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Abstract

Purpose Many X-ray astronomical observatories are dedicated to observing cosmic phenomena such as galaxy clusters, which
inevitably involves the influence of background. When observing the universe, there are mainly two types of background: the
cosmic X-ray background and the particle background, known as non-X-ray background. Understanding the variation of the
particle background is crucial for the observations made by the Einstein Probe (EP) satellite.

Methods In order to simulate the observation effects of EP-FXT, this paper utilized fixed-point observation data obtained
from eROSITA’s Performance Verification phase and Filter Wheel Closed data to construct a background model. Subsequently,
based on the eROSITA background model, an EP-FXT background model was established. Due to the different orbits, the
particle background of eROSITA is about seven times that of EP-FXT. Based on this, a comparison was made between the
high-particle-background model and the low-particle-background model in the observation of galaxy clusters.

Results The results indicate that, without systematic errors, a high background leads to a 20% increase in the errors of the
fitting parameter.

Conclusions The impact of systematic errors is more pronounced in observations with high particle backgrounds. Addition-
ally, the low particle background demonstrates clear advantages in the fitting of temperature and metallicity parameters, with
this advantage becoming more significant as the temperature and metallicity increase.
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Introduction

Many X-ray observatories are dedicated to observing astro-
nomical phenomena such as galaxy clusters, which inevitably
involve the influence of background. When observing the
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particles, and electrons) in cosmic rays with detector mate-
rials. Both backgrounds need to be accurately subtracted in
X-ray observation and analysis. When observing galaxy clus-
ters, accurately determining parameters such as temperature
and metallicity is particularly important. In these obser-
vations, it is inevitable to consider the background, where
the CXB spectrum varies with the specific region of the
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sky being observed, while the NXB is only associated with
the satellite’s own orbit, materials, and instrument response.
In low-orbit satellite observations, the primary factor con-
tributing to the relatively lower particle background is the
Earth’s magnetic field, which effectively shields cosmic rays
and other high-energy particles [3]. The Earth’s magnetic
field can efficiently mitigate the effects of cosmic rays and
other high-energy particles near low-orbit satellites, reduc-
ing particle background levels. On the other hand, satellites in
high orbit or those operating in deeper space may experience
elevated levels of particle background due to their greater
distance from the Earth’s magnetic field. Consequently, they
are more susceptible to the influence of cosmic rays and other
high-energy particles. In observations of various component
spectra, the particle background also has a significant impact
on the observations of various component spectra.

Determining the in-orbit background of detectors employed
in space instruments before launch is crucial in any X-ray
mission development. On the one hand, these studies can be
utilized to optimize spacecraft equipment designs and assess
storage requirements, and to investigate whether the instru-
ment can meet the scientific objectives. On the other hand,
the estimated background helps scientists to comprehend the
telescope’s performance and to plan observation strategies
for interested target sources, while it also assists the mission
operation team to develop observation plans for the instru-
ment. For each space instrument, background estimation is
required due to the different detector type and operating
environment for various orbits, such as Fioretti et al. [4]
for ATHENA, Campana et al. [S] for LOFT/LAD, Xie and
Pearce [6] for Sphinx, Xie et al. [7] and Zhang et al. [8] for
Insight-HXMT, Tenzer et al. [9], Perinati et al. [10], and Wei-
denspointner et al. [11] for eEROSITA, Zhao et al. [12] for the
micropore Lobster-Eye Telescope (EP/WXT), and Zhang et
al. [13] for the Follow-up X-ray Telescope (EP/FXT). It can
be seen that in various X-ray satellites, particle background
is an important influencing factor in observations.

The first Chinese X-ray-focusing satellite, ‘Einstein Probe’
(EP) [14], was launched into space in early 2024. This
satellite carries two scientific payloads, the Wide-field X-
ray Telescope (WXT) and the Follow-up X-ray Telescope
(FXT) [15], to achieve comprehensive observations of celes-
tial targets. The FXT, as a follow-up telescope, adopts a
Wolter-I design for its focusing structure and employs the
same PNCCD detector as eROSITA to enable spectroscopic
[16], imaging, and timing observations [17]. The EP carries
two efficient scientific payloads, namely the Wide-field X-ray
Telescope (WXT, energy range 0.5-4keV) and the Follow-
up X-ray Telescope (FXT, energy range 0.3—-10keV). The
primary task of WXT is to capture transient cosmic phe-
nomena and continuously monitor variable celestial bodies,
while FXT focuses on in-depth follow-up observations of
specific targets discovered by WXT and other research facil-
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ities. FXT adopts a Wolter-I type focusing mirror, divided
into two units, A and B, with a structure similar to eROSITA
that is equipped with seven focusing telescopes. The EP is a
low-orbit scientific satellite with a lower particle background
than eROSITA. According to simulations of the on-orbit EP-
FXT particle background by Zhang et al. [13], the particle
background of EP-FXT is approximately one-seventh that
of eROSITA for the same area. Therefore, in this paper, we
present the simulation of the differences in particle back-
ground levels under different conditions for observing galaxy
cluster components.

