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Highly charged ions in the solar wind undergo charge exchange with neutral
atoms in the Earth’s exosphere, particularlywithin themagnetosheath and cusps.
This solar wind charge exchange process generates X-rays, which are expected
to be crucial for imaging Earth’s dayside magnetosphere in the upcoming Lunar
Environment Heliospheric X-ray Imager (LEXI) and Solar Wind Magnetosphere
Ionosphere Link Explorer (SMILE) missions. A key parameter in this process is
the density of neutral hydrogen in the Earth’s exosphere. This study estimates
the exospheric density during solar maximum using soft X-ray data from the
XMM-Newton astrophysics observatory. We used the Open Geospace Global
Circulation Model (OpenGGCM), a global MHD model, to calculate plasma
density, velocity, and temperature, and then extracted the exospheric density
from the soft X-ray data by deconvolving plasma contributions. Based on five
XMM-Newton observations during the solar maximum period from 2000 to
2003, we estimate the exospheric density at the 10 RE subsolar point to range
from 42.5 to 65.1 cm−3, which is higher than the density used in previous soft X-
ray imaging studies. This increased density range suggests stronger X-ray signals
for the LEXI and SMILE missions.

KEYWORDS

exospheric neutral density, solar maximum, XMM-Newton observations, soft X-ray
emission, solar wind charge exchange

1 Introduction

The interaction between the solar wind and Earth’s magnetospheric system is
an important topic in heliophysics. Many fundamental plasma physics processes
occurring near Earth, including magnetic reconnection, have been studied primarily
using in situ measurements. While these in situ measurements from heliophysics
space observatories have revealed details of local-scale magnetopause reconnection
properties (Escoubet et al., 2001; Angelopoulos, 2009; Burch et al., 2016), the
global characteristics of dayside reconnection and its impact on the geospace
system remain unclear. Recently, an innovative technique for visualizing Earth’s
magnetospheric system using soft (0.1–2.0 keV) X-ray emission has been proposed
(Collier et al., 2009). The Lunar Environment Heliospheric X-ray Imager (LEXI;
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Walsh et al., 2024) and the Solar wind–Magnetosphere–Ionosphere
Link Explorer (SMILE; Branduardi-Raymont et al., 2018) are
designed to utilize this technique.

When encountering Earth, the incoming solar wind slows
and diverts around the magnetosphere after passing through
the bow shock, eventually reaching the magnetopause, which
is typically located around 10 Earth radii (RE) in the subsolar
direction (Shue et al., 1998). Consequently, plasma density within
the magnetosheath is higher than in the solar wind outside
the bow shock. This ∼10 RE upstream region is part of the
exosphere, the outermost layer of Earth’s atmosphere, composed
mainly of hydrogen atoms, along with some helium and other
trace elements. Unlike regions within the magnetosphere, the
exosphere is unconstrained by Earth’s magnetic field, making it
crucial for studying interactions between solar wind plasma and
neutral particles.

Highly charged solar wind ions, such as O7+ and O8+, can
collide with exospheric neutrals and capture an electron. When
these ions relax to their ground state, they may emit a soft X-ray
photon.This process, known as solar wind charge exchange (SWCX)
(Cravens et al., 2001; Snowden et al., 2004; Carter et al., 2010; 2011),
is influenced by three key factors: neutral density, plasma ion density,
and the relative velocity between neutrals and ions (Connor and
Carter, 2019). Plasma density and velocitywithin themagnetosheath
are well understood through observations by heliospheric satellites,
including Cluster, Geotail, THEMIS, and MMS (e.g., Dimmock and
Nykyri, 2013). In contrast, neutral density distributions around 10
RE remain less understood due to the lack of direct neutral density
observations in this distant outer exosphere (Connor et al., 2021).

In this study, we selected five observations during solar
maximum from the XMM-Newton data archive to estimate neutral
densities at the 10 RE subsolar location. XMM-Newton (Jansen et al.,
2001) is an astrophysical X-ray space observatory launched by
the European Space Agency in 1999. Occasionally, XMM-Newton
captures soft X-ray emissions from the subsolar magnetosheath,
providing a unique dataset for studying the outer exosphere.We also
compare our solar maximum neutral density estimates with those
from previous studies.

