Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

T 576 R AL PRI R G B R M ik v B B T B 9
FIRE #FH FMRm IMETE XBAA BRE B ERd KA XA WS KE TSR

Space/ground based pulsar timescale for comprehensive PNT system

Zhou Qing-Yong  Wei Zi-Qing  YanLin-Li  Sun Peng-Fei Liu Si-Wei  Feng Lai-Ping  Jiang Kun
Wang Yi-Di  Zhu Yong-Xing  Liu Xiao-Gang Ming Feng Zhang Fen  He Zhen-Ni

5] Fi{i5 &, Citation: Acta Physica Sinica, 70, 139701 (2021)  DOI: 10.7498/aps.70.20210288

TELR T2 View online: https://doi.org/10.7498/aps.70.20210288

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

HA Z Y PR X SR 2k b 22 AU [T S R 4

Ground verification system of X—ray pulsar navigation with multi-physical properties

PyFEEEAR. 2019, 68(8): 089701  https:/doi.org/10.7498/aps.68.20182232

XEFER K i 22 T S ARS8 2R Gt il 5 PRI X
Development and performance test of dynamic simulation system for X—ray pulsar navigation

YIBRZAHR. 2017, 66(5): 059701  https://doi.org/10.7498/aps.66.059701

LT PR RAR IR Dk v BN SEAS 0772
Pulsar time delay estimation method based on two—level compressed sensing

YrH2E . 2018, 67(9): 099701  https:/doi.org/10.7498/aps.67.20172100

BT A VA — A 22 I 4 B Jik b B e A e

Pulsar candidate selection based on self—normalizing neural networks

HIFEAEAR. 2020, 69(6): 069701  https://doi.org/10.7498/aps.69.20191582

ST AL 5 AR G 00 bl fint ™ A S RERIT T
Generation and characteristics of shock optical pulses based on a fiber—loop time—lens system

WIEEAEAR. 2019, 68(15): 154201 https://doi.ore/10.7498/aps.68.20190246

B Kk TPRS B AT P B BN Y AGIHO A
Single—axial-mode Nd:YAG laser with precisely controllable laser pulse output time

WIFEAEA. 2019, 68(13): 134202 https://doi.org/10.7498/aps.68.20190393


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210288
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20182232
https://doi.org/10.7498/aps.66.059701
https://doi.org/10.7498/aps.67.20172100
https://doi.org/10.7498/aps.69.20191582
https://doi.org/10.7498/aps.68.20190246
https://doi.org/10.7498/aps.68.20190393

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 13 (2021) 139701

H &G & EM SRR &S H) X i
ik ERER"

FRBU HFWD EAT BB AR
DRV EHO ERBD RAXDD xR
PED) KEV) KDY

1) (Mb3E B TREKESLRE, 1Y% 710054)
2) (PEZIMZEBFFEfn, WU 710054)
3) (5 B TR B2 [R5 B 24 B, F 450052)
4) (ZBEEFRFHEEFRE, &0 230601)
5) (PR E A LG, P2 710600)

6) (ALHTiE(F 5 RERBRBFEIT, JLET 100090)
7) (BB R KBk 2E R, Kb 410073)
8) (FfiZEe F P ZEAlE, dbat 100072)
(2021 42 A 7 BUEF; 2021 4 3 H 9 B IEME i)

