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Internal structure:
core
radiative zone Subsurface flows

convection zone

Photosphere

)E __— Sun spots

Coronal Hole
Chromosphere

D. Lacatus
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—— Spectrum without atmospheric absorbtion
—— Spectrum with atmospheric absorbtion
—— Black body spectrum at 5778 K

Spectral Irradiance [W-m=2-nm~1]
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—— Spectrum without atmospheric absorbtion
—— Spectrum with atmospheric absorbtion
—— Black body spectrum at 5778 K

Scheffler & Elsésser, courtesy Karin Muglach
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—— Spectrum without atmospheric absorbtion
—— Spectrum with atmospheric absorbtion
Black body spectrum at 5778 K

Scheffler & Elsésser, courtesy Karin Muglach
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Intensity [erg-s~1-cm~2-sr-1-4-1]
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Intensity [erg-s~1-cm~2-sr-1-4-1]
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Intensity [erg-s~1-cm~2-sr-1-4-1]
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Level 2 data product = calibrare lungime undi = N (), ¢) in DN =
I\ t)inerg-s~t-em™2 - sr~1.A~1 folosind Liu et al. (2015)

N - Q) - E(N)

I =
AD== "Ar a0

unde,
N(\,t) - intensitatea observati
Q(\) - caracteristici instrumentale: 18 fotoni -DN~! pentru regiunea
spectrald (De Pontieu et al., 2014)
E(X) = h - ¢/ - energia fotonului
- texp - timp expunere
A - rezolutie spectrald,
A - aria efectiva (iris_get_response.pro)
) - unghi solid
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Intensitate integrata:

T = / I(\)dA

Effectul Doppler:
AN — JA(N)dX e
JI(N)dA

= Vitezd Doppler:

AN
Av = )\—0 C
Dispersia lungimilor de unda: = Largimea profilului:
SN =X0)2I(\, t)dA FWHM = 2.350 d\
g =
JI(Xt)dX

D. A. Lacatus



Introducere Metodologie Calm solar Eruptii Concluzii

Incotro?

1.0 kv
- N\ /
\
\ 4 2

0.8 ’,' \“ ,’I \/
£ / 5 / %
%06 / V| A \
E ) / A
il :
H Y \
§ o4 kv / \ kir
z /I “\
02 ’/, \\
a 2795.8 2796.0 2796.2 2796.4 2796.6 2796.8 2797.0

Wavelength [A]
Distantd dintre maxime: Adancimea centrului de absorbtie:
Wi2 = Mgy, — Ak, Dyz=1- 2k
o Tiy, + Iy,
Asimetria liniei:
Ratia liniilor de emisie:
Ry = (Ier - Iks) - (Iks — Ikzu)
Ik2r - Ikw Ryp, = I_k
I
D. A




alm solar




Introducere Metodologie Calm solar Eruptii Concluzii Incotro?

2017-09729815504:29,

D. A. Lacatus
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Metodologie Calm solar Eruptii
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Doppler shift [km/s] Line width [mA]
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Calm solar Eruptii Concluzii Inco

Depth of Mg 1T k3 Mg I1 k2 dominance
0.0 0.25 0.5 0.75 1.0 -10 -05 0.0 0.5 1.0 0.

Solar Y [arcsec]

K

18:30 18:45 19:00 19:15 18:30 18:45 19:00 19:15 18:30 18:45 19:00 19:15 18:30  18:45 19:00 19:15

QQS Time (UTC)

D. A. Lacatus



Introducere  Metodol Calm solar Eruptii Concluzii Incotro?

