
Next%Genera*on%Solar%
Physics%Mission%%

%
Science%Objec*ves%Team�

Overview/Progress,
Lyndsay,Fletcher�



Charter
•  JAXA/ESA/NASA%are%looking%at%a%possible%mul*Flateral%
mission
•  Primary%role%of%SOT%is%to%develop%and%document%
scien*fic%priori*es%of%such%a%mission%within&resources&to&
be&specified&by&the&Agencies*
•  Scope%–%broad.%All%categories%of%mission%currently%under%
discussion%
•  PostF2024%launch
• Mission%likely%to%be%JAXAFled

*These&have&not&been&specified&yet,&apart&from&possible&
preference&for&JAXA&Epsilon&launcher



NGSPMFSOT%members%�
NASAFappointed%Members
•  David%McKenzie,%NASA,%Marshall%Space%Flight%Center
•  Ted%Tarbell,%Lockheed%Mar*n%Solar%and%Astrophysics%Laboratory
•  John%Raymond,%Smithsonian%Astrophysical%Observatory
•  Sarah%Gibson,%HighFAl*tude%Observatory

ESAFappointed%Members
•  Luis%Ramon%Bellot%Rubio%F%Ins*tuto%de%Astrofisica%de%Andalucia,%Spain
•  Mats%Carlsson%%F%UiO%Ins*tute%of%Theore*cal%Astrophysics,%Norway
•  Lyndsay%Fletcher%F%University%of%Glasgow,%UK
•  Sami%Solanki%F%MaxFPlanckFIns*tut%für%Sonnensystemforschung,%Gö]ngen

JAXAFappointed%Members
•  Kiyoshi%Ichimoto,%Kyoto%University/NAOJ
•  Kanya%Kusano,%Nagoya%University
•  Toshifumi%Shimuzu,%ISAS/JAXA,%%team%chair
•  Hirohisa%Hara,%NAOJ
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•  Two,phases,of,the,team,work,
•  Phase,1:,Review,science,objecAves,in,solar,physics,[ongoing],
•  Phase,2:,PrioriAse,the,science,objecAves,and,assess,mission,design,
opAons,to,accomplish,the,objecAves.,

•  Science,objecAves,review,
•  StarAng,with,a,review,of,the,SolarGC,science,objecAves,in,three,
categories,,discussions,have,included,~20,topics,of,solar,physics.,

•  Three,categories:,I).,Coronal,heaAng,,solar,wind,and,dynamic,
atmosphere,,II).,Flares,and,space,weather,research,for,predicAon,,III).,
Solar,cycle,and,irradiance,variaAon,that,influence,the,climate,change,of,
the,earth.,

•  Details,of,science,objecAves,greatly,enhanced,and,informed,by,the,
input,of,34,White,Papers,from,the,community.,The,SOT,is,immensely,
grateful,for,these,contribuAons,

,

NGSPMFSOT:%Process�



NGSPMFSOT:%future�
•  The,report,draT,is,requested,by,the,agencies,in,April;,the,
final,report,in,July,2017.,
•  The,SOT,members,conAnue,to,have,email,discussions,,
teleconferences,and,F2F,meeAngs,for,documenAng,the,
report.,,
•  Polish,up,the,descripAons,of,science,objecAves,,such,as,science,
background,,tasks,,and,key,observaAons,,in,DecemberGJanuary.,

•  Our,discussions,will,be,moving,to,Phase,2,(priority,discussions).,The,
ideas,in,the,white,papers,are,referred,in,assessing,mission,design,
opAons.,

•  Further,community,interacAon,opportuniAes,
•  Japan,Solar,Physics,Community,(JSPC),meeAng,(ISAS,,February,
20G22,,2017),

•  A,session,in,Joint,HinodeG11/IRISG8,science,meeAng,(Sea^le,,May,30,
–,June,2,,2017),.,,



