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Abstract: A testing method for X-ray detector is proposed through the study of the characteristics of
pulsar radiation signals and the analysis of space observation requirements. Firstly, based on the photon
radiation model, the probability formula of X-ray photon under detection is deduced, and the influences of
different source flux and different detector time resolution on photon detection ability are analyzed. The
relationship between pulse arrival time and the similarity of pulse profile is established by numerical
simulations. And the observations of the crab pulsar of hard X-ray modulation telescope is processed, the
pulse profile characteristics of the Crab pulsar at different energy are studied. Secondly, the testing and
processing methods of X-ray detector for pulsar navigation are studied systematically, and the testing
work of a self-developed focused X-ray detector is completed by using the ground testing system. The test
results show that the background noise of the focused detector is 3.63X10 "ph/(cm® « s7'), the working
energy range is 0.2~22.7 keV, the time resolution is 4.17 us, and the spatial response is about 5'. The
energy linearity of the detector is good, the integral nonlinearity is 0.52%. The energy resolution of the
detector is better than 200 eV at five characteristic energy spectra, and the best detection efficiency is
39.18% @4.51 keV. Under the condition of weak pulse signal and strong background noise, the detector
can accurately restore the pulse profile of Crab pulsar. The signal-to-noise ratio and similarity of the pulse
profile increase with the increase of pulse flow and the decrease of background noise. The detector can
detect the pulse signal whose radiation flux is 10 times less than the background noise in 2 400 s. The
results show that the focused detector has excellent performance and can meet the space observation
requirements of navigation pulsars (eg. PSR B1509), so the feasibility of the testing method is also
verified.

Key words: X-ray optics; Pulsar navigation; Performance calibration; Focusing detector; Energy
resolution; Detection efficiency; Pulsar navigation; Pulse time of arrival
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Fig.4 Working energy region of the focused X-ray detector
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Fig.5 The characteristic energy spectra of six targets observed by focused detector
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Table 1 Energy resolution and detection efficiency of focused detector

Energy Energy resolution Efficiency
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Fig.6 The spatial response of X-ray detector
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Fig.8 The pulse profile recovery in pulse signal recovery capability test project
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Table 2 Similarity of the outlines of each group of observed pulses
Background Signal Contour Background Signal Contour
Time/s Time/s
flux photon flow  similarity flux photon flow  similarity
1 000.09 10 Crab 0.990 0 2 400.00 10 Crab 0.408 0
1 999.74 0 10 Crab 0.987 6 2 400.27 1 Crab 10 Crab 0.408 6
999.81 10 Crab 0.991 4 2 399.35 10 Crab 0.405 1
1 600.56 1 Crab 0.981 2 1 600.19 1 Crab 0.661 6
2 1599.40 0 1 Crab 0.977 2 1599.79 1 Crab 1 Crab 0.671 9
1 599.84 1 Crab 0.978 3 1599.84 1 Crab 0.674 9
2 402.32 0.1 Crab 0.770 0 1 000.00 0.1 Crab 0.892 5
3 2 393.64 0 0.1 Crab 0.824 4 999.52 1 Crab 0.1 Crab 0.901 8
2 407.50 0.1 Crab 0.806 2 998.89 0.1 Crab 0.907 4

ik TOA 35 5] 100 ns, XFF Crab kb A2, RO bk w5 50 AH 1B 3K 21 99 %6, HA PR TC T 565 bk o il 56
SER AW R TR L SRS b ik vb LSRR G A X S ZOot T HARE R AR X ST EE 2 cm
8 TR, WO A X SR 00 PR AT D A ok e B S e o T X O A G T 2 A T e AR 4R v A R Ll ) T KR
TR R 25 TR AR R AT RE D ] 2 18] R e

4 it

X 2RI A 1 B 3R — IS 2% 9 T A L 9 B BR AR O 1 R B Bl L 1 oA A5 2 S Rl e o it TR
23 ) AR ko A2 B I 75 5K 307t K, R GE MBS T T 1) fiond B S 9 X AR R R 45 40 3K B Ak B 7 vk
F IR B R AE A — K R A R XS AR & 5], T 1 R4 S 6, A A AT SO I B e T I s
FIATE AR TR g B P RE S L

DRI 8 A JFEME 7 54 3.6338 X 10 “ph/(em® « s 1) TAEREIX K 0.2~22.7 ke V. Bf [8] 20 HE RN 4.17 ps.
DR S EE P PEHE K 87.79 e V@1.49 keV . 128.52 eV@4.51 keV .137.99 eV@5.41 keV .142.39 eV@

6.4 keV J¢ 154.39 eV @8.05 keV, gt £ X R, B ArAE L Eh 0.52% IR &L Ky 13.36% @
1.49 keV.,39.18% @4.51 keV.33.22 % @5.41 keV,12.08 % @6.4 keV K& 2.25% @8.05 keV , 55 [H 4[] 25 U #5
D5 1 REAH 2.

