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Different lifetime broadenings in molecular-field-splipZore levels in HS are predicted theoretically and
are identified in an experimental investigation of thepS&uger electron spectrum. The measurements were
performed for the transition to the vibrationally resolv&8A; ground state of k5", The lifetimes of the
3ey» and By, levels of the P ionized molecule are found to be 64 and 74 meV, respectively. This unam-
biguous determination of the lifetime difference ofz0 meV is only possible as theeﬂ,zﬂxlAl(Zb[z)
decay channel that overlaps thelgaxlAl(Zbl‘z) channel is practically suppressed in Auger decay J8.H
The lifetime difference is confirmed bgb initio calculations. A theoretical analysis shows that it results from
the mutual orientation of the core hole in the intermediate states and the valence electron density in the sulfur
3p orbitals. Both are strongly influenced by the chemical bond. Thus the observed effect is the direct result of
a fundamental property of molecular electronic structure.
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[. INTRODUCTION were obtained by x-ray photoelectron spectroscopy and by
normal Auger decay to the vibrationally resolvettA,
Molecular fields produce interesting splitting effects in (2b; ?) final state[1]. At this time, it was not possible to
core atomic levels. In particular, atomic Zpcore levels in  resolve the components corresponding to they,2pole
molecules with less than cubic symmetry are split into twostates. However, already in 1982] this became possible by
componentg1-8]. For the HS molecule these levels are synchrotron radiation ionized photoelectron spectroscopy
designated ase},, and %,/,. In this work we consider the and the levels were shown to differ in energy by about 110
question of whether the chemical environment responsibleneV. In that study it was also shown that the, 4 core-hole
for the splitting in these levels could also affect their lifetime state decays with a substantially lower probability to the
or, to be more specific, their total Auger transition rates XA, (2b1’2) final state than the &, state, thus causing an
These states show a different spatial distribution of tpe 2 apparent difference in the spin-orbit splitting in the less re-
core holes, which is known to have a great influence on th&olved spectra. The explanation for these changes in the par-
Auger decay rates to particular final states., partial tran-  tial Auger decay rates was that eagh @olecular split level
sition rateg. In 1991, the difference in spatial distribution consists of a different composition ofp2, 2p,, and 2,
was found indirectly by Svenssat al.in a measurement of orbitals and the., 3V Auger decay channel is preferred if
the spin-orbit splitting between the $321 and S Zpg,é states at least one of the two involved valence orbitals has an ori-
of the H,S molecule. Two values differing by about 50 meV entation parallel to the core orbit8,9]. The resonant Auger
decay of the dissociative core to valence-excites IHLO]
and the normal Auger-electron spectrum of HC1] are two
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In the present work]’; is approximated throughout as the it difficult to extract the changes in linewidth although they
sum of the Auger decay rates, neglecting the minor contribuare comparatively large~30%).
tion of x-ray flourescence~2%). In the present investigation we use the propensity rule in
In the context mentioned above, Ge'mukharatal. pre-  the Auger decay ratio of the core ionized$imolecule. Two
dicted a strong dependence of the lifetime on tpe 2core-  Separated vibrationally resolved progressions are found in
hole level [3]. However, a comparison with the spectrum, simplifying the experimental determination of
2p-photoelectron spectra showed that the differences in théifferences in the lifetime width of the core levels. The aim
calculated lifetime widths in Ref3] were exaggerated. This Of this article is twofold: We want to prove that differences in
disagreement was due to the fact that the precise structure 8P core-hole lifetimes exist in the J$ molecule and show
the molecular-field-split core-hole state was not known athat the origin of this effect lies in basic properties of the
this time. In a carefulib initio study Bbve [4] showed that molecular electronic structure. The outline of this article is as
an accurate treatment of correlation effects is required tdollows. After describing theoretical methods and calcula-
obtain this property correctly. Furthermore, in Rigf] a the-  tions in Sec. II, the experimental techniques and results are
oretical analysis of the electronic properties of the normaPresented in Sec. lll. We discuss these results in Sec. IV.
Auger decay rates showed the importance of using propdrinally, concluding remarks are given in Sec. V.
electronic wave functions if accurate Auger decay rates are

desired. In this _vvo_rk again a relatively strong dependence of Il THEORETICAL CALCULATIONS
the core-hole lifetime on the core levébout 25% was
found. The calculations were performed in a similar way as in

