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Abstract Magnetosheath high‐speed jets with enhanced dynamic pressure are common in Earth's
magnetosheath and can impinge on the magnetopause, driving pronounced boundary deformation. Recent
observations indicate that shock–discontinuity interactions (SDIs) can generate magnetosheath jets, but the
formation mechanism is still unclear. Using a three‐dimensional global hybrid simulation, we investigate SDI‐
driven magnetosheath jets. SDI‐driven deformation of the bow shock redirects the solar wind according to the
Rankine–Hugoniot relations—deflecting the flow along the shock with little deceleration—thereby producing
ribbon‐like jets flanking the core of a hot flow anomaly. The jets span the entire dayside magnetosheath and
reach ∼40 Earth radii (RE) along the discontinuity downstream of both quasi‐parallel and quasi‐perpendicular
shocks. The SDI‐driven structures produce a magnetopause distortion that attains an amplitude of ∼5 RE and
extends ∼17 RE along the discontinuity, propagating from the dayside to the nightside. Synthetic soft X‐ray
images derived from the simulation indicate that SDI‐driven structures should be detectable by forthcoming
global soft X‐ray missions.

Plain Language Summary Earth's magnetic field forms a protective bubble in the solar wind.
On the Sun‐facing side, a shock wave (the bow shock) stands ahead of this bubble, and the region just
behind it (the magnetosheath) often contains short‐lived, high‐pressure “jets” of plasma that can push the
boundary of the bubble (the magnetopause). Using a global computer model that includes key ion physics,
we show how an abrupt change in the solar wind (a discontinuity) striking the bow shock warps it and
redirects the flow rather than slowing it down. This process creates long ribbon‐like jets on either side of
a central hot, low‐pressure cavity known as a hot flow anomaly. In our simulation, the jets span the entire
dayside region, extend about 40 Earth radii, reach the magnetopause, and drive large boundary
motions—bulges and dents up to about 5 Earth radii that travel with the disturbance from the dayside to
the nightside. Synthetic soft X‐ray images suggest these features should be detectable by future space
imagers.

1. Introduction
Collisionless bow shocks form the boundary where the supersonic, super‐Alfvénic solar wind encounters plan-
etary magnetospheres, and they efficiently accelerate particles via shock‐drift and diffusive shock acceleration,
producing suprathermal and energetic ion and electron populations (Balogh & Treumann, 2013; Burgess
et al., 2012; Guo, Lu, Lu, Yang, & Gao, 2024; Tang et al., 2025; Yang et al., 2009). A key descriptor of shock
geometry is the angle θBn between the upstream magnetic field and the local shock normal: quasi‐parallel shocks
(θBn ≲ 45◦) are characterized by strong upstream wave–particle interactions and extended foreshocks (Cao
et al., 2009; Fu et al., 2009; Hao et al., 2021; Lu et al., 2020; Shan et al., 2020; Su et al., 2012; Wu et al., 2015;
Zhang et al., 2013), whereas quasi‐perpendicular shocks (θBn ≳ 45◦) produce stronger, more abrupt compressions
and deflect the flow along the shock surface (Bale et al., 2005; Krasnoselskikh et al., 2013; Lembege &
Savoini, 1992; Turc et al., 2020; Yang et al., 2012).
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Downstream of the bow shock, usually referred to as the magnetosheath, localized transient enhancements of
dynamic pressure—magnetosheath high‐speed jets—are commonly observed (Archer et al., 2012; Hietala
et al., 2009; Karlsson et al., 2012; Kramer et al., 2025; Němeček et al., 1998; Plaschke et al., 2018). Magneto-
sheath jets typically feature increased plasma density, magnetic field, and bulk speed, with earthward flows
(Archer & Horbury, 2013; Karlsson et al., 2015; Plaschke et al., 2013; Pöppelwerth et al., 2024).

