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Magnetostatyka w pionowej rurze magnetycznej

Przyjmujgc oznaczenia jak na rysunku mozemy zapisac, ze catkowite cisnienie
wewnatrz rury jest rownowazne cisnieniu termicznemu na zewnatrz rury:
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Pe =P +_——
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Podstawiajgc:
P =2ngkgT,  oraz Pe = 2n:k;Te
a takze zaktadajgc takg samg gestos¢ wewnatrz i na zewnagtrz:. N=N, =Ng ,

otrzymujemy zaleznosc¢ wigzacg site pola magnetycznego (B,) i roznice temperatur
(Te = To):

B =167k, (T. —T,)




Magnetostatyka w pionowej rurze magnetycznej

W koronie, gdzie gestosc (n) spada ponizej 10° cm=3, to samo pole magnetyczne nie
moze byC rownowazone przez obserwowang roznice temperatur, co ma duze
znaczenie w ,rozbieganiu sie” pola magnetycznego wychodzgcego z chromosfery do
korony. Tak wiec korona jest ,,catkowicie” wypetniona strukturami magnetycznymi.

W koronie 3 plazmowa jest znacznie mniejsza od 1, zatem przy ,rzgdzgcym?” cisnieniu
magnetycznym mozemy zapisac horyzontalng rownowage cisnienia wyrazong za
pomocg parametrow g:
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Magnetostatyka w pionowej rurze magnetycznej

1
By _ 1+ B: |?
B: 1+ 5,

W przypadku warunkéw koronowych (Bgz << 1, B, << 1) réznica miedzy polem
magnetycznym wewnatrz rury (B,) i na zewnatrz (Bg) jest zawsze mata.

Np: dla typowej plazmy koronalnej (B = 100 G, n, = 10° cm3, T, = 10° K parametr
B-plazmowa jest réwny B, = 0,00035.

Przy zmianie gestosci w petli koronalnej o dwa rzedy wielkosci (n, = 10 cm3),
parametr B-plzmowa wynosi 3, = 0,035 (wymaga to zmniejszenia wewnetrznego pola
magnetycznego jedynie o B,/Bg = 0,983 aby zréwnowazyc¢ ciSnienie termiczne.

Taki efekt zmiany pola (0 2%, przy zachowanym polu w przekroju petli) moze byc¢
spowodowany rozszerzeniem petli o okoto 1% (tak mate rozszerzenia petli nie sg
obecnie mierzalne obserwacyjnie).



Table 6.1: Overview of HD and MHD instabilities in coronal loops.

Instability
1) Interchange or Pressure-Driven Instabilities:
1.1. Rayleigh—Taylor instability:
1.1.1 Hydrodynamic:

1.1.2 Hydromagnetic (Kruskal—Schwarzschild):

1.1.3 Hydromagnetic (Parker instability):
1.2} Kelvin— Helmholtz instability:

1.2.1 Hydromagnetic:
1.3} Ballooning instability:

2) Thermal Instabilities:
2.1) Convective instabilities:
2.2) Radiatively-driven thermal instabilities:
2.3) Heating-driven thermal instabilities:

3) Resistive Instabilities:
3.1. Gravitational mode:
3.2. Rippling mode:

3.3. Tearing mode:

4) Current Pinch Instabilities:
4.1. Cylindrical pinch:
4.1.1 Kink mode:
4.1.2 Sausage mode:
4.1.3 Helical/torsional mode:
4.2, Curmrent sheet:

Unstable condition

g-Vng <0
k-B=10
k-B#£0
V1> Va2

i=xB=pg

{ﬂﬂfdz}crit
Teond = Trad
sp/L<1/3

F grav = t.j x B}
Fﬂ.d-u = Li X B.}
{ddem}cr-it

B3, In(L/a) > B,
B, = 2Bg.
By, > (27a/L) B,




1.1.1) Rayleigh-Taylor Instabilty
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11l => o niestabilnosciach MHD w petlach koronalnych prosze doczytac¢
(w temacie wyjasnien schematow prezentowanych na najblizszych

slajdach) w Aschwandenenie (Rozdziaf 6.3)



1.1.2) Kruskal-Schwarzschild Instability
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1.2) Kelvin-Helmholtz Instability




1.3) Ballooning Instabih




2.1) Convective Instability




2.2) Radiative Thermal Instability
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2.3) Heating Scale-Height Instability




3.1) Gravitational Mode Instability
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3.2) Rippling Mode Instability




3.3) Tearing Mode Instability




4.1) Kink Instability
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4.2) Sausage Instability




1.1.1) Rayleigh-Taylor Instabilty
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2.3) Heating Scale-Height Instability
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Table 6.1: Overview of HD and MHD instabilities in coronal loops.

