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Abstract: In order to assess the performance of detection system for X-ray pulsar navigation, the
expression of the signal-to-noise ratio (SNR) and the minimum detectable power are derived in
the photon counting mode of the system. Experiment system to measure the SNR and the
minimum detectable power is setup. The minimum detectable power is measured; the SNRs at
different integration time, optical power and threshold voltage are calculated. The X-ray pulse
profile is reconstructed by measuring the time of arrival ( TOA) of the X-ray photons.
Experimental results show that the SNR of the pulse profile is improved and the curve of the
pulse profile tends to smooth with the increasing of optical power and the integration time; the
SNR is 26. 3 and the pulse profile is optimal when the threshold voltage is — 150 mV; the
minimum detectable power of the system is 3. 5X10 ' W.

Key words: Single photon detection; Micro-Channel Plate (MCP) detector; Minimum detectable
power; Signal-to-Noise Ratio(SNR); X-ray pulsar navigation
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Fig. 1 Schematic of X-ray pulsar detector experiment system
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Table 1 Photon flux on different X-ray power
X-ray power/pW 0.003  0.007 0.017 0.035 0.052 0.105 0.176 0.281 0.352 0.704
Photon flux/
4 8 22 70 142 239 381 478 950
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Table 2 SNR and minimum detectable power

(N, +Np/ N/

X-ray power Poin/
(counts * (counts = SNR
/pW o, o, (X107' W)
em fes D) emfesTh)

0.074 0.4 12.8 3.47 3.471
0.176 0.4 33.3 5.70 3.470
0. 246 0.4 37.6 6.07 3.630
0.352 0.4 57.8 7.55 3. 485
0.528 0.4 83.3 9.08 3.623
0.704 0.4 96. 6 9.79 3.574
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