Influence of the delay and relative polarization in photoionization of water by
laser-assisted attopulse trains

L. Martini*, D.I.R BollZ, O.A. Fojén*"

* Laboratorio de Colisiones Atomicas, Instituto de Fisica Rosario (CONICET-UNR), Rosario, Santa Fe 2000, Argentina.
t Dpto. de Quimica, Facultad de Ciencias, Universidad Auténoma de Madrid, Madrid, Espaia.

Synopsis We study theoretically the photoionization of water molecules by extreme ultraviolet attopulses (or train of attopulses)
assisted by a near infrared laser both with linear polarizations. We employ a separable Coulomb-Volkov model [1, 2, 3, 4, 5, 6]
to describe the reaction. We analyze the effects of different delays and relative polarizations between the attopulse and the

assistant laser field on the dressed harmonics lines.

The knowledge of ionization of water molecules
is relevant in several domains such as astrophysics,
radiobiology and medical physics. For instance, this
basic reactions is essential to understand the inter-
action between radiation and the biological tissue
because living cells are composed mostly by water.
Therefore, we study theoretically the photoionization
of water molecules by extreme ultraviolet attopulse
trains assisted by lasers in the near-infrared range.

To describe the reaction, we employ a separable
Coulomb-Volkov (SCV) model [1, 2, 3, 4, 5, 6] in
which the temporal evolution of the system can be
divided into three stages allowing spatial and tempo-
ral separation for the Coulomb and Volkov final state
wavefunctions. In fact, the final state is described by
a product of a Coulomb wave and a Volkov function.
The first one describes the interaction of the photo-
electron with the residual target whereas the Volkov
function takes into account the action of the assis-
tant laser on the photoelectron to all orders. Employ-
ing previous analytical expressions deduced from the
SCV model [4, 5], we obtain angular distributions of
photoelectrons for linear polarization for both the at-
topulses and the assistant laser.

First, we analyze the influence of the delay be-
tween the attopulse and the assistant laser field on the
dressed harmonics lines. The water molecule bound
states are represented using the Moccia’s monocen-
tric wavefunctions [7]. We compare our results for
water and Ne atoms as they belong to the same iso-
electronic series. As no experiments are available for
water, we contrast our calculations also with previ-
ous theoretical and experimental work for Ar atoms
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[5] due to the similarities of the orbitals involved in
the reaction. Second, we study the effect of vary-
ing the relative orientations of the attopulse and laser
field polarizations and we compare our predictions
with other theories and experiments [8].

We hope our work contribute to the improvement
of polarization experiments and the development of
the attopulse trains and assistant laser fields technolo-
gies. Finally, we expect that these studies promote
progress on the control of the chemical reactivity of
water molecules since this could be helpful in many
fields as the ones above mentioned.
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