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The interaction of very intense XUV- radiation with molecules is governed by multiple ionization
and dissociation initiated by few-photon absorption. Previous single-pulse measurements on N2 re-
vealed unexpected transition pathways and a clear dominance of sequential, or step-wise absorption
of several photons [1]. Here, using an XUV-pump–XUV-probe approach, we present time-resolved
measurements for multi-photon induced multiple-ionization and dissociation of N2 and C2H2.
In the experiments we used very intense (≈ 1× 1012 W/cm2), ultra-short ≈ 30 fs light-pulses at
28 eV photon energy delivered by FLASH in combination with a Reaction Microscope equipped
with a XUV split-and-delay mirror. The delay-dependent fragmentation for various target charge-
states has been recorded.

Fragmentation dynamics of multiply charged N2 molecules
In figure 1 (a) the KER-spectrum for N2

2+ → N+ + N+ is shown, integrated over all delay times
(up to 300 fs). The peaks located at ≈ 6.7, 8.2 and 10.4 eV can be associated to dissociation
along the A1Πu, d3Πg and D1Σu states of the dication, which all agree with our previous measure-
ment [1]. Remarkably, also very high-lying doubly-ionized states are populated, leading to large
KERs around ≈ 21 eV and ≈ 34 eV.

Figure 1: (a) KER spectrum for N2
2+ → N+ + N+, (b) and (c) Delay time dependence at KERs selected by

the red and blue regions in (a), respectively.

The delay-dependent ionization yields for selected KERs (red and blue areas in figure 1 (a)) are
displayed in figure 1 (b) and (c), respectively. Surprisingly, for low KER a wide minimum is
observed whereas the yield for high KER shows a sharp maximum at zero delay, confirming that
molecular dynamics have been probed.



Visualisation of ultra-fast isomerization reactions in C2H2

The migration of nuclei within a photo-excited molecule often triggers primary and important bio-
chemical reactions like in photosynthesis, in eye vision, and even in immunity and viral infection
(HIV isomerization). Acetylene (C2H2) has been serving as a prototype system for studying pho-
ton induced isomerization [2, 3]. Upon absorption of an XUV photon, one H-atom in the linear
[HCCH]+ cation may migrate from one side of the molecule to the other via trans-bend motion
within a short time of some ten fs. This results in the non-linear vinylidene [H2CC]+ structure.
Employing our XUV-pump–XUV-probe technique we were able to visualize, as a function of time,
the H-migration within the molecule. A weak pump-pulse ionizes acetylene at 28 eV and launches
the isomerization, which is then probed by Coulomb explosion with a very intense FEL-pulse [4].
The emission directions of the coincident C+ + H+ + CH+ fragments reveal information about the
geometrical structure at the instant of the second probe pulse.

Figure 2: Newton plot representation of the fragment momentum distributions (see text) integrated over all
delay times up to 400 fs.

The momentum vectors of the three ionic fragments (C+ + H+ + CH+) span a plane (neglecting
the small momenta of the photo-electrons). In figure 2 we show the momentum distributions of the
C+ and the CH+ within this plane, under the condition that the H+ is emitted along the (positive)
px-axis as indicated. In addition, we map the CH+ and C+ ions onto the upper and lower half plane,
respectively (Newton plot).
From the resulting momentum pattern (white solid arrows) of a single event we can extract the
geometrical structure of the molecule at the instant of explosion, which in the example shown
in figure 2 is close to the linear acetylene configuration. Hence, inspection of the Newton plot
as a function of the pump–probe delay-time allows us to reconstruct the molecular structure for
individual time-frames, very similar to a molecular movie. As indicated by the dashed arrows in
figure 2 the maxima of the momentum distributions of the heavy moieties will “rotate” around the
origin indicating the migration of the proton from the C+ to the CH+ site.
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