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FT—5 BLEEME (NOAAITT ESNX)

1.1. E4HHA
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1.1.1. B4$1E
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7H 12 H; fi¥: NI8E33.

WY Byd

X FrEpE s 3

M B A 12

KRBT X5.7 4%; WFE: 2000-07-14 10:24 UT; f7&: N17EO0l.
e RS AT

CME Hff: 4% CME.

XTHIZAN. . FLESEHNE . S3 YuiE AR, G5 Lg% (Dst=-300nT,7 H
16 H) . Kp=8.

2. W PNAFAE

£ NOAA9O77 vE &) X HATR) P2 A4 1 — A X5.7 ZnIRERE, 15 3% 2 J5,
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& 1.5: GOES DE# X St R EE MM (Andrews, 2001, Solar Physics, 204, 181-198)

1.2. BXEHRHIMAR
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1.2.1. ZEBRER G T

Aschwanden #1 Alexander ( 2001, Solar Physics , 204, 93 - 121 ) #] H
Yohkoh/HXT. Yohkoh/SXT. TRACE #1 GOES T F AN [y B )t A% il 2 304
REZEHIT 9077 iEBNIX, FHor i 7RSS TR A S
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Figure 9. Top: coregistered light curves from Yohkoh/HXT., Yohkoh/SXT, GOES, and TRACE, nor-
malized to unity. Bottom: enlarged portion of the flare peak times, fitted by parabolic curves to
determine the mean peak times for each wavelength. Only datapoints in the top 20% of the peak
fluxes are considered for the parabolic fits. One single low point of the TRACE 195 datapoints
(triangles) before the peak is discarded because of saturation effects. The relative time delays of

the peaks are listed in Table 1.

1.6: AEMLEEINE]A NOAASDT7 FaT Lk

& 1.3: TR EAIEEREZES

TABLEI

Peak times of total flux in different instruments and
wavelengths, and time delays relative to hard X-ray

HXT/LO peak.

Instrument Peak time Time delay
wavelength (peak[M K1) (tdelay)
HXT Lo 14-23 keV  10:20:18 UT 0s
GOES 0.5-4 A 10:22:57UT  159s
GOES 1.0-8 A 10:24:24 UT 246 s

SXT Be 10:24:42 UT 264 s

SXT All2 10:25:50 UT 332 s
TRACE 195 A 10:27:18 UT 420 s
TRACE 171 A 10:27:33 UT  435s

1.2.2. BEXT T 5 B K

ik ZE 4% (2001, ApJL, 548, L99-L102) F|H HSOS, TRACE, EIT 1 LASCO #{
¥, i T NOAA 9077 SEAFAENRE ) X iAW A o R e e — B 2
(IR A AR ARG 25 I 2 ARSI o BEAh, IS 2 (K BT W1 AR 50 R B 2% S 1Bl 1
WIGEAR S HR R AAERT I i AN, ARZE R A IR B I IR (LA IE &V

O AEFEORBE S 4 R AR E T T 1 SRR .
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FiG. 2 —Time sequence of TRACE 195 A images showing the evolution of
the filament. The field of view is about 290" x 290". The arrows in this figure
are described m the text.

E1.7: BEEELIAF ( TRACE 1600 A)

*1.4: FRIRREHIBRLEHINF

TABLE 1
TIME SEQUENCE OF THE SoLAr EVENT

Time
{UT) Phenomena
0400 . He brightenings on both sides of filament (from HS0S)
0822 ... Brightening of filament at region shown by window in
Fig. 1 in TRACE 1600 A images
0046 .. ... Bifurcating of filament in the inflection point in TRACE
195 A images
0948 . Breaking of the thinner filament thread in 195 A images
1000 ... Breaking of the filament seen in EIT images
1003 ... Appearance of the X5.7 flare in Hee images
1009 . ... Appearance of flare patch at the broken point at ETTWV
10:24 ... Maximmm phase of the X5.7 flare (from EIT)
1054 ... First appearance of the halo CME in C2 field
1118 ... First appearance of the halo CME in C3 field
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FiG. 3.—Time sequences of vector magnetograms observed at HSOS. The
line-of-sight component of the magnetic field is presented by gray-scale patches
and isogauss contours with levels of = 100, 200. 400. and 800 G. White patches
represent positive polarity fields. and black patches represent negative fields.
The transverse component is shown with short lines. with lengths proportional
to the relative field strength. The dark ribbon at 08:12 UT is the Ho filament
at 08:42 UT. The windows and letters in this figure are described in the text.
On the x-axis, 1 unit = 07613: on the y-axis, 1 unit = 07425,

1. 8: REREHIAN SRS SFKATEDRELITF

1.2.3. R AERL T B E B 7 RE 5 B BN 51 2

Tylka (2001 ,APJL, 558,159 - L63)F|FH#4#/F Wind L[ #% Energetic
Particle Acceleration, Composition, and Transport (EPACT) ' ff] Low-Energy
Matrix Telescope (LEMT)%(#, #5%/E Advanced Composition Explorer (ACE)_ [
{X #& Solar Isotope Spectrometer (SIS ) A1 Electron, Proton, and Alpha Monitor
(EPAMD ##fs, #5017 “ELR” SRS RER TR ES T (Fe) BRI MR
P, BRREIE AL AT, T AR AR R A, A NOAA9OTT 153 X =2 i
R BINIE 5 AL o
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1.2.4. B FEAFR

Liu Al Zhang (2001, A&A, 372, 1019-1029) F|FHPRFABHMMEE (HSOS)H
Hbeta 1% 2k S OGER K B W37 (SMFT) ¥4, TRACE {61 (WL, 5000A) , LA
J SOHO k4 HimE (MDD #dl, ETHiTEshath 7 7H 14 H “B+&
JE” WRDE A (6] BE I CRULIE 2 5 BRI Oe &=, R (1D FFBRI LA T
DMPEESEH R S BRI BAAL TR EUIRES: ) —NRTFHIZED)
77 6] S50 S B DD W T IO AL B 2 T AR RIS X ROC &R (3D PRIEE I
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Fig. 1. A time sequence of white-light observations of AR 9077 from TRACE. The size of images is 6’ = 4°. The preceding
{positive) spots are marked with “F° and “A7, following (negative) are marked with “F7 and “B". North is up and east is to
the left.
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Fig. 2. Clobel mmorphcaiogy of the AR 9077 o July 14, 200, u)
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1.2.5.2000 £E 7 A 14 H KRB+ FIRE 8 250 AR R Re i 72

PiEk 4 (2001 , APIL, 551, L115 - L119)i# 14 %} 2000 4= 7 A 14 H NOAA
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Fi6. 1 —{a) Huairou mosaic longimdinal magnetogram with white (black)
indicating north (south) polarity of more than 3000 G. (#) Huairou Hee image
showing a long triangle-shaped filament. (¢) TRACE EUV 1600 A image
showing a bright lane in a space above the filament (4) Huairou He flare
image at 10:20:25 UT, overlaid with flare nnbbon patches at 10:30:21 UT. The
small contours overlaid on the EUV and Ho tmages mdicate the locations of
sunspots. Each panel is about 6 = 4' in size; north is to the top, and west is
to the right.
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1.2.6. ZHREBBT T

Somov %5 (2002, APJ, 579, 863 - 873 )% F Yohkoh fiff X 4. SOHO (MDD
MWW EAE, I8 “ELIR” & H 20BN = 4R B, 7
Sy BN S S P E — PR AT TR 2R BT DR 3, S H %
G RARE, P RN RE . 73— N R 1] PR SRSl B AT AR
HZE, FRERAE R DI A KRB 1A S RE &

M A —a L ey Seen e S RO, ThoaSsras-Sow m S =i
o i S aciad Cmae iooees 0 A& mecdiac e smmer o S o
Scikd my o am AN o Easad by oo S S
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1.2.7. 7G5 B0 X JE A P840 0 A

Dmg%<mm,&mmmm&mam—m>ﬂ%%i%%ﬁ%%i%%&
GHYE, AT “ELR” B EARAEAEL, YO (1) BYIMER%iE
KAET BRI, FERE 5000 T, WA IER A s () R Bt 44
AT RGN, FETERET S B RS (3) MBERTIRAIRTS, JEEREMH
F T it 2 PR BRI o X S B G R AR AE RS Y S 8 v DR E i R A M s X B3
FEBPEREAARTE T HERE S R R I MIRZE KRB H B .

12 01:44

15 05:06 {5 1 & B
Figure 2. Daily evolution of the vector magnetic field in NOAA AR 9077 from 11 to 15 July. The

line-of-sight magnetic component is presented by gray-scale patches and isogauss contours. Contour
levels are =80, 160, 320, and 640 G. Arrows denote the transverse magnetic component. ‘A’ is defined
as in Figure |.
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1.2.8. “BELE” K2

Mitchell %5 (2001, GRL, 28, 1151-1154) FJHFRMHEEZ IMAGE (1) High
Energy Neutral Atom imager (HENA)LLEE 7 /N HLRG 2%, — > “ELLJR” KiiH
(2000 4£ 7 J1 15-16 [, Dst=-300nT) , 75—AM2&/Mi%(2000 47 1 10 H,
Dst =-55nT), /NiiZ 51 Dst 40K B TR A R AETF AR 145, 10 K2
15|42 Dst A0 BT E B R AE S IR 1%

Figure 1. HENA ENA ring current emission 0112UT July 16,
2000. (a) Image from above the Earth's north pole. This
vantage point provides a fairly undistorted view of the local
time distribution of ENA emission. (High pixel fluxes aleng
the top edge result from an instrument artifact.) (b) Same data
as (a), in array of pixel values. (c) Same as (a), but pixels are
smoothed.

& 1.20: HENAENA IREEiR (2000 &7 A 16 H 0112UT)
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Figure 3. Seguence of images from Jone 10, 20068 storm of
EMA gmission at 16w 27 ke (assuming hydrogen). Although
Lthe spacecrafl moves within its orbit over the 1.5 hours
covered by this sequence, the wiewing perspective changes
liatle emnowgh that the gradientfcurvatwre drifi of the parent ion
population can be Tollowed., Ower this perod, the paiemn
rotates clockwises abowl the Eanh by — 907, The rectangular
scallops along the edpes of =zome mages are smoothing
artifacts equal in linear dimension w 2 adjacent pixels
iroughly the size of two pixels at this energy). Peak pixels
oonmtain abowt ) counis,

[E 1.21: HENAENA %% (2000 7 B 10 )



1.2.9. @EX “BELE” Fam Mo

Raeder % (2001, Solar Physics, 204, 325-338) /31 | “E 4" w2
[ERBH RS HiE 2 . B EAIE MM EAER,  BE 5 RN ZE 8O R 48 fiz
Ph, R 3 U GOES [Fl5 TR 7R MK I TR) i2E AR o

¢303 py_ 0028800 2000:07:15:20:00:00.000
Pressure [pPa] + field lines

15 10000

10
E 5 1000
%J 0

100 ]

il

-10 | i

1520745 10 5 0 5 10 15 20 -

XGSE[RE]

Figure 3. Cut of the noon-midnight meridional plane shows the plasma pressure in grayscale and
magnetic field lines at 20:00 UT on 15 July 2000.

1.22: FETIKE
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1.2.10.2000 fEE L)€ H EFr3L30 5 ACE Xl

Smith 2%(2001, Solar Physics, 204, 229 - 254)73#fr 7 & 2000 £ E K H A
KITACE M, £045 ICME SRENFIEE . Bz SR s e 7. AR FH
HREE T H T

o
1594.0 195.0 196.0 1897.0 188.0 188.0 200.9
Day
Figure 1. Overview of & days summounding the Bastille Day observations. IMF intensity & (nT}),

latitude angle & (deg). and longitude & (deg) with southward component of the [IMF in GSM coor-
dinaies FE" M, Measured radial compoaent of the wind velocity Vg (km 51, proton density W p

{em™2), and temperature Tp (K] are also shown along with computed proton § and Alfwén speed
Vy, (km s~1). Three shocks (S2. 83, and 54) are marked by vertical dashed lines and 4 ICMEs are
marked at top.

1.23: KFAXALM S

50



ULEE

patidesiom® ssr MeVnudeon)

10 10" 107 10" 10f
Ensngy (MeVriuchzon)

—— [1.14 Mig's'n -
al—a 1.1 MchVrudicon |

o2 N

44 o O NoMg Sl Fa
Elamant

AGE Abumndano s
Grialua EEFE
oo

o
-

patidesicnt & e Malnudaon)

ACE Abiun oo i
Srudusl EEF#

Enengy [MeVirucleon)

af ICME 4

[—a— [ 14 MaWirookaon
nal=5—.1 4 dgvinudpon

Flpwre 5 Dpper panele Energpy specim of verioms o species messored By ULEDS and 5B (s
Sactine 3.4) during the Hadile Doy swesl Eavgy moges of sach locimmesl we aurios] al iop.
Liwer poarlc beavy log abendarces onmpered with 4-5 Me¥ aod—! shosdsaces messod In
pradml 55Fy fmm EBeames, 19900 All sbondaeces are sormulined o Ok, ULEIS shoadsaces ane
shown ai —-0.38 MeV asc-! mad — 1.1 Me¥ mci—?. The Fefl snd riphd pawels show daa from

T and HMES

1.24: ULEIS & SIS YN @& fhEF

&b
Be

BiE (b)) EBFFEE (T)

51



1.2.11. HERE BN TR AR A

AR SR I3 B H BRI AE
STOA (Shock Time of Arrival) ,ISPM

Dryer % (2001, Solar Physics, 204, 267-286) %+ H

FI 2 18] ) % 56 9 52 I 33031 21 3 b2k ) i 1) -

(Interplanetary Shock Propagation Model) #1 HAFv.2(Hakamada - Akasofu - Fry version

2.0) .

“‘BLXR EREY
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Iuly 15, 2000

Ezliptic luly 1%, 2000
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Figure 2. Real-time ecliptic plane plots of basic solar wind and IMF parameters from the HAFv.2
model at 15:00 UT, 15 July 2000, following the Bastille Day solar flare on 14 July 2000. Earth is
represented by the black dot and the outer circle is at 2 AU. Upper left panel: IMF lines (blue, toward
Sun; red, away). Upper right panel: solar wind plasma speed. Lower left panei: solar wind proton
density () normalized as indicated in the scale. Finally lower righ! panel: dynamic pressure, DP,
normalized as indicated in the scale.

1.25: KX SITERREIASE

1.2.12. B 7RI IS 2k AR R BT 5L

ESEESE (2006, ChJAA, 6,247-259) N “ELJK” &&= H/CME S &
H 5 R IE IS 25 3 R 5, A ROUN —ME3 X FIE 45 R .
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C2 10:54 s Ha 15:20 +

Fig.1 Left: LASCO C2 image showing the Bastille CME on 2000 July 14, at 10:54 UT. Seen are
internally linked and braided complex structures. Right: the NOA A numbers of Ramey sunspot
at 12:11 UT are overlaid on an Ha image at 15:20 UT showing the CME’s source regions
as indicated by the two arrows. The dashed line marks the eruptive transequatorial filament
associated with the CME.

& 1.26: LASCO C2 Bl 5 Ha Bl

Fig.2 A Huairou He filterpram {upper-left) shows a huge transequatorial filamene, to which
setive region filaments in AR 9077 and AR 9082 are joined. The dashed lines in the other three
panels mark the transequatorial filsament. Arcades straddling the huge filament are seen cloarly
in an SOHO EIT 195 A image (lower-laft) as well as in a Yohkoh SX'T image (lower right, see
arrows). Magnetic flux distribution & shown by the SOHO MDI magnetogram {upper-right ).

Bl 1.27: BE5RERE%.: REHE (L) . SOHO EIT 195A(£TF). Yohkoh SXT (& TF)#a
SOHO MDI #E (A L)
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Fig. T Radio emission sources at 164 MHz obtained from NRH superposed on the MDI mag-
netograms at the closest time. Pre-event Type [ storm sources are mumbered as 17, 127, 237,
and burst sources are denoted by capital letters. They encompassed almost the entire range of
longitude and a huge span of longitude, which indicate that multiple-fux systems were involved

in the CME development. The angular resclution of the NRH is 5.5° = 3.2' at 164 MHz.

& 1. 28: NRH 164MHz 5t 32581RE 5 MDI #EZ 0

L2 13 WA A 5 IR IR R AT

Smith & (2004, JGR, 109, A02205) | FIG A5 VLF/ELF Logger Experiment

(VELOX) , %
P I —E KR

M T P AR 0 A Y (whistler mode chorus waves) S5 lE R 1 % R,
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1.2.14. 5 BRI R

Karlicky % (2001, A&A 369, 1104-1111) FI| F PR35 K FH 5 3% Solar Radio
Broadband Fast Dynamic Spectrometers (1 - 2, 2.6 - 3.8, and 5.2 - 7.6 GHz ) #l
Ondrejov ¥4 0.8 - 2,2 - 4.5 GHz i, 5T 7 “EAJR” FAFHH I PYA B o 5T
RS RS o R TSRS Jok o 225 4] 2 A G R 1) L RO AAE , 3 IR T 1 2 ARG 4
iRy, WAEAT PR, RS SURRM PR IS a1 . 78 70 R ARUE I AR 73 3
PRI A SRS A1

GHz

1.9

15

2.0

3.0

1.9

10:15 10:20 10:25 10:30 10:35 10:40 ur

Fig. 10. The 0.8-4.5 GHz overview radio spectrum with a
drifting continuum observed on July 14, 2000 by the Ondfejov
radiospectrographs

E1.31: 0.8-4.5GHz 5tegit

Reiner 2£(2001,Solar Physic, 204, 123 - 139)F]H#5#kE WIND | ] WAVES
SHEAY (4.0876 kHz to 13.825 MHz) ,  Hff “EA)ic” AR 1 8, 11 BF 100
Y 5 e 2
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1.32: BHUSHEBER

1.2.15. 5 4R E B BL LB

Reale %5 (2004, A&A 416, 733 - 747) F|FH XMM-Newton/EPIC-PNon X Lt
485 (Proxima Centauri) HIWIEHE, XTELAR 2 HEPEF Bastille Day #EBEET T
L. BANER R G RN ER AR H AR TERR L RUAL 158 ik B B 5 PRAE H T
MR, IR XFRAE K BH S e R R b m R R 3
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o™

Fig. 8. Sketch of the possible scenario of the flaring loop system on Proxima Centauri scaled to the Bastille Day flare on the sun. The size of

Proxima Centauri and the flare loops are on scale.
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1.4.HE
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1.4.2. BN ER

10 00:01:00

& 1. 36: SOHO/EIT sh7S/RIES2 1% (Andrews, 2001, Solar Physics, 204, 181-198)

2000/ 0% 710 00
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重要太阳活动事件/9077事件资料/电影资料/1 eit_bast.mpg

1. 37: SOHO/EIT shiSHER 1% (Andrews, 2001, Solar Physics, 204, 181-198)

Yohkoh/SXT 2000/07/09 02:04:02

&l 1. 38: Yohkoh/SXT mhZ521% (Andrews, 2001, Solar Physics, 204, 181-198)

/10 00:06:51

& 1. 39: SOHO/LASCO ziZss& ¥ (Andrews, 2001, Solar Physics, 204, 181-198) C2/ C3
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重要太阳活动事件/9077事件资料/电影资料/3 sxt.2000_0709_w29.mpg
重要太阳活动事件/9077事件资料/电影资料/4 c2_bast.mpg
重要太阳活动事件/9077事件资料/电影资料/5 c3_bast.mpg
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1.40: TRACE DEMEIEG (EE17138; 26195 1%)

& 1. 41: Bastille Day #EBI L E Halpha £/{& %kt
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重要太阳活动事件/9077事件资料/电影资料/6 BastilledaySlinky3band.mov
重要太阳活动事件/9077事件资料/电影资料/7 BastilleSlinky.mov
重要太阳活动事件/9077事件资料/电影资料/8 0714_flare.mpg
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2.1.1. 4T

Ao s 2003 4 10 A 19 HHIL (NOSE68) , 10 H 23 HIEF| K
(NO4E13) , 10 H 31 HiHR (NOIW9S) .

BORTEFR: 1750 HTH#A42; A2E: NO4E13; If/E: 2003 4£ 10 A 23 H
BEATAL: ByS

X ST 2

M iR E: 17

BORREBEE ) X1.2; BFiE]: 2003 4E 10 A 26 H 17: 33UT, f7E: NO2W38
CME Fff: HRE—RAE CME (10 H 23 HD .

2.1.2. WINAFAE
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2.2 HXEHROIMAR

TE“ T 27T EFH, NOAA10484 7 2 X AR #1175 3) X, 5 NOAA10484
) X AH R IR T 10 SO R = Uk, 5 RBAYEA G A L k5, Hhidf
oA IR FE=ANESIX NOAA 10484, 10486 A1 10488 LA 7T,
FERBT5HAMBE ML, NOAA10484 FEHI X iEsh5R E A SRR, 724K
P> HANRAR SR, FEIC I 10 H MRk .

2.2.1. PRREII R B =/NE RSB X

Zhang %5 (2003, Chin. J. Astron. Astrophys., 3, 491 - 494) J3H 1 PRIZ LI 4
) 22 388 388 A OH B2 57 4 L 381 () = /N G B X (NOAA 10484, 10486 F11 10488)
FIREIZH R RS, AR BT U] 5 R T R v B0 ] e A X S A ) T B A .
£2.1: FEWNEENX VL

Table 1 List of Observations of Three Active Regions at HSOS

Date Time (UT) Measure Date Time (UT) Measure

18 03:0008:00 1L, T,V, Ha HZ | 26  00:0006:00 L, T,V,Ha, H3
10 23:00-01:00 L, T,V,He HB | 27 01:00-06:00 L.T,V,Ha, H3
20  00:00-02:00 L. T,V,Ha HZ | 28  00:00-08:00 L T,V,Ha, HE
21 01:00-04:00 L. T.V,Ha H3 | 29  00:00-08:00 L, T,V,Ha, H3
22 00:00-09:00 L. T,V,Ha HZ | 30 00:00-05:00 L, T, V,Ha, H3
23 00:00-07:00 1L, T,V,Ha, HZ | 31  03:00-05:00 It

24 00:00-09:00 L. T,V,Ha HZ | 02  05:00-07:00 L, T,V,Ha, HE
25  00:00-08:00 1L, T,V,Ha, H3 | 03  03:00-07:00 L, T,V,Ha, HF

L: Longitudial field; T: Transverse field; V: Doppler velocity field.
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mugnciogrems of the AR ans cserlaid with 1be BT Fhergrwme. The Scbd of view =375 = 2517
Norik i ad the bop mnd woel i ic: dhe nght
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Fig.T FPholmplorc vocior megneiic Gold m NOAA HIBE. The sold {debed) conicom mdiceic
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2.2.2.52003 4 10 A 25 H NOAA10484 7EZI X AR 2 E TR
YA

Uddin &5 (2012 , APJ, 752, 70) FIfHH Ha, UV (SOHO/EIT) A5 HL UL

T, %+ 2003 4 10 A 25 H NOAA10484 JE5 X 34T T E R IIE (surge) £ EL

ST, TEREAS surge JIRERER AL T 5 FREBAR S JLANMI g M, Jffbk 1 n A

STHLER, K surge A0 E X381 J LR W 4L %,  SOHO/MDI WL 7K surge
ATJLR (18-20 HD LEVES) X AR M IR — %1

Flare 1-
Surge 1+ ri

01:53:02 UT

03:50:41 UT

-

Figure 1. Hir image sequence showing the recurrent flare/surge activitics on 2003 October 25 in AR 10484 The ficld of view of cach image is 3200 « 200",
{A color version of this figure is available in the online joumal.)
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2.2.3. FE PR 8 BE UL I 21 £ Hh i B R TR 3 ) 20 A R

Li %% (2005, A&A, 438, 325-339) iiid RHESSI. SOHO. THEMIS.
MISS (B4 1L R EIELLAMRFAIEHENOD X 2003 4 10 H 20 H IN/M1.9 BRI
DEHIBC S U (JOP157) , AR T+ B LLER DRk P AR BE B2, NOAA
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Fig. 1. 2) GOES X-ray flux in 0.5-4 Aand 1-8 A. The two dashed vertical bars indicate the start and end time of RHESSI light curves in b) and
the numbers (1-2) mark the two peaks of GOES 0.5—4 A flux in the time range of RHESSI observation. b) RHESSI light curves in the energy
range of 3-12 keV, 12-25 keV, and 25-50 keV retrieved from the RHESSI data of collimators and detectors 3F-8F with a time bin of 4 s. The
numbers (1-2) mark the two peaks of RHESSI light curve that temporally correspond to the two GOES 0.5—4 A peaks marked in Frame a).
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JARERESE (2007, Solar Phys, 244, 13 -24) #T4:3K Ha A1 SOHO / EIT
EUV 4, 7047 1 2003 £ 10 H R A 2] 11 AL — R 50582 K PHR K
FE, B NMESNIX, B CTIETT A (NOAAL0484, 10486 F1 10488)
Z 5153, KIAEE KRS SR 7S /MESIX, Hor PO B 2[R e
B, KRR IXLE)X ZME R, 7E A R B XA A R FAE
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Figure 2 The time evolutions (right panel} of MDI magnetic flux density along a line across the six ARs
(left panel). For the line's straight length from right. center, to the left, the positions correspond to —1524, 0,
and 1524 arcsec, respectively. in the ordinate of the right panel. The MDI flux density evolutions along the
line cover the time period from 23:13 UT on 25 October to 22:24 UT on 30 October 2003 with an interval of
96 min.
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Figure 3 The unsigned emerging fux with time variations in each of the contoured ARs (indicated in Fig-
ure 1) shown with positive {Fp._ green color), negative ( Fy,. blue color). and total ( Fy = FlJ + Fp. red color)
flux from 23:59 UT on 26 October to 20:48 UT on 30 October.

2.16: HLIEEK

2003—0ct—26 EM—195 16:12 E‘I;"?
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RD 18:24-18:12 | %
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LS

Figure 4 A long filament chansel is identified 2nd suggests a connection among the six ARs based on
multi-wavelength observations. (a0 An EIT 195 A image at 16212 T on 26 October showing the long filament
chanmel as a long naorow dark EUTY Feature (see the Bong doded carvel. (B) An ETT munning difference (RID}
pmEge obiained by subbraciing the BELNY dada at 18: 12 froom the one at 15:24 17T, which shows coronal dimming
akoag the bong Glament channe! accompanying the associated AR activity. The very long Glament channel is
sitnated 31 a long magoetic meutral line as denoted in panel (c) dch An Ho image st 1550 on 26 October
with contoars of nearly simulianecas MDD data. (d) Muliiple mappelic srcades ovedlaying the very loag
fitxmend channel determined by the method of global potential extrapolation ('Wang, Yan, and Wang, 2002,
Its background image &= an MDI magnetogram at 11215 UT on 20 Ociober denciing the kocations of the six
ARz and the long flament channel. The long yelloa: carve in the figure denote the bong filament chanmel.

