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Experiments on the photofragmentation dynamics of halogen molecules after excitation with in-
tense laser and soft X-ray pulses delivered by the FLASH facility are reported. Complex and
linked nuclear and electronic dynamics are revealed analyzing the interaction results by applying
momentum resolved ion-spectroscopy. Thus, the molecular dissociation with a characteristic time-
constant of (55± 10) fs could be followed directly in the time-domain.
The experimental results obtained were improved by applying a jitter-compensating technique
based on a cross-correlation of NIR-laser and XUV-FEL-pulses measuring the arrival time jitter
at the experimental end-station [1, 2, 3].
The technique of ion spectrometry not only allows for analyzing created charge states but also
enables to determine additional momentum gained by individual ions after excitation. In this study,
we observed the kinetic energy release (KER) of fragments resulting from the recoil of the Coulomb
explosion of a multiply charged molecular ion. Figure 1 (taken from Ref. [4]) shows obtained ion
momentum spectra for iodine charge states 2+ and 3+ in dependence of the temporal delay of
laser and FEL-pulses together with the unperturbed spectra for excitation with the FEL-pulse only.
The nomenclature is chosen such that the photofragmentation channels governed by the Coulomb

Figure 1: (left) Momentum resolved transient I2+ and I3+ ion yields as a function of the time delay between
XUV and NIR pulses. The data were sorted according to the XUV arrival time measured simultaneously.
Each ion trace was averaged over about 200 single traces. On the right hand side an axis indicating the
fragment kinetic energy (half of KER) for ions with the initial momentum on the spectrometers axis as
well as the ion yield solely induced by the XUV pulse are shown. (right) The temporal evolution of the
internuclear distance R normalized to Re, as deduced from the center-of-mass shift of the transient feature
of the 1∗→2,1 channel indicated in the left plot. The two data sets represent I2+ fragments with the initial
momentum directed towards (filled circles) and away (open circles) from the detector. The solid line is
a calculation based on the two-point-charge model, the inset shows a simplified scheme for probing the
evolution of the (1∗→2,1) channel.



explosion Ip+q
2 → I+p + I+q are referred to as (p, q), with the first number p corresponding to the

charge of the detected ion. To avoid strong field ionization of the molecular ground state such as
multielectron dissociative ionization (MEDI), the applied laser intensities were kept well below
1013 W/cm2 in this study.
As an exemplary result, Figure 1 (right plot) shows the extracted temporal evolution of the in-
ternuclear distance of the molecular iodine atoms (”dissociation”) that can be extracted from the
distinct decay channel labeled (1∗→2,1) in Figure 1. It originates from the excited doubly charged
iodine molecule I2+∗

2 which undergoes subsequent Coulomb explosion. The measured gained KER
depends on the timing of the probing NIR pulse and thus directly represents a marker for the inter-
nuclear distance. The measured temporal evolution is in good agreement with the simple picture
of a repulsive Coulomb potential leading to the dissociation (see inset). Further analysis of the
I3+-signal yields an effective dissociation time of τdiss = (55± 10) fs.

Figure 2: Transient features in the Cl+ ion signal originating from molecular ICl. The data show the ion
signal for exciation with laser only (circles), FEL only (squares) and pump-probe results for delay times
before and after the temporal overlap (solid lines).

In a subsequent beamtime the studies were extended to hetero-nuclear molecules such as iodine
chloride where molecular dynamics are expected to differ significantly from the homo-nuclear case,
in particular due to the much higher electronegativity of the Cl atom as binding partner. The data
analysis is ongoing, the preliminary evaluation shows features in the spectra with a transient be-
haviour significantly different from the iodine case (see Figure 2).
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