o E 25 A B I (positioning navigation timing, PNT) & R 2 PLdb 3 T2 B At R & (BeiDou
navigation satellite system, BDS) %00 i Z I8 {5 B Al & R G, ok & 0 2 80 ik b 2 i) B8 1458 BDS B[]
FEMER K IR E M, T e 4R R AR R 25 F P A I [B] 7. AR SCHE M T —Fielcs BDS B[R] 32 7E K 1A UE M A Ik
WEHE RS R, MR T2 RENEIERIT 5T88, RIRTFSE T R M3 ko 2 i 8@ sr 7k, FIA 3 iz
A0 Jik w22 A9 [ B bk o 22 31 B Bf (international pulsar timing array, IPTA) Hu T §F H .« 7 & P9 3B 5 20 458 00
#%” (neutron star interior composition explorer, NICER) %% [0] X 5 £& 1115 £ 4f LA A& 500 m 142 BR 17 5 H 22 e
£ (five-hundred-meter aperture spherical radio telescope, FAST) #4854k , 204 T K b & ik e &2 A At s k.
WEsE 4 R R W], HE T IPTA 04 49 PSR J0437-4715 5 Jik v B2 IF A9 4R 225 B 3.30 % 10714, 10 4F BB i
123 x 10710, ik vh B £ W 7 23 R AIG bk o B B G RE 1, PSR J1939+-2134 Hb 56 ik v B B ) 4R 2 BE Ol 6.51 %
10712, [F] B AF 5% 2 B bk P B 3K B[] (time of arrival, TOA) AYAE BE 2 20 K kb B At RUE HER B K &, 2
T NICER 75 [i] X 512k if 405 19 PSR J1824-2452A Kk v B2 4R B3 42 2 1,36 x 10712, dR 5 UL A 17
T FAST KR ik b B2 I 59 SR, 76 5 B L0 RS20 T, 26T FAST B PSR J1939+4-2134 31 3 [k ot /22 i)
(AR E BE R 2.55 x 10715, 10 4EFa5E B2 1.39 x 10716, 20 4EFAEJE N 5.08 x 10717, /R T FAST 32 K Bk
VLM AE S . FAST THE WA AT 77 M 48 - b B b B ko B2 B R R K07, WRBHE R LR S PNT R4
s T 2 199 B e

KB ENTFHUE, kR, S, Bk R A
PACS: 97.60.Gb, 43.58.Hp DOI: 10.7498/aps.70.20210288

* I SRS R R (LS 2020YFB0505800) . FZK A KR =34 (LS 42004004, 42074006, 11903001) ., ZHA
R G HARBLE R E (S KI2019A0787) . ZRUEF R AT R sh R &I H (S 2019QDZ14) FlE R4t 48
A4S (HUES: 2020-SKJJ-C-043) ¥ BRI

t BIEYEH. E-mail: yan.linli@foxmail.com

©2021 FEYEFES Chinese Physical Society http://wulixb.iphy.ac.cn

139701-1


http://doi.org/10.7498/aps.70.20210288
mailto:yan.linli@foxmail.com
mailto:yan.linli@foxmail.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 13 (2021) 139701

1 3

243 (A7 5 AR s 1) B A T 40 e o AR e o
(S A A S, L v B ) 2 v A ) g R A 1),
i D 224 ) e A 28 R Y P i i, A
ARy P A AT LE A P B BN BRI, i
o LRLIE e S SISl R A NN ek N
e At A L T R R 2 RS S R T
— (R JEF-5h, GEfS L BLA E] I NS (109 ) 3
FeAb (10128), JTHZE KR (1015 s) M 2= H &k
B, BCANEFRhid BAT M, T AR AR e
(A9 3 T 5 28 7F O 4k L D s I 1 L B AL
By —ASLABRF i oA AZ O Y [ 5B TR AT AR 2R 6T
PRBEE R & bris T E R &2 E LER, 2

il

I 2 0 s ) AUt B P A R

MBS TR AR S, AT 7E BRI FE
SR RIS EREEE R ATHER PNT g P,
SE VRS B T Gk oK G, FRIHRS FE I 10 ns, RERSTH
JE M BR R T B2 30 Ml 2 (8] R 4 P i oKk
L BDS 4xBR 2 EAL R AKFE, 1 Ae v Y R
i —RAE T 23 JETRE ), RERS SC IR MR 1] | 23 [) 3
HEIAT R R, $Efiss— 1) s R 55

BDS AR5 | ol 4 pk i 55 G RN
VB R —Fp ek () i 25 SEHERR 5515 B R G2 ) 12 i fil
ANFAFEMTAES, 810 BDS T A HAth 42k

TESMAR AL RE TS, FE 2

PPz, P B2 RS H S, B A BE A I
25 K FEY SRR 4E PNT g5 B0, Sk T 42
M3 FPE S RS B L R B R Y PNT Al
%, 2010 4F, 22 E PS5z s Gt T E
E R PNT (KR 458, 1Z PNT REGE A 5
WUER, R AL A SR, LA EE, TR
25 [a) 25, M, K R L KR P R E
S 4L — Al HE) PNT AR5, BTl 2025 4Rk i
In—RAE BT E % PNT AR &R 78, b Eigoc s+
FR A I FH 55 AN [R) S A0 9 D8 5 ) A4t ) 7 i
PE PNT HEZE, DL 22 U555 UR T0 A L 5 o0 JL A
7 FFT PR BSR4 A R 3 2 N AL IR 5 5 AT
fk, ff PNT R4 500 = ki S e ik ),