This paper is organized as follows. Method section intro-
duces how to establish the NXB model and CXB model
through FWC data and blank sky data, as well as the method
of spectral modeling. Data extraction and analysis section
presents the data sources and background region selection.
Models section introduces the model of sources, CXB, NXB,
and systematic errors. Simulation results section presents and
analyzes the simulated results. The final conclusion is drawn
the Conclusion section.

Method

This paper used eROSITA’s fixed-point observation data to
construct the background model during the Performance Ver-
ification (PV) phase. The background model consists of two
components, CXB and NXB. The NXB model was deter-
mined using the Filter Wheel Closed (FWC) data provided by
eROSITA. In the FWC data, the filter wheel was in the closed
position, blocking all X-ray signals collected by the focusing
mirrors from passing through the filter wheel. Therefore, the
energy spectrum observed on the PNCCD at this time was
entirely attributed to the particle background. After deter-
mining all parameters in the NXB model, all parameters
were fixed, and a constant was added to the overall NXB
model before combining it with the CXB model and fitting
it to the background in the blank sky regions, thus estab-
lishing the total background model. The sum of these two
models was used as the observation background model, and
the determined particle background in the eROSITA back-
ground was reduced to one-seventh as the background model
for EP-FXT. Both models were used to simulate observa-
tions under different temperatures and metallicities of galaxy
cluster components and under different exposure times and
systematic errors.

We used the fakeit command in XPSEC to convert the
simulated model into energy spectrum files. To assess the
error of the output parameters, we performed 100 energy
spectrum simulations for each scenario using the ‘error’ com-
mand at a 90% confidence level. This analysis was conducted
based on the high-particle-background model of eROSITA
and the low-particle-background model of EP-FXT. The
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median of the 100 results represented the final output param-
eters to reduce the random fluctuations in the distribution
of the output parameters to an acceptable level. Addition-
ally, we performed error verification through 200,000 Monte
Carlo simulations. The simulated spectrum is generated by
utilizing our input spectrum model, ARF, and RMF, through
the fakeit command in XSPEC. The exposure time for the
simulated spectrum is set, resulting in the generation of sta-
tistical Poisson fluctuations. Before fitting, the spectra were
binned, similar to what is done with real spectra.

Data extraction and analysis
Data

The simulations in this paper are all based on the eROSITA
pointed observation data, which were obtained from the
early data release (EDR) of eROSITA. The EDR data
includes Survey fields, Magellanic Clouds, Galactic fields,
and Extragalactic fields. In this study, to investigate the
impact of particle background in galaxy cluster observa-
tions, we extracted data from the galaxy cluster data, with
A3158 being a relatively simple galaxy cluster in terms of
structure and having a large background area in the image
data, making it suitable for establishing a background model.
Therefore, this paper is based on the analysis and simulation
of the A3158 galaxy cluster data. The observations were car-
ried out in September 2019 during the PV phase, using an
energy range of 0.3—8 keV and with a pattern selection of 15.
The parameter ’pattern’ is a four-digit binary number, where
each digit corresponds to a different split event. A value of
1 selects the event, while O discards it. Pattern = 15 corre-
sponds to binary 1111, representing all single, double, triple,
and quadruple split events.

Data extraction

Based on previous studies using eROSITA, the estimated
r200 of the galaxy cluster, which represents the radius at
which the average density of the cluster is 200 times the crit-
ical density of the universe, is approximately 23.95 arcmin
[1]. In the observation of galaxy clusters, we believe that
there are almost no cluster components beyond the r200
range. We therefore divide the whole data into galaxy cluster
regions and background regions, choosing the region from
23 arcmin to 31 arcmin (corresponding to r200 to the out-
ermost observational region) as the background extraction
region, as shown in Fig. 1. In this region, we assume that the
contribution of galaxy clusters is minimal. Spectra and cor-
responding response files were extracted from this region for
background model fitting. For the region of galaxy clusters
within 23 arcmin, we use it to extract approximate parame-
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Fig. 1 The image is divided between the source region and the back-
ground region, with the source region inside the red circle and the
background region between the green circle and the red circle. The
red circle corresponds to the about 23 arcmin, and the green circle is
the field of view boundary of about 31 arcmin

ters of the source, including temperature, metal abundance,
and flux.