Instability

Unstable condition

1.1.2) Kruskal-Schwarzschild Instability

3.1) Gravitational Mode Instability
B

—_—

LD |9
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3.2) Rippling Mode Instability
B

e

B

3.3) Tearing Mode Instability

2.1) Convective Instability
T, |

T

4.1) Kink Instability

I

1) Interchange or Pressure-Driven Instabilities:
1.1. Rayleigh—Taylor instability:
1.1.1 Hydrodynamic:

1.1.2 Hydromagnetic (Kruskal—Schwarzschild):

1.1.3 Hydromagnetic (Parker instability):
1.2) Kelvin—Helmholtz instability:

1.2.1 Hydromagnetic:
1.3) Ballooning instability:

2) Thermal Instabilities:
2.1) Convective instabilities;
2.2) Radiatively-driven thermal instabilities:
2.3) Heating-driven thermal instabilities:

3) Resistive Instabilities:
3.1. Gravilational mode:
3.2. Rippling mode:
3.3. Tearing mode:

4) Current Pinch Instabilities:
4.1. Cylindrical pinch:
4.1.1 Kink mode:
4.1.2 Sausage mode:
4.1.3 Helical/torsional mode:
4.2. Current sheet:

g-Vng <0
k-B=0
k-B#£0

Vi >Vaz
jxB>pg

(AT /d)erse
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2.2) Radiative Thermal Instability

4.2) Sausage Instability
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Figure 11.9: The wave-particle interaction between a wave with a propagation vector k(t) and
a wave frequency w, which has an angle # to the magnetic field direction Bp, with a particle
gyrating at position r(¢) with gyrofrequency €2 around the guiding field Bg. The (azimuthal)
phase angle of the wave vector is W () and of the particle is ().

Aschwanden, ,Physics of the Solar Corona”




ly precipitating
electrons

Chrorﬁospheric
Thick-target HXR emission

Figure 4. Electrons with small pitch angles precipitate directly,
while electrons with large pitch angles become trapped and
precipitate after many bounces and eventual scattering into the

loss cone.




Modelowanie rozblyskow stonecznych

- podstawowe zatozenia



Modelowanie rozbtyskow stonecznych

Model => zestaw parametrow

Wartosci poczgtkowe (wejsciowe):

=> Podstawowe parametry plazmy (skfad, gestosc, temp., ... ) - czyli odpowiedni
model poczatkowy dla poszczegolnych warstw

Co mozna otrzymac z numerycznych modelowan:

=> Pole magnetyczne [korona, wnetrze Stonca, ... ]

=> Parametry fizyczne plazmy [skfad plazmy, temperat., gestosSc, miara emisji, ... ]
=>Zmiany MHD [przeptywy, fale uderzeniowe, niestabilnosci, ... ]

=> Warstwa pradowa i obszar dyfuzyjny, przelgczenia linii sit pola
magnetycznego, prad powrotny

=> Zmiany radiacyjne plazmy [poszczegdlne zakresy promieniowania elektromagne-
tycznego, przy uwzglednieniu roznych mechanizmow emisji]

=> Wyrzuty plazmy (CME, SEP)



Skutki rozbtyskow stonecznych
oraz
ich wplyw na Ziemie | jej otoczenie



Skutki rozbtyskow stonecznych oraz ich wplyw na Ziemie¢ i jej otoczenie

Zakres wptywu rozbtyskow:

=> korona, chromosfera

=> fotosfera (WL-flares)

=> zewnetrzna korona - przestrzen miedzyplanetarna - planety

=> heliosfera (cata)

