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Symmetry-resolved measurements of the core-excited CS2 molecule

A. Karawajczyk, P. Erman, P. Hatherly,* E. Rachlew, M. Stankiewicz,† and K. Yoshiki Franze´n
Physics Department I, Royal Institute of Technology, S-10044 Stockholm, Sweden

~Received 27 January 1998!

Core-excited states of the CS2 molecule have been studied in high-resolution angular-resolved experiment.
The total ion yield and the angular resolved electron-ion coincidence~PEPICO! spectra of the S(2p) and
C(1s) excited molecule have been measured. Bending vibrations are excited at the S(2p21)pJ* state, while the
linear geometry is preserved at the S(2p21)sJ* state and at the S(2p21)nl Rydberg states. The occurrence of
strong vibrational coupling is observed at the S(2p) excited Rydberg states, which gives rise to excitations of
asymmetric stretching modes. Additionally, we show that transitions to the valence S(2p21)pJ* and
S(2p21)sJ* states exhibit a strong atomic character, while transitions to the Rydberg states are of molecular
type. At the carbon edge the measurements reveal excitations of the nonzero symmetric stretching vibrations at
the C(1s21)p* and the Rydberg levels. Above the C(1s21) threshold doubly excited states have been ob-
served and their assignment is proposed.@S1050-2947~98!01707-7#

PACS number~s!: 33.80.Gj, 32.80.Hd
ca
nt
re
tro
le

io

n

o

x

a
la
n
te
in
.
ri
te

he
a
ea
r
re

s
u

nn
e

ract
ic
ted

ex-

o far

ular-

en-

nt.
ions
ct

r-
f the

nd

er-
to

e-
v-

wn

the
d
here
an

of
tal

am-

ea
I. INTRODUCTION

The dynamics of core electron excitation processes
efficiently be studied in symmetry-resolved experime
@1–9# in which high-resolution absorption-type measu
ments are combined with angular-resolved mass spec
copy techniques. Since the orientation of excited molecu
relative to the polarization plane of the synchrotron radiat
reflects the change of the total angular momentumL occur-
ring during the transition, symmetry-resolved measureme
probe the angular momentum of the involved states@10–14#.
Originally, this technique has been applied in the analysis
the core-excited states in diatomic molecules~@1–3# and ref-
erences given therein!, and later interest has also been e
tended to larger systems@4–9#.

In linear triatomic molecule fragmentation following
core electron excitation occurs collinearly with the molecu
axis, thus the angular distribution of the ejected fragme
should directly correspond to the orientation of the exci
molecules. It may, however, occur that vibrational bend
modes are excited or a molecule is bent in the final state
this case the direction of recoil depends on a momenta
bent angle that affects the angular distribution of the ejec
fragments@15#. This is a clear disadvantage if the goal of t
experiment is to measure the symmetry of the excited st
However, if the latter is known, the angular-resolved m
surements may be applied to investigate nonaxial recoil p
cesses viewing, for example, the geometry of the co
excited levels@5,9#.

Obviously, the vibrational motion, especially bending o
cillations, may strongly influence apparent angular distrib
tions. Degenerate excited states are perturbed by the Re
Teller effect due to which transitions to the bending mod
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become allowed. Close-lying core-excited states may inte
via vibronic coupling allowing transitions to asymmetr
stretching modes. This effect has been theoretically predic
@16# and experimentally observed@18# for ionization of a
core electron of a terminal atom in theD`h symmetry mol-
ecule. The vibronic coupling has also been discussed for
citations to neutral core-excited states@17# but very little
experimental data has been presented in the literature s
@19#.

To date several studies have been published on ang
resolved measurements of triatomic molecules@4–9#. It has
been shown that excitations of core electrons to the deg
erate valence-type orbitals (p* states! are often associated
with change of a molecular geometry from linear to be
The technique has also been applied in studies of excitat
of bending vibrations induced by the Renner-Teller effe
@6–8#. For the CS2 molecule the only reported angula
resolved measurements have been focused on a study o
Renner-Teller effect at the C(1s21)p* resonance@8#. Re-
cently, we have performed high-resolution total ion yield a
angular-resolved ion yield measurements at the S(2p) and
C(1s) edges. We analyze in detail the structure and prop
ties of neutral core-excited states. Much attention is paid
dynamics of vibrational excitations. We experimentally r
veal conditions in which the vibrational excitations are go
erned by vibronic coupling and occur with a total breakdo
of the Born-Oppenheimer approximation.