In Section 2, we describe our methodology for extracting
exospheric density. Section 3 presents the details of our analysis
for one of the events and the results from the full sample. In
Section 4, we compare our findings with previous studies and
discuss limitations. Finally, Section 5 summarizes our study.

2 Methodology

We estimated the exospheric neutral density at the 10
RE subsolar point by isolating plasma contributions from
the XMM-Newton SWCX observations. The OpenGGCM
magnetohydrodynamics (MHD) model (Raeder et al., 2008) was
used to obtainmagnetosheath plasma conditions during the selected
XMM observations.

XMM-Newton (hereafter XMM) follows a highly elliptical orbit
with an apogee of 114,000 km, a perigee of 7,000 km, an orbital
inclination of approximately −40°, and an orbital period of 48 h.
It carries a suite of imaging cameras called the European Photon
Imaging Camera (EPIC). Two of the three EPIC cameras are

front-illuminated metal-oxide-semiconductor (MOS) CCD arrays
(Turner et al., 2001), whose data are used in this study. Specifically,
the X-ray count rates from MOS-1 and MOS-2 detectors were
summed to provide the total count rate for our analysis. Each MOS
camera has a field of view (FOV) of 33’ × 33’ (9.2 × 10−5 sr),
making it a narrow-field instrument. We obtained Original Data
Files (ODFs) from the XMM Science Archive (XSA) and processed
them using pipelines from version 18.0.0 of the XMM Science
Analysis System (SAS) software package (de la Calle, 2021).We used
MOS full-frame mode observation data.

For event selection, we utilized a list of XMM observations
affected by exospheric SWCX emissions (Carter et al., 2011). From
this list, we searched for observations where XMM captured SWCX
emissions from the dayside magnetosheath under stable solar wind
and interplanetarymagnetic field (IMF) conditions—i.e., conditions
under which a global MHD model provides reliable predictions
of the dayside magnetosheath. We excluded observations with
bright or extended X-ray sources, particularly those larger than 500
arcseconds in the XMM FOV, as their signals may persist even after
filtering and contaminate near-Earth SWCX signals. Additionally,
we discarded soft proton flaring observations, in which energetic
protons directly enter the telescope and contaminate the entire X-
ray dataset, including SWCX signals (Walsh et al., 2014). After this
rigorous selection process, five XMMobservations were chosen. For
more details on the selection process, refer to Jung et al. (2022). The
selected events span from 2000 to 2003, and their corresponding
XMM observation numbers are listed in Table 1, along with the
estimated neutral density at 10 RE (N0) and the associated error
(N0 Error). See Section 3 for a description of how N0 and its error
were obtained.

XMM’s primary objective is to study cosmic X-ray sources,
and astrophysicists typically remove various background signals
from the observed data. These background signals fall into three
categories: photons, particles, and electronic noise (Read and
Ponman, 2003; Carter and Read, 2007). The photon background
includes astrophysical sources, such as thermal emission and
emission from unresolved cosmological sources, as well as SWCX
from both the heliosphere and exosphere. In our study, we utilized
the SWCX background components from the exosphere to estimate
N0.

To obtain the SWCX count rates (CRSWCX) from the exosphere,
we removed all other X-ray sources from the raw XMM
observations, including the astrophysical, heliospheric, and particle
backgrounds, electronic noise, and X-rays from point sources
(e.g., stars), using standard XMM software procedures. In our five
analyzed events, we found that, on average, approximately 49.9% of
the total soft X-ray intensity was attributed to astrophysical sources,
19.6% to the particle backgrounds, 6.0% to the heliospheric SWCX,
and 24.5% to exospheric SWCX.

We simulated magnetosheath conditions—specifically plasma
number density, velocity, and temperature—for each event using the
OpenGGCM MHD model. OpenGGCM simulates the interaction
between the solar wind and Earth’s magnetosphere by solving
resistive MHD equations on a stretched Cartesian grid. The model’s
inputs are solar wind parameters and IMF data from a solar
wind monitor, while its outputs include plasma density, velocity,
temperature, and electromagnetic fields within the simulation
domain. The simulation domain in this study extends from 25 RE
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upstream to 500 RE downstream, with YGSE and ZGSE domains
ranging from −48 to 48 RE. We used a standalone version
of OpenGGCM with NASA OMNI solar wind/IMF input data
(King and Papitashvili, 2005). More details and applications of
the OpenGGCM model can be found in Raeder et al. (2001),
Raeder et al. (2008); Connor et al. (2012), Connor et al. (2014),
Connor et al. (2015), Connor et al. (2016), Connor et al. (2021);
Cramer et al. (2017); Ferdousi and Raeder (2016); Ferdousi et al.
(2021); Jensen et al. (2017); Kavosi et al. (2018); Oliveira and Raeder
(2015); and Shi et al. (2017).

