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Table 1 Basic parameters and observation information of the four target pulsars. The linear polarization fractions are referenced from ref. [13], while

the remaining ephemeris information is referenced in the last column of the table

2 EL

ik 2 JAWI (ms) L (em™ pe)  WIHM  BUEE (s) faMk %) Eliz%
J1342+2822D M3D 5.44 26.4 2024-09-24 11700 19.3(2) 44(6) [20]
J1518+0204E MSE 3.18 293 2022-02-16 7200 81.8(1) 45(3) [22]
JI1312+1810A M53A 33.16 25.0 2024-10-07 12900 96.7(0) 56(1) [23]
JI911+0102A  NGC6760A 3.62 202.7 2024-09-30 6600 88.4(1) 31(2) [24]
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Figure 1 Comparison of pulse profiles before and after polarization calibration for the four target pulsars in this study. In each panel, the top-left
subplot shows the total pulse profile before and after calibration, and the top-right subplot presents a zoomed-in view of the main pulse region. Blue
and orange lines represent the profiles before and after polarization calibration, respectively. Some off-pulse regions have been omitted. The bottom
subplot shows the difference between the uncalibrated and calibrated profile intensity (uncalibrated minus calibrated). Since both profiles have been
normalized, the subtraction only indicates the shape differences and does not reflect quantitative differences in flux.

3 ZFRATIS B P S AE AR AR IR HE S5 A TR AR, MS3ARIASBITOA
ANHH R BE LR mAR AR HE 5 LU RS HERT A BT K, (HTOAR

A58 TM3D, MSE, M53AFINGC6760ALE i T o B 22 )~ B AE R e 2 S U P K.
PRBHERT A I TOA VL S TOARHA E FE, k2. TEERINTIITH, AV HIE T IX 4Bk b B A
B2 T Im IR HERT 5 TOA R E FE R AT Eb s o, IIRAHERT S, TOARHH & B 2518 ()1 18 UL K b v
Al LLE #), M3D, MSE L)L NGC6760A 45— TOAAS Z&. TOAAE 2 H A A B 12EM3D, PR T

2195124



XESE, FEBE PEE J0E ORI 2026 4 HS6 5 A 1Y

0.002

B ek
0.03
M3D I osoeRE 0 MSE B
902 0001 1 1
001 [ ! |
& ‘ = |
E v £ o000 [
W B
& 5 £
o1 -0.001
002
0.002
-0.03
0.0 0.00
-0.05
% 7% fd% =
{.‘2& 2 : 2 ﬂ 2010 — P
I = FRELE 0dps | TR rd FREE 009 us
_— sk (2{8=0) -0.15 B (£E=0)
60577.18 60577.19 60577.20 60577.21 60577.22 40577.23 60577.24 59625.89 59625.90 59625.91 59625.92 59625.93 59625.94 59625.95 59625.96
MJD MID
B 0010 ok
0.020
M53A e NGC6760A § o
0015 ‘
0.005
0010 ‘ ‘
2 = |
% 0.005 | 2
£ £ o000 1 }
44 0.000 e |
W
‘5005 -0.005
-0.010
0015 o010] |
-0.020
0.000
005
0.025
ﬁ - 0.050
¥ Zooo y ng
oK 0K 0075 s
e~ FiiREEE: 001 ps N / FHREEE:-0.04ps
005 R Bl (B1H=0) -0.100 HoAih (B1K=0)
60590.12 60590.13 60590.14 60590.15 60590.16 60590.17 60590.18 60590.19 60583.43 60583.44 60583.44 60583.45 60583.46 60583.46 60583.47 60583.47
MJD MID

B 2 (mIRECHERT S, TOAMHGE EERIXT LK. Fra 5 G R M R IR e T B s, TR € ) SR 2R 3R R Im R S HE S 1.
AT ER L2 NTOARRZER, RERTOARNAHERE. AILIES], MIBKRHEHA B E MM TOAR Z1E 2 TR M
I3A. TR B30 N ImIREHE 2 50825 2 0T M TOAAN & B 1 22 B 75 . TOANTH 5E T 22 1 HE B8 JE i 4% i o
FEIEIRTHIA B, 46 2 NTOAAN B ZE T IE. WA, AWkt 2 I TOATNH & 15 1) TS {E 147 R R FE R i %
1i%. Bk EM3DAINGC6760A ) B i R AU HER, N T ZINTOANH E B HIZS 1K, FRATILE T FO, Btk LAAS, ZEAE il 45 SRR
ERERAEEEST

