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Two-dimensional photoelectron spectroscopy has been performed in the photon energy region-ef 14.60
15.35 eV, to investigate forbidden superexcited states of & two-dimensional photoelectron spectra for
the CS*(X 2I1y) and CS*(B ZZLT) bands show remarkable formation of vibrational levels excited with one
quantum of the antisymmetric vibrational modeEgt ~ 14.88 eV. The vibrational excitation is attributable

to autoionization from a dipole-forbidden superexcited state which is formed through vibronic interaction
with the Foo, Rydberg state converging to €%C 223). The forbidden superexcited state is assigned as the

v = 1 vibrational state in the; mode of the 8o, Rydberg member converging to €8C 22;). Preference

in the autoionization of the forbidden superexcited state is discussed.

Introduction which vi, v,, and  quanta of thevi, v,, and v3 modes,
respectively, are simultaneously excited. The above consider-
ation on the direct product implies that forbidden superexcited
states observed are accompanied by excitation of asymmetric
vibration when the vibronic interaction works. One can then
deduce that such forbidden superexcited molecules will
autoionize into vibrationally excited ions in the asymmetric
mode to a greater extent than ordinary allowed superexcited
states.

Two-dimensional photoelectron spectroscopy provides pho-
toelectron yields measured as a function of both incident photon
energy and ionization energy. This spectroscopy enables us to
study autoionizing feature of individual superexcited states,
proving its powerfulness in assignments of allowed superexcited
states and studies on the autoionization propetties.forbid-
den superexcited states tend to have the above characteristic
autoionizing features, we may discriminate them from other
allowed states by making use of the two-dimensional photo-
glectron spectroscopy.

In the present work, we perform photoelectron spectroscopy
of CS; to study its forbidden superexcited states in the photon
energy region of 14.6015.35 eV. The neutral ground state X
12; is of Donh Symmetry with a valence shell electron config-
uration of (5g)2(40u)4(604)%(50,)A(2u)*(27g)*. So far, spectra
of CS in the vacuum ultraviolet region have been measured

Electronic transition into an excited state whose symmetry
differs from that of any component of the electric dipole moment
vector is forbidden from the totally symmetric ground state on
the basis of the electric dipole transition and Be@ppenheimer
approximations. Nevertheless, forbidden electronic transitions
occasionally take place. One of their origins is the vibronic
interaction, where a forbidden state is mixed with an allowed
state through asymmetric vibrational motion. The intensity
borrowing from the allowed transition generates the strength
of the forbidden transitions. In such cases, the proximity between
the potential energies of the involved states is an important factor
for an effective intensity borrowing. It generally happens that,
on account of high state densities in the vacuum ultraviolet
region, electronic transitions to forbidden superexcited states
are endowed with enough strengths by the vibronic interaction.
We have, however, much difficulty in recognizing and properly
assigning such forbidden transitions by the use of conventional
spectroscopic methods, since the obtained spectral features ar
already complicated by plenty of intense allowed transitions.

When the vibronic interaction exerts influence on the
electronic transition from the ground F(Z;rstate of aDwn
triatomic molecule, population of vibronic species with sym-
metry of 2 or IT, becomes allowed. In other words, the direct
product of symmetries of the electronic and vibrational parts with various experimental methofisi® and most of the rich

+ . . .
must bex, or 1L, SO that a vibronic state may be allowed N structures due to superexcited states have been assigned to
the eIe_ctronlc transition. Since t_he symmetries for_the symmetric dipole-allowed superexcited states. There also exists literature
stretchingys, bendingv,, and antisymmetric stretchingmodes 5 o\ dipole-forbidden superexcited states formed as a result

; ; + + i

of the Df"’“ triatomic molecules areg ', 7, andoy ,.respectlvely, of electronic quadrupole transitiofsHowever, forbidden states

a vibrational level (y,vz,vs) of aforbl_dden state with a symmetry affected by vibronic interaction have not yet been recognized
of A can be allowed when the direct produttx (ogt)1 x by these methods

