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Stopping Molecules with a Centrifuge 

A novel deceleration technique brings fast continuous beams of 
polyatomic polar molecules almost to a halt 

Does the electron possess an electric dipole moment? Will it be possible 
to achieve perfect control over chemical reactions between polyatomic 
molecules, or can one envisage quantum simulations and quantum 
computation with cold polar molecules? The fast-growing investigation of 
cold polar molecules holds promise for delivering answers to these long-
standing questions that concern fundamental physics as well as future 
applications. Producing abundant samples of cold polyatomic molecules 
from thermal ensembles, however, is a formidable challenge. A key 
method for obtaining cold molecules is the deceleration of molecular 
beams. This has been achieved so far only in the pulsed mode, with a 
very low duty cycle. Thus the hitherto-implemented techniques cannot 
make use of the intrinsically high flux delivered by the available 
continuous molecular sources. To utilize the full potential of such 
sources, a continuous deceleration is warranted. Towards this end, a 
team of scientists in the Quantum Dynamics Division of Professor 
Gerhard Rempe at the Max-Planck-Institute of Quantum Optics has now 
developed a versatile deceleration technique dubbed centrifuge 
decelerator, which makes possible for the first time the deceleration of 
continuous beams of polyatomic polar molecules (PRL, DOI: 
10.1103/PhysRevLett.112.013001, 6 January 2014  ).
The stunning advances in atomic physics and quantum optics over the past 
three decades ensued to a great extent from the development of efficient laser 
cooling and deceleration techniques. Compared to atoms, molecules are more 
complex objects and possess a more involved internal-energy structure: in 
addition to the electronic states, molecules have also vibrational and rotational 
states. For this reason, the laser cooling and deceleration methods, which are 
the workhorses in atomic physics, are not applicable to molecules, in particular 
polyatomic ones. 

A natural way to decelerate a molecule (as any other object) is to make it climb 
up a potential hill, thereby transforming its kinetic energy into a potential one. 
Such a hill can be provided through the interaction of a molecule with an 
external field, be it electric, magnetic or gravitational. For instance, the 
application of electric fields makes use of the dipole moment that a large 
number of molecules (unlike atoms) possess because of an uneven charge 
distribution within the molecule. The dipole moment interacts with the external 
electric fields, and by making the molecules move from a region with a weaker 
field to a region with a stronger field they lose kinetic energy. In a similar 
fashion magnetic molecules can be decelerated with external magnetic fields. 

“The disadvantage of these two methods is that for most molecules of interest 
the typical height of electric or magnetic hills is of the order of 1 Kelvin, 
whereas molecules from our liquid-nitrogen-cooled source have initial kinetic 
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Gerhard Rempe points out. “The universality of the centrifugal force might also enable one to 
slow down atoms that cannot be laser-cooled, and possibly even cold neutrons.” 

Accumulation of centrifuge-decelerated molecules in an electric trap and further cooling them 
via the recently demonstrated technique of Sisyphus cooling developed in the same group at 
the MPQ might allow for a dramatic increase of the phase-space density for controlled 
collision experiments with polyatomic molecules and pave the way to achieving quantum 
degenerate regimes with polar molecules. [SC/OM] 
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