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We observe spontaneous formation of optical transverse patterns when laser beams counterpropagate 

through a gas of ultracold rubidium atoms.  Some examples of the patterns are shown in Fig. 1, each for 

different experimental realizations for slightly different experimental conditions.  The patterns arise 

from a mutual interaction between the applied laser beams and the center-of-mass motion of the 

atoms.  In particular, new beams of light are generated by the interaction, which causes the atoms to 

bunch spatially, which in turn enhances the generation of the new fields in a synergistic fashion.   

 

Figure 1: Transverse optical patterns observed when laser beams counterpropagate through a gas of cold rubidium 

atoms.  The central spot corresponds to the (attenuated) pump beam and the rings/spots correspond to the 

generated light.  The emission angle for the generated light is ~5 mrad. 

The threshold for pattern formation occurs at very low light levels:  less than 1 µW in each applied 

beam, which is orders of magnitude lower than previous observations of pattern formation in driven 

matter.  Also, the patterns can persist for beyond 1 ms.  Furthermore, we find that the threshold is very 

sensitive to a precise balancing of the power of the applied beams.  These observations can only be 

explained by the presence of strong atom bunching that is a result of the synergy described above. 

We are developing a self-consistent model for our observations and find that patterns can arise from 

two different mechanisms:  The standard saturation nonlinearity that arises from a driven multi-level 

atoms and atom bunching.  These two processes have an identical form, but the atom bunching 

contribution depends on the initial temperature of the gas.  When the temperature is well below the 

Doppler temperature, as in our experiments, the pattern forming process is dominated by the atom 

bunching process.  Furthermore, in this regime, the threshold for the instability scales inversely with the 

temperature, explaining why we observe patterns at such low applied laser beam powers. 
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