Sposob oddziatywania rozbtyskow:

=> promieniowanie elekrtomagnetyczne

=> czgstki (o predkosciach nierelatywistycznych i relatywistycznych)
=> przewodnictwo cieplne

=> fale uderzeniowe

=> zmiany pola magnetycznego



Skutki rozbtyskow stonecznych oraz ich wplyw na Ziemie¢ i jej otoczenie

Pogoda kosmiczna [space weather]

http://www.swpc.noaa.gov/

O 6 noaa.gov {:?
@‘”"@4
@ 2R SPACE WEATHER PREDICTION CENTER
2 \_7‘/@ NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION '
Tuesday, June 15, 2021 05:41:05 UTC
HOME ABOUT SPACE WEATHER PRODUCTS AND DATA DASHBOARDS MEDIA AND RESOURCES SUBSCRIBE ANNUAL MEETING FEEDBACK
SPACE WEATHER CONDITIONS on noaa scales &
24-Hour Observed Maximums Latest Observed Predicted 2021-06-15 UTC
. S1or 19
greater
none none none none none none none
Solar Wind Speed: 353 km/sec Solar Wind Magnetic Fields: Bt 7 nT, Bz 3 nT Noon 10.7cm Radio Flux: 77 sfu

Space Weather

Operations, and Users

April 20-22, 2021 e Boulder, CO
Virtual Meeting

GONG Space Weather Data Processmg Transmoned to SWPC

SMJPC and the Natlonal Sola: Obbewatorv (NSO) have operationalized the near-real-time processing of
GONG space weather data

Space Weather Educational Video

Just like we experience weather on Earth, there's weather in space!

ne Meeting of Science,
Research, Applications,

The Space Weather Advxsory Group (SWAG) has been established!

Puxsuant to the Promotrng Resealch and Obsewat[ons of Space Weather to Improve the Forecasting of
Tomorrow (PROSWIFT) Act of 2020

Virtual 2021 Space Weather Workshop' April 20-22 2021

shed: Wednesday, February 24, 202

Space‘ /eather Workshop is an annual conference that brings industry, academia, and government
agencies together in a lively dialog about space weat




Skutki rozbtyskow stonecznych oraz ich wplyw na Ziemie¢ i jej otoczenie

Pogoda kosmiczna [space weather] http://www.swpc.noaa.gov/
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GOES PROTON FLUX

GOES Proton Flux (5-minute data)
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Table 7.1 Energy and flux of protons arriving at Earth®
Source Energy (MeV) Flux (protons m—2s 1

Cosmic rays 1.000 6 x 102
Coronal mass ejections 10 3x 10°
Solar flares 10 1 x 107
Solar wind 0.001 5% 1012

YAn energy of IMeV =10V =1.6x10%erg=1.6x10""3]J
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33. Sektorowa struktura pél magnetycznych w prze-
strzeni miedzyplanetarnej (w polu oznaczonym N
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Rozbtyski gwiazdowe