Models

In this paper, we constructed a combined background model
consisting of particle background (NXB) and cosmic X-ray
backgrounds (CXB). After excluding all point sources, we
extracted spectra from a wide outer region of 23-31 arcmin
and loaded them into XSPEC for analysis. The background
model used in this paper consists of two parts: particle back-
ground and cosmic X-ray background.

Particle background (NXB) model

The NXB model independently describes each of the seven
detectors in the early data release of eROSITA. This model
combines a double power law with two additional power laws
to describe continuous spectra and several instrumental lines
constrained by FWC data. Parameters describing continu-
ous medium components are fixed, with their normalization
combined with the detector area. However, each detector has
a separate global normalization factor for the variation of
instrumental background. In the space environment, a large
number of high-energy particles, such as cosmic rays and
solar wind, are prevalent. These particles interact with the
instrument, producing background signals that may affect

@ Springer



P.Zhu et al.

Table T Model parameters for the emission lines in the particle back-
ground, obtained from fitting the FWC data

Emission lines Energy Width Norm
keV keV

Zn-Kp 9.57 0.0001 1.75 x 1073
Cu-KB 8.85 0.0001 273 x 10718
Zn-Ka 8.59 0.0001 6.64 x 1073
Ni-Kj 8.20 0.0001 8.14 x 1074
Cu-Ko 8.04 0.0001 249 x 1073
Ni-Ka 7.44 0.0001 3.45 x 1073
Fe-Kf 7.03 0.0001 232 x 1073
Co-Ka 6.91 0.0001 1.80 x 1073
Fe-Ka 6.38 0.0001 1.34 x 1072
Mn-Ko 5.85 0.0001 1.48 x 1073
Cr-Ko 5.38 0.0001 1.48 x 1073
Ti-Ka 452 0.0001 2.37 x 107%
Ca-Kar 3.65 0.0001 237 x 1074
Al-Ka 1.48 0.0001 1.11 x 1072

the accuracy and reliability of the operational data. The par-
ticle background model is established using FWC data from
eROSITA, which includes continuous spectra and 14 Gaus-
sian line spectra.

Fitting FWC data from each telescope results in the NXB
model, with the analysis focusing primarily on eROSITA’s
telescope 1. The NXB model includes a high-energy com-

Fig.2 Particle background
model. Fitting the NXB model

ponent with an exponentially truncated power law and
additional Gaussian lines, where the continuous spectral
part is modeled by EXPFAC(BKN2POW+POWERLAW+
POWERLAW). The Gaussian emission lines include K,
lines of Al, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, and Kg lines
of Fe, Ni, Cu, and Zn fluorescence. This model was released
by Max Planck Institute for Extraterrestrial Physics (MPE)
and has been applied in the study of A3158 by Whelan et
al.[1] and in the study of A3266 by Sanders et al. [18].

After loading the FWC data into XSPEC, we used the
NXB background model to obtain the best-fit parameters
for eROSITA, as shown in Table 1. The particle background
model fits well with the actual FWC data regarding spectrum
and error, as shown in Fig. 2, with a final model fit Chi-square
to degrees of freedom ratio of 1.14.

Cosmic X-ray background (CXB) model

The cosmic X-ray background is a prevalent type of X-
ray radiation in the universe. It is generated by high-energy
events occurring in distant celestial objects, such as star
formation, supernova explosions, and black hole activity.
The cosmic X-ray background has significant implications
for the observation and analysis of galaxy clusters. In the
CXB background model, there exists a component of ther-
mal radiation that is similar to the radiation from galaxy
clusters. Therefore, precise subtraction of the CXB is cru-
cial for studying galaxy clusters. The present model divided
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Fig.3 Fitting the spectrum of
the background region (23-31
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the cosmic X-ray background into three components: an
unabsorbed APEC component (at 0.099 keV) simulating
the Local Hot Bubble (LHB) emission [19], an absorbed
APEC component (at 0.22 keV) simulating the Milky Way
Halo (MWH) emission [20], and an absorbed power-law
spectrum component (with an index of 1.41) simulating an
unknown component from active galactic nuclei (AGN) [21].
The absorption effects of the interstellar medium are mod-
eled using the TBABS model [22]. The CXB model can be
expressed as TBABS*(APEC+POWERLAW)+APEC. The
metallicity and redshift of the two APEC components are
fixed at 1.0 and 0.0, respectively.