The%White%Papers

•  11,white,papers,(out,of,34),with,a,UK,involvement,,
•  1,slide,per,WP,,5,minute,“advert”,
•  Running,order:,

1.  Morton,
2.  Mathioudakis,
3.  Del,Zanna,
4.  Hannah,
5.  Ma^hews,
6.  Russell,
7.  Hudson,
8.  Balikhin,
9.  Harra,,
10.  Browning,
,



Exploring coronal dynamics
Morton, R. J.; Scullion, E.; Bloomfield, D. S.; McLaughlin, J. A.; Regnier, S.; 

McIntosh, S. W.; Tomczyk, S.; Young, P.
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Understanding wave energy transfer through 
corona to solar wind

Measurement of coronal flow fields, e.g., low solar wind.

Space-based Imaging 
Spectrometer Coronagraph

• 1074.7 nm (Fe XIII)  
• Images at 3 λ’s with a 0.13 nm 

FWHM filter.  
• 30 s cadence  
• Spatial sampling of 4.46”  
• 1.05-1.3 R⊙ field of view 
• Density diagnostics (1079.8 nm) 
• Spectropolarimetric sensitivity



RR.#Erdélyi (UK),#L.#Damé#(France),#A.#Fludra (UK),#M.#Mathioudakis (UK),#
S.#Tomczyk (USA),#F.#Berrilli (Italy)

• Resolution (0.02”)#chromosphereGcorona#interface#characterization#with#a#1.4#m#
UVGFUV#telescope#equivalent#(3#x#500#mm#telescopes,#independent#or#combined)#
and#3D#imaging#spectroGpolarimetry

• EclipseGlike#extreme#coronagraphy of#inner/corona (up#to 1.01/Rs – 10/arcsec)##in#
vis.,#UV,#NIR#by#Formation#Flying#between#2#satellites#375#m#apart#(Fe#XIV,#He#I##
D3#&#1083,#Fe#XIII#1075#&#1079,#Lyman#series#&#O#VI)

HiRISE



The$quest$for$the$hot$(5–10$MK)$plasma$in$the$solar$corona$
Giulio$Del$Zanna$

To$understand$microflares$and$
nanoflares$we$need$$highBresoluCon$
spectroscopy$of$5B10$MK$lines$(Fe)$
which$we$never$had.$$

Radiances$of$Fe$XVIIBFe$XXIV$
$microflare$

SUMER/IRIS$CDS$EIS$AIA$!$

DEM$AR$core$(XBray$spectroscopy$from$$SMM:$Del$Zanna$&$Mason$2014;$
also$see$MAGIXS)$

EM$of$random$nanoflares$with$varying$frequency$(Cargill$2014)$
$

Modified$SolarBC$LEMUR$
spectra$with$a$soZ$XBray$
channel.$



Exploring impulsive solar magnetic energy release & particle 
acceleration with focused Hard X-ray imaging spectroscopy

Sims & specs of proposed 
FOXSI-SMEX/FXI instrument

PI: Christe (GSFC), UK: Hannah, Kontar (Glasgow)

Directly focused Hard X-ray (HXR) imaging spectroscopy to explore: 
1. How are particles are accelerated at the Sun? 
2. How does magnetic energy release on the Sun lead to flares and eruptions?

HXR imaging spectroscopy = direct & accurate info about energetic electrons

FOXSI/FXI = Higher sensitivity & dynamic range than RHESSI 
– Simultaneously observe HXR coronal + footpoint sources, as well as smaller events
– Heritage: FOXSI sounding rockets, HERO Balloon, HEXITEC (RAL) detectors

Fact Sheet

INSTRUMENTS

Large coronal loop
(magnetic flux rope)Magnetic

Reconnection

Hot flare
loop

CME core

Sites of particle
acceleration

Standard Model of
Solar Eruptions

FOXSI Observational Targets

Particle
transport

RHESSI FOXSI

FOXSI’s direct imaging allows all
key observational targets to be
imaged at the same time, a
capability never before available.