II. EXPERIMENT

The experiment was performed on beamline 51 at
Swedish National Synchrotron Facility MAX in Lund an
the details of the apparatus have been published elsew
@9#. The undulator radiation was monochromatized by
SX700 monochromator~resolution>5000) and focused into
the experimental chamber by a refocusing mirror. The size
the light spot was smaller than 0.1 mm. In the experimen
chamber the light beam crossed an effusive gas jet. An
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FIG. 1. PEPICO spectra acquired at the excitation to the S(2p21)s3/2* state~low extraction fields! in the 0° ~a! and 90° geometry~b!. In
~c! and~d! the PEPICO spectra acquired at 0°~solid line! and 90°~dashed line! geometry are superimposed for the S1 and CS1 fragments,
respectively. The spectra are scaled to obtain equal intensities of the low~zero! kinetic energy ions. Angular anisotropy is clearly observ
for the higher kinetic energy ions.
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bient pressure better than 131025 mbar was maintained dur
ing the experiment.

The total ion yield and coincidence measurements w
performed using a 210-mm Wiley-McLaren–type time-o
flight spectrometer. Signals from the microchannel plate
tectors were amplified by ORTEC VT120 preamplifiers. C
incidence events were acquired with a fast~0.5 ns resolution!
multihit PC card.

The total ion yield spectra were measured at the ma
angle geometry using strong~40 V/mm! extraction fields.
Under these conditions only ions ejected with large veloc
components perpendicular to the observation axis may
cape observation. For example, for the S1 and CS1 ions this
velocity corresponds to a kinetic energy of about 4 eV. T
bandwidth of the synchrotron light was adjusted to 30 m
and 80 meV for the measurements at the S(2p) and C(1s)
edges, respectively, with the exception of PEPICO meas
ments at weak Rydberg and doubly excited states at the
bon edge, which were performed with substantially low
resolution~300 meV!.

The PEPICO spectra were acquired at 4–6 differ
angles. Low extraction fields~4 V/mm! were applied in order
to obtain a good angular selectivity of the ion detection.
the other hand, the acceptance angle for electrons was
and almost no anisotropy was observed in the signal of
emitted electrons produced in ionization of the CS2 mol-
ecules. From these coincidence spectra the signal co
sponding to energetic S1 and CS1 ions ~KE >1.221.6 eV!
was extracted and used for derivation of the molecular
entation~see Fig. 1!.

The analysis of theb parameters was performed using
Monte-Carlo simulation program in which the geometry
the experiment@strength of the extraction fields, kinetic en
ergies of the ions, dimensions of the time-of-flight~TOF!
spectrometer# was fully taken into account. Theb param-
eters were obtained in the best-fit procedure by compa
the shapes of the calculated angular distributions with
re
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experimental data~see Fig. 2! and the error due to statistica
scattering of the experimental points was typically60.1.
Corrections for changes of experimental conditions~varia-
tions of the synchrotron light intensity or the gas pressu!
were provided by the Ar21 ion signal from Ar gas that was
mixed with the CS2 gas prior to injection into the chambe
The small anisotropy of the PEPICO signal of Ar21 was
separately measured. Alternatively, the spectra were a
lyzed assuming that low kinetic energy S1 and CS1 frag-
ments (KE<200 meV! are isotropically ejected, which is
commonly observed in fragmentation of both diatomic a
triatomic molecules@5,9#. Actually, within the experimenta
errors both methods have yielded identical results.

FIG. 2. Angular distribution for theb520.65 simulated for the
S1 ions using a Monte Carlo routine~solid curve!. Squares repre-
sent experimental data measured at the C(1s21)p* state.
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III. RESULTS AND DISCUSSION

A. Sulfur S„2p… edge

1. Total ion yield spectra

The total ion yield spectrum acquired at the sulfur edge
shown in Fig. 3. Sinceab initio calculations of the core
excited states of the CS2 molecule have not been publishe
the presented assignment of the Rydberg levels is base
analysis of the quantum defects and results are given
Table I. The energy of thes1/2* state has been approximate
established assuming similar splitting of thep1/2* and s1/2* ,
and thep3/2* ands3/2* states.

