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Title: Dynamics of polyatomic molecules and how one may probe, control and un-
derstand such dynamics using strong and weak laser fields  

 

Papers: http://www.chem.queensu.ca/people/faculty/Stolow/Publications.html 
Ab-
stracts: 
 
 

Lecture 1:   Molecular Dynamics, Wavepacket Dynamics 
 
We introduce elementary aspects of molecular physics: the adiabatic approximation, potential 
energy surfaces, reaction and photodissociation dynamics. For isolated molecules in the gas 
phase, laser interactions in the perturbative limit may be thought of in either the frequency or 
time domains. We develop a frequency domain picture of Wavepacket Dynamics in terms of in-
terferences between degenerate two-photon transitions. This same approach applies equally 
well to coherent control experiments. We discuss the role of the final state used in pump-probe 
spectroscopy and the kinds of information obtainable from such experiments. 
 
Lecture 2:   Non-adiabatic Molecular Dynamics: Charge & Energy Flow in Molecules 
 
The non-adiabatic coupling of electronic and vibrational motions is a central yet difficult prob-
lem in the dynamics of excited polyatomic molecules. Time-resolved photoelectron spectroscopy 
(TRPES) is an important technique for studying excited state non-adiabatic processes in polya-
tomic molecules due to its ability to follow the dynamics in both the electrons and the vibra-
tions. These fundamental processes, which involve the coupling of charge and energy flow in 
molecules, are ubiquitous in Photochemistry and Photobiology and underlie the basic processes 
in Molecular Electronics. We discuss important molecular problems such as isomerisation, pro-
ton transfer and the photostability of the DNA bases. 
 
Lecture 3:   Ultrafast Dynamics in the Molecular Frame 
 
The dynamics of molecules is vectorial in nature. Unfortunately, lab frame measurements 
average over molecular frame orientations, leading to a loss of information. The greatest in-
formation is obtained in the molecular frame (MF). Coincidence Imaging Spectroscopy is an 
ultrafast photoelectron probe of MF ultrafast dynamics in polyatomic molecules. It makes 
use of 3D particle timing-imaging detectors for full 3D recoil momentum vector determina-
tion of coincident photoions and photoelectrons as a function of time. One vector correla-
tion is particularly interesting as it permits Time-Angle-Energy resolved photoelectron stud-
ies from the Molecular Frame rather than the lab frame point of view. An alternate approach 
to Molecular Frame ultrafast dynamics is to make use non-resonant laser field pre-
alignment. Provided that the molecular dynamics are fast compared to rotational 
dephasing, this method also permits time-resolved Molecular Frame observations. Im-
portantly, this method permits the direct imaging of the dynamics of the purely valence 
electrons during complex molecular processes even chemical reactions. We discuss these 
two approaches, comparing and contrasting their relative merits. 
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Lecture 4:   Molecules in Non-perturbative Laser Fields: Dynamics & Control 
 
Non-perturbative but non-ioninizing laser fields offer an important regime of light-matter inter-
action. We will discuss the non-resonant Dynamic Stark Effect as a new and powerful tool. Dy-
namic Stark Control (DSC) applies to both molecular rotation and vibration. We show how DSC, 
which uses the electric field of the laser pulse, can be used to control electronic branching ratios 
in non-adiabatic photodissociation without any absorption of light. We illustrate the use of this 
tool in creating molecular frame alignment, via the technique of ‘switched’ wavepackets. We 
discuss full 3D, field-free, axis alignment of an asymmetric top rotor – literally ‘fixing the mole-
cule in space’ in order to make a measurement. Strong Field Ionization (SFI) of polyatomic mole-
cules is very different from that of atoms or small molecules. The most widely used models are 
based upon the 'optical tunnelling' of a single active electron, sometimes with corrections to in-
clude the 'molecular' aspects. These pictures are not even qualitatively correct for polyatomic 
molecules. We discuss how both the adiabatic approximation, inherent to the tunnelling mod-
els, and the single active electron approximation can fail completely in polyatomic systems. 
 
Lecture 5:   Strong Field Ionization and Attosecond Physics in Molecules 
 
The physics of sub-cycle strong field ionization (SFI) leads to both attosecond pulses and atomic 
or molecular spectroscopies of attosecond electronic dynamics. To date, the interpretation of 
attosecond spectroscopies is generally reliant on strong field theories which consider a single 
continuum electron. However, in extension to polyatomic molecules, the degree to which SFI in-
volves multiple electronic continua is a fundamental issue which can affect all interpretations. 
We discuss a direct method, Channel-Resolved Above Threshold Ionization (CRATI) which, inde-
pendent of theoretical models, experimentally determines the coherent sub-cycle population of 
multiple electronic continua in the SFI dynamics of polyatomic molecules. The multiple continua 
involved depend on molecular electronic structure, molecular alignment and laser field proper-
ties. The attosecond science of polyatomic molecules will unveil a physics rich with multielectron 
dynamics. 
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Ursula Keller, Ultrafast Laser Physics, D-PHYS, Direction Committee of ETH-FAST 
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www.nccr-must.ch/fast_centers/eth-fast/eth-fast_fellows.html 

 

Handouts and certificate will be available for the registered participants. 

Please use www.nccr-must.ch to register (direct link in the right banner) 
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