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Electronic states with partial or full doubly excited characters play a crucial role in many areas. 

This characterization is usually done by visually inspecting the most important molecular orbitals 

related to a specific state. In order to provide a more systematic analysis, several density descriptors 

based on the state density matrix, transition density matrix, and density difference matrix have been 

developed and extensively discussed for singly excited states [1] but less explored in the case of the 

elusive doubly excited states.  

The prototypical example of doubly excited states is polyenes. However, although doubly-

excited states have been studied in polyenes and related systems for many years, their assignment as 

single vs. doubly excited, even in simple polyenes, such as butadiene, has sparked controversies. So 

far, no well-defined framework for classifying doubly excited states has been developed, and even 

more, there is not even a well-accepted definition of doubly excited character. This work [2] presents 

a solution: a physically motivated definition of doubly excited character based on operator 

expectation values and density matrices, which works independently of the underlying orbital 

representation. Furthermore, we propose a classification scheme to differentiate two limiting cases: 

the open-shell and closed-shell doubly excited states. We illustrate the conversion between those two 

limiting cases using a well-known photochemical reaction, ethylene dimerization.  
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