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IRIS-9, Gottingen, 25-29 June 2018
Invited Talk
4. Eruptions in the solar atmosphere

Completing solar flare models with spectroscopic (IRIS) observations

Miho Janvier!

Y Institut d’Astrophysique Spatiale, Université Paris-Sud, France (miho.janvier@ias.u-psud.fr)

Solar flares are amongst the most energetic events in our solar system. Generally seen as intense
brightenings in the UV and X-ray domains, they also inject solar energetic particles and coronal mass
ejections (CMEs) into the interplanetary medium. Their effects on the space environment of planets
are non-negligible, with the known consequences on human activities. A better understanding of the
processes taking place during flares is needed in order to develop future prediction capacities.

In the last decades, the wealth of data from space and ground missions as well as developments of
numerical models have provided a deeper knowledge of the behaviour of magnetic fields during solar
flares. From flux ropes to flare loops, from electric currents to flare ribbons, we will see how both
observations and modelling help bring together a generic 3D picture of the mechanisms taking place
prior and during solar flares. The evolution of different magnetic structures, well reproduced with a
magnetohydrodynamic (MHD) model, is dictated by magnetic reconnection, which converts magnetic
energy stored in the Suns corona. In particular, consequences of magnetic reconnection can be seen
in the different layers of the solar atmosphere, which allows us to go back to its intrinsic properties in 3D.

We will then show that while 3D MHD models are mostly focussed on the behaviour of the magnetic
field due to the low-beta condition of the corona, spectroscopic observations can come in handy when
completing the cartoon with the plasma behaviour. In particular, as IRIS reveals the dynamics of
the chromosphere and the transition region, it brings new understandings on the exchange of energy
via non-thermal particles and plasma flows prior and during solar flares. We will discuss how the
observations of flaring regions (heating, kernel brightening, ribbons, plasma velocities) help us getting
a better understanding of flares throughout the different layers of the Sun’s atmosphere.
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A FOCUS ON ERUPTIVE FLARES: RECURRENT OBSERVATIONAL GHARAGTERISTICS

, 04/2010 ("QJA/SDO) 01/2012 (AIA/SDOX” 07/2000 (TRACE)

.'”
Tad 1t
7 ‘,‘%/

Schmieder et al. 1995, Moore et al. 1995, Asai et al. 2003,

Fletcher et al. 2011, Zhang et al. 2011
09/05/2011 20:48 UT

05/2011 (EUVI/STEREO) SRSttt

*Flux rope: twisted magnetic structure that can support a prominence (cold plasma)

-Flare loops: regions of high density and temperature (X/EUV rays]
=> they can he seen (# pre-eruptive field)

«Ribbons: collisional region between descending particles and higher density chromosphere



MAGNETIC RECONNECTION

We needed a model:

Early developments by:

Parker (1957, 1963), Sweet (1958), Syrovatskii (1981)

60s: Sweet and Parker proposed:

magnetic reconnection

Creation of high electric current density sheet

- dissipation of magnetic field (Ohm'’s law)

Reconnec! ting
Magnetic Field Line

New Reconnected
Magnetic Field Lines

Large Coronal
Loop

Inflowing
Magnetic Field

Hot Flare
Loop

New Reconnected
Magnetic Field Lines

%

Standard 2D model of flare loop formation during flares

CSHKP Model

Carmichael (1964)
Sturrock (1966)
Hirayama (1974)

Kopp &Pneumann (1976)

Forbes & Malherbe (1986)

Magnetic reconnection leads to:
= Flux rope + post-flare loops
=> Two flare ribbons



MAGNETIC RECONNECTION: OBSERVATIONAL EVIDENCES FROM SPECTROSCOPY

Hard X-ray source above the loop top:
particle acceleration at reconnection site

13—Jan—1992 17:26:52—17:27:40UT
HXR (14—23keV) HXR (23—33keV) HXR (33—53keV)

Suietal. (2003)

Masuda et al. (1994),
Hudson et al. (2001)

920

FeoXIX emission Co-temporal with upflows/downflows seen in

spectroscopy
Chromospheric and loop response

Revealed high-temperature, high-velocity blueshift and cooler redshift emission
compatible with models of chromospheric evaporation (SOHO/CDS, SSM)

(e.g. Antonucci et al. 1982; Teriaca et al. 2006; Young et al. 2013)

Wavelength (A)

Milligan et al. (2006)



