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80

G2 T HMARE /s

4.6 4j8 5j0 5j2 514 5j6 5.8
MJD/(10% d)
B 2 62 AL s Ak 22 B s B B ) MID 14 5 A

Fig. 2. Distribution of timing residuals after pre-processing

for 62 pulsars in the IPTA second data release.

25
20
15
10

MJID 502152 i) i35 /ns

—15F

—20 L L L L L L L L
4.60 4.65 4.70 4.75 4.80 4.85 4.90 4.95 5.00 5.05
MJD/(10* d)

3 21 MID 50215 2 i 7 i 5k 22 £ 3 0 B i ]
MJID F43 A

Fig. 3. The distribution of timing residuals before MJD
50215 in Fig. 2.

FAT K Hoz Al il EPT62-TAL A1 TT
(BIPM2015)-TAT P44 22 I ] F 51 B4 00 54 42
08 IR TR 4. 5 Allan AR, oy 2 X

051101-4


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
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. 75, No. 5 (2026) 051101

SE 114 B 0] [ B P A 25 30l A T = IR 2 I LA
FHAUA A5 B B = W0 R 500 S, Bk, X ik
P B B b S B A 0 R RS R R R, IS A
T Ik b 5L A R AR E B AT NIE 4 TR
TT(BIPM2015)-TATL 53R Fa e B Hh 48 %18 |-
Thia$ B IR BRI, SR e g TR,
X H IR B A SEACRAE. ok b B B I A A
DR A Jok o 2 At 5000 A S PR, PSR,
SRR e R 22, (ARG e ZE K HAH R Fa
S MR LU T Rt e BRI A B i 4%
FHAZ, Ik B Jok B A 5L A 258 Ao I 0T 3R A
EPT62-TAT B[R 85 54 29 a, S 3 H A A (A8 2
F14) FsF 1] 5 1 A9 2% A Tk o 22 s G g R[] i)
(29 a) AUATR G E B I skt {25 3 BraiE —
B A ECED e BRI B 1 TR g X R R,
1E 29 a BRI UEE |, 565 ok i B Ao i 252 AL 21 e
P AR PR R T 5 A ok v 23 O
UERH.

—13.0

—13.5

—14.0

—14.5

—15.0 |

lg(o)

—15.5

—16.0
—— EPT62-TAI
—16.5 F —=— TT(BIPM2015)-TAI
—— CPA-TAI
—17.0 1 . L L
6.5 7.0 7.5 8.0 8.5 9.0
lg(t/s)

B4 H ozl ikil B i EPT62-TAI, TT(BIPM2015)-
TAI 5 CPA-TAI W47 58 e Ji il 2k
Fig. 4. Fractional stabilities oz (1) for the EPT62-TAI,
TT(BIPM2015)-TAI and CPA-TAL

3 Bkt BB 5 RILVELS 6 WA
AR vEE

3.1  [RFIMERE A XY B AR A Rk

AR TATL BIPM & 5 H H 4t 5wl
(1) <1 s JE -, 3 AT S R i R T B
EAL, EAL (Y5315 RE % Or Bt H BAT S5 i A
RAGE R, (AR AR — 2 fERG, B EAL YA [
PRI AN —E A STAD. ST AP |-/ By
L ARFE I R AR RIS AR AL S, R, A
RIE A T IR WA, g RN EAL

B RPEATIOE (0. 2 SRS U EAL )
i TAL BIPM & H 35—k TAIL LIELREE TAI
() SI2 s E A, T A0R S 5 EAL [ 450K 22 i
IR BER AL IEA EAL SR AR 4EAR L | KII7AE
RIS R I AR . NS 3 TAT FAERY
B[R] BR i, BIPM REAE- 3 5 51 A 3 i - 3 S o
5 EAL BWR 22 550805, IS 22 000 et 5040 v 42 B
H R GRS A AR S 5, BRI
AT 22 R G A AR 5 Xt AR, A5 23 Ek
A5 EAL #p22f )75 TT(BIPMxxxx)-EAL, £
FIMH EAL 5 TAI X RZFEH455] TT(BIPMxxxx)-
TAIN,

3.2 HEEBREAE

EPT62 45 it — 20Uk I 25 G ik o AL I 4 40
IR R S S BRI AT L, B F . (H 5 HhBRi
FHLL, 276 ko BT A BCR A S (fa2s), %
THIS RS e, HAAEHERf L S ST AP A .
FH BIPM 52 A 78 H: sy A 10 J5 730 % vk
TAT WAIR 225085, SR S5 6 1 g e aAe e ke
A5 R ATUR I UE LS A O S TR A .

SiG iR A IR A, —ERGE
Jik b BLEES TAT (4 24 05 8] )7 5] EPT62-TATL X
SR O 1783000 15 25 FUEI 13 6 MDD, 008 s g i
ZE TR ; o — B4 2 i e
psfs(primary and secondary frequency standard)
5 TAT B8 22 R 9 5 76 MID, 8 5 X5
2B AL sk AR EPT62-TAL %1
P 55BN ny, psfs-TAI SR £ (5[] T psfs-TAI
Ph 22— B 80 Bl SO ny, IR ALK
5 0 ORI 75 02 58 AT DU 1 R S i
B AR SERZ N = ny + nyy WERMERA
BAEAESWWINTTT, W N < ny + ny. 7€ BIPM
W F T 3R psfs-TAT 3R 25 5040 A I 700 % ik
S TAT AR 22 JF A B AR R 294~ A I 1E] 9
P, B, B g P E R A
K EPT62-TAI AN EALNES kI, Wl Eid,
HITR AN A LN, N H T45 6 F 1 sk 4%
1) psfs-TATL Bl 8 22 N IZ TH BRI ZE1E 5 45
HTH BRI S B psfs-TAT #1222 M 28 (40 <k
i), R 22 i 2 n R Ge A8 1k S ik TAT RyAR 3
WRZE, M Bl (R AR R ) R AR S M
PYAFREPE. 7R RS, A AT R A J A