NO FILTER

HJD 2441601

Fig. 1. The flare observed on UV Ceti (Moffett 1974b).
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Figure 3. Flare event on a red dwarf flare star. A particularly striking example of the variety of phenomena that can be seen in stellar
flares is encapsulated here in a single, extraordinary event observed on the binary flare star EQ Pegasi (dAM3.5e + dM4.5¢). This event
was observed at the Cloudcroft Observatory 1.2 m utilizing high-speed photometry in the Johnson U band filter. The flare is preceded
by a ‘pre-flare dip’, i.e. a decrease in the U band brightness of the star, in this case, of roughly 0.1 mag min~! for 2.7 min. The signal
then leveled off at 75% of the quiescent brightness for 1 min before the flare begins. The peak of the flare is 3 times the quiescent level
brightness, and is followed by two more smaller peaks separated by 60 and 30 s. The flare event then decays exponentially in
brightness, finally returning to the pre-flare level 19 min after the onset of the event. (From Giampapa M S, Africano ] L, Klimke A,
Parks J, Quigley R ], Robinson R D and Worden S P 1982 Astrophys. |. Lett. 252 L39.)
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was observed at the Cloudcroft Observatory 1.2 m utilizing ]'ugh—speed photo ety adab : are is preceded
by a ‘pre-flare dip’, i.e. a decrease in the U band brlghtness of the star, in this case, of roughly 0 1 mag min 1 for 2 7 min. The signal
then leveled off at 75% of the quiescent brightness for 1 min before the flare begins. The peak of the flare is 3 times the quiescent level
brightness, and is followed by two more smaller peaks separated by 60 and 30 s. The flare event then decays exponentially in
brightness, finally returning to the pre-flare level 19 min after the onset of the event. (From Giampapa M S, Africano ] L, Klimke A,
Parks J, Quigley R ], Robinson R D and Worden S P 1982 Astrophys. |. Lett. 252 L39.)
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Figure 4. Spectrum of a large flare event. Time sequence of the blue spectrum of the flare star UV Ceti (dM5.6e) during the onset of a
strong flare that exhibited a 5 mag increase in the photometric I/ band. The first scan is the average, quiescent spectrum of the star. The
CaIl H and K lines are strong, and the Balmer series is evident out to H14, even during quiescence. The following scans document the
onset of the flare event. Note the varying vertical axis scales. Emission lines from hydrogen are the most numerous and prominent
emission features during the flare itself. Strong continuum emission is seen at the peak of the event in scan 26. Note the red
asymmetry that appears in the emission lines at flare maximum, indicating the possible presence of mass motions. These spectra were
originally obtained with the 2.3 m telescope and Reticon detector of the Steward Observatory of the University of Arizona. (From
Eason E L E, Giampapa M S, Radick R R, Worden S P and Hege E K 1992 Astron. ]. 104 1161.)
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ABSTRACT

The Kepler mission has led to the serendipitous discovery of a significant number of ‘super flares’ - white light flares with energies
between 10°% erg and 10°¢ erg - on solar-type stars. It has been speculated that these could be ‘freak” events that might happen on
the Sun, too. We have started a programme to study the nature of the stars on which these super flares have been observed. Here we
present high-resolution spectroscopy of 11 of these stars and discuss our results. We find that several of these stars are very young,
fast-rotating stars where high levels of stellar activity can be expected, but for some other stars we do not find a straightforward
explanation for the occurrence of super flares.
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Fig. 1. Comparison of the heating rates observed in the flares of very
different strengths. Triangles denote solar microflares, asterisks — A-
class flares, diamonds — moderate and strong solar events and squares
— the flares observed on active stars.




Giant white-light flares on fully convective stars occur at high latitudes

Ekaterina llin'-2, Katja Poppenhaeger'2, Sarah J. Schmidt', Silva P. Jarvinen', Elisabeth R. Newton?, Julian D. Alvarado-Gomez', J. Sebastian Pineda®*, James R_A. Davenport®, Mahmoudreza Oshagh®7, llya llyin'
TLeibniz Institute for Astrophysics Potsdam (AIP), University of Potsdam, *Darimouth College, “University of Colorado Boulder, SUniversity of Washington, Sinstituto de A ica de Canarias, "Universidad de La Laguna submitted to MNRAS

In a systematic analysis of fully convective stars observed with TESS, we detected four stars that displayed ~ results :: high latitudes

giant flares that were modulated in brightness by the stars' rapid rotation. The morphology of the

modulation allowed us to directly localize these flares between 55° and 81° latitude on the stellar surface, TIC 27 B TIC 452
far higher than typical solar flare latitudes. P 552 ‘\ P
These findings are a. evidence that strong magnetic fields tend to emerge close to the stellar rotational poles ' R

for fully convective stars, and b. suggest that the impact of flares on the habitability of exoplanets around small
stars could be weaker than previously thought.
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—F A The flare flux is modulated while the active flaring region
=i = @ [ emait: cilin@aiv.de (partially) moves in and out of view on the stellar surface.

log(flare energy) [erg] 345 335 334 346
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ABSTRACT

disc. We have Trsce=the efenice NGTS light curves to measure flare propertles such as the flare amplitude, duration, and
bolometric energy. We have measured the average flare occurrence rates of K and early to mid-M stars and present a generalized
method to measure these rates while accounting for changing detection sensitivities. We find that field age K and early M stars
show similar flare behaviour, while fully convective M stars exhibit increased white-light flaring activity, which we attribute to
their increased spin-down time. We have also studied the average flare rates of pre-main-sequence K and M stars, showing they
exhibit increased flare activity relative to their main-sequence counterparts.
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Statstical Properties of Superflares on Solar-type Stars: Results Using All of the Kepler Primary Mission Data

Yuta Nots!