They have been found in the Martian and Jovian magnetosheaths (Gunell et al., 2023; Zhou et al., 2024). It has
also been suggested that they may form in the Mercury's magnetosheath and in interplanetary shock sheaths (Guo,
Lu, Lu, Ren, et al., 2024; Hietala et al., 2024; Karlsson et al., 2016). At Earth, magnetosheath jets can drive bow
waves inside the magnetosheath (Hietala et al., 2009; Liu et al., 2019; Ren, Lu, et al., 2024) and lead to associated
particle acceleration (Raptis et al., 2025; Vuorinen et al., 2022). By impinging on and denting the magnetopause,
they drive boundary motions (Escoubet et al., 2020; Němeček et al., 2023; Plaschke et al., 2016; Wang
et al., 2023; Yang et al., 2024) and can trigger reconnection (Guo et al., 2026; Hietala et al., 2018), surface waves
(Archer et al., 2019), and ULF fluctuations (Sun et al., 2024; Wang et al., 2018). Their effects can propagate into
the magnetosphere and even the ionosphere, altering energy and mass transport (Dmitriev & Suvorova, 2015;
Hietala et al., 2012; Nykyri et al., 2019), generating field‐aligned currents (Ma et al., 2024), and in some cases
triggering aurora (Guo et al., 2026; Han et al., 2017; Qiu et al., 2024; Wang et al., 2024). Recently, Guo
et al. (2026) reported that under radial IMF conditions, a large‐scale magnetopause distortion, termed a cusp‐to‐
cusp magnetopause valley, can form. This distortion is produced when numerous jets dent the magnetopause and
trigger magnetopause reconnection and associated magnetic flux transfer.

Magnetosheath jets form preferentially downstream of quasi‐parallel shocks (Hietala et al., 2009; Němeček
et al., 1998; Plaschke et al., 2018), and many studies suggest that smaller interplanetary magnetic field (IMF) cone
angles favor jet occurrence (Guo, Lu, et al., 2022; LaMoury et al., 2021; Raptis et al., 2020; Ren et al., 2023). The
majority of magnetosheath jets are thought to arise from the interactions between upstream waves and the quasi‐
parallel bow shock (Palmroth et al., 2018; Raptis et al., 2022; Ren et al., 2023; Suni et al., 2021). Recently, some
magnetosheath jets observed downstream of quasi‐perpendicular shock have been attributed to
shock–discontinuity interactions (SDIs) (Zhou et al., 2023, 2024), but their formation mechanism remains poorly
understood.

In this study, by employing a three‐dimensional (3‐D) global hybrid simulation, we show large‐scale magneto-
sheath jets formed by SDIs and elucidate their formation mechanism. The associated magnetopause response and
synthetic soft X‐ray signals are also presented.

2. Simulation Model and Methods
2.1. Three‐Dimensional Global Hybrid Simulation

This study uses the 3‐D global hybrid code gcPIC‐hybrid, which supports full‐particle and hybrid simulations in
general curvilinear coordinates. The framework has been applied to Earth and Mercury to study, for example,
chorus excitation in a dipolar field (Lu et al., 2019), flux transfer events (Lu et al., 2022), energy conversion and
plasma transport (Lu et al., 2025), and magnetosheath high‐speed jets (Guo et al., 2022a, 2024b; Ren, Guo,
et al., 2024). In hybrid simulations, ions are treated kinetically (as macroparticles), whereas electrons are a
massless, quasi‐neutral fluid; a cold, incompressible ion fluid is included to represent the plasmasphere in the
inner magnetosphere. The fields are advanced self‐consistently: the magnetic field via Faraday's law, the electric
field from the electron momentum equation, and the electron bulk velocity from Ampère's law.