(M2 x (oy)s = A x ()2 x (0u")"s givesZ, or I1,,. Here,
we use the notation {W>,vs) to specify the vibrational level in  Experimental Section
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Figure 1. Two-dimensional photoelectron spectrum for the;G% Figure 2. Two-dimensional photoelectron spectrum for the,G&

[1g) band and its vicinities measured in the photon energy range of 2[1,) band and its vicinities measured in the photon energy range of
14.60-15.35 eV. The electron yield is presented as a function of both 14.60-15.35 eV. See the caption of Figure 1.

photon energ¥, and ionization energh by the plots with eight tones

from light to dark on a linear scale. The curve in the right panel shows i Wi
a constant ionic state spectrum, which is obtained by summing electron I T
counts along thée axis at eacliy,. Five resonances of Rydberg states — —
converging to C8(C 22;) are observed &, = 14.69, 14.88, 14.95, [ ‘

o 000
—

— 650, (0,0,0)

15.09, and 15.31 eV. The former two states are first assigned in this 15204 |
work. The assignments for the latter three states are taken from refs 19« |
and 23.

— Spr, (0,0,0)

15.04
normal incidence monochromator equipped with a concave 1200

lines/mm grating. The monochromatized photon beam is
introduced into an ionization chamber that has a housing of 18
mm length and 28 mm diameter. The photon beam focused in =
the ionization chamber is about 06 3 mn? in size, and is -
estimated to be about 85% linearly polarized. The photon i . ; :
intensity is monitored by a photomultiplier with a sodium 149 48 47 146 145 144

salicylate-coated window. Commercial £Sample with 99% Ionization energy, f; / €V

purity was subjected to repeated freedeaw—degassing cycles  gigyre 3. Two-dimensional photoelectron spectrum for the,GB
under vacuum and was then admitted into the ionization 2s*) pand and its vicinities measured in the photon energy range of
chamber. The effective pressure inside the chamber was14.60-15.35 eV. See the caption of Figure 1.

estimated to be X 1074 Torr.

The electrons emitted on photoionization are detected by a
160> spherical electrostatic electron energy analyzer with the
mean radius of the electron orbit of 54.7 mm (Comstock,
AC-902). The analyzer is placed in the perpendicular direction
to the electric vector of the photon beam, and equipped with a ; P
position-sensitive detector composed of dual microchannel plate°f the main panels. Belo&, = Ey, — Ie = 0.5 eV in Figure 3,
multipliers and a two-dimensional resistive anode encoder the accuracy of the electron yields is relatively low becaus_,e Qf
(Quantar Technology, 3390A). The electron transmission ef- a (apld increase in both secondary electrons and transmission
ficiency as a function of electron kinetic energy was corrected €fficiency of the analyzer.

using the Ar(?Psp,,1/9 band and a reported differential partial b Tr;e r_ight Ioanels of the ZD'PESS showhthe ck:iurlves obtained
photoionization cross sectid?! Two-dimensional photoelec- y plotting electron counts summed over the whigleange as

tron spectra are measured by taking photoelectron Spectraafunction ofEn,: these curves correspond to the constant-ionic-

consecutively at wavelength intervals of 0.3 A. A photon energy state (CIS) spgctra for the ionic bands. The curves are in good
bandwidth of~ 0.8 A (15 meV at 15 eV) and an analyzer agreements with the CIS spectra reported by Locht Etahd

resolution of~40 meV were maintained in the course of two- exhibit five resonances &, = 14:69.’ 14'88’ 14.'95’ 15.09, and
dimensional photoelectron spectroscopy. 15.31 eV. The energy levels are indicated in Figure8.IThree
resonances &, = 14.95, 15.09, and 15.31 eV, the latter two
of which are window types, have been categorized into the
vibrational ground Rydberg states £8c) converging to
A. Two-Dimensional Photoelectron SpectraFigures 3 CcST(C 223).1923 Their effective quantum numbens® are
show two-dimensional photoelectron spectra (2D-PESSs) ef CS calculated usinge = 16.1883 e¥2 of CS,7(C 225) to be 3.32,
measured in the photon enerBy, region of 14.66-15.35 eV. 3.52, and 3.94, and they are assigned to tpe,55pm,, and

