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Abstract. We have examined the autoionization spectrum of xenon by resonantly enhanced three-photon
ionization (2 + 1 REMPI) involving intermediate states 5p56p [J = 0, 2]. The properties of the observed
autoionization resonances change significantly with the choice of the intermediate state. For ionization via
an intermediate state with predominantly 5p5(2P3/2) core character, a strong continuum with embedded
window-type 5p5(2P1/2) nd′-autoionization resonances is observed. For intermediate states, predominantly
with 5p5(2P1/2) core character, both 5p5(2P1/2) nd′- as well as 5p5(2P1/2) ns′-resonances are present in
the spectrum as overlapping, nearly symmetric peaks on a rather weak continuum. Calculations confirm
the significant dependence of the spectral lineshapes upon the excitation pathway to the autoionizing
state. The ionization data are compared with spectra obtained by monitoring third-harmonic generation
via autoionizing states without resonant excitation of intermediate states. These spectra also exhibit the
signature of both the nd′- and ns′-resonances.

PACS. 32.80.Dz Autoionization

1 Introduction

The highly excited and autoionizing states of heavy rare
gases permit the preparation of population in energy lev-
els well above 10 eV. Thus they have attracted much
attention in many fields of current scientific interest.
Among applications we note e.g. nonlinear optics with
rare gases providing efficient sources for the generation
of short-wavelength (vacuum-ultraviolet) radiation [8–10].
The properties (i.e. the lineshape) of autoionizing res-
onances play a crucial role in processes involving such
states [11].

Autoionization lineshapes, which in general can exhibit
both enhancement as well as suppression of ionization, are
described by the profile parameter q [13]. This parameter
depends strongly upon the choice of the excitation path-
way from an initial state, usually via intermediate states,
to the excited state (see, e.g. [3]).

In contrast to investigations on autoionization line-
shapes in heavy rare gases based on single-photon exci-
tation from the ground state by vacuum-ultraviolet radia-
tion [1,2] or starting from otherwise excited metastable
states [5], resonantly enhanced multi-colour and multi-
photon couplings [4] permit a broader variation of exci-
tation pathways and can be implemented with radiation
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of moderate photon energy in the ultraviolet and visible
spectral range. By tuning the exciting laser pulses to dif-
ferent intermediate states, the effect of different excitation
pathways on the autoionization lineshape can be investi-
gated.

In this work we show, how the lineshapes of autoioniz-
ing resonances in xenon are dramatically modified, if path-
ways starting from the ground state via different interme-
diate states, belonging to different core configurations, are
excited. This leads to a significant variation of the autoion-
ization spectrum, e.g. in enhanced or suppressed, even ap-
parently missing resonances. We compare our results, ob-
tained from resonantly enhanced three-photon ionization
with data from third-harmonic generation and with calcu-
lations, based on the configuration interaction Pauli-Fock
method including core polarization [20].

2 Atomic coupling scheme

The ionization continuum of xenon, as in any other heavy
rare gas atom, possesses a double structure, belonging to
the two fine structure components of the xenon ion Xe+

2P3/2 and Xe+ 2P1/2. Thus, the bound states of xenon
consist of two series of states, converging either to the
threshold of the Xe+ 2P3/2 or the Xe+ 2P1/2 continuum.
The states converging to the higher threshold Xe+ 2P1/2

are energetically degenerate with the lower continuum and
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Fig. 1. Coupling schemes for two-colour resonantly en-
hanced three-photon ionization of xenon via intermediate
states with different core configurations 2P3/2 (l.h.s., state
5p5(2P3/2)6p[1/2]0) or 2P1/2 (r.h.s., state 5p5(2P1/2)6p′[1/2]0).
Alternatively state 5p5(2P1/2)6p′[3/2]2 , also belonging to core
configuration 2P1/2 was excited (excitation laser wavelength
224 nm; for reasons of clarity this path is not plotted in the
figure). The excitation laser pulse drives population from the
ground state 5p6 1S0 to the intermediate state via a two-photon
transition. Some population of the intermediate state is ionized
by absorbing a third photon from the excitation laser, gener-
ating photoelectrons with higher kinetic energy. A probe laser,
time delayed with respect to the excitation laser, couples the
intermediate state to autoionizing states (AIS). The autoion-
ization spectrum is monitored by detection of the photoelec-
trons with lower kinetic energy.

experience strong autoionization [14] (see Fig. 1). To em-
phasize the properties of a bound state in xenon with re-
spect to the continuum it belongs to, we add the quantum
number of the ionic core in our spectroscopic notation, fol-
lowing the nomenclature used in standard literature [25].

