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Fig.1 Histogram of pulsar number distribution discovered by different radio telescopes
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Fig.2 Chart of pulsar position in galactic coordinate system. NP is normal pulsar, MSP is millisecond pulsar, GPPS and
CRAFTS are two pulsar surveys of FAST.
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Fig.3 Distribution of pulsar distance. The left panel shows the distribution of XX-YY component in the galactic right angle
coordinate system, where the red circle is the pulsar discovered before 1990, the black dot is the pulsar discovered after 1990,
the green pentagram is the solar position, and the purple vertical line is the result of FAST GPPS survey. The right panel is the
distribution of the pulsar distance between Distance (from earth to pulsars) and ZZ. The pulsars represented by FAST UWB

were discovered in CRAFTS using ultrawide-band receiver.
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Fig.4 Distribution of pulsar period and time derivative of period. Binaries are binary pulsar, AXP is anomalous X-ray pulsar or

soft Gamma-ray repeater with detected pulsations, FAST’s data are published in related papers, SNR is supernova remnant,

GCs is globular cluster, HE is spin-powered pulsar with pulsed emission from radio to infrared or higher frequencies, EXGAL is

extragalactic source, purple dashed lines are characteristic ages, red solid lines are spin-down energy loss rate, and green dashed

lines are pulsar surface magnetic field strength. The black solid line is the classic “death line”, and the black dashed line is the

range of the lowest spin-down energy loss rate of pulsars at present.
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Table 1 Fitting results of characteristic age with surface magnetic field strength and spin-down energy

loss rate distribution

Name Type a b R?

Age-Bs Normal pulsar 15.38891 £ 0.05699 —0.50651 £ 0.00829 0.63156
Age-Bs Millisecond pulsar 12.80634 + 0.18202 —0.46231 + 0.01888 0.71131
Age-E Normal pulsar 39.22814 4+ 0.11397  —0.98699 £ 0.01658 0.61938
Age-E Millisecond pulsar ~ 44.39783 + 0.364 —1.07584 £ 0.03775  0.76947
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Fig.5 Distribution of characteristic age, surface magnetic field strength and spin-down energy loss rate. The left panel shows

the variation of the pulsar surface magnetic field strength with the characteristic age, and the right panel shows the variation of

the pulsar spin-down energy loss rate with the characteristic age, where the blue points represent the normal pulsar, the red

points represent the millisecond pulsar, and the green points represent the pulsars discovered by FAST. The straight lines are

the corresponding linear fit, respectively.
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Fig.6 Quantitative distribution histogram of surface magnetic field strength and period. The left panel shows the pulsar surface
magnetic field strength quantity distribution, and the right panel shows the pulsar period quantity distribution, where the curve

represents the fitting curve.
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Table 2 Surface magnetic field strength and period fitting results

Range Fit mode Yo Te w s R?
Bs/Gs < 10'° Gs  Lorentzian  0.971 + 0.864 8.331 4+ 0.015  0.448 £ 0.040 59.742 + 4.242  0.921
B./Gs > 10'° Gs  Lorentzian —12.223 + 2.834 12.087 & 0.0122 0.984 + 0.042 573.727 4 20.684 0.983

ATNF P/s < 10ms Gaussian —5.10757 & 9.755 —2.434 + 0.012 0.423 £ 0.057 49.325 + 10.477  0.966
ATNF P/s > 10ms Gaussian 8582 4+ 2.215  —0.201 + 0.007 0.724 + 0.017 229.708 & 5.831  0.991
FAST P/s < 10ms  Gaussian 0.977 £ 1.518  —2.373 + 0.012 0.339 + 0.037  10.051 4+ 1.451  0.964
FAST P/s > 10ms Gaussian 1.819 + 1.114  —0.153 £ 0.032 0.839 £ 0.079  29.451 =+ 3.157  0.863
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Fig.7 Histograms of the number distribution of binary pulsar types and binary companion types. The left is the histogram of
the quantitative distribution of pulsar binary system types, binary model is usually one of several recognised by the pulsar
timing programs TEMPO or TEMPO2. The right is the quantitative distribution histogram of the concomitant star types of the
pulsar binary system, MS stands for main-sequence star, NS for neutron star, CO for CO or ONeMg white dwarf, He for helium
white dwarf, and UL for Ultra-light companion or planet.
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Fig.8 Distribution histogram of orbital period number of binary pulsar. The left panel shows the quantity distribution
histogram of the pulsar orbital period less than or equal to 100 d, and the right panel shows the quantity distribution histogram