The simulation is conducted in Geocentric Solar Ecliptic (GSE) Cartesian coordinates over the domain
− 24 RE ≤ x ≤ 32 RE, − 36 RE ≤ y ≤ 36 RE, and − 36 RE ≤ z ≤ 36 RE. A nonuniform mesh concentrates
resolution near the bow shock and magnetopause, with a minimum cell spacing of 0.06 RE and a total of
718 × 529 × 529 cells. Earth's magnetic dipole is centered at the origin. Steady solar wind inflow is imposed at the
boundary x = 32 RE, while the other five boundaries are set to outflow. The inner boundary, a sphere of radius
3 RE centered at the origin, is treated as perfectly conducting. The system is initialized with the dipole field
confined within x ≤ 10 RE and a steady solar wind for x > 10 RE. The time step is set to 2% of the ion gyroperiod
in the solar wind.
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Initially, the IMF is B0 = (− 3.9, 3.6, − 0.6) nT, the solar wind velocity is VSW = (− 468, − 11, − 18) km/s, the
number density is N0 = 4 cm− 3, and the ion temperature is Ti0 = 17 eV. The upstream ion inertial length is set to
di0 = 0.05 RE. Because di0 is taken to be three times its typical value, simulation times are scaled by a factor of
three to obtain physical times. A tangential discontinuity (TD) with an initial thickness of 0.3 RE is injected from
the upstream boundary at∼2,000 s and evolves self‐consistently during its propagation. The TD convects with the
solar wind and has unit normal n = (− 0.34, − 0.51, − 0.79) . Across the TD, the magnetic field changes to
B1 = (− 4.2, − 1.5,2.7) nT, the number density changes to N1 = 3.7 cm− 3, and ion temperature changes
to Ti1 = 18 eV.

2.2. Identification of the Magnetopause and the Bow Shock

The 3‐D magnetopause is identified based on the topologies of the magnetic field lines and the pressure balance
between the inside and outside of the magnetopause. For the dayside magnetopause, the position of the
magnetopause is r < 15 RE. We conduct parallel calculation to trace magnetic field lines in the simulation
domain. If both ends of a field line fall within r < 4 RE, then it is a closed field line; if one end falls within
r < 4 RE and the other end falls in the solar wind, it is a semi‐open field line; otherwise, it is an open field line.
The dayside magnetopause, that is, the outer boundary of the magnetosphere, is identified based on the outermost
grids with closed field lines (Guo et al., 2023; Yi et al., 2025). For the nightside magnetopause, we identify the
magnetopause using the parameter β∗ = (Pth + Pdyn)/Pmag, where Pth, Pdyn, and Pmag are the plasma thermal,
dynamic, and magnetic pressures, respectively. To define the magnetopause, β∗ ranges typically from 0.1 to 1.5
(Guo et al., 2023; Lu et al., 2025; Xu et al., 2016), and here we use β∗ = 0.2. The bow shock is identified by
locating the minimum and maximum of the radial (r‐direction) gradients of density and velocity in spherical
coordinates, respectively.

2.3. Soft X‐Ray Intensity

All soft X‐ray images shown in this study are derived from the 3‐D global hybrid simulation. The soft X‐ray
intensity IX is derived by line‐of‐sight integral of the emissivity PX (Sun et al., 2019, 2020):

IX =
1
4π

∫PXdr =
1
4π

∫αXnHnSW
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

u2b + u2th
√

dr (keV cm− 2 s− 1 sr− 1),

where αX denotes the charge‐exchange efficiency; nH = n0 (10RE/r)3 is the exospheric hydrogen number den-
sity; nsw is the solar‐wind plasma number density; ub is the bulk flow speed; and uth is the thermal speed. In
accordance with previous studies (Connor & Carter, 2019; Cravens et al., 2001; Fuselier et al., 2020; Sun
et al., 2019; Voitcu et al., 2025; Whittaker et al., 2016), the value of αX and n0 are set to 1 × 10− 15 eV cm2 and
25 cm− 3 in this study, respectively.

3. Results
Our simulation demonstrates magnetosheath jets generated by the interaction between an interplanetary
discontinuity and Earth's bow shock; this scenario differs from jets formed under steady IMF conditions via the
interaction of upstream waves with a quasi‐parallel bow shock.