We derived the exospheric neutral density (N0) using the
exospheric SWCX count rates (CRSWCX) and OpenGGCM
simulations, following the equation provided by Jung et al. (2022):

N0 =
4π
βΩQ

CRSWCX [cm−3] (1)

where Ω represents the XMM MOS field of view in steradians,
Q is the soft X-ray emissivity or potential reaction rate between
high-charge state solar wind ions and exospheric neutrals in
the magnetosheath, CRSWCX is the exospheric SWCX count rate
observed by XMM, and β is an effective scale factor. The definitions
of Q and β are as follows.

Q = ∫
NN

N0
Npveffds = ∫(

10RE

R
)
3
Npveffds [cm

−1s−1] (2)

veff = √v2p + 3kT/m [km/s]

β = ∑
Ej∈E

Aj
Nsq

Np
σsqYj [cm4]

Here, m and k represent the proton mass and the Boltzmann
constant, respectively. Plasma density (Np), drift velocity (vp), and
temperature (T) are obtained from the OpenGGCM model. The
effective velocity (veff) is the relative velocity between the plasma
and a neutral atom; typically, the velocity of neutrals is negligibly
small compared to the plasma velocity, so only the plasma velocity
is considered.

The term β represents the effective area-weighted scale factor
for the SWCX process, adjusted for the XMM MOS instrument
(Jung et al., 2022). The calculation of β takes into account several
factors: the effective area Aj, the number density of a solar wind
ion of species s in charge state q (denoted as Nsq, in cm−3),
the charge-exchange (CX) cross section σsq (in cm2) for the
interaction between Sq+ and hydrogen, and the photon yield Yj
(the number of photons produced during the transition of S(q−1)+).

These components were obtained from the data of Koutroumpa et al.
(2006). Our β values, when converted to the effective scale factor
α = ∑Ej∈EEj

Nsq

Np
σsqYj, yield α = 6.054× 10−16 eV cm2, which is

consistent with the value of 6× 10−16 eV cm2 from previous studies
(Cravens et al., 2001; Whittaker and Sembay, 2016). The specific
β values used for each observation are noted in Table 1. Since we
selected observations with stable solar wind conditions, we assumed
a constant effective scale factor. However, for studies focusing on
solar active periods, variations in the effective scale factor may need
to be considered (Zhang et al., 2022).

In deriving Equation 1, Jung et al. (2022) assumed that the
exospheric neutral density is spherically symmetric and inversely
proportional to the cube of the radial distance from Earth: N =
N0(10RE/r)3 (Cravens et al., 2001; Connor and Carter, 2019;
Fuselier et al., 2010; Fuselier et al., 2020). Zoennchen et al.
(2021) reported rare geocoronal observations of the outer
exosphere, revealing that the exospheric density above 8 RE follows
an r−3 dependency, supporting the validity of our analytical
exospheric density model. Additional details on each parameter
and their derivation can be found in Jung et al. (2022) and the
references therein.

3 XMM case studies

Figure 1A shows the location of XMM on 23 July 2000 when
the telescope FOV passes through the dayside magnetosheath. The
locations of the magnetopause (red) and bow shock (yellow) were
calculated using the models of Shue et al. (1998) and Jelínek et al.
(2012), respectively, based on solar wind/IMF conditions from
NASA OMNI data. XMM started at the orange dot and moved
slightly along the short blue line (almost invisible due to the small
motion of XMM During the period of interest), and the black line
denotes telescope pointing. During the period of our interest, XMM
moved from the coordinates (10.3, −3.5, −15.0) to (10.7, −2.4, −15.5)
RE in the GSE coordinate system. Throughout this motion, the
XMM’s look directionwas fixed to observe an astronomical object of
interest. Figure 1B shows the solar wind/IMF conditions during the
event. XMM observation time used in this study is denoted as the
green shaded interval, and Geotail’s magnetosheath crossing time
is denoted as the gray shaded interval. From top to bottom, IMF,
solar wind velocity, density, plasma pressure, and proton flux are
shown. During the 2 h XMM observation, the solar wind and IMF
were relatively steady except for a brief peak in number density and
plasma pressure around 18:20 UT.