Figure 1 shows the relevant coupling schemes for the
experiments discussed here. The atomic ground state
5p6 1S0 is coupled by an excitation laser pulse, induc-
ing a two-photon transition to an intermediate state, ei-
ther 5p5(2P3/2)6p[1/2]0 or 5p5(2P1/2)6p′[1/2]0. A probe
laser pulse couples the intermediate state to autoionizing
states with quantum numbers 5p5(2P1/2)ns′ [J = 1] or
5p5(2P1/2)nd′ [J = 1]. In the spectral range of our inves-
tigations the principal quantum number was n ≥ 11. The
probe laser pulse was delayed with respect to the pump
laser. For the case of coincident laser pulses, competing in-
teractions, e.g. coherent population trapping [16–18] could
perturb the system and interfere with the autoionization
process.

With the probe laser tuned in the range of the au-
toionizing states, the spectral lineshape of autoionization
resonances was recorded by monitoring the photoelelec-
trons generated in the lower continuum following autoion-
ization. Unlike e.g. metastable xenon 5p5(2P1/2)6s [J =
0], which is strongly mixed with the nearby state
5p5(2P3/2)5d [J = 0] [7], the states 5p5(2P3/2)6p[1/2]0 and

5p5(2P1/2)6p′[1/2]0 do not show significant admixture of
neighbouring states.

Autoionization is described by Fano’s theory [13] con-
sidering the excitation from a (bound) initial state |1〉 to
a (bound) excited state |2〉 degenerate with a (e.g. ion-
ization) continuum state |C, E〉 with energy E. This in-
teraction leads to a new state [13] which is a mixture of
the bound and the continuum state, i.e. an autoioniza-
tion resonance. The photoionization cross-section reads in
the form of a generalized Beutler-Fano profile, including
summation over N autoionization resonances [13,15]

σ =
N∑
i

σ0ρ
2
i

[
(qi + εi)2

1 + ε2i
− 1

]
+ σ0, (1)

where σ0 is the ionization cross-section in the non-resonant
region, ρ2 describes the ratio of ionization on resonance
with respect to non-resonant ionization, q is the profile
parameter and ε is a dimensionless energy,

ε = (E − ER)/(Γ/2) (2)

including the resonance energy ER and the linewidth Γ .
The profile parameter q is given by [12,13]

q =
〈1|µ|2〉 + P

∫
dE′〈1|µ|C, E′〉〈C, E′|T |2〉/(ER − E′)
π〈1|µ|C, ER〉〈C, ER|T |2〉

(3)
where µ is the electric dipole operator, T is the operator
(electron-electron interaction) which couples state |2〉 to
the continuum, and P indicates the principal part of the
following integral. Equation (3) suggests, that the choice
of the initial state |1〉 strongly determines the profile pa-
rameter q and thus the shape of the autoionization reso-
nance, as first confirmed experimentally by Ganz et al. [3].

3 Experimental setup

A supersonic jet of rare gas atoms in natural abundance
was expanded from a stagnation region at room tempera-
ture and a pressure of typically 500 mbar through a pulsed
nozzle (General Valve, opening diameter 0.8 mm). The re-
sulting jet was collimated by a skimmer (orifice 0.8 mm),
132 mm downstream of the nozzle. The skimmer sepa-
rated the source chamber from the interaction and detec-
tion region. The pulsed beam of rare gas atoms was inter-
sected by the lasers at right angle at a distance of 103 mm
downstream from the skimmer. The particle density in
the interaction region is estimated to be approximately
1013 atoms/cm3.

