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fm}m’ve yﬁenomena:
Jorominence/ﬁfament emjan’on

)

)

’Eruption Onset

Filament activation is a
| precursor of a}o}aroacﬁing
f[are activity.
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Filaments outside ARS | mofefs for the eruption of a flux rope.
can erupt and give rise to (a)  Flux-cancellation ~ (
CM‘Es 2003). (b) Tether-cutting (

2001). (c) Kink instaﬁi(gry (

2003). (d) Flux cancellation

Chromosphere - Corona  ( 2000). (¢) Loss-of-

\ equifiﬁrium ( 1991).
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FEruptive phenomena:
ipLive p

f[CLTQS

Flares are magnetica(fy
driven Joﬁenomena that
can  involve  all  the
| atmospﬁem’c [ayers (and

EeyonJ ...) )7
’ They Wy e
C ’ a[mlftemje d%} a /_AM
violent and suaaen

reﬁzase ofenergy,;f~ Ha (656.2 nm)
1028 - 1032 erg; that EUV (1-103 nm) |

can [CtSth?’ some tens |
(Zf minutes or ﬁOMTS /’W
M

and can involve
e[ectromagnetic __Mx.rays £ 30 keV

Relative Radiation Flux

emission in the whole

- , ’
Magneuc energy is Sjaectrum.
C OTL’VQTTZC[ into T ﬁ Electrons (Protons) F 40 keV
, hotosphere - —— -
N particle energy, heat, (- q P ; | i s
{ 11 - P rsor
waves, e.m. radiation ‘ C romospnere J recurso
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L and jofasma motion. Corona T .



fmjotive Jf)ﬁenomena: CME:s

CME observed by LASCO-C3.

CMEs: expu(sion of mass of the order of

104 - 101?, with v ~ 103 km/5, invofving an

energy release qf ~ 1028 - 1032 e’rﬁ.

The cfe}oartu’re of coronal plasma  can j
“ }orocfuce c{immings in the corona. 7
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Snaysﬁots of the relative cfensity and cf
ooyor the magnetic fie[a[ [ines in the simulation

For an X-cfass event tﬁe f[are Of

radiation and the CME kinetic

€1’L€1’gy can ﬁa\/e CO?’H}?CLT CL6[€

magnitucfes (1032 erg). |

Corona



Coron

Thermal
conduction

Flare ribbons
(moving
outwards from
the PIL)

The 2D standard model, with the
locations of the rising fifament /
prominence, the current sheet, the ffm’e
ribbons (Ho, UV and EUV ) the
footjooints (HXR and WL) and the
CME.
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Solar Coronal Plasma

Corona: hot, low density plasma

Density (g cm™3)
(relatively to solar interior)

—_ T~106 ; ne~109 Cm'3 ; P"Vl Dyne Cm'z 1014 1012 1010 108 106 104
T T T LR | R T T T 1

— Plasma fully ionized Pressure (Dyne cm?)
1 102 10* 106 108
Magnetohydrodynamics (MHD) Y remp— | ]
apprOXImatIOI’l 15 | :I Pres. = — 4 & 0 = = - _ *_
— Fluid approximation I 1
— Non relativistic scales (v, << c) 10 L ¥ A
* Electric currents are induced by the ' y
magnetic field : Ampére Law _ I ' |
Height | : Coronna _
nod = V x B. (Mm) : ]
. _ I =, Phot. /Chrom. ]
— Quasi-neutrality 0 =S S
* For length scale >> Debye length, ~ 1 Convection \"*-__?\ ]
cm in the corona i Zone RN
Ap = V’ o2 10° 10° 10° 10°

Ede

Temperature (K)

(adapted from E. Pariat
Presentation - Vulcano 2012)



Ideal MHD Qzljojoroximation

Electric field in a moving plasma:E'=E+ v x B

Resistive Ohm Law (E’=n)j) + Ampere law () =V xB) +

Faraday law VxE = - B

ot

MHD induction equation
0B

—_=nV2§+Vx(VxB)

ot B
Magnetic Reynolds number: VT
— Rm >> 1: Ideal MHD R,.. — .
— Rm << 1: Resistive MHD i

Solar Corona:
— Vg~1lkms-1,m ~ 103 m?2s?, L,~>10 km
— Rm>10%: ideal MHD is a very good approximation of the
solar corona



Frozen-in Flux in Ideal MHD

Ideal MHD induction equation: 0B
Magnetic flux conservation: the flux through =V X (V X B)
any closed co-moving surface is conserved ot
d OB o

Frozen flux: plasma & magnetic field line are e
frozen together: plasma
=>» Magnetic field lines are physical objects G L

o o o —_—
Connectivity conservation: two plasma |
elements lying initially on a field line will P

always do so E i

=>» field line cannot change its topology /
connectivity

plasma
motion

Pz /"'_‘j.




