Raman Polarizer Based on a Fiber with a Random Birefringence
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Raman polarizers are devices able to amplify and simultaneously repolarize optical signals, exploiting the polarization
attraction phenomenon induced by the Raman gain anisotropy. Up to now a proper analytical description the signal degree
of polarization (DOP) for Raman polarizers has not been formulated yet. Only some approximated expressions have been
derived, which however have limited validity [1,2], in particular they don’t include the dependence on the initial signal
and pump relative state of polarization (SOP) orientation, nor on the polarization mode dispersion (PMD) parameter Dp.
Starting from the rigorously derived averaged polarizer equations [3-5], we have obtained a formula for the forward
pumped Raman polarizer DOP, easily generalizable to different pumping schemes and valid in the limit of negligible
pump depletion and self/cross-phase modulation:
𝑧

𝐷𝑂𝑃 = √1 − 𝑒𝑥𝑝 (−𝑔𝑃𝑖𝑛 ∫ 〈𝑥〉 𝑑𝑧 ′ ) .
0

(Eq. 1)
In Eq. 1, g represents the Raman gain, Pin the input pump power, z is the spatial coordinate and 〈𝑥〉=〈𝑠⃗ ∙ 𝑝̂ 〉⁄〈𝑠0 〉; being 𝑠⃗
the signal Stokes vector, 𝑝̂ the unit vector describing the pump state of polarization, 𝑠0 the signal intensity while bra-kets
denote averaged quantities. Our formula includes properly the initial relative pump and signal SOPs orientation, as well
as the impact of the PMD parameter and birefringence correlation length from which 〈𝑥〉 implicitly depends.
In Fig. 1 we have represented the polarizer DOP as a function of fiber length, signal gain and birefringence correlation
length, for various values of the PMD parameter. We have computed 〈𝑥〉 numerically using the coupled averaged
equations for the Raman polarizer [3-5].

Fig. 1 Signal DOP is plotted versus fiber length L a), amount of gain b) and birefringence correlation length Lc c); for different values
of the PMD parameter (red, blue and black lines correspond to Dp= 0.005, 0.05 and 0.2 pskm-1/2 respectively). In a) we have chosen
Lc=0.01 km and Pin=5 W; in b) Lc=0.01 km and Pin has been varied from 0 to 2.2 W; in c) L=3 km and Pin=5 W. In all the plots we
have taken g=0.6 (kmW)-1, pump and signal wavelengths 1450 and 1550 nm respectively, input signal power 1 mW; furthermore we
have assumed negligible signal losses and uncorrelated pump and signal SOP at the beginning of the fields propagation in the polarizer.

Our preliminary study suggests the possibility of an interesting systematic investigation of the DOP dependence on the
PMD parameter and on the fiber correlation length. The new formula is general and can be easily generalized also to
different pumping schemes (backward and simultaneous forward-backward pumping) and compared realistically with
experimental results. Analytic asymptotic solutions can be obtained too and results will be communicated soon.
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