Fit parameters for the Mg II lines characteristics in the datasets, for different activity levels.
Set Activity Intensity (10°) Doppler Shift Line Width Magnetic field
Level [ergcm ™ 251 g 1] [km/s] [m;\] [G]
Inter 0.62 £ 0.21 -0.97 £ 3.58 345 £ 42 1.07 +7.37
QQs Net 1.50 & 0.64 0.05 £ 2.51 407 & 65 221 % 13.40
E Net 2.68 £ 1.03 0.13 £ 2.65 454 & 54 15.07 £ 27.02
Inter 0.47 +0.17 -0.11 £ 2.32 312 £ 37 -0.02 & 7.07
ARQS Net 1.64 £ 0.61 -0.06 £ 2.34 426 + 54 -2.54 £ 18.86
E Net 3.09 £+ 0.94 0.46 + 2.31 495 £+ 52 -17.75 £ 29.74
Inter 0.84 £0.27 0.64 £ 3.28 342 £ 70 -0.35 +5.94
CHQS1 Net 1.73 £ 0.48 0.47 £2.53 446 £ 50 5.68 £ 9.62
E Net 412 £ 1.13 0.17 £ 2.63 554 £ 48 195.04 4 198.37
Inter 0.73 +0.28 -0.21 £+ 3.74 398 £ 60 -1.06 & 8.46
CHQS2 Net 1.08 £ 0.50 -0.63 £ 4.07 441 + 70 -10.45 + 26.50
E Net 2.61 +1.21 0.80 & 3.50 507 £ 51 -31.64 + 60.06
Set Activity Core Peak Peak k:h
Level Depths Dominance Separation Ratio
mA
Inter 0.53 £0.12 0.07 £+ 0.14 271 £ 38 1.12 £ 0.08
QQS Net 0.52 £ 0.12 0.04 4 0.12 302 + 56 1.19 £ 0.07
E Net 0.33 £0.15 0.06 4 0.16 323+ 79 1.27 + 0.05
Inter 0.42 £ 0.12 0.04 £ 0.09 226 + 31 1.08 4 0.06
ARQS Net 0.70 £0.09  0.05 4 0.12 317 £38 1.20 £ 0.05
E Net 0364+0.14  0.05+0.13 355+ 75 1.30 £ 0.05
Inter 0.52 £0.12 0.09 £ 0.16 309 £ 46 =
CHQS1 Net 0.46 £ 0.11 0.05 4+ 0.15 356 + 53 =
E Net 0.38 £ 0.16 0.04 +0.18 332 + 81 -
Inter 043 £0.12 0.05 £ 0.17 309 £ 50 1.14 £ 0.08
CHQS2  Net 047 £0.14  0.08 +0.19 358 £ 78 1.17 £ 0.05
E Net 041 £0.16  0.02 4 0.19 389 £ 86 1.27 £ 0.05




QQs: Enhanced_network
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Electron upflows
Slow-mode standing shock

Downflows accelerated material

High density

Fast-mode standing-shock / HXR cusp

Hot top loop / SXR source

Accelearete particle

Non-themal electrons downflows
Bremmstrahlung radiation in TR (thick target)

Chromospheric evaporation upflow

HXR Footpoint source

Cartoon model based on Yokoyama & Shibata (1998)
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Doppler shift [km/s]
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Lacatus et al. (2017)
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Observed frequency-integrated intensity (erg cm™2 s~1 sr—1)

Multiplet Mg IT Mg IT cn SiIV
3p — 3s 3d — 3p 1334 + 1335 1403
Phase
Qs 5.36 X 10° 6070 572
Pre-flare 1.83 x 108 5.16 x 10* 2840
Impulse 4.36 x 107 ~ 1.36 x 107 1.73 x 107 > 3.86 x 10°
Relax 2.77 x 107 4.81 x 10° 4.39 x 10° 3.51 x 10°
Post-flare  1.82 x 107 ~ 4.51 x 10>  1.45 x 10° 2.04 x 10°

Sudden onset 6 min after flare.

Region 20 pixels across (6") or 4-5 Mm.

No obvious self-reversed of broad components.

Smooth profile across Doppler shifts = unresolved motion.

Total PF intensity higher than core = not scattering, plasma pocket.
Mg II k/h ratio ~1.15 (thin 2:1) and C II 1334/1335 A ratio ~ 1.
(thin 1:2)== optically thick plasma?

PF profile width of 150 km/s and ~70 km/s redshift = 4X more
energy in unresolved motions than in resolved ones = Magnetic
fields play important role?

