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Abstract

The Hard X-ray Imager (HXI) payload, a component of China’s Advanced Space-
based Solar Observatory satellite, is designed to observe solar X-ray emissions
in the 30-200 keV range, with the aim of investigating non-thermal physical
processes during solar flares. Before launch, Geant4 simulations were employed
to assess the on-orbit background of the HXI instrument, evaluating its perfor-
mance and potential to achieve its scientific objectives. This study addresses
issues identified in previous simulations and conducts further analyses to ex-
amine the distribution of background counts across the 99 detectors. The re-
sults demonstrate alignment between simulations and observations at low and
medium geomagnetic latitudes; however, challenges persist at high geomagnetic
latitudes due to limitations in the current albedo photon model. This investiga-
tion provides insights into background sources from various particles, enhances
understanding of space background characteristics, and offers guidance for back-
ground subtraction in imaging processes.

Key words: instrumentation: detectors — Sun: X-rays, gamma-rays — (cosmol-
ogy:) cosmic background radiation — gamma-rays: diffuse background

1. Introduction

The Advanced Space-based Solar Observatory (ASO-S), also known as Kuafu-1
in China, was successfully launched from the Jiuquan Satellite Launch Center
on 2022 October 8, at 23:43 UT, aboard a Long March 2D launch vehicle. ASO-
S is China’s first comprehensive dedicated solar observatory in space, with the
primary objective of observing solar magnetic fields, solar flares, and coronal
mass ejections (CMEs). To accomplish this mission, ASO-S is equipped with
three main payloads: the Full-disk MagnetoGraph (FMG), the Lya Solar Tele-
scope (LST), and the Hard X-ray Imager (HXI). The FMG is designed to image
the solar photospheric vector magnetic field, the LST to observe CMEs, and
the HXI to image solar flares. These instruments work in concert to provide
simultaneous observations of the full Sun’s vector magnetic field, high-energy
imaging spectroscopy of solar flares, and the formation and evolution of solar
flares and CMEs on the solar disk and inner corona (Gan et al. 2019).
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Satellite-borne detectors are exposed to intense space radiation, including cos-
mic rays, diffuse X-rays, solar flares, Earth albedo, and trapped charged par-
ticles in radiation belts. This radiation not only damages sensitive detectors
but also generates background signals during scientific observations of target
sources. These background signals can interfere with target source signals, com-
promising observational accuracy. In extreme cases, background signals may
completely obscure target source signals, impeding normal observations. Space
backgrounds are instrument-specific and depend on detector type and orbital
parameters (e.g., Rothschild et al. 1998; Jahoda et al. 2006; Tawa et al. 2008;
Fukazawa et al. 2009). Pre-launch estimation of in-orbit background for each
space instrument is crucial for optimizing instrument design and assessing its
capacity to achieve scientific objectives. GEometry ANd Tracking (Geant4,
Agostinelli et al. 2003; Allison et al. 2006, 2016), a versatile toolkit for sim-
ulating particle-matter interactions, is widely used in nuclear and accelerator
physics, as well as medical and space sciences. It has become a preferred tool for
predicting in-orbit backgrounds of space instruments (e.g., Tenzer et al. 2010;
Campana et al. 2013; Xie & Pearce 2018; Xiao et al. 2023). The accuracy of
these simulations can be verified through post-launch in-orbit observations, val-
idating both simulation methods and assumed models. For instance, Mizuno et
al. (2004) verified the cosmic ray background flux model using data from the
GLAST balloon flight experiment.

Before the satellite launch, simulations of the HXI background were conducted
(Liu et al. 2022). While the simulation results generally align with the actual
background observed in orbit, some discrepancies are evident. Notably, the dis-
tribution of counts among the detectors in the in-orbit data exhibits significant
variations, indicating differing background counts across detectors at various
positions. This discrepancy was not accounted for in previous simulations. Con-
sequently, it is necessary to enhance the HXI background simulation to improve
the alignment between simulation results and in-orbit data. This enhancement
will facilitate a more thorough investigation of HXI’s background, provide more
reliable background data for scientific observations, and offer valuable insights
for background subtraction.

