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Abstract. Understanding processes induced by XUV excitation of
Polycyclic Aromatic Hydrocarbons (PAHs) is at the heart of molecular
astrophysics, which aims at understanding molecular evolution in
interstellar media. We used ultrashort XUV pulses to produce highly
excited PAHs cations. The photo-induced dynamics is probed using a
pump-probe  XUV-IR spectroscopy. By studying PAH from small
(naphthalene) to large (hexabenzocoronene) PAHs, we show that the
dynamic is governed by the large density of states, in which many-body
quantum effects are dominant.

1 Introduction

The advent of sources producing ultrashort XUV pulses has brought new perspectives in
observing atoms and molecules on their natural time scale. First experiments have been
performed on molecules showing the ability to observe and control electron and (coupled)
nuclear dynamics in real time, down to the attosecond timescale [1,2]. In this context,
polycyclic aromatic hydrocarbons (PAHs) are rigid and symmetric molecules and therefore
constitute prototypes for the investigation of large and complex systems. Moreover, due to
their high stability under energetic radiation, they are even thought as a primordial class of
large molecules in space [3], where their photo-induced reactions are of prior importance to
comprehend the appearance of biomolecules in interstellar chemistry. In order to
investigate the photoinduced processes upon XUV excitation, we have recorded
fragmentation and ionization dynamics in PAHs of various sizes, from Naphthalene (C,,Hy)
to Hexabenzocoronene (HBC, C,,H ;) using XUV-IR pump-probe scheme.

2 XUV-IR probe experiments

Our experimental set-up is based on the combination of an XUV pump-IR probe scheme
and a Velocity Map Imaging spectrometer operating either in time-of-flight or momentum
imaging mode [4.5]. Following XUV ionization, PAH cations are formed in highly excited
states. Consequently, non-adiabatic couplings between electronic states determine their
ultrafast relaxation. In addition, electron correlation also plays a crucial role and prevails
for the states lying around the second ionization potential [6]. In order to monitor the
dynamics of the states, we use a second time-delayed, IR pulse from which the molecule
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can absorb photons. This absorption leads either to a second ionization step that produces
stable dications or fragments from the cation. We have measured the variation of the
molecular ions and fragments yields as a function of the pump-probe delay (see Fig. 1).

3 Dynamics of highly excited PAHs

3.1 Dynamics in the dications

For all the investigated PAHs, the dication signal in Fig 1.a reveals an ultrafast transient
signal with a direct population of excited states, followed by a fast decay (40+5 fs for
Pyrene, 4949 fs for Coronene, and 59+10 fs for HBC). This shows that the measured
timescale increases with the size of the molecule (see also Fig 2.a). Guided by quantum
mechanical calculations, we have interpreted this behaviour is terms of a complex
relaxation through a dense population of shake-up states. Considering states close to the
double ionization threshold, computed ionization spectra (Fig 2.b) confirmed that these
states have a strong multielectronic character, and are also coupled by non Born-
Oppenheimer effects. Increasing the size of the molecule leads to a higher density of
strongly non-adiabatically coupled shake-up states. As a consequence, the reported trend of
the relaxation dynamics corresponds to the fact that the initial population has to cross a
large and increasingly number of conical intersections for larger and larger molecules,
leading to the few tens of fs timescale measured. Therefore, this mechanism seems general
for the dynamics of highly excited PAHs. We have also validated this scenario by
performing time-resolved electron spectroscopy experiments [7] where we have shown that
higher energy states have longer lifetime due to the increase of the density of shake-ups.
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Fig. 1. a) Time-dependent dication yield measured for three studied large PAHs: Pyrene (C,¢H)o),
Coronene (CyH),), HBC; b) Time-dependent fragment yield for Pyrene: loss of H, 2H, C,Hx and
C,4H, are presented.

3.2 Dynamics in the fragments

We pushed the experiment one step further by observing the time-dependent fragment
yield. The usual fragmentation pattern corresponds to the loss of one or several hydrogen
atoms, and the loss of C,H,. Observation of the fragment yields has revealed a population
of fragmentation channels on a 100 fs timescale (for instance, 119+26 fs for H loss and
105+30 fs for 2H loss in the case of Pyrene (Fig 1.b)). We interpret this dynamics as

the vibrational energy spreads in the molecule when the population is transferred from one
high lying electronic state to a lower one. If the total energy absorbed is higher than the
fragmentation threshold of the cation, this dynamics manifests itself as a progressive
increase of the fragmentation yield. For higher-mass fragments, this effect is combined with
the decay of the multielectronic states mentioned above. Indeed, the high internal energy
required for the loss of high-mass fragments implies that the absorption of a IR photon can
either lead to second ionization, forming a stable or unstable dication that can fragment.
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Fig. 2. a) Dication decay constant as a function of the PAH area (given in units of the distance
between two adjacent carbon atoms, dcc); Benzene (C6HO6) is taken from [8]; b) Computed ADC
spectra for Pyrene and Coronene, from Supplementary Material of [6].

4 Conclusion

This study reports dynamics occurring in small and large PAHs (up to 60 atoms) after XUV
absorption. This dynamics is driven by the complex interplay between multielectronic and
non-adiabatic effects. Counter intuitively, the lifetime of the relaxation dynamics increases
with the molecular size. This is understood in terms of a dense shake-up structure in which
the population is efficiently trapped. This general trend would allow predicting any PAH
lifetimes and can be incorporated in astrochemisry models.
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