BDS ZHEEZR PNT KR MEA, .02
i I8 45 RO ZEREAESE G R gL AL S S
TR SR 00 AL T PNT AR S5 (1 sl ]

WEAR B S E Al B B B U | A AN g
SR EAT R I T R R B, Mk BT R
TR A B N I e B, U At b
A EZ5A T o <y, mdngh B RV F5 bR
W, TAREAE S, FEHTRERMEAITM
Pty BAL A SR — A A AR B R RS
VP TR) AT R 2 S A D B o A T AR
A, b} =S BRI B Fis 1 TAR R 25 7]
ik 80 psi', [FHF i FJRFBh #5102 21k, TAER
A B, AT LA B2 BT FH S Ao A S ] 5 22
R UNEA ) ETBh, AFERT AR, HAZ i)
RGN WERE 5 I, 30U B S R A A] 5
MRS

H M 1967 4F & Bl Wik op 2, Bl K
PR A AR 118 ik i 22 1 e A 3R A ) ] 2 o Dy T
FLAT Y R AN (E 02 fik b B2 — S il A e v
T2, HA Y HTH KRR e 1 K S AR .
Sy RP Ik R R E RS e, I [ g S AR AR
PR 1019102 s/s, AFRAEREIA 3 x 101, HAES:
KAWZEAL 1 ps. X HA kb A AT RE SN BT (R st ]
BRIR, REFRAE—Fha 7 AL THE I [ 2R RAATT 5
SERCE T3 T RS B R S o 1814, 1] fpk v
ALY R U RS M AT e T R R R e
P, RIS S5 A A H SF I O K A J S R 1 fk o
SR AT T | RRE M, R — BT B2 A I TR
Fnife 1191,

fELL BDS W% O W E K25 G PNT HEZE
FIFH K b BB A SR e | 4 H BT H
FAEFA, AT W RN s v [ BDS B[] o Y K 10
FE M, BDS F PR nl 3R A5 B8 RS i) pisf [ i o
FE. MK BT T XA AP AT R
KGR0 B 3 SRR RS BeAb, 25 0] X S
b 17 S5 RIS [ BRI S A ok o 2L, T S e
BRI TRIWIIE. DAZE BRIk i B A S At g 7 72
i ) IR 4514 28 T A Ak A BR 00 TR AR e st 1) S ofe
DA AR VR 25 AP s 28 5 1T DA S B i G st
[ R 45 XS A8 . 24, PNT AHSEHFSE e A
R Z WU R SRR S R T
i 569, X ik np B B 7E PNT &R 48 PR H sk A ot
/0 ARSCF IR IR T ki R T T R e 4Bk
TR SR G R AE R T AR RE, FIH TPTA,
NICER 2% #1 FAST BB G 7E 47704,
FE A ok i 2 st (R RS R

139701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 13 (2021) 139701

2 Rk B AR JOR L EAK
R E

ZERP Ik B PR F i e T ko AL, AT
2 P A W RN R T I R 2
. HATZR Kb R O R B B B, kT
—A A AR E R HT B, SO A R E YRR S R
TRPARLRSE, AT BT kol B AR BE B R
B B[R] FR M Bk o & B (pulsar time, PT)1617]
Jik o 2 E HA LU 3 AL e 1) BE NS M Bk
(terrestrial time, T'T) &k T — N7l 37 /A%
o I B i B 1) R g AR e M 2) R
B TAR RN R], bk i B I ST AR E 2 B )
RE R ARG PRI -, A5 T 3) IR 4 T
EFEm AW, BREES2L, HAp i aes e
22, Mk B s AT RSt e s TARBOA 7 5 280t
{C4F, HTIRSS T 25 b3k i R 25 H