The extracted spectra from the background region are fit-
ted with the CXB+NXB model. Figure3 depicts the fitted
spectrum results, with a Chi-square to degrees of freedom
ratio of approximately 1.26. The best-fitting parameters for
the CXB are shown in Table 2.

Source model

The APEC plasmaradiation model was selected as the galaxy
cluster model, and the TBABS model was used to model the
interstellar medium absorption. The source model is repre-
sented as TBABS*APEC. The main parameters of the source
model include hydrogen column density Ny, gas temperature
kT, abundance, redshift, and normalization parameter. For the
selected A3158 cluster, we fixed the source redshift at 0.059
[23] and the hydrogen column density at 1.4 x 10*cm ™2,

Energy (keV)

Table 2 Model parameters for the cosmic X-ray background, which is
expressed by TBABS(APEC1+POWERLAW) + APEC2 using XSPEC
notation

Model Parameter Value
TBABS NH! 0.014
APEC1 KT? 0.22
APEC1 Abundance 1
APECI Redshift 0
APECI Norm? 1.2E-3
POWERLAW Photon index 1.41
POWERLAW Norm* 1.4E-3
APEC2 KT? 0.099
APEC2 Abundance 1
APEC2 Redshift 0
APEC2 Norm? 1.7E-3

In units of 1022 cm™2
2KT is in keV

. —14
3In units of 10

(4 Da(142))2 .
tance to the source (cm), and n, and ny are the electron and H densities

(em™)

4 in units of photons/keV/cm? @ 1keV

The parameters are obtained from fitting the background region after
subtracting the point sources

[ nenudV, where Dy is the angular size dis-

retrieved from the Swift Scientific Data Centre, UK. In addi-
tion to fixed parameters, temperature, metallicity, and norms
are determined by fitting the spectra of the cluster region.
Among them, the metallicity follows the aspl standard [24],
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except for the comparison of the influence of metallicity; the
rest are fixed at 0.3, the temperature is selected as 5 keV, the
norm value is 3.0 x 1073, and the corresponding flow rate is
about [0.3 — 8.0 keV]3.8 x 10~ erg/s/cm?.

Systematic error

In the observation of galaxy clusters, the background is
usually subtracted by using the method of subtracting the
background region from the surrounding area. However, due
to the effect of the focusing mirror, the CXB background is
not uniformly distributed on the PNCCD detector, so cor-
rection is needed when subtracting. In contrast, the NXB
background is uniformly distributed in a single observation
of the PNCCD. For the observation of galaxy clusters, the
observation scale is usually large, and the background area
is far from the source center. Usually, a single observation
cannot obtain enough data from the blank sky area, so further
observations of the surrounding blank sky area are needed.
In G. Vianello’s study of systematic uncertainties [25],
it is discussed that the background difference between the
source and background regions may be as high as 20%. The
study points out that there may be systematic errors in the
use of photons in the background region and analyzes the
theoretical impact of systematic errors at different levels.
The study concluded that a systematic error of about 10%
may exist in the real observational background. On the other
hand, in a study by J. F. Albacete-Colombo et al. they also
used the fakeit command of XSPEC to simulate the data
on the basis of Chandra’s data and concluded that there is
a systematic error of about 10% in the fitting [26]. In this

data and folded model

T

counts s~ keV-!
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Energy (keV)

Fig. 4 The left image corresponds to the low-background model
associated with EP-FXT, and the right image corresponds to the high-
background model associated with eROSITA. The red line represents
the galaxy cluster component, the dark blue line represents the CXB
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study, simulations were compared under 0%, 5%, and 10%
systematic error conditions. In both models, the percentage
of systematic error represents the ratio of systematic error
to the total flux of the background. Compared to eROSITA,
the background of EP-FXT is lower, resulting in smaller sys-
tematic errors. In this paper, a linear model was introduced
to represent the systematic error of the background. Figure 4
illustrates the components of the two models and the 10%
systematic error.

