


Erupcia

Jav, pri ktorom dochadza k nahlemu a ,kratkodobému“ zvySeniu
intenzity elektromagnetického ziarenia v Sirokej oblasti jeho spektra, k
urychlovaniu a vyvrhnutiu elektricky nabitych cCastic, k ohrevu a
usmernenym pohybom plazmy

Je prejavom magnetickej aktivity hviezd

Pozorujeme ju v atmosfere hviezdy (Sinka)

Fazy vyvoja erupcie

Pred erupCna — prekurzory — iba niekedy (zjasnene v EUV alebo RTG
oblasti - minaty ale aj hodiny).

PocCiatoCna (impulzna) — prudky narast toku makkého RTG ziarenia;
vyskyt pulzov v oblasti tvrdého RTG a mikrovinného zZiarenia, je kratSia
a ma strmsi priebeh ako nasledujuca gradualna faza (10 - 20 min.).

Gradualna — tok makkého RTG Ziarenia postupne klesa, vytvaraju sa
po-erupcné slucky (az niekolko hodin).



Erupcia — pouzivane klasifikacie:

Podl'a maxima toku makkého RTG Ziarenia (1 —8 A)
nameraného v oblasti Zeme:

trieda: B FO D07 10% W.m=

C F0O0O10°% 10% W.m=

M FO0O10° 104) W.m=

X F = 104 W.m2
napr. pre erupciu s oznacenim M5.8 bude: F = 5.8 x 10° W.m~?
Podla velkosti plochy v H-a (v 10¢ plochy hemisfery):

trieda: S < 200
1 200 — 500

2 500 — 1200
3 1200 — 2400
4 > 2400

trieda + pripona f, n alebo b (subjektivne):
f — faint (slabé), n — normal, b - brilliant (ziarivy)

http.//sidc.oma.be/edu/classification.html
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Zdroj energie erupcii

pri vel'kych erupciach sa uvolni energia az 3.0E+25

jej zdojom je magnetické pole, uvolnitelna energia
Wflare=Bcor-Bpot,

magneticky "smyk”, skrdtené siloCiary mgn. pola,
elektrické pruady, vysoka komplexnost mgn. pola

skritenie slu¢ky dizky 50 Mm, hribky 10 Mm s mgn. polom 50 G o uhol 2m
ma uvolnitel'nd energiu 3.0E+23 J, ¢o je dostocné pre malu erupciu

energia pola je dodavana pohybmi fotosférickych ukotveni
slucCiek, rotaciou a vynaranim sa mgn. pola spod fotosféry

tieto pohyby zaroven pbsobia aj ako “spustaci”
mechanizmus
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Magneticka topologia a rekonexia:

Magneticka topoldgia sa zaobera studiom konektivity
roznych tokovych systémov magnetického pola

v aktivnych oblastiach - indikuje miesta, v ktorych
mobze dbjst k rekonexii (uvolneniu magneticke;
energie)

Spominané klasifikacie erupcii vSak nehovoria vela
o fyzikalnej podstate erupcii - vyhodnejsia je
klasifikacia

z hl'adiska topolégie magnetického pola

uzavreté/impulzné - kompaktné
eruptivne/dynamické - v pocCiatocnej faze su
magnetické siloCiary uzavreté, pocas dalSieho erupcie
VyVvoja sa , otvoria“, byvaju spojené s CME
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Sweet-Parker model
A >> d, stacionarny,

2_D re konexia problém: nizka rychlost,

Skala (14TodA

Petschek model
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rychlost rekonexie
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— { s =
regll:m : flow \ y r6zne druhy nestabilit, pri
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- magnetické “ostrovy”.
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Elektrick& vodivost v plazme
| _ — moze poklesnut vdaka
turbulencii, ktora generuje
pole elektrostatickych vin —
zmensenie strednej volnej
drahy — znizenie vodivosti.
Nestaci, potrebné drastické
zmenSenie difuznej oblasti.
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Figure 10.1: Basic 2D model of a magnetic reconnection process, driven by two oppositely
directed inflows (in x-direction), which collide in the diffusion region and create oppositely

directed outflows (in y-direction). The central zone with a plasma-3 parameter of 5 > 1 is
called the diffusion region (grey box) (Schindler & Hornig 2001).
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Figure 10.20: Tempeoral evelution of a flare according to the model of Hirayvama (1974), whach
starts from a rising prominence {(a), migegers X-point reconnection beneath an erupiing promi-
nence (b), shown in sideview (b"), and ends with the draming of chromospheric evaporated, hot
plasma from the flare loops (c) (Hirayama 1974).
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Figure 10.21: Elaborate version of the standard 2D X-tvpe reconnection model that also in-
cludes the slow and fast shocks i the outflow remion. the upward-ejected plasmoid, and the
locations of the soft X-rav bright flare loops (Tsuneta 1997).
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Fig. 10-12 Enhancement of the solar spectrum at short wavelengths by a large flare.
Adapted from E. Smith and D. Gottlieb. Space Sci. Rev., 16, 771 (1974).