MAGNETIC RECONNECTION: OBSERVATIONAL EVIDENCES FROM SPECTROSCOPY

The picture before IRIS:

Reconnection outflow @ Reconnection inflow

EIS Fe XXIV & Ca XVII EIS Fe X & Fe XI1
* Doppler velocity * Doppler velocity
-Vo==Vounow €08 & ~200-400 km/s Vb= Vinftow €08 6, ~ =20 km/s
* T, =9.4 MK from Fe XX1V/Ca XVII ratio *T,=1.2 MK from Fe XII/Fe X ratio
* n, ~ 4x10° cm™ from EM * n, = 2.5x10° cm™ from Fe XII ratio
Warm outflow (EIS Fe XV & Fe XVI) Bright blob
appeared before HXR peak time: « EIS Fe XXIII & Fe XXIV
Slow-mode shock T, =12 MK from line ratio
Reconnection outflow n, ~ 1x10'% cm from EM

(not observed) ¥

Fast-mode shock

Upflow: Vj, ~ =20 km/s
EIS Fe XXIII & Fe XX1V

Vit~ 100 km/s at impulsive phase

* XRT: faint X-ray enhancement
* RHESSI 4-6 keV thermal source
T, =12 MK from HXR spectrum
Downflow: Vj, ~ 10 km/s \ + STEREO 195A band enhancement
EIS Fe XV & Fe XVI (Fe XX1V A192 contribution)
\ Downward motion Vj, ~ 30 km/s
EIS Fe xXi111 & Fe XX1v

Hard X-ray nonthermal source / Footpoint brightening
RHESSI 1540 keV as ‘two ribbon structure’
TRACE 171A band images

Hara et al. (2001)



MAGNETIC RECONNECTION: OBSERVATIONAL EVIDENCES FROM SPECTROSCOPY

Electrons The picture with IRIS:

Non-thermal
Electrons Flalge]Energy
- Confirmation of blueshifts + large non-thermal

Evaporation ,—\/Y\/\' broadening (Fe XXI line)
Radiation - Impulsive phase radiation concentrated at
Stie Accelraed c_hromospheric endpoints of the magnetic
= of Loop . fleld
WA (Fe XXI is observed to be entirely blueshifted = sites of
Filei Reraya evaporation are now likely to be resolved by IRIS)
Sun

Nuclear (e.g., Graham & Cauzzi 2015; Polito et al. 2015, 2016; Tian et al. 2015,
Gamma Rays 2016; Young et al. 2015, V. Li et al. (2015), Battaglia et al. (2015), D. Li
et al. (2016), Brannon (2016), Mikula et al. (2017), Brosius & Inglis
(2017), Tian & Chen (2018)

Fe XXI blueshifts co-temporal with HXR

C. Liu et al. (2015), Kleint et al. (2015), Tian et al. (2014), Tian et al. (2015), Warren et al. (2016)

Chromosphere

Fe XXI blueshifts co-temporal with microwave
D. Lietal. (2018), Q. Zhang et al. (2016)

Confirms the energetic particles + « chromospheric evaporation » scenario
(expansion and filling of coronal loops)
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FOCUS ON THE FLUX ROPE INSTABILITY

LONG TERM EVOLUTION OF ACTIVE REGIONS

{b) 03-AUG-96 Yohkoh / SXT | RS 0ty 96 '.~~
Sils P e b

¢+ Shearing coronal loops
% Converging motions at PIL

(¢) 25-s6p-a6 Up = e | < Flux dispersal and B decrease

—

{f) 18-NQV-96

Démoulin et al. (2002)
van Driel Gesztelyi et al. (2003)
L ey, : i Martin et al. (1985)
‘ : L I s ) ' | Schmieder et al. (2008)
e A AR ' | Parketal.(2010)
Greenetal.(2011)...




THE FLUX ROPE INSTABILITY

CORONAL RESPONSE TO FLUX DISPERSION

s Magnetic flux density drops —> coronal tension decreases

*» B cancels at PIL - magnetic flux decrease in photosphere
- flux rope formation in corona

Bz photospheric

Amari et al. (2003,2011)
MacKay & van Ballegooijen (2006)
Yeates & MacKay (2009)

= Tavorable conditiona for triggering eruptions

photosphere

See review of Aulanier etal. (2014)



THE FLUX ROPE INSTABILITY

s Photospheric magnetic diffusion of B

X,Y,Z

CONSTRUGTING A FLUX ROPE

OHMcode =g =0

+»» Photospheric

Aulanier, Térok, Démoulin & Deluca (2010)



Sturrock (1989),
Moore & Roumeliotis (1992),
Moore,( 2001),

Moore & Sterling (2006)

THE FLUX ROPE INSTABILITY

Tether-cutting at the beginning of a flux rope formation

Ejective Eruption, Midlife

Before Onset Eruption Onset

| .