2, Hiroyuki Maehara

Kosuke Namekata'; Kai Ikuta'; Daisaku Nogami'; Kazunari Shibata

oshi Honda®*

oulder; *NAQJ; *University of Hyogo

Solar flares are energetic explosions in the solar atmosphere, and superflares are the flares having the energy 10 - 108 times larger than that of the largest solar flare. Recently, many superflares on adar—type {G—Iype main-sequence; effective temperature is 51
6000 K) stars were found in the initial 500 days data obtained by the Kepler spacecraft (Mashara et al. 2012; Shibayama et al. 2013). Notsu et al. {2019) conducted precise measurements and binarity check on the basis of spectroscopic observations and the Gaia-
DR2 data. As a result, the number of Sun-like (effective temperature is 5600 — 6000 K and rotation period is over 20 days) superflare stars significantly decreased.

‘We report the latest statistical of il

on solar-type stars using all of the Kepler primary mission data and Gaia-DR2 catalog. We updated the flare detection method by using highpass filter to remove rotational variations caused by starspots. We also

examined the sample biases on the l‘rlzquerlvc:‘;«I «of superflares, taking into account gyrochronology and fiare detection completeness. The sample size of solar-type stars and Sundike stars are ~4 and ~12 times, respectively, compared with Notsu et al. (2019). Asa
result, we found 2341 superflares on 265 solar-type stars, and 26 superflares on 15 Sundike stars. This enabled us to have a more well-established view on the statistical properties of superflares. The observed upper limit of the flare energy decreases as the rotation
jperiod increases in solar-type stars. The frequency of superflares decreases as the stellar rotation period increases. The maximum energy we found on Sun-like stars is 4 x 10* erg. Our analysis of Sun-like stars suggest that the Sun can cause superflares with
energies of 7 x 10% erg (~X700-class flares) and ~1 x 10 erg (~X1000-class flares) once every ~3,000 years and ~6,000 years, respectively (Okamoto et al. 2021).

4. Dependence on rotational period of solar-type stars

1. Can our Sun produce superflares?

Superflares are the flares having energy 10 — 109 times larger than that
of the largest solar flares (~ 10% eng)

Large solar flares can have severe impacts on our Earth.
‘We do not know the superflares cccur on our Sun with only modemn solar
observations (since 1859).

—Uszing the data of solar-type (G-main sequence) stars!

2.

Discoveries of superflares with initial Kepler data

-® @,
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Musciiad Julian Dabe — 540

[Maehara+2012, Shibayama+2013]

‘We discovered more than 1,000 superfiares on ~300 solar-type

(G-type main sequence) stars from initial Kepler ~500 days data.
[Notsu+2013]

Removing contamination of subgiants, using stellar radius updates

from Gaia-DR2

— The number of superflares are much smaller than

Shibayama+2013.

3. Superflare analysis using all of the Kepler data

[Okamoto+2021]

= Including stars previously identified as subgiants but newly as
main-sequence thanks to Gaia-DR2 data.

* Using all the Kepler data of 4-years and Gaia-DR2 data

—The total size of analyzed data of Sun-like stars
(Pret > 20 day. 5600-6000K]) iz ~12 times compare to Notsu+2019.

Number of
all stars

Number of MNumber of

& stars s

Solar-type stars
(5100-5000K) 11601 285(113) 2341(527)

Solar-type stars with

5600-6000K gl

117{45) 929(154)

Sundike stas

(20 day<Pr 5600-6000K) 1641

15(3) 26(3)

*Sun:T~5780 Prr-25days  **Mumberin “()" are those in Notsu+2019

Flare enemgy [erg]

%

T |~_|g3“ T

Rotation Period vs Flare energy

Torr = 5600 — 6000 K

'-uuF_

10
Rotation Period [day]

Upper limit of flare: energy slightly depends on
the rotation period.