Noticeably, the shapes of the valence and Rydberg S(p)
resonances in Fig. 3 are very different. In spite of the go
instrumental resolution~30 meV! no vibrational structure ha
been resolved inp1/2,3/2* and s1/2,3/2* states~this short-hand
notationnlJ,J‘ denotes two statesnlJ andnlJ‘ , respectively!.
In contrast, the spectra of the Rydberg states show dis
vibrational structures separated by about 190 meV, wh
corresponds to the energy of the asymmetric stretch
mode. No splitting of the vibrational levels due to a molec
lar field has been observed. The good quality of the total
yield spectrum permits a vibrational analysis of the Rydb
states in the region 166–168.9 eV, which has been
formed by fitting a multipeak Gaussian function to the e
perimental data. The fit is shown in Fig. 4. Values of en
gies, quantum defects, and relative intensities of the c
excited states derived from the fit are tabulated in Tabl
For all the considered Rydberg states the separation of vi
tional progressions (;190 meV! indicates excitations of the
asymmetric stretching mode. Actually, no other type of
bration has been revealed. Deconvolution of the vibratio
structure of the Rydberg states for the excitation energ
above 169 eV leads to rather uncertain results due to a l
number of overlapping resonances and is therefore not
cluded in Table I.

Two observations follow from the analysis of the vibr
tional structure. Firstly, the spectra of thep1/2,3/2* ands1/2,3/2*
resonances recorded in the total ion yield spectrum ei
indicate an extensive excitation of the bending modes, o

FIG. 3. Total ion yield spectrum acquired at the sulfur edge w
a resolution 30 meV. The width of the vibrationally resolved res
nances has been established to about 85 meV. For assignment
structure see Fig. 4 and Table I.
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repulsive character of these states. Secondly, excitation
the Rydberg states occur with a change of the vibratio
mode from symmetric stretching to asymmetric stretching
process that is forbidden in the Born-Oppenheimer mode

The excitation of the core electron to the degeneratep
states occurs with a change of the molecular geometry du
a Renner-Teller effect. The degeneracy is removed as
state splits into two close-lying levels in which the molecu
exhibit bending oscillations. In the case of strong Renn
Teller coupling the molecule may be bent permanently a
excitation occurs to states ofa1 and b1 symmetry whose
splitting is typically much larger than the natural width
these states. The occurrence of the Renner-Teller pertu
tion readily explains the dense vibrational structure of
S(2p)p1/2,3/2* resonances and relatively small value of theb
parameter~see Table I!. On the other hand, the Renner-Tell
effect does not occur in excitation to the nondegener
s1/2,3/2* orbitals, thus a change of the molecular geometry
rather unexpected. Also the large negative values of the
sociatedb parameters~especially theb520.85 obtained for
the S1 fragment at thes3/2* state, see Table I! would be
difficult to understand in the case of nonlinear recoil. T
observed diffuse shapes of thes1/2,3/2* resonances should the
be attributed to a repulsive character of these states. S
the dynamical change of the molecular geometry may
better understood in view of the angular-resolved meas
ments this problem is discussed in the next section of
paper.

-
the

FIG. 4. Analysis of the resonant structure recorded in the ene
region 166–169 eV. The results of the fit are tabulated in Table
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In this discussion the coupling of the angular moment
of the core and the valence electrons has been negle
assuming that the molecular symmetry is entirely defined
the excited valence orbital. Although the experimental
sults seem to justify this approach, such a picture is, stri
speaking, incorrect. In the ground state the S(2p) electrons
occupy the 3sg , 2su , 1pu , and 1pg orbitals. When the
S(2p21) vacancy is formed the coupling of the angular m
menta of the S(2p5) electrons are only weakly affected by
molecular field. The resulting total angular momentumJ is
not quantized along the molecular axis. Consequently,
cores andp orbitals are totally mixed perturbing the sym
metry of the finalnlJ state. In the configuration interactio
picture each of thenlJ states is composed of several nea
degenerated states ofS andP symmetry that are populate
from the ground state of the molecule.