TABLE 1 Summary of the neutral density estimates in the 5 solar maximum events.

Date Obsn Beta (cm4) N0 (cm−3) N0 error (cm−3)

23-Jul-2000 0,127,921,101 1.899× 10−16 57.5 12.8

11-Sep-2000 0,109,060,101 1.807× 10−16 64.5 18.7

16-Oct-2001 0,054,540,501 1.641× 10−16 59.6 10.8

29-Mar-2002 0,113,050,401 1.628× 10−16 65.2 7.2

04-May-2003 0,150,610,101 1.897× 10−16 42.5 14.0
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FIGURE 1
(a) XMM location (blue line starting from orange dot), its pointing
direction (black), and the Geotail orbit (green) projected on the GSE XY
(top) and XZ (bottom) planes, on 23 July 2000. The starting location of
XMM and Geotail are shown as orange and red dots, respectively. The
yellow and red curves show the bow shock (Jelínek et al., 2012) and
the magnetopause (Shue et al., 1998), respectively. (b) Solar wind and
IMF conditions during the XMM observation (green area) and during
the Geotail magnetosheath crossing (gray area), obtained from OMNI
data. The IMF, solar wind velocity, number density, plasma pressure
(=nkT), and solar wind proton flux (nswvsw) in the GSE coordinates are
shown from top to bottom.

We ran an OpenGGCM simulation to calculate the potential
reaction rate Q. To validate the model result, we compared
the OpenGGCM results with Geotail (Nishida, 1994) in situ
measurements in Figure 2. In top three panels, plasma number
density (Np), effective plasma velocity (Veff), effective flux (Np ×Veff)
are shown, with the OpenGGCM results (green lines) and Geotail
measurements (blue lines). As shown in Equation 1, Q is a crucial
factor in obtaining an accurate exospheric density N0 and its value
is strongly dependent on the effective flux (see Equation 2). We
calculated the model-to-data ratio of the effective flux to assess the
discrepancy between the model and observations, and adjust the
simulated Q based on this discrepancy. The last panel of Figure 2
displays this ratio in blue. If the model perfectly matched the
observations, the ratio would equal 1 and align with the horizontal
black line. However, OpenGGCM shows a model-to-data ratio of
less than 1, primarily due to a lower plasma density compared to
the Geotail observations. We averaged the model-to-data flux ratio
during Geotail’s magnetosheath crossing (shaded region) and used
this value to adjust Q with the following equation: Q = QMHD/ratio.
For theXMMevent on 23 July 2000, this averagemodel-to-data ratio
is 0.65, leading to an adjustment of Q by dividing QMHD by 0.65.

We also estimated the error in Q due to differences between
the modeled and observed magnetosheath boundaries. If the

simulated magnetosheath is thicker (or thinner) than observed, the
instrument’s line of sight (LOS) within the magnetosheath will be
extended (or shortened), resulting in the accumulation of more
(or fewer) SWCX photons along the LOS, which could lead to an
overestimation or underestimation of Q. We applied the technique
of Jung et al. (2022) to calculate this error in Q. This technique
adjusts the locations of the magnetopause and bow shock based
on boundary crossing observations, and estimates the largest error
in Q by calculating the discrepancy between Q values obtained
usingmodeled and adjustedmagnetosheath. Figure 2 shows that the
boundary crossings of Geotail, marked by the endpoints of the gray
shaded area, matches well with the model predictions. As a result,
the maximum error in Q for this event was 1.1%.

Figure 3 presents the solar wind flux, the modeled potential
reaction rate (QMHD), SWCX count rates observed by XMM
(CRSWCX), and the estimated neutral density at 10 RE (N0) for
the XMM event on 23 July 2000. The vertical lines in the bottom
two plots represent the error bars for CRSWCX and N0, which were
propagated from uncertainties in the count rates and in Q.

The error in CRSWCX ΔCRSWCX was determined by propagating
the uncertainties from the various background components,
including Poisson errors of astrophysical, particle, and heliospheric
backgrounds, as detailed in Jung et al. (2022). The error in Q (ΔQ)
due to the boundary correction is 1.1%, as discussed earlier. The
overall error in N0 can be expressed as:

(
ΔN0

N0
)
2
= (

ΔCRSWCX

CRSWCX
)
2
+(ΔQ

Q
)
2

By applying this approach, we obtained the average neutral
density of 60.8 cm−3, with an error of 12.2 cm−3.