Flzre Frequency [y ! star™!]

Rotation Period vs Flare Frequency

T = 5600 — 6000 K

3
© Enare=5%10% erg ——
10_‘5’ Epyn>10* erg —

|

1
Retation Period [day]

Flare frequency also decreases as rotation
period increases (Prot > 2-3 days). f

!

Superflare analysis solar-type stars (G-type main sequence. 5100-6000K)
Even Sun-like stars (5800-8000K, Prot > 20 days, Age~4.6Gyr) can have superflares up to 5 =

10°*% erg.

‘Young rapidly-rotating stars (Prot ~ 2-3 days, Age~a few hundreds Myr) can have superflares up to
10° erg and flare frequency is ~100 times larger than slowly-rotating Sun-like stars.

5.The large starspots are needed to occur superflares

Area of starspats (solar hemisphere)

Rotation period vs star spot area
10*

Age Gyl |

Tt = 5600 - 6000 K {
[ - | 2 3 ﬁ

of starspot size

1 10 Sun

Rotation Period (day)
Epgramas X102 erg ©
E:,._,,,.,‘:ovh:ﬂl"M tm o
Etara mea>5%10™ org 4

* Large starsopts (~1% of solar
hemisphers) still can exist on slowly-

6.Freqgency distribution of superflares on Sun-like
stars and solar flares

Flare energy vs Flare Freguency
F \\_Nannﬁa'lr;r.

~1
=)

A

-]

Microfiares

=)
;]
n

Flare Frequency [erg™" yr
2 "
[

3

%

H
g
#

@ This study/P=20-40d)
B Notzu*201BP=20-40d)
==== Shibayama+2013 [P>10d)
O Mashara+3015 (F=10d)

=
|
4
I

Flare Frequency lerg™ yr™?)
5
)
H

X100
1';33

109
Flare energy [erg]
From Sun-like stars (5600-6000K, Prot > 20 days),
the Sun can produce superflares:
~ 7 % 10%3erg, X700 class : once in 3000 years
~ 1 % 10**erg, X1000 class : once in 6000 years

10% 102

rotating Sun-like stars(5600-6000K,
Frot > 20 days, Age~4.6 Gyr).

- Superflares are occur on the stars with
large starspots.

—Magnetic energy is necessary for
superflares.

Pry25day

Many superflares (>2000) on many solar-type (G-fype main seguence)
stars (~265) were discovered from all the Kepler 4-year data and Gaia-
DR2 data.

Flare activities depends on stellar age (rotation peried). Young rapidly-
rotating stars have more frequent and energetic flares than Sun-ike
stars (Prot > 20 days).
From Sun-like stars analysis, (5600-6000K, Prot > 20 days) cur Sun
«can occur superflares

~ 7 % 10%%erg X700 class : once in 3000 years

~ 1 x 10%%erg, X1000 class : once in 6000 years

Okamoto et al. 2021, Apl, 906, 72: https:
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Statstical Properties of Superflares on Solar-type Stars: Results Using All of the Kepler Primary Mission Data

Soshi Okamoto'; Yuta Notsu?; Hiroyuki Maehara®; Kosuke Namekata®; Kai Ikuta'; Daisaku Nogami'; Kazunari Shibata'; Satoshi Honda*
"Kyoto Univers Iniversity of Colorado Boulder; *NAQJ; *University of Hyogo