The laser pulses were generated in two pulsed
dye lasers (Lambda Physics LPD3000), synchronously
pumped by an excimer laser (Lambda Physics LPX220),
operating at 308 nm with a repetition rate of typically
several 10 Hz. The laser pulses had a bandwidth of
6 GHz and a pulse duration of approximately 15 ns.
The output of the first dye laser was frequency dou-
bled in a BBO crystal to generate ultraviolet radiation
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at 250 nm, 222 nm or 224 nm, which served to excite
population via a two-photon transition from the atomic
ground state 5p6 1S0 of xenon to either of the inter-
mediate states 5p5(2P3/2)6p[1/2]0, 5p5(2P1/2)6p′[1/2]0 or
5p5(2P1/2)6p′[3/2]2. Absorption of a third photon from
the same radiation field limited the population of the
intermediate state by the competing process of reso-
nantly enhanced three-photon ionization. The output of
the second dye laser passed an optical delay line to be
separated from the excitation pulse by up to 40 ns.
The probe laser pulse was used to excite transitions
from the intermediate state to an autoionizing state
5p5(2P1/2)ns′ or 5p5(2P1/2)nd′, decaying to the 2P3/2

continuum. For the spectra belonging to the intermediate
state 5p5(2P3/2)6p[1/2]0 the output of the probe laser was
frequency doubled in a BBO crystal, while for the spectra
belonging to the other intermediate states the visible ra-
diation of the laser was used directly. The pulse energy of
the visible radiation was typically several mJ, while several
100 µJ were obtained in the second harmonic frequency
of the dye laser.

The laser pulses were spatially overlapped and fo-
cussed with quartz lenses (f = 300 mm) into the inter-
action region. The diameter of the exciting laser pulse
in the interaction region was approximately 150 µm
(FWHM), while the diameter of the ionizing laser pulse
was kept in the range of typically 0.5 mm (FWHM). This
setup yielded maximum laser intensities up to several
100 MW/cm2 for the excitation laser and typically 10–
100 MW/cm2 for the ionizing laser. At this intensity the
autoionization resonances exhibited strong power broad-
ening (see below).

As discussed above both lasers contributed to the total
ionization signal. Therefore an electron spectrometer was
used in order to separate the photoelectrons belonging
to the different channels, i.e. resonantly enhanced three-
photon ionization to both continua by the excitation laser
and autoionization to the 2P3/2 continuum induced by the
probe laser.

We used an electron spectrometer, based on an electro-
static parabolic mirror, which is described in detail in pre-
vious publications [18,19]. Briefly the setup is as follows:
the field-free interaction region of the electron spectrom-
eter was located in the focus of an electrostatic parabolic
mirror. After ionization the generated photoelectrons left
the field-free region, were accelerated and traveled along
a time-of-flight segment at the end of which they were de-
tected on a micro-sphere plate (El Mul Technologies). The
signal output of the micro-sphere plate was amplified by
fast broadband amplifiers and processed in boxcar gated
integrators (EG&G 4121B). The energy resolution of the
spectrometer was typically 150 meV at Ekin = 4 eV, which
was sufficient to resolve photoelectrons generated in the
different processes.

A second experimental setup was used to monitor
third-harmonic generation via autoionizing states (see
Fig. 5), which was compared to the spectra obtained from
two-colour resonantly enhanced three-photon ionization,
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Fig. 2. Two-colour resonantly enhanced three-photon ioniza-
tion in xenon via an intermediate state with core configura-
tion 2P3/2. The frequency of the excitation laser was fixed
to the transition from the ground to the intermediate state
5p5(2P3/2)6p[1/2]0, while the frequency of the probe laser was
tuned in the range of the autoionizing states. The spectrum ex-
hibits only window-type nd′-resonances, while no contributions
from ns′-states are visible. The linewidth of the 19d′-resonance
is close, but not equal to the expected experimental value of
6.9 cm−1 (see e.g. Ref. [27]), thus indicating some contribution
due to powerbroadening.

described above. The setup for third-harmonic generation
was as follows.

The frequency doubled output of a single excimer-laser
pumped dye laser (see above), pulse energy up to 1 mJ at
280 nm, was focussed with a quartz lens (f = 180 mm)
into an atomic jet, yielding intensities up to the regime
of several GW/cm2. The supersonic jet of xenon atoms
in natural abundance was generated by a pulsed nozzle
(General Valve, opening diameter 0.8 mm). The focussed
laser beam intersected the atomic beam right behind the
nozzle orifice, at a distance of typically less than 1 mm.
The particle density in the interaction region is estimated
to be approximately 1019 atoms/cm3.

Vacuum-ultraviolet radiation around 93 nm, i.e. the
third-harmonic frequency of the driving laser pulse
was generated by nonlinear optical interaction with
the xenon atoms. The copropagating fundamental and
third harmonic frequency entered a vacuum spectrome-
ter (Acton Research VM502), equipped with a grating
(1 200 lines/mm) to separate the vacuum-ultraviolet radi-
ation from the fundamental frequency and direct it onto
an electron multiplier tube (Hamamatsu, type R595). The
signal output of the electron multipler was amplified and
processed the same way as described above.

