Broadband Characterization of Polarization Mode
Dispersion for Quantum Communication Channels
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Broadband quantum communication systems
are especially sensitive to polarization mode dis-
persion (PMD), since wavelength-dependent polar- )
ization transformations in deployed fibers lead to T
projection errors and increased quantum bit error
rate. The broadband SPDC sources are attractive
for their brightness and narrowing the optical spec-
trum reduces the useful photon flux [1].

Standard telecom PMD measurement tech-
niques can access wavelength-dependent polariza-
tion information [2]. However, their conventional .
use in fiber specifications and system design is typi- :
cally limited to DGD-based metrics. These quanti- 1 .
ties are well suited for classical telecom impairment * %o "
estimates, but they do not directly specify the in- T R TR T
fluence of higher-order PMD), or the measurement-
basis dependence of projection errors. Therefore,

for broadband quantum signals, DGD alone is not Figure 1: Points of the same color correspond to the

a sufficient channel descriptor. same filtering bandwidth AX. For each bandwidth, the
Here we present a trajectory-based methodol- 16thod identifies the most compact and the most ex-

ogy Fig. 1 for broadband PMD characterization in tended trajectories on the Poincare sphere and determines

quantum communication channels. For a given in- the measurement-basis vectors (black points) that mini-

put state, the output polarization forms a trajec- mize the projection error

tory s(A) over the spectral interval of interest. The

projection error for a measurement basis vector e is evaluated by numerical trajectory integration,
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which gives the channel-induced infidelity relevant for broadband quantum measurements.

We apply this method to wavelength-resolved polarization measurements in deployed telecom fiber
links. Our analysis reveals that higher-order PMD can noticeably modify infidelity compared with a
DGD-only description. As a practical output, we propose to characterize a broadband quantum channel
by the spectral bandwidth that produces a chosen infidelity threshold around a reference wavelength,
together with conventional DGD information. The same framework can also guide PMD-aware basis
selection and compensation strategies.
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