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SLUNECNI ERUPCE

Slunecni erupce je explozivni proces ve
sluneCni atmosfére, ve kterém energie
naakumulovana v elektrickych proudech
a magnetickém poli je velmi rychle
preménéna na ohrev plazmatu, toky
plazmatu, urychlovani castic a
elektromagnetické zareni od radiovych
vin, pres optické zareni, UV zareni,
rentgenove zareni az po gama zareni.
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Composite: SOHO—EIT KSO—HALPHA 06:46:51.033
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Standartni model slune¢ni erupce




Schéma magnetické rekonexe
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MHD: Idedini a ne-idedlni procesy

i
i + Ve(pu) =10

Iy .
’”[:'W +plu-Viu=—-NVpHi = B+ pg
(B

Ideal instabilities (e.g. kink/torus)
[filament eruption (initial phase)]

= = |V x(u x B) | Vx(nj)|*

o .r ‘\
7 U iw. g0

Dynamo it N

Scale coupling in MR

Reconnection / Dissipation

/> {Macrophysics} Q

A Flows, currents

Transport coefficients (n) <?
% [Microphysics }

Generalized Ohm's law

0
nix,t) = { C (lop(x., )| — ver)

(A}

‘f(‘l)’ i Upy

UD| > Vor




Priklad MHD simulace magnetické rekonexe
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Priklad pozorovani plazmoidu
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Takasao et al. 2012;
see also Savage et al. 2012a,b



2.5D PIC model (600x4000A), pocatecni Harrisova proudova vrstva,
pocatecni T,= T, = 10 MK, 3 = 0.07, voln¢ okrajové podminky
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Casovy vyvoj magnetickych silo¢ar a proudovych hustot
v Case wp, t =0, 1800, 3500, 5000, 6500, and 8000.
(Karlicky and Barta 2011, ApJ 733, 107)
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a distribuce numerickych elektroni (body), které maji
energil vétsi nez 40 keV v Casech o, t = 5200, 5600,
8000, and 9000.
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Rentgenova spektra ze zdroje nad arkddou erupcnich
smycek, pocitana pro hustoty plazmatu n,= 10° a 10° cm-3
a objem V = 8x10%° cm?, a spektra pozorovana

Vv erupci ze dne 31. 12. 2007.



Priklad PIC simulace elektromagnetickych
(radiovych) vin v magnetické rekonexi

Transverse—mode energy density

Time step: 07000

(Karlicky et al. 2010,A&A 514, A38)
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Vznik slunecniho treseni

Zharkov et al. 2011



VyvrzZeni koronalni hmoty do heliosféry




Procesy v magnetosfere Zemée




Carrington flare
(1859, Sep 1, am 11:18 )

* The first flare that human
beings observed

* by Richard Carrington (England)

» white flare for 5 minutes

* very bright aurora appeared
next day morning

at many places on Earth, e.g. Cuba,
the Bahamas, Jamaica, El Salvador,

- Telegraph systems all over Europe and
and Hawaii. North America failed.

* lLargest magnetic storm Telegraph pylons threw sparks and

(> 1000 nT) in recent 200 yrs.  telegraph paper spontaneously caught
Fire (Loomis 1861)

http://en.wikipedia.org/wiki/Solar_storm_of 1859



Magnetic storm and aurora on
1989 March 13, that lead to Queb ck
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Magnetic storm ~ 540 nT XL A Frank ) e
Produced by a big solar flare (X-class: X4.6) | plidae

http://www.stelab.nagovya-u.ac.jp/ste-www1/pub/ste-nl/Newsletter28. pdf
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GIC — elektricky M
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Flare frequency [erg_1star_1year_1]

Supererupce (Shibayama et al. 2013)
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Komety v blizkosti Slunce

23:38:53 / 23:38:29




UZiti vysledku studia sluneénich erupci:

Slunecni a steldrni erupce

Plazmové procesy v maghetosférdch Zemé
a jinych planet

e Neutronové hvézdy a magnetary
Akrecni disky

e Laboratorni plazma,
TOKAMAK
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ALMA projekt

ALMA, the Atacama Large Millimetet/
submillimeter Array, will be a single
ATACAMA LARGE research instrument composed of up to
MiLLIMETER / 80 high-precision antennas, located on
}E\A' SUEMUSIMETS R the Chajnantor plain of the Chilean
Andes 1in the District of San Pedro de
Atacama, 5000 m above sea level.
ALMA will enable transformational
research into the physics of the cold
Universe, regions that are optically dark
but shine brightly in the millimeter
portion of the electromagnetic spectrum.
Providing astronomers a new window
on celestial origins, ALMA will probe
the first stars and galaxies, and directly
image the formation of planets.

: ARRAY

ALMA will operate at wavelengths of 0.3 to 9.6 millimeters, where the Earth’s atmosphere above a high, dry
site 1s largely transparent, and will provide astronomers unprecedented sensitivity and resolution. The 12 m
antennas will have reconfigurable baselines ranging from 15 m to 18 km. Resolutions as fine as 0.005" will
be achieved at the highest frequencies, a factor of ten better than the Hubble Space Telescope.



Zavery:

1. Primarnim procesem ve slune¢nich erupcich
je magneticka rekonexe.

2. P11 magneticke rekonexi vznikaji plazmoidy,
ktere navzajem interaguji a pfitom jsou velice
efektivné urychlovany castice, které pak dale
generuji elekromagneticke zareni od radiového
az po gama zareni.

3. Pi1 mohutnych erupcich je vyvrzen magneticky
oblak s koronalni hmotou, ktery pak ovlivnnuje
cely meziplanetarni prostor, véetné okoli Zemé.



4. Supererupce jednou za 10000 let?

5. Vliv erupci predevsim na elektricke sité, satelity
a dalkove spojeni

6. Vyuziti vysledku studia slune¢nich erupci:
a) VIiv erupci na procesy na Zemi
b) Erupce na hvézdach
c¢) Procesy v magnetosferach Zemée 1 jinych
planet
d) Neutronové hvézdy a magnetary
¢) Akrecni disky
f) Laboratorni plasma, TOKAMAKY