& 2. 17: KEEEZIBEEENESX. (a) EIT195AE, (b) EIT®HEMA,

(d) SKEFEEBNZEHH

(¢) Ha Elf&,

79



2.2.5. p A M AR A e 38 3 75 TR B B A/ R BRI B ik R
ELRKHER

EIBEEESE (2012, APJ, 143, 56) 73 #T 1 1E 2003 £ 10 fJ 22 H t1 B A A S B
etk K 32 377 1] (R P AN /N JR 7 (R Al A 14 f B CMIE 41 22482 MK PR W B
1K, M TRACE (Y618 &% SOHO/MDI Ff B A M iZ & sh X (b, — AN K
TR — A BA R AIER /N B TE 10 H 21 H 15:00 UT 3 10 23 H 16:24 UT
SR R AL 1) 2R R RS 1 e %% 43 1) 33 BEAN 18 JE . FEEAEadFE R, St n)
/N SRR M S R RS B /N BT R A, TR R S R R, B X
AT NS M ZUBE (GOES) J CME HE4f (LASCO) . @it /3 #r i~ /N &
TAEMR IR L2 (PIL) WG KL, FEPA M ZURBETF A6 I TR I T 4%,
GRS . EATHERR T TE PIL BT REIF I T RE . AP M 2B (1) TRACE
1600 A HEAT RHESSI A X 520305, K BLPREBE (A2 B AL 7E PIL b JU-FAH [F) iz
H.

QOct.24  Oct. 21 Oct. 22 Oct. 221. Oct.22 Oct.22

Sy

15:00  20:00 01:21 _07:02 15:04

Figure 2. Upper pancl shows the motions of the two small sunspots with opposite
polantics and motonal directions in TRACE WL, The lower pancl shows the
evaluticn of the two sunspois seen from 96 minoie magnetograms. The armonas
denote the positions of the bao sunspots with time. P and "IN have the same
meanings as in Figure [. The three dashed lines in the upper panel are used o
define the start and the end of the collision. Line 1 is paralle] to the cguator
and crosses the center of the positive sunspot. Lines 2 and 3 are also parallel o
the cquator and denote the south forefront and the nosth back end of the =mall
sunspot with negative polarity.
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Figure 3. Upper panel: the change of the distance between the geometric center
of the small sunspot with positive polarity and the south forefront of the small
sunspods with megative polarnity. Lower panel: the speed of the two sunspots
{black line: the sunspot with positive polarity; red line: the sunspot with negative
polarityl. The two wertical dashed lines denote the onset times of the two
M-class flares. The two vertical solid lines indicate the start and end of the
collision marked by the double armmows.

E2.19: AEFZEMES (B) REBHERERE (T)

C2: 2003/10/22 16:06  EIT: 2003/10/22 16:00 |C2: 2003/10/22 16:30  EIT: 2003/10/22 16:24
Figure 8. SOHO/LLASCD difference images with superposed EIT difference images. The arrows denote the position of NOAA AR 10484 and the cores of CMEs.
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2.2.6. FEPEIRTH AR XEBT LA Bk v 4R R DT

—LFEWOR SEBEAR A, 5 5 BHAR CME AHEE, REEBTIA (blowout jet)
e RN X R Jet) B—T13, BEATARER PR EBHR A CME
[FJB% % - Chandra %5(2017, A&A, 598, A41)i@ it 731 2003 45 10 H 21-24 H 10484
WA X — RV RFEGR, — 5 10 7 23 H 02:41 UT 1) M2.4 REBE [F] I K 4,
IS H B ARIES H o KBHIE 38, TRACE. SOHO 2 RHESSI %], ##
P 2 v ik b 9 R B A5 CME . 383 TE 77378 ¥ 41 20 BT & IS BT (BP) 71 i B4t
», BP WHAMEMBEHTAEAE T 2K, 5 BP AHRI KB LARE T I 80R,
UESE 5 42 R JoUR 4 AR AL o REAE S W 0 381 1) 58 B AL P2 SR M, e R T
B A A A B SR SR S BN BP 014k |, BB e S8 E RS
Yo ) S IEC ) T T80 3 B 3 T AR 3l — R 41 SR R B R W M £ CME

23 Oct 2003 0713 UT ¥ i M 273 Oct 2003 O7S4UT  EIT O7:48UT
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(b)

Fig. 13. PF58 model of CR 2009 with AR 10484 st CMP (Carrington
longitude 5.5%). a) This draw ing depicts the global coronal field. b) This
draw ing depicts the selection of feld lines chosen in a box of 20 x 20¢
with the AR in its center. The field-line color convention is such that
black indicates closed lines and pink (green) corresponds to open lines
anchored in the negative-polarity (positive-polarity ) field.
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& 2.26: NOAA 10484 55X £ 2003 410 B 27 H 16:13UT & 17:43UT &4{% (Hardersen, 2013,
APJ, 773, 60)
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Fig. 9.—Lefi: MDI Dopplergram at 19:12 UT on 2003 October 29 superposed with the magnetic neutral line. Right: Evolution of the vertical shear flow speed
calculated in the box region of the left panel. The two vertical dashed lines mark the beginning and end of the X10 flare.
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Fig. 12.—Plots of the 5-7 mHz acoustic emission in the seismic signatures of the (@) 2003 October 28 and (&) October 29 flares compared withthe GOES-12 keV X-ray
flux (in units of 10° W m™2; thick solid curves). (a) October 28 flare: The solid line with diamonds corresponds to the westem acoustic source, whereas the solid line with
filled circles comesponds to the eastem acoustic source of the flare. The solid vertical line represents 11202 UT, which is referenced to zero on the abscissa. The dot-dashed
line representsthe time at which the GOES X-ray flux reached a maximum. () Ociober 29 flare: Same as above, but the solid vertical line referenced to zero on the abscissa
represents 20:42 UT.
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3.2.3.2013 £ 11 A 4 HERBHRIAE X 522 A K20

Kane (2005, A&A, 433, 1133 - 1138) FIH Z AN K200 7R 4T T 2013
117 4 HERERE™ A IRE X S 2@t 2 18] (196 5 . Ulysses MR #A2T K FH
-HIERZGLAVE~114 FEREESKPH 5.28 AU, F 11 X 5652/ F5 565 28 5 vt A5 OW ) 1) i
X GFesm st MhERPNUT RHESSI b BORE X 528 s A% SO0 I 2178 12 KRB T
JH— AN BE X 5 AN —E 01 X S 43208, BT RHESSIAUERAAEAT 2
M ASBEWLI FIE X 28 AR KA . 7E 1943 - 1958 UT AR, GOES K X 2k

SRR, 1150 X BT 2R IE{E F ~ 1947 UT 1] fEiL 3] NOAA >= X28 275, OVSA

S UL B R AR D P AR T SRR AR S, ~ 1945 UT 7E 15.4 GHz Abik 3|~ 60000

sfu, TE VR4S KU BERGE 7 /i 1. T A0 IV BUST LR . 1933 UT to 2015 UT i
[, Ulysses MU EITE 25 - 150 keV fER B X-JF £k M35, 5 15.4 GHz HF B4R
SHLF R, Ehik X SRl RE R 3 0.

LOCATION OF ULYSSES: 4 NOV 2003 (~13945 UT)

ULYSSES
SUN 3
5.3AU,114° W
EAST NORTH FLARE
EARTH
(RHESSI, GOES)

Fig. 1. The locations of the Ulysses, RHESSI and GOES spacecraft
(projected onto the ecliptic plane) relative to the Sun-Earth line. The
location of the 2003 November 4 flare on the solar disk is also shown.

3.13: Ulysses, RHESS| #1 GOES D E{ &

99



l 15 GHz RADID MAX

107 i : ’ | 1o0®
[ SOLAR X-RAYS f( SATURATION =
2003 HOV 4 | GOES 4 10
q0° | 1925-2010 UT ! 0.5-4.0 A
F‘——'}
| 10"
il / y
| GoEs ;.l f - 10®
0.54.0 _J\/ | ' 1

2
T
GOES (W M7}

< 10"

RHESSI h\4 / ]

L =20 keV ULYSEES
26-150 ke | o

1 L 1 L 10
a 10 20 30 40 A0

TIME (MIN AFTER 1825 UT)

ULYSSES AND RHESSI (COUNTS 57)

g,
|

.
mru

Fig.2. From fop to botfom, the time histories are shown for (1) the
0.5-4.0 A X-ray emission observed by the GOES instrument, (2) the
integral counting rate of 25—150 keV X-rays observed by the Ulysses
instrument at the location of Ulysses (5.3 AU from the Sun), and
(3) the integral counting rate of X-rays >20 keV observed by RHESSL.
For reference, the time of maximum for the 15 GHz radio emission
observed by the Owens Valley Solar Array (OVSA) is indicated by an
arrow at the top of the figure. After 1936 UT RHESSI was close to
satellite night and data are not shown.
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Fig. 3. The integral (25-150 keV) counting rate of the Ulvsses in-

strument and the counting rate of X-rays =20 keV observed by
RHESSI during the small hard X-ray burst associated with the 2003
November 4 solar flare.
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3.2.4.2003 £ 10 A 28 H CME [/ =4% MHD #i#)l: 5 LASCO H
A L

2003 £ 10 H 28 H H NOAA 10486 i 5 X £ K () CME A% 20 /N AL F] [
R, I T — R YIRS, Manchester 5 (2008, APJ, 684, 1448-1460)
X% CME #EAT T BB . IFE— A& X E 3 A CME, — AN 55— AR
=K, HEARRS 28 HE PR CME FIKFHX, 25 =4 CME LA#id 2500 km/s HY
W HE, KSR AT R . fAT17E B LASCO C3 F=A: G Hig
FEMIRUI T s, A EE LA G B R ) K AN, TR TR TE
B EIGREE F, KB CME B85 LASCO WllAE% —%. #W CME IR E
LS A B A EAE R Yo, NSRBI RAKR,

Fig. 1.—Initial condition ofthe corona for the October 28 CME. (a) Radial ficld strength, B,, at the base of the corona. The structure of the coronal magnetic field is
illustrated with blue and yellow lines for the closed field, while orange lines show the open field. (b) Closeup of AR 10486 with the superposed flux rope illustrated with
field lines and a current density 1sosurface colored green.
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3.2.5.2003 4£ 10 B 28 H X17 BHT i £E b 34 K2 B Jk

NOAA10486 T3l X A A= MR DA — XU WEDE,  RF S 2% 3 & S HRod H 22,
V)R P0ET . Mandrini 28 (2006, Solar Physics, 238, 293 -312) 0¥ T %M@
2RI KW I REY  (SOHO/MDI), 5 Bk (NainiTal il &2 TRACE) & H 2 5 14
(TRACE), 4i& H&WIHHA, T2 ORI IR P F4E, —ADE e
PEHT— /MBI HE TRACE ME], 5 HRIEE SR EDE L, ZE 5
P E R, B, WE ARG K. BB oA FEM SR AR R, £ Ha J
TRACE 4 al W, ¥ J— AN KU B G, % S I ok JI iy, ax e
A A 2 DU AR $RE s 110 77 Q0 R, AR o R R AR AE 4381 S5 (QS L) IfT AN 2 7E
Hh 2 A

MaimiTal 01:28 UT

ManiTal 11200 UT

R
- t7 5

» 4 |_4
L Aok

Fignre 2. Images showing a large-scale view of the AR in Hex. An elongated sigmoidal filament is
seen on the fop, the emuption of its central poion accompanies the tvo-ribbon X17 flare. The image
al the bottom shows the He nbbons with their associated label starting with “R™ and “r" for thoss
associaled with a large-scale event (Section 2.3} and a small-scale event (Section 2.4}, respectively.
The number in the ribbon label indicates the magnetic polarity defined in Figure 1. “r4" has merged
with “'R4" in this image and other brightenings are present to the west of “R3” {compare to Figure 3).
The better “f7 refers to the beated filament plasma.
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3.2.6.2003 £F 10 A 28 H KB ARAEN BT ERT

2003 4 10 F 28 HOKBHMDEAEHIIR™ A= 1 — MHEXEHRL T, Miroshnichenko
5% (2004, JGR, 110,A09S08) 73t 1 1 iZgAt v sy BEARL 5 A BH L A fin iz Az 2]
HOER AR L, AN [F] A s R R, e B EE b =%, L
SN JEEIE T AR T AP SRARXS IR F (RSP): BRI 1) S5 3E
BH), FIE SR T AR, 5 LU M N, PR SR AROKBE T )
B, BRI BT K (Wind/WAVES) S5 FUAR 5 PR3 16 S0 AR A L 748 A PR
SRR AEBE KB AR S, IR PEE ) X AR . AT AR 7E4T &2 CME
(ICME ) 53t )72 Ftii b, FEXMIETE T, kel 15 B 7ER B X i,
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R o 17 BB 36 36 P VA X 148 P A 7 KB 16 - BR T I3k HL 2 B8 IE 5 1) Parker M
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*®3.1: TR FHENCNENEIERES (GLE)

Table 1. Onset Times of the GLE Measured By Different Neutron Monitors

Sun’s Peak
Aldtitude, R.. Declination Intensity, Chmiset
Stations Location I GY Angle Yo Time, UT
Tsumeb 208 1BE 1240 921 79° 5 1105 + 1
South Pole 205 0DE 2820 0.09 13° 18 1120 # 1
McMurdo BOS 16TE 48 0.00 2° 47 1118 = 1
Norilsk 69N BRE ] 0.58 a° 25 1112 %1
Moscow 57N 3TE 200 2.40 17° 15 1114 1
Terre Adelie 675 140E 32 0.00 3 29 1112+ 1

3.2.7. KEBELAE XL B 2 AL

Park %5 (2008, APJ, 686, 1397-1403) #|F SOHO/MDI = {4 4 #r | AL 4%
NOAA10486 fEN Y 7 MEBN X R 11 4> X B BMRE AL, A I: 1)
TEIX LR BE 2 AR A — MBI IR R (0.5 BJLR) 5 2) BREHIE L —H 4K
AR (4.5-48%10% Mx¥hr) AR, Z /a2 A4 W . LRl g R
B BB [R] XS 2 B R B [ AR 7 A7 78 Hh A5 AR G, TP BB R R 5 X
S AL B I ()RR 3 A DG P B v, Xl 2 AR A TR W] DU e — 1 R I S 4 4

g |
55
F {a) ¥
L —_— ]

'|a ;’_‘_

E].'\-- / E

E [

7 14 f E

&

-

B i
I £ = DA
L3 il S

L N AT T IETTI TR IRA [ ARTR R IRR NN
in £ L 41 iy Lo

Ihsbickey Chawnge Basa 10 Mla" Ar|

L T T T

[ (el -
P _E 0 m 3 1

T

=

0 o1ef ]

= r

oI

= 18 3 [ -

E - .-

= [ i

0 e o L0

e ——— E
L 1 I e
B e il Tipeay
il 1 1 1
] n £

Aty fovaridalian Tane [l

Tovirgr wied Koarwy Pl [ o™

iy Accarandatiza (1™ 3z

(b}
S

Fa

i

i
[

—

£
Hellvky Avonmalalun Tise [k

Foo 4 — Hedeiy par erames wech GOSN ey ther imgraamd avver the Sarnng trme. Clarrelatsorn, of tha intagraead el N-ray § o weih (2 | e beery chargs
e od b 1, () e e o bedlcnty accrem i doen g ples L ansd (3 b oo £y ssrsmalason tma. The commelonn araefictans (00 | imapersSed onssch pared In
(i thaswene of helscty acasmaiaton @ ploted as o Sewcdon of then sromadeson oo, The sncertan Sanad e g belciay duange mew the soroont of balicsy

BT o, i e heiry aocemadiaden 2o A Lheven i e b i e pamd

E3.24: BERANSSE. R

BESBETAREX MRS (0.86)

107



3.2.8. = X BB 5 e s IR

Wang %5 (2004, APJ, 601,L195 - L198) KHl =/ X ZERE 2 5 F ik 5
BILR, FREEIRIPE SRR A OC, BURZE S BoR b R iR i A A1 3
MR WATERRBE 2 J5 K2 — /N 5 i BEURR A T R ERAR, BE i, —
o E M AR AR ) o

P 2—MHESAT bl X-rwy coenors cnrvesponding o B 1520 ke’ channed {rad) and 50100 ke'V' charnel [Bia] o e K10 fa oo 260 {vinker 29
woperpeaced on (F TACL wiex bight, G} 1804 and () 193 A bresges: ard an WMDY emgrciogeae a ) Moks et TR 1800 nad 193 A iskcrmsnion are proscried
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[® 3. 25: RHESSI & X §t%% 15 - 20 keV (4I) & 50 - 100 keV (¥5) #EF, &M#E (a)
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3.2.9.2003 4 10 H 29 HIEBELE 1.56 KAL) L4l

Xu & (2004, 607, L131 - L134) 4347 1 2003 4 10 A 29 HAEF= swhi [ 1460&
] 25 A H L300 35 XI5 J8LBE S0 4 YO 21 F 10486 3 Eh X X 10 2% A YCHESRE, i 1.56 13
KA ZLAN (NIRRT 78 5) J1%747 9, 5 RHESS/HXR f SOHO /MDI #{
PEREAT 70 b FERBBEKH AR A, PSRBT ) B, TCIRAE R [A] I AR AE A )
#8555 RHESSI HXR 7 H ¢
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Fic. 2 —NIR time sequence of the X10 flare from 20:40 to 20:47 UT on 2003 October 29. RFESSI HXR contours (blue) correspond to the 50-100 keV channel
with 60 s integration. The local NIR infensity maxima are shown in red. Two flare ribbons are correlated with strong HXR kernels. HXR contour levels are drawn
at 0.17, 0.25, 0.60, and 0.80 of the maximmum intensity, except for the first two frames, where they correspond to 0.7 and 0.8 for the first frame and 0.4, 0.6, and
0.8 for the second. when the HXR kernels were weaker
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Yang 25 (2004, APJ, 617, L151 - L154) RHEEN YGRS HELLLHF K
M ITE, et T 2003 4F 10 F 29 HAER ORI FE06 FE SR K [SHE 06 X1 8 85z
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FiG. 1.—White-light continvum images of solar NOAA AR 10486 were obtained on 2003 October 29. (a) A speckle-reconstructed image showing the preflare
state at 16:59 UT and (5) a frame-selected image at 20:44 UT depicting the white-light flare kernels outlined by three white boxes
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Table 1 Magnetic flux. angular speed, and helicity injected by rotational motion of sunspots.

Date P12 P21 and P22 Total
& i dH & - dH dH

ar oar T
(o2t Mx) e e M3 h!t geMy e e MErh o Mk

25 15 006 —3.74 43 1.63 _9.56 ~13.30
2% 40 071 —3.57 47 0.54 _3.80 oy
27 54 - 025 4232 59 375  —41.57 3925
28 50 096 —7.64 53 267  —23.89 ~31.53
29 43 438 _25.79 48 0.67 _4.92 ~30.71
< 025 —1.30 45 0.00 0 ~1.30
Total 168°  — 1.0 x 10% Mx? 222° 20 x 0B Mx? —3.0 x 104 M2
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Fig. 1. a) Photospheric image of NOAA 10486 acquired at INAF-OACK on 28 October at 8:29 UT; a1, s, m and ne indicate the sunspots of
negative polarity, while p; and p; are the main positive polarity spots; b) MDI magnetogram showing the magnetic configuration of NOAA 10486
at 08:00 UT; Ly, Ly and L indicate the main neutral lines; ¢) H, image acquired at INAF-OACt at 7:37 UT. The labels A, B, and C indicate three
filaments involved in the faring activity of NOAA 10486 that are located along the neutral lines Ly, Ly, and L, respectively. The field of view of
these images is ~335 x 335 Mm”. In these and in the following images, if not specified otherwise, North is at the top, West at the right.
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Fig. 2. GOES-11 recorded X-ray flux in the 0.5-4 A band on 28 Oclober 2003 together with the 3 GHz radio flux recorded by the Ondfejov
radiospectrograph. The graph shows the occurrence of an X17.2 flare, witha peak of intensity at 1110 UT.
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%% 3. 3: H Potsdam-Tremsdorf §FE8 SHiE (LM A 40-80MHz Gt &

Table 1. Radio-burst activity im the 40800 MHz frequency range
at 07:45-11:00 UT observed by the Potsdam-Tremsdor? radiospectro-
graph (Courtesy of Aurass).

Time Frequency Burst iypes

interval (UUT) interval (MHz)

104210048 B proup weak type 1T bursts

074510015 20030 type 111 burst noise storm
negatively drifting chains

10z 15—1 12000 2005060 group of strong type 111 bursts

O7:4507:48 50-75 type I burst

08:53-08:56 0Bl group of type 111 bursts

10001 12040 4085 group of type 111 bursts

(a) (b)

Fig. 12, Magnetic field lines and null points overplotted on the MDI magnetogram acquired at 07:33 UT: the null point 1 (see text) is located in
the proximity of the negative intrusion, while the null point 2 is located on the eastern side of filament C; a) and b} show two different views of the
MDI magnetogram with the locations of the null points and the hard X-ray sources at 07:35:42 UT (blue), 08:16:30 UT (green), and 11:22:08 UT
{red-brown).
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2003 4210 H 23 [ 11 A 5 H NOAA 10486 i) [X & “ J1 %45 HahiG
PRITEENIX, PR T 94 X JofBE, o adnag st LUk BRI (X28) , i
AT 12 KA CME $6F, seEnd BB 1 2000 km/s,  HHAE 2003 4 10 H
28 H, 10486 iEBNX /24 T —A X17.2 FHEPE, FEBE T —/ & CME. BiE7~
A RERL T A 12:42 BIIAIT 73 (R], 530 SOHO/LASCO/C3 A = A=
TN . 10 H 28 HIY CME X NV AEH 3, 11 7 4 Hi CME 2 “ 5%
T HEE P R S e FA . NOAA 10486 7 AR FIVE Ak % T FEfli K FH A LA 9%
DA 75 () RS A (0 TOR A AR A (R F 72 22 491 o [ N A 0N D6 & Bl IX AT
T ZT7RLRIREST, A B G4 22 I B 1 AR L SR B s, R M
Shy G LA R S, BT T RIESIX RERE AR Ak, PR AR IR BE K CME,
DA A SRR TG BN AT B BR X 80
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重要太阳活动事件/10486事件资料/电影资料/1 有史以来记录的最强耀斑.mp4
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重要太阳活动事件/10486事件资料/电影资料/2 2003年10月23日010016UT到11月03日190015UT EIT 171A观测的NOAA10486活动区(带状).mp4
重要太阳活动事件/10486事件资料/电影资料/3 2003年10月23日010016UT到11月03日190015UT EIT 171A观测的NOAA10486活动区.mp4
重要太阳活动事件/10486事件资料/电影资料/4 2003年10月23日013503到11月03日235903UT MDI磁图(带状).mp4
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重要太阳活动事件/10486事件资料/电影资料/5 2003年11月4日SOHO观测到的X45巨大太阳耀斑.mp4
重要太阳活动事件/10486事件资料/电影资料/6 2003年“万圣节”事件太阳风暴.mp4
重要太阳活动事件/10486事件资料/电影资料/7“万圣节”事件太阳风暴.mp4
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4. 1: NOAA10488 SEFNX IMiT =

Region Summary
Location Sunspot Characteristics Flares

Helio Area Extent Spot Spot  Mag X-ray _ Opfical

Date  (°Lat°CMD) Lon (10 hemi) (helio)  Class  Count  Class CMX S 1 2 3 4
Region 488

27 Oct NO9EQ9 292 0270 08 Dko 020 B | 9
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31 Oct NO8W42 290 1570 17 Fke 045 Bgd 4 1 8
01 NovNOSWS55 290 1610 17 Fke 040 Bgd 4 2 5
02 NovNOSW6S 290 1600 16 Fke 023 Bgd I 13
03 NovNOSWS2 290 1250 19 Fke 009 Bgd 21 2

04 NovNOSW95 290 0320 08 Hax 001 A

17 9 3.48:2.2 0.0
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FE=Dct=2003 0400 FF=o=2NEd 0800

D5m D l=Z3 03 12200 20 D l=D0E 04000

2E-Det=-2003 20000

Fig. 10 Subswrface mapneiosonic wave-spoad structwres of the large complex of ac@wigy of Octo-
ber—MNovember 2003, consistimg of active regions NOAA 0486 (im the left-hasd por of the imapes), and
10LER (emerging active region in the middie). Red color shows positive wave-speed vanations relative o
the quiet Suan; the Mur color shows the megative varmtions, which are concentraied nexr the surface. The
wpper semi-traasparen paasls show the corresponding MDD magnedoprams: the fower paeel 5 2 bonizonial
cat 48 Mm deep. The borizontal size is sbout 530 Mm. The veriical cut goes through both active regions,
approximately in ibe Norh—South directson crossing the equator. excepl the imape in ihe naght botfom pasel,
(M. where it goes ocnly theoagh AR 1048S in ibe Exst—Wesl direction

[E 4. 6: 7EBNX NOAA 10486 F1 NOAA 10488 B RS IR

2E=CIc =203 300
SrrrEy

= > &
31 -Cet-2003 -jn:l:ﬁ‘t

e

Fig. 12 Evohison of subsurface flows 31 the depth of 2 Mm below the photosphere during the emergence amd
groacth of AR 10488, on 2631 Ocrober. 2003, The flow maps are oblzined by the time—distance techmigue
msing B-hour time series of full-disk Doppler images from SOHOWIIDE. The maximum bordzontal velocioy
is approximaiely 1 kmy's. The background image 15 the corresponding photosphenc magnetogram Cred amd
bright vellow areas show regions of positive polarsity, and Bloe shows negative polarity of the line-of-sigkl
magnetsc Gebd)
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42,3 AEFE UL AU R HORTE DL T RIS 2

Hartlep 2% (2011, Solar Phys, 268, 321-327) F|H SOHO/MDI %4,
T HARE B TV T NOAA10488 Ji5 3 X 1 AL 4%, W T NOAA10488
I HATIATE], T IS D F A S s I R AR IR A . T
WD F TR DA XSO S R, IR BEA i AR . 7RIS B IX
IR, 7E 3 3 4 mHz S 7] /5 R

Latitude [degrees]

0 43 a0 135 180 225 270 35 360
Longitude [degrees]

Figure 3 Acoustic power map at 300 km above the photosphere from a simulation with three differ-
ently-sized subsurface regions each with a maximum of 109% reduction in sound speed at a depth of 20 Mm.
The quantity shown is the square of the radial velocity, averaged over 824 min, with low and high values
indicated in dark and bright, respectively. A model subsurface region of 45 Mm radius is located at a latitude
of —20° and longitude of 180°. Two larger regions of 90 and 180 Mm radius are located at a latitude of +20°,
and longitudes of 907 and 2707, respectively. The map has a resolution of approximately 0.703° per pixel

both in latitude and longitude.

& 4. 8: 10488 5EzNXFE BRI E LA L 300km 4b A A REE]

Figure 5 Magnetogram during
the emergence of NOAA active
region 10488 at 350 minutes into
the time series. The square
outlines indicate the patches used
in Figure 4. The central region is
the patch were the active region
is emerging, and the quiet-Sun
patches around were used for
comparison.

& 4.9: 10488 ExXBIHEE
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(o) Acoustic power (2—3 mHz) (b) Acoustic power (3—4 mHz)

100 200 300 400 500 100 200 300 400 500
t [min] t [min]

(c) Acoustic power (4-5 mHz) (d) Unsigned Magnetic Field

1.2

B [Gouss]

0.7

100 200 300 400 500 100 200 300 400 500
t [min] t [min]

Figure 4 Time series of the observed acoustic power during the emergence of NOAA active region 10488
on 26 October 2003, Shown is, for three different frequency intervals, the power density of Doppler velocities
{one-minute cadence) measured in a patch where the active region is emerging (solid line) and in quiet-Sun
patches (dotted lines), averaged over the preceding 128 minutes. The values are normalized by the power
density at the same disk location but 24 hours later when there was no active region present. This is done in
order to reduce the changing projection effects as the active region is tracked across the disk. Except for the
splitting into frequency intervals, no filtering was done. The lower-right panel shows the unsigned magnetic
field averaged over the same patches to indicate the timeline of emergence. The locations of the selected
patches are shown in Figure 5.

