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Figure 2

Artistic view of the collective orientation. A near-infrared laser (red) makes the originally 

disordered molecules perform synchronised cartwheels so that all the molecules at a 

particular position along the beam are oriented in the same direction. 
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non-adiabatic coupling by the fast rising and falling edges of 

coherent superposition of the s- and p-rotor states propagates 

in time. This leads to an up-down-inverting oscillation of the 

dipole moment and the atoms of the molecule.

Figure 1 shows the experimental temporal evolution of the 

degree of orientation, in colour code, during and after the 

laser pulse. This is plotted, in the upper half of Fig. 1 for  

 = 45° and in the lower half of Fig. 1 for  = -45°, as a  

function of the relative timing between the orientation and the 

probe laser pulses and of the peak intensity of the orientation 

pulse. After the former has been switched off a strong  

oscillatory behaviour was observed due to the coherent 

s and p rotational states. A phase 

 

is rotated from  = 45° to  = -45° with respect to the static 

Figure 2 shows an artistic view of the collective orientation.  

A near-infrared laser (red) makes the originally disordered  

molecules perform synchronised cartwheels so that all the 

molecules at a particular position along the beam are 

oriented in the same direction — and this is repeated 

regularly, virtually forever.

The maximum orientation of the post pulse dynamics can  

be controlled, i.e., enhanced or suppressed, by the exact  

timing of the switching off and the intensity of the control 

pulse. This includes a complete population transfer into one 

of the involved states — effectively switching off all dynamics. 

 

pulse should start after a few nanoseconds, due to the slow 

exactly half of this time.

In summary, the preparation of molecules in a coherent 

superposition of free-rotor states of opposite parity results in 

two states can be completely controlled by the combination 

of strong picosecond laser pulses and weak DC electric 

 = 100 ps, would not alter the 

 

orientation. The preparation of such ideal samples paves the 

way for novel experiments, such as electron and X-ray  

diffraction of small controlled molecules in the gas phase.  

In combination with molecular frame photoelectron angular  

distributions, complete molecular movies could be observed 

by simultaneous mapping of the molecular orbitals and the 

positions of the individual atoms during a chemical reaction.