3.1. Overview

Figures 1a–1d show the temporal evolution of the interaction between an interplanetary discontinuity and Earth's
magnetosphere. The discontinuity convects southward with the solar wind, and the convective electric field
(− Vsw × B) on both sides is directed toward the discontinuity (Figure 1a). Upon encountering the bow shock, a
hot flow anomaly (HFA) forms in the shock‐discontinuity interaction (SDI) region (Figure 1b). HFAs are
transient structures that form when an interplanetary discontinuity intersects the bow shock under a focusing
motional electric field, producing a hot, tenuous core with reduced magnetic‐field magnitude and dynamic
pressure (Lin, 2002; Lin et al., 2022; Omidi & Sibeck, 2007; Schwartz et al., 1985). Two magnetosheath high‐
speed jets with enhanced dynamic pressure flank the HFA core. Within the SDI region, the bow shock exhibits
large‐scale deformation and bulges sunward. At this time, the magnetopause shows no clear response or distortion
because the HFA core and the associated magnetosheath jets remain too small (Figure 1b and Figure S1b in
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Figure 1. Overview of the magnetosheath jets and HFA formed by SDI. Panels (a–d) show dynamic pressure Pd in y = − 4.4 RE slice at t = 2,340.9, 2,851.1, 3,088.7,
and 3,179.7 s. The 3‐D gray surface is the magnetopause, and the pink curve indicate the bow shock. The yellow dashed line highlights the position of TD. Green and red
arrowed curves denote magnetic field lines on the pre‐ and post‐TD sides, respectively. Gray arrows indicate the convective electric field directed toward the
discontinuity in the solar wind. Panels (e–f) show volume render of dynamic pressure Pd in the magnetosheath at t = 2,340.9 and 3,179.7 s. The red and cyan arrows
indicate the magnetosheath jets and HFA, respectively. The white dot in panel (d) indicates the location of the virtual spacecraft.
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Supporting Information S1). Some small‐scale, periodic undulations of the magnetopause may be signatures of
the magnetopause surface eigenmode (Archer et al., 2019). As the discontinuity continues to convect southward,
the HFA grows in size (Figures 1c and 1d). At t = 3,179.7 s, the overall HFA's width reaches ∼12 RE (Figure 1d).
By comparison with the pre‐SDI magnetopause, magnetosheath jets impinge on and dent the magnetopause,
while the low‐pressure core draws it sunward, producing large‐scale magnetopause distortion (Figures 1d and 2a),
consistent with previous observational and simulation studies (Zhang et al., 2022; Zhou et al., 2026). The
magnetopause distortion reaches up to 5 RE in amplitude and extending up to 17 RE along the discontinuity, and it
can propagate across the cusp region to the nightside (see Figure S1 in Supporting Information S1 and Movie S1).

Figures 1e and 1f show the magnetosheath dynamic pressure before and after the SDI. At t = 2,340.9 s
(Figure 1e), the dawnside magnetosheath in the Northern Hemisphere is downstream of a quasi‐parallel bow
shock and exhibits a honeycomb‐like structure (Fatemi et al., 2024; Ren, Guo, et al., 2024), whereas elsewhere the
magnetosheath is downstream of a quasi‐perpendicular bow shock. At t = 3,179.7 s (Figure 1f), the low‐latitude
magnetosheath is downstream of a quasi‐parallel bow shock, whereas the high‐latitude magnetosheath is
downstream of a quasi‐perpendicular bow shock. The HFA develops into a fissure‐like structure that spans the
entire dayside magnetosheath and extends for approximately 40 RE along the discontinuity (Figure 1f). The
magnetosheath jets are ribbon‐like structures that surround the HFA core downstream of both quasi‐parallel and
quasi‐perpendicular portions of the bow shock (Figures 1d and 1f). Because the convective electric field directed
toward the discontinuity is stronger at the leading edge (E0 = 1.45 mV/m) than at the trailing edge
(E1 = 1.18 mV/m), the leading‐edge jet is correspondingly larger and stronger, exhibiting higher dynamic
pressure than its trailing‐edge counterpart.