& 4.10: 10488 j7&EFIX (2003, 10, 26) EABIMN A gERTEIFS, 7€ 3-4mHz SEE, J&EED
X% IEBEAE

4.24. HE X EHRIZ REQ T

Hewett 2% (2008, Solar Phys, 248, 311 -322) |/ SOHO/MDI &,

8 2D EL N EEA K T IE SN X 10488 (192 REEL ), LAE 13 RIJE R
JE ESRBOZ XS RE T, I 70K DLRE B 5 30 X LR A, RERIZHT M/ R
JERIRRERR , $efit 1 REE S U AIESE, JF4rth 1 Be & REATE 2 X B
RAEZRIREER ZR
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26-0el-2003 17:36 UT 27=-0et=-2003 11:11 UT 28-0ct-20043 03:11 UT A0=-0et=-2003 19:12 UT

Z0Mm

Figure 6 Top row: Calibrated, projection-corrected images of NOAA 10488, Middle row: The wavelet co-
efficients of these images at a length scale of 3 Mm. Bottom row: The wavelet coefficients of these images
at a length scale of 10 Mm. Columns from right to left show the evolution of NOAA [0488 over a four-day
time period.
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Figure 9 The evolution of the energy spectrum of NOAA 10488 for the four times shown in Figure 6. as a
function of spatial frequency. The inertial range is marked with vertical lines.
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Figure 10 The change in energy of NOAA 10488 in two length scales over two weeks time.
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TABLE 1

EmErcinGg AcTIVE REGIONS

AR Number CR Longitude Latitude Flux Before Afier Difference
O5Td ooy 1979 165.0 0.0 51 Down Up Up
FRO0... 1985 60.0 75 52 Up Up 0
9012...cccceeee.. 1988 67.5 7.5 52 Down Down Down
10050............. 1992 195.0 —75 101 Down Up Up
10119 ... 1994 232.5 —73 57 Up Down Down
10226, 00 1997 135.0 —30.0 61 0 Up Up

1997 135.0 —22.5 60 0 [} 0
10314, 2000 60.0 —15.0 65  Up Up Down
10319....ccreee.. 2001 255.0 15.0 63 0 o o}
10323 2001 180.0 —75 70 Up Down Down
10365 2003 225.0 —75 80 0 Up Up
10493 2009  285.0 75 86 0 Down  Down
10488 2009 2925 75 145 0 Down  Down
2009 2925 0.0 59 Down Down  Down
2009 300.0 7.5 74 0 Up Up
10564 ...... 2013 165.0 15.0 92 Up 1} Down
2013 165.0 7.5 56 Up Down Dowrn
2013 157.5 75 55 0 Down  Down

Nores.—Listed are active region number, Camington rotation, Camington longi-
tude and latitude (in dense-pack grid), absolute flux after emergence (in G), di-
rection of vertical flow before and after flux emergence (down, up, or zero within
one error bar) averaged over 2—10 Mm. Three regions are located in more than
one dense-pack patch; additional locations are appended after the main location.
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Figure 2 The time evolutions (right panel) of MDI magnetic flux density along a line across the six ARs
(left panel). For the line's straight length from right, center, to the left, the positions correspond to — 1524, {0,
and 1524 arcsec, respectively. in the ordinate of the right panel. The MDI flux density evolutions along the
line cover the time period from 23:13 UT on 25 October to 22:24 UT on 30 October 2003 with an interval of
96 min.
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Figure 3 The unsigned emerging Aux with time variations in each of the contoured ARs (indicated in Fig-
ure 1) shown with positive {Fp,_ green color), negative ( F, blue color), and total (Fy = pt Fp. red color)
flux from 23:59 UT on 26 October to 20:48 UT on 30 October.
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2003—0ct—26 EIT-195 16: Err-ig.'.- RO 13 24-18; 12 2%

Figure 4 A long filament chanmel is identified and suggesis a connection among the six ARs based on
multi-wavelength observations. (a0 An EIT 195 A image at 16212 UT oa 26 October showing the loag filament
chiznnel as a long namow dark EUY feature (see the fong dofied carvel. (B An EIT mnning difference (RD
image obtained by subbraciing the ELMY diata at 18:12 from the one ai 18:24 UT, which shoas coronal dimming
along the long flament channe! accompanying the associsted AR activity. The very long Alzment channed i
situated 31 a long magnetic neutral 1ine as denoled in panel dc) {c) An Ho image at 15509 on 26 Ocicber
with contoars of nearly simulianecas MIDI data. (d) Mubliiple magpetic scades ovedaying the very loag
fitament channel determined by 1he method of global potental extrapolation (Wang, Yan, and Wang, 20020,
lis background image is an MDI magnetogram at 11:15 UT on 20 Ociober dencding the kocations of the six
AR and the long filamend channed. The long yellow curee in the figure denote the boag filament chanpel.
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Figure 4 NLS at 17 GHz ((a—c), background) and magnetic components at 2 Mm for three days (same
in columns). By, green contours in all panels (solid positive, broken negative. thick black the neutral line);
| Btl, background in (d—f). Contour levels are 4 [300, 600, 900] G. All frames are centered at Carrington
coordinates of [—68%, 7.2°]. Axes show arcseconds from the center. Magenta circles in panels (a—c) enclose
the birthplace of the NLS, where the horizontal magnetic component | 5| reaches its maximum. Labels in
panels (d. I} denote magnetic sources.
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NLS 1
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Figure 12 A collage of AR 10488. (a) The NLS loop under the main magnetic separator of the potential-field
approach (thick) on 2 November. (b) The bar at 34 GHz under the separator on the next day. The bar is a
vertical part of a current sheet before the X2.7 flare. Comparison of (a) and (b) reveals the top of the NLS
loop at the bottom of the bar.
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Figure 13 A cartoon of magnetic configurations. (al A quadmpolsr coafigaration in two dimensions. The
pasition of the N5 loop under an X-poént is shown schemastically. In three dimensicns, the X-poinl &
replaced by a mapnetic separstor shown in Figane 12 1f 3 comrent sheet is absent, then plasma parameters in
the NLS lpop do not differ from the eaviromment, 2nd there is no NLS. (b) Expansion of the magnetosphers
of the sctive region amd Formation of an extended current sheet (veriscal barh. The density of elecinc carrend
miegrabed over thickness of ihe cument sheet is maximal not in the wicinity of a pofential-approach X -potnt,
but i the lower pard of the cument sheel The top of a quasi-siationary NLS loop-like sirectare is bocated in
iz botlom,
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Ray paths

depth, z Mm

] 50 100 150 200 250
radial distance, Mm
Figure 1. A vertical cut through the computational grid used in the time-

distance inversions, and a sample of ray paths of acoustic waves, which were
used for measuring travel times.
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|Kosowvichey 19665; Comvidat, Birch, & Kosoviclery 20}, The smaitivity fme
tima arc calenlatead 1wing & ray theory or more comphcated wave perturhbaton
theardes, ez, the Bom approdmation, which tales into apcmnt the findte save-
kmngth effercts. These theories can alko take inbo arcmt s tochastic jroper ties of
sourees distributed over the solar mphee (Gimon & Bireh 300 Birch,
v, & Dhvall 3]

vertical struciure of the computatonal grid and & sampls of acmstic
ray paths, nsed n this paper, are ilnsoated in Fgore 1. The tnaoee] times were
mens e Sor waves traveling betwemn a cenimal loeatiom and surroondi ng anmm B
with different radial distances fFrom the eentral proint  width of the anmh
wan larger for larger distancoes in order to Improve the signal-to-noise rado. 4 set
af 17 anmb sovering the distance range Fom 0U54 to 24 .08 beliograplis degress
[Fom §.5 to 202 Mm) was used. The anouste waves traveling to these distaners
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Figure 1. The Oct 28, Oct 29, Nov 4 and Bastille Day

solar flare count rates in 26.0—34_0 nm EUV wavelengths.
The full disc solar background has been removed from each
event. The Oct 28 solar flare is largest by more than a factor

of two.
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Figure 2. The TEC enhancement for the Oct 28 solar flare.
~ 100 ground-based GPS receivers were used in this figure.
The subsolar point is at the center of the figure, in Afnca.
The greatest enhancement occurs near the subsolar point
and decreases with increasing latitude and longitude away

from this point.
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H 41 SR | REDE HA W B g | A ORI Z) | 25
il
2006-12-05 | -85 M, X |compact | M1.8 0745 0803 0806
KHEHE | LDE X9.0 1018 1035 1045
2006-12-06 | -72 M, X |LDE Ml.1 0130 0220 0254
KFEDE | LDE M6.0 0802 0823 0903
LDE X6.5 1829 1847 1900
compact | M3.5 2014 2019 2022
2006-12-07 | -39 M Zi## | LDE M2.0 1820 1913 1933
B
2006-12-08 -46 I C %
2006-12-09 -33 C %
B
2006-12-10 -19 Jo CH
2006-12-11 -6 C %
BE
2006-12-12 +7 J6 CH
2006-12-13 | +20 X 2 | LDE X3.4 0214 0240 0257
BE
2006-12-14 | +33 X 2 % | LDE X1.5 2107 2215 2226
BE
2006-12-15 +46 J6 CH
2006-12-16 | +59 T C %
2006-12-17 | +73 C %
B
2006-12-18 +86 I C %
e
i
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5.1.1. BHRHIE
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ARRBE ) : X9.0 Z%; WHiE]: 2006 4£ 12 H 5 H 10:35 UT; fE: SO7E6S
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5.1.2. W PGFAE

NOAA10930 HAHAME FZ2E T 4 4 X RFEPE. 4 DN EReki 34
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5.2. HKXEHRHIFAR

NOAA10930 755X 2006 £ 12 A 5 HHE I H M A&R4%, 2006 £ 12 A 18
HyE R H L%, M NBYD, FPAE T 44 X RHERE. 5 MM JiEst. 5
ZH A RIS 100 25 .

5.2.1. R M T 13RS NES B

Schrijver % (2008, ApJ, 675, 1637) F|H Hinode T A& KBHIEEK 55 (SOT)
R B, H 14 FhEEAETC )0kt 4 (NLFFF) 4% NOAA 10930
WA X AT T AT ie, fa: (1D ERBEHTR I SR FER HI: (2) X
Se I IIE MR A P (3) XKLL HL IR AN LR I B AR S 4 5 IO L ST 48 4
LA (4) 5EBFAAKMAEED (107%erg) & LU BT A< CME.
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[ 5. 6: NOAA 10930 ;EENXEIMAT (£) Kfa (A) NLFFF #izhE

Inoue %5 (2012 , APJ, 747, 65) FIFAELM:TC /135771041 7 NOAA10930
WEBE, WA X 2250 B 0T B o BE b X 37 £ J e B AU, B Z 2455, HIA
WEEEE, WEshIXAb, JHgeding:, FHmEsy.

0.6

Figure 4. (2) and (b) show a photospheric map of the twist of the field line defined by the second and third terms of Equation (7). Positive and negative values represent
the right- and left-handed twist of the field lines. The red contour indicates the X-ray intensity level of 6.8, (¢} Magnetic field lines in different colors are plotted over
the normal component of the magnetic field {gray-scale image). These colors indicate the different twist values; the orange, green. and blue represent 0 < [Te| = 0.25.

0.25 < ITal = 0.5. and 0.5 < ITe|. respectively. id) A side view of (c).
5.7: LS54T
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5.2.2. BTG J137 % AN S5 BV

Guo % (2008, Apl, 679, 1629) f# | Hinode TL A A FH Y ER 45 (SOT)
RERIEAE, X NOAA 10930 33 X #E4T 1 AL 1L TC /141 S (NLFFF) |
SREIR, WHINE R A A S D) IR AP s, B En—
SEHURAERFIG 2%, MBS B HIBRI/D

Fia. 2. —Extrmapolated 3D magnetic field at a preflare time (rop row:; 20:45 —
21:15 UT. 2006 December 12) and a postflare ime (boffom row:; 04:45—-05:15 UT.
2006 December 13). The left images are for top view, while the right images are
for side view with different angles. The gray-scale images correspond to the line-
of-sight field overlaid with contour levels. The polarity inversion line is denoted
by the green color. See text for details about the field lines.
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Fig. 4. — Temporml change of free enenzy in the NLFFF. The flare time is
denoted by a vertical bar. The plotted free magnetic energy is nommalized by the
energy of the potential field before the flare (1.2 % 1073 ergs). The error bars
show the uncenainties of the free energies.
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5.2.3. 1531 X Bk Twist &L M50

Inoue et al., (2011, ApJ, 738, 161)1# /] Hinode/SOT K%< EWiZEHE, FIH
ELNETE 1[5 /ME (NLFFF) 512 7 NOAA 10930 363l X #3745 (Twist),
781 1) NLFFF #38& 11 774 2 st B e BY UDRE B 5 (R L HEXT s 20 7ERERE 4,
I o5 R AT i 7 2 WA R B 2, ARURE TR B Y (RO e s 3D TEREBETT 4R
HIE— KW, BB T 2, HZEGin, mre@ees mm Ny, Bism

/N,
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(a)02:18 UT on Dec.13 (b) 02:20 UT on Dec.13

(c) 02:22 UT on Dec.13 (d) 02:24 UT on Dec.13

Figure 2. Magnetic field lines (green) plotted on Ca 11 images (gray scale) for four different times. Field lines are traced from selected points (A to F) on the flare
ribbon in the negative pole. The conjugate points in the positive pole are marked by A to F', respectively. Blue and red lines indicate isocontours for B, = =790 G
and 790 G, respectively. Field lines and contours are derived from the magnetogram observed at 20:30 UT on 2006 December 12.
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Figure 4. Red crosses represent (a) the twist Ty and (b) the shear parameter
& of field lines traced from the ribbons shown in Figure 2. A-G in each time
comespond o the selected field lines plotted in Figure 2. The solid green lines
conncct the average values in cach time.
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5.2.4. RS 5 FRIRR R 7 A

JR%E (2009, APJL 697:L103 - L107) 4347 T NOAA 10930 3 5} [X 1) J& s 4
L¢az SHIRIBEE he /040, $8H: D EARKX, ESIBEIRARPRR, i
TEPRXWEALHER: 2) W F:FaE BT (MSS) , AAFTEIRIREE: X/ NiEk:
BT (MRS) , RFUAFENIREE; 3) EFFMIE5 a z F he BRI s, AH
REEEE R BeStAE, B LPASE.

Figure L. Maps of or; (a) and h {b) for NOAA 10930 at 11:10 UT on 2006 December 11. Red (blue) represents positive (negative) value. The contours of @ are £1,
5,10 108 m~! and those of h. £0.01. 0.03, 0.1 G*m-!. The background is confinuum intensity image at 630 nm. The field-of-view (FOV) is 76" 76" with norih
up and west to the right. The dashed circles on the two sunspots with the radii of 19.5 Mm and 5.6 Mm limit the regions chosen for our study, and that with a radius of
& Mm marks partial boundary between the red and blue patches. The two solid lines mark one place of the red and blue thread well paralleling in the penumbra. The
two light arrows highlight this place again in the b map.

[ 5. 13: HEBYELE a z SERIERE he E

A TR R S i P I

53 {0} Main sunspot {b) Main sunspel T
;‘F“ at ©O @, Full-gircle —~ 4} ©O W, : Full-cirele 4
i 7 i
» I &+ Half-circl 13 T, - Half—ci i
Lol OC ‘m, : Half-circle 5 a2l Q0 B, : Half-circle ]
- 1
- ; it & |
u" = u -
3 g
2 -4 < -4
t
-6t . -6
0 5 10 }+] 20 o a3 10 15 20
Rediol distance from center (Mm) Radiol distence from center (Mm)
] B e
s ok (&) Minor sunspal (&) Minor sunspot §
TE: "_;' S & @, Full=gircle o 4F ©O W, Full-gircle 1
R E i
o i W 2r 1
=} = |
8 0 4 = B
3 .0 i :
~21 ]
g ot !
i 1]
2 -af < 4} i
i i
—-BL ; : : ) -6 . . ; ) h 1
a 1 2 3 4 o} B 4] 1 2 3 4 5 [
Rodial distance from center (Mm) Radial dgistence from cenler (Mm)

Figure 2. Radial distnbations of a; (1) and & {b) from the MSS center. The data are averaged on a series of top halfcircles (blue) and full circles (black) in Figure 1.
The same are for (c) and (d) from the MRS center bt without these half-circle data.
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5.2.5. H @ BB EE AL

Park %% (2010 ,APJ, 720, 1102 - 1107) {# /] Hinode /% SOHO #¥3EF| 3k

LR TE S ANETT R T NOAA 10930 76 12 H 8-14 H H ZAH X W8 5 i34k
PSR, JRLLE THRREEE N, RILH MR SRR BUEM ¢, MR AT AU KK

MR FE N, A R R e 4 P T S ER T IR MR R VRN .
AR 10930
it I I I i, I 1m I L
g | 1%
@ AL 3 %
=‘_ ;- ——
3 LR\//\“
sk 2
.ﬁ,i“. s i \: H\Y)!
9

10

]]

Time [Day] Df::ember lﬂﬂtr

Figure 1. Time variations of the coronal relative magnetic helicity H, (black
solid line with ervor bars) and the helicity accumulation A (gray solid line).
The absolute value of Hy decreases for more than 9 hr in the periods marked as
L. . and 11, while it shows a significant increase of 3.2 = 1043 Mx? during the
period of 11;. In general, the time profile of M. shows a good correlation with
that of AMy during the entire measurement period.
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Time [Day] December 20446

Figure 3. Injection rates of positive helicity (diamonds). negative helicity
(crosses), and total helicity (solid line) during the time span of December 8,
20:51 UT to December 13, 16:03 UT. The characienistic periods of 1, 11, 1.
and Il are marked in the same way as in Figure 1, and the peak time of the
X34 Aare is shown by the vertical dotted line. The vertical solid lines indicate
the times of the investigation of the helicity flux density maps in Figure 3.
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5.2.6. EFizsi 5z

Wang %5 (2010, Proceedings IAU Symposium , No.273) i Hinode/SOT
Wl 734 75 NOAA 10930 WEREAH KK 2R 7125 5iahss, KB AT YY)
B RRAES Y3, BUIR-F 2 E > S BEAR K o
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5.2.7. B FiREEEEY

Min & Chae (2009, Solar Physics, 258, 203) Fl| | Hinode T & I SOT 1) G Et.
XRT F EIS #4f5, W57 NOAA10930 /&3 X BT I %47, KM: 1)IEK
PERNBTAE 5 RGO I ER 540 5 2) B SEFHK, Mg 12 A 13
HIgmel 8 BNy, — KRG, BEE B IiR, Mg H| 3 /N 3) EE
PR T BIALRY S TEAR: 4) SR Weks B 7 8 B SRS 2 i #e . RoR BRI
ik o
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Figure 4 Velocity field of the
small sunspot on 11 December
2006. The field of view is 40" by
29". The radius of the circle in
the lower-left corner corresponds
to a speed of 0.22 kms~!, and
the color of an arrow corresponds
to its direction.
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5.2.8. tRIE & T e 5B PLAL &

ik ZE4% (2007, Apl, 662, L35) F|ff SOHO/MDI. TRACE ¥4, 73 #1 T NOAA
10930 V&3 X (R e FBTIRAG, RINESNIX 2 R R BV R e g
DX 1) H AR /IS B O DR et , 7R TG 2 DX R R LR P, DU e BT S X
R AE ELAE P fid R T 70 5 B KRB B, R 2 2R i@ 200 B2 DA b B 7 23 i AR
B

Fi16. 5 —Time sequence of TRACE continuum images showing the rotation
of a dark penumbral feature (£3) around the center (cireles) of P1 mentioned
in Fig. 1. fl and 2 are other two rotating dark features which appear prior to
the emergence of f3. The three arrows in the continuum image at December
12, 09:12 UT point to the three features (fl. f2. and f3). otherwise the arrows
points to f3. The convergence of fl. f2. and other unresolved features forms
P2 (see Fig. 1). The two solid lines in the first and last images connect f3
with the center of gravity of Pl, and the dotted line in the last image is a
duplicate of the solid line in the first image. The field of view is about
40" x 40",
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Yan % (2009 , RAA, 9,596 - 602) F|F Hinode £ B EdE, K X3.4
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ekt 2 Ja e H g W e BT VI3 M . S PEREIR .

166



Tig. 3 Eapil TeCuSan of FERSPOC J2E0 UERE SHQLERCE Of COASONLAN. TRIENITY IMages IAd VECTRS Mlig-
nemdpEaAns from. Specmwyelain emer of SOT. The circle facludes the 1m0 of the Tomrg SOug e, The
T I ke befr ) uels ar specified i deil nthe e The Beld of view is 757 . 457,

& 5.22: RIRBFHEEE (SOT)

P 5 A semies of Koy imagpes shieroed witk Be-c fles by mrd’ml-dl Ioam 2005 Decem’ier
10 e Descem e 15 ThE dashed o and Imews I derbed I

[E5.23: @EYyI5Kk S &

167



5.2.9. {FEG RIS 3 BY V) R RIEN

Suthar 2% (2014, Solar Phys, 289, 2459 - 2471) 4341 | NOAA & Eh X )4
RS (NTC) 5% BIUI MR (NSORIEEA, KIM: 1) SRR EEEAY
XG4T i) JESEHRERSE RIS £ 1) BY VIS JESe 2 B AR
s B FIX 3 iv) NTC B KT NSCs v 7E X3.4 FEBE H I 2 Ji5 # vk

BT

Figure 4 The evolution of net 4 T T

current, NTC, and NSC for the r + For Shear current
3 % _ et L + ¢ For Twist curment

whole AR as a function of time. i 2 For Net current
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Figure 7. Evolution of shear flows covering the flaring pericd. The asterisks
represent the average velocity of shear fows in the box area A6 in Figure 6. The
start time of plot is 1:10:40° UT 2006 December 13, The vertical dashed line
indicates the flare time.
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5.2.11. 350 128 Evershed i) BRIE G55

Deng % (2011, APJL, 733, L14) ZH R IRER A, HIF] NOAA
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Figure 5. (a) Time profiles of the normalized G-band intensity averaged over
the RO {black data points) and ooter decayed penumbral regions (gray plus
signs). (b)) Time profile of the horizontal Aow speed avernped in the ROT (black
data points). The gray curve as a reference shows the temporal evolution of the
flow speed averaged in a stable region outlined by the white box in Figure 3.
We exclude the data points during the fare to avoid fare transient effects. Ten
data points of Aow speed at two ends of cach time interval are excluded due to
the temporal average algorithm.
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5.2.12.H & L5 CME

Harra et al. (2007, PASJ, 59, S801) A il Hinode EUV J{ 1% (EIS) &
SOHO/EIT 195A #3341 7 NOAA10930 355X H # ks ik 5 CME (1% %, Bk

X R R SR A, H AL /R BN IR, LeAh, BRI TR B X AT
M PR A AL — NS I AL o

EIT 195 15-Dec—06 01:14 UT
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Fig. 2. EIT base difference image with the preflare image at December
14, 21:12 UT subtracted from the image on December 15, 01:14 UT.
The EIS field of view is shown by a yellow dashed line. The red contour

15 the dimming negion.
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Lightcurve of selected region
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Fig. 3. Light curve of the dimming region marked by the red contour
seen in figure 2 from EIT data. There is a sudden decrease of intensity
which drops to close to the quiet Sun intensity level (marked with
a dashed line). The solid line shows the coronal hole intensity level.
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Fig. 7. On the left the magpetogram from MOI &5 shown with a bex
illustrating the EIS field of view. Co the right the EIT image is shown
for comfext azaim with a box showing the EIS field of view. The
sironpest velocifies are seen m weak positive polarifies m the sirons
dimmmz region. The EIS Fexn infensity difference image with the
Dwoppler velocity contours (bhae-shift enly) overlaid in white is shown
at the bostom. The comtour levels ange from — 10— S50kms1.
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Fig. 3. XRT observations of the sheared magnetic field evolution during two X-class flares. (a) and (e): GOES X-ray time profiles for the 2006
December 13 and December 14 flares. (b) shows an XRT image prior to the December 13 flare, and two XRT images during this flare are presented in
(c) and (d). The long-lasting brightening prior to the flare is enclosed by the black box in (b) and (c). The contours in (b)—(d) refer to the brightenings at
02:16 UT observed by SOT in Ca 11 H. (f)—(h) The XRT images at the early phase of the December 14 flare. The white contours overlaid on these images
represent the brightenings at 22:05 UT on December 14 observed by SOT in Call H. The white lines in (b) and (f) refer to the SOHO/MDI magnetic
inversion line. The maximum intensity (Dmax) of the XRT image is shown in the upper-left corner of each panel. A—E are the loops discussed in the text.
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5.2.14.Moreton ¥

Balasubramaniam et al. (2010, ApJ, 723, 587) 1118 1 2006 &= 12 A 6 H#EHT
[¥) Moreton R : &MHE Rk IE 2 CME, 37170 # 3 kK CME 3Kk3)).

ISOON: 2006 December 6

18:52 UT

[ AR 10_9;'8'_|

Pz
=

A ;

He Tmage at 18:47 UT

Figure 1. Overview of the solar eruption and Moreton wave of 2006 December 6.
The Ho image has been scaled to emphasize the wave. The large arrows indicate
the position of the wave at 18:47 UT. Smaller arrows indicate the positions of
filaments that were disrupted by the wave at the given times as it propagated
outward from the AR 10930.
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Figure 15. (a} Hir centerline image at 18:50 UT with the He darkening region traced in white. (b) The time intensity plot shows the He darkening in this region
following the eruptive flare. {c) A cartoon taken from Neidig etal. ( 1997 to illustrate the cause of the darkening—absorption by faint cut-lying unresolved post-sruption
loops in 2 weak field region adjacent to the main fare. Note that the magnetic polarities in this figure do not match those for the 2006 December 6 event. They could
be casily modified to do so bul we show the figure of Neidig et al. (1997) unaltered because of its remarkable resemblance to the 2006 event.