The picture with IRIS:

Blueshifts + non-thermal broadening (Fe XXl line) before flares

have been reported
- When a filament is present, blueshifts ~15mn to ~40mn before flare

(Kleint et al. 2015, Woods et al. 2017, comparison with NLFFF modelling which reveals FR)

« Potential reconnection sites below prominences like in tether-cutting

(Reeves et al. 2015, Kumar et al. 2015, Chen et al. 2016)

Other mechanisms:

Kink mode? G. Zhou et al. (2016)
Emergence, side reconnection as trigger? Bamba et al. (2017)




THE FLUX ROPE INSTABILITY

THRESHOLD FOR ERUPTIONS?

Aulanier, Térok, Démoulin & Deluca (2010)

apex of the overlying arcade

15—
Flux rope
erupts 7
10—
Flux rope is stable
S stop driving =» relax to an equilibrium |
O o S N " " L L
o 50 100 150 time [ t,
Qe S SRREEEEEEEEEET
photospheric coronal
reconnection reconnection
| 12 stable instability
$ 1.0
0.8}
0.6

flLaplace = () . =T

Equilibrium curve

0.

2.

0.5 10 1.5 h/L

= TORUS INSTABILITY (AND VARIATIONS)

Démoulin & Aulanier (2010),
«Double Arc» instability: Ishiguro & Kusano (2017)
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WHERE DOES RECONNECTION TAKE PLACE IN THE SIMULATION?

THRESHOLD FUR ERUPT'ONS? % Shear transferred from pre-eruptive

field lines via reconnection

Coronal arcades
Erupting flux rope

ation of flare loops:
to-weak shear transition
high altitude formation

lope formation of the flux rope

4 Aulanier, Janvier & Schmieder (2012)

B, Phot Janvier, Aulanier, Démoulin & Pariat (2013)
Dudik, Janvier, Aulanier, del Zanna et al. (2014)
Dudik, Polito, Janvier, et al. (2016)



WHERE DOES RECONNECTION TAKE PLACE IN THE SIMULATION?

time —>
4 T T T 4 T T T 4F T T T J 25
t=1500tA t=30.00 tA E t=4500tA
3t i 3t { 3t 3
Flux ;
rope Current E Cusp
z2F {1 z2¢ layer z2 - / B
1F ! {1 1f 1 1t 1
0 O S b 07
2 -1 0 1 2 2 -1 0 1 2 =2 -1 0 1 2
X
Janvier, Aulanier, Pariat & Démoulin (2013) 3 = Jcurl B| electric currents

Collapse of the coronal current layer (=thinning)
— > turns on reconnection (J term in Ohm'’s law)

—_—

- O

~0.2
= o.o
=~

Kliemetal. (2013)



WHERE DOES RECONNECTION TAKE PLACE IN THE SIMULATION?

time —>
4 T T T 4 T T T 4F T T T J 25
t=15.00tA t=30.00 tA 3 t=4500tA
3k 1 st i st .
Flux ;
rope Current E Cusp
7 2F 1 z2 Iayer 1z 2- / B
core of /CME flux rope 1k ! 3 1k 3 1 '. 3
i f -2 -1 0 1 2 -2 1 0 1 2 -2 -1 0 1 2
o g X X
Janvier, Aulanier, Pariat & Démoulin (2013) 3 = Jcurl B| electric currents

Collapse of the coronal current layer (=thinning)
> turns on reconnection (J term in Ohm'’s law)

rrrrrrrrrr

—_—

QSL footprints
&
current / flare ribbons

- O

~0.2
= o.o
=~

Kliemetal. (2013)



SIMILARITIES BETWEEN QSLS, CURRENT RIBBONS & FLARE RIBBONS

Top views

—0.2

- polarity

Kliem et al. (2013)
-8 -6

Janvieretal. (2013)

Chandra et al. (2009)

= Similar shape as flare ribbons

J-SHAPE STRUCTURE TS INDICATIVE OF THE
PRESENCE OF A FLUX ROPE!



