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Scientific background
This project will build on some earlier studies carried out jointly by two of the Attofel
European Network partners, namely Lund Laser Center and CEA, and two external
partners, the CELIA lab in Bordeaux and the LCPMR in Paris as for the theoretical part.
It is aimed at unraveling the temporal aspects of electron ejection during photoionization
in a XUV+IR field. Using a RABBIT setup with a magnetic bottle electron spectrometer
as a detector, it was discovered experimentally in 2009 by the Saclay and Bordeaux
groups that the photoionization of N2 shows uncommon features on the low energy side
of the photoelectrons spectrum [1]. More precisely, vibrational levels could be resolved
and the phases of the photoelectron dipoles transition elements leading to each of
these lines could be measured. A tentative interpretation was proposed in the first
publication and a more thorough theoretical background was later provided by members
of the consortium in ref. [2]. In brief, when using a 792 nm laser, H11 falls right on a
complex resonance and depending on which energy part of the harmonic one considers
within its width, the measured dipole may or not show a π phase shift. In ref. [2], this
phase shift was directly linked to a photoionization time and a wavelength scan was
proposed to access it experimentally.
The LLC group reported on the observation of such an effect in He [3]. In order
to pass by a resonance, either the frequency of the laser was tuned or the intensity
dependence of the stark shift was used. In particular unusual dependence of the Stark-
shift with the ponderomotive potential of the dressing beam was identified. This work
was further pursued studying phases of the photoionization of Ar out of resonance
in [4], revealing the need for a precise interpretation of the photoionization time. In
particular the Wigner delay was thoroughly discussed. Such a discussion arose again
lately in [5]. This scientific landscape clearly shows the timeliness of further studies,
especially on the experimental side where angularly resolved measurements of 2-photons
ionization of aligned molecules for tuned XUV wavelengths, could directly give access to
photoionization times. It could help provide a more complete picture of photoionization
in the time domain for both atoms and molecules and stimulate theoretical studies.
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Objectives
We propose to further demonstrate the capabilities of the RABBIT technique to get a
full spectrum of both the imaginary and real parts of a two photon transition matrix
element passing by an intermediate resonance. Initially, a so-called complex resonance
at 17 eV in N2 will be targeted. This is chosen for i) the mechanism underlying it is not
perfectly elucidated and ii) it falls close to an available line in Ti:sapph based lasers.
We expect the measurements to give a clearer picture of the states coming into play in
this resonance and possibly to propose a temporal sketch of the mechanism thanks to
the phase information obtained.
Besides, it may be noted that 2-photons transitions are considered (XUV+IR) which
have the capability to complement 1-photon spectroscopy by opening new channels
as exemplified in multiphoton spectroscopy techniques. While N2 provides a suitable
model system for the proposed studies, the project will aim to identify other systems
with resonance features of interest for future studies.

Methodology
The ER will have to coordinate the work of the two Attofel partners in close collaboration
with the two other members of the consortium in order to design the experimental setup.
The theoretical team based in Paris, next to Saclay, will be of considerable help to orient
the experiment and will be available every day. The experiment itself will probably be
based on the existing setup in Lund where the best tunable laser is available. It will be
the work of the ER to precisely define the schedule, but one may anticipate that three
steps will be taken, of increasing novelty:

1. Based on the Saclay/Bordeaux experience on the one hand, and the Lund experience
on the other hand, RABBIT phase measurements will be acquired in N2 injected in the
sensitive region of a MBES spectrometer while scanning the wavelength of the laser.

2. A more ambitious step, aiming at doing the same experiment but aligning the
molecules and recording angularly resolved spectra will be subsequently taken in a VMIS.

3. As a bonus, if everything goes fine, we propose to measure phase differences against
the revival time. Doing so, it might be possible to identify some dynamics among the
different rotational levels populated by the alignment beam.
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Environment
A large part of this work will be performed in collaboration with other members of
the consortium, providing a great deal of experience to the successful applicant. The
PostDoc will join the group working on high harmonic generation and attophysics,
composed of five permanent senior researchers, three doctorates and two postdocs.
Saclay provides an excellent scientific environment: it has a long tradition and expertise
in intense laser-matter interactions, and especially, in high harmonics and attosecond
pulses generation, both in theory and experiments.
The Saclay Laser-matter Interaction Center has been agreed as a European Facility and
welcomes European researchers willing to use its state-of-the-art laser systems. The
geographical location (Paris’suburbs) close to Orsay University, École Polytechnique,
LOA-ENSTA, SOLEIL synchrotron. . . allows frequent and fruitful exchanges.

Applications
Candidates should send a CV, letter of interest in research, and the name and address
of a potential reference to Thierry Ruchon. In the frame of the ATTOFEL Equal
Opportunity policy, female candidates are especially encouraged to apply.
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