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Synopsis We present a theoretical study of the vibrationally resolved core photoionization of the water molecule
up to high photon energies. In order to understand the role of the coupled electron-nuclear motion in polyatomic
molecules, we thus have implemented a new methodology to describe all vibrational modes of a polyatomic
molecule. We show our preliminary results on the O(1s) photoionization, with special focus on the vibrationally
resolved cross sections in a large range of photon energies, reaching up to 1500 eV.

Most theoretical studies of coupled electron
and nuclear dynamics in photoionization prob-
lems have been restricted to diatomic molecules
[1] or to a single vibrational mode of polyatomic
molecules [2]. In some cases, a reasonable ap-
proximation is to reduce the nuclear degrees of
freedom to one principal normal mode. This
was shown in photoionization problems for highly
symmetric targets such that CHy or BF3 [2],
whose symmetric stretching mode was the main
active mode upon the photon absorption. How-
ever, such simplification is not valid in most prob-
lems.

The aim of this study is to extend the
methodology previously developed in those
molecular targets, which used a one-dimensional
vibrational wave function, to include an arbitrary
number of nuclear degrees of freedom. We thus
seek to achieve a complete description of vibra-
tional motion, although, for simplicity our first
implementation uses Jacobi coordinates, which
are particularly suitable for non-linear triatomic
molecules. In the present study, we report re-
sults for the O(1s) photoionization of the wa-
ter molecule induced by synchroton radiation,
where all normal modes are simultaneously ac-
counted for : bending, symmetric stretching and
asymmetric stretching. Accurate vibrationally
resolved cross sections require the computation
of dipole matrix elements for the transition from
the ground state of the neutral to the core-ionized
water molecule. These dipole elements are ob-
tained for the full grid of nuclear coordinates us-
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ing the static-exchange DFT method developed
by P. Decleva and collaborators [3]. The reli-
ability of our approach is tested by comparing
our calculated O(1s) vibrationally resolved pho-
toelectron spectrum with available experimental
data for a photon energy of 590 eV [4]. We find a
good agreement with the vibrational progression
at 590 eV, where the dominant contribution is
that of the bending mode of the core-ionized wa-
ter molecule. We further analyze the v-ratios as a
function of photon energy, i.e. the ratios between
the photoionization cross sections for individual
vibrational states. For all normal modes, we
observe oscillations around the Franck-Condon
factor value, similar to those found in previous
works for other diatomic and polyatomic targets
(CO, CHy, BF3, etc) [1, 2], whose origin comes
from diffraction of the ejected electron by the
surrounding H atoms.

References

[1] E. Kukk et al., Phys. Rev. A 88 033412 (2013)
D. Ayuso et al., J. Elec. Spec. Rel. Phen. 195
320-326 (2014)

[2] E. Plésiat et al., Phys. Rev. A 85 023409 (2012
K. Ueda et al., J. Chem. Phys. 139 124306 (2013
(

[3] M. Stener et al., J. Chem. Phys. 112 10871 (2000
M. Stener et al., Chem. Phys. Lett. 351 469 (2002
D. Toffoli et al., Chem. Phys. 276 2543 (2002)

—_— — ~ —

[4] R. Sankari et al., Chem. Phys. Lett. 380 647-653
(2003)

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1


mailto:selma.engin@uam.es