— 5pa, (0,0.0)

— 3do, (0,0,1)

hoton energy, E,, (eV

1480

— 3da, (0.0.0)

of Il = En, — Ex. The photoelectron yield is presented as contour
plots with eight tones from light to dark on a linear scale. The
intense structures are truncated for the purpose of clarifying the

weaker ones. The insets of Figures 1 and 3 show spectra whose

scales are, respectively, twice and five times as high as those

Results

The three spectra cover the ionization energjider the X2, Bsuy states, respectively. Excitation to thesgstate results from
A 21, and B %Zstates of C$ .22 In each spectrum the an electric quadrupole transition. The resonande,at 14.69
vertical axis corresponds 6., and horizontal tdg which is eV has been assigned by Wu and Judge to fhg-4or 3dog-

derived from the electron kinetic energyby using the relation type Rydberg state G§Rp) converging to C8(D 2I1,),1°
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TABLE 1: Preferences in Autoionization of Resonance States Which Are Judged from the CIS Spectra in Figures—B.

Vibrational Branching Ratios Are Given for the Autoionization of 3degy (0,0,1) into CSH(X 14 and B 22:). These Ratios Are
Derived from the One-Dimensional Photoelectron Spectra in Figures 5 and 6

ionic states produced by autoionization

En (eV) assignments GS(X 2I1y) CSH(A 21,) CSH(B 22,1
14.69 3oy (0,0,0)2 medium weak strong
14.88 3oy (0,0,1)2 medium [(0,0,0)/(0,0,1F 0.18]¢ weak strong [(0,0,0)/(0,0,%r 1.07]¢
14.95 %oy, (0,0,0)° weak weak strong

2 Present work® References 19 and 23Vibrational branching ratio between the formation channels of the (0,0,0) and (0,0,1) levels.

C8,(C’s)
16.24 ¢
1604 — ——
88—
1584 8— 38
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. _
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15.0 =5
Perturbed
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m=3 _ (0,00)
14.64 P=5—— Unperturbed
so,  po, p7, dcrg

Figure 4. Energy-level diagram of the vibrational-ground Rydberg
states converging to G§C 22;) and the (0,0,1) level of thedsy
state. All energies are measured with respect to the neutral ground stat
of CSZ[X12§ (0,0,0)]. The energy levels for thesog, npoy, andnpry

series are taken from refs 7 and 23. The arrow designates the vibronic

interaction between the (0,0,0) level gbdy and the (0,0,1) level of
3dog.

where C$(D 2I1,) is a satellite state associated with ionization
of the 2, orbital22 We will propose an alternate assignment
of the 14.69 eV resonance to the (0,0,0) level of tHe,3S*-

(Rc) state, as will be described in Discussion Section B. The
resonance aE, = 14.88 eV which has been unclassified so
far is the main concern of this paper. The energy-level diagram
in Figure 4 summarizes the Rydberg states involved in the

present study together with other high-lying states above 15.35

ev.

be dismissed &k, = 21.22 eV. From this viewpoint, we can
assume that the following vibrational features in a reported high-
resolution He | photoelectron spectréimof CS, prevail
throughout the entire region of our 2D-PESs: TheGX A1)
band is dominated by the (0,0,0) level splitting into the spin
orbit components, the G§A 21,) band consists of a;
vibrational progression with the spitorbit splitting of ~22
meV, and, in the CS( B 2=) band, the (0,0,0) level is about
nine times as intense as the second strongest (1,0,0) level.
At the resonankE;, positions, the 2D-PESs must be affected
by autoionization of superexcited states in addition to direct
ionization. Figures 43, however, reveal that vibrational
distributions of Cg" at the vibrational groundgw,, 5ps,, and
6s0y CS*(Rc) states behave similarly to those due to direct
ionization, though the whole intensities of the band are
modulated. This similar behavior can be accounted for by the
following argument. The relative intensity of the (0,0,0) level
of CSH(C 22;) is ~10 times as high as that of the second
strongest (1,0,0) level in a He | photoelectron spectfiwhich
suggests that GS(C 25;) and CS(X 13;) have potential
energy surfaces of similar shape around the equilibrium
geometry. Since the potential energy surface ob*0%) is

