Nuclear Motion in Water Ionized by Femtosecond Strong Fields
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Strong-field multiple ionization of water reveals substantial nuclear motion that proceeds within tens of femtoseconds.
Here we compare fragment momentum distributions of water ionized by pulses ranging from 5 to 40 fs in duration.

The rapid removal of multiple valence electrons
from a molecule via ultrafast strong-field ionization
initiates prompt dissociation. The resulting fragment
momentum distribution reflects the molecular
geometry immediately prior to dissociation [1];
however, the strong-fields required for multiple
ionization complicate the geometry reconstruction due
to laser-induced forces that distort the ultrafast motion
of the fragments during ionization [2].

For lighter molecules, such as water, strong-field-
induced rearrangements of molecular nuclei have been
widely observed prior to dissociation [3]. Two
mechanisms dominate the dynamics of multiply
ionized water: (1) dynamic alignment, wherein an
anisotropic polarizability causes the water cation to
align with linearly polarized laser fields; and (2)
unbending, wherein electronic states with a linear
equilibrium geometry are populated [4].

An important parameter in the appearance of these
phenomena is the ionizing pulse duration. When the
pulse duration is much shorter than the characteristic
timescale of unbending, for example, the angular
distribution of ionic fragments will more accurately
reflect dissociation from the equilibrium geometry.
Conversely, when the pulse duration is much longer,
unbending motion will dominate and the relative
angles between all fragments in three-body
dissociations will approach 180° [see Fig. 1].

In order to investigate these phenomena, we utilize
linearly polarized Ti:sapphire laser pulses with a
central wavelength of 800 nm and variable pulse
duration. These pulses are intersected with a skimmed
molecular beam in order to multiply ionize the stable
isotopes of water (H20, D20, and HOD) one at a time.
Following multiple ionization, the molecular cations
dissociate and subsequently the full 3D momentum
distribution of the fragments is imaged by a velocity
map imaging spectrometer.
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Figure 1: Molecular-frame momentum distributions of the D>O
fragmentation channels that result in two D* ions detected in
coincidence (D*/D*/O"* where n =0,1,2,...) following ionization by
two distinct laser pulses: (a) 5 fs, 11 pJ and (b) 20 fs, 43 pJ. In this
frame, p,, is along the D-D axis of the molecule, and p, _is along
the D-O-D bisector. In comparing panels (a) and (b), clear
discrepancies exist in both the magnitudes and relative angles of the
fragment momenta.
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