3.2. Mechanism of Magnetosheath Jet Formation During the SDI

For a high‐Mach‐number shock, the Rankine–Hugoniot (R‐H) jump conditions imply Vn,up = rcVn,down and that
Vt,up is approximately equal to Vt,down. Here Vn and Vt are the velocity components normal and tangential to the
shock surface, the subscripts “up” and “down” denote upstream and downstream, and rc is the compression ratio.
In our simulation, rc is about 3.8. Figure 2a shows the velocity magnitude and streamlines in the vicinity of the
SDI. As the solar wind crosses the bow shock, its normal velocity component is reduced, whereas the tangential
component changes little, deflecting the flow along the shock surface (Figure 2b). Because the upstream flow has
a small normal component, the downstream bulk velocity is not appreciably reduced. Additionally, expansion of
the low‐pressure HFA core compresses the surrounding plasma (Figure 2c), thereby generating magnetosheath
jets characterized by enhanced dynamic pressure. Within the magnetosheath jets, strong earthward flows, nearly
aligned with the local magnetic field, impinge directly on the magnetopause (Figure 2d). In contrast, the flow in
the HFA core is sunward, creating pronounced velocity shear at the core–jet interface (Figure 2d). Two jet‐
associated vortices form near the magnetopause (Figure 2a), which we attribute to the jets being deflected as
they impinge on the magnetopause. However, we do not find clear vortices driven by Kelvin–Helmholtz insta-
bility (KHI) along the jet flanks. Its absence may reflect stabilization by a flow‐aligned magnetic‐field component
of magnetic field or the finite resolution of our simulation, which cannot resolve smaller‐scale vortices
(e.g., electron‐scale KHI).

3.3. Virtual Spacecraft Observations

Figure 3 presents observations from a stationary virtual spacecraft fixed at P1 = (10.6, − 4.4, − 6) RE (marked by
the white dot in Figures 1 and 2). At t ≈ 2,980 s, the virtual spacecraft observes the first SDI‐generated mag-
netosheath jet, with dynamic pressure exceeding half the solar‐wind dynamic pressure, lasting about 30 s. This is
followed by passage of the HFA core for roughly 156 s, and finally by a second SDI‐generated magnetosheath jet
lasting about 78 s. The normal propagation speed of the discontinuity is VSW · n = 179 km/ s. The three struc-
tures (jet‐core‐jet) encountered sequentially by the virtual spacecraft have extents of 0.8, 4.4, and 2.2 RE,
respectively, along the discontinuity normal (overall 7.4 RE). Note that, in this case, the leading‐edge jet appears
smaller than the trailing‐edge jet because the virtual spacecraft observes the leading‐edge jet at an early stage of its
evolution. A direct measurement from the 3‐D simulation at t = 3,179.7 s gives an overall HFA extent of 9.8 RE
along the discontinuity normal, exceeding the observation‐based estimate of 7.4 RE. The remaining difference
arises from HFA expansion during the observation interval of the virtual spacecraft.
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Within magnetosheath jets, the dynamic pressure is enhanced, accompanied by increases in magnetic field
strength and bulk velocity (cyan shadings in Figure 3). By contrast, the HFA core exhibits reduced dynamic
pressure, plasma density, magnetic field, and bulk velocity (red shading in Figure 3). Because the virtual
spacecraft at P1 remains in the magnetosheath before and after the HFA encounter, the density enhancement
within the jet (the compressed edge of the HFA) is not obvious. In contrast, the virtual spacecraft at P2 = (12.5,
− 4.4, − 9) RE (Figure S2 in Supporting Information S1) is in the solar wind before and after the HFA encounter
and therefore observes a clear density enhancement in the jet, consistent with previous studies (Kim et al., 2025;
Raptis et al., 2025; Sibeck et al., 2021; Suni et al., 2025). In Figure 3c, the jets show a pronounced enhancement of
− Vx (earthward flow), whereas the HFA core shows a pronounced enhancement of +Vx (sunward flow). The jet
dynamic pressure reaches ∼6.7 nPa, while that in the HFA core drops to ∼0.04 nPa—approximately 5 times and
0.03 times the magnetosheath background (∼1.2 nPa, red solid line in Figure 3d), respectively—thereby driving
the large‐scale magnetopause distortion.

