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Pulsar
●Neutron  stars:highly magnetized,rapidly rotating, 
emission pulses.
● Formation: supernova explosion,white dwarfs 
collapse. 
●Mass: ~ 1.4Msun 
● B: 10^8 ~10^15G
● Density:10^14 g / cm^3
● Period: ~ 1.4ms-10s
● Diameter: ~ 10-15km
● Population: at present, ~2811( ~ 300MSP, most of 
MSP in binary)
● High precision timing：good probes of interstellar 
medium,magnetic field, and GW background.
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Pulsar Timing
●A long time monitor for pulsars so as to obtain the TOAs.
● Compare pulse arrival times at an observatory with times predicted   with a spin-down model , obtained the 
timing residual.
● The irregular period changes include two categories: glitch and timing noise.

l

Proper motion(Lorimer & Kramer, 2005)          
Glitch(C.M.Espinoza&A.G.Lyne2011)

Timing noise (G.Hobbs&A.G.Lyne2010）



Glitch and Timing noise

PSR B0833-45,1981.10  (McCulloch et al.1983)

Sudden jumps in rotational frequency(v=Ω/2π)

⁄∆𝑣! 𝑣 ∶ 10"#$ − 10"%

𝑄 = Δ𝑣&/Δ𝑣!



Glitch and Timing noise

Lyne et al. 2010 PSR B1543-06 timing noise in different time(Hobbs et al.2010)

● The residuals show random fluctuation and the same trend in different observation frequencies
● Structure of timing residuals in different data segments are different
●The timing noise of young pulsars is stronger than that of old pulsars
● Boynton et al. (1972) , Crab: 𝑃 𝑓 ∝ 𝑓!, 𝛼 ~ -2,-4,-6
● Coles et al. 2011, Cholesky, 𝑃 𝑓 = "

[$%( ⁄( (!)"] ⁄$ "



Our work （S.J.Dang et al.2020,ApJ）

● PSR J1722-3632, second 
oldest pulsar in great glitching 
pulsar.



Our work （S.J.Dang et al.2020,ApJ）

● http://www.jb.man.ac.uk/pulsar/glitches/gTable.html (190pulsars~557glitches)
● τ+ > 10,,fewer great glitches
● A- ≡

$
.
∑ ∆0%

0
, A- greatest, middle age pulsar

●τ+ < 101, 𝑛 = 22̈
2̇"

vs  τ+ have no obvious relationship
● τ+ > 101,n  vs   τ+ have strong correlation, ρ = 0.79



Follow-up work
1, Nanshan : 20 pulsars～57 new glitches , small glitches
2, Question: Small glitches ?Timing noise ?

ptaSimulate : Simulating pulsar timing array data sets 
1,Software for simulating TOAs, parameters (configuration 
files) of PTA pulsars 
2,The standard outputs are .par and .tim files
3, One of the achievements （M. Vallisneri et al,2020,ApJ）



Pulsar
Name

Gl.
No.

Epoch
(MJD)

⁄∆𝑣! 𝑣
(10"#)

⁄∆𝑣! �̇�
(10"$)

Data span
(MJD)

𝑓%
(𝑦𝑟"&)

y-range
(us)

alpha p0 y-range span
(us)

J0406+6138 2 54416(6) 0.23(7) -1.0(5) 54112-54760 0.562 2545.35 -3 1e-21 2135.3-3781.27

-4 1e-21 2236.08-3179.41

-5 1e-21 1942.12-4643.29

-6 1e-21 1841.06-3171.96

-3 1e-22 2145.47-2905.72

-4 1e-22 1771.48-3779.53

-5 1e-22 1827.13-3350.50

-6 1e-22 2081.24-4015.20

-3 1e-23 2031.15-3119.49

-4 1e-23 1884.82-3163.38

-5 1e-23 1762.33-2902.72

-6 1e-23 1880.66-3181.79

J0525+1115 1 56021(9) 0.31(2) -2.0(3) 52460-56686 0.086 13650.01 -3 1e-17 36635.84-71961.92

-4 1e-17 25156.24-52443.95

-5 1e-17 15822.79-52004.19

-6 1e-17 9268.32-30058.14

-3 1e-18 11546.28-30139.68

-4 1e-18 7348.33-21076.90

-5 1e-18 6594.03-16750.98

-6 1e-18 4522.84-10572.33

-3 1e-19 5480.77-9717.89

-4 1e-19 4177.43-8989.35

-5 1e-19 3417.75-7664.66

-6 1e-19 3007.00-6641.43

J1833-0827 11 56176(4) 0.71(5) -0.07(2) 55860-56590 0.5 2827.5 -3 1e-20 2684.48-6695.99

-4 1e-20 1703.23-4867.59

-5 1e-20 1039.78-2979.84

-6 1e-20 825.44-2421.40

-3 5e-21 2103.68-3898.25

-4 5e-21 1484.24-2636.97

-5 5e-21 829.13-2636.97

-6 5e-21 1068.01-2173.44

-3 1e-21 1276.76-2743.22

-4 1e-21 1052.73-2028.09

-5 1e-21 888.99-1794.37

-6 1e-21 738.28-1405.49

•Models：

Timing noise

Jitter noise

•Using timing noise models,3 different timescale pulsar

•10 times of each group,120 times  random simulation for 
each pulsar

•To power spectrum, alpha (-2～-6),p0 most important

• p0,greater or smaller than (1e),cause a glitch 

• Timing noise to cause a glitch tend to greater than e-9,or 
bigger ,can`t cause frequent small glitches 

ptaSimulate：timing noise



Pulsar Name
The min detection limit of glitches magnitude

⁄∆𝑣 𝑣 ()* (10"#)

J0215+6218 0.02

J0525+1115 0.02

J0528+2200 0.008

J0631+1036 0.4

J0846-3533 0.05

J1705-3423 0.06

J1833-0827 0.005

J1836-1008 0.03

J1847-0402 0.02

J1853+0545 0.08

J1902+0615 0.04

J1909+1102 0.6

J1957+2831 0.3

J2219+4754 0.01

J2225+6535 0.06

ptaSimulate: glitch

•Glitch model：setting glep,glph,glf0与glf1

•Setting glf0=1e-13～1e-8, got S/N parameter , the Fig. below

• Remove 10% of the head and tail, MJD moves every 30 days

• Select the minimum glitches detection limit based on glf0 / err > 5

• With the increase of set glitches parameters, the simulated glitches 
S/N  increases exponentially

glf0/err of PSR J0525+1115 at MJD=54500



Our work 
• All the glitches values obtained by fitting are 
larger than the minimum glitch limit of Nanshan, 
but they are not completely distinguished from 
timing noise.



Summary
● 1. Detected 57 new glitches of 20 pulsars,for PSR J0215+6218,PSR J0525+1115,PSR 
J0846-3533,PSR J1835-1020,PSR J1836-1008,PSR J1847-0402 and PSR J2219+4754 were 
first to glitch.

● 2. In the range of normal noise power index (- 2 ~ - 6), the noise intensity has the greatest 
influence on the power spectrum, and whether it can cause similar small jump is of one order 
of magnitude (1e). In addition, the obvious jump caused by timing noise is even larger in the 
order of e-9, and it does not necessarily lead to several successive small glitches.

● 3. With the increase of set glitches parameters, the simulated jump signal-to-noise ratio 
increases exponentially. All the glitching values obtained by fitting are larger than the 
minimum jump limit of Nanshan, but they are not completely distinguished from timing noise.



Thanks ！