Plasma B

* MHD Momentum equation: Plkssis, Béts Mode]

] D‘E LI LY L L AL S - T ""'”! rorrThmee T Ty
UV 1 E E{?::Ger\e\fci:;'gn Region : E
PE‘FQ(VV)(V):—VP—F:(V XB} X B+pg i i B>1 i
/ 3l N : ................................. :
* Plasma beta: i ' 3
} — E;LUP 1025_ Corona i .
.I'I}l].J E SXT Limb Dot I E
L I 4
— B >>1: thermodynamic dominates % ; E
the plasma dynamics LA oot ]
B 100 I E
E Chromosphere : ;
° Corona: l3 << 1 *photosphere ............................................... : ..................... & S N ]
—_ 107" E :
: : B>1
: i 5
1072 vl 0 vl el yul tal
* Sub-photosphere: 3> 1 w0t 103 102 107! 100 10’ 102

. Beto (16mnKT/B2)
— Plasma dominated: lasma flows

advect the magnetic flux tubes



?\/lagnetic ‘Reconnection

Magnetic reconnection is the

mechanism that correspond to the

local violation of the ideal MHD

conditions oB

MHD induction equation (9_ =V x(vxB)
Magnetic Reynolds number: t
— Ry, >>1:1deal MHD ; R << 1: R — Vol
Resistive MHD 1
S?Iar Corona: V,~1 km s-1, N~ 103 m?
st
— R,, ~1for L,~1 m: recon. is a VERY

localized process relatively to solar
scales

Magnetic reconnection locally
diffuse the plasma and allows a
change of connectivity of the field
lines




’Magnetic ‘Reconnection

%B=W25+V><(X><B)

* Reconnection occurs where/when the resistive term is high:

— Possibly depends on local plasma condition: 1 can increases with
temperature, depending on type of collisions, ....

— Depends on the geometry of the magnetic field: the field must present
strong rotational of the electric current density, i.e localized thin current

sheet | J— ¥ x B.

* Magnetic reconnection is a challenging process to understand because
it couples strongly local and global scales



Active regions on the Sun:
the result of the interaction between
localized magnetic fie[cfs and the solar Jo[asma

The activit
Joﬁenomena, in the
solar atmosyﬁere
are due to the
emergence qf
magnetic f[ux
tubd;s and to their
interaction  with
the ambient

Jofasma.

Given the Joﬁysica[ conditions in the solar
, atmosyﬁere, these Jaﬁenomena can give rise
’ to eruptive phenomena !




Back to solar erujotive Joﬁenomena

e Filament eruptions




Filament / Prominences : cfassiﬁ’caﬁon

» Morphologycal classification
(cﬁ’ﬁcerent size and cfynamics)

* Active CRegion Prominences: often characterized Ey sudden eru}otions
(associated to flares).

Short ﬁfem’mes gfew hours or one-two cfays).

Located at low latitudes.

* Quiescent Prominences: very [arge size and often located at ﬁigﬁ solar
(atitues.

1 Size & L'g[etime T Magnetic ﬁe(af strengtﬁ




@ Prominences are a[ways located

above a yﬁotospﬁem’c neutral

(inve'rsion) [ine that separates g
*\ regions of opjoosite magnetic

N polarity;

- a 1

@ Old observations and models:
the magnetic fie[c[ is  mainl
horizontal and can QZ
characterized ﬁy a conﬁgumtion

called:
= (a) Normal: low latitudes and

small size (~30000 Km)

= (b) Inverse: ﬁigﬁ latitudes and

[m’ger size

a7

@ New observations and models: —)
Helical or twisted magnetic fie[c[

conﬁ’gumtion within the ﬁ’(aments
gf[ux rgpe).




Filaments - Flux CROJoes emj)m’on

Top: TRACE 195 A images of the confined filament eruption on 2002 May 27. The right
image shows the filament after it has reached its maximum height. Bottom: magnetic field lines
outlining the kink-unstable flux rope reproduced with 3D MHD simulations (Torok & Kliem 2004).



