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7,5 white papers
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

S(/M?) Orozco Suárez et al.

Magnetic Imaging of the Outer Solar 
Atmosphere 

L/M Peter et al.

Solar Particle Acceleration, Radiation & 
Kinetics

L/M Matthews et al.

The Grand European Heliospheric 
Observatory

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? 

Earth’s atmosphere limits us to λ ≥ 300 nm.

➥ We cannot see the hot stuff, or miss diagnostics for cold stuff.

and the chromosphere (black diamonds) with the fits from
Equation (3) shown using dashed lines. It can be seen that the
magnetic field evolutions of the photosphere and the chromo-
sphere are seemingly independent, sometimes showing steps of
opposite signs and larger steps in one or the other layer. The
changes are permanent and persist even when the chromo-
spheric intensity returns to its original level. Most of the large
(>300Mx cm−2) chromospheric steps occur right at flare onset
(17:45 UT), but later ones (∼17:50) can also be observed. A
difference of up to 3 minutes can be observed between the
timing of photospheric and chromospheric changes.

The AIA emission nearly always starts with an increase in
the 1600 and 211Å passbands, while the other passbands
follow with variable delays (seconds to ∼10 minutes).
Photospheric changes of BLOS seem co-temporal with the
increase of AIA emission (within one minute), while chromo-
spheric changes in some cases appear after the AIA emission
and the Ca 8542Å emission peaked (e.g., bottom right panels
in Figure 6). There do not seem to be any magnetic field
changes before the intensity increases in AIA or IBIS. In
conclusion, the intensity increase in Ca 8542Å and AIA
passbands and the timing of BLOS changes do not seem to be a

Figure 4. Left column: photospheric changes of BLOS derived from HMI with their size color-coded according to the color bar. Right column: chromospheric changes
of BLOS derived from IBIS (color scale clipped to match photospheric ΔB). (a) The background image shows the photospheric intensity from HMI and a DST/G-band
overlay for higher spatial resolution. The IBIS’ FOV is indicated by white lines. The contours (40%, 80%) correspond to the temporal evolution (dark to bright) of the
30–70 keV HXR emission from RHESSI. (b) Background: HMI magnetogram with an overlay of Hinode’s Na I Stokes V for higher resolution. Red lines indicate
polarity inversion lines. (c) Background: speckle-reconstructed line core image of Ca II 8542.1 Å showing that chromospheric changes occur mainly co-spatially to the
ribbons.
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Why from space? 

Earth provides only a single vantage point only.

➥We cannot see the poles.

➥We cannot do stereoscopy, events are too quick

  10th September 2017 flare

Warren et al. 2018

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

EIS Fe XXIV 

Warren et al. 2018

XRT

Doschek et al.2018

EIS	FOV

  10th September 2017 flare

Warren et al. 2018

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

EIS Fe XXIV 

Warren et al. 2018

XRT

Doschek et al.2018

EIS	FOV

Polito 2019



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? 

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

Gosic et al 2016



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



SPARKSPARK

• 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? 



SPARK
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unresolved profiles are currently observable with SDO/EVE (Brown et al., 2016). However, new 
developments in integral field spectroscopy (e.g. Calcines et al., 2014a,b,c) offer potential for new space 
instruments capable of simultaneous 2D spectral and spatial observation in the Lyman lines of conjugate 
flare ribbons and particle deposition sites with high spatial, spectral and temporal resolution. 
 

What are the spectral characteristics and relative abundances of energetic ions? 

Narrow emission lines produced by accelerated 3He and 
α particles provide information on the He abundances in 
the accelerated particles and the ambient solar plasma 
as well as the 3He abundances (Ramaty et al., 1996). 
Using SMM/GRS observations, Mandzhavidze et al. 
(1999) found abundance enhancements of the 
accelerated  3He and α  in several !-ray flares indicating 
that particles may be accelerated by the same 
mechanism (e.g. stochastic acceleration through 
gyroresonant wave-particle interaction (Ramaty & 
Mandzhavidze 2000).The implications for accurate 
determination of 3He abundances goes beyond that of 
flare physics. 3He is a tracer of nucleosynthesis in the 
early universe and estimates of its representative 
abundance are important constraints for cosmological 
models. γ-ray observations of solar flares provide a 
more direct method of determining 3He in the solar 
photosphere than from other methods such as solar 
wind measurements (Hua & Lingenfelter 1987). 