The structure of this paper is as follows: Section 2 briefly introduces the mass
models of the ASO-S, with particular emphasis on the HXI. Section 3 presents
an analysis of background and compares simulation results with observational
data. Finally, Section 4 summarizes the findings.

2. Mass Modeling

The ASO-S mass model was constructed under the framework of Geant4 Version
11.00.p02. It comprises three key components: detector constructions, primary
particles, and physics processes, which are detailed below.
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2.1. Detector Construction

The ASO-S is equipped with three payloads: LST, FMG, and HXI. This study
focuses on the HXI, designed to observe solar X-rays within the 30-200 keV
energy range. The HXI’s primary objective is to collect data on the spatial and
energy distributions of solar X-ray sources, enabling imaging capabilities (Zhang
et al. 2019). To achieve X-ray imaging, the HXI employs a spatially modulated
Fourier-transformation technique similar to that used by the YOHKOH/HXT
instrument (Kosugi et al. 1991). The HXI system comprises three main compo-
nents: a collimator, a spectrometer, and an electrical control box. The collima-
tor consists of front and back parallel grid plates, with the front plate directly
facing the Sun. This plate features grid pairs with varying pitches and place-
ment angles, creating 91 sub-collimator sets for X-ray modulation. These sub-
collimators capture data on the spatial distribution of incoming photons, which,
in conjunction with the spectrometer, facilitate X-ray imaging. The HXT’s field
of view (FOV) is approximately 40.3 arcminutes, determined by the dimensions
of the front and rear grids. The spectrometer, positioned behind the collimator,
consists of a lanthanum bromide (LaBr;) scintillator detector that measures the
energy of photons modulated by the collimator. The LaBr; crystals, doped with
0.5% cerium, measure 25 mm in both diameter and length. The mass model of
the HXI is shown in Figure 1 [Figure 1: see original paper].

Table 1 elucidates the orbital parameters of ASO-S, complemented by the per-
formance indices of HXI.

To obtain more reliable results, it is crucial to construct a comprehensive satel-
lite mass model and accurately represent the energy spectrum and angular dis-
tribution of space particles. The spectral and angular distribution details of
particles from various sources are input into Geant4 for analysis, which subse-
quently yields the background information.

As noted by Liu et al. (2022), we utilized CADMesh (Poole et al. 2012) in con-
junction with manual methods to construct the mass model for ASO-S. Based
on the previous model, we refined the grating arrangement to align with ac-
tual conditions, added blind gratings (2 mm thick tungsten plates) in front of
the background detectors, and corrected material and structural errors from
the previous model. Furthermore, we incorporated multiple layers of thermal
insulation materials for the satellite’s orbital thermal management into the sim-
ulation model, approximated by 0.25 mm thick aluminum. Figure 2 [Figure 2:
see original paper]| depicts the final mass model of the complete satellite.

2.2. Background Models

The space environment surrounding Earth contains diverse particles, making
it impractical to account for all of them. Previous simulations indicate that
primary charged particles, cosmic diffuse X-rays (CXB), and albedo photons
contribute predominantly to the in-orbit backgrounds of HXI outside the radi-
ation belt (for more details on each component, refer to Liu et al. 2022).
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The inner radiation belt, located at altitudes ranging from approximately 600 to
10,000 km above the Earth’s surface, is predominantly composed of high-energy
protons and electrons. The offset between the Earth’s magnetic dipole axis and
its rotational axis, combined with the geomagnetic field’s influence, creates a
region near the South Atlantic where the magnetic field strength is significantly
weaker. As a result, high-energy charged particles from the radiation belt can
more readily penetrate into lower Earth orbits, with some reaching altitudes as
low as 200 km. This region is referred to as the South Atlantic Anomaly (SAA).
Due to the high and highly variable background radiation in the outer radiation
belt, observational data from this region are unreliable. Therefore, this study
will exclude the outer radiation belt from its scope.

