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(1) Development of Cs fountain clock

Cs fountain clock Frequency stability Frequency uncertainty
IT-CSF2 1.3x101% -172 0.2x1015
NICT-CSF1 2.8x101% 12 1.2x101°
NIST-F2 1.3x101% 172 0.11x101°
NPL-CsF2 1.6x101% 172 0.23x10%°
PTB-CSF1 2.0x1013 -1/2 0.32x101°
PTB-CSF2 3.5x10° 14 -1/2 0.21x10%°
SYRTE-FO1 1.6x1014-12 0.34x10%°
SYRTE-FO2 1.6x1014 -112 0.21 x10%°
SYRTE-FOM 5.0x1014 -112 0.60x10%°
NIM5 1.4x1013¢-12 0.9x10%
NTSC-F1 5.0 x1014-12 0.6x101°




Cesium fountain clock NTSCF1

2D MOT cold atom beam loading  atom 1643 laser—

La

beamflux ~2E9 atoms/s

Precise measurement of collisional shift by

adiabatic transition @ 3
Low-noise microwave generation via stable )
lasers 9.2GHz 7E-15@1s, 3E-15@10s
frequency stability improved by 4 times o e I
k20066 SYRTE/PTB 1 i} T -
Onceopen,continues >30days source Ehfé Uncs_riaéinty
1| 2"dorder Zeeman 56.7 0.14
2 Collisional shift 36.0 0.28
3 BBR -15.2 0.22
4 Gravity shift 52.8 0.10
5 Ow leakage 0 0.3
6 | Cavity phaseshift 0 0.5
sum 1303 0.6




(2) Optical clocks based on neutral atoms

NPMSF) SYRTE(Sr Hg) , NlS.T(T“Yb'f
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Uncertainty evaluatlon 8 groups@ 87Sr clock, 5 groups @*'’tYb clocks
The overall measurement uncertainty is at the order of 1& 1018,
Ye Jun@JILA total uncertainty 2.1x 10188 independent clock stability 2.2x 1018

@10000s 2015 measurementprecision 5x 101° 2017
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Excitation Fraction

8/Sr optical lattice clock
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A Stability: 5x101%6s 6 x1017/800s

A Preliminary evaluation of uncertainty: ~1016
A Next step: BBR shift

Acta Physica Sinica,2018,67(07):84.



(3) Optically pumped Cs beam clock

A The first commercial optically pumped cesiun{™,

beamclock (Cooperation with Spaceon CETC 12,
NTSC)

FREQUENCY STABILITY
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A Applied in Navy's new timekeepingsystem,

continuous operation> 1.5 year Frequency stability 10000s
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(4) Universal Time(UT1)

A The universal time(UT1)is a time scale based on
the natural rotation of the earth

A UT1 is most important for all the applicationsthat
needto convert the coordinate relationshipbetween the ground
and the space target, such aspace exploration, satellite
navigationé

A UT1 is thefastest, the biggest, the most difficult to measure anc
the most difficult to predict in all 4 Earth Orientation
Parameters(EOP)

A Since1991there wasno regular UT1 measurementin China



The measurment of UT1

A joint UT1 measurementsystemis under
construction by NTSC
1. Zenith telescopes
A 6 station in Luonan, Lintong, Lijiang,
Delingha, Kashi and Changchun
A Testobservationstarted
A preliminary compliance 2ms
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Allan deviation (°/h)
Rotationa! Rate(rad/s)

UT1 measurement with Giantoptic Gyro

Giant-optic Gyro

Prootof-principle Undergmund
research

Key technique 3
Cooperation with Peking
uni. -

Gyro station
M5.3 Earthquake at Hanzhong

- Record by the FOG Gyro lab & Control
10 r T v T T T T T
8}
6 Temperature drift: 0.017 °C/d (0.004°C/d@Gring)
4t Tiltmeter drift : 0.032 /d (0.017 /d@G-ring)
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A | » The recorded angle random walk:
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The measure of UT1

A We developedthe first VGOS (VLBI Global Observation System)system
iIn China and carried out the high-precisionUT1 measurement

A 3 stations(Sanya,Changchunand Kashi) and adatacenter( Xi 6 a n)

4081km

s
B

3900km
N

The preliminary measurement

Cooperation with

8 8

accuracy of the UT1 i90.05ms 39 16



The measure of UT1

A We developedthe first VGOS (VLBI Global Observation System)system

In China and carried out the high-precisionUT 1 measurement

A 3 stations(Sanya Changchunand Kashi) and adatacenter( Xi 6 a n)