%onsidered to be quite similar to that of £&C 223) on the

basis of the core ion mod#the potential energy surface around
the equilibrium geometry of each @8Rc) state also resembles
that of CS(X 12;). lonic vibrational distribution due to
autoionization is determined by the FrardBondon factors
between the superexcited and ionic states. As a consequence,
autoionization of the vibrational ground €8Rc) and direct
photoionization of the vibrational ground g 12;) lead to
similar vibrational distributions of CS.

B. Autoionizing Features atEy,, = 14.88 eV.Characteristic
vibrational structures aE,, ~ 14.88 eV emerge on the 2D-
PESs for the C8 (X 21y and B2X) bands in Figures 1 and 3.
Emergence at the specifts, positions means that the vibra-

From the intensity of each resonance state in the CIS spectrati0”a| structures originate not from direct ionization but from
we can derive preference in autoionization to the final ionic autoionization of a superexcited state. As to the 2D-PES for
states. Such preferences are understood in terms of the natur€S (A “IL,), we cannot recognize any anomaly in the

of the orbitals involved in the autoionization procéssAmong

vibrational feature arouné,, = 14.88 eV, corresponding to

the five resonances, we focus our attention to the preferencesthe unfavorable autoionization of the superexcited state into the

of the resonances &, = 14.69, 14.88, and 14.95 eV. The

CS"(A 2I1,) state (see Table 1). To extract the characteristic

14.69 eV resonance is observed moderately, weakly, andVibrational structures more clearly from Figures 1 and 3, one-

strongly in the CIS spectrum for the 31, A 21, and B2
states of C8", respectively. The 14.88 eV resonance appears
to follow a similar trend, but its preference somewhat depends
on the final vibrational level as mentioned later. In contrast,
the Ho, CS*(Rc) state aten, = 14.95 eV is hardly observed
in the CIS spectra for GS(X 2[1y and A 2[1,). These
preferences are summarized in Table 1.

It is probable that the vibrational features of £$roduced
by direct ionization in Figures-13 are essentially the same as

dimensional photoelectron spectra are obtained by summing
electron counts at evely over theEn, = 14.80-14.95 eV range
along theEy, direction. The resultant spectra are illustrated in
Figures 5 and 6, respectively, where the intensity is represented
in the same scale.

In Figure 5, there exist two peaks lat= 10.23 and 10.28
eV, corresponding to the intense spots in Figure 1, in addition

to the spin-orbit components of the vibrational ground state

of CS*(X 21g). The peaks can be assigned to the sqirbit

those obtained by using He | photoelectron spectroscopy, sincecomponents of the (0,0,1) level, whdsevalues agree well with
contribution from autoionization of any superexcited states can those reported, 10.2251 and 10.2812%2Vhe one-dimensional
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Figure 5. One-dimensional photoelectron spectrum for the'C&
2[1g) band, which is obtained by summing electron counts in Figure 1
at everyle over thek,, = 14.80-14.95 eV range along th#,, direction.
Vibrational levels are indicated at the positions reported in ref 22.

20

T T T T
(1,0,0) (2,0,0)
0,0,00(0,1,0) (0,2,0)  (0,0,1) (3,0,0) (0,0,.2)
a 7 o I \ l 1
=
=
s
8 10 .
oy
w3
=1
g
= 5 .
0 T T T T
14.4 145 146 147 14.8 149

Ionization energy, 1, / eV

Figure 6. One-dimensional photoelectron spectrum for the' Q%
ZZ,J*) band, which is obtained by summing electron counts in Figure 3
at everyle over thek,, = 14.80-14.95 eV range along tH#,, direction.
Vibrational levels are indicated at the positions reported in ref 22.

photoelectron spectrum of GSB 22:) in Figure 6 also
manifests the formation of thesw= 1 and 2 vibrational states.
It should be noted that the relative electron yield of the=\2
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vibrational distributions are strikingly different for different final
ionic states. These different distributions are related to the
dependence of the preference in autoionization on the final
vibrational levels of C&". The details will be described in
Discussion Section C.