Key parameters used in calculating multiple components are as follows: (1)
Zenith angle. The angle between the zenith and the top of the atmosphere (HA
= 40 km from sea level) at satellite altitude. It determines the distribution of
particles from different sources, with primary particles being shielded by the
Earth, while secondary particles originate from the direction of the Earth. For
the ASO-S, zenith angle  116° (Liu et al. 2022).

As seen in Figure 3 [Figure 3: see original paper], the zenith angle is when
the satellite is at point O. Due to the Earth’s shielding effect, primary particles
cannot reach the satellite in the white region (Area II); thus, the primary particle
flux from this region is assumed to be zero. In contrast, the angular distribution
of primary particles in the light pink region (Area I) is considered uniform.
(2) Geomagnetic latitude and average geomagnetic cutoff rigidity R_ {cutoff}
(in GV). Primary charged particles are modulated by Earth’s magnetic field
upon entering low Earth orbit. Secondary particles, predominantly produced
by the interaction of primary charged particles with the atmosphere, are also
influenced by the geomagnetic field. Geomagnetic latitude is typically used
to describe the distribution of Earth’s magnetic field. The energy spectra at
different geomagnetic latitudes are described by the corresponding geomagnetic
cutoff rigidity. It can be described as (Zombeck 2006):

59.6 - cos*(6,,)

Rcutoff = (1 + h/R@)Q ] (1 + 381n2(9m>)1/2 [GV]

The altitude of the satellite is h = 720 km, and R__ represents the radius of
the Earth, which is 6374 km. The symbol denotes the geomagnetic latitude.
Figure 4 [Figure 4: see original paper]| illustrates the change in R_ {cutoff}
concerning the geomagnetic latitude.

Table 2 Parameters of Different Primary Charged Particles in Equation (2)

Particle A (s ' m™2sr! MeV!) Parameter M c? (GeV)

proton 1.81 x 106 0.938
alpha 0.097 x 10° 3.727
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Particle A (s7! m™2sr! MeV~!) Parameter M c? (GeV)
electron  1.25 x 106 0.511 x 1073

(3) Solar modulation: The value of solar modulation ¢ ranges from approx-
imately 500 MV for solar activity minimum to approximately 1100 MV
for solar activity maximum (Mizuno et al. 2004). The Sun is expected to
peak in its current activity cycle by 2024. For this simulation, we have
chosen to set ¢ at 1100 MV, a common value for solar activity at its peak.

The spectrum of background particles is primarily influenced by orbital altitude,
inclination, and solar activity level. By considering the satellite’s orbital char-
acteristics, we can determine the spectrum of background particles originating
from various sources.

2.2.1. Primary Charged Particles Primary charged particles originate
from outer space, predominantly composed of protons and « particles, alongside
minor quantities of electrons. The energy spectrum of primary charged particles
can be described by a power-law distribution with solar modulation:

N _ E,+ Mc? (R)”ep( R) ep( ¢>e)
- = [ _ - ex —_ - ex L
dEy, VE2 + 2B Mc2 \To Ry By

The equation includes the rigidity R, kinetic energy E_k of the particles, the
magnitude of the electron charge e, the atomic number of the particles Z, the
particle mass M, the speed of light ¢, and the solar modulation parameter ¢.
The parameters for various primary charged particles can be derived by fitting
experimental data obtained from the Alpha Magnetic Spectrometer (AMS) (Al-
caraz et al. 2000a, 2000b, 2000c), as shown in Table 2.

The flux of low-energy primary cosmic rays in ASO-S orbits is significantly
attenuated due to geomagnetic modulation. Although primary particles with
energies exceeding hundreds of GeV are not impeded by the geomagnetic field,
their initial fluxes are inherently low. Moreover, the simulation’s efficacy di-
minishes for high-energy particles. Consequently, the simulation considers only
charged particles within the 10 MeV to 200 GeV energy range.