From the experimental point of view the precise measureRefs.[9] and[13], where further theoretical background may
ment of the lifetime of these molecular-field-split core-hole be found. Briefly, the spin-orbit coupling and the molecular-
states remains a difficult task. Traditionally, the measurefield splitting were described with the method aftefrs
ments are based on the photoelectron spectra. The core phand co-worker$4 —6]. Auger transition rates were calculated
toelectron lines in these spectra are broadened by sevenaith the “one-center approximation9,14—17.
factors, namely, the exciting photon bandwidth given by the As a first step, the nonrelativistic electronic energy of the
monochromator, the spectrometer contribution that is relatedround state, the intermediate states, and the final states were
to the uncertainty in determining the photoelectron kineticcalculated at the equilibrium bond distance and angle of the
energy, the lifetime of the initial and the core-hole states. Théd,S ground state (2.53, and 91.96°, respectivelyf18].
initial state is the ground state with a lifetime that is manyThe correlation consistent polarized valence triple zeta basis
orders of magnitude longer than that of the intermediateset after Dunning and co-workelr$9,20 was used. In order
state. Thus, after deconvoluting the spectrometer and monde allow for a better description of the core orbitals, the
chromator contributions the resulting linewidth directly re- (15s9p2d1f basis at the sulfur atom was only weakly con-
flects the core-hole lifetime via the Heisenberg uncertaintytracted to(13s8p2d1y In C,, symmetry the orbitals occu-
principle. The difficulty in measuring these lifetime broaden-pied in the HS ground state area},, 2a, (the Sksand S&
ings is that all molecular-field states are populated aboubrbitalg, the sulfur 2 orbitals (1b,, 3a;, and 1b,), and the
equally and the separation of some of these states is of thealence orbitals 4,, 2b,, 5a,, and 2,. They were ob-
same order of magnitude as the lifetime broadening. Theained by the restricted Hartree-FodkHF) method. A modi-
dertermination of small linewidth differences in nearly over-fied improved virtual orbitals methdd 3] was used to deter-
lapping peaks is a very difficult task. mine the unoccupied valence orbitala,6and 3,.

In this paper we apply an alternative method to measure The nonrelativistic energies and wave functions of the
the lifetime of the 2 ionized states of k5. Instead of using states were calculated by a valence configuration interaction
the photoelectron linewidth we use that of the the Auger(VCl) approach in which all excitations from the occupied to
lines. The main advantage is that in Auger decay only thehe virtual valence orbitals were allowddround and final
spectrometer broadening is present. After deconvolution thetate$. Furthermore, one core hole was introduced in tpe 2
linewidths reflect, in principle, the sum of the molecular- orbitals(core ionized staje These wave functions were used
field-split core-hole width and that of the final doubly ion- in the one-center approximation methfit#4—17 to obtain
ized state. In the present work, this state is long lived and wehe Auger transition rates from the singly positive core ion-
can neglect its contribution to the linewidth. In the case ofized states to the doubly positive final states. In the one-
H,S, it is possible to use this advantage for the decay to theenter approximation calculation the spin-orbit-averaged ra-
lowest final state as it is vibrationally resolved. Furthermoredial Auger transition integrals after Chelkowska and Larkins
the decay of one of the overlapping lines is strongly sup{16] were employed. Thus, this method, applied to the argon
pressed. atom, gives 1/2 for the ratio of all Auger transition rates from