Recentintensive mode (KS-JL baseline)measurementof UT1

Observation | Posti-Prior ps SJS AbS(UTsl_UTC) I?::]-;C_ESRS
2018.6.12 196.6 21.2 0.0707166 -8.4
2018.6.13A -72.0 33.8 0.0699009 49.9
2018.6.13B 4.4 39.9 0.0699773 -26.5
2018.7.24C 49.2 27.3 0.069227 29.4




(5) PulsarTiming Obs System

Overview:.
A 40m Radio Telescope
A L-band: 1.11.75GHz

Pulsar Instrument development:

gu DDL532 5_1-10 5340755 fald_Q005_0001.
197.0 anr 20em//B00 Unegali brated
JOQEC.’H—O 55_f¢d ( 0. 0rmin ) We g bt = 02.'.'000 (GOOD)

A FPGA+GPU

A ObsMode: search, timing

A Incoherentedispersiondone

A Coherentedispersionin progress

A Specifications

On-going researches: —

A Pulsar timescale: ~5 millisecond pulsarsg
Crab pulsar, etc

A Pulsar glitch and emission mechanism

A Pulsar scintillation

A Fast Radio Burst search

A Collaborations with FAST: Pulsar searc

Giant Pulses
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(6) Millisecond
pulsars

Perlod Flux
mJy

JO43#4715 5.76 149
B1937+21  1.56 13.2
J1713+0747 4.57 10.2
J2145+0750 16.05 8.9
J1022+1001 16.45 6.1
B1855+09 5.36 5
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(6) Timekeeping at NTSC
A Maintain local time scale UTC(NTSC) and UTC(JATC)

JATC: Joint Atomic Time Commissionin China

A Time difference betweenlocal UTC(NTSC) and UTC is

kept within £10ns (ITU requirement. |UTC-UTC(K)|
<100ns)

A UTC(NTSC) is the traceable reference for BPL LF &

BPM HF time signal transmission, and BeiDou satellite
navigation system
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Time difference between UTC and UTC(k)

A China official time reference, UTC(NTSC), at the
International advancedlevel
UTC-UTC(k)
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UTC(NTSC) control accuracy
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UTC(NTSC) accuracy improved with years

2002-01

2005-09

Date

2013-09

From 9.2013|UTC-UTC(NTSC)|<10ns

BIPM report

Sévres, 15 October 2016
Dear Dr Shougang Zhang, dear staff members of NTSC,

It is with great pleasure that I address you this message at the occasion of the first 50 years of the
National Time Service Centre of the China Academy of Sciences.

My first contacts with your institution were well before I joined the BIPM, when I developed
activities also in the ficld of astronomy, and more particularly, on Earth rotation and reference
frames. At that time, it was still the Observatory of the China Academy of Sciences.

After the adoption of atomic time, your institute started the international cooperation in the
construction of the international reference time scale, Coordinated Universal Time (UTC). The first
publication of Cireular T at the Bureau International des Poids et Mesures, in 1988, has the
contribution of CSAQ, located in Shaanxi; this participation had started many years before when
the responsibility for time scales was at the Bureau Intemational de I'Heure. NTSC, located in
Lintong appeared in the BIPM publications in January 2002. Your institute has worked without
interruption to disseminate precise time and has contributed to maintain the international reference
UTC.

Please accept my congratulations for the constant progress in your activities. NTSC is today a
highly performing institute, with qualified staff operating last-generation clocks and time transfer
equipment. This is reflected in the guality achieved by UTC(NTSC). whose divergence with

to UTC has been kept stable within five nanoseconds most all the time during the last year.

A good collaboration has been established between our respective institutions, both interacting in
working groups and through projects common to our scientists. We have been pleased with these
interactions, and we wish to continue in the future.

[ regret that | am not able to participate personally to this important celebration, but the BIPM and
the Time Department are well represented in the ceremony.

All the best,

Dr Elisa\Felicitas Arias
Director, BIPM Time Department
\

AUTC(NTSC), whose divergence
with respectto UTC has beenkept
stablewithin five nanosecondsnost
all the time during thelasty e ar 0

BIPM time department Arias
2016.10.15



Contribution to TAIl calculation

USNO

mSU

USNO, 29.60% =NICT

ENTSC
mF
miT

mPTB

PTB; 2,30%
IT; 3,40%
F; 4,40%/ NTSC 4,70%

m Others
NICT: 6,00%
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Time service of NTSC
NTSC hasbuilt a high-precision STWTFT and GNSSCV time comparison
system with Beidou and be responsible for the time monitoring and

evaluation of the Beidou system,and representsthe time interoperation of

the GNSSsystemon behalf of the BD.

