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Abstract

deep-space exploration, several solar and interplanetary mission concepts have been recently proposed in

To meet the national strategic demands in understanding solar storms and safeguarding

China. These mission concepts include one Sun-orbiting Lagrangian L3-L4-L5 satellite constellation in
the ecliptic and twin Sun-orbiting polar satellites out of the ecliptic, aiming at an unprecedented stereo-
scopic view of the Sun and the inner heliosphere. For the joint multi-constellation mission, its scientific
objects can be defined as solar magnetic field, solar storm, and solar wind, with its application object
identified as space weather prediction. Each satellite is suggested to carry a suit of scientific instruments
to measure photon emissions, particle radiation, and electromagnetic waves. Using the three-dimensional
numerical magnetohydrodynamic simulation of solar-terrestrial space and the aesthetic visualization of
computer graphic design, the exploration scenario of the in-ecliptic Sun-staring satellites and the out-of-
ecliptic bird-view satellites is vividly presented. The potential multi-constellation mission in China is ex-
pected to be able to uncover the mysterious origin and eruption of solar magnetic field, understand the
space weather chain of Sun-Earth coupling system, and provide the initial and boundary conditions for
three-dimensional data-driven space weather modelling. Therefore, if being carried out successfully, such
a multi-constellation mission can be a historic landmark in improving the performance of space weather
monitoring, research, and service in China.
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Fig. 1  Some Sun-orbiting satellite trajectories used in
the historic solar and heliospheric exploration missions
such as SOHO, Ulysses, STEREO A&B, PSP, and
SolO. The fields of view of imaging cameras onboard
these satellites are also illustrated. SOHO is located at
Lagrangian point 1 (L1), with other L3, L4, and
L5 points annotated at the Sun-centered circular orbit

within the ecliptic plane at 1 AU
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EIT 195 A synoptic map for Carrington rotation 1967 (a)
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Fig. 2

Full-disk synoptic maps of EUV emission (a) and magnetogram (b) during the solar Carrington rotation

period 1967, observed by EIT and MDI instruments onboard SOHO respectively. Supposing a hypothetic camera
with its Field of View (FOV) subtended by an angle of 60° around the Sun-L1 line, the FOV projection on the solar

map is denoted as one black solid line. Accordingly, the projections of FOVs from cameras at points L3, L4, and

L5 are respectively plotted as white-dotted, white-dashed, and white dashed-dotted lines
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Fig. 3

Stereoscopic imaging effect of interplanetary magnetic cloud (also called as magnetic flux rope) observation

from a L3-L4-L5 satellite constellation in the ecliptic and twin satellites along a solar polar orbit. The viewing

angles from intermediate and high latitudes of the heliosphere are respectively shown in panels (a)(c)

and (b)(d). Here, the red dot, green dot, green line, and dark gray line are used to

denote the Sun, Earth, ecliptic orbit, and polar orbit, respectively
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Fig. 4

Stereoscopic imaging effect of Corotating Interaction Region (CIR) observation from a L3-L4-L5 satellite

constellation in the ecliptic. The viewing angles from ecliptic and high latitudes of the heliosphere are respectively

shown in panels (a) and (b). Here, the three-dimensional density distribution data of CIRs is generated from

a data-driven numerical magnetohydrodynamic simulation of the inner heliosphere
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Table 4

Key technological parameters of scientific payloads accommodated by a satellite

constellation mission to explore the Sun and the inner heliosphere in three dimensions
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Table 5 Constituent satellites and their corresponding observation capability of satellite constellation
mission to explore the Sun and the inner heliosphere in three dimensions
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