After the theoretical prediction in Ref9] a substantial the 2p,,, and 24, core-hole states. The lifetime of a non-
dependence of the lifetime on the core-hole state was experielativistic intermediate state was obtained by the sum of the
mentally found by a very careful analysis of the HCI photo-transition rates to all final states. I.e., the calculated lifetime
electron spectrunj12]. However, as discussed above, thewidths contain only the dominating Auger decay channel and
molecular-field splitting of the CI@,; level is rather small neglect other decay channels like x-ray fluorescence.
compared with the lifetime width of these levels. The sub- The quality of these energies has been shown to be gen-
stantial overlap of the resulting lines in the spectrum makegrally sufficient for a correct description of the relative final-
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TABLE |. Calculated properties of the nonrelativistic core ion-  TABLE Il. Calculated ionization potentials, core-hole densi-
ized states of BiS: 2p ionization potentials of the §$ molecule as ties, total and partial Auger transition rates of the relativistiSH
calculated with differenab initio approacheg (method. Total and  core-ionized states.
partial Auger transition rateE andI' (final state, respectively, in

pau. (1pau=2.72116<10° eV). Nocd(3P)) is the occupation  Core-hole state = dey 5e1,
number of the ® valence orbital in the core-excited state, which
has the same orientation as the core-hole orbital. € 171.436 170.286 170.172
c[1b; 112 0.278 0.013 0.709
State 1b;? 1b;? 3a;? c[1b; 112 0.378 0.542 0.081
. c[3a;']? 0.344 0.445 0.211
€(SCF) (eV) 170.411 0045 0032° '(pa.u.) 2497.63 2174.65 3045.07
€(VCl) (eV) 177.824 0.11f 0.097b I'(meV) 67.96 50.18 82 86
€(MCCEPA) (eV) 170.525 0.18% 0.133 T(XAL) (za.u.) 213.0 8.7 5129
e(MCPFY (eV) 170.555 0.183 0.138°
['(pa.u.) 3326.6 1825.6 2565.2
I(X'Ap)(pau.) 715.4 19.8 19.4 and spin-angular-momentum operators, which act only on
Noco(3P)) 1.96 1.22 1.47 the sulfur 2 orbitals. (5o is the known spin-orbit coupling
parameter of the S2 orbital ({so=—0.800 eV)[2]. The
ZEnergy differences(1b,) — €(1b,). solutions of this Hamiltonian may be obtained by using the
CEnefgy differences(1a,) — e(1by). calculated energies of the three nonrelativisticpSi@nized
MCPF(v+cv+c;5=<occ(L)<7) level after Ref[4]. states] e(1b; 1), e(1b, '), ande(3a; )] [27] in the equa-
state energiegl3,17,21,22 This is not the case for the in- tlon
termediate, core-ionized states, which are strongly influenced 1
by the spin-orbit splitting of the @ shell. The actual form of e(1bsY) 5¢so0 5¢so

the wave functions is further highly dependent on the
molecular-field splitting. However, the VCI approach is not

_1 _
expected to reproduce the relative energies of the ground, the §§so e(1b; %) §§so G=Ec.
three intermediate, and the lowest final states sufficiently ac- 1 1
curately to allow for conclusive predictions. In order to ob- Efso Eé'so 6(331*1)

tain quantitatively correct nonrelativistic energies, we ap-

plied the multiconfiguration coupled electron pair o

(MCCEPA) program[23] in a similar manner as e.g., in The result_s of Eq(3) are cglled “re_lat|V|_st|c" in the fo!low—
Refs.[9] or [12]. For that purpose the RHF wave functions "9- '_I'he_e|genvalues of this equation give the energies of the
of these states were used as reference wave functions for the/ativistic 38y, 4ey,, and %, states—these include both
MCCEPA method. In all calculations excitations from all oc- SPin-orbit and molecular-field splitting. The corresponding
cupied orbitals were allowed. For reasons of numerical stallativistic wave functions are given by the eigenvectgrs
bility, the core-hole states were set up only from electronicnultiplied with e.g., {¥[1bya],i¥[1bsa],—W[32,8]}
configurations that have at least one hole in the @re  [9], where theW[¢]'s represent the respective nonrelativis-
orbitals[4,9]. Table | shows the obtained nonrelativistip 2 tic wave functions with a hole in the spin orbital. The
ionization energies using different calculational methodsAuger decay rate of théth relativistic state is calculated
Our best valueSMCCEPA) are very similar to the most from[9]