Discussion

A. Formation Mechanism of the CS™ States Excited in
the v3 Mode. Vibrational distributions of C§ (X 2[14 and B
22:) atEp, = 14.88 eV are determined by the FrardBondon
factor between the superexcited and,C&ates. On the normal
coordinate for thevs mode, overlap vanishes between the
symmetric vibrational wave functions for the evenlevels of
the superexcited state and antisymmetric wave functionsfor v
= 1 of the CS' states. Here, 3/ denotes the vibrational
quantum of thevs mode of CS*. Consequently, we must
consider the oddswibrational levels of the superexcited-state
alone to interpret a preferential formation of the ionic (0,0,1)
levels.

Within the approximation rooted in the Frane€ondon
principle no odd-y level can be produced by the electric dipole
transition from the vibrational ground state ofg;%12;r). The
transition to an odd ¥ level becomes allowed by vibronic
interaction occurring in a symmetry forbidden superexcited state.
If the resonance &, = 14.88 eV results from transition tg v
> 3 vibrational state, other characteristic structures due to the
transition to the y= 1 state would appear at a lowgy, position
on 2D-PESs in Figures 1 and 3. A closer inspection on the 2D-
PESs reveals no discernible enhancement of ghe=v1 level
anywhere except &, = 14.88 eV. We therefore attribute the
resonance &, = 14.88 eV to the (0,0,1) level of a symmetry-
forbidden superexcited state.

An alternate mechanism for the formation of such an ogld-v
level of a superexcited state is a conversion from an egen-v
level of a dipole-allowed superexcited state initially formed to
an odd-yg level of another neutral state. This mechanism is,
however, much less plausible, since the conversion is inefficient
due to the vanishing overlap between the vibrational wave
functions. In the following section, we devote ourselves to give

peak is not reliable because there is a large uncertainty in thea definite assignment of the 14.88 eV state on the assumption

transmission efficiency of the analyzer Bt < 0.5 eV. The
assignments are based on the repoftedalues: i.e., 14.6371
and 14.8020 eV for the (0,0,1) and (0,0,2) levels, respectidely.

that the formation of the oddsvevel is promoted by vibronic
interaction. This assumption will be shown to be self-consistent
in the assignment procedure and compatible with all of the

The reported He | photoelectron spectra show the formation of resonance features in the CIS spectra of Figured In contrast,

the (0,0,1) levels of CS(X 2I1g) and CS*(B %) promoted
through the vibronic interaction with G§A 2I1,) and CSH(C
223), respectively?? Nevertheless, the relative intensity of the
(0,0,1) level is much higher in Figures 1 and 3 than in the He
| photoelectron spectra.

there is no direct evidence in favor of the above two-step
autoionization.

B. Assignment of the Forbidden Superexcited StateThe
transition to the (0,0,1) level of the symmetry-forbidden state
at E,, = 14.88 eV is considered to borrow the intensity from

By a comparison between the one-dimensional photoelectronthat to a neighboring allowed electronic state with symmetry

spectrum in Figure 5 and that measuretgat< 14.80 eV, we

of 2: or Il,. Here, proximity between the two states is

allocate most of the (0,0,1) counts and approximately 10% of critically important. The intense (0,0,0) level of thedy
the (0,0,0) counts in Figure 5 to autoionization of the resonance CS*(Rc) state is lying just above the (0,0,1) level of the
state. In the same way, essentially all of the (0,0,1) counts andsymmetry-forbidden state. Thepd, CS*(Rc) state with the
approximately 20% of the (0,0,0) counts in Figure 6 are allocated (60¢) 1 (5poy)* 12: configuration is therefore most likely to be

to the autoionization. Here, the contribution from the auto-
ionization of %o, CS*(Rc) is properly subtracted by comparing

the main intensity-lending state to the forbidden state. This
assumption is strongly supported by additional evidence: the