TEST CASE: AR 11158 (X2.2 CLASS FLARE)

%-class flare of Feb. 2011

Y (solar coordinates)

h SDO AIA_1 335 15-Feb-2011 01:39:03.620 UT

-400” 200" 0” 200" 400" 600, 800 Y
N
,' X (solar coordinates) N N

120

Y (arcsecs)

100

80

60

40

y (Mm, local coordinates)

180 200 220 240
X (arcsecs)

20

0
0 50 100 150 200

X iMml local coordinates)

—-2460 —-1757 -1054 -351 351 1054 1757 2460
Bz (Gauss)




TEST CASE: DOES THE CURRENT DENSITY INCREASE?

Photospheric vertical currents = current ribbons

Janvier, Aulanier, Bommier, Schmieder, et al (2014)

TF 811 wT
awn

@
(=]
T

y (Mm, solar coordinates)
~
s}

o
[e]
T

. v 3, % '

oane ,f<«‘.'. ‘.’4:
K . ¥ % ‘._ . = P . '.:
i, AR ETRIE T R T

. .. 5

S g e T 92:000%01:24 UE
. LA - PR Tl T SN PN TERE v
S OO RN L

:
B it 3

y (Mm, solor coordinotes)

Inversion method: UNNOFIT Bommier et al. (2007)
= B(x,y) = Current maps J,(x,y) ~ curl B[, (12 min cadence w. HMI)



TEST CASE: DOES THE CURRENT DENSITY INCREASE?

Photospheric vertical currents = current ribbons

Janvier, Aulanier, Bommier, Schmieder, et al (2014)

Electric current |

J, (t) J, (t) -J, (t0)

0.8 T T T T :'-.
: a) H- 3 3
< 0 i) £ R ]
:’0.6——/’_\/\/‘\ % sof
=) S E4
— ’ 5
S 2 _fe
- - Q \ S
o 04} 2 1o £ £°
5 2o T pe
e | a < 0.2 of 5.
Fo2} E
w "‘\——\_/\/\ |
00 o0 & G
0:00 111 2:24 3:35 B
Tithe JUT) § " Eee.Y
[T T T T 0. L) :" -
12 ¢) S- M :
- L = E
< | ‘ W S E 3
o0 o0 L pz,oo,mm =24 u1; v
S ogf 0.4 il SoaE WA
E /\/\/\/ -
8 - | \
5 F
Q L Q (S .
S odb 2w 02 ¢ Increase of electric current
6 | =R \ _
- ali< = collapse of the current layer
0'0-1 — " L L - 0.0
0:00 111 2:24 3:35



TEST CASE: DOES THE CURRENT DENSITY INCREASE?

Photospheric vertical currents = current ribbons

Janvier, Aulanier, Bommier, Schmieder, et al (2014)

220" 240"
X (solar coordinates)

See also Janvier et al. 2016 for a

more complex event +
comparison with magnetic
topology (QSLs)

O = N W

T T T
N B W N =

(s33eu1pi00d pazijewlou) A

y (Mm, solor coordinates)

y (Mm, solor coordinotes)

goi
80
70 % I8 > L BRI TR e s g
: 3 AN RN S I AL F S
TR NO 1 Bt
AT A P ? %01:48 UT4 L " il
: . N ) . Y . . Er) . B
: time of flare peak -
: RS AET AT BT T ¥ eh - .
90 [+, 5_‘ '
- o :
3 A
80 RE
¥
702— " X E $ s
A G RO SR O o LS,
B £ Ahaobe ot e W RN
60bw %2 +202:00 UT ] e 92:00,U%a1:24 UE
A g X' 0 W2 Y e Le 1 SN o slte ey on ]
,'I’(' “ PEIT S ? T ¢ ol § .1 .J‘*’. AR Y T TS )

*** Increase of electric current
= collapse of the current layer

awn




CURRENT DENSITY AND PARTICLES: CAN WE MAKE A LINK?