In the first panel of Figure 3, the solar wind flux was mostly
steady, with an increase around 18:20 UT. Potential reaction rate
Q also follows the same pattern, as expected in Equation 2. SWCX
count rates show a similar pattern but the increase happens a bit
earlier, around 18:05 UT. The discrepancy between the peaks of
CRSWCX and solar wind flux can be partially attributed to variations
in the composition of highly charged ions, as observed in ACE
SWICS data during the event. While the solar wind flux increased,
SWICS measurements showed a decreasing trend in the O/H ratio,
from 1.29× 10−4 to 1.18× 10−4, over the relevant time period. This
indicates a reduction in the relative abundance of oxygen lines (O6+,
O7+, etc.), which are primary contributors to SWCX emissions. Since
SWCX intensity depends directly on the density of highly charged
ions, this compositional change could result in an earlier peak in
CRSWCX relative to the bulk solar wind flux.

We applied similar techniques to four additional XMM
observations. Table 1 shows these observation dates, XMM
observation number, effective scale factor β, estimated neutral
density at 10 RE (N0), error of the density estimates (N0 Error).
As with the 23 July 2000 case, we ran an OpenGGCM simulation
for each observation and validated the results using in situ data
when available. When in situ data were not present, we utilized
the empirical magnetosheath model of Jung et al. (2023) to
check whether the OpenGGCM magnetosheath predictions are
reasonable. This empirical model showed comparable or better
agreement with THEMIS magnetosheath observations compared to
other empirical models and was therefore chosen as an alternative
for assessing the reliability of the OpenGGCM results. The five

Frontiers in Astronomy and Space Sciences 04 frontiersin.org

https://doi.org/10.3389/fspas.2025.1568929
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org


Jung et al. 10.3389/fspas.2025.1568929

FIGURE 2
Comparison of the OpenGGCM results (green) with the geotail plasma observation (blue) on 23 July 2000. From top to bottom, the IMF, solar wind
velocity, density, plasma pressure, and proton flux are shown. The gray shaded area indicates when Geotail passed through the magnetosheath. The
dashed horizontal black line in the bottom panel shows where the model-to-data ratio equals 1.

XMM case studies estimated exospheric neutral densities ranging
from 42.5 to 65.2 cm−3, with uncertainties of 7–19 cm−3.

4 Discussion

Our exospheric neutral density estimates are consistent with
previous X-ray studies. Connor and Carter (2019) derived neutral
densities at 10 RE from two XMM observations in 2001 and 2003,
reporting values of 39.9 cm−3 and 57.6 cm−3, respectively. Jung et al.
(2022) estimated a density of 36.8 ± 11.7 cm−3 based on an XMM
observation in 2008.

Recent Lyman-α studies have also reported similar density
estimates: Kameda et al. (2017) used the LAICA instrument to
image the exosphere and derived hydrogen density distributions by
fitting the data to amodified Chamberlain-typemodel that accounts
for solar radiation pressure. Cucho-Padin et al. (2022) employed
an inverse problem solution that uses the Kameda model as prior
knowledge while allowing greater freedom in the retrieved densities,
reporting a value of 26.51 cm−3 at 10 RE. Baliukin et al. (2019)
estimated approximately 60 cm−3 at 10 RE using SOHO/SWAN
(Solar and Heliospheric Observatory/Solar Wind Anisotropies)
data, while Zoennchen et al. (2021) reported a density of 35
cm−3 based on CASSINI Lyman-α observations during its transit
to Earth. These density measurements from various studies are

summarized in Table 2 for comparison. These values fall within the
margin of error of our estimates.

However, our results differ from those based on Energetic
Neutral Atom (ENA) observations. ENAs form when solar wind
protons exchange electrons with exospheric hydrogen atoms.
Fuselier et al. (2010), Fuselier et al. (2020) derived neutral
densities at 10 RE from IBEX (Interstellar Boundary Explorer)
ENA observations of Earth’s magnetosheath, using time-dependent
homogeneous or gasdynamic magnetosheath models. Their
estimates range from 4 to 17 cm−3, significantly lower than those
from X-ray and Lyman-α studies. Sibeck et al. (2021) suggested that
these ENA-based densities might increase with the application of
more advanced magnetosheath models, a topic for future research.