Loop
footpoints

Flare ribbons

Methodology: Focuses hard X-ray photons using grazing incidence optics onto fast solid-state pixelated detectors. Measures each individual photon 
time of arrival, energy, and position on the sky. Images and spectra reconstructed on the ground. Supported by soft X-ray spectroscopy.

Name Provider Function Heritage TRL

Grazing Incidence 
Optics (2x)

MSFC Focus hard X-rays with a 14 m focal 
length.

FOXSI Sounding Rocket, 
HERO, HEROES, ART-XC

8

Detector Assembly 
(2x)

GSFC Measure energy, position, and time of 
individual photons

NASA APRA 6

Solar Position 
Sensor

LASP Provides pointing knowledge to 1 
arcsec. Enables off -pointing to calibra-
tion targets (Crab, ScoX-1).

MinXSS, GOES-R 8

Metrology Camera 
Assembly

GSFC Measures position of detector bench 
with respect to optics bench to 1 arcsec.

ICESat-2/ATLAS LRS 7

FXI: HXR Spectroscopic Imager
• Energy Range: 3 - 50 keV
• Energy Resolution: 0.8 keV FWHM
• Time Resolution: 0.1 s
• Field of View: 9 x 9 arcmin
• Dynamic Range: 20:1 at 20”, 1000:1 at 45”
• Eff ective Area: 55 cm2

• Angular Resolution: 8” FWHM over 300”

XFS: SXR High Res. Spectrometer
• Energy Range: 0.8 to 15 keV
•  Energy Resolution: 0.25 keV FWHM at 1.5 keV
• Time Resolution: 0.5 s
• Field of View: Same as FXI
•  Heritage: SphinX/CORONAS-PHOTON, TRL 5

Detector Bench (DB)

Star trackers (2 of 4)
Boom canister

XFS Electronics

MA release mechanism
(1 of 3)

FXI Electronics
(incl. IDPU, DIBs,
and HVPS)

FXI Detector Assemblies

Radiator Panel
for FXI Detectors

FOXSI Science
Providing a revolutionary new view on explosive solar magnetic energy release.
•  Answers fundamental questions about how magnetized plasmas effi  ciently accelerate 

particles to high energies.
•  Diff erentiates between diff erent models of coronal heating in hot active regions.
•  Characterizes potentially Earth-directed energetic electrons at the Sun.

Revolutionary Instrument Performance
High sensitivity direct hard X-ray imaging enables FOXSI to observe electrons 
where they are accelerated in the solar corona.
•  First direct-focusing solar hard X-ray spectroscopic imager
•  FOXSI has 20x more sensiti vity, 10x faster imaging, and 10 to 100 times better imaging 

dynamic range than previous instruments.
•  FOXSI is high heritage with all required components at ≥TRL6, and tested on multiple 

sounding rockets and balloons.

Experienced Team
FOXSI brings together:
•  Leading solar scientists from around the world.
•  Experienced core team from multiple hard X-ray space, sounding rocket, and balloon missions.
•  Organizations with a history of successfully implementing small missions.

Now is the time for FOXSI
•  Key time in the solar cycle to observe solar eruptions and quiescent active regions.
•  Coordinated observations with Solar Orbiter, Solar Probe Plus, EOVSA, and DKIST increase 

science return on investment.
•  Advanced modeling and simulations are now available to enable groundbreaking new science.

FXI Components
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Superiority of FXI
imaging over
RHESSI's indirect
technique is proven 
by this comparison 
of fl are observed 
in 2012 by RHESSI 
and by FOXSI optics 
on a sounding 
rocket fl ight.