Solar flares are energetic explosions in the solar atmosphere, and superflares are the flares having the energy 10 - 108 times larger than that of the largest solar flare. Recently, many superflares on solar-type (G-type main-seguence; effective temperature is 5100 —
6000 K) stars were found in the initial 500 days data obtained by the Kepler spacecraft (Mashara et al. 2012; Shibayama et al. 2013). Notsu et al. {2019) conducted precise measurements and binarity check on the basis of spectroscopic observations and the Gaia-
DR2 data. As a result, the number of Sun-like (effective temperature is 5600 — 6000 K and rotation period is over 20 days) superflare stars significantly decreased.
We report the latest statistical Iy of rfl on solar-type stars using all of the Kepler primary mission data and Gaia-DR2 catalog. We updated the flare detection method by using highpass filter to remove rotational variations caused by starspots. We also
examined the sample biases on the l‘requenc:;«I «of superflares, taking into account gyrochronology and fiare detection completeness. The sample size of solar-type stars and Sundike stars are ~4 and ~12 times, respectively, compared with Notsu et al. (2019). Asa
result, we found 2341 superflares on 265 solar-type stars, and 26 superflares on 15 Sundike stars. This enabled us to have a more well-established view on the statistical properties of superflares. The observed upper limit of the flare energy decreases as the rotation
jperiod increases in solar-type stars. The frequency of superflares decreases as the stellar rotation period increases. The maximum energy we found on Sun-like stars is 4 x 10* erg. Our analysis of Sun-like stars suggest that the Sun can cause superflares with
energies of 7 x 10% erg (~X700-class flares) and ~1 x 10 erg (~X1000-class flares) once every ~3,000 years and ~6,000 years, respectively (Okamoto et al. 2021).

perflares? 4 i i - 6.Fregency distribution of superflares on Sun-like

Solar flares are energetic explosions in the solar atmosphere, and superflares are the flares having the energy 10 - 108 times larger than that of the largest solar flare
6000 K) stars were found in the initial 500 days data obtained by the Kepler spacecraft (Maehara et al. 2012; Shibayama et al. 2013). Notsu et al. (2019) conducted
DRZ2 data. As a result, the number of Sun-like (effective temperature is 5600 — 6000 K and rotation period is over 20 days) superflare stars significantly decreased.
We report the latest statlst|cal analyses of superﬂares on solar- type stars using all of the Kepler primary mission data and Gaia-DR2 catalog We updated the flare de

=1 1N Do c

perlod increases in

= 7O superﬂares Je otation period increases. The maximum energy we found on Sun-like star
energies of 7 X 1033 erg ( —-X?DO class flares) and

~1 X% 10% erg (~X1000-class fIares) once every ~3,000 years and ~6,000 years, respectively (Okamoto et al. 2021).

T E,::ﬂ rarwwn, re——————ry — n T = 0|._ >
5 10 5 - = 10% xm
g — Rotation Period [day] Rotation Period [day] = . mlza .
3 hour energy [Erg]
o Upper limit of flare energy slightly depends on Flare frequency also decreases as rotation
T oeD meS 970 975 950 985 990 995 1000 l the rotation period. period increases (Prot > 2-3 days). J‘ 10-35 T T T T T
e T = ®  This ssudy|F=20-40d)
[Mashara+2012, Shibayama+2013] ';‘ — W Notsus201B(P=20-40d)
‘We discovered more than 1.000 superfiares on ~300 solar-type - —ee B +2013 Pr104!
{G-type main ssquence) stars from initial Kepler ~500 days data. Superﬁa re analysis solar-type stars (G-type main sequence. 5100-6000K) 8 - e 211 - ; )
[Notsu+2019] Even Surdike stars (5800-8000K, Prot = 20 days, Age~4.6Gyr) can have superflares up to 5 x % 107~ b '
Removing contamination of subgiants, using stellar radius updates 10 erg. 3 )
from Gaiag-DRZ bg g pd ‘Young rapidly-rotating stars (Prot ~ 2-3 days, Age~a few hundreds Myr) can have superflares up to g_ —
—+ The number of superflares are much smaller than 10% erg and flare frequency is ~100 times larger than slowly-rotating Sun-like stars. 2 .
Shibayama+2013. @ 10739 .
E:] *a
i . 5.The large starspots are needed to occur superflares = %100 ¥1000 .
3. Superflare analysis using all of the Kepler data e o T g g
[Okamoto2021] ) Rotation period vs star spot area Fiare energy [erg]
+ Including stars previously identified as subgiants but newly as = 1l From Sun-like stars (5600-6000K, Prot > 20 days),
Dl Fore T S i iy B T o = 5600 — 6000 K Gyl the Sun can produce superflares:
* Using all the Kepler data of 4-years and Gaia-DR2 data 5 aft 05 1 2 3 a4 ~ 7 x 10%%erg, X700 class : once in 3000 years
2 r » Large starsopts (~1% of solar : . .
_.The total size of analyzed data of Sun-like stars 510 I a4 AT T e e e ~ 1 x 10**erg, X1000 class : once in 6000 years
(Pret > 20 day. 5600-6000K) iz ~12 times compare to Notsu+2019. = - rotating Sun-like stars(5600-6000K, "
= *  Many superfiares (>2000) solar]
2 102 st asn Erot>520xdays Ae O GvI). stars {i;'BS} were (cistxwerm :;Tall ﬂﬁ;ﬁﬁm&ﬂmﬂ
Number of Number of Number of R - Superflares are occur on the stars with DR2 dat
all stars & stars s § =z A large starspots. )
Solar-type stars 103 - - i = a n Flare activities depends on stellar age (rotation peried). Young rapidly-
(5100-6000K) 11601 265(113) Zl(527] -; E Dalaction Emit Magn;i;cms /B peressV iy rotating stars have more frequent and energetic flares than Sun-ike
e = E - of starspot size . . stars (Prot > 20 days).
ar-type stars 4 i - .
=< 10 From Sun-like stars analysis, (5600-6000K, Prot > 20 days) cur Sun
% 5074 117(45) 929(154) 1 10 Sun can occur superflares
Sundike stas Rotation Period (day) Pr~25day ~7 % 10%%erg X700 class  : once in 3000 years
(20 day<Pre 5600-6000K) 1641 15(3) 26(3) [ ,m]ﬁ erg © ~ 1 x 10%%eng, X1000 class : once in 6000 years
E.,,.,m:.m arg O
“Sun:T~5780,Po~25days  **Numberin ()" are those in Noteu+2019 Eqarn mur 5510 019 4