accurate numbers given in the extensive investigation of the

core ionization of HS by Bbvg [4]. The MCCEPA energies T, = D el el ()
were used for the determination of the relativiggpin-orbit ¢=1b;,1b,,3a;

including wave functions and energies that are described

below. wherel',,,[ ¢] is the nonrelativistic total Auger transition rate

Now we turn to the problem of including the spin-orbit of the state with a core hole in the orbital In the following
splitting. Recently, advanced four component relativistictext these squared coefficients in E4) are designated “g
codes[24-26 have been used for this purpose, but muchcore-hole densities.” The relativistic energies, core-hole den-
less demanding effective spin-orbit Hamiltonian approachesities and Auger transition rates are collected in Table II. The
have been shown to provide similarly accurate results andood agreement of the calculated energy difference between
furthermore important insight into details of the electronicthe 4e.,, and %, hole stateg114 me\} with the experi-
structurd 3,4,7,9. In this work we use the latter approach, in mental value of Svenssaet al. [2] (1105 meV) supports
the formulation given in Ref[9]. Thus, the effective spin- the adequacy of the present approach to describe the core-

orbit coupling operator hole states.
. The main property of interest is the core-hole density,
Hso={sols (2)  which is pictorially the product of the core-hole orbital

. . or—to be more precise—spinor with its complex conjugate.
is added to the Hamiltonian, wheteand s are the orbital- Itis a purely real three-dimensional function. These densities
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greater than the true value was used in the fit. Thus the fitted
value of the lifetime broadening is independent of the fixed

experimental parameters used in the fit. We will come to this
point later in the text in more detail.

FIG. 1. Core-hole densities and relative energies of thee 5 . ]
states of the @-ionized HS molecule. B. Experimental results and fits

o _ _ In Fig. 2 we show the high-kinetic-energy part of our
are shown in Fig. 1, where also the relative energies of th%xperimentaleﬁg,VV Auger-electron spectrum of 4$. Be-

corresponding relativistic states are given. tween 139.9 eV and 139.1 eV kinetic energy there are four
vibrational peaks corresponding to the transitions;3
Il EXPERIMENT —>X1A1(2b1’2). From 138.6 to 137.2 eV we can see the
A. Setup 5e1,2—>X1A1(2b1’2) transitions. The figure also shows the

. . ... results of our fitting procedure, which was done by fitting
H,S was produced by reacting 20% sulfuric acid with iron\yigt functions convoluted with a PCI functid$4] with an
(INsulfide (Aldrich, 99% asymmetry parameter of 0.059 unf0,31]. The Gaussian
width of the Voigt function was fixed to be the known ana-
+ + . ; :
FeSs) +HpSOu(1) —H,S(g) +FeSQ(l) © lyzer broadening (FWHM 28 meV). For the two transi-