Figure 6 with one-dimensional photoelectron spectra measuredpeak shape of theps, resonance is broad-(50 meV fwhm)

atE,, > 14.95 eV, because this contribution is not negligible
as can be judged from the CIS spectrum for,G8 223) in
Figure 3. The vibrational branching ratios of the (0,0,0) to (0,0,1)

and the quantum defect is smaller than the higher members
belonging to the same Rydberg sefiés? This evidence
indicates an interaction of thepd, state with the lower

levels are calculated from the allocated signal counts to be 0.18forbidden state aE,, = 14.88 eV. In general the intensity

and 1.07 for the autoionization into €§X 2[1y) and CS*(B

borrowing occurs between vibronic levels with the same

223), respectively. These values are subjoined in Table 1. The symmetry, so that the overall symmetry for the (0,0,1) level of
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the forbidden state should agree with that for the intensity-
lending state, i.e.zj. Since the symmetry of the (0,0,1)
vibration isg,™, the electronic part of the symmetry-forbidden
superexcited state turns out to have E;jesymmetry.

Possible candidates for th%f-type forbidden superexcited
state are several G§Rc) and C$*(Rp) states with a low
principal quantum number. The CS$*(Rc) states have the same
ion core as the intensity-lending&, C$*(Rc). On the contrary,
the ion core of C&(Rp) is different with four occupied orbitals
from that of Hoy CS*(Rc). Moreover, we can anticipate that
CS*(Rp) state shows a broad and diffuse feature, judging from
the diffuse C$H(D 2I1,) band ~400 meV fwhm) even in a
high-resolution He | photoelectron spectrétfror these reasons,
the CS*(Rp) states are much less plausible for the forbidden
state atE,, = 14.88 eV.

Provided that the forbidden state belongs to one of the
CS*(Re) series, its effective quantum number is calculated from
le = 16.3967 eV for the (0,0,1) level of GSC '=,)? to be
n* = 3.00. From this* value the 3log and S0y members are

Hikosaka and Mitsuke

separation between the (0,0,0) and (0,0,1) levetsdof; CS*-
(Rc) is essentially the same.

C. Vibronic Interaction Affecting Distinctive Preferences
in Autoionization. Overlap is zero between the vibrational wave
functions of the (0,0,1) level ofdry CS*(Rc) at En, = 14.88
eV and the (0,0,0) level of GS. Nevertheless, the autoioniza-
tion of the (0,0,1) level of 8oy CS*(Rc) allows the (0,0,0)
levels of C$*(X 21y and BZZ)) to be produced, as described
in the last paragraph of Results Section B. This implies that
the coupling between electron motion and molecular vibration
has an effect not only on the primary photoexcitation but on
subsequent autoionization processes. That is, there still remains
the mixing of the (0,0,1) level ofd®y CS*(Rc) atEn, = 14.88
eV with the (0,0,0) level of po, CS*(Rc) at By, = 14.95 eV.
Hence, the autoionization into the (0,0,0) level of ,.CSs
considered to proceed through electron exchange mechanism
involving the perturbing poy, C$*(Rc) state and the GS
continuum state, whereas that into the (0,0,1) level through the
mechanism involving the zeroth-ordedd CS*(Rc) state and
the CS™ continuum state.

reasonable. Wilden and Comer have determined the excitation ©p the basis of the above discussion we can make two

energy for the vibrational ground state abgto be 14.63 e\#3

plausible predictions about the preference in the autoionization

The (0,0,0) level of the forbidden state is however expected 0 of the (0,0,1) level of 80y CS*(Rc) at Ep, = 14.88 eV. In

lie at En, which is a little higher than 14.67 eV, because the

what follows, this level will be referred to as the perturbed level,

(0,0,0)-(0,0,1) separation of this state may be smaller than that the (0,0,0) level of fo, CS*(Rc) at En, = 14.95 eV as the

