
Introduction

As stated in the previous abstract by Jiro Itatani, High Harmonics Generation is a very promising candidate to 
achieve both sub-femtosecond temporal resolution together with Angstrom-scale spatial resolution (1). These 
are requirements to probe molecular states. Indeed, great theoretical and experimental progress has been 
made towards this aim over the past few years (2,3). The main challenge lies in the fact that in quantum mecha-
nics any quantity is complex, therefore requiring the measurement of both amplitudes and phases. However, 
the good point about HHG is that during the recollision process, the phase of the electron is transferred to 
the emitted photon, thus giving an access point to a complex quantity.  

Questions raised

Fig. 1:  The two nitrogen orbitals that give contributions to the signal in our experi-
ments. The molecular axis is along the x-axis. The two obviously have a very different 
symmetry.

Relying on the theory of HHG, the quantity that may be accessed is the transition dipole of a molecular or-
bital. This is the product –in the sense product of functions – of three parts: the electronic state that comes 
back to the core, the electric dipole moment, which is a known operator, and the final state. Upon some as-
sumptions on the electronic wave, the molecular orbital itself, i.e. the final state, which is of utmost interest, 
may be retrieved. 

In particular, two rather strong assumptions have to be made in order to relate the so measured transition 
dipole to a molecular orbital (1): The recolliding electron is described as a packet of plane waves, and the XUV 
emission is dominated by one active orbital. The first assumption is required to assume that when recolliding, 
the electron probes a slice of the molecule. It should be noted as well that it imposes the molecule to be 
aligned beforehand. The measurement of the generally complex-valued recombination dipole for one align-
ment angle of the molecule relative to the driving laser polarization then corresponds to the measurement of 
a slice through the active orbital in Fourier space. Acquiring data for a sufficient range of alignment angles 
fills up' the Fourier space and the active orbital can be reconstructed by a Fourier transform. Two fundamen-
tal questions have to be answered when molecular orbital tomography is to be done with experimental data: 
(i) How can the distortion of recolliding waves in molecular potential, i.e. the difference between exact scat-
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tering waves and the idealize plane waves, be taken into account? (ii) How can multi-orbital contributions, 
recently brought to attention (4, be dealt with? 

Experiments

Retrieving a phase in optics requires an interferometric scheme. We will show how this may be achieved 
using HHG-radiation, depicting the RABITT technique briefly (5,6). We will then present experimental data ob-
tained on N2 and CO2. It turns out that the phase is the most interesting observable: it shows signatures of 
both the HOMO and the HOMO-1. Using these data, we perform a tomographic reconstruction and obtain a 
complex valued orbital. The real part is in very good agreement with the theoretical HOMO orbital, spectrally 
filtered to take into account the limited momentum range accessible in our experiment (7). The imaginary part 
of the reconstructed orbital has considerable amplitude and can be attributed to the HOMO-1 contribution. 
The same kind of data has been measured for aligned carbon dioxide molecules (2) and we will discuss the 
possibility of tomographic reconstruction of the CO2 HOMO. Eventually, we will discuss possible pathways 
envisioned to improve the experimental data.
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