Figure 2 Comparison of TOA uncertainties before and after polarization calibration. All blue points represent data before calibration, while orange
points and lines represent data after calibration. The upper part of each subplot shows the TOA residuals, with error bars indicating TOA uncertainties.
Polarization calibration does not significantly affect the distribution of TOA residuals relative to the ephemerides. The lower part of each subplot
illustrates the difference in TOA uncertainties after subtracting the pre-calibration values. The further the difference is from the baseline, the more
significant the improvement in timing precision. The red dashed line indicates the mean difference in TOA uncertainties. As shown, the average TOA
uncertainty decreases to varying degrees for all four pulsars. For M3D and NGC6760A, the ephemerides were not sufficiently accurate, so we fitted FO
to highlight changes in TOA uncertainties. Except for this adjustment, the presented timing results are derived directly from the provided ephemerides.
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Table 2 Comparison of TOAs and TOA uncertainties before and after polarization calibration for the pulsars. The fifth column shows the difference

between the third and fourth columns; the sixth column is the mean of the fifth column; the seventh column is the standard deviation of the fifth

column. The eighth and ninth columns show the RMS of timing residuals and noise before and after polarization calibration, respectively
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60577.18218 27.863 26.663 1.200
60577.18802 16.835 15.786 1.049
60577.19740 15.569 14.806 0.763 5197 0.044
V3D 60577.20677 10.207 9.958 0.249 0.642 0377 (R HERD) (REHERT)
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Table 3 Pulse widths (W), Ws), effective width W, and signal-to-noise ratios of the target pulsars before and after polarization calibration. For
MSE, which has two main components, the pulse widths of both components were measured separately

- JikH 5 FE W (°) ik e B E Wso (°) HRGEEW, (°) (FLY4
T i TEHEHT i REHERT e 5 T i
M3D 58.14(11) 53.23(10) 21.76(4) 22.21(4) 4.04 4.15 19.3(2) 19.02)
MSE-1 67.50(2) 67.50(2) 27.83(1) 27.70(1)
6.41 6.21 81.8(1) 81.8(1)
MSE-2 32.97(1) 31.99(1) 13.22(0) 13.08(0)
MS53A 41.47(11) 41.46(11) 26.66(1) 27.64(1) 3.60 3.74 96.7(0) 98.9(0)
NGC6760A 110.31(3) 110.02(3) 53.09(2) 51.89(2) 21.23 21.24 88.4(1) 83.6(1)

PRALAE XS T 4Rk i B2 (R TOA N 58 B el R 4R THE -+
BHOE RS E L, S RMS FEAK 5 118390 ns. X
— &5 TR 3R U Al R A A X PTA ) v K P52 00 e o 2
w7 H, PTARKH 2 A T 5 T A h AT - It 4
RIUK R AT 5, FL G AR A o I IS Mg 75 SN URK, oK
OISR FE S . PRI, 0 T 00 it e A S 0T A £
PTAKIF A, (IR HEFIREAE B P IR . 2R G
2551 D3 A A R b L.

AN, ARSI 1AL LW, i IRAZ RS
T ORI Kk v e S A 5 AL R Al SR KRS FE R
IR B AEYEFF kb e B ARG E 1477 T 22 ORI T e 14
JrHT. FASTRE i AR B (5 A B8, ARAE A SC I T
R, FAT 2 GRSt 78 2 JOW I B IR HE S SR OIF 2y
A E U s 7 F 4 AR

4 RE

AICEEL T M3D, MSE, M53AFINGC6760A 44
Ui B i HLZR I L s = A Rk b &, R FHFAST
B v R FERIF 7T T i HRAS o L0 b P s . L
REERITT.

(1) 4Bkt BRI HERT IS, TOARHE
P ZAH B S ME 5 A BT RAK, TREETE10-642 ns A5,

H A M3DAIMSE K TOA N 52 FE 11 32 B i i 2
TOAANH & FE ZE (B bR AEZE 1017248, U W m iR AL HE
Xof FL B R R SR R

(2) PmARAR THE BAARG T Jok o B2 10 U ) 3% 22 (FIRMES, e
b N B B MDA 7390 ns. 3% M 53— 75 T 3. B
TR IRAEHE RERE A R T A

(3) 4kt AR MIRALHERT 5, kb e ARk
B A 0 L 2 A BT AR A, FRA T 5 Pk A DR, 0P A
()4 5 ik 5 BE AR R — A OG M, TS HRJRR 1) 2
BAAE A E M L (AR A B TO A DG . L B S B T 42
51 A B A T B A 2 e R AR AL ) 3 3.