D. A. Lacatus
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C31 1-— eXp(—T())
Line opacity e x ——— <« Py~ ——7--—2
) p Y . A5+ 0 e To
Radiation Anisotropy

7o for h is &~ 1/2, and for k is & 1, only outermost strands will be seen.
Emission effectively thin across strand

hvji 2 —1..—1

Linin = _nlcj‘m ~ 1.1 x 107erg cm=2 s~ tsr

Mg II trangitions Observed intensity ratio of triplet to h& k is 1/40:
I3g—sp  Css—3p 1 4.86 o

Isp—3s  Cas_3q 67 < Teq > =~ s mA=28

Doppler shift ~ 70 km/s shift =- plasma dropped from ~ 5 Mm

Sudden onset x 2 increase in intensity in < 40 s. Small scale motions

(&19 ~ 100 km s~ 1) within a coherent downflow of 70 km s~ !.

Broad lines origin: Scattering inside the strand can not lead to emission so
far from core. Therefore we assume:

Ervy = % = B = 17G in chromopshere

The kinetic energy density ~ 2 x 10° erg cm~2.

X-class flare: 10! erg cm=2 s~! for ~ 10?3 sec, total energy density =
1013~ erg cm™2, so0 only 1/1000 needed for waves.

v

D. A. Lacatus
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o Total radiated flux in Mg Il h&k ~ 7It, ~ 3 x 10'%rg cm—2

= Total radiative fluxes from chromosphere 4-10x higher (Anderson &
Athay, 1989): 10! erg cm—2

e The line width and intensity decrease in time, suggesting slow decay of
waves, with energy converted to heating by phase mixing, resonant
absorption, ion-neutral interactions, etc.

e For reference, an Alfvénic wave with a period of 10 seconds (w ~ 0.6
rad sec™ 1), oscillating in the plasma with n15 =~ 1 and n,;2 = 0.1,
consisting entirely of neutral helium. The ion-neutral helium collision time,
Tni & 107371;112 ~ 1072 sec™!, which gives w,,; ~ 6 x 103, Under this
regime the wave energy dissipation time (Holzer et al., 1983) is

1
= ~ 2500 sec.

D ~
Np12 TpiW
Observed decay time of ~ 103 seconds may or may not be naturally
explained without needing to invoke dynamical MHD processes, depending
on the (unknown) frequency w of the oscillations.

v

D. A. Lacatus
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Liniile de emisie rezonantd ale atomului de Magneziu in primul stagiu de

ionizare (Mg II) prezinta importante variatii in functie de nivelul de activitate

solard, dar oferd informatii corespunzatoare mai multor “Inaltimi” din

cromosfera dacd luam in calcul detaliile structurale ale profilului.

Conditii de activitate redusa: efecte la marginea supergranulelor

Intensificari ale intensitatii si largimii profilelor

Separarea maximelor Tnsotitd de scdderea adancimii centrului de absorbtie

Contrastul dintre zonele inactive pure si gaurile coronale este partial

vizibil 1n separarea maximelor de emisie

Conditi eruptive

Profilul nu prezinta centru de absorbtie = comprimarea zonei de emisie

Liniile subordonate sunt in emisie = gradient de temperatura

Intensificarea emisiei si largimii liniei = miscdri turbulente

Destabilizare filamentului precede eruptia cu cel putin 10 minute

Deplasare Doppler spre rosu persistentd 1n ploaia coronald

Largirea liniilor cauzatd de miscdri la scald micd in interiorul unei plasme

anisotropice

o Cauzi plauzibild: Amortizare unor unde Alfvénice excitate in faza
impulsiva a eruptie 1n interiorul plasmei din ploaie coronala

4

D. A. Lacatus
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Rezultatele spectroscopice sunt limitate de lipsa informatiilor care ar clarifica
ambiguitatile observationale. Posibile rezolvari:
e Multiple linii sensibile la conditii atmosferice din intregul volum
e Maisurdtori de camp magnetic Tn cromosferd
e Multiple linii sensibile la efecte ale cimpului magnetic: efectul Hanle si
efecte magneto-optice (iluminare anizotropici, variatii de cAmp magnetic)
e Modelare ale emisie acestor ioni, considerand structuri atomice suficient
de detaliate, efecte radiative, n afara conditiilor de echilibru termic local
e Utilizarea de metode de inteligentd artificiald 1n prelucrarea si modelare
datelor observationale.

T
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Va mulfumesc pentru atentie!
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