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Some years ago, the research group of Th. Baumert (Uni Kassel, Germany) found an asymmetry
in the photoelectron angular distribution (PAD) between the two enantiomers of camphor as well
as of fenchone [1] when considering a (2 + 1) resonance-enhanced multiphoton ionisation process
(REMPI). As the direction of the asymmetry is (also for some more molecules) identical, the
question is raised whether this asymmetry is a generic feature of chiral molecules and can be used
for determining the absolute configuration of the enantiomers. In order to further investigate this
question, a theoretical approach for calculating the PAD for (2 + 1) REMPI should be developed.
As the experiments were performed at laser peak intensities at which the application of lowest-
order perturbation theory (LOPT) should be fully sufficient, this level of approximation should
be adopted. However, the treatment of a REMPI process within LOPT requires a density-matrix
formalism, since the intermediate state is time-dependently populated and depleted. Therefore,
the intermediate (resonant) state is not a virtual state. The corresponding formalism for an
(n+m)-REMPI process in molecules was given in [2] which is based on [3]. For the calculation of
observables such as the photoionisation probability and the PAD, the description of the process
is split into two parts. First, the anisotropic population of the excited (intermediate) state is
calculated, taking effects like saturation and the ac Stark shift into account. In the second step
the photoionisation of this oriented excited state is considered. Therefore, the process is described
by the rate equations of a two-state system coupled to the continuum. The equation of motion
of the two-state system is determined by the von Neumann equation
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Ĥ0 + V̂int, ρ̂

]
(1)

In the derivation of these equations the continuum was eliminated in an adiabatic way [3]. Within
the rotating-wave approximation the time evolution of such a two-state system is described by
the density-matrix equations [2],
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in the case of slowly varying density-matrix elements ρ00 = 〈Ψ0 | ρ̂ |Ψ0 〉, ρii = 〈Ψi | ρ̂ |Ψi 〉, and
ρi0 = 〈Ψi | ρ̂ |Ψ0 〉. Here Ω(2)

0i is the two-photon Rabi frequency between the ground and the
intermediate state which is defined by
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where µ′ characterises the polarisation of the electric field (µ′ = 0 for linear polarisation and
µ′ = ±1 for circular polarisation) and dµ′ represents the dipole operator and E2

0(t) is the envelope
of the electric field. Furthermore, the dynamical detuning ∆ = 2ω + ω0 − ωi + S0 − Si with the
ac Stark shifts of the ground and the intermediate states S0 and Si, respectively, are required
for describing the REMPI process. The ac Stark shift and the associated ionisation width Γi are
defined as
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It has to be kept in mind that the summation over the states |Ψn 〉 and |Ψm 〉 includes all bound
as well as the continuum states.
The main goal of this STSM was to clarify the adopted formalism between the involved scientists
(A. Saenz (applicant) and his master student Maike Ostmann who accompanied him to Trieste as
well as Piero Decleva and Daniele Toffoli (hosts)) in order to extract the required data (energies,
two-photon transition dipole moments from the initial to the intermediate state (within LOPT),
and one-photon ionisation matrix elements (intermediate to final state)) from the Trieste code
that allows to evaluate these data for in principle arbitrary molecules. As a concrete example, two
sets of data have been produced, one for the hydrogen atom (for testing purposes) and one for the
chiral prototype molecule BrClFCH. During the STSM, this goal was achieved and in addition full
solutions of the time-dependent Schrödinger equation for atomic hydrogen have been obtained in
order to verify the implementation. The tests are still in progress, but the STSM in Trieste was
absolutely vital to push the project substantially forward, as many technical details had to be
resolved.
As was described in the work plan, a second goal of the STSM was to achieve a clear status
report on the extraction of photoelectron spectra from the joined Trieste/Berlin code for solving
the time-dependent Schrödinger equation for arbitrary molecules within the single-determinant
approximation. Furthermore, the time of the STSM was used to discuss future directions of using
and extending that code. Also this goal was achieved, and the further strategy was agreed on.
Finally, as proposed in the work plan, the resubmission of a common publication (“Wavelength-
and Alignment-Dependent Photoionization of N2 and O2”) was finalised during the STSM and
successfully resubmitted to Phys. Rev. A.
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