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Influence of photon TOA and rotation frequency
error on pulse TOA estimation of Crab pulsar

ZHU Hongxu

(Xi’an Open University, Xi’an 710048, China)

Abstract: In order to quantify the influence of photon time of arrival (TOA) measurement error
and rotation frequency error on pulse TOA estimation of Crab pulsar in X-ray band, 13 200 sets of
photon TOA data with different photon TOA measurement errors are simulated and generated.
The Crab pulsar ephemeris with different rotation frequency errors is used to establish integrated
pulse profiles through epoch folding, and the pulse TOA measurement error of each group of sim-
ulated observations is obtained by cross-correlation operation with the standard pulse profile, and
the root mean square (RMS) measurement error of the simulated observation pulse TOA of each
error parameter group is further calculated. The simulation results show that in order to make the
short-term measurement accuracy of Crab pulsar pulse TOA reach the order of 30~300 ps, the er-
ror of the pulsar rotation frequency of the detector with 6 000 cm? effective area and 30 cm® effec-
tive area should also be less than 3 X 10 ° Hz, and accidental error of photon TOA measurement of
the detector with 30 cm’ effective area should be controlled within 500 ps.
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Fig. 4 Average integrated pulse profile of Detector b
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Tab. 2 Simulation observation pulse TOA measurement error RMS with photon TOA

systematic error and pulsar rotation frequency error us
Exr 0 1078 1077 5X10°7 10°°° 5X10°6
Evu/ps a b a b a b a b a b a b
M, 0. 00 0.01 0. 00 0.01 124. 28 124. 28 270.03 270.03 527.04 527.04 1 445.62 1 445.62
M, 0. 00 38.62 0. 00 46. 58 65. 87 65. 87 329. 39 329. 39 568.13 568.13 1451.18 1451.18
M, 0. 00 0. 01 0. 00 0.01 121.45 121. 45 266. 80 266. 80 527.04 527.04 1469.68 1 469.68
M, 0. 00 41. 35 0. 00 41. 14 65. 88 65. 88 329. 39 329. 39 569. 43 569.43 1458.34 1 458.34
M, 0. 00 0.01 0. 00 0.01 125. 67 125. 67 268.42 268.42 527.04 527.04 1471.92 1471.92
10 M, 0. 00 45. 39 0. 00 42. 83 65. 88 65. 88 329. 39 329. 39 566. 17 566.17 1 450.48 1 450.48
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S
Er 0 1078 1077 5X10°7 107° 5X10°°
Evu/ps a b a b a b a b a b a b
M, 0. 00 0.01 0. 00 0.01 124. 28 124. 28 268. 42 268. 42 527.04 527.04 1 486.77 1 486.77
100 M, 0. 00 42.40 0. 00 40. 27 65. 88 65. 88 329. 40 329. 40 572.01 572.01 1 466.06 1 466.06
.— M, 0. 00 0.01 0. 00 0.01 120. 75 120. 75 344. 84 344. 84 581.98 581.98 1 487.58 1 487.58
200 M, 0. 00 44. 17 0. 00 46. 06 65. 88 65. 88 329. 40 329. 40 592.91 592.91 1480.01 1 480.01
M, 0. 00 91. 65 0. 00 122.90 114. 86 114. 86 388.62 388.62 658. 79 658.79 1596.99 1 596.99
hooo M, 0. 00 92. 20 0. 00 91.43 65. 88 65. 88 329. 40 329. 40 592.91 592.91 1590.13 1590.13
F3 WHAXLFTOABAREZSHRHMEBHMERZNHERN IS TOA WEIRE RMS
Tab. 3 Simulation observation pulse TOA measurement error RMS
with photon TOA accidental error and pulsar rotation frequency error us
Er 0 108 107 5X10°7 10°° 5X10°°
En/ps a b a b a b a b a b a b
M, 0. 00 0.01 0. 00 0.01 121. 46 94. 09 268. 42 323. 28 528.52 578.24 1454.12 1 696.31
’ M, 0. 00 37.83 0. 00 42. 83 65. 88 82.01 329. 39 366. 35 566. 83 567.02 1459.41 1522.35
M, 0. 00 0.01 0. 00 0.01 125. 67 102. 05 266. 80 327.28 527.04 574.62 1 468.20 1 520.08
! M, 0. 00 42.61 0. 00 43.41 65. 88 80. 42 329. 39 324.95 568. 13 580.22 1449.70 1501.73
M, 0. 00 0.01 0. 00 0.01 123. 58 101. 20 274. 81 326. 48 527.04 543.09 1 455.26 1 581.48
10 M, 0. 00 39. 37 0. 00 48. 65 65. 88 82.55 329. 39 324.95 569. 43 584.84 1 466.32 1 538.96
M, 0. 00 0.01 0. 00 0.01 124. 98 99. 97 277.95 323. 28 527.04 585.25 1460.14 1 562.76
100 M, 0. 00 41.23 0. 00 41.77 65. 88 83.33 329. 39 325. 15 656. 91 568.01 1 460.90 1 629.09
} M, 0. 00 81.63 0. 00 90. 33 116. 36 96. 47 379.58 345.10 656. 41 640.35 1 555.47 1767.23
o0 M, 0. 00 73. 81 0. 00 67.57 65. 88 93. 40 329. 40 344.91 603. 25 652.67 1 554.50 1 718.74
M, 0. 00 131.09 0. 00 143. 58 102. 90 183. 99 386. 39 345. 85 658. 79 682.73 1769.49 1979.49
b M, 0. 00 131. 05 0. 00 159. 59 65. 88 159. 45 333. 00 377.41 656. 91 675.57 1768.19 1973.88
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