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Background 
Imaging structures and dynamics is a major direction of modern science which 

encompasses physics, chemistry and biology. The transition from observing ensemble rate 
kinetics of chemical and biological structures to single molecule dynamics has become possible 
with the advent of femtosecond science, which follows the movements of atoms within a 
molecule. However, much faster motion– that of electrons– underlies and controls the life of 
atoms, their motion in molecules, and ultimately the chemical rearrangements (reactions) that 
result. This electronic motion occurs on the attosecond time-scale (1 asec=10-18 sec). We are 
developing attosecond science to follow ultrafast electronic dynamics.  

Today, attosecond pulses are created via high harmonic generation: Interaction of an 
intense infrared laser pulse with a gas of atoms or molecules leads to the generation of coherent 
radiation with frequencies ranging from few to few tens, and even few hundreds times the 
frequency of the incident pulse. High harmonic generation involves three steps. The first is the 
ionization of an atom or a molecule by intense, usually infrared, laser field. The second is the 
oscillation of the released electron in this laser field, and the third is the recollision of the electron 
with the parent ion, accompanied by their radiative recombination.  Combining multiple 
generated frequencies into attosecond pulses and/or their trains, one currently makes pulses as 
short as 80-130 asec. 

The recollision between the liberated electron and the parent ion is also a natural probe of 
the attosecond dynamics in the ion, which combines attosecond temporal and sub-Angstrom 
spatial resolution. The former comes from the attosecond synchronization between the ionization 
and recollision, driven by the laser field. The latter comes from the Angstrom-scale de-Broglie 
wavelength of the recolliding electron.   

Brief description of the project 
The goal of our joint theoretical and experimental effort is to learn how to (i) image the 

motion of electrons in molecules and molecular ions with attosecond temporal and sub-Angstrom 
spatial resolution and (ii) control this multi-electron motion with laser light. We will study the 
ways to (i) control ionization in intense laser fields, including the state of the ion that it creates, 
(ii) control the energy and the time of electron recollision with the parent ion, and (iii) use the 
electron-ion recollision as a probe of attosecond multi-electron dynamics in the parent ion.  

We will develop theoretical and experimental approaches capable of following and 
controlling correlated multi-electron dynamics triggered by ionization. The immediate goal is 
high harmonic generation spectroscopy in strong laser fields, in particular calculations, 
measurements and analysis of spectra, phases, and polarizations of the emitted harmonic light. 
Expected results include:  

• the ability to describe and control  strong-field ionization in polyatomic molecules, with 
different final states of the ion, controlling the molecular orientation in space; 

• the ability to simulate and image the dynamics of valence shell holes in polyatomic 
molecules via all observables of the HHG spectroscopy: spectra, phases and polarizations 
of the harmonic fields. 
Once we learn how to image the dynamics of the hole on its natural, attosecond, time-

scale, we will look at the ways to control its motion in the molecule, in particular the place where 
it is created, and the possibility of localizing the hole on a particular molecular bond.  

 
 