/ﬁ BDT ° BDT \ Ik B2 SRS

2 A5 54 L R S

S I AIFMHEES Q1R

2006 1 1 UTC 00 00 00 “
° BDT UTC NTSC

C BDT UTC 100

UT
N /

YEHIEESMAZERDILAE
ZO—A%E+—H

NTSC provides reliable standard time service, including long-wave , short-wave

time system,Beidou system,Navy Changhe 2, GNSSglobal continuous monitoring

system,telephone network and soon.
2.1



(8) BeiDou CV time comparison between NTSC
and European UTC(k) laboratories

U achieved a precision of 2.25ns, same as GPS CV level
(currently only 4 BD satellitesare visible in Europe)

100¢ [ [ i i
GLO CV link+30ns
80|~ BDS CV link+10ns |-
GPS CVlink-10ns
60 GAL CV link-30ns [
)
=) 40 - |
")
@
m 20 ﬁ
(b}
g 0 AP I L T o T ity .
= it o g b b O
-20 a
40 — a
-60 C r . !
57,870 57,900 57,930 57,960 57,970

MJD

Time difference of UTC(SPYTC(NTSC) by different links
Metrologia 55(2018) 17887



(9) NTSC Radio stations

) ()
BPL Pucheng BPM Pucheng BPC Shangqiu



(10) ChineseéArea Position System

CAPS with

W

4 GEO communicationsatellite e
|

L
T S ; g

1 IGSO navigation satellite

results tested in Sep. 2017

Positioning: 2.0m (PRC
0.5m CP

Velocity 0.2m/s
Timing 4.0ns PRC
3./7ns CP




(11) T/F transfer over fiber



Development of auterun stable laser for fiber transfer

Main function: auto scan/laser frequency lock/relock + ultrastable
Digital main control + analog proportion integration circuits
Relock of laser frequency is realized byprogrammable control process
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Digital circuits: SMART function(auto lock, continous operation)

Analog circuits: laser frequency stability




Development of auterun stable laser for fiber transfer

A typical relock process
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Ocurrence times

Development of auterun stable laser for fiber transfer
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Optical phase comparison by local measurement

FM  Faraday Mirror
PD Photodiode

FM 1

Laser 2

A single fiber spool

Labl‘PD Lab 2

A One bidirectional fiber link for laser transferring to avoid
the phasenoisedifference betweentwo fiber links

A Direct phasecomparisonwithout active noisecontrol

A Local measurementwithout data transfer in distant labs



The Experimental setup

50 MHz 110 MHz

Lab 1

50 km single
spooled fiber

pp W =
\ Beat note A 2(f,+f,) [ [

Beat note B f,+f,

10MHzin  Ch1 10 MHz out 10MHzin  Ch5 10 MHz out
MPin Ch2 MP out MP in che MP out
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Phase Noise Analyzer




Results and discussion

10’
1 05 2N Two-way comparison
\\ One way fiber noise(single trip)

1 03 \)‘a\,\‘ One way fiber noise(round trip)
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A About 5 magnitudesbelow oneway fiber noise at 1 Hz
A The phase noise can beejected using the two-way setup



Results and discussion

The precision of frequency comparison
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A 12E-16atls, 1.3E-21at 40,000s, Scalesdown as1/t

A Long-term stability is improved by more than 6 orders



Extension of distance to 200km

Bi-EDFA
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Phase noise PSD(radZIHz)

Optical Frequency Transfer over Fiber

New cascadedrequencytransferschemebased

on unidirectionalEDFA with alower extraphase

noiseanda lesssensitivityto backscatteright
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transferinstability
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Optical Frequency Transfer over Fiber
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Optical Frequency Transfer via 936km Fiber

A Lintong-Ninggiang rounetrip 936km Phase noise of tHenk@1Hz reducedby 65dB
A telecomm fiber buried along highway Control bandwidth48Hz limited by time delay
A Total loss=248dB,13 EDFA ==
A Fiber type: G652+G655

A Counter: Lamda mode

Unstabilized 936 km link

——— Stabilized 936 km link
- — — theoretical stabilized link

Phase Spectral Density (rad’/Hz)

10° .
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Fourier frequency (Hz)

free-run stability5E-13/s
stabilization; 1E15/s, 1IE17@1000s (MoéADEV )