2.2.2. Cosmic X-Rays Background (CXB) CXB refers to cosmic X-rays
originating primarily from black holes and neutron stars located in the Milky
Way’s core (Churazov et al. 2007). The energy spectrum of CXB is widely
accepted to be isotropic and consistent across various near-Earth locations, sim-
plifying its analysis. Numerous satellites have contributed to gathering CXB
spectral data, as evidenced by studies from Gendreau et al. (1995), Watanabe et
al. (1999), Churazov et al. (2007), and Ajello et al. (2008). The CXB spectrum
up to 890 keV can be accurately represented by a double power-law (PL) fit:
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dN EN\ E\ ™ 2 1
—=C || = — h “lsr~'MeV
15 C [(Eb> + (Eb) } [photons cm “s tsr 'MeV ™ ]

For energies above 890 keV, we utilize the Fermi Large Area Telescope (LAT)
results (Atwood et al. 2009) and extrapolate to lower energies from E > 100
MeV:

AN

B\ 21
B C- ( ) [photons cm72s_1sr_1MeV_1]

E,
The normalization constant C, truncation energy E_b, and power-law indices
a; and «a, are denoted in the equation. The values are C = (10.15 £+ 0.8) X
1072, E_b = 29.99 + 1.1 keV, o; = 1.32 4 0.018, and a, = 2.88 4 0.015. For
CXB, the energy interval in our simulation is 1 keV to 100 GeV, covering the
HXT detection energy range.

2.2.3. Secondary Particles Secondary particles are generated through the
interaction of primary particles with atmospheric molecules. The fluxes of these
secondary particles are influenced by the geomagnetic field as they are dependent
on the primary particles. Previous simulations have shown that the secondary
particles background on HXI is primarily caused by albedo photons (Liu et
al. 2022).

The vertical spectrum of an albedo photon at geomagnetic cutoff rigidity
R_ {cutoff} 4.5 can be represented as a three-piece power-law fit (Mizuno et
al. 2004; Abdo et al. 2009):

—-1.7

AN 10725 (goo5my) | for 20 MeV < E < 200 MeV
_ —2.25
T = (107 (Qoo?ww)i2 1 for 200 MeV < E < 890 keV
1072° - (g5my)  for E > 200 MeV

The albedo photon flux relationship varies with geomagnetic cutoff rigidity,
where R_ {cutoftf} > 3 (Thompson et al. 1981). For magnetic latitudes where
R_{cutoff} < 3 (indicating > 45°), the R_ {cutoff} was set to the minimum
value of 3 for the equation. The energy range under consideration spans from 1
keV to 100 GeV.

2.2.4. South Atlantic Anomaly (SAA) The SAA is characterized by a
high proton flux. When ASO-S traverses this region, the HXI ceases operation
to protect the equipment, yet the high-energy protons activate the satellite
materials. During this activation process, high-energy protons interact with
the atomic nuclei of the materials, resulting in the production of radioactive
isotopes. These isotopes subsequently decay, generating secondary particles.
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Consequently, the generation cycle of these secondary particles is determined
by the half-lives of the relevant radioactive isotopes. Even after the satellite
has passed through the SAA, the activated elements will continue to contribute
to the delayed background. Figure 5 illustrates the average energy spectrum of
protons within the SAA region along the ASO-S orbit, while Figure 6 [Figure 6:
see original paper] depicts the satellite’s traversal through the SAA region over
the course of a single day. In our simulation, the AP-8 model available on the
SPENVIS website is used to obtain the proton flux and other relevant statistics
within the SAA, with the energy range of trapped protons set from 10 to 400
MeV.