During excitations to the Rydberg states the geometry
the molecule remains linear but the mode of vibratio
changes. Cederbaum and Domcke@16# have shown theoreti
cally that ionization of the core electron of the terminal m
ecule of theD`h symmetry from the nearly degenerate
states leads to the appearance of a strong vibronic coup
and consequently to excitation of the asymmetric stretch
modes. Although the theory has been extended to the gen
case of excitations of short-lived neutral states, the atten
has mainly been paid to the cross section calculations in
original work @17#. Our present results clearly reveal the o
currence of vibronic coupling in excitations to neutral Ry
berg states. Importantly, transitions to the asymme
stretching mode have been observed at thenls and nlp
Rydberg states indicating that the symmetry of the exc
state play a minor role. Thus, the effect should be underst
in terms of the symmetry breaking induced due to format
of a core vacancy analogously to what is observed in co
ionization transitions@16#. Actually, assuming that the wav
function of the Rydberg electron may be factorized from
total wave function of the core-excited state, the formali
given in@16# is directly applicable to the case of core-excit
Rydberg electrons. In this approximation nearly degene
electronic levels of theg andu symmetry, which constitute
an nlJ state, are coupled via the asymmetric mode. Due
their small energy separations the matrix elements of th
states, coupled by an antisymmetric mode, become large
mitting strong transitions to this mode. In a kinematical p
ture, since the symmetry of the molecule is dynamically b
ken by the creation of the core vacancy, the equilibriu
positions of the sulfur atoms shift. This accounts for an
pearance of asymmetric forces acting upon the nuclei
change the vibrational motion and almost totally quench
symmetric vibrations. It should be noted that, although
symmetry is locally broken, the total symmetry of the vibr
tional wave function does not change, since both sulfur
oms are simultaneously excited to the asymmetric mode
very high efficiency of this process should be noticed, a s
ation which has also been observed in ionization of the C2
molecule@18#.

2. b-parameter measurements

The angular distributions of the CS1 and S1 fragments
have been measured for excitations to thep1/2,3/2* , s1/2,3/2* ,
and 4ss1/2,3/2 states and for the excitation energieshn
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TABLE I. Neutral S(2p21)nl1/2 excited states observed at th
sulfur edge. Intensities of the Rydberg states are normalized to
intensity of the 4ssg,3/2,n350 resonance. For the overlapping res
nances~for example, 4psu3/2 n351 and 4ssu1/2 n350) the inten-
sities were approximately established by assuming that Fra
Condon factors are very similar for the states belonging to the
Rydberg progression.

No State
Energy
~eV! d l Intensity b(CS1) b(S1)

p3/2* 163.1 0.25 0.25

p1/2* 164.26 0.15 0.2

s3/2* 165.91 20.6 20.85

s1/2* 167.08 20.5 20.65

1 4ssg3/2

n350 166.46 1.90 1 0.6 0.7

n351 166.65 0.75

n352 166.84 0.21

2 4ppu3/2

n350 167.29 1.55 0.58

n351 167.48 0.42

n352 167.7 0.12

3 4psu3/2

n350 167.41 1.48 0.47

n351 167.61 0.35

n352 167.80 0.10

4 4ssg1/2

n350 167.61 1.92 0.86 0.5 0.55

n351 167.80 0.62

5 3dsg3/2,n350 167.88 0.16 0.29

6 3dpg3/2

n350 168.02 0.03 1.63

n351 168.22 1.18

n352 168.41 0.33

7 5ssg3/2

n350 168.15 1.61 1.05

n351 168.34 0.76

n352 168.53 0.21

8 5ppu3/2

n350 168.22 0.18

n351 168.41 0.13

n352 168.60 0.04

9 3ddg3/2,n350 168.31 20.28 1.50 0.5 0.9

10 4ppu1/2

and 5psu3/2 168.55 1.61 1.33

11 4psu1/2

n350 168.74 1.40 1.20

n351 168.93 0.87

12 3dsg1/2,n350 169.01 0.22

13 3dpg1/2,n350 169.14 0.10

14 5ssg1/2,n350 169.31 1.94

15 3ddg1/2,n350 169.46 20.24 0.35 0.3

16 5psu1/2,n350 169.63

17 4dpg1/2,n350 169.85 0.14
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318 PRA 58A. KARAWAJCZYK et al.
5168.31 eV andhn5169.46 eV. Results are given in Tab
I. Noticeably, b parameters measured for the S1 ions are
systematically larger than obtained for the heavier CS1 frag-
ments. This is partially due to larger kinetic energy~and thus
smaller acceptance angles! of the S1 ions. Thus, the molecu
lar alignment is best represented by theb parameters ob-
tained for the S1 ions. Additionally, we have studied th
angular distributions of the C1 ions, but within the experi-
mental uncertainty no anisotropy has been observed.