Simulation results
Statistical error and systematic error

First, we did not consider the impact of systematic errors
and simulated a 5 keV source with a norm value of 3 x 1073
and a metallicity of 0.3. We conducted simulations for 12
different exposure times (2 ks, 3 ks, 5 ks, 10 ks, 20 ks, 30 ks,
50 ks, 100 ks, 200 ks, 300 ks, 500 ks, and 1000 ks) to analyze
the influence of particle background on the fitting results, as
shown in Fig.5. Under different exposure times, the errors
for both background models showed a decreasing trend, with
the high-background model resulting in significantly poorer
fitting than the low-background model. Table 3 presents the
results of each fitting, indicating that the error for the high
background is more than 20% higher than that for the low
background.

Using the same source parameters (5 keV) and exposure
time selection mentioned above, we introduced a 10% sys-
tematic error to simulate the impact of the same proportion

data and folded model

T

counts s~ keV-!

0.5 1 2 5
Energy (keV)

component, the green line represents the NXB component, and the light
blue line represents the added systematic error, with a flux of approxi-
mately 10% of the background
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Fig.5 Comparison of high and low backgrounds for the 5 keV galaxy
cluster component under 0% system error. The EP-FXT corresponds to
the low-background model, marked in blue. The eROSITA corresponds
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to the high-background model, marked in red. The error bars represent
the range corresponding to the 90% confidence interval

Table 3 Median of 100

simulated results under different Exposure time ks Low background High background

exposure times for high and low KT keV norm 1073 x2/dof KT keV norm 1073 x 2 /dof

backgrounds with 0%

systematic error 2 325t 285003 1.00 3.5203%0 2851137 1.00
3 364ttal 2847009 0.99 4.817530  2.947104 0.99
5 4771535 2.8300% 1.00 4280390 2.92%0%0 1.00
10 4735% 296708 0.98 4.547508  3.027033 1.06
20 4687228 3.067030 1.00 4.6613% 29917038 1.00
30 4801145 2.997038 0.99 482473 297003 1.00
50 494110 2981032 0.99 4841197 2970033 1.00
100 4984070 3.000019 0.98 4994033 3.000015 0.99
200 5.04700 2997013 1.02 500009 3.06701% 0.99
300 5061035 3.037019 1.00 5.0770% 296701 1.00
500 4.98703%  3.02%007 1.00 4.977933 2981008 1.01
1000 5021037 2.9970:9¢ 1.00 4.987090  2.98700¢ 1.01

of systematic error between high and low backgrounds. Fig-
ure 6 presents the results, showing that the systematic error
consistently leads to deviations in the final fitting results.
Under 10% systematic error, the fitting results for the low-
background model exhibit significantly smaller deviations.
According to Table 4, at 100 ks, the fitting results tend to sta-
bilize. The fitting result for the high background is 11.4675:20
keV, which is 2.29 times the input temperature, while the fit-
ting result for the low backgroundis 6.41 f}:g% keV, 1.28 times
the input temperature, with much lower errors compared to
the high-background results. Figure 7 shows that the x 2 /dof
for both models increases with exposure time. At 500 ks, the
high-background fitting x 2/dof reaches 1.74, while the low
background is 1.13. At 1000 ks, the high-background fitting

x 2 /dof reaches 2.65, indicating that the APEC model can no
longer fit the data, while the low background y2/dof is only
1.19. The same proportion of systematic error has a signifi-
cant impact when the particle background is high, while the
EP-FXT fitting results for the low background remain within
an acceptable range.

In summary, the fitting results for both backgrounds are
relatively accurate without considering systematic errors and
only focusing on statistical errors. The fitting error for the
high background is slightly worse than that observed with
the low background. However, after considering a 10% sys-
tematic error, the fitting results for the high background
exhibit significant bias and larger errors, whereas the fitting
results for the low background show smaller bias and errors.
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sponds to the high-background model, marked in red. The error bars
represent the range corresponding to the 90% confidence interval