& 5.32: (a) Hadibzk, (b) EBETH, (o) FEE

173



5.2.15. 5 G A G 2 i

Yan £5 (2007, PASJ, 59, S815-S821) MW NOAA IEEN X fFAEHTHL 2
AU, BRI AE. URIER., VRS, Bkab. PEE 8RR AIBE D 458

mu—.-'ilur -;u-m-rl-l-. 18712/ 708

Fgl o an:mrlu:immtﬂlt?hm $ui G rchr patien sirchere scoorieg Seny 23T MHIEIT-WLT,
"J‘: wxd brigkt ‘1&.11_:';; M1 bursty duriag 2130300110 1T <) apibe, schey puibern
mh.r:pd-l.m:.udhp:n ﬂlmmdnl_cﬂﬂﬂ.'lmﬂm Wtdlh:nbnnnﬂpl,.n‘hlphﬂtﬁlhln v chri i md
=243 LT daag, i by hes S rmhqrp: TV conhaaan commios; e AT o) and LHCP () dyaans spocin fucey, $2:82- 244007
13 badong & rrhoa patiem Th b i) e e nmnhult?mll

[E]5.33: SERIDHT

174



5.2.16. 78R AT E B S & 4 A EL

PS4 (2014, JGR-Space Physics, 119, 3286) W70 J #EBLRT G EL S & 0 A
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& 5. 34: 10930 jENX Y [EE1AEE (modeling box: 290x160x60)
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% 5.2: NOAA 10930 #A 11158 #25f

Event No. Date Start Time® GOES X-Ray Class Active Region Location®
{UT} (AR NOAA)
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5.2.20.J/e#% 5 AR TE AL

Ravindra & (2011 , APJ, 743, 33) f##[] Hinode/SOT/SP. SOT/NFI ##z,
S HT T NOAA JHZN X 1 ied: (spinning) 5285 (braiding) MR L, N 2 %E
TG, S BT NS, NRLBFHEREIERE, SHBT 5 RNIE~EAR 20
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Figure B. (a} Temporal evolotion of the rate of spinning (green), braiding
{red), and sum of these two (dash-dotted yellow line} helicity floxes for all
the partitions in the region tmken into sccount. The black curve represents the
rate of change of helicity Aux estimated independently using Eguoation {3). (b}
Temporal evolution of todal accumulated =pinning (green). braiding (red), and
spin + braiding {dash-dotted) helicities of all the regions taken into account. The
black curve represents the total integrated helicity estimated independently. The
dark vertical line represents the onset ime of the X3 4-class flare. In the x-axis.
major and minor tick marks represent the days and time of 2006 December.
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5.2.22. &3 K5 MHD #35EHF 75 NOAA10930 75 3) X A3
ElEEE

WERS (2011, APJ, 737,39) HFH 5 [a]FH < 2 48 MHD #0052k
FH U B 368 2 S 7 7 AR MR R ) 3278 AK, , T B0 A8 A 9320 5 2 B I B AR AR
TIEARR], XA, JGIREEEI AT DL E I BRSO IR S 1R R S S A . AT TR
AR 58 — O 2 BURGE |, IF FAFE Hinode/SOT £E 2006 4 12 H 13 H Wl
FIH NOAA 10930 &3 X (X34 WERE) , AATIAEDUAS X d: AR ERE

180



T AT R kg T B 2R (SPIL) 5L 1 04T 1 S IR B SRS B (S total ),
B E(S z), BAERZAS R (Sproxy ). H T8 FAAKMIZE 51 R EN I
HE (S sur ) NHTFFE TARFILG RAKEEEES emg) - KI: (1) S total ,
Sz, M S proxy 7EBEAN FE - [X 45k S 57 B8 - DX 3AT 9 AH AL, 1 T 58 e e A
BV UL JE RITE AR X380 & SPIL HAFRE s (2) S sur B RIS 1L 52 21 g
AR RIEEI LR, FE A RAE IEAR R FFHIT, S emg MIE AL KR HE 2 18 27 I
SO, R & AE SPIL X 5.

Figure L Left: radizl Poynting flux contour from the emerging flux rope simulation. Right: radial Poynting flux contour from the data-driven simulation using the
bottom boundary data of the emerging fiux rope.
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Figure 2. Scatter plot of the distibution of radial Poynting Aox 5; from the
data-driven simulation vs. the distnbution of radial Poynting Aux 5; from the
emerging flux simulation.
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Figure 5. Longitudinal magnetogram for MOAA 10930 at 4:30 UT 2006
December 13, overlapped with the transverse velocity field map in red. The

units of velocity are 15 km 5.
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Figure 7. Evolution of the total Poynting Aux (S ). the radial Poynting flux (5;), and a crude proxy for the ideal radial Poynting Aux {Speay ) for four areas: the whole
sunspot, the positive sunspot. the negative sunspot. and SPIL for NOAA 107930, The beginning magnetogram is at 03:10 UT on 2006 December 11 and the endi
magnetogram is at [6:21 UT on 2006 December 13. The vertical dashed line indicates the occurrence of flare X3.4. The Poynting flux is in units of 2.1 « i SpET .
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Figure 2. Szmple HMI magnetograms of AR 11158 16, 8, and 0 h before the start of the X2.2 flare. The intensity scale saturates at +1500 Mx cm*. Movie | shows
the evolution of the region over 2 50 interval prior to and just after the Aare. Compare with Figure 3 and Movie 3 for alignment of the magnetogram with the overlying
coronal features. Movie 1 shows the HMI magnetogram sequence (640 360 pixels of (.50 arcsec each) tracing the emergence and evolution of AR 11158 from 2011
February 10 14 UT 10 2011 February 15 06 UT. The scale saturates at £1500 Mx cm o

{An animation (Movie 1) of this figure is available in the online journal.)
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典型太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f2 2011年2月10日14 UT HMI观测的NOAA11158耀斑前矢量磁图（Schrijver, 2011, APJ, 738, 167）.mpg
典型太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f3 2011年2月10日14 UT HMI观测的NOAA11158耀斑前矢量磁图.mpg
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典型太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f10 2011年2月15日15 UT NOAA11158活动区AIA131Å差分图.mpg
典型太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/F15 2011年2月15日STEREO ACOR2观测到的CME（Schrijver, 2011, APJ, 738, 167）.mpg
典型太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f15 2011年2月15日STEREO BCOR2观测到的CME（Schrijver, 2011, APJ, 738, 167）.mpg
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*6.1: ERHFHALRE

Tahle 1
Phases in the Early Flare Development

Time Note

(LT

01:44 GOES flare start.

01:45 Flare ribbons initiate. First loop expansion.

01:4748  J-shaped ribbons form and brighten. Loop expansion accelerates,
01:48:18 Flare ribbons extend beyond central § spot.

01:50:15 Ribbons reach into leading spot.

01:50-53 Expanding loops fade.

01:53-54  Expanding coronal front forms.

01:56 (GOES flare peak. Ribbons reach maximam extent.

6.2.3. 6BREEH T 2011 4 2 B 15 H X2.2 VBHE Bz

Wang %5 (2012, APJL, 745, L17) FIF SDO/HMI 45347 7 2011 42 H 15
H X2.2 BEBEHAF, RILMEEN % 26(PIL) B /Kl 3 ok (30 minutes) H AN AT 18 1)

HE5R (~30%) » JCEREGSARS NS Y] S5 00R . iEiS S RS SN X R HE &

AEAR G, BRI IAAL T AN R BT 5 W) 0 SR PEAE X YR E Sz H), TEAR
R Ja, PIL MIEHI 12K, S48 (tether-cutting) FEIBCHTIE T 77

L EEP N
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6.2.4. SDO/AIA WU A 23 R i& 30 X H i E L85 & 48

Markus %% (2013, Solar Phys, 283,5 - 30) K& 7 —Fh 74wt F 5k & 3h 0 #r
SDO/AIA BEIGHHE, 4. HAFMEBIIN T i) ARdE: i) Har=A Mo
HHDEM] 4355 iv) #53h X s/NE A DEM A4 v) S B3E; vi)H
ENERRH S ST RIAI T, SRR IREYEEE . RS E [EM],. HT%
TR B8 B HEAT St

7 A

Fipery | oy feple- Gl b of SI0WALS comsesing of m 211 & o), 1% & ey, sl T
i) L e ardmd e D Potvemiry Y o TV UT [comrieny of AL )

6.19: SDO/AIA211 A (4I). 193 A ()R 171 A(E)& R E (2011 &2 B 14 H 23:38 UT)
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6.2.5. 28 (TETHER-CUTTING) EE:RHANIEZ GRS
R 24k,

Liu % (2012 ,APIL, 745, L4) FZHJ5 /135 (NLFFF) 745041 7 HMI Wl
FH NOAA 11158 353X M6.6 T[] 117 B R A4k, SDO/HMI 440 £ i)
PO AR T S RO EX, KPR RN T 28%. 1% X IHAL
TR R UV FE X 54k 2 18], 5 NLFFF #44 S A0y Jg s E 4  NLFFF
BEAGA SoR i H % R AR R X 1y, 2 S R R 2 G, HRMBIRARSKE]
TR T R4 . IX L2 SR AR BRI tether-cutting B /% HH B8 BB T2
ESGOISEZR7/ TP

Horizontal Field Evolution of the Region R

T T T : T T 7

l a

" Hinode ' s ]

- HMI ‘H =
I = | -
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- IHAE 10% | 5
1 1 = 2
i ' 1 B &
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_ R (0.15Gs") ‘\ | 81 =
2 L \ < =
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. 4 . et LI
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Figure 2. Temporal evolution of {8y} of the region R in Figure 1, in comparnison with the flare light curves of soft and hard X-rays. The mean error of 8 of the region
R at cach time instance measured by HMI is plotied as emror bars. The error estimates for Hirode data are cumrently not usable (sec footnote 6).
{A color version of this figure is available in the online joumal. )
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(190008 UT

Figure 5. Isosurfaces of Jy = 0.03 A m% viewed from 30¢ relative 1o the
horizontal plane and 457 clockwise about the verical direction. The slice is the

same a5 used in Figure 4.
(A color version of this figure is available in the online jourmnal.)
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6.2.6. AN K BB L IR 5B 1R R IR ERI R

Petrie(2012 , APJ, 759, 5004341 7 SDO/HMI M {1 PY AN 3 X NOAA 11158,
11166, 11283 F1 11429 77 A= ) 78 AN KR DG BRI 7 58 A2 1) 7 [A] S I [B] 284K o £
AMEBEIAN], ik dip R e B E g, B, JLTER HE P AT IR

Wy BRI A A . BRI LU A IR LT TR L, AR RPN A) SRR B HLK
AHBEEIT 7 A L5 A S 0 AH O IR R 5K R TEE RO X 4 ) 2 1 o
TEH . 5ZFHG 08I0/ IFRA SR MIEE, RIS IR a 2R 50
ERBEBT VAR SR ORGSR 1. SREBTRTAR L, 34637 R T 5 b M2k x5 . EREBE
WA, EEEZE SR —AKRE RARM. ARARIN TR, SHE5E—. K
SIEAR 22 JIAE VR LI LAAH S B T7 100 3 VR 24T, o TR U 1) 7 WA 4 114

fiF o FRBEXT 71 A L BT P B8 K (5 M 1] G ERZR A (line-tying) MR
& 6.2: NNENSH

Tahle 1
Flare= Studied in This Paper

GCHES Start GOVES Peak (GOVES End GOUES NMOAA - Location
Drate (LT Time (LT Time (UT) Time {(UT) Class MNumber on Disk

2011 Feb 13 17238 1738 1747 MGG 11158 S20EDS
2011 Feb 15 OF44 01 56 20 X232 11158 S0 10
20011 Mar 9 2313 2323 23729 X1.5 11166 MNOEWILI
2011 Sep & X212 2200 2374 o | L1283 MNI3WIE
2011 Sep 7 X232 2338 23244 XI1.B 11283 DMNI4W3I]
20012 Mar 7 OO2 Ot O} K54 114279 MISE3]
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6.2.7.2011 £ 2 A 15 H X2.2 @B HAE] H AN EER A BE3H IR 48

#E: SDO/AIA F1 HMI S

Gosain (2012, APJ, 749, 85) H SDO/HMI #5041 7 NOAA 11158 i&5h X
IR, AR TR AT A A ERARLL: (D)8 BT
fir:  FEBERTIA TGN LTSS, QEgiH: TSRS, BUR MRS
P R (3) BN FEMRGRME )G, PR [F) R 1 4 3K kink 78
2 JE HHBE PR e BE 1R T /b o 3K L8 B A R A I A R R A TH R R N . 38
WHIE T SEUT AR PRI 2 (PIL)IROGERARAY, FEBE 5 O\ M RE B (E W5 PIL AHT-BE I
77 R HEE R K AR LR . 8IS i 1% EJ7 HMI Stokes 25, KL
WRPESS V i RG>, 10 Q & U &N, XN R 5, S
PIL MIREATEARAZ G B INK S o BhAh, @t X RE3a 0 A e e i, K352 RA PIL
[ N SRAR 10 fE. IXELEERE “HBENE” —E

SDO/AIA 15/02/2011

02:29 UT
| T T L T

T

Y {arcsecs)

100 200 300 400
X (arcsecs)

Figure L Inverted color map of active region NOAA 11158 observed in Fenc 171 A wavelength by the SDO/ALA instrument during 02:39 UT on 201 | February
15. The loops marked 1—4 are studied for temporal evolotion and are highlighted by blue curved line segments. The line contours at 500 and 1000 G levels of the
longituding magnetic field observed by the SD0/HMI instrument are overlaid in blue (red) colors, representing negative (positive) polarity. respectively. The yellow
line marks the position of the artificial slit that is placed w0 sample the dynamics of the apex of the loops. The spacetime diagram corresponding to the slit is shown in

Figure 2.
{An animation and a color version of this figure are available in the online journal )

& 6.28: 2011 42 B 15 H 02:29 UT SDO/AIA Feix 171AMME] 89 NOAA11158 SEENX

Movie
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典型太阳活动事件/11158事件资料/电影资料/10 Gosain_2012_APJ_749_85/2011年2月15日229 UT SDOAIA Feix 171Å观测到的NOAA11158活动区（Gosain, 2012 , APJ, 749, 85）.mpg
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10" " . Liweh et . . A

01:20 01:40 az:00 az=20
Start Time (15-Feb-11 00:30:00)
Figure 2. Top panel shows the spacetime diagram corresponding to the slit marked in Figure 1. The positicns corresponding o loops 14 are marked on the right side.
The three phases of evolution discussed in the text are marked in the figure and indicated by amows. The bottom panel shows the soft X-ray light curve observed by
the CHOES satellite during the same time interval.
(A color version of this figure is available in the online journal. )
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6.2.8. NOAA 11158 753 X jighs B -7 HI1EH

Vemareddy 5£(2012, APJ, 761, 60)F|H SDO/HMI K AIA ##& 5017 I NOAA
11158 3 30 X 5 FRAF AR A M 1 5 Pl A 3 2 B0 A0 A G IR e e BE P E T, RO
BN A KR BT, — N5 5 T AR RBE N X ARE, 55— 15 CME
M. 0 B SR B PR R, H5RBE R ES . Twist ZH1H
[BIFEER, RSP8IV f SR E N &) T 77 CME X3 58 7 e e 50 B xt
IRGF, F BT hER S 3 5 R AR . TERERE 4 ) B T P B
F B T 28 1 SR TE R BERT UG B RV /D, U W R BT T 17 70 388 V7 20 S 3 3 o i
PERE R R, WREETE N E S CME AHORIHI X IR 5110, T AE -5 i BEAH G
XA A& L SRR 5 . AR T —/ME R IR, e iR i S i

RFEN X WA T, EENEAT Skt 7 EErER.
% 6. 3: NOAA11158 SEENXIEDHES CME

Tahble 1
List of Flares and CMEs

AR Dhaie Flares CME=
(NOAA) (dd fmm vy yyl Magnitude! Time UT) {Time UT)
11158 13,/02/2011 CLI12:36), C4.T(13:44), MG.G(IT28) 21:30, 23:30
14,/02,/201 1 CL6(02:35), CE3(04:29), CO6(M:5]1) 02:40, 0700, 12:50
C1.B(08:38), CLT(1151), CO.4(12:41) 17:30, 19:20
CTO(13:47), M22(17:200, C6.6(19:23)
C1.2(23:14), C2.7(23:40)

15/02,/2011 CLT(:31), X2 201440, C4.8(04:27) 0040, 02:00, D300
CLO10:02), C4.8(14:32), CLT(18:07) 04:30, 0500, 09:00
CaH.60 19:300, C1.3(22:49)

[1-Foab- 2011 130K 00 47T 13- ok 011 120000 17T L Febe 2011 100400 LT
'a] 3
i .y )
xﬁ.--
w
(] il il
- Foeb 2011 1 2-DO00 1T 13-Fek- M1 TEOH0G LT 1iE Pk M0 1 120000 LT
s g ' "
1 |- 3
;if“i 15"--_J .,!.)u 5 o -
E B
L - : - b
e HP2 T
! oS
wh [ 5N o f
i i

Flamre 1. HbI intermiy bespo stowins ta ovodasen of AR WMOUAA 52130 dunog o de-dey bme poicd. The ot searpeds wee beboked S0P ta id) asd gxc 105
manadic ficd comimre are oo in nod (bimc) x DR - 153 £ HH_1I.'IFI-\_ )i fake e ks Epueres sakes spec fiad | I'ﬁp-Ln..um:nl.ul abnl wrarpe
u::mhﬂphwrr—n]'ri—aull[ﬂull T iw recizarbar b l|..1|-_l1|.:::..ln:.n]ﬂ:-1@.-|.-raulruu For darthaey mEwdy.

T4 crdar vonore of this beere = avzibbie b s onlies poamal)

6.31: NOAA 11158HMI & fE 7S RHIE L

212



A Tl 4 100 | DT ALK 188 2134 1 LT A, e ] -0 1 BT

AL 01 D1 BT L ALR B 20 10810 DU

A D D215 B2 DT

Figmre L Crvoeal acti vy obocrvad dering Lhe cechition of fie AH @ ALR wavcionpiis (27-a7) A& e cvpuissa | sdic smoe | Som@ U et -onos bty comed e
| Brip b e brwine

TSI o 001 Pebrory 14 o TE500
J-cl.t1111‘1::!:.Fu.m:h\:l:-.l'i'.'n].:\n.w,..luddl: wizind Sun uull“lu.[\-l.l.'lm sreorvion Hee mn oo b B A o

4 eodoet verdon ol thix Beure @ aralkbis bn e ondlss famal|

6.32: EFIXHIB&EETN

r | b
af ]
= P 1 =
E 1 B
- H :
3" = i L
e . fu s
= F = F. 1=z
= B 4 :.'I:-;
iE. 0| : E
2’ o ) 1=
00 230 I =
™

e,

L]

S
= 4F
®F
g F

aF

ITRTRETI SR . ST WERA LT A e

@ A0 4
Srtidgadti

a1 )

- E 1 r
= sF i %
,i E 2‘; ]
= ME B b
E ag
g E 3 ¥
& uf i
11: 1
iy t+ + + + +
S T ] ¥
T af Al [ W
| - 5 b =
& F ;- L] F 3
E - 1
. LF . » B
1 1" : 3
P o e e R MO S 1 o
M WD W EMITmm (e IFWE MDD G0 SOD NN 1R
Skt Tl 13 518 15000007 St Tiwas. [ 13 Faak- 81 #4000}

g . ol et ki eyl e itz e it e s et L (ot i) g e A
Soewr s pancl of L cofiersa mark Smiagy whilk Bxms 3 the gt clsrs aimspoed & Mlana The fiu frajor Lan ar masbad by
dhashid werticad B ba ol st oa L righl colsem, sad B sustiod vertical bao iadicais Ba o & cn.ri g with s cuad of Banc. Mot tad ali S
Ewiat RCARCET , T SRR v (), ] TV o v Ches comapoadencs b B rotatosal peofiic of S ek SH1

dhiroct sk i lacnmsda g ths aon-polelisiiy 1 mib-region Ri

[ 6. 33: FRALIFHB M YNBES HHNR L

¢ hying ket maaspe moiadion Saxa

1T. (b1 0T Anther mem capeircs ohmered on 3000 Fawaery 158000 “l_lmu.mm L=

213



6.2.9. NOAA 11158 753 X A5 X BEE 5 g B i iE 4L

Jing % (2012 ,APJL, 752,L9) 7347t 7 NOAA 11158 JE35)IX 2011 42 H M 2
HE 16 H GRS F s g B (s [H)35 b, SDO/HMI YeBR R 2 hilidn Ve AR 2k v e
1B v H B MR I A6, R T — AN Ta)- i B2 ], R IR 2 1) 2
NI AR BR A, R iE AR R X2.2 BT BT R A L IR R ) A
&, SN BDEERM BT ILRRT, 2 X2.2 MEBERIRE B WAL 8o AR R
JEE TR [R5 B0 SR 7s SR A b, T CERE B I R B AR A, IR PR AS B S A A TR
W FEE e T A A7 AE TRl B

AW H[10F M

CIOHS SR Fhig (Walts m

Tonal Unsigred Magnatic Flu (107 Mx]

Ll ||.||. L1 11111

Fop | ; | & f
12-Feb 13-Fnb “aFab 16-Feb

- [
P i v I! [10% Mz’ ], Megsttvw M||.;r-\.rl| ez | 16 M)

Pruditve & Bt 11 (10 b ") Prositive b sgestic Flac [ 101" M)

14-Feh
Teree {siariing o 2011 Feb 12, 06430 LT
Fiwmrs &, Tomporal vamics of magsdic boleify. (a; 0/, red dowi AP i bl dods, ol umiasad ey ln:lih.l.l.ﬂil:tl.ldl?l’.l}'_!nﬂxml-ﬁnl.tn.l:ru

The mceiniety in Y, ko desiod by B omor . The ia ATy [LYE: di by 00 evad] o b plotiexd . {1 bl postiee ) sopaiive et
mmmwm“umﬂ and ikl By e i chdsat curva) bvion i over S U The dark-
amd Bghi-RIwy arem, Fouy Y. rark g and pl-.tllhlb.u I‘.I.I'F[I‘I'BMIBFI'I.I'I.'I.

*ﬂhm-ﬂ'ﬂllﬁ:ﬂ:mhﬂtﬂlﬂrﬂlﬂﬂ

& 6. 34: FIZRERTE)T{L

214
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L% (2012, APJ, 744, 50) #|H Hinode/SOT. SDO/HMI. SDO/AIA.
SDO/XRT. SOHO/LASCO %5##s, 704 1 2011 £ 2 F 15 H 11158 #HsIX BT
AL, WX H 4 DMEFEIENI I, ERE AR R TIE3), BT R T
BaEhEh, AMOED SRS, A5 RETYEs), 1 HE S R
TIRE M — KA XFEFBUL A S TRIN 6 7, fEH BIR R EUV
M 2KIEIE A S A, bW R = AEREBE. EBERT 20 /N, BEEID £ (CW)
RIS SRR S, IR A IR T IR PO GEA S O S e o e R
SN FEBE I R H AR B 45 R 2 )5 1 /NI SR 1k, FLAR R i 2 SIS 26 0K

B RFIE G T IESEERE, TERPEAT 100 7380, FAMTAER 5N Rk
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Lfif e m] Re e B 51 R R

Figure 3. Hinode G-band images centered at p2’s varying cenfer. Three
penumbral features, “A7 "B end “C° show clear OW rotation. along with
the development of CW spiral patiern of p2's penumbral filaments. The dashed
circles, with a radius of 1078 from p2’s center, indicate the location of the time
stice shown in Figure 4. The r—8 polar coordinate system for uncurling the
rotating p2 is shown in (d). The FOV ks 307 « 307,

6. 35: Hinode G M55 & B ~EZ4FME A, By C BYIMBTEThEsE
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6.2.11. B HZF m f U R#7 F HAER R A

FMBEZARZE (Sun, 2012, APJ, 757, 149) SDO/AIA. SDO/HMI. Hinode/SOT.
Hinode/XRT. STEREO. GOES 5% ¥, i& | NOAA11158 &3 [X —/>[FIJK
R B A, BREEI AR, ERRBE TR T AMER T, R
EIET —ANUNGEE RS . WNAERIET IS SMEER 2, Pl s USRI AE
— R R TIEBNIX 10%0 H HAgE, mHBGENA Y 5%. TERRIHIE, miH
VEE TSGR, SEnFEAEE 60 B, TEMR T — BT, B Y B4
o B AMER RS H R E R MEER, DR TAREE S 25K RSN
HEE. SERR b, REREH G F L, HEERH I ST

AA1T1 A

2011.02.14 172815 UT

Figure 1. Full-disk. unsharp masked AlA 171 A image at 17:28:15 UT on 2011
Febmary 14 showing the non-radial emption. Inset shows the enhanced image
of the epecta. The two Aux-rope-like structures with a shared eastern footpoint
are marked sz FR1 and FRZ. Animation of a 20 hr interval shows al least five
similar eruptions.

(An animation and a color version of this figure are available in the online
jourmal .}

5 6.36: 2011 £ 2 A 14 H 17:28:15 UT AIA 171AE 7~ NOAA11158 EEIXER BB L

Movie
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典型太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f1 2011年2月14日172815 UT AIA 171Å显示NOAA11158活动区非径向爆发（Sun, 2012, APJ, 757, 149）.mp4
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典型太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f2 2011年2月14日172815 UT AIA显示NOAA11158活动区非径向爆发的几何形状（Sun, 2012, APJ, 757, 149）.mp4
典型太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f3 AR 11158爆发前25分钟的磁场及电流（Sun, 2012, APJ, 757, 149）.mp4

Figure 5. Magnetic topology based on NLFFF extrapolation for the pre-eruption state. (1) SO0 view of four sets of loops connecting the four quadmpaolar fiux
components pairwise, as well as twisted field lines below representing the AR filament. The cross section (colored plane on the lower left) is identical to that in (d).
Insct shows the comesponding AIA 94 A image, which is the same as Figure {a). The inferred coronal null point, marked by “X." appears slightly above the observed
loops. (b) Magnetic null point, spine field line. and open feld lines that outline the separatrix (fan) surface. (c) Side view of the region (from cast). {d) Side view with
1-axis (radial direction} stretched by 2. Magnetic pressure is imaged on a vertical cross section to illustrate its anisotropy. The cross section is rooghly aligned with the

direction of eruption, and is in front of the null from this viewing angle.

{An animation of this figure is available in the online journal )

6. 39: NOAA11158 jEENX NLFFF #hEfiizsRs Movie

Figure 7. Schematic illustration of the magnetic configuration and dynamics that
may have led o the eraption. The structure resembles that of a blowouat jer. The
arcade {blue ficld lines above P1 /M1 from the newly emerged bipole expands,
reconnects with the pre-existing field (blue field lines from N2, becomes open
(yellow field ines from M1, and the low-Iving sheared ftwisted core field (pink
field lines between P1 N 1) subsequently emupts. A possible initial reconnection
site nearby is marked by the star; possible motion=s of the loops are denoted by
thick armoows. Pre- and post-reconnection ficld lines are colored blue and yellow,
respectively. The directions of the observed. post-sruprion flow (Figure 2 and
animation: see also Thompson et al. 20101 S et al. 2002} are denoted by
thin armows. The insct shows the SXR difference image between 17:22:32 and
17:19:56 UT from Hinede XRT Ti Poly filter (FOWV 72 » 60™). The brightening
FI1/M2 loop is marked by a wellow circle: the brightening filament is visible in
the foreground.
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典型太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f5 NOAA11158活动区NLFFF外推磁场拓扑(Sun, 2012, APJ, 757, 149）.mp4
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Figure 3. Intensity profiles of the X2.2 flare on 2011 February 15 in different wavelengths.
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Figure 4. AR NOAA 11158 at the peak phase of the X2.2 fare on 2011 February 15 (a) the and (b) the Dappl The hox labeled by "A” marks the

area where TFs were ohserved. The bottom panels (c) and {d) show the comesponding profiles along the line P0) at the pre- and peak phases of the flare represented
by solid and dotted curves, respectively.
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Bamba (2013 , APJ, 778, 48) f# Hinode/SOT ##s, 73 1 MEBE AT
WA A R FNES 1L H S 2RI 18] 25 AR SG 1, R IRE S ) #5883 T 70 B2, 1E
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6.2.17.724 11158 ¥EZI X X F1 M B PR IR 454

Inoue % (2013, APJ, 770,79 ) J&T SDO/HMI ik, FARATAR J& 1IkA IR
BNETC S HMEITIEREFE T 11158 &3 X = A2 1) M6.6. X2.2. M1.0 Al MI1.1 fi#
BEROREFL N Ctwist) , RBUE M6.6 F1 X2.2 i BT A M2 18 21— P8l i 5 1L h 37 2%
TERBDE G, TRFe BIRERE 2 S5 IR 43 twist /NT2E . £ M1.0 F1 M1.1 FEBE
R tB ST 7R, KRR G . @i M1.0 AT ML REBERT IR N H
S 2E K2 W G e, J5 4 5 1E B TR EHE sl — 8 L AR T
Wi X o X R I e 55 4H ith 2 T Be ]S T A A MG BE s 2R 1R 30

M6.6 (Feb. 13) X2.2 (Feb. 15) M1.0 (Feb. 16) M1.1 (Feb. 16)

Figure 3. Upper pancls show the normal component of the magnetic feld and twist profile plotted on the Can image before the each flare. The white lines represent
the: contours of the normal component of magnetic ficld (|8, = 625 G) observed at the same times as shown in Figare 1(b). The red lines show the magnetic twist
{Ta = 0.5) obtained from the MLFFF extrapolated from each vector field. The regions surrounded by red lines are occupied by strongly twisted lines (T = 0.5). The
gray scale shows Can image observed at 17:35:38 UT on Febmuary 13, 01:5(:18 UT on Febrary 15, 01:40:39 UT and 07:42:13 UT on February 16, respectively. The
lower panels show the selected magnetic field lines traced from the regions in which Canr illuminates strongly. The orange and blue field lines represent twist values
more and less than half-tum twists (T, = 0.5), respectively.

