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Synopsis We have studied a coupled electronic-nuclear wave packet in nitric oxide using time-resolved strong-
field photoelectron holography and rescattering. We show that the electronic dynamics mainly appears in the
holographic structures whereas nuclear motion strongly modulates the angular distribution of the rescattered

photoelectrons.

The interaction of intense laser pulses with
molecules has opened several new avenues for
imaging ultrafast dynamics. Strong-field photo-
electron holography has been used to measure
static atoms [1, 2] and molecules [3] whereas
rescattering has additionally revealed first evi-
dence of nuclear motion [4]. Here, we transpose
the powerful methods of photoelectron hologra-
phy and rescattering to observing electronic dy-
namics and its coupling to nuclear dynamics.
First, we show that the electronic dynamics mod-
ulate the contrast of the holographic pattern
which is found to probe the lateral-momentum
distribution of the photoelectron wave packet at
the instant of ionization. Second, the electronic
dynamics is shown to neither modify the struc-
ture of the holographic pattern nor the angular
distribution of the rescattered electrons, provid-
ing a clean separation of nuclear dynamics oc-
curring simultaneously to the electronic dynam-
ics. Third, owing to this separation, the nu-
clear dynamics is recorded by rescattering in a
background-free manner.

We use impulsive stimulated Raman scattering
(ISRS) to prepare a coupled electronic and rota-
tional wave packet in the neutral NO molecule.
The wave packet is probed by strong-field ioniza-
tion and the photoions and photoelectrons are
detected by a velocity-map-imaging spectrome-
ter. An overview of the experimental results is
given in Fig. 1. Figure la shows the normalized
NOT yield as a function of the pump-probe delay.
The rapid regular oscillation originates from the
electronic wave packet whereas the two features
around 5 and 10 ps correspond to the quarter and
half rotational revivals, respectively. Figure 1b
shows a cut through the three-dimensional pho-
toelectron momentum distribution recorded at a
delay of 1.56 ps. Figures 1c and 1d show nor-
malized differences of photoelectron momentum
distributions recorded at maxima and minima of

the photoelectron (or, equivalently, NO) yield.
The electronic dynamics (Fig. 1c¢) appears as a
pronounced modulation of a holographic pattern
whereas the nuclear dynamics manifests itself by
modifying the angular distribution of the rescat-
tered photoelectrons.
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Figure 1. Resolving electronic and nuclear
dynamics through holography and rescatter-
ing. (a) Time-dependent normalized NOT signal
and illustration of the prepared electronic and ro-
tational dynamics, (b) photoelectron momentum
distribution of excited NO molecules recorded at
a delay of 1.56 ps, (c¢) normalized difference of mo-
mentum distributions at maxima and minima of the
NO™ signal dominated by electronic dynamics (1.55
and 1.72 ps, respectively), (d) normalized difference
of momentum distributions at maxima and minima
of the NO™ signal dominated by rotational dynam-
ics (4.92 and 1.50 ps, respectively).

References
[1] Y. Huismans et al. 2011 Science 331. 61

[2] D. D. Hickstein et al. 2012 Phys. Rev. Lett. 109.
073004

[3] M. Meckel et al. 2014 Nat. Phys. 10. 594
[4] C. 1. Blaga et al. 2012 Nature 483. 194

'E-mail: samuel.walt@phys.chem.ethz.ch
2E-mail: hansjakob.woerner@phys.chem.ethz.ch

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


mailto:samuel.walt@phys.chem.ethz.ch
mailto:hansjakob.woerner@phys.chem.ethz.ch

