Supplementary information - Molecular structure retrieval directly from laboratory-frame
photoelectron spectra in laser-induced electron diffraction
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Supplementary Note 1: Extraction of field-free scattering information from field-dressed
LIED measurements

Supplementary figure 1 illustrates the process of electron rescattering in LIED. Shown is the
laser electric (LIED) field (red) and its associated vector potential (yellow, dashed). Due to the
higher order of magnitude higher ionization probability for long versus short quantum
trajectories, only two long trajectories are shown (blue and turquoise). In MIR-LIED, an
electron is tunnel-ionized close to the peak of the electric field. Quantum mechanically, a
range of quantum trajectories re-encounter the molecule where the electron scatters, thus
acquiring a momentum shift p, which embeds structural information. An analysis of the
quantum trajectories?? yields that scattering trajectories lead to the highest final
(measured) electron kinetic energies, thus allowing to distinguish them from non-scattering
trajectories at low kinetic energies. This process repeats every half cycle during the laser field
for the range of cycles where ionization occurs. Thus, by tuning the intensity of the laser, the
process can be controlled to occur only once. Note that even without such control, the varying
(Gaussian) intensity profile leads to a significant modulation of the acquired final kinetic
energies, thus permitting to distinguish scattering trajectories even for multi-cycle laser
pulses. Another important point is the fact that electron momenta are measured in the
laboratory frame. But the described dynamics is governed by the laser field, i.e., the dynamics
occurs in the laser polarization frame. A closer look at the dynamics shows that the scattered
electron (blue) re-encounters the molecule (distance r=0) at time t.1 in the presence of the
laser field, thus acquiring an additional momentum p(t 1) = A(t;1). The measured momentum
consists of two contributions, the momentum which is imparted due to scattering of the
molecule k1 and the momentum imparted by the laser p(t.1). Knowledge about the vector



potential A(tr1) is thus needed to extract ki1 from measuring p1. This is illustrated by the inset
and described in Refs. 4>,
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Supplementary Fig. 1 Extraction of field-free scattering signal in the presence of a strong laser field
from laboratory-frame photoelectron momentum. Shown is the electric field (red) together with its
associated vector potential (yellow dashed) of the LIED laser pulse. An electron tunnel ionizes in the
presence of a strong laser field and two possible “long” quantum trajectories are shown in blue and
turquoise. The emitted electron is first driven in the direction given by the scalar product q - E before
returning and scattering against the target at some time later t. where it acquires momentum transfer
k from the target and momentum p(t;) = A(t;) from the vector potential. The electron is detected with
momentum p.

Supplementary Note 2: Extraction of OCS bond angle and corresponding uncertainty

The OCS bond angle, ®¢s, was determined by simple geometrical consideration using
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where the uncertainty in @gcs is given by error propagation using a first order Taylor
expansion,
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The area of uncertainty shown in Fig. 4c (of the main text) is extracted by Fourier-transforming
the two extrema of both the shaded blue Poissonian error distribution by AMCF = \/N/Gatom
and the shaded red detected longitudinal momentum error distribution given by Aqg = 2Ap..
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