(A color version of this figure is gvailable in the online journal.)
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16:00 UT on Feb.13 00:00 UT on Feb.15 00:00 UT on Feb.16 07:00 UT on Feb.16

19:00 UT on Feb.13 03:00 UT on Feb.15 03:00UT on Feb.16 10:00 UT on Feb.16

10 pakg 10

Figure 4, Temporal evelution of the magnetic twist with the distribution of 8; component in gray scale, which cormesponds to the central area of the active region.
The upper and lower panels represent 40-90 minutes before and after each Aare (M6.6, X2.2. MLO, and MLT), respectively. The red and green lines represent the
contours of the magnetic twist Ty = 005 and Ty = 1.0, respectively. The regions surrcunded by red and geeen lines indicate strongly twisted regions of Ty = 0.5, and

Ty = 1.0, respectively.

6.53: M5 Bz &L

; 1:r[a}|1'lﬂ:I:]13I UT on Feb.13  (b)00:00 UT on Feb.15

0. ok T
02 04 06 08 1.0 0.2 04 06 08 1.0

Bz Bz

Figure 6. {a) and (b) Disiribotion map related to the baist {vertical axis) and the
B; components (horizontal axis) at 16:00 UT on February 13 and O0c00 UT on
February 15 (before M6.6 and X2.2 Aares, respectively). The B, componeal is
focused on values in excess of 500 G, whose normalized value comesponds to
0.2, The horizontal dashed line indicates the value of a half-tum twist (Ta = 0.5
(a'y and {b'} Maps in same format at 19200 UT ea February 13 and 03200 UT
on February 15 comesponding to the period after the Mo and X232 flares,

respectively.
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6.2.18.2011 ££ 2 A 15 HE SRR BERt 7

Alvarado-Gomez 2§ (2012, Solar Physics, 280, 335-345) %:T DSO/HMI £
e 80 P B R H R 25 IR 11158 1% sh X R E Bk, I RHESSI fif X 5
A A S SRS RS DU TR) =2 B A, B SR IR Uk & ARYE HMI %ids, O
ERAUL 172 Bt v i 20 0 B )2 86 D SR Aot SO 281 75 345 5 1) DX 38k rh i3 RO A8 A, 31X
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6.2.19.NOAA 11158 753} X B 0 1 B 8] 38 4k

Zhao % (2014, APJ, 787, 88) T DSO/HMI %i#f, FIH H % = 4Ewiin E i,
SrHT T NOAA 11158 35 2) X fE#h Fh (¥ [k, @ T 5 BRI T Q, 3
[ 7r FIZ(QSL) B/miX ANES) XA — A BV T I U 2 w4, e —A
MR E XA R (HFT)S5 . %k QSL 5 sy UI#xt B, 538 &40 1
K. £ M6.6 1 X2.2 BEBENIFF4AHT QSL k% 5 H, IXRME 3 QSL 5 11158
W X R P R AT VIR R Ak, 78 X2.2 FEBERT QSL L5 RBL—4
/NI REER HFT 450, BRI FERGE R4 . BME . A7 T —A
AR (HFT), UEBA7ERR R MR KRS HFT OGRIREMEM . 2, AbATHERR
THTER (breakout) BAIRf, TaRH@EELEMHOEM.

Foere 7. T: B ith serplintind sugrcic beld b ol 7525 UT oo Pebrarny . The POV i del i d:id:dmm.-l:.l.rhm E 1. Wikl
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6.2.20.2011 £F 2 A 15 H X2.2 BRI RRIEERIZ 3N 5 B Fheks

Wang %5 (2014, APJL, 782, L31) %+ SDO/HMI ##5, FF oy U il &
T VEAVE BL JR SR AR DG IRER U7V, tH T NOAA 11158 J5 3 X GBI BN IHE
JEFIREE, FHobT 7 LT A . g5 FRow, REAR I B 4 16l ) B IR SR SR B
1, TERRBE Sk AE ] et 12 ) 2SR Ak . IX4e 25 BLR] H Hudson %5 Fisher 5%
P BIEAR 22 AR, SX B PT DA AARE R i A ) T8 1 D R R B I A A AT
R 21 1) 5 48 A O 9 35132 3 2 IRV IR R o R I R VA6 25 3R I B AR A
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Figure 1. Maps of AR 11158 with regions of interest marked by green confours.

{a) 33 FHMI line-of-sight magnetogram. (b) SI02HMI intensity image. The

yellow curve represents the main flanng PIL.
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6.2.21. /& B X FE L ER K IEER T HIZKF 30

XIPA% (2013, Solar Phys, 287,279 - 291) Ff] SDO/HMI ##5, Lbis 1
AMEBIX (AR11084 F1 AR11158) fEJEER KOGERTT (0.5 Mm) /K shis .
AR11084 J2— . WIRTESNIX, B BEREBES), 1M AR11158 £ — 2K,
SIRMNESNIX, HRGE I, JCERIEN A O B A T IER R, JEERTR
Bl E B TR -BE 2 H R A9 8. AR11084 W53 X TEW E R IA AL S50 : BTA
5N I ) BN BB BRI AR A . IR S MRS (RS 200D 18
MR, FEJRER N AT A EL R ER AR TR RS K. 4T AR11158 3% 3(X
Kt AL XIFIX N E SR AL, WA RSN ZE R E R, . HE R T
X3, PSR —BUSMA. BEAh, TEJGIRE B 5 18 SR IR 5C 1 2 40k
ENFFAELE JEER T FR W L 10 R, I R A ER I8 R I RS KSR B R
HIEARFHEIR T

140
120

100

0 50 100 150 200
X (Mm)

Figure 8 Vertical magnetic field in AR 11158 (image) overplotted by the horizontal velocities in the pho-
tosphere (green arrows) and in the —0.5 Mm layer (red arrows). Black and white in the image refer to neg-
ative and positive fields. respectively. The photospheric velocity is the same as in Figure 7. The flow in the
—0.5 Mm layer is derived by a time—distance helioseismology method applied to eight-hour Dopplergrams
observed from 06:00 UT—14:00 UT 14 February 2011. Only velocities at locations where the horizontal

velocity in the photosphere is greater than 0.07 km sl are plotted.
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6.2.22.NOAA 11158 53 X BB 5 4

HMrZ (2013, Research in Astron. Astrophys. 13, 226 - 238)F] ff§ SDO/HMI #§
FEAHT T NOAA 11158 iEs X LA FEA S &
REFITABYY) . S SRGEALL, BEAESAMESHEPEC R G, V7L & X Af
FESA VSRR B (1)TEI P I e B8 R KPR R, e Rt b
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6.2.23. SEBIA < 111 BU S R B EUV B MIBI 14T R

Chen %5 (2013, APJ, 769, 96) A4tk v 11158 i&3) X 11T B4 it 5 5T
SRR S 2 A HI R, Wind/WAVE % $th T 5 A B2 376 65 4 L0 281 f) 100 280 5 el
5 SDO/AIA & RHESSI Ml ¥ EUV B Get) SR X 5 24 5 720 (8] LWy &,
AR EUV jet 518 X G 24% 56 LRI BRI, I B 2 5 jet /& AT (TMKO
B K.

le
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orsann OTEEDD CEDooo e 000

Fiapry | Coezparuca of B Type [T meic banid w @ oot Proqeency mnger eoocaiod] with 8211155 o LT 0758 on 2001 Pebreany 12, From ap o boion
Mhomix, 1 ||\_~|'.l Uiy, Ml |'i':|-_'|
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6.2.24.75 3 X I BEIR I e RE B 7

ke (2014, APJL, 784, L45) FH SDO/HMI & & Wi 5t 55 1
NOAA1115 iEE) X AE 2011 4E 2 A 11 - 15 H Z 18] (FHEAEE Ko BE Btk o RENR R 17
SERE R AR LN S, SERTUHKAS —3, AXSROIEE N 4%,
HABKE Kk ~ 0.4Mm T AbE BN E K AR HLIFUE BE A RS KMl . 2K
B HR RS HC k1A A, RORHIRIRE RS k53, Hihe B AR
| QN

R
TV

10
10*
10
10
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2k, and ki, [G®Mm]
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k [Hm_l]
Fiponre L, (a)} 2Ex (k) (dotted line} and £ Hy (k)| (solid line) for NOAA 11158
at 23:59:54 UT on 2011 February 13. Positive |:1c"'au1.l-.| values of M (k)
are Jndl:::ﬂ:d by open (closed) syvmbols, respectively. ZFH "k (red, dashed)

and "-'PH {k} (blue, dash-dotied} are shown for companson. (b)) Same as opper
panel, but the magnetic helicity is averaged over broad logarithmically spaced
wavenumber hins.
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Figure 4. Unsigned current helicity spectrum, | Hi-{k)|.
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6.2.25. R H 11158 {531X CME Hi{w¥: 5 e

2011 422 J 13-16 HZI8], M\ 11158 &N X NI 2 AR B R T — &
5| CME Hf4, Kay %25 (2017, Solar Physics, 292, 78) #£F STEREO-EUV K& H %
S G B, )P 2 (B A f (GCS )il B 48 A 7R Sk vk 58 CME ML, 4R J5 A
WFR X S 3R3h A4 ] CME Tl CME FIHUZE LA (ForeCAT)A4L 7 4~ CME

(4 0 % S Jie i, /I ForeCAT 2544 5 B # 1) CME 7 & & J7 n] 4k — %0, CME
FIRFETE 10 2 30 JE2Z 7. BT CME #RIaldbimi%, (HIEH 2 1 77 10 R, i
I 41 S 5 i BVa FEITE S B 50 BEZ R A 3 A4S CME FFAafr BT 2 LA
W, ENEEEE, A SRR, WREEES, ERJETEATHZE T 20 £ 30
£, fEJ7 10 R ARk BT CME Bl KFH Y 2 5 &2 ki, LA CME
i %, 7/ CME 1 RG—/MNEHIRIUT =4 T o JRHE, G
AMERSFRES, ESXEZ FHBk. Rk, CME fE i K ie s 75 1 i 25 5w LA
fifE e CME J2 15 52 M 5L 1 13K
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Longitude (*}

Figure 1 The left panel shows an image of AR 11158 from HMI from 14 February 2011 at 03:30 UT. The
red lines indicate the three different PILs. The right panel shows the results of a potential field source surface
(PFS5) magnetic field model with color regions of the surface magnetic field near AR 11158 (at 1 Rg) and
line contours of the magnetic field farther out (2.5 Rg) projected onto the solar surface. The gray region
indicates the location of the heliospheric current sheet, approximated by the location of the weakest magnetic
field strength. Panel b shows a much larger field of view than panel a with the AR in the HMI magnetogram
corresponding o the enhanced magnetic field in the center of the color regions of the surface PFSS magnetic
field.
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6.2.26.[FAYREIE—CME 4 RH 5KE 11 25 B2 EER

Yashiro ¢ (2014, AdSR, 54, 1941-1948) 43 #7 T NOAA 11158 J&8h X fE & i
H ] = A R BE S CME 6 5R, 2D H RASEBE 2 [F 5T -
14 H 06:51 UT W} ] C6.6 FEFLE 12:41 UT [ C9.4 BT, PIHEBE A& A= 7 AH [F) o B
GEEHX M ERIB%) I HAMBI GOES # X S HAR A th4k, HI55H) CME
B8 (334 #0337 km/s) HAARBARIRLTERE (43 JEAN 44 1), {HE RRFIEANA,
BTN I RUKB R, 15— %A . STEREO/COR1 H &AL

A —

EEME R

2011 &2 H

/> CME £ 45 2| 5 50 70 8 (T CME A o 3% 2800 & 0k 5

CME-CME #f H.1E F o] B8 7E UK HH 18 CME 5 S 1) 11 B4 s 5 B kS 7 DR B4

#*6.4: 20MF2R 1487 MEREH
lable 1
Seven eruptive events on 2011 Feb 14,
Label Xeray flure EUV wave CME Type Il
Time Intenaty Location Time Speed” [ime Speed”
- (2:35 Clb S EH 02:42 513 02:55 264 Nop
1P (H:2 83 SAWOT (44 ~ 3l (4:55 312 Mo
1 6:51 Ch.6 S21EQ ;56 612 0708 gyt No
bl 11:51 7 S2W0l 12:14 ~A0{) 12:15 13 No
2 1241 94 S21W02 12:30 fifi] 1505 m Yes
17:3 M22 S20W04 1728 fiK 17:35 A7 Yes
19:2 (6.6 S20W035 19:31 445 19:45 155 No

* EUV wave speed in kamfs,
¥ CME speed in kmfs.
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6.70: RSTN JMEISTEEENH1iE 5 GOES
(FLR2)#EBE, (b- e, g-j) SDO/HMI #E

_: 8] Radbo-Ouiot Even

Za
-5 CME?
z s
3, m_ I
B i
FLEHP ELRE
11 cas
LT 50 Fre 7w
Sturt Tima (4 4-Fab-11 D400 0T
“1 |b) Radio-Lowd Evant | !
4 e BT
= T.F"J-}l 1
w 1 I"
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o lmxin Bex mndosod by dxdahod boen. AlH ey oosd m e
moh oomsrd = dw e lacaEen m AR 111580 The (8l ephdaee
merrrd SnmSiecmar af B ling noaoiee o Bl ee, She o b
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E6.71:
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6.3. TENFRE

o ZTWBMBIRG AT

> SDO/AIA MW 1 5 3h S i 2 X Bl BE B d o 0 & 43

RIET — R gnis ok F 3h 0 SDO/AIA BRIGHHE, W DA
HIXS 55 di) EARHE: dil) HEN ARSI [DEM] 7041 iv) 3% 8) X S/ AR
DEM 7 Aidl& s v)BkIZEI; vi)H S ZBRTE = O IO i, X g
WEE IRETERE . MRESTE [EM),. HTE KRS T S
> HZZWi3%4ME-CESE - MHD - NLFF fi3

F MHD #2472 & & 7 — %7 NLFFF #A0k @ 0 @iy, XRhjiEsET
CESE - HA LRI Ju/ff e I 77 %21 MHD B4,

o MENZRKSEHA

> RIBRIESNIX 1R X e wbiAl

JELR T J1 3N HE H Bl o, TEG kI8 T AL TARAL I T = 0 89 )3 19
S VI 2% B A S8 B DA IR, A ORI LA A B RE RGN, A R B K
HIAF] T 7E 6Mm DL SR 50% 747, 16 XOHRBE 1 — AN /NI P F 982 AR AT
AN 7 SEBRReEBIR . HEBEHAIRDEERIA PR b RO XK P T 28%,
ARAFEMRE . SRR AT, XA SR H By CRNET — 3. 1R
WRPEZ 5, AMEZARRTE M “8R8” , AIAER T E IR AL O XU,
FERINZ, HESZRHETY).
> JGERIEI MR I e

R IR 5 28 (PIL) [ /K P RE3ABRE (30 minutes) HAS 3 R 3458 (~30%) ,
JCERWEIA AT TE NS VI 5 00R . A S BUES) X B A LEARDG, G5 T
FABLF PN LR BE T 5 W) AR TLHE X G282 2 1], fE K2 ), PIL T
fE 128K, 5 tether-cutting EECHTE M T A <.
» TETHER-CUTTING =Bk A N B S5 BRI ) PR AR 4L,

SDO/HMI #RIUZI I PE AN T1E S AL PO B ELX, ~PI4/K P37 i
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HEINT 28%. XA T ERERIATE UV FIBE X 202 7], 5 NLFFF &8 S
R Je s B A . NLFFF SEALUE oo H 26 B A R ez X8 BT, 8 S A%
KRG, HRBRAGEN 7 RK R TR, X585 RS AR
tether-cutting H ¢ & HH g E RS BN H 237 W&
VAN MWNE L G R57 37 S RER AT RS NAL (o AP N i ENG'S

7£ SDO/HMI M ) VY AN % 51 X NOAA 11158, 11166, 11283 A1 11429 P24
NAKIEDLANRE], 2R BN, KT, JUFHEGR 52 TAT
IKP oy BRI A R WEPERT T I L A7 BT B, R 20 ) R AR R 4
HKAMEFEE S Gl . 52/ 0BV AIFRA BRI . SR
b, Hdads S TS T A S . AEREREIE), EEEAZE AR, R
SRICS K AR 284k, SIRER4E—80. ACTEAS & JarE T LB LUK I 1 5
(a3 PR E AT, R I IR) S W 4 (R AIE o W SRS 37 10 A LU BT 470 BE KPR S e v
HIEERZEI (line-tying) fERE .
> FEBEIA] H B AN LR N RS SR A8 I3

£ NOAA 11158 SRRt 1 &8 AT R =B HAEA ;. ()8 BT
AL RBERTIRTE N EFHEE), QIR HTRRARU LS, B IR IRSE
LB s R, (3) JBANAH: FESRAEAH )T, PR ERAEANF] A A 423K kink
% 20 JE S BE A 5 B 1 /D T s/ o BB 5 2 I 1 B AE W 5 PIL AHF-30E_E 07 sl
W R AR ARSI SR . 8L 5 AT 5 77 HMI Stokes 2 &, KIEHEE V
SrERGHED, T Q & U s EIG M. XM SRR 5, FEiL PIL I
ERARAT BEIMIKF-
> BAHRZ RIS AR R R

1B 7 NOAA11158 #EB) X — A REIVEARAR A B A A, 4R R o 2
i, EERBFHREN T —AMERT, BRETE T —ANUCEE RS . WIEL
WL HIMER B, PO BT UME R 7 (UAE — R R 7% 31X 10%1 3 H fE
B, MHBOENA G 5%. ERRAIAE, WS SRR, 5481m A
HT 60 B, TR T —MBVURAR. B Y BUAEH .
> X2.2 FGHRBE I S W AR

VDRI B 8], SR BRI 5 288 E (DV) BRI R ML 3 BT A
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S TN o IXECBRAR I RARREE T Lo, RS IA) S5 IN E) b SRR BEAZ N B, BRAR AL
FIRESA RS, (RIS DV 30, XSGR BT o 7 fr ey 2 b 30 OB
> X2.2 MBI ROCERIZ AN S BT e s

M) R A0 TS 3 JEE AV - 77 vk R L SRy AR S ER R T V%%, TS T NOAA
11158 353N X OCIRIR BN R AL, JF b 7 At . 85 R BoR, Wkt
Tt 2 J) TR ) B U0 R AR RIS, CE B IRE Jok i AF S ) g 18 Bl AR AL, o X 46
A 1 Hudson 251 Fisher 254 H 1V AC 25 R AR
> NOAA 11158 33l X [ BE 5 A E 551

SHGEMLG, BRSSO R R, I E DO B R AR F v S
ARW HE (1) 0 e B s KRGS B e, e of N SE IR B B g
BT, BT SREARAIIIN: (2) KREWS T ABA YR HIPIA XI5
e AEREAR A R 2R BT (3) 4 AN TRRIRE S0 [ R P ik A A L Y2 35

® =3 5HLHIAT T

> BT . Bl WIS . MHD i f 4R AR

M 11158 FEBN X 0y & B 2 1] 19 B D) A 1 0 2 2 1 77 i o 4 445 g )
DA ZIZIKIN, I CME 123 2| HERN . Ml SCRan T @kt 35S EIT
PR SERFAIE S PR R BRI AR A, B R BN ik I B0, T AN 2 I 3 T N
38 R V10 T 2 9 A P 1) ) 0 2 bR VA 45 1) A FE AR IR R MR X 312 25 - ATA W
I 7R BS TAARIAR AR AR N, R ATA W ek B o AT, il T oK BH
RIS 5 e pom A — 2, He 70 75 2 MHD BB R (¥ R HAEHCE Ao bm
e
> VEBNIX e BT EH

KN NOAA 11158 ¥E5) X A Kk B 141, — M55 T A X
WAHIE, H—5 CME MiE. i B SR B AR EREERE, 5RERKEH
TrEG . PV PR EEE RS 5 T 774 CME X3 -1 Jie e 50 JFox AR
U o FEJGERZ B4R T EAR TF R 10 P38 B R RSS2 H R R R BT AG P BRI
R N A FE S CME AHSR I X I3 5T, T 7E -5 B AH O 1) X 3 A 2 HL

W5
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> RHRT LR FE 5 AR R R AL

X2.2 MRPEZ HT R N FL MR B 2 P 1) AR %, AR RS N BDGER L DL
RNy, K X2.2 WEBEMRRE R ZWAL B o AH R L0 FE IR I (B0 B o B T, T
TEMRDETT B PR AL, X PRI B M A2 7E T AR R i A AR AE T RGE
> 5 X2.2 WA S HY PRI 2B T e

11158 352N X 1 4 MFIERRIAH L, &R AR RT3, B/ e %
Hyizahm i, AMOED S —EEEE, Wi g I YEs), mHE S R
M B TIRGTE SR —RRAR, ZFEREORR—A STRIRM 6 BT, £ TR
EUV W6 IBIE R S TEA, HEMi AR A 7= AR REBE . WS AT 20 /N, Bl RS £ (CW)
RS SRS R R, 1RG0 3BT IT AR PRIE G AR5 O N B e o Jie e 1F
SRR BT AR EAEREBE S SR 2 S5 1 /NI S8R5 10, FLARRRHL B 2 R mE 26 AR
» MHD £l 5

I NLFFF MKEA SR INE 21 5] N B3 547 8, BIE R
WSTA RIS 53—T71H, MHD BEIR, e PEZ T B BT ) 2
BT & 2 T T 52 % ER IR M B 3 T 8 i it o XA 5 RSCRF A R 18 5., #E NLFFF
i3 tether-cutting HEIBCTE B 51 BY VI EL 81 54T B e 75 ik H 36 7 R~ 485 2% AT
> i’k NOAA11158 7% [X M6.6 MEBE I HiH R 4

KL NOAAL1158 JEZNIX 1] M6.6 MBI H A~ RV AR T e, B AN
WS X Ly, W BTG E AT IS 30 % s B U A P B % 2 (PIL), 72 PIL |
TR VIR Gt o M SCHRFIZRE R R, H AR i B MR 50 (ERRIE %
NG (1137 J 3 DX i o R B0k % DX A PR T FSGR EH /N RE [ 7 TR AR R
T FERAORBEE SN S R, EEE S T A MRS, AMUESE AN
BIX A, BRI R AL .
> FRBE O fid I R T

RIHEBIY) AT 7 70 B2, (ERBERTARUR A T i HhE). —3R Rk
Y, KR IREY), B NP E) AT Rl KRB .
> A 11158 iEFNIX X FI M R BE 1 E S 4

FIH AR TE J135 HME T8, RILE M6.6 Fil X2.2 HE BE AT M1 P8 21— Pl 1)
s 2, EMBEISTH R, DRFFBDEEE 5 1R twist N T8 . £ M1.0
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AMLL RBEBERT L 7o, KM R REBIZ 5 . SRl 20K 2 Bl 55 il 2%
B, J5E5IERTFRIRNEZEs)—8, 2R TR .
> H RSB S BT 5T

#:F DSO/HMI 2% 8 B His H )= 8 H 7= 52 75 i 00 11158 3& 3h IX 1 2 30
Ui, F RHESSI A X 5 22 Bt kA i 53t 30 1) 5% 2 U5 i) A7 B -5 0L 1T I A i) ok
FRo BRI KRB TTIA M K. 12, WX X, &6 RE,
E A I 2 1R P i
> NOAA 11158 3 3h X 4R+ B )i 1k

WL T E SRR N T Q, A H IHESFIE(QSL) B R IXANEEN XA — A~ H
FEVURN 5 T2 B 4 SR 4h, A48 — M A8 E BB 24 (HFT)Z54 . 5% QSL
S B, HmMBESNERAE K. 1E M6.6 Fl X2.2 HEBERITF4HHT QSL HE
R, XERETR QSL 5 11158 TEAN X I S HE ™~ FAFE B TIMR R . AP,
fE X2.2 HEBEAT QSL 7RI —A/NEISHER HET 2548, Ui BHIX S35 AR
RS, AR AR HFT)GEREEHR .
> PINEBNIXAECER OGRSt 3h

AR11084 V&5 [X 7E P J R I FEAL I 2540 - B 5% P9 1) ) 7Yt 3 ] 2
TSN . WIRSSMRILR (FREMAZND R THEN, AR T
TR AR EL YR IR EARAS Ko X AR11158 3% 3h X R, 74 L X X i 2
R ahAEHARL, e AR ZE R E R, AR ETIXE, PEHER 5
[RIoh . BhAh, TESCBRTE 305 18 & A G 2 BOm s R IEAE 63K T 3
JSLRRT A, IX R B R I SR 7K TR BN A S B EIR T
> BN X N RER R e e A

FEAR P (AT S TEAT A A B DUIE v 5, SEIRTUHRIM 5 — 80 HXt
WGSBS R 4%, HAEPRE k ~ 0.4Mm ~'ARIAFIE K. AR MR E A Sl
P55 S B o AE R B AR BT M ARHCh k13 R, RO R BE Ry k53
WiRE BB ATAE k53 1
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® STHBFA

> EREBEAROCH 1L Y5 B EUV BHA ) 74T R

Wind/WAVE J7 3 11 55 Fe, 8252t 55 B 00 U 381 /) TI0 2 0 W 5% 5 SDO/AITA At
RHESSI Wil (¥) EUV BEfR Get) MAE X SRR 5 AE R (8] B4, AR EUV jet
SR X S AR A L RUR X, I AR 5 jet & A1 (TMKD S5 85 TR 6.
> [FIVERERE—CME S J H 5 K3 11 2 G W 28 (R I 3R

