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Content

ÅTime scienceactivities in NTSC

Atomic frequencystandards(Cs fountain, Csbeamclock)

and Sr optical clock (towards future SI seconddefinition)

Astronomical time observation(UT1 measuring,Pulsar Timing Obs)

Timekeeping(UTC realization)

T/F signaldisseminationservice (BD CV, long & short wave,CAPS,

fiber link ...)

Å Important projects for NTSC

PrecisionLand-BasedTime ServiceSystem

PrecisionTime-Frequencysystemin China SpaceStation



Cs fountain clock Frequency stability Frequency uncertainty

IT-CSF2 1.3 ×10-13t-1/2 0.2×10-15

NICT-CSF1 2.8×10-13t-1/2 1.2×10-15

NIST-F2 1.3 ×10-13t-1/2 0.11×10-15

NPL-CsF2 1.6 ×10-13t-1/2 0.23×10-15

PTB-CSF1 2.0×10-13t-1/2 0.32×10-15

PTB-CSF2 3.5×10-14t-1/2 0.21×10-15

SYRTE-FO1 1.6×10-14t-1/2 0.34×10-15

SYRTE-FO2 1.6×10-14t-1/2 0.21 ×10-15

SYRTE-FOM 5.0 ×10-14t-1/2 0.60×10-15

NIM5 1.4 ×10-13t-1/2 0.9×10-15

NTSC-F1 5.0 ×10-14t-1/2 0.6×10-15

(1) Development of Cs fountain clock



Å 2D MOT cold atom beam loading atom

beamflux ~2E9 atoms/s

Å Precise measurement of collisional shift by

adiabatic transition

Å Low-noise microwave generation via stable

lasers 9.2GHz 7E-15@1s,3E-15@10s

frequency stability improved by 4 times

Ű<2000s SYRTE/PTB

Å Onceopen,continues >30days

Cesium fountain clock NTSC-F1
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1 2nd order 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 w leakage 0 0.3

6 Cavity phaseshift 0 0.5

sum 130.3 0.6

laser
Laser+Maser

Maser



87Sr optical clock 171Yb optical clock

Uncertainty evaluation: 8 groups @ 87Sr clock,  5 groups @ 171Yb clocks

The overall measurement uncertainty is at the order of 10-17 10-18. 

Ye Jun@JILA total uncertainty  2.1 × 10-18 ⁸independent clock stability  2.2× 10-18 

@10000s 2015 measurement precision  5× 10-19 2017

(2) Optical clocks based on neutral atoms



spin polarized spectrum of clock transition

Å Stability: 5×10-15/6s 6 ×10-17/800s

Å Preliminary evaluation of uncertainty: ~10-16 

Å Next step: BBR shift

Frequency stability of the clock (in-loop )

87Sr  optical lattice clock

Acta Physica Sinica,2018,67(07):84-91.



ÅThe first commercial optically pumped cesium 

beam clock (Cooperation with Spaceon, CETC 12, 

NTSC)

ÅEvaluation on 6.13. 2017 better than 5071A  

standard product

ÅApplied in Navy's new timekeeping system, 

continuous operation > 1.5 year

Å5 clocks tested for time keeping system in NTSC

Frequency stability 10000s

BSNC 7.8E-14⁸NIM 1.1E-13

Frequency accuracy

BSNC 6.4E-13⁸NIM <1E-12

Frequency drift

BSNC 3.1E-16/d⁸NIM 5.4E-16/d

(3) Optically pumped  Cs beam clock



ÅThe universal time(UT1) is a time scale based on 

the natural rotation of the earth

ÅUT1 is most important for all the applications that

need to convert the coordinate relationshipbetween the ground 

and the space target, such as space exploration, satellite 

navigationé

ÅUT1 is the fastest, the biggest, the most difficult to measure and 

the most difficult to predict in all 4 Earth Orientation  

Parameters(EOP)

ÅSince1991there wasno regular UT1 measurementin China

(4) Universal Time(UT1) 



A joint UT1 measurementsystemis under

construction by NTSC

1. Zenith telescopes

Å6 station in Luonan, Lintong, Lijiang ,

Delingha, Kashi and Changchun

ÅTestobservationstarted

Åpreliminary compliance: 2ms

Luo nan Lin tong

Li jiang De ling ha

The measurment of UT1
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UT1 measurement with Giant-optic Gyro