7( solar ﬂare is a sudden
toico ew mmutzs}
oca[zzea[ ("~ 10° - 108 m
re[éase 0 energy témm 1023
eryg in ncmo ares 032 eryg

m [arge two TIEBOHﬂdT’eS)

Juring which — magnetic
energy is converted into
radiation across the entire
e[ectromagneﬁc spectrum,
ﬁeaung Joamcfe
acce[emﬂon and = mass
motions.

SOLAR FLARES

Class Intensity (erg em 4 s 1) I (Wm #)

/ 105 108
B 104 107
3 109 10~°
M 10—2 105
x 10— 10—4



Solar flares can be (associated to) the most powerful events in the solar
systein

Radiation and Joartic[es emitted d'urir?e f[ares may strong@ interact
with Earth ionosyﬁere and magnetosphere

They represent an (ym’ma( tool to understand the yﬁysicaf processes
involved in magnetic reconnection



Two-ribbon flares

Simple loop [ [
or compact flares

Precursors

\ can be divided in

the atmospheric layers

[Magneﬁc energy sforage] \
4\

Core issues

Flare trigger
[ Energy conversion ]

[ Chromospheric evapomfion]

[ Magnetic connectivity fhrough]

[ Electromagnetic Radiation

()

(Par‘ricle accelera'rion]

Cl-[owever, uncfersmnoﬁ’ng solar f(ares
is not an easy task!

Pre-flare phase Impulsive phase

may be linked to [Phofospheric moﬁons]
cmE)—"
temporal evolution /
may be linked to
/ [ Magnetic shear-ing]

are asssociatedwith ____—————»
(caused by ?)

[Filamenf eruptions

|

Solar flares
Magnetic reconnection

/ cause
emit

produce  give rise to

[ Magnetic instabilities

Plasma Heating

[ Bulk Plasma Moﬁon]
g : ' Shock waves '
(Par"rlcle accelerahon]
unquakes



Sim}o[e-(oo]o ﬂare

The HXR ﬁ)q?-tcy? source indicates that energy release occurs ﬁigﬁ n
the [0@9.

_Magnetic
. Field

77 7—Hard X-ray
' Sources

Yohkoh X-ray Image of a Solar Flare, Combined Image in Soft X-rays (left) and
Soft X-rays with Hard X-ray Contours (right). Jan 13, 1992.



Two ribbon ffares

% Hystorically, these events
were rfirst[y observed in the

Ha [ine

& T ﬁerefore tﬁey were
c[assg’ﬁ’ed' as “ cﬁromosyﬁeric

events’

&= Two Em’gﬁt and ]mm(tb(
ribbons could be sud'dénl:y

observed in the Ha line

& The ribbons move apart as
time goes on




Cﬁange @[ }oerspecu’ve N

Bastille Day f(m'e (14 ﬂu(y

2000).

(red: 1600 A ; green: 171 A and
blue 195 A).

Magnetic
inversion line j E
/ ribbons kernels [gﬁ]
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Time]onﬁﬂes at cﬁﬁ(erent WClV@f@TlﬂtﬁS

& Flare Continuum

M

Type I storm 3!

N
H (a3 Radio
_,JL\_ gl
Radio

~10GHz
K i

/_)\/—\_— 6563 A
EUY

>30 keV

X 2 SOft /_/—\ X-rays

/S : . }1 <10 ke¥
" T X-rays
i ' >30 keV 4

A X-Hard /

- Electrons,

Intensity
MHz

microwaves

Y- rays

Extended phase
T . . plo;xl;l_:
t i
1me 3 ; impulsive phase

! ! ] | ]
0 10 20 30
Time (min)

- pre-flare -»« flash -» < —-——  main

-

impulsive



Observations at cﬁjj(erent A

WL observations:

. mor]oﬁofogy of the AR in }oﬁotospﬁere

. signatures of WL ribbons (down to C2.0,
Tess et al., 2008)

O}aticaf range

Ha observations

ﬁ’fament activation and rise

Ha ribbons or kernels

post-flare Ha loops

. com}oarison with models: cﬁanges of [ine

yroﬁ’&zs cfu’ring f[ares

RﬂffSSﬂqs_c;ﬁ X-rays (red 8-12
keV) and HXR (6l1¢ 20-50 keV)
overlaid on a Ha image.