of CS(C 22;), 0.2084 e\22 owing to the interaction between
the (0,0,1) level aEy,, = 14.88 eV and the (0,0,0) level opa,
CS*(Rc) atEp, = 14.95 eV. The 55y CS*(Rc) state is thereby

perturbing level, and the (0,0,0) level ofi@ CS*(Rc) at En,
= 14.69 eV as the unperturbed level. First, the perturbed and
perturbing levels are expected to show a similar manner of

ruled out, and consequently we assign the forbidden superexcitecelectronic branching upon the autoionization into the (0,0,0)

state to 8oy CS*(Rc). In summary, the (0,0,1) level of the
3doy state is perturbed with the (0,0,0) level of theob state
through the vibronic interaction, and the transition to the former
level borrows the intensity from that to the latter level (see
Figure 4).

Next, we will concern ourselves with the peak&Egt= 14.69
eV in Figures 1 and 3. In this connection, reported electron
energy loss specttashowed an enhancement at 14.69 eV at

level of CS*. Second, the perturbed and unperturbed levels
show a similar form of electronic branching upon autoionization
into the (0,0,1) level of C8. As evidenced from the autoion-
ization preferences and vibrational branching ratios in Table 1,
the perturbed level autoionizes much more preferentially into
the (0,0,0) level of C§ (B2 %) than into that of CEX 2I1y).

A similar trend is found in the autoionization preference of the
perturbing level. On the other hand, the strong preference for

low incident electron energies, suggesting a forbidden electronic CS*(B 223) is suppressed when the perturbed level auto-

transition. We conceive that the 14.69 eV features in our 2D-

ionizes into the (0,0,1) levels, as indicated from the small (0,0,0)/

PESs and previous electron energy loss spectra stem from the0,0,1) ratio for C$"(X 2I1g). Indeed, this preference of the

same superexcited state, that is, the vibrational groudug 3
CS*(Rc) state to which excitation becomes allowed through

perturbed level appears to resemble that of the unperturbed level.

an electric quadrupole transition. Indeed, the 14.69 eV featuresConclusion

are located in such a position as to match with the excitation
energy expected from the (0,0,8(0,0,1) separation mentioned

We have measured 2D-PESs of 08 the E;, region of
14.60-15.35 eV, to investigate excitation and decay mecha-

in the preceding paragraph. Moreover, the present assignmenfismg of superexcited states. The 2D-PESs show pronounced

is supported by the preference in the autoionization: the 14.69
and 14.88 eV resonances show a similar preference (see Tabl%1

1).

One may suppose that the (0,0,1) level of tidey CS*(Rc)
state withn > 4 would also be allowed through an interaction
with the (0 + 2)poy CS*(Rc) state. Nevertheless, there is no
noticeable spot of the (0,0,1) level of £%X 2[1g or B23) on
two-dimensional photoelectron spectra in a widigy region.

formation of the (0,0,1) levels of G§(X 21y and BZ) from
superexcited state Bt, = 14.88 eV. This unusual vibrational
excitation of ions in the’; mode results from autoionization of
the (0,0,1) level of the dipole-forbidden state which has been
assigned to the &y CS*(Rc) state conversing to GS(C
22;'). The primary photoexcitation to the (0,0,1) level of the
3dogy state is considered to become allowed by vibronic
interaction with the po, CS*(Rc) state. We have additionally

We can consider three reasons for the absence. First, theuncovered that the preference in autoionization of tig, 3tate

interaction strength decreases with the increase, tlecause

into the final ionic states depends on their vibrational levels.

the overlap between wave functions of the interacting Rydberg The preference concerning the ionic (0,0,0) levels is explained

states becomes less favorable with increasingSecond,

in terms of the vibronic interaction that remains until auto-

photoexcitation strength from the ground state decreases withjonization, while the vibronic interaction is relatively uninflu-

increasing, since it is roughly proportional to the orbital extent
of the Rydberg electron. Third, the proximity between the (0,0,1)
level of thendoy state and the vibrational ground ¢ 2)poy

ential on the autoionization into the ionic (0,0,1) levels.
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