Appendix A: Spontaneous emission and polarization rotation induced by quantum rayleigh conversion of photons.
The probability of emitting a photon with momentum k and polarization µ is related to the decay rate γs [1/s] of the excited dipole inside a dielectric medium, and evaluated as [15]:
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(A1)
With d denoting the electric dipole moment vector which is excited by an optical field of the same polarization, ekµ being the polarization unit vector of the emitted photon, and which is perpendicular to the direction of propagation k. In a dielectric material of constant ε the decay rate is modified, but its angular distribution is the same as in free space.
The angular distribution of an accumulated number of spontaneously emitted photons 
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 over a distance (z is found from Eq. (1), leading to: 
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(A2)
With 
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 the emission angle between the dipole d and the polarization unit vector ekµ of the photons and 
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 is calculated as in reference [11]. Spontaneously emitted photons with 
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 polarization angles relative to the pump polarization ep , will be amplified through the optically linear parametric gain coefficient [11-14] which will include a polarization dependence in the factor 
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, bringing about a correlation between the state of polarization and its number of amplified photons as found in [5]. 
For 
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 and x • y = 0, a non-vanishing value along the y -polarization is obtained by blocking off either 
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  polarized photons as, for a large number of photons, the y -polarized photons cancel each other out. This corresponds to the use of a polarization filter for the polarization paradox which “rotates” photons from x to y.
The generic eigenstates of polarization associated with spontaneous emission through quantum Rayleigh conversion of photons on the two-dimensional Hilbert space ℋ will take the form of single and independent qubits 
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 identified as:
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(A3)
These state vectors with polarization angles 
[image: image13.wmf]em

j

 in the range 
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 will describe any possible polarization perpendicular to the direction of propagation of the spontaneous emission. Thus, incoming photons initially polarized in the x -direction will reappear with an angle θ - rotated polarization, thereby enabling them to pass through a θ - rotated polarization analyzer.
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