BEE AT K o 2 B T3 P AR RIS
AHAESRE T — ZR 0 koo 2 i e S S PEA i B T
. 1984 4 Tlyasov &5 121 3 1 ik o 2 1 A AE
&, PHE T H kb B AU A IE 12 3l Sk s
A ROBE AT AT 225 A3 283 R BRI =2 R ik
R LB T 2 PT e ME AT s T4E, 5
JR I HEAT T LA St 1820 [ ST T 285 K
LI B Y B T U A K eh B 1Y) 1 A A
R Sk i BRI, 25 5 52 3| 25 Fh R (1) 52 e, 7]
ST 2R kb R SIS bk R, TR
ok i B2 I RS SE M. 3T JLAF, Hobbs 18 W1 5 A
A (2223 1] FH R NP [ 28 K S5 i v S8 ok e 22
A% (parkes pulsar timing array, PPTA) fi1H}
B, AW Ab AR IR e P AR Sl I ST A
Jik ot £ Bf TT(PPTA11)5 TT(IPTAL6), R
FIFEFHF (TT(TAL) B0 B AR E M, Hid, TAT
A [ BR RS E] (international atomic time) Y4
AR, TT ZHBRE SRS . E 25 KR
ok i B2 i) [T B i iy, S80I IPTA 2SI 8dE
THRE KR INEEE T, AR a 24 A ZRILAE 2
BtV o ff . Vandark S8 S5 7 A T2 G knp A
AR . 2019 4F, 223K 204 20 FE DLt S 3
T 2 KA PSR J0437-4715 WL £ 48 ik
FH BRI B A H 5 B 80 ns BAY, %7 k] H
Tl ik A kAR g .

Bl Wk BT IR BE i 4R, PTJROR THR
L TR FH AT L. 2010 4F, 26 = B = H a5 it
¥ Jm 3 T X423t B 3 &) (X-ray Timing,
XTIM), XTIM 3 ERRE 5 Sh “4E ” 21— X )
A kob B b, DT EE ST — > 4 SRy 1 Ik el B B R
g LT Sy e A (B P AR A B T R E A7,
SEIFRNTE AR E N RS, 2012 4E, McCarthy £
W PR R S B 5 I (8] 22 53 2 BT ko 2 B 1]
AR, PRRIZ SIS E PRS- AE, HEsh bk b 2 Y
I 292018 4F 12 A, BRI ZS ) J/y & AT 18 47—
I T Bk vp B 0 B} 8 (PulsarChron, PulChron) i
B, H H B2 A bk e W IR et fn A g TR 5
FL AR GE I 1] AR E 1. 2019 4F 1 A, Ricardo
45 5N i T PulChron 3 H F 2018 4F 12 H —
2019 4F 1 H Z[8] 55 KIyiafra5 R, KB T W
Jk b BT 18 ZERP K vp B A A R ik o
IF, AE P s a] A 5 A Bl O I 2 1—2 s,
I AR E T T 2 x 10714,

BEA P = FAST i ey SR ik v 2 LN 58 )
H 25 W B, DLRCGHT K F AR 42 Rl Sl il ) Tl 5 i B2 e
BerySr W, i kool B T HE B (China pulsar
timing arrary, CPTA) B HULIN BE 77K 14 3 i
FUEKF. il i 45 5% ) PulChron JUH , A
fE A CPTA JFJZ APk v B UL, ok A
) F e R = v ) BDS AR i) 35 o 1 K & e
B, %HF BDS A9 E kb 2L B Ho i AR %5 R 48 (Chi-
na pulsar time ground service system, CPTGSS)
HIZEAEIANE 1 TR,

5 PulChron Hi H—#, CPTGSS ¥ th— R4
BOREE R GE 2 A, 58 A IDK i 2 1 LN K% A B
454 BDS HhESFIHP A RME B, 2B — LR Gt
[ 3. CPTGSS 1y PR i i LR Ay =X 119):
— e WIS [R], K A 22 RD Ik r B2 H45 2 A T <
I 2L 1) Y A T A 2 v D e 0 A AR
B, fdi7 3 5 i 5 ko B I 5. R AR T A ]
HIEEE g Ll QUL S N K U SANMERE Y by g Ry g
AR —FhERG IR, A B RR s Y
Ber B, A T A SRR e T, SRa R
(A T P T G o TR R JBE 3 B R A . B
{255 I TR AN RESE I AT, AT I 18] Fr) 221 8 7] B A
SR X T A ik e B UL 25 BT BE s B Y B R AR
SEVE. ZEE I TA) Y ST S A IR B D1 ok
B AT P AR S, PRIHCTRU A R A5 L B — ]

139701-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 70, No. 13 (2021)