The gas production system was evacuated and a cold fingfPns mentioned above, only the four highest-kinetic-energy
was used to trap the water coming from the sulfuric acigP€@ks were considered explicitly in the fitting procedure.
mixture. The gas purity was checked by valence photoelec'—'“gher H-S stretching vibrational levels were fitted t(_) acom-
tron spectra. During the runs no contaminants were found. Mon broader peak for each of the transitions. Our improved
The measurements were performed at the undulator beafgsolution and the small PCI contributideompared with
line 1411 of the MAX Il storage ring in Lund, Sweden Previous studiep2]) aIIo;Ns us to identify the presence of the
[28,29. The incoming photons had an energy of 260 eV. Atweak 4ey,—X'A;(2b; ) transitions(indicated in Fig. 2
this energy the @ electrons were ionized with an excess Which have not been previously observed. This component
energy of about 100 eV, which causes almost negligible linévas fitted to a series of vibrational peaks with the width
broadening due to post collision interactiéRCI) effects determined by the statistically significante, decay. A
[30,31]. An appropriate monochromator slit as well as low background based partially on previous wo2kwas used. It
gas pressure were chosen to limit the ionization rate to keepyas composed of three functions: one linear, and two broad
the inhomogeneous electric field generated by the ions s¥oigt functions convoluted with the same PCI function.
small that its retardation of the electrons causes only an in- In Table lll, we show the fitting results for the energies,
significant line broadening32,33. Auger electrons were intensities (areag, and widths of the peaks due to the
collected in a Scienta SES 200 analyzer, at the pseudd<*Ai(2b;?) vibrational levels. In Table IV the average fit-
magic-angle (54.7°). The total spectrometer broadening waked lifetime widths of the 8,,, and %/, core-hole states are
28 meV according to valence test measurements performgeresented. In order to get the best possible values we aver-
using low excitation energy, where the photon bandwidth isaged the three independently-fitted widths from the transition
negligible. Although this spectrometer broadening can be de3e;, (v=0) to X1A1(2b1_2) (v=0, 1, 2 weighted by the
termined accurately, we have confirmed by a trial-and-errowibrational transition intensity. A similar procedure was re-
process that the difference in lifetime of core-hole molecularpeated for the &, transitions. We obtained a 10 meV
field-split levels is not sensitive to the spectrometer broadenehange in the width well beyond our error GdrmeV). The
ing. The lifetime difference was the same, whether the specvalues extracted from the fit to theegd, and Ze,,, decay
trometer broadening with a value much less than and muchktates differ by 10 meV. Since the model peak profiles in-
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TABLE Ill. Energies, intensities, and widths of the,8 (2p 1) — XA, transitions.

Auger Transition Eyin (meV)? Vibrational components
Exin (MeV)P Intensity’ Width (meV)

3eyz— XAy (2b; %) 0 v=0 1.00 632
v=1 —255+2 0.67 64-2
v=2 —503+2 0.29 7052
v=3 —730+2 0.10 70t 2
band —890+7 0.18

4eq— X A (2b; ?) —1167+5 =0 1.00
v=1 —259+5 0.79
v=2 —502+5 0.29
v=3 —752t5 0.35

5e,,,— X A, (2b; ?) —1257+2 v=0 1.00 732
v=1 —254+2 0.63 T4-2
v=2 —502+2 0.26 76-2
v=3 —742+3 0.07 78-3
band —830+8 0.05

8Relative kinetic energy with respect to the1§—>X1Al(2bl’2,v=O) peak.
bRelative kinetic energy with respect to the=0 peak of the band.
‘Relative intensity(peak areawith respect to thes=0 peak of the band.

clude an identical Gaussian broadening this difference caholes are obviously parallel for thebI* intermediate state
only be attributed to the lifetime broadening. The error barand orthogonal for the agl‘l and ]bz‘l states. Accordingly,
was obtained from comparison of different fitting strategiesthe nonrelativistic total Auger decay raté=., the sum over
where, for example, the background was represented in dithe partial Auger transition rates to all possible final states
ferent ways. In all these fitting procedures the difference ingre big for high occupation numbers of the Brbital with
width was not smaller than 10 meV. Apart from the bestihe same orientation as thep Zcore hole[3,9]. We have