M BETE 1.49 keV 1 4.51 keV ALy 2 [a] Wi B Ky 5.016 " F1 5,496,

) TR 25 7 55 Ik vh 5 5 K58 s W s R AR BE VERR I8 J5 th Crab Jik i B2 08 000 ik w6 B0 o Jok o 6 500 45 M4 L K
AEARLFE 6 A ok o 7 et 184 o 0 R S e AU 2 5 K00 8 R WL FE 2 400 s B[R] P, 3R A R BRI 5 AT 0 )
SRR T 5 10 175 59 6055 ik b &2

2ok —A~ 2 H a5 R AT L SE R T R AR R XS 2R I % 0 I TR LU ST T RN A B R ROk

0604001-11



D/ R S 14

TR Lk o {5 5 ik B RE i L 4R T AR RES . O — BRI AR VR RE ER TR AL T S S AY B AR TR XU 2
PR i 19 00 3 At S e 1 I3 ik 1 A T 1 2 ot 2 A R A DRI AR AL AR B X 2 I
IRy QLA B3k 1 X S U ) AR A A 20 3, AG A% = 3 RN A0 R 19 56 28 I AD 28 T S AP A 7L 3
T FR AL/ 5 R DR T AR XSRS R AR SR JH 22 i35 20 PR3 XS R I 48 006 1 2 K s ) B2 07 3k Ol
52 % [0 e RS 2 5 0 Jk 2 S I AR AR 5 R R e K e R S TN B A — UG B R A

B ARG PR B AURAT AT B S B e 3R

S % Lk
[1] ZHAO Bao-sheng, SU Tong, SHENG Li-zhi, et al.Introduction to X-ray space communication[ M]. Beijing: Science
Press, 2016