4 Experimental results

Figure 2 shows the photoelectron signal from the autoion-
izing states in xenon with the frequency of the probe laser
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Fig. 3. Two-colour resonantly enhanced three-photon ioniza-
tion in xenon via an intermediate state with core configura-
tion 2P1/2. The frequency of the excitation laser was fixed
to the transition from the ground to the intermediate state
5p5(2P1/2)6p′[1/2]0 , while the frequency of the probe laser was
tuned in the range of the autoionizing states. Both the nd′- as
well as the ns′-resonances are clearly visible in the spectrum.
The resonances exhibit strong powerbroadening, as compari-
son with theory shows. The expected linewidth of the 13s′-
resonance is 1.2 cm−1 (see Ref. [27]). that of the 11d′-resonance
is 49 cm−1 (see Ref. [27]). These values are well below the ob-
served, powerbroadened linewidths, indicated in the spectrum.

varied and the frequency of the exciting laser pulse tuned
to the two-photon resonance between the ground state
5p6 1S0 and the intermediate state 5p5(2P3/2)6p[1/2]0.

The spectrum exhibits the progression of window-type
nd′-resonances, i.e. only ionization suppression, but no
enhancement is observed on resonance. Thus the profile
parameter q is close to zero. Besides the nd′-progression
ns′-resonances are not visible in the spectrum.

In contrast, when the frequency of the exciting laser
was tuned to two-photon resonance with the interme-
diate state 5p5(2P1/2)6p′[1/2]0, the autoionization spec-
trum clearly shows both the nd′- as well as the ns′-
resonances (see Fig. 3). As it is well known, the linewidth
of the ns′-resonances is small compared to that of the nd′-
resonances [1,2]. The absolute value of the profile parame-
ter for both progressions is much larger than unity, i.e. the
ionization enhancement on resonance is large with respect
to the non-resonant background. For the nd′-resonances q
is obviously negative, i.e. the ionization enhancement oc-
curs at longer wavelength, while the ionization dip is
observed at shorter wavelength. In comparison to data
obtained by one-photon excitation of autoionizing states
with vacuum-ultraviolet radiation [2] the sign of the pro-
file parameter is reversed in the excitation pathway chosen
here.

When the exciting laser is tuned to the intermediate
state 5p5(2P1/2)6p′[3/2]2, the nd′-resonances with J = 2, 3
are predominately excited, and thus are expected to have
smaller linewidth than the nd′ [J = 1] series [27]. This
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Fig. 4. Two-colour resonantly enhanced three-photon ioniza-
tion in xenon via the intermediate state 5p5(2P1/2)6p′[3/2]2,
belonging to core configuration 2P1/2. The frequency of the
excitation laser was fixed to the transition from the ground
to the intermediate state 5p5(2P1/2)6p′[3/2]2, while the fre-
quency of the probe laser was tuned in the range of the au-
toionizing states. As in the case of the intermediate state
5p5(2P1/2)6p′[1/2]0 (see Fig. 3) the ns′ resonances are visi-
ble besides nd′ resonances. Due to the smaller linewidth of the
nd′ resonances the resolution of the autoionizing ns′ states is
better than in Figure 3. The resonances exhibit strong power-
broadening. The expected linewidth of the 17s′-resonance is
only 0.4 cm−1 (see Ref. [27]). The effective linewidth of the
15d′-resonance depends on the composition of the excited
[K′]J components. In view of the resonance shape (compare to
Fig. 3), excitation of the nd′(J = 1)- resonance appears to be
weak. The nd′(J = 2, 3)-resonances have expected linewidths
between 6.1 cm−1 and 1.1 cm−1 (see Ref. [27]), much lower
than the effective linewidth of the observed nd′-resonance.

permits clearer separation of the ns′ [J = 1]-resonances
(see Fig. 4). As in the case of the intermediate state
5p5(2P1/2)6p′[1/2]0 the profile parameter q is large both
for the nd′- as well as the ns′-resonances.

The autoionization spectra in Figures 3 and 4 exhibit
strong powerbroadening, as concluded from the known
width of these resonances [27].

