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The core payload team includes the PIs, Co-PIs, and Co-Is. A full list of the INSTANT scientific 
consortium can be found in Annex B, and the supporting letters from national agencies are 
given in Annex C. 

INSTANT WEBSITE COVER PAGE 
The INSTANT website is a friendly interface for 
communication and public outreach purposes. 
Providing an understanding of the mission objectives 
and its implementation scheme, it has already 
demonstrated its attractiveness in gathering a wide 
scientific community. 

 

https://instantmission.wordpress.com 

The Sun-Earth interaction as viewed by the INSTANT 
spacecraft at the Lagrangian L5 point. Coronal Mass 
Ejections drive shocks and produce high energy 
particles, directly shape and interact with the 
coronal and heliospheric magnetic fields, with 
ensuing strong impacts on Earth.  

Courtesy: Kevin Segura 
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2. EXECUTIVE SUMMARY 
The INvestigation of Solar-Terrestrial Activity aNd Transients (INSTANT) mission will identify how solar 
coronal magnetic fields drive eruptions, mass transport and particle acceleration that impact the Earth 
and the heliosphere. With the INSTANT mission, ESA and CAS will be the first to (1) obtain unprecedented 
measurements of coronal magnetic fields from space, and (2) determine coronal mass ejection (CME) 
kinematics with unparalleled accuracy. Thanks to innovative instrumentation at a vantage point that 
provides the most suitable perspective view of the Sun-Earth system, INSTANT will, in addition, uniquely 
track the whole chain of fundamental processes driving space weather. In compliance with the technical 
and programmatic constraints, the proposed mission profile and wide collaboration between CAS and ESA 
provide INSTANT with remarkably broad science and societal impacts. 

2.1 Science objectives 
Solar perturbations, and in particular CMEs, are the most energetic transients affecting the heliosphere. 
Their impact on Earth's environment is often dramatic, and potentially highly damaging to our increasingly 
vulnerable technology-based society. Yet, it is striking that, to date, the physics underlying CME formation, 
eruption and propagation in the heliosphere is still poorly understood. Our understanding is poor owing 
to the elusive nature of a few key properties, in particular the magnetic structure of the corona, accurate 
CME kinematics, coronal shock strength and location, and knowledge of the background solar wind. Lack 
of knowledge of these key parameters also inhibits the modeling of CME behavior with sufficient detail for 
accurate prediction of their near-Earth characteristics. INSTANT is designed to open new windows in solar-
terrestrial relations, and answer compelling questions in solar, heliospheric and space weather sciences: 

1. What is the coronal magnetic field configuration before and during CME eruptions? 
2. What controls CME acceleration and subsequent propagation in the inner heliosphere? 
3. Where do CME-driven shocks form and how do their properties affect particle acceleration? 
4. How do INSTANT observations at L5 increase our space weather prediction capabilities?  

 

2.2 Scientific requirements 
Solar observations made from a near-Earth vantage point (e.g., the ground or Lagrangian L1 point) are far 
from optimal for determining the key characteristics of Earth-bound CMEs. From Earth there are well-
understood projection effects. Apart from a few ground-based facilities, and with significant limitations, 
current solar observatories also do not provide sufficient information on coronal magnetic fields. With 
innovative instruments and a unique mission profile, INSTANT is designed to overcome projection effects 
by drifting towards, and then stopping at, the Lagrangian L5 point. INSTANT provides the first coronal 
magnetic field measurements that enable the study of the coronal magnetic structure and of erupting 
CMEs. In combination with wide-angle polarizing heliospheric imagery, which provides accurate CME 
speed and trajectory information in the inner heliosphere, INSTANT enables the necessary comparison of 
the properties identified through imaging with in-situ measurements both in the vicinity of the Earth (L1) 
and at INSTANT itself. 

