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It has been speculated that extremely fast rotating molecules, known as “Super Rotors”, may exhibit 

a number of unique properties, from rotation-induced nano-scale magnetism to formation of macroscopic 

gas vortices. Orchestrating molecular spinning in a broad range of angular frequencies is appealing from 

the perspectives of controlling molecular dynamics. Yet in sharp contrast to an optical excitation of 

molecular vibration, often performed as a simple two-photon Raman process, laser control of molecular 

rotation is rather challenging. An “optical centrifuge” is the instrument capable of extreme rotational 

excitation (Figure 1). 

Using the centrifuge, we have 

succeeded in spinning molecules 

up to extremely fast rotation, 

orders of magnitude above their 

equilibrium rotational velocity. 

With rotational frequencies 

exceeding 10 THz, an effective 

temperature of such “super 

rotation” is more than 50,000 

Kelvin, well above what most 

molecules would withstand in 

thermal equilibrium. 

 In this talk, I will present the successful generation, control and monitoring of molecular “super 

rotors” (e.g. Oxygen molecules occupying ultra-high rotational states, J > 120), discuss their unique 

properties [1, 2], and demonstrate our ability to control ultra-high rotational wave packets (Figure 2). 
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Figure 1. The “centrifuge pulse” passes molecular cloud from left to right, 
leaving an ensemble of “super rotors” behind. 

 

Figure 2. Two spectra of coherent Raman 
scattering from centrifuged nitrogen 
molecules with peaks originating from 
rotational levels as high as J=65. Our ability 
to control the width of rotational wave 
packets is demonstrated with two 
examples, from very broad (dashed blue) to 
very narrow (solid red). For comparison, the 
distribution of rotational population in a 
thermal ensemble at room temperature is 
indicated with black dots. 
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