Okamoto et al. 2021, Apl, 906, 72: https://ui.adsabs.harvard.edufabs/2021Ap).. 906... 720 /abstract
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ABSTRACT

Using the short cadence data (I-minute interval) of the Kepler space telescope, we conducted
a statistical analysis for the characteristic time of stellar flares on Sun-like stars (SLS). Akin
to solar flares, stellar flares show rise and decay light curve profile, which reflects two distinct
phases (rise phase and decay phase) of flare process. We derived the characteristic times of the
two phases for the stellar flares of SLS, resulting the median rise time of about 5.9 minutes and
the median decay time of 22.6 minutes. It is found that both the rise time and the decay time
of the stellar flares follow the log-normal distribution. The peak positions of the log-normal
distributions for flare rise time and decay time are 3.5 minutes and 14.8 minutes, respectively.
These time values of stellar flares are similar to the timescale of solar flares, which supports
that stellar flares and solar flares have the same physical mechanism. The statistical results
obtained in this work for SLS can be a benchmark of flare characteristic times when comparing
with other types of stars.

Key words: Stars: activity — Stars: flare — Stars: solar-type



KIC 4543412

Relative Flux

—
Dy
Q
i
o
]
el
x
=
[T

337.012 337.020 337.028 337.036 337.044 337.052
BJD-2454833 (d)

Figure 1. An example flare light curve of SLS (KIC4543412) observed in
Kepler SC mode. The dots in the curve represent the SC data points with
I-minute interval. The time parameters (Zstart, ?peak s fend» Trises aNd Tyecay ) OF
the flare are marked in the plot. The percentage value of the flare intensity
enhancement (relative flux) shown in the left Y-axis is relative to the absolute
flux value (shown in the right Y-axis) at the time of #sart. BJD in the X-axis
means Barycentric Julian Date. The offset 2,454,833 is the Julian Date on
2009 January 1.




Do powyzszych (jednych z pierwszych, ciekawych) opracowan dotyczgcych obserwacji
rozbtyskdw gwiazdowych nalezy dodacC osiggniecia w badaniach tego typu zjawisk
z ostatnich lat - w tym prace wykonane w naszym instytucie (ostatnie dwa lata). W ostatnich
latach liczba prac dotyczgca rozbtyskéw gwiazdowych wzrasta ,lawinowo” =>
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Fizyka rozbtyskow stonecznych
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