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Abstract

The coupled electron-nuclear dynamics of ozone is investigated on the attosecond time scale. The

time-dependent Dyson orbitals, dipole, and photoelectron spectrum were calculated to characterise the

coherent time evolution of the electronic wavepacket.

Recently, we proposed a nonadiabatic scheme for the description of the coupled electronic and nuclear mo-
tion in ozone [1, 2]. An initial coherent nonstationary state was prepared as a superposition of the ground
and the Hartley B states. In this situation neither the electrons nor the nuclei are in stationary state. The
multicon�guration time-dependent Hartree (MCTDH) method [3, 4] was used to solve the coupled nuclear
quantum dynamics in the framework of the adiabatic separation of the time-dependent (TD) Schrödinger
equation. The resulting electronic wavepacket shows an oscillation between the two chemical bonds. In addi-
tion, a revival of the electronic coherence occurs after the pump pulse is o�, which induces a second transfer
of population between both states. To characterise the oscillation of the electron density we calculated the
TD Dyson orbitals, molecular dipole [5, 6], and photoelectron spectrum [7, 8]. We limited our description
of the electronic motion to the Franck-Condon (FC) region only because the nuclear wavepackets in both
states stay localized around this point during the �rst 5�6 fs. The details and the analysis of the quantum
dynamics calculations were discussed in our previous works [1, 2].

The objective of the present work is to show realistic measurable quantities that will characterise the
coherent evolution of the electronic wavepacket. We start with the TD dipole (see Fig. 1), as an observable
that can be measured experimentally [5].
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Figure 1: Time-dependent molecular dipole along the y-axis.
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The oscillatory time evolution of this dipole directly re�ects the electronic coherence in the system. The
�rst time period of this picture denotes the excitation by the pump and the second part re�ects the revival
of the coherence after the pump is o�. As discussed in our previous work [2] this is due to some trapping
of the wavepacket in the B state. The oscillation of the dipole corresponds to a transfer of electron between
the chemical bonds. This can be further characterized by TD Dyson orbitals that represent the exciton
migration [6] (see Fig. 2).

Figure 2: Time-dependent densities of the Dyson or-

bitals belonging to 2B2 cation channel.
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Figure 3: Approximate photoelectron spectrum as a

function of the time delay and kinetic energy release.

Although these orbitals are not directly observable, they are key to compute the photoelectron spectrum
that can be measured experimentally (see Fig. 3) as a function of the time delay between the probe and the
pump.

A revival of coherence can be observed directly if the dipole can be monitored experimentally. It can also
be observed indirectly in the time-resolved photoelectron spectrum through the revival of the B band.
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