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Fig. 1. The experimental arrangement for generating and splitting degenerate photon pairs in Sagnac fiber loop.
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Fig. 2. Photon counting rates N3 versus average power
of two pumps Pave: (a) The picture shows the pho-
tons co-polarized with the pumps detected by sin-
gle photon detector(diamond); a second-order poly-
nomial, N3 = s1Pave + SQnge, is drew to fit the ex-
perimental data (real line), where the scattering co-
efficients s; = 0.00288, s2 = 0.01758; the contribu-
tions of linear scattering s1 Pave (dash-dotted line) and
quadratic scattering sa P2, (dashed line) are plotted
separately as well; (b) the picture shows the photons
cross-polarized with the pump detected by single pho-
ton detector, the showing is same as Fig.2.(a), where
the scattering coefficients s; = 0.00198, so = 0.00019.
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Fig. 3. Measured coincidence counting rates as a
function of the average power of two pumps Paye:
(a) Coincidence counting rates Ci2 originated from
photons output from same port and pass by the 50/50
beamsplitter versus Pave, where the diamonds repre-
sent the total-coincidence counts produced by a single
pump pulse and the triangles represent the accidental
coincidence counts produced by two adjacent pump
pulses, the numbers on the figure represent the ratio
between total-coincidence counts and accidental co-
incidence counts; (b) coincidence counting rates Ci3
originated from photons output from two ports versus

Pave, where the showing is same as Fig. 3(a).
4 it
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BB RE 22 AL R 356700 H 2 (A A = )
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Fig. 4. The relationship between true coincidence
count rates Cq(Cs) and fiber length difference AL. Cy
is represented by primary axis, and Cs is represented

by secondary axis.
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Fig. 5. The relationship between true coincidence

count rates Cgq and wavelength detuning AM.
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Abstract

Degenerate correlated photon pairs (DCPPs) have been widely used in quantum information science, especially in
the areas of quantum computation, quantum state control and precision measurement, which are typically generated in
a X(Q) nonlinear crystal through the spontaneous parametric down-conversion. However, such a source is not compatible
with optical fiber as large coupling losses occur when the pairs are launched into it, which restricts its direct application
to quantum information processing system. More recently, DCPP generation from spontaneous four-wave mixing in X(3>
optical fiber has aroused strong interest, due to its advantages of compatibility with existing fiber networks and free
of alignment. The process of generating DCPP in fiber can be described as follows: two pump photons at different
frequencies wp1 and wp2 scatter through the x® nonlinearity to create a pair of identical photons at the mean frequency
we, such that wp1 + wp2 = 2w.. Because the collinear tensor component X(fgc)m in a Kerr nonlinear medium is 3 times as
large as the tensor component X%)Ty, the co-polarized four-wave mixing is preferred, which means the two pump photons
and new-born twin photons are both co-polarized. Therefore, it is very challenging to deterministically separate the
fiber-based DCPP, since the twin photons share the same properties in all degrees of freedom: frequency, polarization
and spatial. Sagnac fiber loop (SFL), composed of a piece of nonlinear fiber and 50/50 coupler, is presented as the splitter
for DCPP based on the reversed Hong-Ou-Mandel quantum interference of counter-propagating DCPPs. The SFL can
be configured as a total reflector, total transmitter or equally transmissive and reflective state, which sets the differential
phases of counter-propagating DCPPs meeting at 50/50 coupler to be 1, 0 and —T, respectively. In order to satisfy the
differential phase requirement for completely splitting the DCPP, the SFL is always set to be equally transmissive and
reflective state, however, the polarization-mode matching of counter-propagating DCPPs is not easily achieved due to
the disturbance of fiber birefringence. According to the Jones matrix derivation of DCPP propagating in the SFL, the
polarization mode of counter-propagating DCPPs when interference at 50/50 coupler is automatically matched, if the
SFL is set as a total reflector or total transmitter. In experimental scheme, utilizing the SFL as a total reflector, the
1.1 nm bandwidth and 1544.53 nm central wavelength DCPPs are generated by two pulsed light beams pumping the 300
m dispersion-shifted fiber in the SFL. Using the two pieces of single mode fiber connecting the 300 m dispersion-shifted
fiber and 50/50 coupler, whose length difference is fixed at 3.3 m, the differential phase of counter-propagating DCPPs
highly dependent on the dispersion properties of single mode fiber is managed at 2m for fully distributing DCPPs into
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two spatial modes. The SFL is also cooled by liquid nitrogen to suppress the spontaneous Raman scattering photons,
which degrades the fidelity of DCPP source. The measured ratio of coincidence to accidental-coincidence of DCPPs
from one port is approximately 1.8 : 1, which indicates that the coincidence counts mainly originate from accidental
coincidence counts and extra coincidence counts from photon bunching and there are not any DCPPs outputting from
one port. Meanwhile, the ratio of best measured coincidence to accidental-coincidence of DCPPs from two ports reaches
47 : 1, when the average power of two pumps is fixed at 0.026 mW. The experimental results demonstrate that the
high purity and fully spatial separation DCPPs are successfully prepared in optical fibers, which is a very useful tool
for realizing various quantum information systems. How the spatial state of outputting DCPPs depends on the length

difference between single-mode fiber and detuning wavelength is also discussed in detail.
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