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e iR EE (Mode-Locked Laser, MLL)
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Article ‘ Published: 05 October 2022

Free-space dissemination of time and frequency with
10 instability over 113 km

Qi Shen, Jian-Yu Guan, Ji-Gang Ren, Ting Zeng, Lei Hou, Min Li, Yuan Cao, Jin-Jian Han, Meng-Zhe Lian,

Yan-Wei Chen, Xin-Xin Peng, Shao-Mao Wang, Dan-Yang_Zhu, Xi-Ping_Shi, Zheng-Guo Wang, Ye Li, Wei-

Yue Liu, Ge-Sheng_Pan, Yong Wang, Zhao-Hui Li, Jin-Cai Wu, Yan-Yan Zhang, Fa-Xi Chen, Chao-Yang_Lu,

..Jian-Wei Pan®  + show authors

Nature 610, 661-666 (2022) ‘ Cite this article
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Abstract

Networks of optical clocks find applications in precise navigation!Z, in efforts to redefine the
fundamental unit of the ‘second 2456 and in gravitational testsZ. As the frequency instability
for state-of-the-art optical clocks has reached the 10719 level22, the vision of a global-scale
optical network that achieves comparable performances requires the dissemination of time
and frequency over a long-distance free-space link with a similar instability of 107'°. However,

previous attempts at free-space dissemination of time and frequency at high precision did
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SXRT{E BiEIEMXFEXME (Linear
Optical Sampling, LOS) LI BRI S5
EEEENE,

EXFMEEF, IR HNER:?
EZFE T —PERENNEFRY], MfETIY
AERERN =R Eig % T RAR RS [E(E
Bo X—ARRFICMRABIKEER (40
TKE) BSEERLIZREZHKRE
BRI R, LI, BHTIRRATS
BEEh i, KMRAERENE T IUNLIUS
REMNSEER, BiERTERSER
WA=, MREHE. ZEENE

BY

, PEKING UNIVERSITY

nature photonics

Explore content ¥  About the journal ¥  Publish with us v Subscribe

nature > nature photonics » articles » article

Article | Published: 24 May 2009

Rapid and precise absolute distance measurements at
longrange

|. Coddington E, W. C. Swann, L. Nenadovic & N. R. Newbur\,fB

Nature Photonics 3, 351-356 (2009) ‘ Cite this article

9486 Accesses ‘ 721 Citations ‘ 12 Altmetric | Metrics

Abstract

The ability to determine absolute distance to an object is one of the most basic
measurements of remote sensing. High-precision ranging has important applications in both
large-scale manufacturing and in future tight formation-flying satellite missions, where rapid
and precise measurements of absolute distance are critical for maintaining the relative
pointing and position of the individual satellites. Using two coherent broadband fibre-laser
frequency comb sources, we demonstrate a coherent laser ranging system that combines the
advantages of time-of-flight and interferometric approaches to provide absolute distance
measurements, simultaneously from multiple reflectors, and at low power. The pulse time-of-
flight yields a precision of 3 bm with an ambiguity range of 1.5min 200 vs. Through the
optical carrier phase, the precision is improved to better than 5 nm at 60 ms, and through the
radio-frequency phase the ambiguity range is extended to 30 km, potentially providing 2

parts in 102 ranging at long distances.
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