139701

B[ LY

i 22 IR R 45

R pkop AL

Joicirh 2 I AR
M FE A
%ﬂg&@iﬁgﬂ% ‘
Joicirh 2 B AR
ey WA B E S Bl i)
FHH b Pttt | |t MR VST
= e
EPT-TT (BIPM) &
EPT-TT (TAI) y :
gk
N— ]
R EPT-TT (BIPM) ST BN
v MER PT(k)-TT (BIPM) PT(k)-TT (BIPM) fEH ’Zgé%;j
EPT-TT (TAI)  PT(k)-TT (TAI) i i
- 10 MHz+1 PPS PT(k)TT (TAD) ) CLK
LR3I I)
JRGEICER
TR SNRGHIE S T

E 1

U ERE, T BB RAR PR A i A SR
/"\HES( [15].

CPTGSS #f H ik vp B 1B UL & 5t | fkoop 2
BIUCR A LR GE ML AN TR R G AR, ko 2 11
AR 22 G0K LA FAST mGHT H Ay 80 5 i BE e 5%
WM, B T 2 R A DR e L
I (a0 kb 303k mfa] | IR S50, ik
L 2R A o 2R 0 3 a4 o S S R A 1 B
SCERP RIS R, A RS R A T TR RS BDS
Fsp A 22 R0 P b B2 T F {5 B S B 4R T (1)

P e 2 R o o S SR 5 4 R AR L -
ik ek 2L 3 A S Rl B B s ) XSk TR
SE T 000 ik o 2 o e A R i o A SR AR
F| TOA i A TOA S48 ko np 2 48 5 0 ik vh 15
=BTy U o S LN e QU Y R == | o e T CE A
UL 5 B 22 O B4 ok ol BB A 5 o, #5381
BRAEFE R . SR A5 B UL ok i B 5 bm v 58 B

Hh Tk o 2L T IR 55 AR BT 9 25 K9 €] (2% PulChron T F R SR 485 44 )19

Fig. 1. Structure diagram of China pulsar time ground service system (refer to the structure of PulChron project system)!'”.

15]

AHIG, A5 BB IO (74 Jik b 20 TR B Fa] . 34 O e
PRI BT A R B I (27, R
[ £ I 1] B PRAr R R ] R S, 40 TAT 2K TT 4545
HERSIRI R ST, LARUETTHIHIIE DAY A B b s
KRBT RI RGNS % O T kS ks 3 2= F g
AR FEM , R 30 4[] Jok e 2 L0 A7 1) Ak 2R
I3 — N IR R IBE S R, G0 R
BRI RIRS % R, A i TOA i 2 K
FH % Jii 0> (barycenter of the solar system, SSB)
Ab i) TOA, B[4 IE R S50 AR BRES (barycentric
coordinate time, TCB).

LA AT S) B E 5 3 ORI Sy 7], S5 v R e
Bk B A5, Z5d— RPIBY B L KA
XPVS RN, A4 - B 25 (B JUART I 4E | 5] g B S | Bt
() R JRE 2800 FRA Y JBE Fof SEE . UL A ok e 810 5 B 1] s
WA 2R SSB AL K v ) TR I 18] tssm i FTER b 3RO
ARSI, RS ORI T 283051,

139701-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 13 (2021)

139701

. — ¢ +n-r 1
SSB — lobs 2CRO

[(r)? = (7))

- %(n . v)At—I—%[(r ‘v)—(n-r)(n-v)]At

2
+Atc+073k_§:E ukln(rk+n~rk)

"~ Grgungsng 207 @
b, n hy Jok el 2 AR R B R B0 AR AR 2R B LA R
v Sk S R B A X O B, o Bk,
v WK AT SSB I E R, At=t—to
NI % ¢ 52 2% it to B 2{H, Ro NS % PG
Jik b LB B At M ERIE BRI A& IE &= TCB RUE
() R TE B, A4 T e 2 T 4% ol 2 DA S0y 3H e S
(40 TAI, TT, TCB Z [l 5646t ), el R BH &R 2R
kAN RAREI G J1HEL, v KBRS kA KRR
T 55 o R B AN A R T s M HUE. o KB
Ak ofr B2 AR X T S R R 5K A, D R Bkeh 2
fh e i, f oA A B 2R J5 0 ALh 4 P s 2 SO0 A5 %
Ap AR RGNS S R IE, 322045 5]
ik e AR A AR AR B, RUR B 38 Bk ) B s
FERRSER | 155 25 R R A 5] 1355 8 14 4% 4E
IR s [R] AR AR A 38 B 28300, (1) 2RAES A i
55 2—5 T4 5l R LA ELAS B AE 2% | Tk v AL Y
1 1) R B B BFAE | — [y Roemer #ER ; 2 545
7—9 A3 R R PH R ARG I AE L K BH B 5|
73 st S RS E . s ) X SR AR AR FE, F
F X R RE—FP KA | AR KA RGN, H A
B 42 1] Z AT