Table 4 Median of 100

simulated results under different Exposure time ks Low background High background

exposure times for high and low KT keV norm 1073 x2/dof KT keV norm 1073 x2/dof

backgrounds with 10%

systematic error 2 12.83739% 3307033 0.98 1907229 3.96"1 7 1.01
3 9.99 138 3.2415% 0.95 2041333 426118 0.98
5 9.86133 3.2910% 0.99 19.6732% 4207050 1.01
10 7.601$% 3.231047 0.99 2541900 4617035 1.00
20 6.65152) 3.2110:33 1.00 14.172%° 422709 1.02
30 6.5711 33 3.21102¢ 0.99 124750 413708 1.05
50 6.4512-60 3.2170148 0.99 B3R 419707 1.08
100 6.411152 3.227010 1.00 11.5%473 4161057 1.15
200 6.467095 3.2310:07 1.02 11.67%] 4.16792° 1.32
300 6.38105 3.2210:0¢ 1.05 11.6737 417792 1.46
500 6.4170% 3.22100% 1.13 11.6725 4187013 1.74
1000 6.34104¢ 3.220008 1.19 2.65

This conclusion suggests that the low-background EP-FXT
modelis slightly superior to eEROSITA when considering only
statistical errors. Furthermore, after considering the same
proportion of systematic errors, the advantage of the low
background becomes more pronounced.

The temperature and metallicity of galaxy clusters
As shown in Fig.8, we conducted a detailed 3 x 3 mesh
simulation for three different levels of systematic error (0%,

5%, and 10%) and exposure times (10ks, 50ks, and 100 ks)
for five different temperatures (1.5keV, 3keV, SkeV, 7keV,

@ Springer

and 9keV) of galaxy cluster components.The specific data
are summarized in Tables 5 and 6.

The simulation results presented in Fig. 8 indicate the pres-
ence of statistical fluctuations in the 10 ks simulation. With
an increase in exposure time, the difference between the two
background models becomes more pronounced. At the 100
ks observation, the statistical error is notably small. As the
simulated source temperature increases, the fitting advantage
of the low-background model becomes more evident. For a
9 keV source with 0% systematic error, the fitting results for

the low-background model is 8.53ﬁ:g keV, while for the

high-background model, they are 8.643:;; keV, with errors
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Fig. 7 Change of x2/dof with exposure time for high background
and low background. The blue dots represent the results of the low-
background model, while the orange squares correspond to the high-
background model. The blue dashed line corresponds to a x2/dof of 1,
and the orange dashed line corresponds to a x2/dof of 2

approximately 60% higher than those of the low-background
model. With a 10% systematic error for a 9 keV source, the
fitting results are 14.861'2:(3)3 keV for the low-background
model and 36.051‘?2:; keV for the high-background model.
This conclusion is mainly attributed to the dominance of the
CXB in the overall background below 2 keV, resulting in arel-
atively small advantage for the low-background model when
observing low-temperature sources. Furthermore, as the sys-
tematic error increases, the high-background model exhibits
a greater overall bias and larger errors, which is consistent
with the trend depicted in Fig. 6.

Metallicity is also a crucial parameter in analyzing galaxy
cluster components. To investigate the influence of low
particle background on the observation of sources with dif-
ferent metallicity values in depth, we selected five different
metallicity values (0.1, 0.3, 0.5, 0.7, 0.9) of galaxy cluster
components as the objects of simulation.The specific data
are summarized in Tables 7 and 8.
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Fig.8 The simulated results for the galaxy cluster components at five
different temperatures were compared under varying system errors and
exposure times. From left to right, the three columns correspond to three
exposure times (10ks, 50ks, and 100ks), and from bottom to top, each
row corresponds to three levels of system error (0%, 5%, and 10%). The

simulated data for the low-background model corresponding to EP-FXT
is marked in blue, while the simulated data for the high-background
model corresponding to eROSITA is marked in red. The blue dashed
line represents a ratio of 1 between the output and input parameters
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Table 5 Median temperature of 100 simulated results for low back-
ground under different exposure times (10ks, 50ks, and 100ks) and
different systematic errors (0%, 5%, and 10%)

Table 6 Median temperature of 100 simulated results for high back-
ground under different exposure times (10 ks, 50 ks, and 100 ks) and
different systematic errors (0%, 5%, and 10%)