4. Discussion
Since the discovery of solar wind charge exchange (SWCX) X‐ray emission (Cravens, 1997; Lisse et al., 1996),
soft X‐ray imaging has been proposed as a remote‐sensing technique to detect large‐scale magnetospheric
structures (Branduardi‐Raymont et al., 2011; Walsh et al., 2016). SWCX occurs when highly charged solar‐wind
ions (e.g., O7+) exchange electrons with neutral atoms (e.g., H), placing the ions in excited states that emit soft
X‐ray photons upon de‐excitation. Emissivity is strongest where both ions and neutrals are abundant, notably in
the magnetosheath and the cusps. The HFA core and its flanking jets drive a large‐scale reconfiguration of the
magnetosheath and may be detectable by soft X‐ray imagers via SWCX emission. Figure 4 presents synthetic
X‐ray images for a lunar‐based soft X‐ray imager (LSXI, Guo et al., 2021), derived from the simulation data. The
soft X‐ray emissivity peaks in the magnetosheath and the cusps (Figure 4a). During the SDI, it is depressed in the
HFA core but enhanced in the flanking magnetosheath jets (Figure 4b). Real‐time soft X‐ray images indicate that,
prior to the SDI, the magnetosheath X‐ray intensity is relatively uniform (Figure 4c). After SDI onset, a

Figure 2. Formation mechanism of magnetosheath jets. Panels (a–d) show ion velocity V, z component of ion velocity Vi,z,
ion densityNi, and x component of ion velocity Vi,x in y = − 4.4 RE slice at t= 3,179.7 s. The red and pink curves indicate the
magnetopause and the bow shock, respectively. The white curves in panel (a) indicate the magnetopause at t= 2,340.9 s, prior to
the SDI. The purple contours mark the jet boundaries, defined as the region where the magnetosheath dynamic pressure exceeds
1.5 times the background value. Black arrowed curves in panel (a) depict velocity streamlines, whereas those in panel (d) depict
magnetic field lines. The white dots indicate the location of the virtual spacecraft.
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pronounced intensity cavity appears at the HFA core, flanked by regions of enhanced X‐ray intensity that
correspond to the jets (Figure 4d). Ten‐minute averages of the soft X‐ray intensity clearly resolve the SDI‐driven
structures (Figures 4e and 4h). Although realistic SXI noise degrades the image quality (Figures 4f and 4i),
median filtering recovers these structures (Figures 4g and 4j). We suggest that SDI‐driven structures should be
detectable by future soft X‐ray imagers.

Under steady solar wind conditions, Hietala et al. (2009) proposed that local curvature variations of the quasi‐
parallel bow shock create regions where the upstream flow is nearly perpendicular to the local shock normal,
so the shock primarily deflects the flow along its surface with little deceleration, producing jets. However, Ren
et al. (2023) suggest that rapid, transient bow‐shock undulations cannot maintain continuous jet production. Our
results indicate that SDIs produce persistent bow‐shock deformations, with the ensuing jets consistent with
Hietala et al. (2009) and corroborating the scenario of Zhou et al. (2023, 2026), which is based on an observation‐
derived 3‐D reconstruction of the bow shock. In some cases, a rotational discontinuity can also generate an HFA
under the same focusing geometry (Turc et al., 2025). The interactions between rotational discontinuity and the