X tssp FEAT AT, AT Bk AL T AR
PR Bk A R OAD - 2 [ ) B L e, % A F
T A 2 R

B(t) = do -+ ot —to) + S0t~ g + -+ (2)

X, o(t) A ¢ B ZI K ARDL, o &0 46 1 T to
I A K RARAE, v, 0 23500 D Fik b 2 19 e AR e — o
TR b CHURR Ik A AR L B Dk e
FIRmF[a] B2,

5 YO AT IR 22 Ry OTHEEANT

Ri:(Wi_¢i)/v (i:1’2v3a"') (3)
Ko A YOWINAS B A IR AR, o DAET
B AR TR TR B K P AR S, . QSRR AR 22 R 0, W&

71 K i B2 AR 5 I A DT .

Jhk e B P SR — R NS A IR TR, S i ik
i BRI 5 2 T B B 2 I R TS B Jeie T
SRR SR 23 ) XSO Pk i A, T A ORI A 3]
L) BN [ S DY R S e = b P o R
SRR R Tk i TOA, 4R J5 38 28 BoF [R] 1 Xof i
R Bk o s s ] 0 30 Pl B D . RN 2 0 K
BH 2R 50 Co AL Ik e 280 05 P 1) S (L FTORIN B 2 2. 131
AR TR, AR T Bk b 2 (PT), Tl
ST R XL 5 1) fok e 280 3K B ()02 DU TR (AT)
S, ST R 2E A S5 Ik o S 2 T
If 2 T R 2 AR ik b B TN R B e 28 Rl A
MR, IBATTI 522 R0 AT-PT. 244,
E Friti )5 (the international bureau of weights
and measures, BIPM) $2{it 7" TAT ) B Fh S22 7
3 HESEHE TT(TAI) Fd 5 TT(BIPM), A3
HERE TT(BIPM2015) 14 F My Bk v 2 B 1
S RISEE. koh 2R E PRI R T 0. Al
%, HEETE W 225 30K [33].

3 R EHor B AR AT

ik e LA e R L R LR R
505 | 1 SR B AR AR AR, H R i —
B R B X 8k BE 0% 7 A Ik R B AR, — e A
X G2 B RS R RS . R Z R kb 2
L TT S FEL SO 000 K B T A Ny b 3 ik vp L A A5 )
XS K v S R PR vp R A AR SO
AR XS A S e e B S A i 1) 22 B ik v 2
PSR J1939+2134 fl PSR J1824-2452A /3 #7, B
I i ok b B2 G HL g TPTA Fl NICER #f
XX PR o B A T T AR OO, IR A R AR T
CHCOUE ) % 4 . PSR J1939+4-2134 #l PSR J1824-
2452A LA B WL 1, NAME by ik o 22 24 K,
Py g ko B2 JE 1, DIST Mk B FE B, fri00 MK
MR AEWLI AR 1.4 GHz RS E%)E, FLUX
Jalk b ERAE 210 keV REBLHITR R, Wy A
FEL SR A P~ v . TRk o S AR TR A S o o
WERULIE 2, Hid 0.5—10 keV i X SR M B, ok
H T SEXTANT 3t H 19 4 &b #; 800 MHz Al
1.41 GHz Ay 5 s SIS BE, oK [ 2 2% S0k [34] BY
SRR Pk B R Bk S A A A AR U, A I

139701-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 70, No. 13 (2021)

139701

R PSRk B AREEASE S

Table 1.  Basic information of two millisecond pulsars.