While the spectra discussed above involved resonant
excitation of different intermediate states, we compared
these data with three-photon excitation, off-resonant with
any possible intermediate state. Because our setup to de-
tect photoionization products was not sensitive enough
to observe such off-resonant three-photon ionization, we
monitored third-harmonic generation via autoionizing
states instead (see Fig. 5). Figure 6 shows the signal from
third-harmonic generation when the frequency of a single
laser pulse was tuned in the range of the autoionization
resonances. Both the nd′-resonances as well as the ns′-
resonances are clearly visible. The sign of the profile pa-
rameters for both progressions is negative. The lineshapes
of the resonances obtained in third-harmonic generation
differ from those recorded by photoionization detection [2]
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Fig. 5. Coupling scheme for third-harmonic generation via
autoionizing states in xenon. The frequency of a single (ex-
citation) laser pulse is tuned to three-photon resonance with
autoionizing states. The nonlinear susceptibility of the medium
drives generation of vacuum-ultraviolet (VUV) radiation.
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Fig. 6. Third-harmonic generation via autoionizing states in
xenon. When the frequency of the excitation laser is tuned
in the vicinity of three-photon resonance with an autoioniz-
ing state, the third-harmonic yield is significantly modulated.
Both the nd′- as well as the ns′-resonances are clearly visible
in the spectrum. In contrast to the spectra monitored by res-
onantly enhanced three-photon ionization (see Figs. 2, 3, 4)
there are no resonantly excited intermediate states involved in
the frequency conversion process.

which we attribute mainly to the manifold of virtual inter-
mediate states involving contributions to the off-resonant
third-order (nonlinear) optical process [11]. In addition
the frequency conversion process competes with popula-
tion depletion resp. photoionization and reabsorption pro-
cesses, as it is well-known for third-harmonic generation in
the vicinity of excited states [6]. Therefore a detailed anal-
ysis of the lineshapes obtained in third-harmonic genera-

Fig. 7. Correlation diagram for photoionization of state 5p5 6p.
Dashed lines denote electric dipole interaction, solid lines in-
dicate Coulomb interaction.

tion is not as straightforward as in the case of the spectra
monitored by photoionization.

We like to note, that we also examined autoioniza-
tion spectra in krypton, involving intermediate states be-
longing to the different core configurations Kr+ 2P1/2 and
Kr+ 2P3/2. These spectra show similar behaviour as the
xenon spectra discussed here.

5 Discussion and theoretical calculations

The data presented in the previous section clearly demon-
strate the significant variation of autoionization spectra
upon the choice of the excitation pathway. While the ns′-
resonances are clearly visible in spectra involving reso-
nant excitation via intermediate states belonging to the
core configuration 2P1/2 (see Figs. 3 and 4), they seem
to vanish in the spectrum involving an intermediate state
with core configuration 2P3/2 (see Fig. 2). The autoion-
ization spectra monitored by third-harmonic generation
(see Fig. 6) support this observation. Due to the off-
resonant character of the excitation, i.e. via a virtual in-
termediate state, including couplings to states of both core
configurations, especially contributions from intermediate
states with core configuration 2P1/2, the ns′-resonances
are clearly visible besides the nd′-resonances.

To understand the experimental data in detail, we have
theoretically analyzed the lineshapes of the autoionization
resonances.

Photoionization cross-sections of the states
5p5(2P3/2)6p[1/2]0 and 5p5(2P1/2)6p′[1/2]0 in the
energy region of the autoionization resonances were
calculated in the configuration interaction Pauli-Fock ap-
proximation including core polarization (CIPF CP) [20].
The correlations we consider are schematically presented
in Figure 7.

In this scheme the upper and lower pathways repre-
sent corrections to the amplitudes of the direct transi-
tions 5p56p → 5p5(2P3/2)εl resp. 5p56p → 5p5(2P1/2)nl′
(with l, l′ = 0, 2) due to final state configuration inter-
action (FISCI) and initial state configuration interaction
(ISCI), respectively. Here {l} denotes the complete set of
atomic orbitals (AO) over which summation and integra-
tion is performed. The dashed and solid lines denote the
electric dipole and Coulomb interaction, respectively. This
scheme was computed within second order perturbation
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theory (PT). In addition, the next order of PT was par-
tially accounted for by taking the correction Figure 7c to
the dipole transition amplitude in a form which includes
all electron correlations (Figs. 7a–7f) into account. The
influence of high lying configurations was also taken into
account as a correlational decrease of the Coulomb inter-
action by a factor of 1.26 [21].