SDO/AIA 94 15-Feb-2011 01:51:14.120 UT

~200
Same event: Musset et al. (2015) compared strong
_210 current density region with HXR emissions.
3 220
= 230
_240 Haerendel 2017, Fleishman et al. 2018 discuss
250 brigthness in EUV with locations of strong currents
180 200 220 240
X (arcsec)
" - 7 7 How do (MHD) currents
180 %0% : j correlate with energy
200 - current density (mA/m?) i ;’ deposition?
,\ F i e PO iy initial
S -220 - o @ﬁ Al T /ﬁ,&'}f» R = TR evaporation
2] R P Y e W 5|
5 240 b VP el i R O R Elgction| beams A "
a0 o ; srock | | A cromosprerc
-260 ; e G ] Heated JhrOWtSphere Livshits et al. 1981,
[ { g ta 10 M Fisher et al. 1985
-280 ’ G, 2y st thicShOCk T T T chrom05ph_eric
V) 1o QL S St . S o v Rl VRSN ) Y B8 S8 whit%-lci:gah{emitt}%: Stationary 10,000 K layers vcondensatlon
100 150 200 250 layers
X (arcsec)
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THE THEORY OF 3D RECONNECTION PREDICTS “SLIPPING *

Finite volume of J
—>Reconnection is not

« cut and paste »

(no null points but QSLs)

tube flipping
in virtual flow

tube flipping

Priest & Forbes 1992, Demoulin et al. 1996,1997, Aulanier et al. 2005



HOW FAST IS SLIPPING RECONNEGTION?

Creation of new magnetic structures (here, the flux rope):

B \ core of /CME flux rope core of /CME flux rope
, 3 Kl
{

field lines i

electric

Janvier, Aulanier et al. (A&A 2013)



S0... DOES IT REALLY EXIST?

%-class flare of July 2012

SDO AlA_4 304 12—-Jul-2012 15:50:19.120 UT




SLIPPING IN A FLARE

3D Slipping reconnection :
successive change of magnetic connectivity

Janvier, Aulanier, Pariat & Démoulin (2013)

Tleada to:

% Apparent field line motion

See also: Aulanier et al. (2007)

s+ Kernel motion

See also: Young et al. (2013)

%-class flare of July 2012

Dudik et al (2014)

Solar Y [arc sec]

| A& 13141 5:00:08 UT

Solar Y [arc sec]

-40-30-20-10 O
Solar X [arc sec]



ERUPTIVE FLARES: SDO observations

July 12 2012, X-class flare

core of 'CME flux rope

&

electric
currents

sjuiodioo) pax/iif

QSL footprints
&

current / flare ribbons

—70-60-50-40-30



ERUPTIVE FLARES: SDO observations

July 12 2012, X-class flare

core of 'CME flux rope

&

electric
currents

sjuiodioo) pax/iif

QSL footprints
&

current / flare ribbons

—70-60-50-40-30



Further evidences + spectroscopic analysis

Now further evidences pointed out + detailed analysis

** Moving kernels (footpoints) + plasma upflows (spectroscopy diagnostics)

% To explain flickering at the end points of some coronal loops ~

Testa et al. (2013)

0s

Direct observations:

2007: 1st observation (Hinode)

2013: 2 observations (Hi-C rocket + SDO/AIA)
2014:in 3 separate flaring regions

[

e.g.D.Lietal.(2015), T. Li et al. (2016)



HOW FAST IS SLIPPING RECONNEGTION? DETAILED ANALYSIS

Slipping motion of the yellow fleld line: locations of

S
the moving footpoint are repor ( 1 NBIE | | Q(2=0,t=20.00tA)
Initial position
3
-3
2 ]

3 ) l \ \
4 -2 |
fixed ?thpomT

— Vgjinpide > C =5 o difeiott = %oom V A “ \
w A slipping ~ “A ’ ow b .. ' LI
e ne - “‘ \

S | {7,

Vsiipping < Ca Vslipping < C X

F crit < -4 -3 -2 -1 0 1 2 3 4
T Q“" Q-map (magnetic topology)
L +
> locations of the footpoint

X(t) / photosphere



SLIPPING RECONNECTION AND ENERGY DEPOSITION

Could change of speed and energy deposition:

-Spatial place: gentle evaporation occurs at some locations vs
explosive evaporation

-Sunquakes Matthews et al. (2015)

-Why some kernels appear and other not?

- Topology: field line mapping dictates
neighbouring F.L reconnecting with each
other. Energy deposition larger if slipping
Is slower

- Role of the current layer physics
(turbulence? Plasmoids? Shocks? Waves?)

Sunquakes + HXR association

Kosovichev & Zharkova (1996), Zharkov (2013)
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FROM MHD T0 PARTICLE MODELS?