3HT T NOAA 11158 & s X AE 4 1d H i e ™~ A R 5 CME IR &R, £
DEFARBZEFRVER: 2011 4E2 A 14 H 06:51 UT K1) C6.6 MEFES 12:41 UT
(¥ C9.4 FEBE, WHMEBERAIEMIFEINE GESIXMARILZ FH HA ML GOES
X SR AR 2R, MG CME LbA12 (334 1 337 km/s) H A AR %
JE (43 [EAN 44 J), (RS BRHEARR, AN EES T ADREN sARAE0E, ThEE
—/M¥%A . STEREO/CORI [ & X #E 1 7= 85— CME &4 £ 5 50 738
[FIRGTH CME N .o X SE0 & %5 CME-CME 1 H.1F ] AT fE£E 0K 118 CME 5]
L) I RIS N E T OCERE

® CME 5§t K HAL

> SKH 11158 iE3) X CME Hfwf: 5 e

I H 82 B AT 1 (GCS) i@ B 4 AR e CME HYBIIZE, SR 5 F) FH B FR 9%
Hh 719 3R M) CME ik CME M3 AE (ForeCAT)BEALL 7 /> CME [ &
Jig# , KB ForeCAT 45445 B & ¥ CME 7 & K 7 MFE% — 3, CME Mm% e
10 3] 30 £ [8]. Fif5 CME Rl db s, AHGEA 1210 77 1o i) m e, RN 4 Ko adh
I J7 i ShE FEFE 5 B 50 BEZ 8], A 3 A CME JFGA B AE 2 BEUL, AT
FEAR, A SRR, WS, ERETEIEZE T 20 330 &, £J7H
LB AR B T CME Hal KFH 7 5 AR it 3%, LLJL CME fis. &%,
74~ CME 1 R —ANEHBER I A2 7 0] 23 BRI RAE , R RN R I fE
TEBIX AR T HIEK .
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6.4. HE
6.4.1. B 5% Uk

Z WL T 5.2.5.2.19 NOAA 10930 A1 11158 FEBE ()il & L FERF TC, p.177

6.4.2. WL AR BB

2011.02.11_23:59:19 UT

6.72: 2011 % 2 A 14 H 20:35 UT AR11158 #EBEF1 5 /)\BF SDO/HMI I AT NOAA11158

SEEIX K23 (Sun, 2012 , APJ, 748, 77)

A|[ AIA 304 A T=-720h|[Jdz T=-720h

Y (arcsec)

e & 1t
r L]
5

02.11_23:59:19 UT

02.11_23:59:22 UT

0 40 80 120 160 0O 40 80 120 160 O 40 80 120 160
X (arcsec) X (arcsec) X (arcsec)

E6.73: AR1M158 I HMIB z () « AIA304 () K NLFFF iHEMEEBRRRS (B)
(Sun, 2012 , APJ, 748, 77)
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典型太阳活动事件/11158事件资料/电影资料/1 Sun2012apj/f1 2011年2月14日2035 UT SDO HMI观测的NOAA11158（Sun, 2012 , APJ, 748, 77）.mp4
重要太阳活动事件/11158事件资料/电影资料/1 Sun2012apj/f3 2011年2月15日 0000 UT SDO HMI观测的NOAA11158（Sun, 2012 , APJ, 748, 77）.mp4

Altitude (Mm)

0 10 20 30 0 10 20 30 40 50 0 10 20 30 40 50

Distance (Mm) X (Mm) X (Mm)

6.74: 2011 4 2 A 15 H 01:35:20 UT NLFFF i+& NOAA11158 /K LB E . /KTEiFRE
BHi% (Sun, 2012 . APJ, 748, 77)

350

250 [

. . : 01:40:01 UT, 1
0 50 100 150 200 250 300 350
X (arcsec)

E6.75: 20112 H 15 H 01:48:01 UT AIA 171 A%t NOAA11158 IR (Sun, 2012 , APJ,
748, 77)

6.76:2011 42 A 10 H 14 UT HMI I A NOAA 11158 12 BE Hil 2k & 4 [E (Schrijver, 2011, APJ,
738, 167)
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重要太阳活动事件/11158事件资料/电影资料/1 Sun2012apj/f5 2011年2月15日013520 UT NLFFF计算NOAA11158电流密度（Sun, 2012 , APJ, 748, 77）.mp4
重要太阳活动事件/11158事件资料/电影资料/1 Sun2012apj/f6 2011年2月15日 014801 UT AIA 171 Å对NOAA11158冕环观测（Sun, 2012 , APJ, 748, 77）.mp4
重要太阳活动事件/11158事件资料/电影资料/1 Sun2012apj/f6 2011年2月15日 014801 UT AIA 171 Å对NOAA11158冕环观测（Sun, 2012 , APJ, 748, 77）.mp4
重要太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f2 2011年2月10日14 UT HMI观测的NOAA11158耀斑前矢量磁图（Schrijver, 2011, APJ, 738, 167）.mpg
重要太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f2 2011年2月10日14 UT HMI观测的NOAA11158耀斑前矢量磁图（Schrijver, 2011, APJ, 738, 167）.mpg

6.77:2011 4 2 B 15 H 01:46:56 UT AIA Xi#5 NOAA11158 [E](Schrijver, 2011, APJ, 738,
7

—
(0]

6.78:2011 42 A 15 H 01:46 UT SDO/AIA 211AXLi &I NOAA11158 [B] (Schrijver, 2011, APJ,
738, 167)

STEREO Behind ¢c

[#6.79: 2011 %2 A 15 H STEREO A.B/COR2 ;| £|# CME (Schrijver, 2011, APJ, 738, 167)
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重要太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f3 2011年2月10日14 UT HMI观测的NOAA11158耀斑前矢量磁图.mpg
重要太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f3 2011年2月10日14 UT HMI观测的NOAA11158耀斑前矢量磁图.mpg
重要太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f6 2011年2月15日0146 UT SDOAIA 211Å观测的NOAA11158图（Schrijver, 2011, APJ, 738, 167）.mpg
重要太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f6 2011年2月15日0146 UT SDOAIA 211Å观测的NOAA11158图（Schrijver, 2011, APJ, 738, 167）.mpg
重要太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f15 2011年2月15日STEREO ACOR2观测到的CME（Schrijver, 2011, APJ, 738, 167）.mpg
重要太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f15 2011年2月15日STEREO BCOR2观测到的CME（Schrijver, 2011, APJ, 738, 167）.mpg

6.81:2011 &£ 2 A 15 H 2:29 UT SDO/AIA Feix 171AJMZ 9 NOAA11158 55X (Gosain
2012 . APJ, 749, 85)

AIA 171 A

2011.02.14 05:00:14 UT

6.82:2011 %£ 2 B 14 H 17:28:15 UT AIA 171AR 7~ NOAA11158 SExIXIER MEIE %L (Sun
2012, APJ, 757, 149)
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重要太阳活动事件/11158事件资料/电影资料/2 Schrijver_2011_ApJ_738_167/f16 2011年2月15日STEREO观测到的CME差分图（Schrijver, 2011, APJ, 738, 167）.mpg
重要太阳活动事件/11158事件资料/电影资料/10 Gosain_2012_APJ_749_85/2011年2月15日229 UT SDOAIA Feix 171Å观测到的NOAA11158活动区（Gosain, 2012 , APJ, 749, 85）.mpg
重要太阳活动事件/11158事件资料/电影资料/10 Gosain_2012_APJ_749_85/2011年2月15日229 UT SDOAIA Feix 171Å观测到的NOAA11158活动区（Gosain, 2012 , APJ, 749, 85）.mpg
重要太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f1 2011年2月14日172815 UT AIA 171Å显示NOAA11158活动区非径向爆发（Sun, 2012, APJ, 757, 149）.mp4
重要太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f1 2011年2月14日172815 UT AIA 171Å显示NOAA11158活动区非径向爆发（Sun, 2012, APJ, 757, 149）.mp4

Solar Y (arcsec)

L HMI LOS 2011.02.14 16:30:05 UT
— AIA 171 A 2011.02.14 16:30:01 UT
LR 1 POV TR TO N U SO WU N W W SN S |

. . . . oy o | . .
-150 =100 -50 o 50 100 150
Solar X (arcsec)

6.83:2011 &£ 2 B 14 H 17:28:15 UT AIA B 7~ NOAA11158 jEEIX IE R EI1E & B LA 2 AR
(Sun, 2012, APJ, 757, 149)

Vector field

= £ ? b ~S
- 2011.02.13 11:59:20 UT Ty
25 50 75 25 50 75
X (Mm) X (Mm)

6.84:2011 £ 2 B 14 H AR 11158 184 B 25 /7 $hAVFEIA 58 R ZE (Sun, 2012, APJ, 757,
149)

6. 85: NOAA11158 JETIX NLFFF ZMERLIATRTNSun, 2012, APJ, 757, 149)
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重要太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f2 2011年2月14日172815 UT AIA显示NOAA11158活动区非径向爆发的几何形状（Sun, 2012, APJ, 757, 149）.mp4
重要太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f3 AR 11158爆发前25分钟的磁场及电流（Sun, 2012, APJ, 757, 149）.mp4
重要太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f3 AR 11158爆发前25分钟的磁场及电流（Sun, 2012, APJ, 757, 149）.mp4
重要太阳活动事件/11158事件资料/电影资料/14 Sun_2012_ APJ_ 757_149/f5 NOAA11158活动区NLFFF外推磁场拓扑(Sun, 2012, APJ, 757, 149）.mp4

6.5. X E&E ik

10.

11.

254

Sun, X., Hoeksema, J. T., Liu, Y. et al. Evolution of Magnetic Field and Energy in
a Major Eruptive Active Region Based on SDO/HMI Observation. 2012, ApJ, 748,

2,77

Schrijver, C. J., Aulanier, G., Title, A. M. et al., The 2011 February 15 X2 Flare,
Ribbons, Coronal Front, and Mass Ejection: Interpreting the Three-dimensional
Views from the Solar Dynamics Observatory and STEREO Guided by
Magnetohydrodynamic Flux-rope Modeling, 2011, APJ, 738, 167

Wang, S., Liu, C.,Liu, R. et al., Response of the Photospheric Magnetic Field to
the X2.2 Flare on 2011 February 15, 2012, APJL, 745, L17

Aschwanden, M. J., Boerner, P., Schrijver, C. J. et al., Automated Temperature and
Emission Measure Analysis of Coronal Loops and Active Regions Observed with
the Atmospheric Imaging Assembly on the Solar Dynamics Observatory
(SDO/AIA), 2013, Solar Physics, 283, 5-30

Liu, C., Deng, N., Liu, R. et al.,Rapid Changes of Photospheric Magnetic Field

after Tether-cutting Reconnection and Magnetic Implosion, 2012, APJL, 745, 1.4

Liu, Y., Schuck, P. W., Magnetic Energy and Helicity in Two Emerging Active

Regions in the Sun, 2012, APJ, 761, 105
Petrie, G. J. D., The Abrupt Changes in the Photospheric Magnetic and Lorentz
Force Vectors during Six Major Neutral-line Flares, 2012, APJ, 759, 50

Petrie, G. J. D.,A Spatio-temporal Description of the Abrupt Changes in the
Photospheric Magnetic and Lorentz-Force Vectors During the 15 February 2011
X2.2 Flare, 2013, Solar Physics, 287, 415-440

Gosain, S. Evidence for Collapsing Fields in the Corona and Photosphere during
the 2011 February 15 X2.2 Flare: SDO/AIA and HMI Observations, 2012,
APJ, 749, 85

Vemareddy, P., Ambastha, A., Maurya, R. A., On the Role of Rotating Sunspots in
the Activity of Solar Active Region NOAA 11158, 2012, APJ, 761, 60

Jing, J., Park, S., Liu, C. et al., Evolution of Relative Magnetic Helicity and


http://iopscience.iop.org/article/10.1088/0004-637X/748/2/77/meta
http://iopscience.iop.org/article/10.1088/0004-637X/748/2/77/meta
http://iopscience.iop.org/article/10.1088/0004-637X/738/2/167/meta
http://iopscience.iop.org/article/10.1088/2041-8205/745/2/L17/meta
https://link.springer.com/article/10.1007/s11207-011-9876-5
http://iopscience.iop.org/article/10.1088/2041-8205/745/1/L4/meta
http://iopscience.iop.org/article/10.1088/0004-637X/761/2/105/meta
http://iopscience.iop.org/article/10.1088/0004-637X/759/1/50/meta
https://link.springer.com/article/10.1007%2Fs11207-012-0071-0
http://iopscience.iop.org/article/10.1088/0004-637X/749/1/85/meta
http://iopscience.iop.org/article/10.1088/0004-637X/749/1/85/meta
http://iopscience.iop.org/article/10.1088/0004-637X/761/1/60/meta

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Current Helicity in NOAA Active Region 11158, 2012, APJL, 752, L9

Jiang, Y., Zheng, R., Yang, J., et al., Rapid Sunspot Rotation Associated with the
X2.2 Flare on 2011 February 15, 2012, APJ, 744, 50

Sun, X., Hoeksema, J. T., Liu, Y. et al., A Non-radial Eruption in a Quadrupolar
Magnetic Configuration with a Coronal Null, 2012, APJ, 757, 149

Tziotziou, K., Georgoulis, M. K., Liu, Y., Interpreting Eruptive Behavior in
NOAA AR 11158 via the Region's Magnetic Energy and Relative-helicity Budgets,
2013, APJ, 772, 115

Young, P. R., Doschek, G. A., Warren, H. P., Hara, H., Properties of a Solar Flare
Kernel Observed by Hinode and SDO, 2013, APJ, 766, 127

Maurya, R. A., Vemareddy, P., Ambastha, A., Velocity and Magnetic Transients
Driven by the X2.2 White-light Flare of 2011 February 15 in NOAA 11158, 2012,
APJ, 747,134

Inoue, S., Hayashi, K., Magara, T., et al., Magnetohydrodynamic Simulation of
the X2.2 Solar Flare on 2011 February 15. I. Comparison with the Observations,
2014, APJ, 788, 182

Malanushenko, A., Schrijver, C. J., DeRosa, M. L., Wheatland, M. S., Using
Coronal Loops to Reconstruct the Magnetic Field of an Active Region before and

after a Major Flare, 2014, APJ, 783, 102

Vemareddy, P., Ambastha, A., Maurya, R. A., Chae, J., On the Injection of Helicity
by the Shearing Motion of Fluxes in Relation to Flares and Coronal Mass

Ejections, 2012, APJ, 761, 86

Toriumi, S., lida, Y., Bamba, Y., et al., The Magnetic Systems Triggering the M6.6
Class Solar Flare in NOAA Active Region 11158, 2013, APJ, 773, 128

Jiang, C., Feng, X., Extrapolation of the Solar Coronal Magnetic Field from
SDO/HMI Magnetogram by a CESE-MHD-NLFFF Code, 2013, APJ, 769, 144

Bamba, Y., Kusano, K., Yamamoto, T. T., Okamoto, T. J., Study on the Triggering
Process of Solar Flares Based on Hinode/SOT Observations, 2013, APJ, 778, 48

Inoue, S., Hayashi, K., Shiota, D., et al., Magnetic Structure Producing X- and
M-class Solar Flares in Solar Active Region 11158, 2013, APJ, 770, 79

255


http://iopscience.iop.org/article/10.1088/2041-8205/752/1/L9/meta
http://iopscience.iop.org/article/10.1088/0004-637X/744/1/50/meta
http://iopscience.iop.org/article/10.1088/0004-637X/757/2/149/meta
http://iopscience.iop.org/article/10.1088/0004-637X/772/2/115/meta
http://iopscience.iop.org/article/10.1088/0004-637X/766/2/127/meta
http://iopscience.iop.org/article/10.1088/0004-637X/747/2/134/meta
http://iopscience.iop.org/article/10.1088/0004-637X/747/2/134/meta
http://iopscience.iop.org/article/10.1088/0004-637X/788/2/182/meta
http://iopscience.iop.org/article/10.1088/0004-637X/783/2/102/meta
http://iopscience.iop.org/article/10.1088/0004-637X/761/2/86/meta
http://iopscience.iop.org/article/10.1088/0004-637X/773/2/128/meta
http://iopscience.iop.org/article/10.1088/0004-637X/773/2/128/meta
http://iopscience.iop.org/article/10.1088/0004-637X/778/1/48/meta
http://iopscience.iop.org/article/10.1088/0004-637X/778/1/48/meta

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

256

Alvarado-Gomez, J. D., Buitrago-Casas, J. C., Martinez-Oliveros, J. C., et al.,
Magneto-Acoustic Energetics Study of the Seismically Active Flare of 15
February 2011, 2012, Solar Physics, 280, 335-345

Zhao, J., Li, H., Pariat, E., et al., Temporal Evolution of the Magnetic Topology of
the NOAA Active Region 11158, 2014, APJ, 787, 88

Wang, S., Liu, C., Deng, N., Wang, H., Sudden Photospheric Motion and Sunspot
Rotation Associated with the X2.2 Flare on 2011 February 15, 2014, APJL, 782,

L31

Cheung, M. C. M., Boerner, P., Schrijver, C. J., et al., Thermal Diagnostics with
the Atmospheric Imaging Assembly on board the Solar Dynamics Observatory: A
Validated Method for Differential Emission Measure Inversions, 2015, APJ, 807,

143
Liu, Y., Zhao, J., Schuck, P. W., Horizontal Flows in the Photosphere and
Subphotosphere of Two Active Regions, 2013, Solar Physics, 287, 279-291

Liu, C., Deng, N., Lee, J., et al., Evidence for Solar Tether-cutting Magnetic
Reconnection from Coronal Field Extrapolations, 2013, APJL, 778, L.36

Song, Q., Zhang, J., Yang, S., Liu, Y., Flares and magnetic non-potentiality of
NOAA AR 11158, 2013, Res. Astron. Astrophy., 13, 226-238

Chen, N., Ip, W,, Innes, D., Flare-Associated Type III Radio Bursts and
Dynamics of the EUV Jet from SDO/AIA and RHESSI Observations, 2013, APJ

769, 96

Zhang, H., Brandenburg, A., Sokoloff, D. D., Magnetic Helicity and Energy
Spectra of a Solar Active Region, 2014, APJL, 784, L45

Yang, Y., Chen, P. F., Hsich, M., et al.,, Characteristics of the Photospheric
Magnetic Field Associated with Solar Flare Initiation, 2014, APJ, 786,72

Jin, M., Schrijver, C. J., Cheung, M. C. M., ea tl., Numerical Study of Long-range
Magnetic Impacts during Coronal Mass Ejections, 2016, APJ, 820, 16

Kay, C., Gopalswamy, N., Xie, H., Yashiro, S., Deflection and Rotation of CMEs
from Active Region 11158, 2017, Solar Physics, 292, 78



https://link.springer.com/article/10.1007%2Fs11207-012-0009-6
http://iopscience.iop.org/article/10.1088/0004-637X/787/1/88/meta
http://iopscience.iop.org/article/10.1088/2041-8205/782/2/L31/meta
http://iopscience.iop.org/article/10.1088/2041-8205/782/2/L31/meta
http://iopscience.iop.org/article/10.1088/0004-637X/807/2/143/meta
http://iopscience.iop.org/article/10.1088/0004-637X/807/2/143/meta
https://link.springer.com/article/10.1007%2Fs11207-012-0089-3
http://iopscience.iop.org/article/10.1088/2041-8205/778/2/L36/meta
http://iopscience.iop.org/article/10.1088/1674-4527/13/2/009/meta
http://iopscience.iop.org/article/10.1088/0004-637X/769/2/96/meta
http://iopscience.iop.org/article/10.1088/0004-637X/769/2/96/meta
http://iopscience.iop.org/article/10.1088/2041-8205/784/2/L45/meta
http://iopscience.iop.org/article/10.1088/0004-637X/786/1/72/meta
http://iopscience.iop.org/article/10.3847/0004-637X/820/1/16
https://link.springer.com/article/10.1007%2Fs11207-017-1098-z

36. Yashiro, S., Gopalswamy, N., Mikeld, P., et al., Homologous flare-CME events

and their metric type Il radio burst association, 2014, Advances in Space Research,

54, 1941-1948

257


https://www.sciencedirect.com/science/article/pii/S0273117714004268?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0273117714004268?via%3Dihub

258



#FLE NOAA11429 5B X E

71. BH8A

NOAA11429 JEFIXF 2012 43 H 4 HHIIEH A LZ (NI1SE6]) , 3
H 15 HE R HmEAZ% (N1IOWT7) , P24 T 240 X, 13 > M ZOEnT,
KFEFRFEAE, 2% CME, Hil# & Dst=-143nT.
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Fig. 3. The evolution of the active region NOAA AR 11429 close-up view, during the period March 04-15, 2012; intensitygrams (upper panels; KSU local data) and line-of-
sight magnetograms (lower panels; SDO/HMI images). Positive flux is white (North polarity; outward directed), negative is black (South polarity; inward directed). North is
up and west is to the right. The corresponding dates are reported.

& 7.6: EFEXENL: KSU (L) & SDO/MHI (T)

= 7.1: NOAA11429 EENX 454

Table 2
NOAA AR 11429 properties & estimated parameters,

Date ()0 CM* Location Magnetic ~ Area (in pHem) corrected for foreshortening  Tilt-angle”  Siderealang, vel.  X-ray
+2450000) Carrington System class (deg) {deg.day'\] flares
X M ¢

0303 - fi-7 - - - 0 03
0403 (5990915)  2135-3005 fi-y-6 §48+100 1765435 - 0 13
0503 (5991.904)  192-3002 f=7p-5 160150 1347:29 - 1 312
06/03 (5992.887)  202-3008 fi-y-6 13192150 583416 14719 0 6 5
07j03 (5993892)  19.15-3005 p-7-4 13182150 5.096+£17 13972 1 01
0sjo3" d fi-y-3 - 7615£14 - 0 01
09/03 (5995927)  1815-299.75 p-1- 11842100 9.0558+14 13.698 0 10
10/03 (5996905)  18.1-299.8 f-1-6 1185£100 8.03+£15 14230 0 12
11/03 (5997.884)  17.55-3003 fi-1-6 984+100 54416 14662 0 01
12.103{5998879] 1845-29955 p-7-3 78880 677419 13.408 0 01

f03(5999.893)  184-299.4 fi-v 0680 59+25 14.044 0 11
14 {03 (6000.882)  192-299.1 f 544180 - 13.837 0 00
15/03 (6001.927) - f - - - 0 02

* Center of mass of the sunspot-group region.
® Not covered by our local observations,

¢ Based uniquely on SDO/HMI magnetograms,
¢ Daily number of each flare-class.
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£ 7. 2: NOAA 11429 5EahX 7R

Table 1 NOAA AR 11429 activity report® —6 to 11 March 2012,

Event® Date Begin-Max—End Particulars CME®?
[SWPC Number] (March 2012) [UT] (Class—Flux Peak [W m—2])

15304 06 0022-0028-0031 M1.3-3TE—-03 Mo
15704+ 06 0136-0144-0150 M1.2-5.9E—03 No
1590 4+ 06 0226-0233-0237 C24-1.1E-03 No
1600 4+ 06 032403280331 C92-22E-03 Mo
1630 x 06 0401-0405-0408 M1.0-2.6E—03 Yes
16504 06 0519-0528-0531 C29-14E-03 No
1690 4 06 0731-0743-0747 C5.3-3.2E-03 No
1700 = 06 0752-0755-0800 M1.0-2.TE—03 Yes
17504+ 06 1110-1117-1122 C2.8-1.5E-03 No
1760 4+ 06 1223-1241-1254 M2.1-2.2E-02 No
1900 = 06 2249-2253-2311 M1.0-9.T7E—-03 Yes
1920 4+ o7 000200240040 X54-6.TE-01 Yes
2070+ o7 1619-1622-1626 C1.6-4.3E—-04 No
2260 = a8 1617-1623-1627 Cl.1-6.7E—04 Yes
2310 x 09 0322-0353-0418 M6.3-1.3E—01 Yes
2430 x 10 0233-0239-0245 C3.5-1.9E-03 No
2480 x 10 0731-0746-0801 C1.9-2.8E—03 Yes
2560 x 10 1715-1744-1830 MS8.4-2.6E—01 Yes
2810 x 11 0321-0323-0326 C23-84E—04 No

ASpace Weather Prediction Center (SWPC), see www.swpc.noaa.gov/. All reported X-ray events are from the
GOES satellite data during excellent observing conditions.

bThe i gn (4) after the event number indicates that more than one report was given for this event.
“Was the flare associated with a CME?

7.2. BXEHRHMAR
SEHE AT BT SO 40 5.
7.2.1. BEhIREE B FRE

Gyori (2015, Solar Phys, 290, 1627 - 1645) 3T HS S5EEEBIERET
—FTE— RAELL R BH UG R R BR R 2 T R S L B M (A TR HE
. sBIESE) BYJ5%, F SDOHMI H#axf NOAA11429 {EaE1IX 34T 1 M. £
X5.4 WEPTIATE], TEARR ML R R BT 68 BONAE KK A AR AL, SRk
M 0 2 22 (PIL ) A A 6T (KT B AN /N A B I S R A WA IR I B 988, TE AR T e Ik
b, T SUSPERRIG N, — 8 R A S IR R R [ 8 P 10 R SRRk D o R
HEFAH S AR R XA ZERESR I — 8098, ARREIR AT et — LM B ) i A s IR,
AN K SR M AR SR G T8 V) 5 WARE 5y, X 28k 18 3 26 1 2 R e i S
PEA K.
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Figure | White-light images (top row) and magnetograms (bottom road of NOAA AR 11429 taken on 2012
March T at (k2344 UT. The blee and red pixels in the images of the second colemn are boandary pixeks
of the penambrae and the wmbrae, respectively. Note that the spot boundaries determaned for the inlensity
image are superimposed on the mepnetogram. Peowmbr and wmbea boundaries sre determéned following
Copctri { 1968H).
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Figure 3 Upper panel: Time profile of the abscduie valee of the LOS mean magnetic flux density (solid
carve} and the mean dadeness {(dotied curve) for the umbra family shown in the lower papels ab different
times {yellow) Mote that darkness is by definition a dimensionless quantity, see its definfion in Secticn 4.1.
The color vertical lines shaw the limes of the flares: dashed-dotied green, dasbed red, and solid blee desiprute
C. M, and X classes, respectively. (20 2012 March 5 22:00:20 UT, (b) 2002 March 7 00c23: 44 UT (X5.4 Aare),
amd {c) D312 March T 0%:58:59 UT.
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7.2.2.NOAA 11429 753 [X M7.9 W& BT 37 8] 5 5% 25
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7.2.3. NOAA11429 7E5h [X 75 2 K 75 52 & 5 38 5

Hanson (2015, Solar Phys, 290:2171 - 2187) {# /] SDO/HMI d, FIH &
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(Dst=-143nT) 5%, Wi4Z9H5845H), Chintzoglou 25 (2015, APJ, 809, 34)
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Figure 1. Full disk image from SO0VALA at 131 A identifying AR 11429 The
size of the box is 500" x 4007, The direction of the CMEs at the onset of the

emuptions is shown with the green amows,
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& 7. 13: NOAA 11429 SEENX HIRLIEE L

Figure 11, NLFFF extrapolation of 2012 March 6 23:48 UT. The grayscale map is the B, component of the photospheric boundary at that time. The colored tubes
represent the extrapolated magnetic field in the domain. The teal-colored wbes comrespond to the field lines along the PIL. The magnetic field lines are highly sheared
which indicates the existence of strong electric currents in the vicinity of the PIL. These field lines are rooted in randomly sampled points within areas of
la] =5 x 107% cmi" at the surface. Note the existence of two main “chains” of non-potential field lines—a short one, above the negative sunspot in the south and a
longer one following the NE PIL. These correspond to the locations of the brightenings seen in 131 A and also o the locations of initiation of the two CMEs. The
green tubes represent the overlying (nearly potential) field lines sampled randomly in the FOV.

