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Fig. 1. The process of X-ray photons epoch folding.
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Table 2. The timing precision of four pulsars.
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Table 3. The relationship of the pulsar ephemeris parameters with the observation times (10 us timing

precision each time).

Interval/d Duration/d Times RA/as DEC/s P/s
1 729.800 733 1.899 x 10~° 0.004900 1.85 x 10711
2 729.927 367 2.699 x 1075 0.007549 2.32 x 1011
3 729.916 245 3.294 x 1075 0.009533 3.31 x 10711
7 733.020 106 5.681 x 107° 0.014015 5.22 x 1011
14 739.856 54 7.315 x 107° 0.019810 5.82 x 10~ 11
30 747.659 26 7.571 x 107° 0.021411 7.72 x 1011
60 777.652 14 1.408 x 10~* 0.039312 1.07 x 10710
90 807.598 10 1.748 x 10~4 0.043715 1.29 x 1010
x4 PRSIkl R RS A E R
Table 4. The precision of ephemeris parameters for 4 pulsars.
Pulsar TOA ¥ /us 7R /mas 754 /mas ¥ /s
Crab 1.41 23.4 806.0 8.1213 x 10~8
B1937+21 2.68 0.021236 0.41446 4.7145 x 10~12
B1821—24 2.16 0.03053 8.0 1.9022 x 1012
B1509—69 268.90 4.4 46.7 4.8376 x 10712
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Abstract

The pulsar ephemeris that maintains the time-space benchmark for pulsar navigation is an important part of X-
ray pulsar navigation system. The parameters of pulsar timing model which are contained in the pulsar ephemeris
can influence directly the accuracy of pulsar navigation. Some studies have shown that 100 m target of X-ray pulsar
navigation should need 1 mas angle position and 100 ns pulse time of arrival, the high-level precision of parameters of
some pulsars can be reached by ground radio observations with large-diameter telescope. Owing to the development of
high-performance X-ray detector and stable space observation platform, the technology that the parameters of pulsar
ephemeris are measured by space X-ray observations may be achieved, so the feasibility of this technology is studied
in this paper by reconstructing the analysis process. The process includes mainly three parts. Firstly, the methods
of simulating X-ray pulsar signals, replicating pulse profile and getting the time of arrival between the observed pulse
profile and the standard one from analyzing observation data of the RXTE and Chandra satellite are studied, then
the accuracies of X-ray space observations for four pulsars are estimated by using the large sample duplication events.
Secondly, the process of fitting model for ephemeris parameters is established and realized by computer program in C++
language. Finally, the relationships between the accuracies of ephemeris parameters and those of the following factors
are analyzed: the observation accuracy, the observation duration, the observed frequency. Those results of four pulsars
(Crab, B1937+21, B1821—24 and B1509—58) are concluded below. 1) The X-ray space timing precisions of Crab pulsars

in the observation durations of 1000 s and an hour are 1.41 ps and 0.83 s respectively, the ones of other 3 pulsars in
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three different observation durations of 1000 s, an hour, and a day are also gained. 2) The ephemeris parameters of four
pulsars are achieved by the X-ray space simulation observations, which are similar to the result of ground pulsar radio
timing, the precision of right ascension is better than that of declination. 3) The precisions of ephemeris parameters can
be improved by increasing the times of observation. 4) If each pulsar can be observed for 1000 s by space satellite every
half an month with a 1 m? effective area detector, the precisions of the estimated parameters (RA, DEC and Period) for
Crab pulsar are 23.4 mas 806.0 mas, 8.1213 x 1078 s, those of other three pulsars are gained and analyzed. However,
owing to the low-flux radiation characteristics of millisecond X-ray pulsar and the demand for light and efficient large
detector, the high-precision ephemeris parameters can be achieved difficultly by using the space X-ray observations, but
can be established and maintained well by the ground radio observation technology. The suggestion for promoting the
construction of some large-diameter telescopes is made, and the method that the behavior of X-ray emissions from pulsar

is predicted by the ground radio observations still needs be studied.

Keywords: pulsar navigation, timing model, pulsar timing
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