Observations at afzﬁ%rent A

Con igumtion of the AR in cﬁromospﬁere -~
transition region - corona

Plasma evapomtion/conc&msation
UV/EUV yost—ffare [00}95 (timing, spatia[

conﬁgumtion, correlation with WL/ Ho
ribbons)

g‘[i?’ltS on tﬁe ine structure (Zf emyting

ilaments - flux ropes
f flux rop

Plasma cfiagnostics (tem}oemture, cfensity,
emission measure)

UV/EUV range

150,000km

Ultraviolet

7

Ty

Extreme UV




Flare observations at c['zjjcerent A
X-my range

ngt X-rays: im ulsive Brigﬁtening (due to
thermal emission) in [00}95 connecting ribbons,
related to cﬁromos]oﬁem’c evaporation.

Hard X-ray sources - One source is located

above the soft X-ray loops. The others, caused by

bremsstrahlung of colliding electrons, aljgpear at
chromospheric heights, as expected in the thick-

target model ( )
Hard X-ray quasi-yem’oa[ic [pufsations (10 s or

minutes) > sausage mode a tering B in the [00]9
and tmy}oecf Joa’m’cfes precipitation rates.

Hard X-m\r/ spectrum: non-thermal sﬁape, close
to a power-law. It is used as an injout for models

(i.e. CRacfyn, Flarix)



Flare phase

Flare observations at dijj(ezrent A

Radio range

Accelerated }oam’cfes Jorecipimw S}Oﬁ’&l[iﬂg a[ong the magnen’c fie[&f [ines

Tn the range 1 - 100 GHz radio emission results ﬁom gyration of mifcffy
relativistic electrons in the magnetic ﬁe[cf (gyrosyncﬁrown emission)

Onset: HXR, SXR
Impulsive: HXR, RS

Gradual: SXR, RF

HXR (above ~20 keV), SXR (T <
~30 MXK).

emias kg B 5 1 Radio emission is cfesignatecf Ey RS
50 o 50 100 (gyrosynchrotron), RF gree-free),
ime, min p
RP (}ofasma-ﬁ’equency mechanisms)

me ranges associared wi e aljreren
Ti g jated with the di t
}oﬁases qfaf[are.



Flare observations at dijj[erent A
Yy range

-ray lines (0.8 - 20 ‘MeV) emitted b
v-ray ( ) Y TRACE 195 4 - negative

atomic nuclei excited Ey im}oinging
ions.

L AL

=300

q\/bl' a[ff[ares SHOW gamma-my [ines

=350

|
N
o
o

T

Y (arcsecs)

‘Most of the emission fis confi’nec{ to

comyact sources _450} J

: 200-300 keV 11:06:20-11:28:001

_500 2218-2228 keV 11:08:00-11:29:40.
The footpoints of the 2.223 MeV TR s
[ine— mcﬁcatmg lon pr. em}m‘amon— Gamma-ray sources observed Ey RHESST. In

and’ tﬁe foot}ooints of tﬁe non-tﬁer’ma[ blue the deuterium recombination [ine at 2.223
continuum emission—procfucec[ By 32?_/3‘(‘:;023\1/ red the electron bremsstrahlung at
Jorecipitating electrons—do not a(ways

coincide.




The main cluestion qf jfare

Qo yﬁysics is to understan

'J‘[OW tﬁe energy, Jo'revious[y

stored in a stressed coronal
magnetic fiefcf -

> is released so myicffy,

> tmnsfported' tﬂrougﬂ the
solar atmogpﬁere,

> converted into the kinetic
energy of the non-thermal
Joarticfes and into the
ffare’s radiation output.

Flares:
Main Questions

HXR height ~ 6 — 25 Mm
Coronal
emission HXR,
SXR, EUV,
radio

Reconnection

Post-reconnection,
field - shrinking and
relaxing

coronal

Energy
flare loops

flux Energy

flux

evaporation \

Chromospheric footpoint UV/optical
emission, fast electrons/ions

[ —



What is needed to }oroc[uce
an em}om’ve event
. (assuming you got the m’gﬁt star)

‘Magnetic ﬁ’e[af

Stressed magnetic ﬁe[a[ (currents) - ‘Magnetic energy storage

T m’gger: ‘Magnetic reconnection - Threshold - ‘Jnsmﬁi[ity

fnergy conversion

Particle acceleration - e.m. emission - bulk y[asma motions

Coronal mass ejection




4 Potential )

o (current-free)
magnetic field

\?IJ?:U/

< Free magnetic energy: cﬁﬁ[erence
between the NLFF and a current-

free field

s Some OBSQWCLI'{OHS SﬁOW tﬁat tﬁe f?’éé

magnetic energy is stored on[y a few
Mm above the Joﬁotosyﬁere

% The ﬁui[cfu}a of energy on its own
does not guarantee the occurrence cf
an eruptive event (i.e., cf a sudden
energy release).