Figure 3. Virtual spacecraft observations of magnetosheath jets and HFA. Panels (a–d) show ion density, magnetic fields, ion
velocity, and dynamic pressure measured by a stationary virtual spacecraft (indicated in Figure 1d) at P1 = (10.6, − 4.4, − 6)
RE. The red and cyan shadings mark the HFA core and magnetosheath jets, respectively. The red solid and black dotted lines in
panel (d) denote half the dynamic pressure in the solar wind and the mean background magnetosheath dynamic pressure,
respectively.
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bow shock can also generate magnetosheath jets (Suni et al., 2025), some of which may represent reconnection
outflows (Lu et al., 2020). Previous observations have reported the occurrence of jets downstream of quasi‐
perpendicular shock (Blanco‐Cano et al., 2023; Goncharov et al., 2020; Kajdič et al., 2021; Raptis
et al., 2020). Our results indicate that SDI‐driven jets can extend across both the quasi‐perpendicular and quasi‐
parallel magnetosheath, consistent with previously proposed jet‐formation mechanisms in the quasi‐
perpendicular magnetosheath associated with solar‐wind discontinuities (Archer et al., 2012; Zhou et al., 2026).

Previous studies showed that the low‐pressure HFA core draws the magnetopause outward (Archer et al., 2014;
Sibeck et al., 1999). Recently, Sibeck et al. (2025) performed a global MHD simulation in which a solar‐wind slab
with reduced density and magnetic field strengths, but enhanced temperatures interacts with Earth's bow shock
and magnetosphere, producing a growing transient at the bow shock with HFA‐like properties and an outward
magnetopause bulges. We perform a 3‐D global hybrid simulation with kinetic ions that self‐consistently

Figure 4. X‐ray image from a lunar‐based soft X‐ray imager located at (0, − 60,0) RE. Panels (a, b) show X‐ray emissivity
PX in the meridian plane at t = 2,340.9 and 3,179.7 s. Panels (c, d) show X‐ray intensity IX at t = 2,340.9 and 3,179.7 s. The
white arrows indicate the north and south cusps. Panels (e, h) show the average X‐ray intensity over 10 min before and after the
formation of HFA. Panels (f, i) show SXI instrument‐simulated images with realistic noise added (Guo, Sun, et al., 2022),
corresponding to panel e and h, respectively. Panels (g, j) perform median filtering of the images (f, i) in two dimensions. The
cyan arrows indicate the HFA.
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reproduces the SDI, the HFA with flanking jets, and their impacts on the magnetopause. The simulation provides
a more realistic 3‐D physical picture of SDI‐driven jet formation and the resulting magnetopause distortion.

5. Conclusions
We used a 3‐D global hybrid simulation to study magnetosheath jets formed by SDIs and their impact on the
magnetopause. SDI‐driven deformation of the bow shock redirects the solar wind according to the R‐H relations,
deflecting the flow along the shock with little deceleration, while expansion of the low‐pressure HFA core
compresses the flanks. Together, these processes produce ribbon‐like jets extending along the discontinuity
downstream of both quasi‐parallel and quasi‐perpendicular portions of the bow shock. The HFA grows into a
fissure‐like structure spanning the dayside magnetosheath, reaching ∼40 RE along the discontinuity and ∼10 RE
along the discontinuity normal. Dynamic pressure in jets reaches∼7 nPa, whereas it drops to∼0.1 nPa in the HFA
core. These pressure contrasts drive large‐scale magnetopause responses: outward protrusion over the HFA core
and indentation at the jets, with distortion amplitudes up to ∼5 RE and along‐discontinuity extents of ∼17 RE. The
distortion convects with the discontinuity. Synthetic soft X‐ray images derived from the simulation indicate that
the SDI‐drive structures should be detectable by future soft X‐ray imagers, such as the lunar‐based soft X‐ray
imager (Guo et al., 2021).
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