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Fig. 1. Relationship between the ratio of Compton scattered

photon energy to incident photon energy and incident

photon energy.
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Fig. 2. Relationship between Compton scattering cross sec-

tion and incident photon energy: (a) Total scattering cross

section; (b) pure scattering cross section.
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Fig. 8. Transmission characteristics of X-ray photon flux in

near space.
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Horprag o XS bk B IR, Aa O X SR bk

BAENGEZS MR . 2% 1 Fs o OB FH bk

iR A A P80 TR T 08 HAtl XA AR ko A2
[l 1 .

4 WA X G o B 1E 5 e
&S A NS

HUES R T L KU S R A B
WM AR R, HARORR 520 | 2h)8 ks
AR ZAE VI, 1F 0 XS 2R I 1 2 ] i
SRS ISR, BTl i 4% X G4 Rk
THIAHEAR SR, BRI X MR RO,
DRI, AR 1R T S A5 5 0 JEARY, 350 A4 A

H1SBATHE X SR O

Table 1.  Flux of X-ray pulsars commonly used in navigation[*,

ik B0531+21 B1821-24 B1937+21 B1509-58 B0833-45
V5 & / (photons-s '-cm ?) 1.54x10! 1.93x10 4.99x10° 1.62x102 1.60x103
5L/ (photons-s -cm2) 1.386 1.74x10°3 4.5%10* 5.00x10°3 5.00x1073
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Fig. 9. Seasonal characteristics of atmospheric density and

electron density in polar and equatorial regions: (a) Atmo-

spheric density; (b) electron density.
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it X PEAE 75 km 5 BEAS AR 1 AR At
2k IR 10 Fran. AT 0L X SR AL R e R ALk
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Fig. 10. Seasonal characteristics of transmission efficiency at

75 km in polar and equatorial regions.
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Fig. 11. Diurnal variation of atmospheric density and elec-
tron density at the poles and equator: (a) Atmospheric

density; (b) electron density.
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Fig. 12. Diurnal variation of transmission efficiency at
75 km in polar and equatorial regions.
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Analysis of transmission characteristics of X-ray
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Abstract

In the context of the development of aerospace integration, the near-space aircraft is facing the challenge of
autonomous navigation under the satellite denial conditions. Pulsar navigation is a promising solution, and its
applicability depends on the transmission characteristics of X-rays in near-space. Firstly, in this paper the
interactions between X-rays and charged ions, free electrons and other substances in the ionosphere are
analyzed, and the mass attenuation coefficients of reflection, scattering and absorption to X-rays with energy of
1-100 keV are presented. Then, based on the NRLMSIS 2.1 model and IRI-2020 model, a stratified model for X-
ray transmission in nearspace is established, and the transmission efficiency and flux acquisition method for
1-30 keV X-rays in 60-100 km are obtained. Finally, the variations in transmission efficiency under the
conditions of different seasons, latitudes and days and nights are analyzed, and the distribution characteristics
of transmission efficiency are described. Analysis results are shown below. 1) Photoelectric absorption plays a
dominant role, while coherent scattering and incoherent scattering have relatively minor influence and the
reflection effect is extremely weak and negligible for X-rays applicable to pulsar navigation. 2) The transmission
efficiency exhibits a significant positive correlation with X-ray energy and altitude, and it usually exceeds 80%

when the X-ray energy exceeds 10 keV. 3) The transmission efficiency exhibits distinct annual variation
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characteristics in the Arctic region and Antarctic region and subtle semi-annual variation characteristics in the
equatorial region. It peaks in the winter hemisphere and reaches a minimum in the summer hemisphere, with
the amplitude of its fluctuations in polar regions far exceeding that in the equatorial region. Additionally it also
shows the periodic daily variations with daytime decreasing and nighttime increasing, and the amplitude of
diurnal fluctuations being no more than 0.82%. The results indicate that the transmission efficiency peaks in the
early morning of the Antarctic winter for 10 keV X-rays at 75 km. Taking Antarctic China Zhongshan Station
for example, it can reach up to 93.57%, which means a 9.61% increase over the summer minimum of 83.96%.

This study provides crucial data for supporting the applications of X-ray pulsar navigation in nearspace.
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