ﬂ\/[agnetic energy storage

a )

Force-free
magnetic field

QF:-:.E’:&E’J

/

(magnetic field and plasma are

Current sheets

Y

o Emergence cf magnetic bundles (and ﬁozen-in condition)
o ‘Horizontal motions qf the Joﬁowgpﬁeric Jofasma at foqp
fomfpoints (~106 W m=)

Electric currents
f[owing Joamffef
to magnetic ﬁ’e[c[

(ines in corona

For a m]oic{ release, the
O/ currents must be
I )
Y% concentrated into  small
'7)) regions (Priest and
(@)
v /l/fForﬁes, 2000)

[~ 100 - 1000 km

locally decoupled) =
reconnection

N
~

/

7
N\

7

—

W

\\s\
i

v

¥

©)
©)

t~1sto10 min
h~20Mm (from FF
models of ARs)

Not a tﬁeﬁee

energy is released



What triggers the erujotion ?

) X Q\/lagnetic reconnection
.

X fxceecfing of a  threshold
(magnetic radient, shear cmg[e,
ﬁeigﬁt oﬂ the f[ux rope,
accumulated magnetic ﬁe(icity,
magnetic ﬁ’e[ comy[exity - O-
spots)

& New emergence o magnem’c f[ux
within an a reacfy stressed
magnetic fie[&f conﬁgumtion

X Q\/lagnetic ﬁe[c[ cancellation g 4 ‘ Sl

2017-09-10T16:34:16-A1A 193— 2017-09-10716:34:45A1A 171

% Instabilities due to nearﬁy
emytions




Shear cmg[e
‘Magnetic ﬁe[cf map
(MSFC magnewgmjaﬁ).

. Chrcles : the transverse fiefcf deviates

between 70° and 8oe ﬁ’om the yotentia[
Merscaadf fie[d (yeqoemficufar to the neutral (ine).

Q%nyﬂéﬂ?fﬁ 6[6\/1:@1'1’01’15 >80e.

A farge f[are (X3 class) occurred several
hours later at the location of the [a'rgest

sﬁear.

16:42 UT FEBRUARY 3, 1986

Solid- positive ﬁe[d
Dashed- negau’ve ﬁe[cf
Dotted: neutral line.




Kink insmﬁi[ity

e

A ﬂux tube twisted Beyonc[ a certain
critical [imit becomes unstable and

kinks.

For a twist between 2.5m and 2.75m
the system undérgoes a rcgn’d'
expansion - no stable equiﬁ’ ria
exist anymore

;‘:‘\

R e S
The Astophysical Journal Sept. 2005 © American Astronomical Soc.

FIG. 1.—Left: TRACE 195 A images of the confined filament eruption on
2002 May 27. Right: Magnetic field lines outlining the core of the kink-unstable
flux rope (with start points in the bottom plane at circles of radius 5/3) at
t = 0, 24, and 37. The central part of the box (a volume of size 4°) is shown,
and the magnetogram, B.(x, y, 0, 7), is included.




T orus insmﬁi(ity

n
] 1.2 1.4
Q (] I Ll I‘ iﬂ
» 0.8 1.6

(©) (d)

v’ When a ffux rope reaches the altitude where the cfecay imfe);for the
magnetic fiefcf is ~ 3/2 (via ]oﬁotospﬁeric f(ux-cance[[ation and tether-
cutting coronal reconnection), it uno[ergoes a m}?icf u]owarcf acceleration



domino

The peak of the
X17.2 f[are was
registered' Eﬁy
GOES ~ 2 hr
[ater than the

ﬁ’rst ﬁ’[ament

erujotion



NU[[ }ooints cmc[ ﬁOLTC[ X-r ay Sources

Magnetic field lines and null points overplotted on the MD1 magnetogram:
the null point 1 is located in the proximity of a negative intrusion, while the
null point 2 is located on the eastern side of filament C.

