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Title

Size

Proposers

Coronal Magnetism Explorer

S/M?

Scullion et al.

Exploring the solar poles

L/M

Harra et al.

High Resolution Imaging and Spectroscopy
Explorer

L(/M)

Erdelyi et al.

In situ studies of the solar corona

L/M?

Krasnosselskikh et al.

Magnetism and structure of chromosphere
and transition region
Magnetic Imaging of the Outer Solar
Atmosphere
Solar Particle Acceleration, Radiation &
Kinetics
The Grand European Heliospheric
Observatory

S(/M?)

Orozco Suárez et al.

L/M

Peter et al.

L/M

Matthews et al.

N.A.

McCrea et al.

Magnetic field regulates activity

• How does the dynamo work?
• How is the outer atmosphere heated?
• How do flares and CMEs work?
• Can we reliably predict flares and CMEs?
• How is the solar wind accelerated and heated?
• How does particle acceleration work on the Sun,
and by extension, in the universe.

Why from space?

Kleint 2017
Earth’s atmosphere limits us to λ ≥ 300 nm.
➥ We cannot see the hot stuﬀ, or miss diagnostics for cold stuﬀ.

Hinode/EIS observations:
• large 80 step x 2” raster
• 5s exposure time
• Fe XXIV 192 and 255Å
(~20MK) strongest flare lines

Why from space?
EIS Fe XXIV
EIS FOV

Doschek
et al.2018
Warren et al. 2018
Warren et al. 2018

EIS Fe XXIV
Doschek et al.2018

XRT
Polito 2019

XRT
Earth provides only a single vantage point only.
➥We cannot see the poles.
➥We cannot do stereoscopy, events are too quick

Why from space?

Earth’s atmosphere blurs and lowers SNR needed for polarimetry
➥We cannot get simultaneous large FOV and high resolution
➥We cannot get long stable time series

Why from space?

Gosic et al 2016
Earth’s atmosphere blurs and lowers SNR needed for polarimetry
➥We cannot simultaneously get large FOV and high resolution
➥We cannot get long stable time series

Why from space?

We can only do remote sensing from Earth
➥Going to the Sun allows in situ measurements

Solar Particle Acceleration,
Radiation & Kinetics (SPARK)
Matthews et al.

•

L or M mission concept to study particle acceleration

•

Universal process but uniquely accessible on the Sun

•

Remote stereoscopic sensing and in situ
measurements

SPARK
•

What is the transition between plasma heating and
particle acceleration?

•

What are the processes responsible for ion acceleration,
and what is their relationship to electron acceleration
processes

•

How and where are the most energetic particles
accelerated on the Sun?

•

What is the role of the magnetic field in determining the
onset and evolution of particle acceleration, and what is
the role of energy transport eﬀects?

developments in integral field spectroscopy (e.g. C
instruments capable of simultaneous 2D spectral a
flare ribbons and particle deposition sites with high

SPARK

What are the spectral characteristics and relati

•

Spectra 4 keV-150 MeV

•

Imaging 2 keV - 30 MeV

•

Measure X-ray and γ-ray
polarisation

•

Stereoscopy through multiple
spacecraft at L4 & L5.
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Figure 2: Overlay of the 50%, 70%, and 90%
contours of gamma-ray images made with m
RMCs 6+9 on a TRACE 195 Å image of the m
October 28 flare (Hurford et al., 2006).
ph

secondary shields to protect the spacecraft. Radiators are needed to evacuate the heat sideways.
The heat shield should be made of one of the three materials envisaged during the NASA
STDT/2005 and 2008 studies for Parker Solar Probe (McComas et al., 2008). The most critical
choice is that of the coating, for which the two main candidates are Carbon Carbon composite
and pyrolytic boron nitride (pBN, also called ‘white carbon’). Present studies show that it is
possible to remain below 2300 K at 1.5 Rs with a 15°-conical heat shield that is coated with
pBN. This is further illustrated below. The final choice will require further physico-chemical
studies of these composites at high temperature and with realistic proton and VUV irradiation.

In situ studies of solar wind heating
and acceleration
Krasnoselskikh et al.

•
•
•
•

Figure 7: Temperature dependence of the outer part of the heat shield versus half cone angle for
two α/ɛ ratios (0.4 and 0.6) and solar distances ranging from 1 Rs to 2 Rs.

In situ measurements down to 1 solar radius from the surface
How is the solar wind accelerated ?
How is the solar wind heated ?
What are in situ properties of the solar atmosphere ?

Coronal Magnetism Explorer
Scullion et al.

Wave power, magnetic fields, and CME formation and properties in the solar corona
• 3 pairs of satellites, 1 satellite per pair external occulter
• Earth, trailing and leading earth orbit for stereoscopy
• Coronagraph, and imaging spectropolarimetry in optical/IR.

HiRISE

High Resolution Imaging and
Spectroscopy Explorer
High Resolution Imaging and Spectroscopy Explorer

Ultrahigh resolution, interferometric and external occulting
coronagraphic science: Great leap in solar physics

Erdelyi et al.

Proposal in response to the ESA science programme call for White Papers in the Voyage 2050 long-term
plan

Comprehensive observatory
tackling many major open questions in solar physics
Lead Contact:
•
•
•
•
•

Robertus Erdelyi,
Solar Physics and Space Plasma Research Centre
School of Mathematics and Statistics
University of Sheffield
Sheffield, S3 7RH, UNITED KINGDOM
Tel.: (+44) 114 2223832
e-mail: robertus@sheffield.ac.uk

2 satellites at L1, 1 satellite as external occulter
Coronagraph in vis., UV, NIR
Imaging spectropolarimetry in UV
3 50-cm UV telescopes act as interferometer
Cover page
Host of other instruments

Magnetism and structure of
chromosphere and transition region
Orozco Suárez et al.
The Astrophysical Journal, 841:31 (17pp), 2017 May 20

Ishikawa et al.

• Make 3D time-dependent models of chromosphere and TR
• Use atomic level polarisation, Hanle, and Zeeman eﬀects in
Lyα and Mg II h&k