fitting strategy presented here, several other strategies wegg|culated the occupation numbers with a Mulliken popula-
investigated including obviously too large or too small spec+jgn analysis and included them in Table 1.
trometer contribution$20 meV and 40 meV, instead of 28  For the relativistic core holes the situation is a bit more
meV). Furthermore, the fitting has been done independentlgomplex, as the spin-orbit interaction—the clearly dominat-
on the three most intense vibrational components of thgng effect for the energetical structure of the 2onized
3ey,— XA (2b; %) and Bey;,— XAy (2b; %) transitions. As  |evels—blurs the orientation of the core holes. This blurring
the determined lifetime width difference between the,3  is almost complete for the®, hole state 8y, (see Table II
and %, core-ionized states remained almost constant in alhnd Fig. 3, but the splitting of the B, level in the 4,3
strategies we have confidence for this value to be 1Qpuq 5917% states opens an opportunity to generate some core-
+1 meV. hole orientation. The splitting can be understood on the basis
of differences in the energies of the nonrelativistig ®n-

IV. DISCUSSION ized state§See Eq.(3)]. Borve and Thomas7] found that
The theoretical results clearly predict substantially differ-dlfferences in the occupatlo'n of the&tomic orbitals of thq
ent partial and total Auger transition rates for the nonrelativ—core'hqIe atom are the main reason for these energy differ-
istic states. In prior work3,9] it has been established that ences in Plgl.and PE'_ The mechanls.m may be S|mp!y stated
partial L, 3VV Auger transition rates are large, if the core in the following way: A low population of a B atomic va-

hole points in the same direction as the atomic orbital 3 !{Ence orkE;_ttaII m'tﬁntﬁ partlcularb(.jtwlectl_ontc?usets electrpns n
contribution of at least one of the valence holes. The nonrel* '€ 2p orbital wi € Same orbital orientation to experience

ot part Auger tarsonfas. e 5 SEEd repison. One coud e i e same < o
H,S?*X*A,(2b; ?) final state in Table | show exactly this P2 ’

behavior. The relative orientations of the core and valencim(:"réICtion ofp orbitals with the same direction is much
' %igger than that of orbitals with different directions. Thus the

ionization potential increases with decreasing population of
the valencep orbitals with the same direction. The occupa-
tion numbers of the B valence orbitals in the [2 ionized
H,S molecule(Table ) show exactly this trend.

TABLE IV. Experimental and theoretical lifetime widths of the
3e,, and ey, core-hole states of §5*.

Core-hole state ExperimermeV) Theory (meV) In the nonrelativistic case, both the total Auger transition
3ew 64=2 68 rates, as well as the core-hole state splittings are mostly de-
5ey, 74+2 83 termined by the occupation of the sulfup &tomic orbitals,

which are the valence atomic orbitals with the biggest con-
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tribution to the chemical bond in the molecule. This is re- TABLE V. Relative intensities of the transitions frorpzthfe three
sponsible for the observed lifetime dependence of the reldntermediate statese,, 4e;,, and %y, to theX*A(2b; ?) final
tivistic states. We want to point out that the reason for the 3 State. The experimental intensities are the sum of the transition in-
atomic orbital occupation differences is a characteristic effeciensities to the vibrational sublevel8-0), (0-1), (0-2), and(0-3).
of chemical bonds on electronic structure: The Chemicairhe theoretical intensities are obtained from the calculation of the
. L . i iti tes.
bonds in the molecular plane cause electrons in the m-plan%alrtlal transition rates
3p orbitals to be shared between the sulfur and the hydrogeﬂuger transition

atoms. Furthermore, the positive interference of thep &8d

Relative intensities

Experiment Theory
H 1s orbitals decreases the amplitude of the bonding orbitals
at the sulfur atom even mofé)]. 3ey— X A (2b; %) 0.42+3 0.42
There is another possible reason for the observed differdey,— X'A;(2b; %) 0.09+3 0.06
ence in the total Auger transition rates. As thp;2- and ~ 5€1,—X"A;(2b; %) 1.00 1.00

