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Fig. 1. (color online) Principle of optical frequency transfer via fiber. PD, photo detector;

AOM, acousto-optic modulator; VCO, voltage control oscillator; v is optical frequency; f is

AOM modulation frequency; t is time.
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Fig. 2. (color online) Optical setups of optical fre-

quency transfer via fiber.
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Fig. 3. (color online) Compensation circuit and measurement setup of optical frequency

transfer via fiber.
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Fig. 4. (color online) (a) Power spectrum density of
phase fluctuation and (b) phase noise compensation

for optical frequency transfer via 70 km fiber.
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Fig. 5. (color online) Transfer stability (ADEV) of op-
tical frequency transfer via 70 km fiber spool for (a)
free running links, (b) stabilized link with full measure-
ment bandwidth, and (c) stabilized link with 100 Hz
bandwidth.
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Fig. 6. (color online) Transfer stability (ADEV) of op-
tical frequency transfer via 100 km fiber spool for (a)
free running links, (b) stabilized link with full measure-
ment bandwidth, and (c) stabilized link with 100 Hz
bandwidth.
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Fig. 7. (color online) Remote compensation scheme of op-

tical frequency transfer via fibers.
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Abstract

Optical clocks are considered as promising candidates for redefining the second in the International System of Units.
Compared with microwave clocks, optical clocks are powerful tools for the fundamental research such as the constancy
of the fundamental constants, the validity of Einstein’s theory of general relativity, and the predictions of quantum
electrodynamics. Recently two research groups have demonstrated the optical clocks with an unprecedented precision
level of 1078, which is two orders better than the present primary frequency standard. Using two Sr optical clocks and
three Cs fountain clocks, SYRTE group has demonstrated the definition of second with optical clocks.

For redefining the second with optical clocks in the future, the optical clocks from the remote laboratories should
have a high precision and the frequency of the optical clocks need to be transferred over a long distance, with extremely
high precision. Unfortunately the conventional means of frequency transfer such as two-way satellite time and frequency
transfer can reach a 1071% level in one day which is far below the requirement for an optical clocks. Various methods
have been developed to transfer optical frequency signal via optical fibers. Especially a research group from Germany
has achieved a frequency transfer stability of 107*° level in hundreds of seconds with a fiber length of 1840 km.

We demonstrate the recent development of optical frequency transfer over a 70-km fiber spool at National Time
Service Center. The measurement shows that the compensation for the fiber noise is close to the limitation induced by
the fiber delay for the Fourier frequency from 1 Hz to 250 Hz. The transfer stability (Allan deviation) of the fiber link is
1.2 x 10715 in 1 s averaging time, and 1.4 x 107'® in 10000 s. A preliminary test of the optical frequency transfer over
a 100-km spooled fiber is achieved with a stability of roughly one order worse than the 71 km result, 5 x 107% in 1 s.

We demonstrate a new scheme of remote compensation for optical frequency transfer via fibers against conventional
local compensation method. This new scheme has the advantage of great simplification of the local site, which can find
applications in massive extension of star network. The key feature is that we transfer the mixture of the round-trip
signal and local reference to the remote user’s end via an auxiliary fiber. At remote site, the fiber noise is measured and
compensated by AOM2 accordingly.

Transfer stabilities of 13 x 107! in 1 s averaging time and 4.8 x 10~'® in 10000 s are achieved with the remote fiber

noise compensation via a 25 km fiber spool. The demonstrated transfer stability is comparable to that obtained by the
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Science Foundation of China (Grant No. 61127901), the National Natural Science Foundation of China (Grant Nos.
11273024, 61025023), the Young Scientists Fund of the National Natural Science Foundation of China (Grant No. 11403031),
the “Cross and Cooperative” Science and Technology Innovation Team Project of the Chinese Academy of Science, China,
and the Key Deployment Project of the Chinese Academy of Sciences, China (Grant No. KJZD-EW-W02).
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local fiber noise compensation method.
The future star fiber network of optical frequency transfer can benefit from this method, because the simpler local

setup is required and even can be shared in the central site for multitudinous remote users.

Keywords: time and frequency, fiber networks, optical frequency transfer, remote fiber noise compensa-

tion method
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