BT I ST R L AL A (] XA TR S e LM b a0 Bl At 2016,
[2] WANG Shou-guang, ZHOU You-yuan. X-ray astrophysics{ M]. Beijing: Science Press,1999
T2 JH Xt X FFE R AR B2 M. A 50 Bh2 i MAE . 1999,
[3] BECKER W. Neutron stars and pulsars[ M].Berlin: Springer,2008
[4] SHEIKH S I.The use of variable celestial x-ray sources for spacecraft navigation[ D]. Maryland: University of Maryland,
2005.
[5] BECKER W, BERNHARDT M G, JESSNER A. Autonomous spacecraft navigation with pulsars[J] . Acta Futura ,
2013, 7. 11-28
[6] EMADZADEH A A, SPEYER J. Navigation in Space by X-ray Pulsars{ M]. London: Springer, 2011.
[7] ZHANG Shuang-nan. Current status and future outlook of the development of China’s space astronomy[]]. Science China
Physics s Mechanics & Astronomy, 2012, 42(12): 1308-1320
KRR 3R 7S R R SR SR A AR R BT ] B RR y H J5 R 30,2012, 42(12) ¢ 1308-1320.
[8] BAVDAZ M, COLLON, M. BEIJERSBERGEN M, er al. X-ray pore optics technologies and their application in space
telescopes[ J 1. X-Ray Optics and Instrumentation ,2010, 2010 295095,
[9] ARZOUMANIAN Z, GENDREAU K C, BAKER C L, ez al.The neutron star interior composition explorer(NICER) :
mission definition[]J]. Space Telescopes& Instrumentation Ultraviolet to Gamma Rat, 2014, 9144(17); 353-356.
[10] KEITH G. NICER: Neutron star interior composition explorer and SEXTANT[R]. GSFC :NASA Technical Report,
2012 1-32.
[11] RAY P S. MITCHELL ] W, WINTERNITZ L M, et al. SEXTANT: A demonstration of X-ray pulsar-based
navigation using nicer[ C]. American Astronomical Society, High Energy Astrophysics Division, 2014, 14,
[12] LI Ti-pei, XIONG Shao-lin, ZHANG Shuang-nan, et al. Insight-HXMT observations of the first binary neutron star
merger GW170817[J]. Science China Physics » Mechanics & Astronomy, 2018, 61(3); 31011.
[13] DING Hong-lin. Nuclear detector[ M]. HerBin: HerBin University Press. 2010.
TUEAR A R g LML A IR L e AR I Tl K%, 2010,
[14] ZHOU Qing-yong, SHENG Li-zhi, WEI Zi-qing., ez al. Experimental analysis of pulse signal detection capability of the
mep X-ray detector[ J 1. Acta Photonica Sinica » 2018, 47(9): 904002.
JAPRSE, MEr ik, BRI, 55, GO B AR B X IR Z B A% 0 K oh 5 S 4RI B8 0 S2 B8 4 A LT ). O T A, 2018, 47(9)
904002.
[15] YANG Yan-jie.The study on the performance of X-ray CCDs[D]. Changchun: Jilin university,2014.
BEAE. CCD B X SR a8 tEREDT e [ D] AR - 35 MR 2% . 2014,
[16] LIU Xiao-yan. A digital CDS technique and calibration tests of CCD X-ray detector[ D]. Changchun: Jilin university,
2015.
X, CCD X S Ze £ 4% B 507 CDS H AR Kebn g L3 [D]. K5 -5 MR A%,2015.
[17] ZHOU Qing-yong, WEI Zi-qing, JIANG Kun, et al. A method of calibrating effective area of focusing X-ray detector
by using normal spectrum of Crab pulsar[J]. Acta Physica Sinica, 2018, 67(5): 050701.
JRAPK B BT, 220, A — P R AR XS AR R A8 AR U R AR T A IS LT ] M A= 4, 2018,67(5) : 050701,
[18] ZHAO Da-chun. Design and fabrication technology on soft X-ray grazing incidence concentrators[ D]. Changchun:
University of Chinese Academy of Sciences, 2016.
BRF. X FEREAFENRER T XM THEARIITRID] AR E B2 B K2, 2016.
[19] SHENG Li-zhi, ZHAQO Bao-sheng, WU Jian-jun, et al. Research of X-ray pulsar navigation simulation source[ J]. Acta
Physica Sinica, 2013, 62(12): 129702.
AL, BRI, REAELE, X Gk 2SR SR ORI, Y%, 2013,62(12) : 129702,
[20] SHENG Li-zhi, ZHAO Bao-sheng, ZHOU Feng, et al. Performance of the detection system for X-ray pulsar based
navigation[J]. Acta Photonica Sinica, 2013, 42(9): 1071-1076.
Bk, BT, kg, & X BNk B S AR st Re s L], bk, 2013, 42(9): 1071-1076.
0604001~ 12



JEVDR 55 45 < T 1) Jk ool B A5 A0 A9 3R AR 28 XS5 A R I 8 M A S A AT

[21]

[22]
[23]

[24]

[25]

[26]

WINTERNITZ L M B, HASSOUNEH M A, MITCELL J W, et al. X-ray pulsar navigation algorithms and testbed for
sextant[ C]. IEEE Aerospace conference, 2015, 2015(4): 670-82

LORIMER D R, KRAMER M.Handbook of pulsar astronomy[ M ].London: Cambridge University Press, 2005.
MITCHELL] W, WINTERNITZ L B. HASSOUNEH M A, et al. SEXTANT X-Ray pulsar navigation
demonstration: initial on-orbit results[CJ. 41st Annual Guidance and Control Conference of American Astronautical
Society, 2018.

MANCHSTER R N, HOBBS G B, TEOH A, et al. The australia telescope national facility pulsar catalogue[J]. The
Astronomical Journal, 2005, 129(4) . 1993-2006.

ZHOU Qing-yong, LIU Si-wei, JIANG Kun, et al. The testing work of X-ray detectors’ performances for pulsar
navigation[J]. Geomatics Science and Engineering , 2017, 37(2) . 7-13.

JAPC B XA, 22, 5 X SRk ob B S AT R 25 v AR LT . AR A= 5 TR L2017, 37(2): 7-13.

JIN Dong-dong, LI Wen-bin, LIAN Jian, er al. Development of X-ray pulsar photon focusing technology[]J]. Space
Electronic Technology s 2016, 13(2): 67-73

SRR BN EE S X LNk BT R EHAR L RBFIELT]. 2 H B8R, 2016,13(2) :67-73.

Foundation item: The National Natural Science Foundation of China(No. 41574013), Open Research Fund for National Key Laboratories of
Geographic Information Engineering (No.SKLGIE2018-ZZ-3)

0604001-13