The influence of solar activity on exospheric density remains
an active area of investigation. Geocoronal observations from the
Two Wide-angle Imaging Neutral-atom Spectrometers (TWINS)
spacecraft suggest higher densities at 3–8 RE during solar maximum
conditions (Zoennchen et al., 2015). In contrast, SOHO/SWANdata
indicate decreased hydrogen densities at a tangential distance of 7 RE
during solar maximum (Baliukin et al., 2019).

Our study builds on Jung et al. (2022), who derived a
density of 36.8 ± 11.7 cm−3 at the subsolar point at 10 RE from
XMM observations during the solar minimum of November 2008.
In comparison, our analysis during solar maximum conditions
estimates densities between 42.5 and 65.2 cm−3 at 10 RE.
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FIGURE 3
Neutral density estimates for 23 July 2000 event. From top to bottom, solar wind flux, modeled potential reaction rate (QMHD), SWCX count rates
observed by XMM (CRSWCX), and estimated neutral density at 10 RE (N0) are shown.

TABLE 2 Comparison of exospheric H density estimates at 10 RE from various studies.

Study Observation period Solar activity phase H density at 10 RE (cm
−3) Method

Connor and Carter (2019) 2001, 2003 Solar Max 57.6, 39.9 X-ray (XMM)

Jung et al. (2022) 2008 Solar Min 36.8 X-ray (XMM)

Cucho-Padin et al. (2022) 2015 Solar Max 26.51 Lyman-α (LAICA)

Baliukin et al. (2019) 2009 Solar Min 45.66 Lyman-α (SOHO/SWAN)

Zoennchen et al. (2021) 1999 Moderate 35.17 Lyman-α (CASSINI)

Fuselier et al. (2010) 2009 Solar Min 4–11 ENA (IBEX)

Fuselier et al. (2020) 2015 Moderate 11–17 ENA (IBEX)

This study 2000–2003 Solar Max 42.5–65.2 X-ray (XMM)

These results indicate a trend of higher exospheric densities
during solarmaximumcompared to solarminimum, consistentwith
TWINSobservations.However, given the overlapping error bars, the
difference between solar maximum and minimum values appears
modest, suggesting a minimal solar cycle impact on exospheric
density. Further statistical studies are needed to confirm variations
in neutral density across the solar cycle.

5 Conclusion

We estimated exospheric neutral density at the subsolar location
at 10 RE using five XMM observations during solar maximum,
applying the technique of Jung et al. (2022). The exospheric SWCX
signal was isolated from other soft X-ray background components,
and the OpenGGCM simulation was run for each event to calculate
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the potential reaction rate, Q. Using the obtained SWCX signal and
Q, the neutral density was estimated using Equation 1, resulting
in a density range of 42.5–65.2 cm−3 at the 10 RE subsolar point,
with errors of 7.2–14.0 cm−3. This result is consistent with previous
studies, including Zoennchen et al. (2021), which reported a density
of 35.17 cm−3 (with a 25% error), Connor and Carter (2019), which
estimated a range of 39.9–57.6 cm−3, and Jung et al. (2022), which
provided a density of 36.8 ± 11.7 cm−3.

The softX-ray telescopes onboard the LEXI and SMILEmissions
will study the global interaction between the solar wind and Earth’s
magnetospheric system by imaging the magnetosheath boundary
and itsmotion in softX-rays.The density of exospheric hydrogen is a
critical parameter influencing the strength ofmagnetosheath SWCX
signals. Numerical simulations by Sibeck et al. (2018) demonstrated
thatmagnetosheath SWCX signals can be readily distinguished from
other soft X-ray background emission if the exospheric density is at
least 22 cm−3 at a radial distance of 9.74 RE.

Previous mission studies (e.g., Connor et al., 2021;
Sun et al., 2019; Samsonov et al., 2023) have commonly used 25
cm−3 as the exospheric density at the subsolar location of 10 RE
for simulating soft X-ray images of Earth’s magnetosphere. Our
density estimates, which are higher than these assumed values,
suggest stronger SWCX signals in the dayside magnetosheath. This
is encouraging news for the LEXI and SMILE missions, which are
set to launch during the solar maximum period in 2025.
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