NAME Py/ms DIST /kpc fra0o/mJy FLUX/(erg-s *-cm?) Wso/ms
J1939+-2134 1.55780656108493 3.5 15.2 1.8 x 1072 0.0382
J1824-2452A 3.0543155922712 5.5 2.0 1.5 x 1013 0.972

PSR J1824-2452A 0.5—10 keV PSR J1939+2134 0.5-10 keV
2 2
o o
g g IL
~ ~
- E . A
b= b= 1410 MHz
= =
Q Q | J\ \

0 0.2 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Phase

0 0.2 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0
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2 PRI B A SR R R XA ik e s )

Fig. 2. Radio and X-ray pulse profiles of two millisecond pulsars*4.
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2134 WIE 30 4F. H 870X Se 454 17 Ak 31431y
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TT(BIPM2015), 175 13K H DE436, 15 2| #
ok e L 1) R L Jok o LS UL IR 3, Jok b AL B ) R B
X PT(4i)-TT(BIPM2015), WHARITHIFR 2, 1R

Tk op B4 FR. K 3% LB PT(PSR J1824-
2452A)-TT(BIPM2015), HIA )RR (root mean
squared error, RMS) & 2.39 us, T K& PT(PSR
J1939+2134)-TT(BIPM2015), H: RMS 4 68.37 ps,
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b ok o B DA RRUE BE R 6.51 x 10712, 5 AR R
FEFEN 2.42 x 10712, 10 4FRERE R 2.05 x 10712, [l
5 B[R] 38 As 2 M. Seil & B, PSR J1939+
2134 [°F- 34 TOA ¥§JE l 331 ns, 1M PSR J1824-
2452A f 997 ns, BT PSR J1939+2134 7 1£ i
JERA M LT | R ok e 2 B RS A7 31 B 1Y
il 2.

3.2 ETF NICER I B W &4 59 & & Bk
HEREEEST

NICER 52 1 3¢ [ [5 A2 A K w76 [l Bz 1]
ol b S ) R AR B U RATE 55, BO TRk bt
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Fig. 3. Ground-based pulsar time based on IPTA millisecond pulsar timing data.
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Fig. 4. Stability of ground-based pulsar time constructed by IPTA pulsar timing data.
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Fig. 5. Space-based pulsar time based on NICER millisecond pulsar timing data.
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Fig. 6. Stability of space-based pulsar time constructed by NICER timing data.
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Fig. 7. Ground-based pulsar time based on FAST simulation timing data.
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Fig. 8. Stability of ground-based pulsar constructed by FAST simulation timing data.
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Fig. 9. Stability of PSR J0437-4715 ground-based pulsar based on IPTA timing data.
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Abstract

The comprehensive positioning navigation timing (PNT) system in China is a multi-source information
fusion system with BeiDou navigation satellite system (BDS) as a core. The high-precision millisecond pulsar
timing can enhance the long-term stability of the BDS time benchmark and maintain a space-time benchmark
for future deep-space users. In this paper, a ground-based pulsar time service system is proposed for detecting
and improving the time benchmark of BDS. The preliminary designs and functions of the system are outlined.
At the same time, the method of establishing space and ground-based pulsar time is studied. The ground radio
timing data from the international pulsar timing array (IPTA), the X-ray timing data from the neutron star
interior composition explorer (NICER) in space, and the simulation data from the 500-meter spherical radio
telescope (five-hundred-meter aperture spherical radio telescope, FAST) for three millisecond pulsars are used to
analyze the stability of ground/space-based pulsar time. The research results are as follows. The annual
stability of the PSR J0437-4715 ground-based pulsar time based on IPTA data is 3.30 x 10 4, and the 10-year
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stability is 1.23 x 1015, respectively. The existence of pulsar red noise can reduce the time stability of the
pulsar. The annual stability of the PSR J1939+2134 ground-based pulsar time is 6.51 x 10'2. We find that the
accuracy of the pulse time of Arrival(TOA) is an important factor that restricts the stability of space-based
pulsar time. Based on NICER space X-ray timing data, the stability of the pulsar time for PSR J1824-2452A is
1.36 x 10 '3 in one year. Finally, the simulation analysis of the FAST’s data without considering the influence
of red noise is completed, and we find that the PSR J19394-2134 ground-based pulsar time based on the FAST
has an annual stability of 2.55 x 1015, a 10-year stability of 1.39 x 1016, and a 20-year stability of 5.08 x 10°'7.
It demonstrates that the powerful pulsar observation capability of FAST will help to improve the accuracy of
ground-based pulsar time and enhance the long-term stability of the comprehensive PNT system time

benchmark in China.
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