(An animation of this figure is available. )
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7.2.5. WANELLR DR X N7 B

Wang % (2014, APJ, 791, 84) T SDO/HMI KEHIE, EidIELM:
T 135 HMETT 53T T NOAAT11429 3% 5 [X AN I S0 BT 1 2 70 7 Hpg &
1, TEREREAR AR L B R Re e FBKER 7 20-30%, AR EEE N R IR S & Al
RESBAKA R, Wiy “BIE” IR S A XOMBERR AR B H AR,

um_
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Figure I. Average vertical magnetic intensity {upper panel) and horizontal field (bottom panel) near the nevtral line as a function of time. The cyan and purple lines
represent positive and negative field components in the upper panel. The thicker and thinner vertical red lines represent the first and second GOES flare peak times,
respectively. The uncertainties of the average magnetic field are plotted as error bars in 3o level.
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Figure 4. Evolution of the magnetic free energy of AR 11429 from 12:00UT on March 6 to 23:48 UT on March 7. The solid black line comesponds to the magnetic
free energy and the purple curve corresponds to the GOES soft-X my fiux (1-8 A channel). Vertical blue, green, and red lines dencte the peak times of C-, M-,
and X-class flares, respectively, with their thickness roughly corresponding to the magnitude of the flare class. The vertical yellow and green squares in both panels
comespond to the intervals of the first and second eruptions, respectively.
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Figure 5, Helicily injection rate as a function of time, which is determined by Equation (5). The vertical lines and squares have the same meaning as in Figure 4.

7.17: FAMBEEE AR

7.2.6.NOAA 11429 7&ESh X K TE R 55 f

Elmhamdi 2§ (2013, New Astronomy, 23-24, 73 - 81) FJFH b4kl Hi A
TREFERLE (AOKSU)F MG FE T NOAA 11429 J5 3 X [¥) 24 7 1 £ 5 i
i, AR R ARG, AR S A R AR O .

®7.3: WHARAEERFRXE (AOKSU)EXESH

Table 1
Main location & image charactenistics.

Observatory
Liscat ion KSU-Astrononyical Observatory (Riyadh;
Saudi Arahia)

Latitude 24 43 15" North

Lomgitude 46 3T 4"East

Altitude 677 m (above sea leval)

Fulbdizk Image

Image Full-Framse Size 42B4 « 2844 pixels

Used Exposure time 1250013200 5

Estimated pixel scale {on -7 arcsec per plxel
Sun-disk)
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F 7.4: NOAA 11429 SEZIXS#

Table 2

MOAA AR 11429 properties & estimated paameters
Date (0 M Liscation Magnetic  Area (in gHem) comected for foreshortening  Til-angle® Sdereal ang. wel X-ray
+ 24, 50000) Camington System class (deg) (degday*) flares*

X M c

[T o - By - - - a 0 3
04/03 (5900915)  2135-3005 F-y—4 BB+ 100 1765435 - 0 i 3
0503 (5991 904) 19:2-3002 F-y—4 1160+ 150 1347429 ) 1 3 12
06/03 (S902887)  202-3008 F-y-4 1319+ 150 583416 14719 0 [
0703 (5993 892) 19.15-3005 F—y—4 1318 L 150 5096417 13972 1 01
(Ri3= - B-y—4 - 7815414 - 0 0 1
09/03 (5005927)  18.15-29975 E-y-2 1184 £ 100 90558414 13698 0 10
10703 (5996.005) 18.1-2048 B—y—4 TIES £ 100 B034+1.5 14230 (1] 1 2
1103 (5097 B84)  17.55-3003 F-y—4 QB4 100 SA4E16 14662 0 0 1
1203 (5908 B79) 1B.45-299.55 F-y—4 TEE LBO 677419 13408 o 01
13/03 (5090.893) 18.4-2994 By 706 80 58425 14044 0 i1
1403 (G0D0EE2)  192-2991 I3 S4d £80 - 13837 0 0 0
1503 (B00T.927) - ] B 2 = (1] 0 2

* Center of mazs of the sunspot-group regon
= Mot covered by our local observations.

© Baszed uniguely on SDO/HMI magn etograms.
# Daily number of each flare-class.

T ™ T T T T T
1400 F : : Measured Area W .
' ¥ Gaussian 1
i 1 Gaussian 2 ]
= : Y Doubie Gawssians
o
5 1200 : Py E
= 1Y
= I E
o i Y
2 1poo | ] \ -
o ' \
o, i \ ]
ol »
= i
E ano - i 4
= H |
8O0 | i X548 g
] b s I \
i i \ 1
1 i \
400 | IH L I Ll 1
] 2 4 =] a8 10 12 14

Time (days since 03 March)

Flg. 5. MOAAAR 17429 area curve The filled squares represent daily measurem ents
of the group area corrected for foreshomening (as described in the rext). The thick
continsous line indicates the best double-Gaussian At to the area curve (whole data
painis). The dotted line {labeled Gawssian 1) is the best fit considering only first 4
points, while shown in dot-dached line (labeled CGaussian 2] is the best fit usdng the
last 6 data The time positions of the X1.1 and X5.4/38 intense flares are shown in

dashed lines.
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Flg 7. Temporal evolution of the tilt & rend-anges as inmed woed in the text The
dotted vertical line refers to the time lecation of the majoer X-flare The dor-d ashed
lime indicates the weighted L5 fir to the measured tlt-anges excluding the early

o eady measuremsents.
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7.2.7. BRI i

Rasca 55 (2016, APJ, 832, 53 ) #2i T —FME R3S Mk, KIDEERIK
WLRIEAC BT, FEZefe. TEPE . AEXTFRME G I,  Fe 1 6301.5A%0E M4k
% 5 ARk 5 NOAA 11429 1] M7.9X W8I 1715 B 5 (1) 4% 18] S It ] 56 2R o
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Fipure 2. Smoothed Stokes T spoctral line profile for a single pixe] obtmined by
the S0LI5 VSM instrument with a nomnal spectral sampling of 44 = 23 mA.
The wavelength mnge shows the Fe 1 6301.5 A absorption line (lefit), resolved
by ~10 spectral points st full width at half maximum (FWHM ), along with a
telluric absorption line {rightl. The four absorption line properties discusssd—
line displacement, width, asymmetry, and peakedness—are indicated on Fe 1
63015 A,

[ 7. 20: Stokes | &2 FiB%ER (SOLIS VSM {8)
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Figure 3, GOES X-my fux profiles during the initiation of a large M-class
X-may fAare at 17:12 UT on 2012 March 13. Both wavekength mange profiles
capture the initation and rise phase leading to the flare peak. The initial
SOLIS /VEM ares scan is indicated amound 1T:06 UT {m = 1), which comntine
untl FE:06 1T,

& 7.21: GOES X St#REE (FEFT M RIEBIMIEMER)
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7.2.8. WARH & HERETH CME Hit&5%

Liu %% (2014 , APJL, 788:L28) H|FH STEREO A Al B. Voyager 2 (V2) A
V1. Wind 55457547 7 NOAA 11429 i& 5 X 7= A= {1 — £ 51 CME F4f, {EHhEK
PR ZE R T — R A AT B CME B4, BRAR M B AR k25 7 IR CZ
HSHFBBIE R T — A KIREHEAEHX(MIR) .
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Figure 1. Positions of the spacecraft and planets in the ecliptic plane on 2012 March 10. The dashed lines indicate the longitudes of the Earth, STEREO A and B, VI
and V2, and Satumn, respectively. The gray dashed circle represents the orbit of the Earth, and the dotted lines show Parker spiral magnetic felds created with a solar
wind speed of 450 km s~ !, The arrows mark the propagation directions of the major CMEs in 20012 March estimated from the longitudes of their source locations on
the Sun. The cstimated CME speods and launch times on the Sun are also given.

[E 7.22: #izk., STEREOA f1 B, V1 V2, TEMUE

Elongation (°)

5 8 k4 8 ] 10 11 12 13 14 15 18
Day of March 2012

Figure 1. Time-clongation maps constructed from running-difference images of COR2, HII, and HIZ along the ecliptic for STERE® A (upper) and B (lower). Tracks
associated with the CMEs of interest are indicated. The vertical dashed lines mark the observed shock arrival times at the Earth, and the horizontal dashed line denotes
the clongation angle of the Earth.

& 7.23: REEMA-FHEXR
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Figure 3. Solar wind plasma and magnetic field parameters observed at Wind. From top to bottom, th
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7.2.9. BT A FEW S REFE ARG T

Gafeira 25 (2014, Solar Phys, 289, 1531 - 1542) {#i/f] SDO ¥, &
BT T TLANEBNIX BB T AR SR AR S KICEIRE, — &R dEie
e YISNIEROKTH FE I SRR B e FEAN R A AR A T B AR

LRI RHAURFAE -

1800 = .
min_total -----
max_total ——
1600 min_umbra

max_umbra
min_penumbra -----
1400 e T max_penumbra —— |

1200

Area (uHem)

o 1 2 3 4 5 6 T ;] a 10
Time (days)

Figure 3 Area evolution of NOAA AR 11429: lowest (dashed lines) and highest (solid lines) fuzzy-area
estimates for the total sunspot area (red lines), the umbra (green lines). and the penumbra (blue lines).
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7.2.10. KB E] 6Bk #7581 2 T RERRABZAN

Petrie (2012 , APJ, 759, 500 734t 1 SDO WLl 2 754> KRB 1] S R
RERNIEAR 28 T 25 18] B (A1 AR AY,, PR 2R3 Rk B RS BE B, BE/KF, X LFAK
T o G R PAT YR R SRS R PR MR AR R L R
45 SERT I, YU S AR R AR DGR REEK b st R B S (R] 2 T
FUEA, 1B VA 98 B iR, K P35 78 19 5 0 535 B P 28 T X 5%
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Figure 1. Panel{ A): selected obhservations along the Sun—Earth line during the: inerval 2002 March 5-11. From top to botom: GOES 1-8 A SXRs jred) and energetic
protons with energies -3 MeV (green), solar-wind ram pressure at LI, magnetic field magninde {red) and B, {in the geocentric solar ecliptic (GSE) sysiem, green) at
LI Dst index. Panel (B): (FOEF [-§ A SXRs dunng the two reporied X-class flares. The green crosses comespond to the onsets of the wo X-class flares,

7.34: (A) GOES fiZ(red)558EEF ( >30 MeV, green), KFAXHE (ram pressure),
Hitn3RAE, Dst$s¥. (B): GOES X §i&iit &

(a) AIA 94 (b) HMI Blos
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Figure 3. A description of the low-coronal configuraton during the two enuptive X-class flaes in NOAA AR [1429: (a) AlA 94 A fulldisk image less than an hour
befone the Aares of 2012 March 7. The whie hox contains the source AR and is mmgn:ﬁcd in (b and{c), '.\hilc the red box conmins & more extended field of view and
iz magnified in {df). The white and red boxes occupy areas of 3K « W0 arcsec” and THO » 78D arcsec”, respectively. The white box includes a plntnspha'n. lime-

of-zight HMI magnetogram (b) and the rl:spcdm: AIA94 A image {c). The red box includes a %4 AAIAG image obtained during the first fare (d), a 193 AAIA image
obtained during the second flare fe), and a 193 A ALA i image of the posiflare phase {f). The infermed directions of the two corresponding CMEs in the inner corona,
laheled here CMEL and CME2, mspectively, are given by the red and blue amows in {d) and (e}, respectively.
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Figure 9, Wind L1 in site obeervations { from top o bottom): magnetic field magnitede, magnetic field components in the GSE system; proton temperatiure; proton
density;, proton plasma % solar wind bulk velocity; pich-angle distribution of energetic elecirons at various energy kevels. The vertica blue line marks the shodk
arrival, the red horizonm] bar the assocised sheath region, the green horizontal bar the ICME structure, and the magenta horizontal bar the magnede field spike {all in
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Figure 11. THEMIS E observations during 2012 March & Plots from top to bottom contain time-series of: {a) plasma density messured from the Electro-Static
Analyzer (ESA; McFadden et al. 2008) instrument, (b), {c) the x and y components of the plasma flow velocity in geocentric solar magnetnspheric (G5M) coordinates
measuned ako from the ESA instrument, {d) the magnetic field strength B, ., measured from the FGM {Flux/Gate Magnetomeier, Ausier etal, 2008) instrument, and
{e) ESA electron plasma distribution. The vertical red dashed lines denote clear magnetopause crossings due to the oscillatory motion of the magnetopause, whils the
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Syntelis % (2016, A&A, 588, A16) fiiF Hinode/EIS F1 SDO/AIA %i#,
IR TSy A 3 B (DEM) R A T J8 B 46 2 3G BN IX A S o &, BRER T AT BIRT
[ AL, X NOAA 11429 15 3) X AN PGE CME 18 & 31 TR IEAT T 40 615 404
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%, X SGIERFIAE G E N B I8 E AR R E T EOInHGE O, I E]E R

R QU NEIN s e

£ 7.5: NOAA 11429 5EENX Y X & M HiEDE

Table 2. Summary of the M and X flares occurring in the AR.

Flare Time {(UT)

Region

M 21 March6. 12:38
M L3 March 6, 21:11
X 54 March 7, 00:34
X 1.3 March 7.01:05
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7.2.13. BRIESNX 11429 BEAE ) wist F Writhe

Elmhamdi 45 (2014, Solar Phys, 289, 2957 - 2970) | SDO/HMI ##54>
T NOAA 11429 J53) X FIRERRFE . Wil BEFER R . Wi s, MR EE S
10 F71 AL T R BF (R DG 1, A 3/ T R FE AR R T, ZE S8 — WL B, B
/CME HAHE B

% 7. 6: NOAA 11429 SEFhX &R

Table 1 MNOAA AR 11428 activity report® — 6 to 11 March 2012

Eveat™ Date Begin—Max—End Particulars - CMEE?
[SWPC Namber] (March 2012) [ (Class—Flax Peak [W m—=])

1530 + 04 02200280031 MI13-3.7E-(03 Mo
1570+ 04 013601440150 MI1.2-5.9E-03 No
1590+ 06 226072330237 C24-11E-03 Mo
1600 + 06 032403280331 09.2-2 E 3 Mo
1630 = 04 040 | (050408 MI1.0-2.6E—-03 Yes
1650 + 06 051905280531 C29-1 46— No
1690 + 05 O731-0743-0747 C5.3-3E-03 No
1700 = 04 075207550800 MLD-2.7E-03 Yes
1750 + 06 I1H0-10107-1122 C2.8-1.56—103 No
176D + 06 1223-1241-1254 M2 I1-2.ZE-02 No
1000 06 1249-2253-2311 MLD-0.7TE-03 Yes
1920 + a7 0020240040 X5 4-6TE-D1 Yes
0+ o7 1619-1622-1626 ClL&4.3E—d No
1260 = o8 1617-1623-1627 CLI-4TE—d Yes
2310 LY 032203530418 M&.3-1.3E-01 Yes
2430 [} 023302390245 C3.5-1.9E-03 No
2480 (1] 073107460801 C1.8-2.8E-03 Yes
2560 |1} 171517441830 ME.4-2.6E—01 Yes
2R10 = 11 0321-0323-0326 C23-B4E-(d Nio

“5pace Weather Prediction Center {SWPC), see www.sapc.noas.gow. All reporied X-ray evenls are from the
GOES satellite data during excellent observing conditions.

bThe sign {+) afier the event number indicates that more than one eport was given for this event.
EWas the flare associated with a CME?

0 —— asge
DEI AT EWI-EMI.HI Flux o TE
=T i ; T
% L E
E‘ 2 r :. a 2
4 et E %
i 1-10 =
: . 3l
<7 : B
= : Jen E
g s} x E
£ ! E
_G PR T R T T B WY [ I ST N T 11 {m =

40 60 80 100 120 140
[ime since 06 March [hours]
Figure 4 Temporal profile of magnetic-belicity accumulation in AR 11420 (continwogs line). The thick
dotted curve refiers (o the total helicity fAlux. Dashed vertical lines mark the M-class fares oocurmrence, while

the dotled horizondal line shows the zero-value bevel in the total belicity flux. The stronp GOES X5.4-class
flare, maximuam on 7 March 2012 00c24, is highlighted. Time ¢ =) hours comesponds to 6 March 0000,

& 7.42: HIZEREE L
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Figure 5 Tilt-angle evolotion daring the si-day period of mtersst. The line approximates the data with a
Bézier Smoothing-curve of degree o (the namber of data points) that conmects the endpoints. Dofled vertscal
limes refer to M-class Flares. The X5 4-class flare is highfighied. Time ¢ =1 is taken to be ot & March 00-00
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CME (CME-1) B & 7E 4452, iX ) CME %A M BEAE A, H2]%8 =1 CME(CME-3)
7 03:34 UT )\ NOAA11429 i&BhIX K, HIE N 1456[+31] km/s ] CME-3 5K
27 L, CME-3 3R3h B3 8 it CME-1 I3 512 )5 3 7 J LT s B 3d
IS, SR1, 4 CME-1 $ ik R 76 SR A0 2 (5L 7 5 R CME-1 i)
AL BT AT BEAR IR A N T, CME-2 #% CME-3 i T Pk PA L, £ CME-3
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LASCO-C2

2 March D5 02:20

2 March 05 02:20 012 March 05 02:23 2
COR{.8 LASCO-C2 COR1#

2012 Mareh D5 02:20°

2012 March 05 02:20 2012 March 05 02:23

Figure 1. Contemporancous ohservations of CME-1 from CORI-B (lefi), LASCO CZ {center), and COR1-A (right) and the GCS fit (magenta) overplotted for each
viewpoint, CME-1 reached aheightof 3.5 R, hefore CME-2is observed inthe coronagraphs, We are shle to continuously fit the observation of CME-1 with the GCS
model, from its first emergence in COR| untdl it leaves the COR2 FOV,

(An animation of this figure is available.)
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Figure 6. Interaction of CME-3 {blue) with CME-1 {magenta) and CME-2 {green) at 6.8, 13.4, and 13.1 R, respectively, The sepamie fronts of all three CMEs ame
most evident in the COR2-A {top dght).
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for each AR; outliers are removed by using a K-mean algorithm. Lines show the modian; shaded bands indicate 1o spread. Horzontal dotted line indicaies the critical
value n = 1.5. In (i), the kink (cf. Nindos et al. 2012 and the larger spread of & are due to the quadrupolar nature of AR 11158 (only the central bipole & shown ):
mag netic connectivity changes rapidly at 10—40 Mm.,

8.6: NOAA 12192, 11429 1 11158 MEBERTHIIRTSELE . (a) - (c) #&[XH4E B z(L) \NLFFF
BRI MMM T EMNEERSER (F) | 3815 (PF) HRF MR % FPIL) LS
Bh (B)SRLTHEH n (R)NSELLE

8.2.2.2014 4£ 10 A 18 F] 29 H NOAA 12192 &3 X KIFRHI VR BE

BRIEZREE (2015, ApJL, 808, 1L24)K ] SDO AIA Jx HMI %4, 4r#7 7 2014
10 H 18 3] 29 H NOAA 12192 J&FX K 6 4~ X 21 29 /> M 4 b, Hr
30 N (B#E 6 N X 0 BIETWESIXEZ, HE s MHIEFRSXEL. 44X
PR RsAR LR BS54, Ui BH A2 B AR Ui A AL ) [ URREE, mTRE 37
T /2 I IR E R G BRAZ 3 B B O H R B B Uy, i 7 AR T
tether-cutting #4284 . 7£ 5 AMJEZM M ZfE bt 244~ 5B Get) E3H %, HMI
e EH I EoR, FEBEH L2 BRI SR Y ERREIA TE jet BL SIS0
Mo WEANX U RA—M EEHE 2 )5 REE CME. £ 20 % 26 H IR, 7E 40

- 105 Mm /=1 5 2 [ 7KP- 15 5cRiss i 33 A BN T torus ANFR e M fid 11
RIBRME, G (SR IR A T RE 2 12192 3% 31X 3T CME 7 A2 1 JR A o
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8.2.3. fEXFHEFRM LTI =5

MPBa% (2015, ApIL, 804, L27)i# i IRIS A1 NVST X NOAA12192 i& 5 X
(RIIBES I, S 50t AE FE M (Light Bridge) b 7R £E 1R 22 7215 45 44 (Light Wall),
{1330, 171 Jo 131 ARRZE S TG e, ThiAE H o B2k, SR TG AT ARAIR . I8 T I
NEIERED, BRI S JRIE. &S0 3.6 Mm. 0.9Mm.,
15.4 km/s A1 3.9 73l BERHERTRER B TOCERE P A HEER .
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8.2.4. N AR ERPLIESIX KT CME?

KBS X (AR) A& PN AR B B ol 2 R B R A, BB 5 CME, £ %
24 F R RHEEN X NOAA 12192 A= E T —H 25, 0324 M
A6 A X g, BEAULGEAT —A7/N CME. — AT S CME M FR &
M PG, AHIZANES) X T2 & 2T CME? Liu 48 (2016, APJ,
826, 119) W 7 XAMILE 4 MEENIX: WAE ™, AMETE. SDO/HMI K&
Wi B o, B REBEH AR 12192 5 57 4bFiAS & 723 31 X A UL EL AN B 1
AR HABKMEGEE. MR, HHEPEE: 5HANE™ AR MR, ERA R
Zersi. SR IR, R B/ B A B V) B G K BAE A . IEAh, AR
12192 b7 HZE AR HOH K. X UL, &7 AR BRIEW K. AfA 2%
(R HL AN REIRZNMEDE, (FRERE 2 5 FERE CME TS (1) fAAE A B )
oA %37 I CME fOFPFR1 (2) Xk 2 % 55 (0 BR 1l 25 DA 2%

*8.3: EIHXBSHIER

Tahle 1
Information and Parameters of the ARs
NOAA 1157 11138 I1428 11419 12192
Hemisphere North South South North South
Date on the visible disk W02 17 01021140221 00302-0313 W30 15 20141018-1030
Pmoductivity Inen Flare-CME-rich Inert Flare-"ME-rich Flare-rich only
i (107 Mx) 055 £015 LEE £ 109 125 £0.11 538 £03 15.01 £ 206
Pt (0% ergem ™y 044 £030 49T £33 205 2078 13,88 + 2.64 4565 = 4.87
fesan {104 4) 097 £03 408 £2.19 2432035 945+ 1.2 W17
T QoG m™Y —462 469 1311 £998 -360 £431 ~NIT 4458 1ML LT
Hepg (107 G2 m-Y) 042 2017 219110 098 £ 016 476 £ 0.81 1217+ 0%

Note. The Jower five rows show the mean values and the stindard deviations of the quantties during the period in which the CMD was within 45", See Table 3 for
the formulas of the parameters,
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8.2.5. GYEBEHIBE K] CME =8 YEmS 5 ik &

ZEIG4T S5 (2015, ApJL, 814, L13)F|H SDO #i#E 5 #r T NOAA 12192 i3
DX Ry — — O BE(M4.0 Z0) EBE CME S, BERIR R G T blow-out [ jet,
TSR A M40 FEBE . ZE A TSI X AL M A AL X, FEBESEUT i
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Figure L HMI LOS magneio gram {pancl (a1}, ALA multi-wavelength images (panck {bi—{c)}, and NVST Ho image {panel {f)) displaying the appearance of the first
eruption. The red contours in panel {2) display the flare ribbons in 1600 A. In panel {b), the red curve displays the varation of the GOES soft-X-ray flux. The green

square in panel () cudines the FOV of panel (f). Arrows “A” and “B” in panel {f) denote the jet and the filament, respectively.
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8.2.7. HIERE FEEZA K BB R IRIS, Hinode, SDO, 1

RHESSI il

Lee % (2017, APJ, 836,150) H IRIS, Hinode, SDO, #1 RHESSI <544 7347
T 2014 4510 A 22 H 14:02 UT K4ETE NOAA12192 WE3)IX 1) X1.6 MBE, ot
FEAET DR (WL D REBE, MR T (BR K H R 5% 5 5 TR AR, 4
HAEFRGTIS, RUAEE SE R 2R o B B SR AR 24 55, B2 Re I BIR KR Z8K, I [R]
RO S 1 R A B I 2 A, LBl T R B, IS B e

AT E

314



walls ' e b

Lo 1 1400 AEE -] 1eoixd Tay
B T (-4 180
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1406 UT and its dme derivative {middle). The RAESST count mates for the
different encrgy hands are plotted in the bottom panel. The vertical dashod lines
{a—c) mark the imes of the three peaks in the time derivative of the CROUES
X-may hght curve.

[]8.20: 2014 £ 10 B 22 H 14:06 UT X1.6 #HIAY GOES X B¢kt Trhzk (L) | BHEZE L
# (d) K& RHESSI it#=

#*8.5: MEIAIEL

Tahle 1
List of te Spectral Lines Used in the Present Stedy

Instrument Line ID {A) logi Tows /K]

EIS He o 256.32 49
Oy 24846 54
Fe x 18454 6.1
Fe X110 195.12 62
Fe xav 264.79 « 63
Fe x1v 274.20 * 63
Fe xv 284,16 6Hid
Fe x0v1 26G3.00 LB
Fe X00m 26377 T2
Fe xoaw 192,03 72

RIS Q113556 45
SiTv 14028 49
Fe x0a 1354.1 7.1
Mg 11 2798 B 410
O 139977 52
Qv 140116 + 52

Mote The peak formation temperatures of e spectral lines are taken from the
CHIANTI datashase vesion 70, Lines wsed for the density determination ane
maarked with aserisks.
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Figure 5. S /AlLA light curves for the bright kemsel. Intensities ame
normalized by the maximum intensity during the Aare observation. The dashed
vertical lines comespond to the same times marked in Figuane 1.
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8.2.8. — /PR X BT IR EERR K e BRI

Veronig fll Polanec (2015, Solar Phys, 290, 2923 - 2942) fi] SDO/AIA .
Kanzelhdhe MG Ha f1 Call K JEH G H R HEBCRMEDOEE, 5787 1
2014 £ 10 22 H NOAA12192 3&3) X FRAEDE X1.6 FIREERBOI R, M =Ff
KR A R DR S RHESST WIS ) RE X 5 2RIk () 46 BRARAR SRS G
BERME &S TRV IB R ) 2-4%. TEXCR AU IA], M 27 AR R SH0-15 H IR S B
WHE 5 GOES MM R %N 0.8 /247, BRI X1.6 R BEAR 17 74 76 4 MR B
(50 A _bo AZFHE RSB AEAE — BRI IR 70 25, (RS A A 18 3 43
B o R BEIT IR By S5 A A AE G SRR T, SOBE R SR A R I AR . IX LE R
M5 RSV 3, Rz NE RS S R E R R RN E .