2.3. Physics Processes

The activation of satellites can be triggered by high-energy protons. Because of
this, the radioactive decay process needs to be integrated into the physics list.
Since the energy range of significance for the Hard X-ray Imager (HXI) spans
from 30 to 200 keV, we opted for the QGSP_ {{{BIC}}{{HP}}}{LIV} Physics
List in our simulation model. As detailed in Liu et al. (2022), we incorporated
the G4RadioactiveDecay process and established a cutoff length of 10 m.

3. Simulation and Observation

The detector’s background is determined by the satellite’s position. Specifi-
cally, the geomagnetic latitude determines the geomagnetic cutoff rigidity, which
in turn influences the flux and energy spectrum of background particles; the
Earth’s shadowing effect is contingent upon the positional relationship between
the satellite and the Earth. The positional relationship between the detector
and the Earth can be described by the angle . Given that the satellite oper-
ates on a Sun-synchronous orbit along the terminator, its orientation is nearly
perpendicular to the ecliptic plane, allowing to be approximated as the angle
between the satellite and the ecliptic plane, as illustrated in Figure 7 [Figure
7: see original paper|. The in-orbit data that we selected is from 2023 June,
close to the summer solstice. At this time, the ecliptic plane and the equatorial
plane intersect along the terminator. The angle between the satellite and the
equatorial plane (i.e., the latitude) can be considered as the projection of the
angle between the satellite and the ecliptic plane. Therefore, can be calculated
from the satellite’s latitude, as shown in Figure 8 [Figure 8: see original paper].

Geomagnetic latitude can be derived through geomagnetic models, using the
satellite’s longitude, latitude, and altitude. The geomagnetic model that we
employ is WMM 2020, which is applicable for geomagnetic calculations from
2020 to 2025. Both geomagnetic latitude and are related to latitude, but
they do not correspond one-to-one with each other; within a certain range, they
can be freely assigned values. In this study, we have chosen to set equal to
When processing in-orbit data, we also select data from positions where these
values are approximately equal.
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To analyze the background at different geomagnetic latitudes, we planned to
uniformly select four geomagnetic latitudes from the magnetic equator to the
magnetic pole (i.e., 0°, 30°, 60°, 90°). However, considering that 90° corresponds
to only one point at the magnetic pole, resulting in very limited in-orbit data,
we replaced it with 80°. Consequently, we have chosen the geomagnetic latitudes
of 0°, 30°, 60°, and 80°.

3.1. Simulation Output

Sensitive detectors in the ASO-S mass model are defined for lanthanum bromide
(LaBrs) of HXI. These detectors record critical information such as deposited
energy and response time. The collected data is categorized into prompt and
delayed (or radioactive) backgrounds based on the detector’s response time fol-
lowing an incident. Prompt backgrounds cause immediate activation of the sen-
sitive detector upon incident occurrence. Conversely, radioactive backgrounds
can trigger signals on the sensitive detector hours, days, or even months to
years after the initial incident. To quantify these radioactive backgrounds, the
deposited energy and corresponding response time are initially recorded through
Geant4 simulation. Subsequently, these parameters are integrated over the ra-
diation history to determine the final background level.

The diagram in Figure 2 (right) depicts the final simulation output as an 11 X
9 matrix, detailing the counts of selected particle types within specific energy
ranges of each detector. Additionally, the positions of other components of
ASO-S are indicated within this visual representation.

3.2. Simulation of Charged Particles

Figure 9 [Figure 9: see original paper] illustrates the background distribution
of primary protons at a geomagnetic latitude of = 0°. A clear distinction is
observable between the distributions of low- and high-energy particles. Low-
energy measurements predominantly cluster near the detectors adjacent to the
satellite’s platform, likely originating from low-energy secondary particles gen-
erated by high-energy particle interactions with the platform. Conversely, high-
energy measurements concentrate at the detector’s center, possibly resulting
from particle showers initiated by high-energy particles within the detector.
These showers are cascade reactions that produce multiple secondary particles
as they propagate through the detector. On the Earth-facing side, energetic par-
ticles encounter a barrier that impedes their entry into the detector, resulting
in lower counts on the opposite side.