In the calculation of the radial integrals, entering the
expressions for the direct and correlational amplitudes,
we used wave functions with a relaxed 5p5-core. They
were calculated in the Pauli-Fock (PF) approximation [21]
which accounts for the relativistic compression of the core
orbitals. The s- and d-orbitals of the final and intermedi-
ate states in the correlation contribution Figure 7c were
calculated in the potential for the 5p5(2P1/2)εs[1/2]1 and
5p5(2P1/2)εd[3/2]1 states, respectively. {s, d} orbitals en-
tering the correlations Figures 7a and 7d were obtained
in the averaged potential for the configuration 5p46p and
5p4, respectively. The 6p-orbital of both initial states
was calculated using the electrostatic potential of the
5p5(2P1/2)6p′[1/2]0 state with orthogonalization to the 5p-
AO. The same potential was used in the calculation of
Figure 7f correlation. To avoid problems connected with
the calculation of the divergent dipole matrix elements the
correlation function technique [22] has been applied.

We like to note a problem arising for the states 5p56p
with angular momentum J = 0. As addressed in [23], the
states involved in the dipole transition amplitude must be
orthogonalized to the lower energy states with the same
symmetry, here the ground state 5p6 1S0. In the present
calculation the problem is solved by setting up the 5p6-
configuration using the wave functions taken from 5p5 con-
figuration and including it in the secular equation matrix
for the initial state. The procedure is similar to the tech-
nique described in [24].

The spin-orbit coupling constant calculated within the
PF approximation for the configuration 5p5 was ζ5p =
0.785 eV, but in the present work the experimental spin-
orbital parameter ζ5p = 0.871 eV [25] was used to cal-
culate both the elements of the secular matrix and the
energies of the 5p5(2P1/2) and 5p5(2P3/2) thresholds. The
eigenvectors of the secular equation matrix expressed as

|5p5(2P3/2)6p[1/2]0〉 = 0.0910|5p6 1S0〉
+ 0.7666|5p56p 1S0〉 − 0.6356|5p56p 3P0〉 (4)

|5p5(2P1/2)6p′[1/2]0〉 = 0.0662|5p6 1S0〉
+ 0.6322|5p56p 1S0〉 + 0.7720|5p56p 3P0〉 (5)

were then used as initial states. The energies of these
states relative to the 5p5(2P3/2) threshold were taken
from experimental data [25] as E(5p5(2P3/2)6p[1/2]0) =
−2.196 eV and E(5p5(2P1/2)6p′[1/2]0) = −0.989 eV.
These were used in the expression for the photoionization
cross-section and the energy denominator in the correla-
tion Figure 7f. The theory developed in [26] was applied
to take the interaction of the 5p5(2P1/2)20s′[1/2]1 and

Fig. 8. Photoionization cross-sections of state 5p5(2P3/2)
6p[1/2]0 (upper trace) and 5p5(2P1/2)6p′[1/2]0 (lower trace)
in the vicinity of the autoionization resonances 18d′ and 20s′,
calculated in the CIPF CP approximation in length form (solid
line) and velocity form (dashed line) of the electric dipole op-
erator. Ionization from state 5p5(2P3/2)6p[1/2]0 yields a dom-
inant window-type 18d′-resonance with a very weak contribu-
tion from the 20s′-resonance, while the cross-section from state
5p5(2P1/2)6p′[1/2]0 clearly exhibits both the 18d′- as well as
the 20s′-autoionization resonance. The energy scale runs from
large to small values in order to permit comparison with the
experimental data shown in Figures 2 and 3.

5p5(2P1/2)18d′[3/2]1 states via the 5p5(2P3/2)εl contin-
uum into account. The calculated photoionization cross-
sections in the region of the 18d′- and 20s′-resonances
are presented in Figure 8. The resonances show up as
clear peaks on top of a rather weak continuum when
excited from the 5p5(2P1/2)6p′[1/2]0 state, and as win-
dows in a strong continuum when excited from the
5p5(2P3/2)6p[1/2]0 state. The resonances displayed in Fig-
ure 8 can be described as a summation over Beutler-Fano
profiles (see Eq. (1)). The resonance parameters ρ2

i and qi

entering equation (1) were determined by a fitting proce-
dure to the theoretical cross-section curve whereas Ei, Γi

and σ0 were calculated. The parameters are presented in
Table 1.