Baq UoJ}o9|8

&

chromosphere

SL footprints

HXRs,
uv, WL

(L.

The thick-target mode/

Fletcher)

Macroscopic dynamics of magnetic fields
flux ropes, field distortion, current layers

+

instabilities, forcing (e.g. photospheric motions)

-

Current layer collapse, reconnection,
large-scale morphology changes

N

Transport of Energy
Particles acceleration, Waves

~

Chromospheric/Photospheric reaction (e.g. White-light flares),



FROM MHD TO PARTICLE MODELS? (ENERGETIC PERSPECTIVES)

Precipitation

Magnetic Chromospheric Bolometric Luminosity
reconnection Heating and
Evaporation Eb ol
ACCELERATION :
OF ELECTRONS E:{>
: WHITE LIGHT
QI/'IViSting : THERMAL E
earing +
: | ;> ENERGY :> wL
i — E
MAGNETIC : FREE [:> th :’> SOFT X-RAY, EUV
POTENTIAL | MAGNETIC RADIATION
FIELD E> ENERGY DIRECT HEATING
E Edir Erad
mag
-
CME KINETIC & SOLAR ENERGETIC
GRAVITATIONAL PARTICLES (SEP)
ENERGY E$>
ECME § ESEP
Magnetic Shdck
Instability Acceleration
PRIMARY - SECONDARY

- ENERGY DISSIPATION

Aschwanden et al. 2014-2017 (series of 5 papers treating flare energy, update from Emslie etal. 2012



FROM MHD T0 PARTICLE MODELS?

Ex with RADYN code:

Allred et al. (2015) (electr
Kerr et al. (2016) (waves)

Kowalski et al. (2017) (electr

HXRs,
uv, WL

Baq UoJ}o9|8

hﬂ

+10n

o BUEWE Flare)

The thick-target mode/
(L. Flefcher)

Macroscopic dynamics of magnetic fields
flux ropes, field distortion, current layers

+

instabilities, forcing (e.g. photospheric motions)

-

Current layer collapse, reconnection,
large-scale morphology changes

How is magnetic energy conyerted during reconnection?
Energetic partition between F)arti bles and waves?

N

Transport of Energy
Particles acceleration, Waves

~

Chromospheric/Photospheric reaction (e.g. White-light flares),




FROM MHD T0 PARTICLE MODELS?

Allred et al. (20

(kv 7

cwuricry

lAN- -

2qv, = b L & .":""
gty ’-—- MiNv o, | SSsw
R T - s .
|~..‘
OJV Gu—sa 'L‘_v.htb ¥
REVE T bk v Clpustv

OM)Q,QQ “wg
19 T YA
I W‘/o/ Asf5

/

' |

‘

2 L bootntman—_ .

“Ob, if only it were so simple.”

. Magnetic
field lines

3
c

V74 2\ \

1t for ions and electrons

converted to particle

energy, 2/3 of WhICh transferred to ions and 1/3 to
electrons. » = Also confirmed in MMS mission (see

Toledo-Redondo et al. 2017)



FUTURE MISSIONS?

From 2020: SPICE has two EUV wavelength passbands, 70.0 - 79.2 nm and 97.0 - 105.3 nm.
From 10,000 to 10 million K: SPIGE will provide a complete temperature coverage
from the low chromosphere to the flaring corona.

core of /CME flux rope

mag c:
field lines :

&

electric ,
currents

QSL footprints
&

current / flare ribbons




FUTURE MISSIONS?

From 2020: SPICE has two EUV wavelength passbands, 70.0 - 79.2 nm and 97.0 - 105.3 nm.
From 10,000 to 10 million K: SPIGE will provide a complete temperature coverage

from the low chromosphere to the flaring corona.

Solar Y [arc sec]

250

N
o
o

w
o

100

50 .V BEAN

IRIS FOV

T L T

7:15:08 UT

graph telescope

Dual Ka-band
downlink
avg ~100

Mbit/s

25 cm EUV spectro-

Guide telescope —» ¥

20 cm EUV
imaging
telescope

i . Instrument
| \ Electronics Box
ye

MUSE: “IRIS for the corona” with better spatial
resolution than AIA and 100x faster than previous
spectrographs, 35 slits. Launch in 2022?

Small Explorer based on heritage
from IRIS, SDO, Hinode (PI:T. Tarbell)