Figures 10 [Figure 10: see original paper| and 11 [Figure 11: see original paper]
illustrate the variation in primary proton background at different geomagnetic
latitudes. The background distribution exhibits distinct patterns across various
geomagnetic latitudes due to the changing positions of Earth’s occlusion. As
geomagnetic latitude increases, there is a corresponding rise in primary proton
flux, leading to an increase in the background counts they generate. However, at
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a geomagnetic latitude of 80°, an anomalous decrease in counts is observed. This
decline can be attributed to the fact that the primary proton background pre-
dominantly originates from secondary particles generated through interactions
with satellite components. With increasing latitude, Earth gradually obstructs
the satellite platforms, resulting in a reduction of secondary particle production,
which counteracts the increase in primary proton flux.

As illustrated in Figures 12 [Figure 12: see original paper] and 13 [Figure 13:
see original paper]|, the background count distributions of protons, alpha parti-
cles, and electrons on the detector exhibit remarkably similar patterns, despite
their varying absolute counts. Table 4 documents the count rates of the detec-
tors’ responses to primary charged particles at various geomagnetic latitudes,
as derived from simulation.

3.3. Simulation of Photons

Photons in the background radiation originate from two primary sources: the
Cosmic X-ray Background (CXB) and Earth’s albedo. Table 4 presents the
count rates of background signals produced by photons on the detectors, as
obtained through simulation. Figures 14 [Figure 14: see original paper] and
15 [Figure 15: see original paper] illustrate the count distribution of CXB and
albedo photons, respectively, at geomagnetic latitude = 0°. The count dis-
tribution is primarily influenced by the relative positions of the detector and
Earth. For CXB, fewer counts are observed on the Earth-facing side due to
Earth’s occlusion, while the side opposite Earth shows higher counts due to
reduced occlusion. Conversely, for albedo photons, this pattern is reversed. No-
tably, unlike charged particles, the count distribution across different energy
ranges remains relatively consistent for both CXB and albedo photons.

The energy spectrum and flux of CXB are position-independent, resulting in
similar CXB backgrounds across various latitudes, with minor variations at-
tributable to Earth’s occlusion effects, as demonstrated in Figure 16 [Figure 16:
see original paper]. Albedo photons, being secondary particles, inherit their flux
and energy spectrum from the primary particles that generate them. This in-
heritance leads to an increase in counts with geomagnetic latitude, as illustrated
in Figure 17 [Figure 17: see original paper].

3.4. Simulation of Delayed Background

The materials on the satellite are activated by high-energy protons, producing
radioactive isotopes. The particles generated by the decay of these radioactive
isotopes, if they enter the LaBr; crystal, will produce a delayed background on
the detector. The time at which the delayed background is generated is related
to the half-life of the radioactive elements produced by activation.

Figure 18 [Figure 18: see original paper] shows the variation of background
generated by protons in the SAA region and primary protons over time. As
shown in the figure, there is almost no background generated between 1 ms
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and 1 s, which can be used as the boundary between instantaneous background
and delayed background. That is, the background generated within 1 ms is
considered as instantaneous background, while the background generated after
that is regarded as delayed background. Table 3 shows the background counts
in different time periods. It can be seen that the vast majority (approximately
99.8%) of the background counts are contributed by the instantaneous back-
ground. Therefore, the delayed background from primary protons is usually
not necessary to consider. However, due to the extremely high flux of high-
energy protons in the SAA region, the delayed background generated will still
contribute to the total background count rate.

