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There has been extensive study of the resonant fluorescence of three level systems [1, 2]. 
But resonant fluorescence at the two-photon transition has not been considered since two-photon 
transitions in atoms are electro-dipole forbidden due to the selection rules.  Resonant 
fluorescence at the two photon transition can be allowed when one of the two driven transitions 
is a magneto-dipole allowed hyperfine transition driven by a radio frequency field. Another 
possibility is to have all three transitions partially allowed as may be the case in transition 
element doped solids due to the admixture of the crystal field, or for the dimensional 
quantization levels in asymmetric quantum wells. 

The two photon fluorescence intensity of these driven systems can be larger than the one 
photon fluorescence intensity. For the case of a ladder scheme with a strongly driven radio 
frequency transition and a gamma ray transition this has been seen both theoretical and 
experimentally [3-6]. This has also been predicted for the case of a ladder scheme with radio 
frequency driving and an optical transition [7]. 

We study all possible configurations of two-photon fluorescence in three-level atomic 
systems, including when all three transitions are at optical frequencies. It is shown that the total 
intensity of two-photon fluorescence under certain conditions may exceed the intensity of both 
one-photon fluorescence channels in all these schemes, though the origin of this effect is not the 
same for different schemes. The influence of decoherence, inhomogeneous line broadening, and 
non-radiant population transfer on this counter-intuitive effect is studied for both optical and 
radio frequency transitions.

Figure 1: The fluorescence spectrum of a RF + Optical transitions with arbitrary amplitude is plotted, the solid line 
is the two photon fluorescence and the dashed line is the one photon fluorescence.  a) Fluorescence Spectrum for the 
Cascade scheme. b) Fluorescence Spectrum for the V scheme. Note that the center frequency of the two photon 
fluorescence spectrum has been shifted to more easily compare to the one photon fluorescence in both a) and b).
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