kT input (keV) Exposure time (ks) kT input (keV) Exposure time (ks)
10 50 100 10 50 100
0% systematic error 0% systematic error
1.50 1507512 1.501003 1.5070:03 1.50 1.537018 1517008 1.5079:04
3.00 2.9410% 2.90704] 297103 3.00 3387508 3.077552 2967043
5.00 4.5013:13 5.08%03 4.870 % 5.00 4.691763 4.8741 01 5.01703%
5.20 2.39 1.85 +7.49 +4.34 +2.88
7.00 6.09157% 6.51 13, 6.91% 53 7.00 6.367 )3 6.79% 50 6.93+%3
9.00 7.70*3 %4 8.8573% 8531741 9.00 7.9473% 8.59153) 8.64737
5% systematic error 5% systematic error
1.50 1.54701¢ 1.531003 1.53%003 1.50 1.6870:03 1.5370:00 1.5510:03
3.00 3.477200 3.321043 3417093 3.00 3477300 3.63108% 3.791080
5.00 8.10771¢ 5.531132 5.697008 5.00 13.79753¢ 721550 6.6311%
7.00 9.791702 8.375% 841178 7.00 29.9015%3 16.2619:% 11.43%512
9.00 12.737750 12.58748 10.90132  9.00 26.537103 22.581604 15.527132
10% systematic error 10% systematic error
1.50 1557013 1.527+0:0¢ 1.53%003 1.50 1.65%01% 166107 1.65%002
3.00 3.8277 70 3517058 3421044 3.00 465013 47143 4.55%00
6.64 2.28 1.39 24 9.90 6.78
5.00 5.87155; 6.047323 6.23%170 5.00 8.12177%, 9.137)-42 11.857518
7.00 11.0673% 8.6515) 9.85+37¢ 7.00 16.057151 25.00133% 24.26%5%4
12.4 14.3 8.05 39.1 334 36.1
9.00 13.301%0 145943 14.8675%  9.00 39.3613)% 33.35133% 36.0570)

Through simulation analysis, we obtained the results of
different metallicity under different exposure times (10 ks,
50 ks, and 100 ks) and systematic errors (10%, 5%, and 0%),
as shown in Fig.9. When observing galaxy cluster compo-
nents with high metallicity, for example, at 0.7 metallicity
and 100 ks exposure with 0% systematic error, the fitting
results for the low-background and high-background mod-
els are 0.67“:832 and 0.741“8:;3, respectively, as depicted in
Fig.9. The error interval of the low-background model fitting
results is approximately 70% of that of the high-background
model. As the systematic error increases, the fitting parame-
ters obtained from high particle background deviate further,
and the errors become larger. In the fitting results for a metal-
licity of 0.7, the low-background model deviates by 0.03,
0.1, and 0.36 in different systematic errors, while the high-
background model deviates by 0.04, 0.21, and 0.63. These
findings indicate that particle background also has a certain
impact on the accuracy of fitting metallicity. Hence, a high
particle background leads to large statistical and systematic
errors, affecting the true metallicity.

@ Springer

To verify the fitting of the correlation between temper-
ature distribution and metallicity, we conducted MCMC
simulations for the two background models in three differ-
ent exposure times, we obtained comprehensive probability
distribution plots for the fitting results of temperature and
metallicity. The figure provides a detailed display of the
comprehensive probability distribution of temperature and
metallicity obtained through MCMC simulation at three dif-
ferent exposure times: 10 ks, 50 ks, and 100 ks. The red,
green, and blue lines indicate the 1o, 207, and 30 error ranges,
respectively.

Figure 10 shows that the error range is particularly evident
under the 10 ks observation condition, and the overall fit-
ting accuracy is relatively low. However, the low-background
model has smaller errors. As the observation time increases,
the errors in the fitting of temperature and metallicity for
the low-background model gradually decrease, while the
errors for the high-background model remain relatively large.
This conclusion validates the significant difference in errors
between the high- and low-background models, as shown in
Figs.8 and 9.
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Table 7 Median abundance of 100 simulated results for low back-
ground under different exposure times (10 ks, 50 ks, and 100 ks) and
different systematic errors (0%, 5%, and 10%)

Table 8 Median abundance of 100 simulated results for high back-
ground under different exposure times (10 ks, 50 ks, and 100 ks) and
different systematic errors (0%, 5%, and 10%)

Abundance input Exposure time (ks)

Abundance input Exposure time (ks)

10 50 100 10 50 100

0% systematic error 0% systematic error

+0.93 +0.33 +0.20 +1.13 +0.31 +0.23
0.10 0.0610:03 0.0710:33 0.3 0.10 0.0774:53 0.0410:31 0.0370%3
0.30 0.2610 0.220:38 028703 030 0.197599 0.3210%3 0.277039
0.50 0.55%31 0.391033 043703 0.50 0.43703%0 0.6070% 0.47103
0.70 0.547033 0.637935 0.671933  0.70 0.7472 10 0.637071 0.74703%