of the pulsar orbital period larger than 100 d, in which the sample removes the three samples with the largest orbital period, see
the table listed below.
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Fig.9 Relationship between rotation period and surface
magnetic field strength of binary pulsar systems. The dashed
line is the spin-up line, which represents the minimum
period under the acceleration of the Eddington accretion
limit, and the red line is the death line. When the polar cap
voltage of the pulsar is less than the voltage represented by

the line, the pulsar will no longer emit a pulse signal[“]‘
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Table 3 Physical parameters of 9 binary pulsars above the acceleration line

Name P/s P Type PB/d Ecc M./Ms  Companion
B1259-63 0.047762508 2.28x107'® MSS  1236.724526  0.8698797  4.139869 MS
J19064+0746  0.144073155 2.03x107!'* DD  0.165993047 0.0853028  0.975804 NS
J2032+4127  0.14324647 1.13x107'* BT 16835 0.964 17.016705 MS
J1141-6545  0.393898815 4.31x107*° DD  0.197650959  0.171884 1.21326 CO
J1755-2550  0.315196062 2.43x1071'° DD 9.6963342 0.08935 0.47747 NS
B1820-11 0.279828697 1.38x107'° BT 357.76199 0.794608 0.779239 MS
J1740-3052  0.570313412 2.55x107'*  MSS 231.02963 0.5788701 15.820183 MS
J1638-4725 0.7639335 4.80x1071%  MSS 1940.9 0.955 8.078541 MS
J0045-7319  0.926275905 4.46x1071° BT 51.169451 0.807949 5.271109 MS
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Fig. 10 Evolution of orbital eccentricity and companion mass with characteristic age in binary pulsar systems. The left panel
shows the evolution of eccentricity with characteristic age, and the right panel shows the evolution of companion star mass with

characteristic age. Nine pulsars above the spin-up line are marked by the circle, separately. The arrows represent the direction in

which the pulsar may move as time evolves.
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Fig.11 The cumulative distribution function of mass, and the relationship between the orbital period and the mass of

companion stars. The left panel shows the cumulative distribution function of 9 pulsars above the spin-up line. The right panel

shows the relationship between the orbital period (PB) of the pulsar above the acceleration line and the mass of the companion

star (M.). The pale shading represents binary systems with companion type MS, orbital eccentricity Ecc > 0.5.
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AsstracTt Thanks to the excellent performance of FAST (Five-hundred-meter Aperture Spherical radio
Telescope), the number of pulsars has increased rapidly. It is very important to analyze the physical
parameters of known pulsars. The overall properties of pulsars are studied by analyzing the related physical
parameters such as spatial position, period, surface magnetic flux density and so on. A large number of
pulsars were detected by FAST near the galactic disk, which reflect the superiority of its detection ability.
The diagram of the relationship between the period and the time derivative of period of pulsars has been
updated. At present, 57 pulsars have crossed the classical “death line”, and five were discovered by FAST.
Finally, the physical parameters of the binary pulsar systems are statistically analyzed, the binary pulsar
systems are evolving towards the direction of low eccentricity and the decrease mass of the companion
star. Moreover, 9 are located above the “spin-up line”. FAST is making China into the golden age of
pulsar discovery, which will further promote the rapid development of pulsar physics.

Key words pulsars: general, stars: statistics, binaries: general
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