Gyro station @ Pucheng, Xiôan

Underground

~30m

ūå0.4 m, L=30 km, 

The recorded angle random walk: 

14×10-6 º/ Ὤ!
Bias drift ~ 5×10-5 º/h, 

approaching the best FOG 

(Honeywell, ~ 1.6×10-5 º/h )

Gyro lab & Control

¸ Proof-of-principle 

research

¸ Key technique

¸ Cooperation with Peking 

Uni. 

Giant-optic Gyro

Temperature drift: 0.017 ºC/d  (0.004ºC/d@G-ring) 

Tiltmeter drift : 0.032 /d    (0.017 /d@G-ring) 



3900km

4081km

3215km

The preliminary measurement 

accuracy of the UT1 is 0.05ms

ÅWe developedthe first VGOS (VLBI Global Observation System)system

in China and carried out the high-precisionUT1 measurement

Å3 stations(Sanya,Changchunand Kashi) and a data center(Xióan)

Cooperation with 

⁸ ⁸ ̘
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The measure of UT1



ÅWe developedthe first VGOS (VLBI Global Observation System)system

in China and carried out the high-precisionUT1 measurement

Å3 stations(Sanya, Changchunand Kashi) and a data center(Xióan)

RecentIntensivemode(KS-JL baseline)measurementof UT1

The measure of UT1

Observation Posti-Prior µs
Std.

µs

Abs(UT1-UTC)

s

NTSC-IERS

final µs

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



Overview:

Å 40m Radio Telescope

Å L-band: 1.1-1.75GHz

(5) Pulsar Timing ObsSystem

Pulsar Instrument development:

Å FPGA+GPU

Å ObsMode: search, timing

Å Incoherent dedispersion: done

Å Coherent dedispersion: in progress

Å Specifications close to NRAOôs DIAS

On-going researches:

Å Pulsar timescale: ~5 millisecond pulsars,  

Crab pulsar, etc

Å Pulsar glitch and emission mechanism

Å Pulsar scintillation

Å Fast Radio Burst search

Å Collaborations with FAST: Pulsar search,  

Giant Pulses



(6) Millisecond 

pulsars 
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No Name
Period

ms

Flux

mJy

1 J0437-4715 5.76 149

2 B1937+21 1.56 13.2

3 J1713+0747 4.57 10.2

4 J2145+0750 16.05 8.9

5 J1022+1001 16.45 6.1

6 B1855+09 5.36 5

J0437-4715 B1937+21

J2145+0750

J1022+1001 B1855+09

J1713+0747

J0437-4715 Timing residual

RMS 18.1us  



(6) Timekeeping at NTSC

ÅMaintain local time scale: UTC(NTSC) and UTC(JATC )

JATC: Joint Atomic Time Commissionin China

ÅTime difference between local UTC(NTSC) and UTC is

kept within ±10ns (ITU requirement: |UTC-UTC(K )|

<100ns )

ÅUTC(NTSC) is the traceable reference for BPL LF &

BPM HF time signal transmission, and BeiDou satellite

navigation system.



NTSC Timekeeping facilities



Time difference between UTC and UTC(k)

ÅChina official time reference, UTC(NTSC),  at the 

international advanced level



BIPM report
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UTC(NTSC) accuracy improved with years

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

ñUTC(NTSC), whose divergence

with respect to UTC has been kept

stablewithin five nanosecondsmost

all the time during the last yearò

BIPM time department Arias

2016.10.15

UTC(NTSC) control accuracy



Contribution to TAI calculation
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USNO; 29,60%

SU; 12,30%

NICT; 6,00%
NTSC; 4,70%F; 4,40%

IT; 3,40%

PTB; 2,30%

Others, 37.40%
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ñ BDT ⁹BDT

SI

2006 1 1 UTC 00 00 00

⁹BDT UTC NTSC

UTC BDT UTC 100

1 ⁹ò

₆ 2.1 ₇

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.

