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Pulsar X-ray
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Table 1. Main performance parameters of the focusing

X-ray detector.

Item Index
Spectrum range 0.5—10 keV
Area 30 cm?
Angle of field 2w = 15/
< 1.5 us
< 200 eV@5.9 keV

Time resolution

Energy resolution
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Fig. 2. Flow chart of X-ray detector performance cal-

ibration.
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Fig. 1. Work principle of the focusing X-ray detector.
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Fig. 5. Normalized pulse profile of Crab pulsar for 124 ob-
servations with background subtracted, the red box rep-
resents the extraction region for the pulse spectrum and
the black box represents the extraction region for the non-

pulse spectrum.
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Fo/Hz 29.6484272933(3)

F /10710 Hz.s!
F5/10728 Hz-s™1

—3.689865(1) x 1010
3.3(3) x 10728
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0.6—2 keV i [l P I 2 A 58, #5230 10 keV—ls™1,
R E A RE R SOE TR RN, HTE9—9.5 keV
Y P SCHE K, X AT B R 4 AR R R 7 B R
FEE AL 9.5 keV LA BEBHRIN M X 5 £k 6 1
D IR SRR

10!

100

._.
1S
L

=

o
|

w

—

(e}
|

N

Normalized photon flux/keV~—1.s~1
=
S

100 10!
Energy/keV

Bl7 R X GHARNE45 201 Crab GG 2
Fig. 7. Spectrum of Crab pulsar from the focusing
X-ray detector on XPNAV-1.
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Fig. 8. Total spectrum, non-pulse spectrum and the

spectrum of Crab pulsar gained from the data of XP-
NAV.
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Fig. 9. Effective area at different energy bands of the

focusing X-ray detector on XPNAV.
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Table 3. Energy resolution of the focusing X-ray detector
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Fig. 11. Energy response matrix of the focusing X-ray

detector.
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Fig. 12. (a) Ideal spectrum of Crab pulsar when considering the energy response matrix of detector; (b) dif-

ference between the above result and that when the effect of the energy response matrix of detector is not

considered.
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Fig. 13. (a) Effective area of the focusing X-ray detector on XPNAV when considering the energy response

matrix; (b) difference between the above result and that when the effect of the energy response matrix of

detector is not considered.
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Abstract

X-ray detector is a core component for X-ray astronomical observation and pulsar navigation. The on-orbit ob-
servation performance of X-ray detector will change gradually, owing to the influences of emission vibration, radiation
damage of high-energy particles, and the aging of the components. The on-orbit calibration of X-ray detector facilitates
the accurate acquisition and the precise modeling of X-ray radiation of the observation celestial bodies. In this paper a
new method of calibrating the performance of X-ray detector is studied by using the radiation spectrum of the pulsar,
which can effectively eliminate the influences from detector background and space environment noise. The on-orbit
performance of the first focusing X-ray detector in China has been evaluated by analyzing the observations of the X-ray
pulsar-based navigation satellite-1 (XPNAV-1) for the Crab pulsar. The XPNAV-1 was launched in November 2016,
with the aim of conducting the test of the feasibility of applying the regular emission of X-ray signals from pulsars to
spacecraft navigation. Now, the first batch of scientific data about the Crab pulsar observations gained by the focusing
X-ray detector for almost one month has been released. The pulse profiles of 124 observations and the total observational
spectrum of Crab pulsar are achieved from those data. According to the international accurate X-ray radiation param-
eters of Crab pulsar, which have been determined by other X-ray space satellites, together with the absorption effect
of the neutral hydrogen gas in the universe, the effective area of the focusing X-ray detector is estimated. The result
shows that the effective area of the focusing X-ray detector on XPNAV-1 in an energy range of 0.6-1.9 keV is better
than 2 cm?. The maximum effective area is 3.06 cm? at an energy of 0.7 keV, which means that its detection efficiency
is about 10%. As the observed energy increases, the effective area decreases. The area of the focusing X-ray detector
in an energy range of 2-3.5 keV is about 1 cm?, and it is about 0.1 cm? at energies above 5 keV, and its estimation
accuracy is affected seriously by the statistical errors of X-ray photons. At the same time, another method of calibrating
the effective area is studied by considering the energy response matrix of detector. The energy response matrix of the
focusing X-ray detector is estimated by using the five ground test values of energy resolution. The effective area of the
focusing X-ray detector is re-calibrated. However, the result shows that the energy response matrix exerts little effect on
the effective area of the focusing X-ray detector. Finally, we suggest that the XPNAV-1 should observe some supernova

remnants to monitor the changes of energy resolution and energy linearity and so on.

Keywords: XPNAV-1, X-ray pulsar, energy response matrix, silicon drift detector
PACS: 07.85.Fv, 97.60.Gb DOI: 10.7498 /aps.67.20172352
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