+1.56 +0.54 +0.43 +1.85 +0.89 +0.56
0.90 0.8074:25 0.901032 097705  0.90 0.7573% 0.8710% 0.90703%
5% systematic error 5% systematic error

+1.39 +0.48 +0.24 +1.19 +0.67 +0.46
0.10 0.06" 00 0.15701% 0.10%973 010 0.017007 0.24104] 0.0170:49
0.30 0.17739 0.467937 0.347031 030 0.297037 0.6510%] 0.28793¢
0.50 0451539 0.64%05% 0.63%03 050 0441573 1.0670:7 0.78+053
0.70 0.63%13 0.7510:43 0.80%03  0.70 0.757598 1.097 02 0.917081

+1.94 +0.86 —+0.46 +2.30 +1.44 +0.87
0.90 0.9470%% 1127988 1007935 0.90 1174330 146t 1.27+08
10% systematic error 10% systematic error

+0.48 +0.63 +0.43 +0.01 +1.10 —+0.82
0.10 0.18701% 0.1670%3 0.12705  0.10 0.0370:01 0.00% 500 0.007052
0.30 0.6670:% 0.3779% 0.49%03% 030 112793 031708 0.2819%2
0.50 0.817074 0.817981 077933 0.50 1.347997 0.8574%2 0.8470%
0.70 0.98%0:13 1.25%0% 1067038 0.70 167108 135403 1.33%3

—+0.62 +0.89 +0.60 +1.30 +1.21 +1.32
0.90 1.691947 117108 1.3470%9 090 1.93%139 2,051 1797032
Conclusion

This paper compared the observational performance of the
low-particle-background model corresponding to EP-FXT
and the high-particle-background model under different
exposure times and levels of systematic error. In the simu-
lation process, a linear systematic error was introduced, and
simulations were conducted for different exposure times and
various temperature and metallicity levels of galaxy clus-
ters under different systematic errors. The conclusions drawn
from the simulation results are as follows:

e Under different exposure times, with 0% systematic error
in the correct results, the error of the high-background
model is about 20% higher than that of the low-
background model, and there is no systematic bias in
the fitting results. When the systematic error is 10%, the
high-background model deviates by 149%, while the low-
background model deviates by 28%. As the observation
time increases, the fitting quality gradually deteriorates.
At 1 Ms, the x2/dof for the high-background model is
2.65, indicating an inability to fit the components of the
galaxy cluster. It can be seen that the low-background

model provides more accurate parameter fitting, with less
susceptibility to systematic errors.

e In the fitting results for galaxy clusters at five differ-
ent temperatures, the advantage of the low-background
model becomes more pronounced as the temperature
increases. Without considering systematic errors, at 9
keV, the high-background model has 60% higher error
than the low-background model, a significant increase
from the 20% difference at 5 keV. Furthermore, as the
systematic error increases, the deviation of the fitting
values gradually increases, with this trend being more
pronounced in the high-background model.

e In the fitting results for galaxy clusters at five different
metallicity levels, a similar trend to the temperature is
observed. At a metallicity of 0.9, the high-background
model’s error is 43% higher than that of the low-
background model, while at 0.3, the high-background
model’s error is 17% higher. With increasing metallic-
ity, the error introduced by the high-background model
slightly increases. The change in trend with increasing
systematic error is similar to that of the temperature
parameter.

e In the comprehensive probability plot of the MCMC sim-
ulation results, it is evident that the error in the compre-
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Fig.9 The simulated results for the galaxy cluster components at five simulated data for the low-background model corresponding to EP-FXT
different metallicities were compared under varying system errors and is marked in blue, while the simulated data for the high-background
exposure times. From left to right, the three columns correspond to three model corresponding to eROSITA is marked in red. The blue dashed
exposure times (10ks, 50ks, and 100ks), and from bottom to top, each line represents a ratio of 1 between the output and input parameters

row corresponds to three levels of system error (0%, 5%, and 10%). The

hensive probability distribution of the high-background  impact of systematic error caused by the low background is
model is higher than that of the low-background model  relatively small, which provides valuable reference for future
for both parameters, with the error in metallicity being  observations of galaxy clusters using EP-FXT.

particularly large, indicating greater uncertainty in the

fitting process.

In conclusion, the EP-FXT demonstrates a clear advan-
tage in observing high-temperature components of galaxy
clusters, and exhibits a certain advantage in fitting metallicity
compared to the high-background model. Furthermore, the
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