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Exploitation and manipulation of the the ampli-
tudes and phases of quantum paths connecting the
same initial and final states is a well-studied and
widely-implemented approach to control the out-
come of quantum processes. The application of
coherent control schemes in the extreme ultraviolet
(XUV) and X-ray spectral range was so impossible,
due to the lack of coherent multi-color sources in
these energy domain. With the operation of the first
seeded-Free Electron Laser (FEL) [1], XUV pulses
with these characteristics become available and open
the way for the first demonstration of coherent con-
trol of the photoionization process in neon atoms
[2]. In the experiment the combination of the first
(20 eV) and second harmonic (40 eV) of the FEL
FERMI (Elettra, Trieste) were jointly used to pho-
toionize neon atoms either through a single-photon
or a two-photon process. The different symmetry
of the final states reached by the two pathways cor-
responds to a preferential emission direction, which
can be controlled by changing the relative phase be-
tween the two harmonics. We will present additional
ideas and schemes on how extending this concepts
for the synthesisation and measurement of fully con-
trollable attosecond waveform using FERMI.
Two-source interferometry is a widely used tech-
nique due to its sensitivity. We recently applied this
technique to the extreme ultraviolet range using pairs
of isolated attosecond pulses to retrieve the full elec-
tric field of few-cycle pulses with a complex time-
dependent ellipticity [3]. Two closely spaced isolated
attosecond pulse were generated using a binary plate
and the polarisation gating technique. The weak in-
frared pulse to be characterised was overlapped with
one of the spot. The perturbation induced on the gen-
eration of one of the two attosecond pulses is reg-

istered in a change of modulation depth (amplitude)
and in the shift (phase) of the XUV interference pat-
tern measured in the far field. By changing the rel-
ative delay between the pair of isolated attosecond
pulses and the unknown field, we demonstrate the full
reconstruction of pulses with an energy as low as few
tens of nanojoules. We will also present experimental
evidences that only the component of the unknown
electric field parallel to the motion of the electronic
wave packet leading to the generation of the isolated
attosecond pulses, can effectively perturb the char-
acteristics of the emitted XUV radiation. Therefore,
the electronic motion in the continuum acts as an at-
tosecond directional filter, which allows one to sam-
ple unknown fields with a temporal resolution of few
hundreds of attosecod along a controllable direction.
This experimental observation is fully confirmed by
theoretical simulations based on the Strong field Ap-
proximation and on the Lewenstein Model [4, 5].
Combining the electric field reconstruction along two
(perpendicular) directions, we will present measure-
ments demonstrating the full three-dimensional of
few-cycle electric field presenting a complex polar-
isation pattern.
These results pave the way for the full reconstruction
of the weak laser pulses usually implemented in in-
frared and visible spectroscopy.
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