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

time system,Beidou system,Navy Changhe2, GNSSglobal continuousmonitoring

system,telephone, network and soon.

Time service of NTSC



(8) BeiDouCV time comparison between NTSC 

and European UTC(k) laboratories

üachieved a precision of 2.25ns, same as GPS CV level

(currently only 4 BD satellitesare visible in Europe)
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GLO CV link+30ns

BDS CV link+10ns

GPS CV link-10ns

GAL CV link-30ns

Time difference of UTC(SP)-UTC(NTSC) by different links

Metrologia 55(2018) 175-187



(9) NTSC Radio stations



(10) Chinese Area Position System

CAPS with 

4 GEO communication satellite

+

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
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(11) T/F transfer over fiber



1.5um

Digital circuits: SMART function(auto lock, continous operation)

Analog circuits: laser frequency stability

Development of auto-run stable laser for fiber transfer

Main function: auto scan/laser frequency lock/relock + ultra-stable

Digital main control + analog proportion integration circuits

Relock of laser frequency is realized by programmable control process
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relock circuits

User interface

ü scan-time: 33s optimization: 32s

ü Size 2U 

ü relock cycle time can be reduced to <30s

Development of auto-run stable laser for fiber transfer

A typical relock process



Å laser linewidthmp 1.15Hz

Å laser linewidthmin 0.81Hz

Å frequency stability 4.3e-15@1s

laser linewidth

1.5umDevelopment of auto-run stable laser for fiber transfer



Optical phase comparison by local measurement

ÅOne bidirectional fiber link for laser transferring to avoid

the phasenoisedifferencebetweentwo fiber links

ÅDirect phasecomparisonwithout activenoisecontrol

ÅLocal measurementwithout data transfer in distant labs

FM 1 FM 2

PD

A single fiber spool

FM Faraday Mirror

PD Photodiode 

Lab 1 Lab 2

OC OC



FM 1 FM 2

110 MHz

Beat note A

Beat note B

PD

50 MHz

50 km single 

spooled fiber

Phase Noise Analyzer

Lab 1 Lab 2f1 f2

f1+f2

2(f1+f2)
or

FXE 

Counter

The Experimental setup



Results and discussion

Round trip

Single trip

Noise floor

50 dB Two way comparison

ÅAbout 5 magnitudes below one-way fiber noise at 1 Hz

ÅThe phase noise can be rejected using the two-way setup



Å 1.2E-16at 1 s , 1.3E-21at 40,000s , Scalesdown as1/†

Å Long-term stability is improved by more than 6 orders
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The precision of frequency comparison



Bi-EDFA

100km100km

Lab 2Lab 1

FM 1 FM 2

PD
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Optical Frequency Transfer over Fiber
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Link N

From 

Station N-1

Servo1
FM1

2Stage-EDFA To

 Station N+1

PD1

RF2

SMC 1

SMC 2

SMC 3

AOM2

AOM1

RF1

FM2

AOM3

RF3

SMC 4

PD2

Servo2

Station N Link N+1

Å New cascadedfrequencytransferschemebased

on unidirectionalEDFA with a lower extraphase

noiseanda lesssensitivityto backscatterlight

Å Cascaded112km+112km field fiber link with a

transferinstability

Å free-run: 7E-14/s;

Å afterlock:<4E-16/s,8E-19/10000s
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Optical Frequency Transfer over Fiber
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Å (300+200) 500km cascadedlab fiber link

Å Combinationof opticalPLL andEDFA

Å 2 EDFA appliedin the1st300km

Å 1 EDFA appliedin the2nd200km

Å cascaded link improve the noise 

compensation by shorten signal delay

Å Stability(500km): 2E-19/10ks (mod-ADEV)

Å Counter: Lamdamode



Optical Frequency Transfer via 936km Fiber

Å Lintong-Ningqiang round-trip 936km

Å telecomm fiber buried along highway

Å Total loss=248dB,13 EDFA 

Å Fiber type: G652+G655

Å Counter: Lamda  mode

Phase noise of the link@1Hz reduced by 65dB

Control bandwidth 48Hz limited by time delay

free-run stability:5E-13/s

stabilization: 1E-15/s, 1E-17@1000s (Mod-ADEV )