XFS Electronics

XFS Detector

Exploring impulsive solar magnetic energy release with direct hard X-ray imaging spectroscopy

PI: Dr. Steven Christe    DPI: Dr. Albert Shih
FACT SHEET

Exploring impulsive solar magnetic energy release with direct hard X-ray imaging spectroscopy

Shih

Optical Bench (OB)Optical Bench (OB)Optical Bench (OB)
Grazing-incidence
Mirror Optics

Tip/Tilt
Adjustment
Mechanism
(1 of 2)

Solar Position
Sensor

Metrology
Electronics
Metrology
Camera

Composite
Truss
Structure

PROPRIETARY INFORMATION: Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal.



Non-thermal distributions and energy transport  

•  What are the roles of particles 
and/or waves in flare energy 
transport? 

•  What are the limits of the low 
energy non-thermal electron 
distribution? 

•  Can we detect < 1 MeV proton 
beams? 
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356 X. Zhao et al: Non-thermal hydrogen line emission caused by an oblique incident proton beam

Fig. 3. α-dependence of the non-thermal emission profiles of the Lyα,
Lyβ and Hα lines for θ= 30◦. The proton beam parameters are the
same as in Fig. 2, but α= 10◦ (full lines), 45◦ (dashed lines) and 70◦

(dotted lines)

θ > 90◦ a part of the emission appears in the blue wing, though
the emission in the red wing remains dominant. When θ = 90◦,
the non-thermal emission is symmetrical around ∆λ = 0.

Fig. 3 shows theα–dependence of the non-thermal emission
of the Lyα , Lyβ and Hα lines in the case of θ = 30◦. It can be
seen that, as the value of α increases, the emission peak shifts
towards the line center and again whenα + θ> 90◦, blue shifted
emission is present.

To compare the relative contributions of non-thermal and
thermal emission, the Lyα and Lyβ line profiles are shown in
Fig. 4 for the case α = 30◦ and θ = 70◦ and for the model
C, which can be considered as a very initial state when a pro-
ton beam is bombarding the quiet-Sun atmosphere. It can be
clearly seen that the non-thermal emission in both lines is much
stronger than the thermal one, especially in the Lyβ line, where
non-thermal emission is dominant and covers about 40 – 60 Å
in width. That means that, due to non-thermal emission through
charge exchange, just at the beginning of a major flare, in pres-
ence of a proton beam, there will be a ”flash phase” in the Lyβ
line. However, later in the flare, as shown in Fig. 5 for the model
F1 which represents the atmosphere near the maximum state of
a small flare or at the late phase of a major flare, the non-thermal
emission of the Lyα line shall be less stronger than the thermal
background, while the emission of the Lyβ line will still be

Fig. 4. Comparison of the thermal (full lines) and non-thermal (dotted
lines, at α= 30◦) emission profiles of the Lyα and Lyβ lines for the
quiet-Sun model C (Vernazza et al. 1981) and for θ= 70◦. The beam
parameters are the same as in Fig. 2

strong. Thus, the Lyβ line is really a good diagnostic tool of
proton beams with relative low energy.

Fig. 6 gives the non-thermal emission intensity for various
atmospheric models, C, F1 and F2, at α = 30◦ and θ = 70◦. It
shows that the non-thermal emission is sensitive to the atmo-
spheric structure. Similarly to the case of a vertical incident pro-
ton beam (see FHH), the non-thermal emission depends greatly
on the coronal column mass m0: the lower the m0, the stronger
the intensity of non-thermal emission is (from the model C
through F1 to F2, m0 increases). It should be mentioned that
even in the case of the model C, the non-thermal Hα emission
is three to four orders of magnitude weaker than the continuum
background (∼ 4.3 × 106 erg cm−2 s−1 sr−1 Å−1), no matter
the values of α and θ are. Thus, it would not be detectable with
the present sensitivity of spectroscopic instruments.