The images show also the hard X-ray sources at 07:55:42 UT (blue),
08:16:30 UT (green), and 11:22:08 ‘U’T%rec(-ﬁrown).

Null points or QSL are sites where magnetic reconnection is triggeredj



v
1) Mu[t}’pofar magnetic fie[cf
‘ °conﬁ’gumtion.
@ 2) Activation and/or eruption cf three
ﬁ’faments.

3) Bri ﬁtenings c[um’ng the Jywj"fare and
imyulsﬂ;’ve Joﬁases in sites corresyoncfing
to seyoamtm’x 5u1faces;

4) CPost-f[are [oqps observed almost
simuﬁaneousfy in distant arcades.

Qnteqoremt’ion: successive  destabilizations of the magnetic fie[c[
conﬁ’gumtion, by a domino gjj(ect: fi[ament ‘A eruption— y:t-ojjf of the
inner (magenmf‘/ arcade — reconnection at null _points located in the
[ower atmos’pﬁerea decrease of tension in the ﬁigﬁer (green) arcade —
destabilization of ﬁ’famen’cs B and C — X17.2 f[are.




How emjations aﬁ%ct the cﬁromospﬁere:
C ﬁromo.fpﬁem’c eva}oomtion

QQ When e’nergeu’c electrons and  ions

prec;ptta@ ﬁom ’tﬁe coronal Soft X-ray emission
acceleration site and m[lpact on the
dense cﬁromosyﬁere oosing their
energy via Coulomb collisions, the

}0[6151’}1& 1’65}00116{5 c(ynamica[[y

= The temyemture in the cﬁromospﬁe’re
increases and the resufu’ng pressure

exceeds the ambient cﬁromospﬁem’c [

~ 300 - 400 km/s

}91’ essure. C ﬁT’OTﬂOS}OﬁQ?’e

= If the overpressure builds up
sufficiently fast, the heated plasma

expands  explosively  alo the
m'Zgnetic 'ﬁe(d}zn bo cfirectio?g
Gentle evaporation: v ~ 65 kmy/5,
Jaroﬁaﬁfy driven By a non-thermal

electron f[ux < 3x10%° erg cm=2 st




C ﬁromo.fpﬁem’c em}oomtion

CPost-f[are [00}05 can reach T ~ 20 MK

= SXR and FEUV post-flave loops
Qo form and grm};, {Lﬁ?[[eJ ng

C ﬁ?’O?’HOS}? ﬁé?’iC JO[@S ma

= The SXR yfasma is not heated Ey
the Jorimary ﬂare enery release,
but is a secondary yrodlt/wt when
ﬂare ener y is tmnsyorﬁch o tﬁe 10—April—01 06:00:52 TRACE 171
cﬁromosy ere.

Later on, tﬁe GH’COLC[Q EQCOWLQS

s Different scenario royoseof gy visible in  lower temperature
Fletcher & Hudson é 008): energy eMissIons, mcfucﬁng Ho
tmnsyorred' Ey ?lgfve’n waves. .

Coo[ing occurs Ey both 1)

conduction and 2) radiation.

The cool [ocyo Jo[asma drains under
gmw’ty, and Ha c[ownf[ows
(“coronal rain”) become visible

Cl[OTlg tﬁe [egs oftﬁe arcac[e.




C ﬁromogpﬁeric evaporation / condensation
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n ﬂam’ng [OOJQS

SOL20140910 (1R1S, SDO)

. X1.6ﬂare in NOAA
12158

° One r iﬁﬁon moves d’OWYl

. e AN 150 spectrometer slit (Fe
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10 3 |+ Velocity profiles obtained
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g‘[b\/\/ eTM}?fL/OTLS CLﬁCf tﬁejoﬁotm]oﬁere:

o WL ffm’e emission correlate in time with hard
X-mys

% It also coincides in space within less than an
arcsecond (

% The source region qf the WL emission is in the
[ow cﬁromosyﬁere

WL ﬂares

13—-May—-2013 16:00:37.700

HMI WL
35—100 keV

-3940

WL flare near the solar limb.

RHESST HXR (30-50 keV,
ﬁﬁ/é) contours are over [aicf ona

WL difference image
(HM1/5DO).



