorption measurement Of.JsuaIIy smaller. This may be dqe to the |mprpved resolution
the Ar 2p—nl excitations was performed by Prineeal.[6] " OUr measurements. The variation in the literature values
at Elettra. Their results for the lifetime widths of the core- Of the lifetimes of the resonantly excited states is rather
excited states are shown in Table Il. They observe a slighl@rge' which complicates the comparison W'th our results. It
increase in the lifetime width when going from thp§14s appears, nevertheles;, that the lifetime w@ths of the core-
state[111(3) meV] to the 2, 14d state[1165) meV] 'zl'he ionized and core-excited states are not quite the same. Ab-
latter value approaches Oa"f result of 1BmeV fo'r the sorption spectroscopy can be used to get an estimate for the

1 e PP s lifetime width of the core-ionized state, but only through
2p4); lifetime width. Unfortunately, they present the lifetime

- ) ) .~ evaluation of the photoelectron spectrum one can obtain a
width only for the lowest 2,;nl state, so the comparison is rgjiable result. This, however, requires very high resolution,

left inadequate for the 2,; lifetime width. detailed knowledge on the widths and shapes of the contrib-
uting broadenings and if possible, such measurements that
D. Xe 3d the line shapes are not disturbed by the PCI.

Nine photon energies between 731-784 eV were used to
collect the Xe 8 photoelectron spectra. The intensity was
low because the photon flux is reduced by two orders of We wish to thank V. Pennanen, M. Huttula, and E. Kukk
magnitude at 750-eV photon energy compared to the maxifor the help during the measurements and Professor H. Ak-
mum photon intensity at 130 eV on this beam line. Howeversela for the critical reading of the manuscript. The assistance
we were able to collect enough statistics for a reliable dataf the Maxlab staff is also acknowledged. This work has
analysis by adding eight scans for each spectrum, see Fig. Been supported by the Finnish Academy for the Natural Sci-
The fit with all parameters free gave225 meV for the av- ences, National Graduate School in Materials Physics
erage Gaussian width, which is close to our calculated valulNGSMP), and by the European Community—Access to Re-
which varies from 21(0) to 24030) meV in the current search Infrastructure action of the Improving Human Poten-
photon energy range. The fit using the calculated Gaussiatial Programme.
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