051101-5


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
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. 75, No. 5 (2026) 051101

RILUEPP R /D, psfs-T AT A% 22 2 Ji M 7 45 K
S5 KB SRR B WA R BN, psfs-T AT JiiR %
B S e R B A AR N, AN, EPT62-TAT
o5 A RS [A) 5 S MJD 46437 & MJD 57052, {H AT
I A i 3 S v R R 1R T MUID 47164, R
PR BRESE GV T8 B D0 4 T 25 Ak 1] 225 2 30 {0
AHTR], S AJEP 2R A0 EPT62-TAI $idli & % T e
IR 4 A EE R

3

—— psfs-TAIIER

[ i fopsfs-TADR 2
— HI5 alilliit e flle,
— W6 af it Ee e,
. . - A7 a@ﬁﬁifﬁflﬁ@
4.6 4.8 5.0 5.2 5.4 5.6 5.8
MJD/(10% d)

BEZ /(1073 ps-d 1)
|

Bl 5 456 W IR I A4S V18 S psfs-TAL M3 22 L 8% 45
£ - T 8 7 A 1A S EPT62-TAT #h 22 il psfs-TATJ %
ZPIEFIREE, IR I A 1A R T EEUE S & 1T 4
B BB SR A B psfs-TAT AR R 22, 5 4b 3 &l 4 2
K FH A TR SF i 2 5000 psfs-TAT I 26 22 1) 7 W 45 55 4 %
EPT62-TAT $ 22 25 4 - ¥ I8 0 7 1 1 10 4R A Lo g,
YLIE 6; 25 65 -5 U8 I 45 - 5 B 000 38 22 iy 4 4 T X g o
TS B 22 I TRD P 30 1 — B 2 (B3 2%)

Fig. 5. Frequency difference curves for psfs-TAI befoure and
after conmbined smoothing; the two sets of input data for
the combined smoothing filter are clock difference EPT62-
TAI and frequency difference of psfs-TAI (blue line); the
output results by the filter are smoothed EPT62-TAI and
smoothed frequency difference; the blue line is original fre-
quency difference, the other three lines are smoothed fre-
quency differences with differenct smoothing coefficients
used; the clock difference curves before and after combined
smoothing are shown in the Fig. 6; the smoothed frequency
difference equals to first time derivative (frequency differ-
ence) of the smoothed clock difference.
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Fig. 6. Clock difference curves of EPT62-TAI before (blue
line) and after (red line) conmbined smoothing, the
smoothed EPT62-TAI is also referred to as CPA-TAI in the
texst, the TT(BIPM2015)-TAI is given by black line, the
frequency difference curves before and after combined
smoothing are shown in the Fig. 5, first time derivative of
the smoothed clock difference curve equals to the smoothed
frequency difference of psfs-TAI; in other words, frequency
difference of the CPA-TAI is equal to the the smoothed fre-
quency difference of psfs-TAIL
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Fig. 7. oz stability for TAI-TA(USNO) and oz curves

for the residuals after steering TA(USNO) respectively to
CPA and to TT(BIPM2015).
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Abstract

A new time-scale EPT62 is constructed based on the observations of 62 millisecond pulsars in the Version
A of the second data release from the International Pulsar Timing Array (IPTA). Timing noise is analyzed
carefully for each pulsar, and then a weighted generalized least square algorithm is performed via Cholesly
transformation to extract clock error of the referenced international atomic time-scale (TAI). The EPT62 spans
29 years, and the clock difference EPT62-TAI is shown in the figure. The clock difference between terrestrial
time TT(BIPM2015) and TAI is also shown in this figure. EPT62-TAI and TT(BIPM2015)-TAI show generally
similar trends except early few data points. Because available observational data are much sparse before MJD
50215, the corresponding EPT62-TAI data points in this period have lager errorbar. The Bureau International
des Poids et Mesures (BIPM) published real-time frequency difference data between primary and secondary
frequency standards (psfs) and TAI to provide frequency standards that define the SI second for constructing
time-scale. The combined smoothing filter is employed to combine the clock difference EPT62-TAI and the
frequency difference between frequency standards and TAI. Then pulsar time and atomic frequency standards
combined time-scale (CPA) is derived through a combined smoothing filter. The clock difference CPA-TAI is
shown by a black curve in the figure. The frequency difference curves of psfs-TAI clock difference before and
after combined smoothing is presented. The constructing process of the CPA is described. The property of the
CPA is compared in detail with terrestrial time TT(BIPMxxxx). The CPA combines the long term frequency

stability of the EPT62 with the accuracy of the atomic 30

frequency standards. In general, the property of the 25t j?i?}??ﬁﬁ;ms)m Al
CPA is compatible to that of the TT(BIPMxxxx). The & fg

comparison of fractional frequecy stability o, curves £ 10

for EPT62-TAI, CPA-TAI and TT(BIPM2015)-TAI is a‘:’ 0.5

shown in this study. The CPA can also be used as ;) 0

terrestrial time TT(BIPMxxxx). Terrestrial time 3 :[1)3

TT(BIPMxxxx) becomes available one year later, —-15

whereas CPT may be computed and maintained in ~20% 43 50 52 52 56 bS5
“real-time” in the future. Finally, a brief discussion MJID/(10" d)

and some conclusions are given.
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