4. Discussion and conclusion

We have computed the non-thermal Lyα, Lyβ and Hα line emis-
sion of superthermal hydrogen atoms produced by charge ex-
change in the case of the bombardment of the chromosphere by
an oblique incident proton beam with a pitch angle α around
a vertical magnetic field. Similarly to the vertical incident case
( see FHH ), it is shown again that the non-thermal Lyα and
Lyβ line emissions are pronounced and detectable, while the
non-thermal Hα emission is too weak to be observed. However,
the results presented in this paper indicate that the line asym-
metries depend greatly on the proton pitch angle α and on the
heliocentric angle θ of the place bombarded by a proton beam.
When α + θ ≥ 90◦, blue shifted emission is present, and for θ
= 90◦ (at the solar limb), the non-thermal profiles even become
symmetrical.

It should be mentioned that all the results presented above
are valid for photons resulting from charge exchange not ab-
sorbed in the solar atmosphere. Only in a narrow wavelength
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•  X-ray imaging spectroscopy  
- Heritage from MaGIXS and FOXSI 
•  UV imaging spectroscopy 
- Image slicer technology for simultaneous coverage of large FOVs 
•  Spectropolarimetry for photospheric and vector magnetic field 
-  Imager slicers for high temporal resolution  





Ion Acceleration in Solar Eruptive Events: 
New and interesting solar messengers 

A. Y. Shih (NASA/GSFC), N. Vilmer (Paris Observatory), A. MacKinnon 
(University of Glasgow), M. Pesce-Rollins (INFN-Pisa), R. Vainio (University of 
Turku) , H. Hudson (University of Glasgow) , P. J. A. Simões (University of 
Glasgow), C. M. S. Cohen (Caltech) 

• Gamma rays 
• High-energy gamma rays 
• Neutrons 
• Energetic neutral atoms 
• Relativistic ions 

We have heritage in many of these 
areas, but often not from the solar 
community. Particle acceleration 
represents a fundamental problem in 
space weather. 

The LAT long-duration events have no 
solar identification yet! 



Misha%Balikhin



Polar&Inves,ga,on&of&the&Sun:&
POLARIS+&

Remote&sensing& In&situ&
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What&is&the&3D&structure&of&convec,on&and&
circula,on&flows&below&the&surface,&and&how&does&
it&affect&solar&ac,vity?&

x& x&

What&is&the&3D&structure&of&the&solar&magne,c&
field,&and&how&does&is&vary&over&a&solar&cycle?& x& x& x& x&

How&does&the&spectral&and&total&solar&irradiance&
vary&with&la,tude?& x& x& x& x&

What&advantages&does&the&polar&perspec,ve&
provide&for&space&weather&predic,on?& x& x& x&

UK&Solar&Mission&Forum,&9&February&2017& 1&

Science&orbit:& &Circular&orbit&with&a&75o&inclina,on&at&0.48&AU&
Feature: & &Solar&sail&with&a&50^kg&payload&



All Around the Sun
An inter-space agency effort to study the Sun-Earth system as a whole

by A.S Brun et al. (provided by M. Browning)
It#is#essen(al#to#have#a#full#31D#view#of#the#Sun1Earth#system#in#order##

to#understand#our#star,#to#predict#and#to#an(cipate#its#ac(vity,#and#to#protect#ourselves##
from#its#poten(ally#dangerous#impact#on#our#society.#

A#mother#ship#at#L1#(L5)#with#large#passband#(for#relay#for#far##
away#probes)#and#storage#capacity#seconded#by#a#swarm#of##
simpler#(cheaper)#probes#that#will#be#coordinated#and#provided#
by#partner#space#agencies.#This#space#system#will#provide##
a#full#31D#(including#farside#and#poles)#view#of#the#Sun1Earth##
system#as#budget#and#planning#in#the#various#agencies#allow.#



Other%White%Papers:

ADAHELI,PLUS,,(R.,Erdelyi,,Sheffield),Led,by,F.,Berrilli,
•  Long%dura*on,%high%cadence%(5fps)%IR%mul*:line%
spectropolarimetry%in%near%IR,%for%chromospheric%fields%
• X:ray%polarimetry%of%flares%
%


