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Conventional wisdom from atoms

Big question: Ignoring rovibrational excitations?

Chin, et al RMP (2010)

Feshbach resonance
Isolated 
resonance

Simple assumption is that molecules are no different 
(unless electric field)

Jaksch, et al PRL (1998)



Basic 2-molecule model:



Basic bimolecular model:



Basic bimolecular model:



Determining TST + QDT

Average dissociation rate

Fermi’s golden rule yields
“unimolecular 
dissociation”



The lattice model:



Eigenenergies of two molecules in 
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Interaction energy and amplitude for hopping

isolated state
realistic parameters 
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Current model operates under a suite of 
approximations : RMT+TST+QDT

• Random Matrix Theory (RMT):  describes short range 
classically chaotic regime

• Transition State Theory (TST): standard tool in chemistry that 
describes rates of chemical reactions.  Is it good here?  Who 
knows?  

• Quantum Defect Theory (QDT):  Accounts for the 
propagation of the solutions in the van der Waals tail.  Very 
likely the most reliable of the three approximations.

It sure would be nice if we could test these approximations with a full calculation..



The hyperspherical formulation of this problem...

In each channel, choose a basis of channel 
eigenstates:





So, in terms of solutions to the four-atom 
Schrodinger equation:



Final Comments...
• Full calculation of four-body problem with realistic atom-atom potentials is 

daunting. 
• Reduced dimensionality?

• Freeze one molecule?  Use a toy model?  See Chris Ticknor’s talk up next!
• Try formulating a 1D model? Can we even expect RMT physics in a 1D model? 

• Could learn a lot from such a 4-body calculation:
• What is a realistic value for the density of states?
• Are the widths of the distributions of the RMT statistics correctly estimated? 
• Is the dissociation rate from TST reliable?

THANK YOU!
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