In the case of the initial state 5p5(2P1/2)6p′[1/2]0
the 20s′ and 18d′ resonances are both present in
the photoionization cross-section as clear peaks (i.e.
|q| � 1, see Fig. 8a), whereas in the case
of the initial state 5p5(2P3/2)6p[1/2]0 the autoion-
izing state 18d′ exhibits a window resonance (i.e.
|q| ≈ 0), while the 20s′-resonance is almost not
visible (see Fig. 8b). The direct amplitudes for the
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Table 1. Theoretical parameters of the 5p5(2P1/2)20s′[1/2]1 and 5p5(2P1/2)18d′[3/2]1 resonances. Ei is the predicted photo-
electron energy. Velocity form results are given in brackets.

Initial states Resonance Ei [eV] Γi [cm−1] σ0 [Mb] qi ρ2
i

5p5(2P3/2)6p[1/2]0 5p5(2P1/2)20s′[1/2]1 1.2531 0.478 9.62(10.02) 0.022(−0.191) 0.0107(0.0146)

5p5(2P3/2)6p[1/2]0 5p5(2P1/2)18d′[3/2]1 1.2515 11.79 9.62(10.02) 0.058(0.094) 0.851(0.860)

5p5(2P1/2)6p′[1/2]0 5p5(2P1/2)20s′[1/2]1 1.2531 0.478 2.32(1.49) −9.1(−6.9) 0.434(0.874)

5p5(2P1/2)6p′[1/2]0 5p5(2P1/2)18d′[3/2]1 1.2515 11.79 2.32(1.49) −5.6(−7.7) 0.875(0.717)

transitions 5p5(2P1/2)6p′[1/2]0 → 5p5(2P1/2)20s′[1/2]1
and 5p5(2P1/2)6p′[1/2]0 → 5p5(2P1/2)18d′[3/2]1 are more
than one order of magnitude larger than for the tran-
sitions 5p5(2P3/2)6p[1/2]0 → 5p5(2P1/2)20s′[1/2]1 and
5p5(2P3/2)6p[1/2]0 → 5p5(2P1/2)18d′[3/2]1 due to the
change of the total angular momentum of the 5p-shell
during the transition. However, the imaginary part of the
correlational amplitude Figure 7c for the latter transition
is large. As a consequence, the 18d′ resonance appears as
a prominent window-type resonance on the background
of the 5p5(2P3/2)6p[1/2]0 → 5p5(2P3/2)εl photoionization
continuum.

6 Conclusions

We have investigated the lineshapes of autoionization res-
onances in xenon atoms for multi-photon excitation path-
ways from the ground state via different intermediate
states. The autoionization spectrum, i.e. the profile pa-
rameter q changes significantly with the choice of the
intermediate state. Transitions to states 5p5(2P1/2)ns′
are clearly visible in the spectrum, if intermediate states
5p5(2P1/2)6p′[1/2]0 or 5p5(2P1/2)6p′[3/2]2 with core con-
figuration 2P1/2 are selected, while they seem to vanish in
the spectrum for an intermediate state 5p5(2P3/2)6p[1/2]0,
belonging to core configuration 2P3/2. The shape of the
5p5(2P1/2)nd′-resonances changes, for an intermediate
state belonging to the core configuration 2P3/2, from a
symmetric window-type lineprofile, i.e. profile parameter q
close to zero, to an strongly asymmetric Beutler-Fano pro-
file with large parameter q for intermediate states of core
configuration 2P1/2. If third-harmonic generation via au-
toionizing states, not involving any resonant coupling to
intermediate states, is used to monitor the autoionization
spectrum with regard to the spectral line shape, both the
5p5(2P1/2)ns′- as well as the 5p5(2P1/2)nd′-resonances
are detected. Our data agree with theoretical predictions
from calculations based on the configuration interaction
Pauli-Fock approximation including core polarization.
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26. S.L. Sorensen, T. Åberg, J. Tulkki, E. Rachlew-Källne, G.
Sundström, M. Kirm, Phys. Rev. A 50, 1218 (1994)

27. I.D. Petrov, V.L. Sukhorukov, H. Hotop, J. Phys. B 35,
323 (2002)


