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It is a well-known fact that spin density matrix evolution should be described in terms of spin evolution, diffusion, and recombination operators. Several phenomenological alternatives to the classical recombination operator were proposed in recent years. This work (as with previous [1-3]) is intended to eliminate the phenomenology. We start with a simple enough physical model that leads exactly to the classical recombination operator and then generalise it in order to obtain physically more realistic characteristics of the model.
Let   — Hamiltonian of system,  — perturbation, eigenstates of  are as follows:
·  (singlet radical pair)
·  (triplet radical pair)
·  (singlet reservoir, i ranges over values)
·  (triplet reservoir, k ranges over values)
Furthermore, we construct  with non-zero elements only for transitions , , . Assuming the reservoirs are dense, we treat them as continuous recombination spectra. All the spectra information we need to describe radical pair spin state evolution is contained in  (for each reservoir), where  is the density of states. The case in which these functions are constant (E ranges from  to ) corresponds to the classical recombination operator. The following generalisations are considered in this work:
·  (bounded uniform distribution); we will set 
·  is given by Lorentz distribution
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Fig. 1. The time-dependence of being in a radical pair state for a bounded uniform distribution. The unit of energy  (arbitrary) corresponds to the unit of time.  , initial state is |s⟩. It is easily noticed that recombination can be either reversible or irreversible depending on the spectrum.
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