(4) AT ik R R R THE T 2B E AN
P, X6 T PTANK R [ s B sz md Bk, 57
b, PTANK MR M 2 2% B T A SO ik k2, \T
DAHE T L2 B0 A0 A 0o T e A o4 B AUk, (81 itk AT
S0 D R R v 2 R T-FAST R w8 kS 2 0 it ) e 5 Adb
b TR R, UG RS KR, AR
HERI 2 A B2

ATCHET FASTHUL I 0 A 3 45 R W, IR
THE BE S A 25 B Jik B2 00 P Wt P FE B+ BB D &
S, Fe %o Fikf R R T AR PR R 00 F 06 LIRS AT
FONPTARK M R IR AHR 2251 10 S5t T =B H
N

Bt ATHEEATFEEREAMEEMEAE—S500 mOERE S B ETHEFAST)H AN HE, ZETEwFE/F

P B X R X8 384T

S5 3k

1 Hulse R A, Taylor J H. Discovery of a pulsar in a binary system. Astrophys J, 1975, 195: L51

219512-7


https://doi.org/10.1086/181708

XESE, FEBE PEE J0E ORI 2026 4 HS6 5 A 1Y

16
17
18
19

20

21
22

23

24
25
26

27
28
29
30

Johnston S, Lorimer D R, Harrison P A, et al. Discovery of a very bright, nearby binary millisecond Pulsar. Nature, 1993, 361: 613-615
Reardon D J, Bailes M, Shannon R M, et al. The neutron star mass, distance, and inclination from precision timing of the brilliant millisecond
pulsar J0437-4715. Astrophys J Lett, 2024, 971: L18

Detweiler S. Pulsar timing measurements and the search for gravitational waves. Astrophys J, 1979, 234: 1100

Agazie G, Alam M F, Anumarlapudi A, et al. The NANOGrav 15 yr data set: Observations and timing of 68 millisecond pulsars. Astrophys J
Lett, 2023, 951: L9

Antoniadis J, Babak S, Bak Nielsen A S, et al. The second data release from the European Pulsar Timing Array. I. The dataset and timing
analysis. Astron Astrophys, 2023, 678: A48

Zic A, Reardon D J, Kapur A, et al. The Parkes Pulsar Timing Array third data release. Publ Astron Soc Aust, 2023, 40: €049

Tarafdar P, Nobleson K, Rana P, et al. The Indian Pulsar Timing Array: First data release. Publ Astron Soc Aust, 2022, 39: €053

Miles M T, Shannon R M, Bailes M, et al. The MeerKAT Pulsar Timing Array: First data release. Mon Not R Astron Soc, 2022, 519: 3976-3991
Xu J, Jiang J, Xu H, et al. The Chinese Pulsar Timing Array data release. 1. Polarimetry for 56 millisecond pulsars. Astron Astrophys, 2025, 695:
Al173

Perera B B P, DeCesar M E, Demorest P B, et al. The International Pulsar Timing Array: Second data release. Mon Not R Astron Soc, 2019, 490:
4666-4687

Xu H, Chen S, Guo Y, et al. Searching for the nano-Hertz stochastic gravitational wave background with the Chinese Pulsar Timing Array data
release 1. Res Astron Astrophys, 2023, 23: 075024

Lyne A G, Smith F G. Linear polarization in pulsating radio sources. Nature, 1968, 218: 124-126

van Straten W. Radio astronomical polarimetry and high-precision pulsar timing. Astrophys J, 2006, 642: 1004—-1011

Ostowski S, van Straten W, Demorest P, et al. Improving the precision of pulsar timing through polarization statistics. Mon Not R Astron Soc,
2013, 430: 416-424

Wang S Q, Wang N, Wang J B, et al. Pulse jitter and single-pulse variability in millisecond pulsars. Astrophys J, 2024, 964: 6

Nan R, Li D I, Jin C, et al. The five-hundred-meter aperture spherical radio telescope (FAST) project. Int J Mod Phys D, 2011, 20: 989-1024
Jiang P, Tang N'Y, Hou L G, et al. The fundamental performance of FAST with 19-beam receiver at L band. Res Astron Astrophys, 2020, 20: 064
Pan Z, Qian L, Ma X, et al. FAST globular cluster pulsar survey: Twenty-four pulsars discovered in 15 globular clusters. Astrophys J Lett, 2021,
915: L28

Liu T, Wang L, Pan Z. Polarization profiles of globular cluster pulsars from FAST. I. 25 profiles from previously known pulsars. Res Astron
Astrophys, 2025, 25: 065021

Li B, Zhang L, Yao J, et al. Timing and scintillation studies of pulsars in globular cluster M3 (NGC 5272) with FAST. Astrophys J, 2024, 972: 43
Zhang L, Freire P C C, Ridolfi A, et al. Discovery and timing of millisecond pulsars in the globular cluster M5 with FAST and Arecibo.
Astrophys J Suppl Ser, 2023, 269: 56

