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Laser driven electron recollision provides a unique tool for measuring the structure and 
dynamics of matter. We illustrate this with experiments that use HHG to measure 
molecular structure with sub-Angstrom spatial and sub-femtosecond temporal resolution. 

Our recent work has looked in particular at the signal from high order harmonic generation 
which contains rich information about the structure and intra-molecular dynamics of small molecules. 
This we will illustrate by two types of experiment; (a) measurements of HHG from aligned molecular 
samples to observe two-centre recombination interference and electronic structure dependence of 
the angle dependent yield, (b) reconstruction of intra-molecular proton dynamics from the spectral 
dependence of the HHG using the intrinsic chirp of recolliding electrons. 

We experimentally investigate the process of intramolecular quantum interference in high-order 
harmonic generation in impulsively aligned C 0 2 molecules. The recombination interference 
effect is clearly seen through the order dependence of the harmonic yield in an aligned sample. 
This confirms that the effective de Broglie wavelength of the returning electron wave is not 
significantly altered by acceleration in the Coulomb field of the molecular ion. For the first 
time, to our knowledge, we demonstrate that such interference effects can be effectively 
controlled by changing the ellipticity of the driving laser field 

Here we also report the results of angular dependence measurements of high order harmonics 
(17 lh - 27 t h) from impulsively aligned organic molecules: Acetylene, Ethylene, and Allene. 
Since these molecules have a relatively low lP an appropriately short pulse is required to produce 
as many harmonic orders as posible. This was provided by the - 1 0 fs beam line of the 
ASTRA laser at Rutherford Appleton Laboratory whilst a somewhat longer pulse, properly 
forwarded with respect to the driving pulse, induced the molecular alignment. 

We demonstrate a new technique using high order harmonic generation in molecules to 
probe nuclear dynamics and structural rearrangement on a sub-femtosecond timescale. The 
chirped nature of the electron wavepacket produced by laser ionization in a strong field gives 
rise to a similar chirp in the photons emitted upon electron-ion recombination. Use of this 
chirp in the emitted light allows information about nuclear dynamics to be gained with 100 
attosecond temporal resolution, from excitation by an 8 fs pulse, in a single laser shot. 
Measurements on H2 and D2 agree well with calculations of ultra-fast nuclear dynamics in 
the H 2

+ molecule, confirming the validity of the method. Guided by this result, we have measured 
harmonic spectra from CH 4 and C D 4 to demonstrate a few-femtosecond timescale for the 
onset of proton rearrangement in methane upon ionization 2. 
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