Observing Campaign “Searching for signatures of WL flares”

C 11 1330 A 30000 K Mg Il k 2796 A 10000 K Mg Il k wing 2832 A 6000

IRIS SJI 2832 7-Nov-2014 16:07:44.330 UT

IRIS SJI 1330 7-Nov-2014 16:07:34.440 UT IRIS SJI 2796 7-Nov-2014 16:08:02.800 UT
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Zoomed IRIS 2832 A slit-jaw image, showing the approximate
location of the slits and three pixels analyzed in the following. ' ' X (arese)
The red arrow indicates a brightening.




Continuum enhancements in FUV and NUV @ the rise phase of the X1.6 flare
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= Blue line: average intensity in five of the IRIS spectral ranges in the pixels at raster position (3,[537:539]) at 16:56:47 UT

= Orange line: same as blue line, for raster position (3,[543:545])

= Green line: same as blue line, for raster position (3,[558:560])

= Black line: average intensity calculated at the same time along 20 consecutive slit positions (from 160 to 179),
corresponding to a quiet-Sun region.

ote that the blue curve exhibits a very prominent bump in the blue wing of the 5i IV @
1402.8 A line, and in the blue wings of the C Il @1334 and 1336 A,and Mg Il h and k lines.




Y Slit Position

Y Slit Position

Y Slit Position

7-Nov-2014 16:54:54 UT

-100

0 100
Doppler shift [km s]

16:55:32 UT 16:56:09 UT 16:56:47 UT 16:57:24 UT
: n : g 2500

.. Line profiles for three different
«: pixel positions of the IRIS slit
for C Il 1335.75 A (top raw),
w Si IV 1402.8 A (middle raw)
©and Mg Il k 2796.31 A (bottom

2500 raw) .

2000

8 In each raw the line profiles for
¢ successive times are overplotted
on the relevant spectrograms. The
dashed vertical lines indicate the
position of the line center
(laboratory  rest  wavelengths),
while the colored circles show the
slit position relevant to the profiles
indicated with the same colors.

Intensity [DN s™]

200 -100 0 100 200 -100 0 100 200 -100 0 100 200 -100 0 100 200
Doppler shift [km s™] Doppler shift [km s™] Doppler shift [km s™] Doppler shift [km s™]

U For selected time intervals and slit positions, the line profiles of C Il and Si IV
(IRIS dataset) indicate blueshifts followed by redshifts, while the Mg Il k line
profile indicate that at the same time but in different pixel positions,
blueshits and redshifts are present.

O Two possible scenarios:

J

+* chromospheric evaporation followed by condensation

J

s the blueshifts are actually indicative of the rising motion of a flux rope
observed in AIA images.



Sumluaﬁes: how can ffare energy propagate towards
the solar interior ?

O V4 7
C SUTLQUCLE&S.’ Se1Smic waves oﬁsewed’for some 61/”,' IRIS SJI SDO 29-Mar—2014 17:46:04.710 UT

not all CMEs and M- and X-class ﬂares o
(Kosovichev & Zharkova,1998; Donea, 2011). 720

300

These waves refract through layers deep in the|: ; o
convection zone and appear as su’:face ripples, [~ '\ AT
, G ;
traveling at speeds of some tens of km s~ 250 . QO
240
Qﬂ;y have energy between 1027 and 1029 e;? A ey O 0 W
and come from a source with an area of the

order of 10 Mm? (associated with HXR and Matthews et al, ApJ 2015

WL sources).

le the flare enery is released in the corona, in order to drive an acoustic
disturbance in the solar interior, the energy must propagate through nine

gy propag @)
pressure scale ﬁeigﬁts.



o

Cﬁanges @C the ]oﬁotosyﬁeric magnetic field
W

duri er flares

studied 20 mqjor ffares observed
between 1999 and 2005, and founc[ evidence cf
[ongitucfina[ magnetic fie[c[ cﬁanges in 15 X-class ffares.

T ﬁey concluded that “one of the basic assumjotions cf
f(are theories, that the }oﬁotos heric magnetic ﬁ'efcf does

not cﬁange cfum’ng ffares, needs to be reexamined.”