For the CS1 and S1 fragments the measuredb param-
eters are negative for thes1/2,3/2* states and positive for th
remaining studied resonances. The values obtained for
s1/2* state are lowered by the closely lying 4ssg3/2 state. We
note that upon excitations to thes1/2,3/2* and 4ss1/2,3/2 states
the molecules are aligned in opposite directions showing
currence ofDL561 andDL50 transitions, respectively
At excitation energies ofhn5168.31 eV andhn5169.46 eV
transitions occur to several overlapping resonances and
this reason these data may only be considered qualitativ

Without detailed theoretical calculations only very cru
models may be considered in order to explain the experim
tal values of theb parameters. Assume that the localiz
valence-state excitations of the S(2p) electron may be re-
garded as a pure atomic process with a quantization direc
along the molecular axis. In this simple picture the induc
molecular orientation is due to different transition probab
ties from 2pml ,(ml561,0) to an excited (nlml)8 state that
can be calculated using respective Clebsh-Gordon co
cients. Theb parameters expected for transitions to 3p, m
50 (s1/2,3/2* ) and 3p, m561 (p* ) states areb50.5 and
b521, respectively.

However, if the final state is delocalized over the ent
molecule it may no longer be approximated by an atomicl
orbital and the transitions to these states should rather ex
a molecular character. As discussed in the previous sec
the final S(2p21)nld l state should be considered as a m
ture of S and P symmetry states due to a nonzero angu
momentum of the core vacancy. Therefore, the molec
orientation solely depends on the relative strengths of
S-S andS-P transitions.

FIG. 5. Total ion yield spectrum acquired at the carbon edge~a!
The spectrum measured in the energy region 285–320 eV.~b! The
spectrum of thep* resonance measured with a resolution of
meV. ~c! Details of the resonant structure observed in the ene
range 290–306 eV~for assignments see Table II!.
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The b parameters measured for the valencep1/2,3/2* and
s1/2,3/2* states~see Table I! are close to the expected values
the atomic model of S(2p) electron excitations and indicat
a strong atomiclike character of the respective transitio
This is primarily due to a weak participation of the carb
orbitals in formation of these states. It should also be reme
bered that the values ofb parameters measured for th
p1/2,3/2* states are lowered due to the nonaxial recoil p
cesses while a high value measured for thes3/2* state~20.85
for the S1 ions! supports the assignment of this resonance
a linear state. Presently, since noab initio computations of
the b parameters have been published, only a qualita
discussion concerning the molecular geometry of these st
is possible. Assuming that the discrepancy between the
pected (;0.5) and measuredb value (0.260.1) is entirely
due to the bent geometry of the molecule~neglecting for
example the dynamical bending oscillations! the bent angle
may be derived using the classical theory@9,15#. In this ap-
proach theb parameter is given as a Legendre polynomial
the angle between the recoil direction and the dipole mom
$see formula~3.4! in @9#%. Comparing calculated angles fo
theoretical and experimental values of theb parameters the
bent angle of the molecule may be estimated. For thepJ*
states such analysis shows that the angle between the
lecular bonds is rather large (;170°), which actually sug-
gest that the molecule does not change the geometry pe
nently and the low anisotropy is entirely due to the occurr
bending oscillations. Certainly this conclusion may
changed if the anisotropy, induced during excitation to th
states, is higher than expected on the ground of the con
ered model, which may only be verified by theoretical co
putations of theb parameters.

In contrast to what is observed at the valence states,
transitions to the 4nssg,1/2,3/2 Rydberg levels exhibit a mo
lecular character. Apparently, since theb parameters are
positive theS-S transitions are substantially stronger th
S-P transitions. Thus, the symmetry of the S(2p) excited

TABLE II. C(1s) excited states observed in the energy reg
285–300 eV. Symbol V denotes excitation to 3pg,3pu,6su,7sg

levels. Labels given in the first column refer to assignment in Fig
The energy scale has been adjusted to match the data of Har
and King, Ref.@20#.

No. State Energy

p* n150 286.10

p* n151 286.18

1 3s 290.5

2 3p 291.0

3 C(1s)→p* 293.5

2pg→(V)

4 C(1s)→p* 295.8

2pu→(V)

5 C(1s)→p* 297.3

5su→(V)

6 C(1s)→p* 299.2

6sg→(V)

y
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Rydberg state is, at least in a first approximation, defined
the symmetry of the Rydberg orbital. However, due to ot
effects like a coupling of the angular momentum of the c
vacancy to the total molecular angular momentum theS-P
transitions are also excited, which lowers the values of thb
parameters.

B. Carbon 1s edge

The total ion yield spectrum acquired in the energy reg
284–310 eV is shown in Fig. 5~a!. The energies of the ob
served resonances and their tentative assignments are
in Table II.