2ps-hole states have different energies, the corresponding
Auger-continuum wave functions have different forms that o . ) )

influence the total decay rate. However, the size of this effecP® due to the lifetime differences again, which are known
is expected to be small. According to the tabulated Augefrom lifetime-vibrational interference theory to affect the in-
lifetimes of argon 2,;/2} are only about 0.4% bigger than that the potential energy surfaces of the mtermedlate states
those of the P, states. In the experimental work of Kpe depend on the core-hole state. The observed difference of the
et al.[36] the lifetime of the 235/21 state in argon is reported V|brat|<_)nal intensity distribution is sm_al_l. However, as in the
to be 7+10% bigger than the @% state. In Ref[12] the analysis of D photoelectron spectra it is generally assumed

i -1 [5,6,11] that the vibrational profiles resulting from different
average of the experimental lifetimes of the tWF’s? statés  jntermediate states are identical. Our results indicate that this
of HCl was found to be 8% 12 meV, whereas the lifetime of assumption is mostly but not strictly correct.
the 2p1’,§ state was 84 9 meV. These results indicate that a
statistically significant difference between the core-hole life-
time of the different values does not exist in2core-hole
states. But even if this difference was 7% as claimed by \we have observed a difference in the lifetime of theg,3
Koppeet al. for the argon atoni36], the H,S difference of  and 5,,, 2p~! levels in the HS molecule by investigating
16% would be surprisingly high. Nevertheless, it should behe band widths of vibrationally resolved final states in the
noted that the experimental data alone do not provide apuger decay spectrum. We explain this difference to be due
unambiguous proof of the interpretation of the lifetime dif- to the nonspherically-symmetric valence electron distribu-
ferences as a result of the core-hole orientation and the vajpn, which is mainly a result of the existence of chemical
lence electron distribution. For such a proof the lifetime ofponds. Thus, the lifetime dependence of different core-hole
the 4e,;; state would be required. states is one example of the possibility to observe electronic

A comparison of the experimental and theoretical life-structure properties by Auger-electron spectroscopy.
times(Table IV) is not trivial as the calculated absolute life-  For core electron spectroscopy, there are several funda-
times generally exceed measured val(@se, e.g., Ref9] mental reasons why the difference of lifetimes of core-hole
and references therginThus, a comparison of relative life- states with a core-hole that is localized at the same atom is of
times is more feasible. The theoretical results show a 22%nterest.
increase of the lifetime frome&,, to 5e;,, compared with a 1. It is well known that the spectra obtained from these
16+ 2% increase from the experiment. states are strongly influenced by the lifetimes as a determin-

The calculated and experimental data may be compared iing factor of the spectral widths. But, as no further informa-
one more respect. In Table V we show the calculated relativéion on this was available, in almost all preceding studies
partial Auger transition rates to the ground state g8H  [5,6,11, it has been assumed that the lifetime widths pf 2
i.e., the SP—X Auger transition rates divided by the core-ionized states are the same for the differgnichized
5e;,— X ones. These are compared with the relative experistates in a given molecule.
mental partial transition rates, which were obtained from the 2. As the total Auger decay rates contain interesting infor-
corresponding peak areas in the spectrum. The theoreticalation about the relative orientation of the valence electron
and experimental data are equivalent if the photoionizatiorlensity and core-holes, they can provide information about
cross sections for ionization of the threp 2ore-hole states the electronic structure of the investigated species.
are about equal. According to Rd®] this is a reasonable 3. Core-hole lifetime was shown to be a key feature in the
assumption. Due to the higher photoelectron energy in thepectroscopy of dissociative core-excited states, which is a
present study, we can assume that this is also true in our cagsowerful tool to study nuclear motion in molecules on the
The calculated numbers agree with the experimental onefemtosecond time scal87-41]. In fact, the lifetime of core-
within the experimental error. excited states is used in these cases as a spectroscopic probe

Finally we want to mention that the relative intensity dis- of ultrafast nuclear dynamics. The existence of lifetime dif-
tributions of the HS?* XA, vibrational stateg5th column  ferences could be used to precisely time these dynamical
in Table Ill) also depend on the intermediate state. This mayrocesses.

V. CONCLUSION
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