3.5. In-orbit Observation

During orbital operation, the detector background comprises two main compo-
nents. In addition to the background from external space particles that we
have simulated, there are internal background signals generated within the de-
tector itself. Integrated radiation sources in the detector produce counts sig-
nificantly higher than the space background to meet energy calibration require-
ments. Furthermore, the decay of La-138, a radioactive isotope present in the
lanthanum bromide crystals within the detector, contributes to the background
signal. These internal backgrounds were evaluated through ground experiments
conducted before the satellite’s launch, with the results illustrated in Figure 19
[Figure 19: see original paper|. The total count rate recorded during the de-
tector ground test was 11291.247 s~!, with an average count rate per detector
of 114.053 s—'. The data utilized in this study are derived from observations
made in 2023 May and June, with geomagnetic latitudes determined based on
the satellite’s positional data. To obtain specific geomagnetic latitude observa-
tional data, anomalous events such as solar flares and radiation belt entries were
excluded from the in-orbit data analysis.

3.6. Conclusion

The simulation results presented in Table 4 demonstrate that primary protons
constitute the majority of background counts across all modeled sources, con-
tributing nearly half of the total counts. Photons follow, with counts from the
CXB being higher than those from albedo photons at low geomagnetic latitudes.
However, as the geomagnetic latitude increases, the counts from CXB change
very little, while the counts from albedo photons rise rapidly. Therefore, in high
geomagnetic latitude regions, albedo photons become dominant. The behavior
of charged particles within primary cosmic rays is modulated by geomagnetism,
resulting in varying detector counts based on geomagnetic latitude. As geomag-
netic latitude increases, background counts from charged particles also increase.
Notably, electrons, due to their lower charge-to-mass ratio, are more suscepti-
ble to magnetic field effects. Among primary cosmic ray particles at the same
geomagnetic latitude, protons yield the highest background counts, followed by
alpha particles, with electrons producing the lowest counts.
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After collecting orbital data and utilizing ground test data to eliminate internal
background, we compared the results with simulation data, as illustrated in Fig-
ure 20 [Figure 20: see original paper|. The comparison reveals close agreement
at geomagnetic latitudes () of 0°, 30°, and 60°. However, a notable discrepancy
emerges in the in-orbit background at = 80°, where observed values exceed
simulation predictions. This variance may be attributed to limitations in the
albedo photon spectrum model for cases where the geomagnetic cutoff rigidity
(R_{cutoff}) exceeds 3. At = 80° where R_{cutoff} = 3, the simulated
spectrum may deviate from actual observations. Given that backgrounds from
other particle simulations align with in-orbit observations, our observational
data presents an opportunity for future research to investigate the spectral dis-
tribution and flux of albedo photons in this regime.

By comparing the simulated background with the in-orbit observed energy spec-
trum, further information can be obtained. Here, one of the detector units is
selected for demonstration. Figure 21 [Figure 21: see original paper] illustrates
the background energy spectrum obtained through simulation for the detec-
tor unit located in the 4th row and 3rd column of Figure 2 (labeled as D33).
Subsequently, it is compared with the energy spectrum acquired from in-orbit
observations of the same detector unit, with the results displayed in Figure 22
[Figure 22: see original paper]. It can be observed that the in-orbit and simu-
lated energy spectra match well. Consistent results are also obtained for other
detector units.

4. Summary

The HXT is one of the payloads aboard the ASO-S satellite, which operates in a
Sun-synchronous orbit at an average altitude of 720 km. Analysis of this orbital
environment enables the identification of particles contributing to the spatial
background, as well as the determination of their spectra and spatial distribu-
tion. This study simulates the background environment of the HXI instrument
on the ASO-S satellite during its orbital trajectory. The research aims to quan-
tify particle counts and characterize distributions from various sources detected
by the instrument. Simulations conducted at geomagnetic latitudes (0° < <
60°) demonstrate strong concordance with in-orbit data, facilitating background
deduction. However, discrepancies emerge at high geomagnetic latitudes ( =
80°), attributed to the absence of a specific model for the energy spectrum
of albedo photons at R_ {cutoff} < 3. Despite certain simplifications in the
environmental particle distribution model, these approximations have minimal
impact on the average particle counts and background fluctuations. The simu-
lation demonstrates that primary protons constitute the dominant background
source, followed by CXB photons at low latitudes and albedo photons at high
latitudes.
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