Excitations to the C(1s21)p* state have recently bee
studied in a symmetry-resolved experiment@8#. These results
have shown that the Renner-Teller splitting is fairly sm
and transitions only occur to the lowest vibrational state. T
spectrum of thep* state@Fig. 5~b!# has additionally revealed
an underlying resonance separated from the~0,0,0! peak by
about 80 meV which originates from transition to the~1,0,0!
state. We note that the transitions to the asymmetric stre
ing mode for excitations of the central atom are not expec
@16,17# and they are indeed not observed in the present
periment.

A valueb520.65 has been obtained for the S1 fragment
for the C(1s21)p* state. This value is close to the result
Adachi et al. @8# and noticeably differs from the value ex
pected for pureS-P transition. However, if thep* state is
perturbed by the Renner-Teller effect@8# the molecule would
exhibit bending oscillations around an equilibrium positio
It is natural to expect that such zero-point vibrations low
the molecular alignment and consequently affect theb value.

In the energy region 290–301 eV several features h
been recorded in the total ion yield spectrum@see Fig. 5~c!#.
The resonances athn5290.5 eV andhn5291.0 eV have
been assigned to the 3s and 3p Rydberg states@20#, respec-
tively. Both peaks are asymmetric and their widths are ab
280 meV and 200 meV, respectively, indicating that up
three vibrational levels of the symmetric stretching mode
excited. The angular-resolved measurements performe
both excitation energies show the excess of ions emitte
the 0° direction (b.0). This, however, does not reflect th
alignment induced in the transition to Rydberg states
should primarily be ascribed to nonresonant ionization p
cesses@note the small intensities of the resonant signals
comparison to the background level, see Fig. 5~c!#. Also, the
bandwidth of the synchrotron light adjusted for these m
surements~300 meV! make the signal-to-background rat
additionally unfavorable~approximately 1:6!. This also ex-
plains the almost identical anisotropies observed for thes
and 3p states. We conclude that in the considered ene
region the direct ionization processes lead to a weak or
tation of the molecule preferably along the direction of t
polarization vector.

Above the threshold~established at 293.1 eV@21#! four
broad features are observed in Fig. 5~c!. So far no theoretica
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analysis of the excitation of the C(1s) electron has been
published, thus the origin of these features is not know
Possibly, the resonances are formed by transitions to thep*
state associated with the shake-up of the 2pg , 2pu , 5su ,
and 6sg electrons to closely lying 3pg , 3pu , 6su , 7sg
levels. The extreme separation of the four latter states
about 1.8 eV@21# which matches closely to the observe
width of the resonances 3–6 in Fig. 5~c!. Also the energy
separation between the 2pg , 2pu , 5su , and 6sg closely
matches the spacing of the features 3–6 in Fig. 5~c!. For the
strongest resonance observed at 293.5 eV@feature 3 in Fig.
5~c!# our angular-resolved measurements reveal the exce
ions emitted perpendicularly to the polarization plane (90
(b,0), which clearly differs from what is observed in th
region of the 3s and 3p resonances. Actually, a large widt
of this resonance makes the signal-to-background ratio s
stantially higher than for the narrow 3s,3p resonances~ap-
proximately 1:2.5!. Although, it is usually misleading to
view double excitation processes using an independent e
tron approximation, we shall presently note that the mole
lar orientation is mainly determined by the core electr
@C(1s)→p* # transition (b,0).

Finally we note an enhancement of the total ion intens
in the region 290–310 eV indicating the transition to t
s* -type shape resonance.

IV. CONCLUSIONS

We present high-resolution symmetry-resolved measu
ments of the S(2p) and C(1s) excited CS2 molecule. The
resonant structure observed at the sulfur and carbon e
has been recorded with vibrational resolution and the dyn
ics of the excitation processes to these states has been
lyzed. We show that bending oscillations are excited at
S(2p21) p1/2,3/2* states, while the linear geometry is mai
tained at the S(2p21) s1/2,3/2* and at the Rydberg states. Als
excitations to the Rydberg levels are associated with tra
tions to asymmetric stretching modes that are induced
vibronic coupling. The transitions to the S(2p) excited va-
lence states are atomiclike, while excitations to the Rydb
levels are molecularlike. The analysis of the Renner-Te
splitted C(1s21)p* state reveals quenching of the angu
anisotropy due to zero-point bending vibrations. Also, on
transitions to symmetric stretching mode vibrational lev
have been recorded, which confirms the origin of the vib
tional coupling mechanism observed at the sulfur ed
Above the C(1s21) threshold four strong features have be
revealed and tentatively assigned to doubly excited sta
An anisotropy induced in the transitions to the doubly e
cited states has been observed.
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