High spectral resolution in the GRL domain is however essential to constrain the line fluences and to 
analyse line shapes. Together with detailed calculations of GRL shapes, these observations provide 
strong constraints on the ratio of accelerated helium with respect to accelerated protons. However, many 
parameters determine line fluences and line shapes: the angular distribution of interacting ions, spectral 
index of the energetic ions and "/p ratio, so that only the combination of line shapes and line fluences 
can provide strong constraints on those parameters directly linked to particle acceleration and transport 
models. The number of solar flares for which GRL spectra at high resolution have been obtained is still 
very small (around five combining RHESSI and INTEGRAL/SPI observations) (see e.g. Kiener et al., 
2006), and even in these cases the separation of the line emission from the bremsstrahlung and broad 
line background remains a difficult issue. The relative importance with time of the narrow (produced by 
the energetic proton and alpha-particle) and broad (produced by the heavier accelerated species) line 
shapes should also be key evidence for the progress of the energisation process but this sort of study 
has been achieved for very few events in  all existing data (Murphy et al., 1991; Trottet et al., 1996; 
Ramaty et al., 1997). 

 

Figure 2: Overlay of the 50%, 70%, and 90% 
contours of gamma-ray images made with 
RMCs 6+9 on a TRACE 195 Å image of the 
October 28 flare (Hurford et al., 2006). 

• Spectra 4 keV-150 MeV


• Imaging 2 keV - 30 MeV


• Measure X-ray and γ-ray 
polarisation


• Stereoscopy through multiple 
spacecraft at L4 & L5.



In situ studies of solar wind heating 
and acceleration 

Krasnoselskikh et al.
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IV.1 Thermal design 
 
The primary technological obstacle is the protection of the spacecraft against the intense 
radiative flux. Lessons learnt from the PHOIBOS design study and from the Parker Solar Probe 
and Solar Orbiter missions show that the two key parameters are shape of the heat shield and its 
material.  
 
The shape of the heat shield needs to be conical with a 15° to 30° half-cone angle and several 
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.  
 

 

  
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.



High Resolution Imaging and 
Spectroscopy Explorer  

Erdelyi et al.

Comprehensive observatory tackling many major open questions in solar physics

• 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

• Host of other instruments

HiRISE – ESA - Voyage 2050 

Cover page 

HiRISE 
 
 

High Resolution Imaging and Spectroscopy Explorer 
 
 

Ultrahigh resolution, interferometric and external occulting 
coronagraphic science: Great leap in solar physics 
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plan  
 
Lead Contact: 
Robertus Erdelyi,  
Solar Physics and Space Plasma Research Centre 
School of Mathematics and Statistics  
University of Sheffield 
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Magnetism and structure of 
chromosphere and transition region 

Orozco Suárez 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

Figure 2. Top panels: Lyα spectra obtained by CLASP. The horizontal and vertical axes show the wavelength and solar radius, respectively. (a): intensity in
logarithmic scale. (b) and (c): Q/I and U/I at ±0.6%. Regions A, B, C, and D in Figure 1 are indicated by the colored brackets. Lower panels: spatially and temporally
averaged I (mean number of photons per exposure assuming that one electron corresponds to one photon), Q/I, and U/I in the Lyα line. In all panels, the red
horizontal bar indicates the wavelength window chosen to calculate the line core I, Q/I, and U/I signals (within 0.012 nm from the nominal line center), while the
green vertical lines indicate the wavelength positions chosen to calculate the wing I, Q/I, and U/I signals (at ±0.05 nm from the nominal line center). The green
vertical lines indicate the wavelengths where the averaged Q/I shows maximum amplitude.
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