Rajoiaf magnetic cﬁagges in the course @C major ffares
were also observed in horizontal magnetic fie[c[s



Y (arcsecs)

Flare-indiced 7@%/&’1/5 Sunspor Rotation
o mz/ﬂﬁz‘ n yﬁ Resolution

RHESST  Science nugger
(November 2016) Cﬁdﬂg Liu
et al,

See also Anwar et al. 1 993



O

o

C ﬁﬂﬂ(gaf a/[ the Chromospheric maggﬂelz’c

Changes of the chromospheric B s
during an Xl-flare on 2014 March 29.
These are stronger (maximum value
640 Mx cm~2) and in larger areas
than the photospheric changes.
Photospheric changes are located
near the polarity inversion line,
chromospheric  changes seem to
predominantly occur near the
footpoints of coronal loops.

Changes are near (a few arcsec), but
not perfectly co-spatial with HXR
emission. Enhanced AIA emission
occurs in nearly all locations that
show changes of the magnetic field.
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CMEs can cause
o im}oorm’nt cﬁanges and
reconﬁgumtion of the
(coronal) magnetic
ﬁ’efcf, ie., c[isy[acements
qf helmet streamers and

sﬁ’m’néage qf coronal
holes.

Coronal Mass Q-Zjections

Due to a CME, the coronal streamer migrated southwards,
and then persismf for more than one solar rotation.

% CMEs can reduce the coronal magneu’c ﬁe[icity, carrying cfun’ng their
travel an amount cf ~ 104 - 1043 ‘Mx2.

X @un’ng ﬂares not associated to CMEs, mag’neu’c ﬁeﬁ’city cannot be
eﬁi’cien’rfy cﬁ’ssiyatwf, so that magneu’c ﬁe(icity in the corona will be

conﬁnuousfy Bui[ofuja.



Trend of magnetic ﬁe[icity Eefore and aﬁer C‘M‘Es
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Smyr[i et al., A&4A, 2010

Park et al. (2010) showed
that in ffaring ARs the
ﬁeﬁcity irg’ection was
twice that of non-f[aring
regions.

However, it is not
}oossiﬁfe to si?gﬁz out
a genem[ rule on the
behaviour of the
magneu’c ﬁeficity
aﬁzr a CME, as it
can:

Q continue to grow
Q start to decrease
Q become constant,
Q cﬁange its sign.

Helicity Accumulation (10” Mx’)
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Correlation between Flares - frujotive Filaments - CMEs

O More than 80% qf (fi[ament) erujations lead to CMEs

OO
Q The ene;gy threshold for near one-to-one corresponcfence between
f[ares and CMEs appears to be at the GOES X2 level

Authors Number Period CMEs CMEs
of associated with associated with
CMEs eruptive prominences Ha flares
St. Cyr and Webb (1991) 73 1984 -1986 76 % 26 %
Gilbert et al. (2000) 18 1996 — 1998 76 % 94 %
Subramanian and Dere (2001) 32 1996 — 1998 59 %
Zhou, Wang, and Cao (2003) 197 1997 -2001 94 % 88 %
TABLE 6.2: Correlation between CMEs—and flares for CDAW and
CACTus datasets in thime interval.
Flares CDAW CACTus
GOES Number flare CMEs flare CMEs
class of associated not associated associated not associated
events with CME with flares with CME with flare [%]
+ 2h [%] [%] + 2h [%]
C 17,712 10003 (56.47 %) 11074 (4840%) 7755 (43.78%) 6396 (41.22 %)
M 1884 1308 (69.43 %) 1242 (65.92 %)
X 155 130 (89.39 %) 121 (78.06 %)



TABLE 6.3: Correlation between CM and flares for CDAW and
CACTus datasets in th 'me interval.

Flares CDAW CACTus
A° GOES Number flare flare
. class of associated associated
events with CME with CME
+ 1h [%] + 1h [%]
C 17,712 5842 (32.98 %) 4228 (23.87 %)
M 1884 951 (50.48 %) 771 (40.92 %)
X 155 118 (76.13 %) 86 (55.48 %)
TABLE 6.4: Correlation between CMEs and flares for CDAW and
CACTus datasets iime interval.
Flares CDAW CACTus
GOES Number flare flare
class of associated associated

events with CME with CME
+ 30min. [%] 4 30min. [%]
C 17,712 2992 (16.89 %) 2159 (12.19 %)
M 1884 445 (23.62%) 341 (18.099 %)
X 155 62 (40.00 %) 37 (23.87 %)
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frujou’ve events: we need to know wﬁere, when and
how the magneu’c energy is stored and released




Thanks for your attention