2.3 Proposed payload 
All instruments have a conservatively estimated TRL of 6, consistent with the mission boundary conditions. 
The MAGIC (MAGnetic Imaging of the Corona) coronagraph has the least heritage of the payload. Whilst 
the basic observational technique has been used by ground-based telescopes for measuring coronal 
magnetic fields, the observations from space by MAGIC are unprecedented. The PHELIX (Polarising 
HELiospheric Imaging eXplorer) instrument has a strong heritage. It is an adaptation of an instrument that 
has flown successfully on the two STEREO spacecraft. The proposed PHELIX instrument for INSTANT is 
enhanced with polarization measurement capabilities to permit unparalleled accuracy in the 
determination of the propagation direction and mass distribution of CMEs.  

There are three complementary in situ instruments with strong heritage from other missions. HEPS (High 
Energy Particle Sensors) measures energetic electrons, protons and heavy ions accelerated at CME-driven 
shocks and at the site of flares. Thanks to the interplanetary magnetic field parker spiral configuration, 
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HEPS is in an ideal location to measure particles streaming away from these sources. The PAS (Proton and 
Alpha Sensor) and MAG (MAGnetometer) instruments measure the in situ solar wind and magnetic field 
properties, respectively, of CMEs and corotating interaction regions (CIRs) propagating over both INSTANT 
and the Earth.  

2.4 Proposed mission configuration and profile 
INSTANT will be launched on an escape orbit trailing the Earth towards the L5 point. The proposed launcher 
is a Chinese Long March 2C CTS rocket for escape into a heliocentric orbit. The proposed spacecraft and 
payload accommodation were established with industrial partners, based on a PROBA-type platform (TRL 
7). The platform is three-axis stabilized and has accuracy and stability compliant with the imaging 
requirements. The spacecraft is designed with an additional electric propulsion module that has the 
thrusting capabilities needed for orbit insertion around L5. The design meets the mass, power and 
telemetry requirements using commensurate solar panels, dish antenna and deep-space ground antenna 
network (4h daily contact at the 66m Jiamusi antenna in China). Instruments operate at all times except 
when the thrusters are fired for insertion at L5. The possibility of returning real-time data for space 
weather purposes will be investigated in phase A, but is not part of the baseline. 

INSTANT has two science phases. In phase 1, which corresponds to the first 1.5 years of science operation, 
proximity with Earth warrants high telemetry rates. In this phase the highest cadence and resolution are 
achieved, thereby allowing us to address coronal magnetic activity and shock-related science in 
unprecedented details. In phase 2 at L5, lasting for 1 year, increased distance from Earth leads to reduced 
telemetry. Thanks to an appropriate vantage point off the Sun-Earth line, however, unprecedented coronal 
and heliospheric imaging of Earth-bound CMEs is achieved. This imaging is combined with in situ 
measurements at INSTANT, at L1, and throughout the inner heliosphere to gain a more complete 
understanding of the complex chain of processes that govern Sun-Earth interactions.  

2.5 Management and cooperation scheme 
The INSTANT team has an excellent track record for producing first-class science and instrumentation. 
Sharing of resources between Europe and China includes mission preparation and implementation (cf. 
spacecraft, launcher and payload above), the ground segment, data archiving, and overall management in 
all phases. Charts covering all aspects are provided, highlighting all responsibilities and clear lines of 
authority.  

2.6 Costing 
An industrial partner has estimated the cost of the proposed spacecraft to ESA at 43 M€. The proposed 
launch cost to CAS is estimated at 15 M€. Mission operations and ground segment are shared between 
the two agencies. The total cost at completion (CaC) is 52.8 M€ for ESA and 53.3 M€ for CAS. Payloads are 
provided by national agencies.  

2.7 Broader impacts 
INSTANT constitutes a giant leap forward in our understanding of Sun-Earth interactions, with direct 
economical and societal impacts. INSTANT is highly synergetic with other flagship missions such as Solar 
Orbiter, Solar Probe +, and Bepi-Colombo. Because the solar system is a unique laboratory for astrophysics, 
broader impacts are expected in the realms of, e.g., stellar magnetism, star – near-planet interactions, 
extra-solar magnetospheres, stellar winds, and astrophysical shocks. Finally, INSTANT science addresses 
ESA’s Cosmic Vision goal “How does the Solar System work?”, the US NRC Decadal Strategy Document 
“Solar and Space Physics for a science and technological society”, and COSPAR’s Roadmap on 
“Understanding space weather to shield society”.  
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