RTG ziarenie

Accelerated
Electron

Poskytuje najlepSiu informaciu o tom,
kde sa v erupcii uvolnuje energia

Magnetic
Field

Energy
Release

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.
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Fig. 46. The temperature and pressure struciure in e Tsuneta flare (Tsuneta et al, 1992)
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EUV ziarenie

' b) EIT 195 17:55 17:55

¢) BBSO Halpha

Figure 16.12: Flare of 1998-Apr-29, 16:37 UT. observed in EUV (SoHO/EIT 195 A, left), in
Doppler shift (SoHO/CDS Fe XVI: nuddle). and in Ha (BBSO: right). Note that the magnetic
configuration corresponds to a loop arcade, curved around the sunspot in the south-east of the
image. Blueshifts are observed at the outer and inner ribbons of the curved arcade (black color in
middle 1mage). while redshifts are found in the interior of the arcade (Czaykowska et al. 1999),



Emisia v EUV oblasti a H-alfe
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Modelovanie magnetickeho pola
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Figure 16.6: Height-temperature diagram of the origin of Hey, Lyman line emission (La. L3,
L+), Lyman continmum, UV lines (T' 2 20, 000 K). and UV continuum (51 I Si II, C I) are
shown (left), along with a temperature model (thick line) according to the model of Vernazza et
al. (1973). The corresponding heights of the various emussions (hard X-ravs, XUV lines, nuclear
~-rays, neutrons, Ho, and UV continunm) in a flare loop footpoint are sketched (right). Chro-
mospheric evaporation 1s caused by heating of precipitating electrons. nuclear ~-ravs by precipi-
tating protons, and UV continuum emission by photo-ionization from collisional bremsstrahlung
in the upper chromosphere, also called backwarmung (adapted from Vermnazza et al 1973; Brown
& Smith 1980; Dennis 1988).
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Fig. 10-16 The radio spectrum of a large flare. The low-frequency Type III and Type I
storms preceding and following the flare are not necessarily part of the flare. Only one
Type III burst has been drawn, although a group of about ten occurs at the flash phase.
Only the envelopes of the Type IV burst have been drawn; usually only parts of them
are filled. The height scale on the right-hand side corresponds to the plasma level of the
frequency scale on the left-hand side. Adapted from H. Rosenberg, Phil. Trans. Rop.
Soc. London A, 281, 461 (1976).

Nekoherentna radiova emisia
volno-volna tepelna emisia, v=1 GHz
I plazmova emisia

gyroemisia, «rsQ

s=1-4 tepelné elektrony,

s=10-100 relativisticke elektrony
I tepelné a relat. elektrony
IV moving zachytené elektrony
IV mikrovinné zachytené elektrony

Typ

Typ

Koherentna radiova emisia
plazmova emisia

elektrénové zvézky, v=9000vh

|  Sumova emisia, dlhozijuca (az dni),
takmer 100% polarizacia [J oscilacie
plazmy excitované energetickymi
elektronmi.

Il spbsobena pohybom poruchy smerom
nahor, 2 diskrétne frekvencie, zakladna
a druha harmonicka

Il nahor (nadol) sa pohybujuce zvazky

IV gyrosynchrotronna emisia elektronov
zachytenych v plazmovom oblaku
(radiovy prejav CME)
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Figure 15.8: Microwave data during the 1993-Tun-3 flare, showing the radio intensity peaks
{contours) on top of a soft X-ray image from a filtered Yohioh SXT/A112 at 23:39 UT. Contot
are 80% to 99% of the maximum intensities: 1.8 x 10 Kat5 GHzand 1.2 x 10° Kat 17 GE
respectively. The 5 GHz (looptop) source is produced by gyrosynchrotron emission, while t
17 GHz (footpoint) sources could be 2 combination of gyrosynchrotron and free-free emusst
(Lee & Gary 2000).

Figure 13.3: Observations of the long-duration fiare event of 1993-Mar-16 with the Nobevams
Radicheliograph at 17 GHz and Yohkeoli/SXT. Note the common loop-like structure, although
there are little differences due to the different instrumental temperature responses (Hanaoka
1904).
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18 Aug 1980: White Light

10:04

11:43

11:54
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13:34

Sourece: High Altitude Observatory/Solar Maximum Mission Archives

HAG A-0185




AMBIENT SOLAR WIND

A

@'\ FLARE SITE

Fig. 12-10 A qualitative sketch, in equatorial cross-section, of a flare-produced shock
wave propagating into an ambient solar wind. The arrows indicate the plasma flow
velocity and the light lines indicate the magnetic field. Reproduced by permission, from
A. Hundhausen, Coronal Expansion and Solar Wind, Springer-Verlag, N.Y., 1972.
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Figure 17.11: Height-time h(t) plot (top), velocity v{(r) (middle), and acceleration profiles
a(r) (bottom), as a function of distance r/Rg, are shown for representants of two different
CME classes: a gradual CME with initially negative acceleration (right), and an impulsive CME
with mitially positive acceleration (left) (Sheeley et al. 1999).
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Figure 17.15: A logaritlumic scatterplot of kinetic energies of CMEs and the peak intensities o:
assoctated X-ray flares seen in the GOES mtegrated soft ¥-ray flux. The sample ncludes 248
CME events observed with SMM C/P (Hundhausen 1997).







Dakujem za pozornost’
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