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Figure 1 (a) Timing residuals relative to the post-glitch phase model, the multicolored lines represent the residual evolution predicted by the phase
model using glitch parameters from McKee et al. [10] and this work. (b) Timing residuals after incorporating our glitch parameters into the timing
model. The vertical line indicates the glitch epoch. Note: In the ~500 d after MID 50914, some timing residuals lie significantly below 0, consistent
with the feature shown in Figures 1 and 2 of McKee et al. (2016), and are confined to the Lovell (AFB 1400 MHz) TOAs (provided by McKee et al.).
As the original data are unavailable, the cause remains unclear and may reflect instrumental systematics. In this study, we hold reservations regarding
the reliability of this segment of data.
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Table 2 Global timing parameters of PSR J0613-0200 and optimal
GPR models for pre- and post-glitch timing residuals
i 23
R.A., a (J2000.0)
Decl., d (J2000.0)

A
06:13:43.975414(2)
—02:00:47.20182(8)

Reference epoch, 7, (MJD) 54714
Spin frequency, v (Hz) 326.600567160187(1)
Derivative of v o, v, (107" Hz s7") —1.024542(2)
Dispersion measure, DM (cm™ pc) 38.7770(2)
Proper motion in R.A. (mas yr™") 1.837(2)
Proper motion in Decl. (mas yr™") —10.332(4)
Parallax, 7 (mas) 1.07(7)
Binary model T2
Orbital period, P, (d) 1.19851255661(1)
Derivative of Py, P (107 3.9(4)

Projected semi-major axis, x (Is) 1.09144418(3)

Epoch of ascending node, Tasc

(MJD) 53113.20362956(2)

EPSI, esin a, (107°%) 4.03(6)
EPS2, ecos w, (107°) 3.63(6)
Companion mass, M. (M) 0.149(3)
Sine of inclination angle, sini 0.98(7)
Epoch of periastron, 7, (MID) 53113.959(3)

Orbital eccentricity, e (107 5.54(8)
Longitude of periastron, w, (deg) 48.9(8)
Glitch epoch, t, (MID) 50914(2)
Av, (107" Hz) 9.43(1)

Ay, (107 Hz s7) 1.541(2)
Av, /v (107%) 2.888(4)

A, /v (107 —1.504(2)

MJD range 49030-60400
Number of TOAs 16701
Data span (yr) 31
Weighted RMS (us) 2.279
GPRIER! Pre/post-glitch

Signal variance, o7 (5) 6.16x107%/2.24x107°

Length scale, 4, (d) 52/74
Signal variance, o7 (s) 2.54x10741.62x107*
Length scale, 4, (d) 231/332

Noise variance, a7 (s) 5.26x1077/3.43x107"
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Figure 2 Bayesian timing analysis results for PSR J0613-0200, obtained using Vela.jl. The figure shows the posterior distributions of key
parameters, including parallax PX (mas), position RAJ (hourangle) and DECI (deg), proper motion PMRA and PMDEC (mas yr™"), orbital period PB
(d) and its derivative PBDOT (dimensionless), projected semi-major axis Al (ls), epoch of ascending node TASC (d), Laplace-Lagrange parameters
EPSI and EPS2 (dimensionless), overall phase offset PHOFF (dimensionless), dispersion measure DM (pc cm™>), spin frequency FO (Hz) and its
derivative F1 (Hz s™"), glitch epoch GLEP (d), and the glitch-induced changes in spin frequency GLFO (Hz) and its derivative GLF1 (Hz s™"). For
convenience of sampling and plotting, the spin frequency FO and glitch epoch GLEP are shown relative to fixed offsets; specifically, the posterior
distributions of FO (3.2660056716007665 x 10° Hz) and GLEP (54160 d) are plotted.

FREIMZR I A &R FRRETE, WS ER T EEGIES, BRIRIEL SRS S BT
HAH Ay ~0.025, p2x10™ g em™, m/m = 07580, 1L, BEEIRIELR M AME BN, REEEBEE 2 T, DUE
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Figure 3 (a) Spin frequency residuals Av relative to the pre-glitch
timing model and (b) variations in spin frequency first derivative v. The
black solid lines represent rotational evolution based on a glitch phase
model phase model, while the dashed vertical line indicates the glitch
epoch.
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Glitch in the millisecond pulsar PSR J0613-0200 and its
implications for PTA-based gravitational wave detection
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Nearly 30 years of high-precision timing data on PSR J0613-0200 from the Effelsberg (Germany), Lovell (UK),
MeerKAT (South Africa), Nangay (France), uGMRT (India), WSRT (Netherlands), and Parkes (Australia) radio
telescopes were analyzed using phase-coherent timing, Gaussian process regression, and a hidden Markov model to
characterize its rotational behavior. The global timing solution was updated via Bayesian inference with Vela.jl. Notably,
the smallest known glitch was confirmed in our analysis, and its parameters were measured with improved precision: the
glitch epoch was determined as #,=50914(2), fractional changes in spin frequency and its derivative are Av, / v=2.888(4)
x107"% and Av, / v=—1.504(2)x107%, respectively. This analysis reveals a rare decrease in the spin-down rate (v
following the glitch, accompanied by reduced timing noise. Within the framework of standard glitch models, these results
suggest that the internal structure of PSR J0613-0200 resembles that of canonical isolated pulsars, with its microphysical
state approaching the threshold for glitch triggering. However, because the main driving factors, namely internal
temperature and spin-down rate, are inefficient, the glitch rate in millisecond pulsars remains significantly lower than in
ordinary young pulsars. The glitch waiting time of PSR J0613-0200 is estimated to be on the order of 10>~10* yr. Taken
together, these observational and theoretical results suggest that glitches in millisecond pulsars have no impact on
gravitational wave detection within the timescales relevant to current PTA experiments.

millisecond pulsars, pulsar timing, glitches, gravitational wave detection
PACS: 97.60.Gb, 95.75.Wx, 97.60.Jd, 04.80.Nn
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