Lian Y, Pan Z, Zhang H, et al. Discovery and timing analysis of new pulsars in globular cluster NGC 5024: New observations from FAST.
Astrophys J Lett, 2023, 951: L37

Freire P C C, Hessels J W T, Nice D J, et al. The millisecond pulsars in NGC 6760. Astrophys J, 2005, 621: 959-965

Straten W, Bailes M. DSPSR: Digital signal processing software for pulsar astronomy. Publ Astron Soc Aust, 2011, 28: 1-14

Hotan A W, van Straten W, Manchester R N. PSRCHIVE and PSRFITS: An open approach to radio pulsar data storage and analysis. Publ Astron
Soc Aust, 2004, 21: 302-309

Zhang HY, Wu M C, Yue Y L, et al. RFI measurements and mitigation for FAST. Res Astron Astrophys, 2020, 20: 075

Hobbs G B, Edwards R T, Manchester R N. TEMPO2, a new pulsar-timing package-I. An overview. Mon Not R Astron Soc, 2006, 369: 655-672
Lorimer D R, Kramer M. Handbook of Pulsar Astronomy. Cambridge: Cambridge University Press, 2005

Dai S, Hobbs G, Manchester R N, et al. A study of multifrequency polarization pulse profiles of millisecond pulsars. Mon Not R Astron Soc,
2015, 449: 3223-3262

219512-8


https://doi.org/10.1038/361613a0
https://doi.org/10.3847/2041-8213/ad614a
https://doi.org/10.1086/157593
https://doi.org/10.3847/2041-8213/acda9a
https://doi.org/10.3847/2041-8213/acda9a
https://doi.org/10.1051/0004-6361/202346841
https://doi.org/10.1017/pasa.2023.36
https://doi.org/10.1017/pasa.2022.46
https://doi.org/10.1093/mnras/stac3644
https://doi.org/10.1051/0004-6361/202452960
https://doi.org/10.1093/mnras/stz2857
https://doi.org/10.1088/1674-4527/acdfa5
https://doi.org/10.1038/218124a0
https://doi.org/10.1086/501001
https://doi.org/10.1093/mnras/sts662
https://doi.org/10.3847/1538-4357/ad217b
https://doi.org/10.1142/S0218271811019335
https://doi.org/10.1088/1674-4527/20/5/64
https://doi.org/10.3847/2041-8213/ac0bbd
https://doi.org/10.1088/1674-4527/add566
https://doi.org/10.1088/1674-4527/add566
https://doi.org/10.3847/1538-4357/ad5a82
https://doi.org/10.3847/1538-4365/acfb03
https://doi.org/10.3847/2041-8213/acdee7
https://doi.org/10.1086/427748
https://doi.org/10.1071/AS04022
https://doi.org/10.1071/AS04022
https://doi.org/10.1088/1674-4527/20/5/75
https://doi.org/10.1111/j.1365-2966.2006.10302.x
https://doi.org/10.1093/mnras/stv508

XEESE. PEE WP D)5 RICHE 2026 5 B s6 & A 1 M

The impact of polarization calibration on pulsar timing noise in
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Pulsar timing arrays (PTAs) have made significant progress in the detection of nano-Hertz gravitational waves, with the
Chinese Pulsar Timing Array (CPTA) achieving the highest-confidence results to date. As such, the demand for improved
pulsar timing precision will continue to grow. In this study, we investigated the impact of polarization calibration on
pulsar timing accuracy using polarization observation data of globular cluster pulsars obtained with the Five-hundred-
meter Aperture Spherical radio Telescope (FAST). We selected four pulsars—M3D, MSE, M53A, and NGC6760A—for
detailed analysis. The results show that polarization calibration can reduce TOA (time-of-arrival) uncertainties by an
average of tens to hundreds of nanoseconds. Specifically, the average TOA uncertainties for M3D and M5E were reduced
by 642 and 89 ns, respectively, corresponding to 1.7 and 2.2 times their standard deviations—indicating a significant
improvement in timing precision. Additionally, polarization calibration reduces the root-mean-square (RMS) of timing
residuals, with M3D showing a reduction of up to 390 ns, further confirming its beneficial impact. Changes in pulse
profiles before and after calibration suggest that the improvement in TOA precision is likely associated with narrower
pulse widths, rather than changes in pulse sharpness or signal-to-noise ratio (S/N). Overall, polarization calibration
enhances both TOA measurement accuracy and timing residual RMS, making it an essential step for high-precision
pulsar timing with FAST. These findings provide important technical support for precision pulsar timing with FAST,
particularly in the context of PTA-based nano-Hertz gravitational wave detection.

pulsar, polarization calibration, pulsar timing
PACS: 97.60.Gb, 95.75.Wx, 95.85.Bh
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