Ml e D0 —Oeb—D004 | NS UT Ml e 20=Oet=p00d 0 SoaE s T

Fiamrs ] Oearvaw of AR 111%D poil elorn e = of e K14 Bare on 10 Choindey 3004 !:T-ﬂ
SDOATW] comtrsa brupe, wp fghts SDOSTMI 105 mugactc Scd oup ke b 2 1N0 0 (The de
fewes] s Acs Massrotess ® fa psbey o B Sfey bepelw Ermct | M EETeTesipl wuled |
e B beles pasel thi @ ST o daren Dgeihe wir fae Sial Sew Sfe dosrrmene’ Nps Jerwmes
e prsls & powiifen TRESSL (elarry S e Al oo s §gpaive polerii

8.23: AR 12192 X1.6 #EBEZ Al SDO/HMI ZELEE (Z) 1 SDO/MHMI a7, S RIENE
MR B
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8.2.9.NOAA12192 iEZI X I [EIYE Jet IXZ ) CME

Panesar % (2016 , APJL, 822, L23) #fi# T H##7E SDO J SOHO TL& I
A ASC AR AL 21 i =095 H 2 Jet JeH CME, Jet #2J5T NOAA 12192 KiFzh X f
AR BT DL S X7, X ANE B X LE N7 A TV 23R Jet KIRPER K
(X KM %), EFHFFAEE CME. 10 A 20 £ 27 HZ [0, 5 AR BEE R AH
e, Sk EILZ ISRV Jet TR T CME. 52%0 CME MLk, 44 Jet JRE0H
CME 18 Eh [ #REL 8 (~200 - 300 km/s ), HLATEE (20° -50° )5EIESIIX
GV AR 2 HAR WA AR, T 556 AR E AV R I K AR5 CME 1R 3E I AR
FEF=HE CME 1Y Jet HRE I X 25 8 T R Z 8ok & 7 OKFH, T EE4E CME 1Y Jet
I 962 X 48 B 1K 22 Bk [m] 31K BH R T, CME-Jet EE CME-Jet f1:4T FUECHR HAF
SR AR . WL RS Jet Al CME #52 B3 #3  F O Bk S 8000, 1k
N Jet BBRKR, BRI IFEABIRSSE BIRBHR CME 48 /%56 5 TR 1], #H
X, WELAR 51 SR PR A FCER ) twist WOE .

E i - L L y f
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% fareasc) Stert Time [22—0ei—14 16:30:01 )
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Figure 4. Schematic interpretation of the ohservations based on HMI, ALA, and LASCO images. These dmwings depictthe AR forming the helmet arcade below the
streamer, viewed onthe limb from the sowth. The helical black line in {a) represents twisted magnetic field in the jet base hefore and carly during jet eruption. The stars
show the locations where reconnection is taking place. Insent {al) shows a zoomed-in view of the brown-boxed region of (). The thick low magenta koops in {b) and
(¢} represent flare loops that result from intemal (left) and extemal {right) reconnection of the enupting twisted field. {Complex flare loops at the jets” base in Figure |
would comespond to the kow-lying magenta loops of {(b) and (c).) The red lines in (h) and () represent the twist transfemed from the erupting field to the high-reaching
Jjet-guiding coronal loop of the streamer-base helmet arcade by the external mconnection. The “+7 and “—" labels are for positive and negative magnetic polarity,

respectively.
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8.2.10. NOAA12192 {E3) X =B BT i) fih 2 1T 72

Bamba 5§ (2017, APJ, 838, 134) F|H Hinode//SOT J SDO/HMI #I AIA
K, @ BT RESA AR - AR DG, R IR KT I K AR A M OR FH RS
SR, BT T NOAA12192 VAl IX =i i I (Al AL AR, I IE AR 1 e 5

IR U X BB B Al A (R 7, 32 BT X BT YDA 755 5 X KBS
DIAR R, BB AT I R S R AR M 2 (PIL) X B Y, X 5z
HH PR B Ak A A 2R — B, MR ARN /NR R FI BT D) (RS)REIA B3N AT e fi & K BH
WRBE. MATEKRILRS X3 B PIL, -5 2% O AH 2 .
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JB R WD L

Jing 2 (2015, RAA, 15,1537 - 1546) M E HAE AL B AN 248 5 %
FZ AL T K4 NOAA 11158 753 X HEBE 4% CME ) X2.2 RS 12192
B XA CME [BRGIREE, PSR BEAE R A1 LR BA AR BAR ) H RE R

AT N, EBEZEHRTES X BRI WA, ERBERT 4 /B, 11158 7&3)
X BB E 2 ks, T 12192 WEBIIX MA@ o BT iR N3, X2.2 15
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BUR AR Ta RN 9537 .

Flg i The XX Mec amd ils battng 48 | 1158 (A8 cotvmn ) mad the 3.1 Sees anld bn hosting
AR LTI9T (g coduenh (el An AlA [T1 ﬁ.inﬂg:nd-mhmqlr-ﬁ#lw
Imloee i e ol plhese of e X1 T Nere. The red oomfowes ialicsle S Bocstiors of e (ans nbisns
i moen i Lhe -IJI 171 A g, (o) Semple NLFF Geld Gres overlid on the AT4 [T1 A jmagpe
The closed Tl Briew e cokorad groen, sad those ficdd lises reescking the laloralflog boanderices
ol the compuisianal domuin are cskaod yellors. (T aeeee oo (], ol G the K30 Saecof
AR 12192

[ 8. 33: NOAA11158 FEFENIX X2.2 1B (£) 5 12192 FETHIX X3.1 #€BE (FH) k&, E.
i, TR AIA, HMI RZIEZ M T HiAsMER

324



. -"ﬁ"..;'.ﬂ!'- itk s e e sy iy ™

T

Flg. 4 Tempwal waristion of koficily M, (), Troe nogentic ooy K, (Mer), docay isdew n
gprew), sl SRS wolfl Horay | | =B Ay i (Black) of AR 11158 (a] and AR 12197 1k

[ 8.34: NOAA 11158 &5 () 5 12192 @zIX () WIZEZH (1) . BRMEE (35)
METEH (B) bR

_m T U il x
i / 1 o H 1 I
E 2 | Il'ﬁl .-""II BE T E e w‘l b :
- : R F L
. e i F - ll | q=
it | S ra 1 o j == L L
= " i e 7 3 3 " b i I.I ] J- 1
T iy w3 T i g i v 25 4 LT

FI|_,'- Tertipural smsindion of holasty M, (ond), CROES soll Konoy {1 =& & Mex ( Bock) rcgaties be-

dle
iy I'|u.-\.—,|"—|g'r|.'| i wrwl prtres helicity Bun —3 (andlow ) Lougd the pholispheie of AR, L1158
{apaml AR ]

8.35: NOAA 11158 5&E) (Z£) 5 12192 iE&hX (F) HHEE L () . GOES RE (F8).
TIEE (k)  IFBE (&) ki

8.2.12. 2014 £ 9 2] 10 A Vernov MM HIAKFH X 52455+

Myagkova %% (2016, Solar Phys, 291, 3439 - 3450) 43 #7 T # % # Vernov P2
RELEC (Detector of the Roentgen and Gamma-ray Emissions) {3 2% Wil ) A FH it
X LR Ry S 2R ER S, 2014 47 9 £ 10 A AR RELEC MIE] T 18 AMBE(>30
keV) , XIS AT — HE RS 12172 KJG— %5 12192 K — % s XA
. XU E 5 RHESSI.  Konus-Wind.  Fermi M. ACBH & H 22570 % W
(RSTN) 2 Nobeyama 5 B, H %X (NoRH) ¥t 4T 7 L4, RELEC WL () 8 B
YH =02 — KA T2 s Kk .

325



lewEingm
'l LRy e R R TR i M- LOF - FRH AN LT H ¥ 2 8 H
'l L] BTl LT WL~ D0 atse it pe——— - L
) He - - - - -]
d'd Eiv oL EEIEIE - 1115 1 oA KT I -EG I L-EFIE ifeL W T 3 [
d o VELRL =BEEELD diwEs BF RO~ BEE - ECLD i 7] -H. L3 i |
pig. P i _
Bupyjop oy o 'l L I R | ) LEM-KIL0- 01 mMz Fl I u._“ E 1
1 LY K ¥ ¥ - (P HEF N S~ L | - 21 e ] I ) ¥
(K #0500 - e i e B W 1 L
H x W10 - A O i LL%0-HFE - LT aLLe £ - ¥ !
; i 4
" Jola: .q....m._.- — : )
nisg i Kjm # ® e TR R T - Apel et #10 ALt i llnl..w.vl Ty i
ity A i . SR — .nl]....ln 5
El L B TR FE DO BED - RO BIiE 4] |n,.._.-.r E —_——— A
i L5 ELBR D - RN EME KE (DI85 Bi-kKED (R 3 ) g
a4 L %1 T - %I by o) SET - - DI sz i _.._ﬁ- w.
LW T4 EIE- B R TR -
el g 1% ] wir CIEE T ] F1M HESL -8R -5 nag L 3 - 3.,
L] o LoKl- TW L'k RESI- 1R LUK ALl a -] ] i= ol .w
rav s [IECETRE T8 T .m.u w . ] m. m_.____ Rt
apad am) | FLF 5 SHLIAL- Tl T TR AR = T aLsc & 18 g ALt iz
a4 L I B4~ AR R VD WD LOE D= W D Bt ¥ m A | |
i ]
+.I E H. _ ] __ P ] R
e ot | L filz LE LD=E21 B=DFLD (] L 1 e T R TG
H Live 0HEEL = 81 W HFE]~ATR 1 - i man z RIS A T | B H e Ina
A cIr ot L] - AL HIATEY TE Ll -] - Ll AT 1 u r....m-._.._:.:.. R Crep—
i T dag wip i SR T P
wrimm s iy puoriasd NI WD alpmp i H XY FIE 1 = E] + -
meny 1w ki i pa-ares Wy e pE-Tiz-ann L] srmrning o T T

%< 8. 6: RELEC MNZpo 10 = 5t 2kt pE

FUOE T 8 Eme gl o Gimsay] il EE A wig mmgdes £ s § gl

Konus-Wind #1 RHESSI ¥LMAEY HXR 4&5F

Sepicmiier T4, 2014 by RIDLEE | Me e, i - Wi aad RHISS cupoimenia, sl e 5XH amomoon by

CHCHIE, B RS amivvion (RETH)

[ 8.36: 2014 &9 A 24 H 17:49 UT RELEC,

Figerr | Tiow profiks of Bo HEF coinion meseet dunisg @O0 e fue o seas 178 1T o0

AtiElZE BR K GOES #1 MW/RSTN LM E9 SXR 485

326



|

- Lol 18 F‘ H ]

' i [ |I I1|,J'r A ll_ ﬁ i
T o [P | ]

Hi -;.:__""-,-:_'.""" E l||- v I L"‘Ix:lu"'.“-u-—._ﬂ--...l - =

T3 SR .

o i ]
e e B
& - Dby 38 (Rewairad petaicy

B | MmO om om mm NE 13 s D
e &

Flwere T The Lime profikes of 113 aromion srids Q0T mewoerod by RI0SC Jareg o sobr faes e X014
Seppember T4 (0700, dcieber DS (M4T), Coioter 18 (CTLN, diciober 0 JBCL4) Oricber T0 (W1, one
Db 1 (R

%] 8. 37: RELEC ILMZIHI7<SMEDEARY HXR 2540 BR

8.3. T ENFTME

12192 52— MRFFFR IS SNIX, AR, B MRS 2R g 3 IX, iR
Prre R, (R LTRE fEREAR R CME LR, XHZIE 30 X A 5Tt 32 22
BRI 3% PR R . — SR 1M tether-cutting 5 BRI (R N 1% 4 eruptive, 7 £
B halo CME. {HJZXM&ESIXCA AR LA X BEHEEN tether-cutting f AL
M FH, IR CME KA. HFE R TR IR, 10 HR R AL E R
ik, 7FEH B —/MESRIRE Y 77, BRE| 7R,

o ZEWEBILRA MBI

> HARRE T B AR B EOGREBE Y IRIS, Hinode, SDO, 1 RHESST MLl

H IRIS, Hinode, SDO #1 RHESSI &4 #fs £ 5 70 #r 1 2014 4% 10 F 22 [H 14:02
UT KAETE NOAAI2192 JHEIIX ) X1.6 BT, F74HET A (WL ) BB,
&7 EIk K H R s PR R AR b, R AR, R 5 R
TR B B R TR AE 24 59, IC R BRI BB R AL, IR OGP R FOG R S 2 H o
AT A, AT RS, s th AR T B A

327



> 2014 49 F] 10 H Vernov WL AFH X 5 2k 48 5

8T T E Wi Vernov TLA RELEC 432 ML ) R BHAE X 5 2% A Al = 55
ZRARST, 2014 4£ 9 F| 10 AHE RELEC WM E T 18 MEE (>30keV) , X4t
WEPES AT — B H 95 12172 )5 — %S 12192 IR 1E 3 X AHE . X el &
5 RHESSI. Konus-Wind.  Fermi MLl &t K FH 5 A B2 86 I (RSTN) A
Nobeyama 5 H H A (NoRH)E #5317 1 L4, RELEC WL DE Hh £0H =53
Z—RIA 72 s ik .

o MENZRKSEHA

> TEBNIX I PR B
SHT T 2014 45 10 A 18 %] 29 H NOAA 12192 i&E1X 1 6 4~ X 241 29 4~ M 2
FREBE, Horb 304 (B4 6 X 40 BETENXE, HE S AMHIEFRZ X
o4 A XOMBER S ARLRIRREPE LS 1, Ui B TAT T B A AR AU Ak R AL PR [ SR BT
AR (137 T 2 7 IR IE ¥ e 3Rz 2 S B 06 H @i 85 ), =426 F1 T
tether-cutting #4284 . 7£ 5 NEA M) M Zi@ B 44 50 Get) TE31H K, HMI
B TR, FEBE L BT AR AR ML G ERRESA TE jet (12 SUZIL. LR 5%t
Mo WX AL RAA —M PR S5 CME. 1E 20 £ 26 H A, 7£ 40
=105 Mm {5 & Z [ 7K P15 Sehlisn 1V B 2208 20T torus. ANEaE M & 1)
RUBRME, oGS 3R IR AT RS 12192 3% 30X 3% CME 74 KRR .
> RS 55 0 R B BRE ) LR

M B RE R R8PS R 2 AR R A P LR T R AE NOAA 11158 152 X B
2% CME [ X2.2 BRI S 12192 #E31 X ¥#%H CME MIBRHIESE, MR
PR HT JLR B A AL B e AR R SR ATy, 2 B2 22 I v B X AR FE 1) (1]
Ak, LEREDERT 4 /NI, 11158 VAN IX MLMR S 225 s/l , 117 12192 3B X VR A
L BT REAER R ENZR, X2.2 5 R B A RS B 1) D A Bl e Bk
(IR IR ERRREVE N, T2 B H Bl h 5 CME AR 51 . i — AN s
A, 11158 L6 12192 iE3IX A BRI 5851 .
> AR E RS X 7T CME?

HEL T XA 4 MEBIX: IS, PIAMENE. SDO/HMI K & 17

328



B b s, BB AR 12192 5 5 4MFANE Pl s XA UL /NS 7 AR B
ARRIIRLE R iR HHRE: S S AR MR, B 3RA W L5,
Herb R R e, Ul BB D B e B U BRSSO A5 K . EAh, AR 12192 |
J7 AR AR MG XL RYLE, 7 AR SR K. B 2 i iRt Al
H AN SRR BT, (EREBE 2 75 AEBE CME 5 (1) A7 46 B B U i ith 4%
Y AE CME [P (20 SEREHE 2 0% 55 1) BRI 5 DDA G .

> A4 12192 KiEsh X 2 & R CME?

SHT T EREBLIT 7% CME [ NOAA12192 355l X BH 118 & (3% 46 1F KA %
JaF, KIS HARFEA A B BE/CME FiEsh X (11429 A1 11158)4HEE, 12192
& CORIMRAT” WiEsh X, Hx X BoREsgde At BORMTE 517, SBBAEK
BN, XTI RAFLE T2 AR AR (BT vh, (R AR AE 5
ZARE (Blin e B0 H 12192 WEEN XK & H HBRRIR A H AN 4E CME. X
U T AMT A SR TE BN DX R — S R AR A AE X R 1 Ak L o PR B T R 8
55 (1 ERRN H BAFAE -
> ERPHMR TS LI Bk

HE A H 7E 52 (Light Bridge) [ THIA7 7E 3 1R 2 74 45 4 (Light Wall), 7E 1330,
171 Je 131 ARELE BETH fiens, AE Ha 34k, BETsEaHk. S50 ETFigshk
RS, R RIE . A 0008 3.6 Mm. 0.9Mm. 15.4 km/s
3.9 40, WORIATRER H TORER T P AL EE .

® =B 5HLHIHT T

> MHD %{EIK3)
FI MHD #3853 735047 7 NOAA12192 3531 X K X BT BEHLH], 76
KRN, H@RGPOCERIAG R, BW = — KB H 2 B, g
Wi T AR, AESTYIRE 2 18] 5T ether-cutting HLIE, SEURBE. AT,
PRI T MR DRI WA I R, SOV 45 R B DT B I AN =B Y Ul g, S5
EEH X P, IR 37 15 RS AR 59 .
> /BRI XOREBE 4 ik 2 B e R

SHT T 2014 4E 10 A 22 H NOAA12192 555 [X PRI BT X1.6 I ft ER T

329



T2, M= AR5 R E B R 5 RHESST ML B (0 RF X 5 28 i 18] #¢ BR AR 1%
AT I B MR 5 R AR S R 2-4%. ZEXUR A 18], A 27 MR KR AR
Hi GBS 5 GOES Ul FIAHKR 2409 0.8 A7, BRI X1.6 MR 47 Hivk
TERR AL 40 A0 b o 2SR SR BRE AR AE — DNECR IR IR 7 5, BV B Y [F)
BAIZHN 5B IV AG AR I 17 45 M A7 CE 3mSR I e 45 4 1) 4
o XL A A S, BRIl NE R S BRI KSR
H kS
> RS il AT AR

o i SR B 22 - AR SR, WTIE T NOAA12192 V& 3) X =i i B
ful RO AR, R I TE AR 1 A MR e R N SRR X A R R M T, KR T
X BIY) 7 55 5IE s X W KB IAE S, 5 Seiln 4 Hh A i B i A 70— B, it
RN/ S A BIY] (RS) G485 v] B fid & K BRI BE 38 & B RS X 38 fk & PIL,
R IMAH X .

® CME Mo

> SREBAIFER CME B IEmT S &

31T 7 NOAA 12192 73 X I ME—— O DE(M4.0 Z0)fFFE CME H44, BE %
R 512 T blow-out ] jet, M FBUKAE M4.0 FEBE . 2B T3 20 X 134
ZAMARIZIX, MR W R T, £ BUV DU TRRGEY 5k, 7ERBEY) 5
SIS MAR AR N, MBS R T AR M35 CME. ££58— M3 K AH
[ R R AL R, 53— NI 2R B A o R R AL 0 A S ORI it Py i 2 1) B B (1] 43
H o B3 A 52 KB @ H0E (NVST) | WFFT 155 NS4 5 I T Ik i
MRAEH, BFSTTRER BB T R%, BTRANRMEZE), RS
¥z, W twist NHIEIEK RGHRBIITR RS, WAL, twist BIFAMKEE
FEREZE KA, BAY CME 7 247 2 bras 6.
> NOAA12192 &I X )[R Jet SR ) CME

H 4% /E SDO [ SOHO T2 E A M I 2] i[5 H % Jet A3 CME, Jet
YT NOAA 12192 KiF 3 X B 14 SR A G B X W 7, ;XAME B X AE T
PWERF= A T F 2 AE Jet KIEBEE R (X XM 2 , HIFLAERE CME. 10 A 20

330



27 H I, SHNEKBBEAALL, K EBLZKSADFE Jet XK T CME.
525 CME #tt, 4 Jet BX5h 1 CME iz 3h i #E A 8 (~200 - 300 km/s ), 3
MR (20° - 50° )5 FE I RSN X S R A 2 HL AR WA A, T R S A LR (R
W B K (5 CME R8I WA . 7E72 48 CME (1 Jet MR [X 45 85 714 K 2 4K
HEES T RBH, TAEF= A2 CME ) Jet i [X 25 25 1 K 2 H0R 5] 21K BH R 1
CME-Jet bt CME-Jet 1141 LA HAF LRI (A 80K . I o= B4 Jet Al CME #8
2 L SR 2N, g Jet IRERKR, MRRIIFA BRI EE
F BT CME A8 5 85 TR [, A, WHAR 51 (F B I 4 LR 1 twist IR
iE o

® LN

SR T i RERL T S T L R

8.4. AXFTUAR

19—-0ct—2014 23:58:16° UT _

& 8 38: 2014 #£ 10 B 24 H 21UT HMI M M 89 12192 sFE s X K 2 W B
(Chen 2015 ApJL 808 L24)

331


重要太阳活动事件/12192事件资料/电影资料/2 Chen_2015_ApJL_808_L24/f1 2014年10月24日21UT HMI观测的12192（Chen_2015_ApJL_808_L24）.mp4

2014-10-21 13

AlA 1600 2014:10-22'13:50 UT 2014-10-24 21:05 UT 2014-10:25 16:41 UT 2014-10-26 10:28 UT

[ 8.40: 2014 4 10 A 24 H AIA304. 94A JLMIEY 12192 (Chen_2015_ApJL_808_L24)

2014-10-24 07:31 UT

& 8.41: 2014 £ 10 A 24 H AIA304AJet MMEI 12192 (Chen_2015 ApJL 808 L24)

332


重要太阳活动事件/12192事件资料/电影资料/2 Chen_2015_ApJL_808_L24/f2a 2014年10月24日AIA304A观测的12192（Chen_2015_ApJL_808_L24）.mp4
重要太阳活动事件/12192事件资料/电影资料/2 Chen_2015_ApJL_808_L24/f2b 2014年10月24日AIA304A观测的12192（Chen_2015_ApJL_808_L24）.mp4
重要太阳活动事件/12192事件资料/电影资料/2 Chen_2015_ApJL_808_L24/f3a 2014年10月24日AIA304AJet观测的12192（Chen_2015_ApJL_808_L24）.mp4

AlA 94 2014-10-24 20:20UT AlA 304 2014-10-24 20:20UT

8.42: 2014 4 10 A 24 H AIA304AJet JLMEY 12192 (Chen_2015_ApJL_808_L24)

8.44:20144 10 A 29 H IRIS 1330 AWM 12192 5ERNX =15 (Yang, 2015, ApJL, 804, L27)

333


重要太阳活动事件/12192事件资料/电影资料/2 Chen_2015_ApJL_808_L24/f3b 2014年10月24日AIA304AJet观测的12192（Chen_2015_ApJL_808_L24）.mp4
重要太阳活动事件/12192事件资料/电影资料/3 Yang_2015, ApJL, 804, L27/f1 2014年10月25日IRIS 1330 Å观测的12192活动区亮墙(Yang, 2015, ApJL, 804, L27).mp4
重要太阳活动事件/12192事件资料/电影资料/3 Yang_2015, ApJL, 804, L27/f4 2014年10月29日IRIS 1330 Å观测的12192活动区亮墙(Yang, 2015, ApJL, 804, L27).mp4

24-Oct-2014 07:00:07 UT

FOV: 180" * 180"
& 8. 45:2014 £ 10 B 21 H AIA304 AWLAY 12192 SEFNXE% (Li, 2015, ApJL, 814, L13)

]

24-Oct-2014 0

FOY: 120" * 120"

8.46:2014 £ 10 A 24 B AIAM71AILMRY 12192 FEFNX (LI, 2015, ApJL, 814, L13)

334


重要太阳活动事件/12192事件资料/电影资料/5 Li2015, ApJL，814，L13/f2 2014年10月21日AIA304 Å观测的12192活动区爆发(Li, 2015, ApJL，814，L13).mp4
重要太阳活动事件/12192事件资料/电影资料/5 Li2015, ApJL，814，L13/f3a 2014年10月24日AIA171 Å观测的12192活动区(Li, 2015, ApJL，814，L13).mp4

24-Oct-2014 07:50:12.000

FOY: 100" = 400"

[E] 8. 48: 2014 4 10 B 24 H AIA171 ABMIAY 12192 5EFDX (LI, 2015, ApJL, 814, L13)

335


重要太阳活动事件/12192事件资料/电影资料/5 Li2015, ApJL，814，L13/f3b 2014年10月24日AIA304 Å观测的12192活动区(Li, 2015, ApJL，814，L13).mp4
重要太阳活动事件/12192事件资料/电影资料/5 Li2015, ApJL，814，L13/f4 2014年10月24日AIA171 Å观测的12192活动区(Li, 2015, ApJL，814，L13).mp4

2014.10.22_23:59:58

HMI vector magnetagram

8.49: 2014 5 10 B 24 H HMI JME) NOAA12192 jETX (Jiang, 2016 , APJ, ., 828, 62)

22-0ct-2014 16:40,09.140

[£18.50: 2014 5 10 B 22 H AIA193AXLNAY 12192 5EFNX Jet(Panesar 2016 , APJL, 822, L23)

336


重要太阳活动事件/12192事件资料/电影资料/6 Jiang_2015_ApJL_808_L24)/f3 2014年10月24日HMI观测的NOAA12192活动区(Jiang, 2016 , APJ, , 828, 62).mp4
重要太阳活动事件/12192事件资料/电影资料/10 Panesar_2016 , APJL, 822, L23/f1a 2014年10月22日AIA193Å观测的12192活动区Jet(Panesar_2016 , APJL, 822, L23).mp4

8.51:2014 5 10 A 24 H AIA193AXLMAY 12192 5EFIX Jet(Panesar_2016 , APJL, 822, L23)

8.52:2014 5 10 A 24 H AIA193AXLNAY 12192 5EFIX Jet(Panesar 2016 , APJL, 822, L23)

337


重要太阳活动事件/12192事件资料/电影资料/10 Panesar_2016 , APJL, 822, L23/f1b 2014年10月24日AIA193Å观测的12192活动区Jet(Panesar_2016 , APJL, 822, L23).mp4
重要太阳活动事件/12192事件资料/电影资料/10 Panesar_2016 , APJL, 822, L23/f1c 2014年10月24日AIA193Å观测的12192活动区Jet(Panesar_2016 , APJL, 822, L23).mp4

8.54:2014 £ 10 B 24 H AIA 304 AJLNIEY 12192 jEEX (Panesar_2016 , APJL, 822, L23)

338


重要太阳活动事件/12192事件资料/电影资料/10 Panesar_2016 , APJL, 822, L23/f2 2014年10月24日LASCO C2观测的CME(Panesar_2016 , APJL, 822, L23).mp4
重要太阳活动事件/12192事件资料/电影资料/10 Panesar_2016 , APJL, 822, L23/f3 2014年10月24日AIA 304 Å观测的12192活动区(Panesar_2016 , APJL, 822, L23).mp4

8.5. X E&E ik

10.

11.

Sun, X., Bobra, M. G., Hoeksema, J., et al.,Why Is the Great Solar

Active Region 12192 Flare-rich but CME-poor? 2015, APJL, 804, L28

Chen, H., Zhang, J., Ma, S., et al.,Confined Flares in Solar Active

Region 12192 from 2014 October 18 to 29, 2015, APJL, 808, 124

Yang, S., Zhang, J., Jiang, F., et al.,Oscillating Light Wall Above

a Sunspot Light Bridge, 2015, APJL, 804, L[27

Liu, L., Wang, Y., Wang, J., et al., Why is a Flare—rich Active Region
CME-poor? 2016, APJ, 826, 119

Li, X., Yang, S., Chen, H., Li, T., Zhang, J., Trigger of a Blowout
Jet in a Solar Coronal Mass Ejection Associated with a Flare, 2015,

APJL, 814, L13

Jiang, C., Wu, S. T.; Yurchyshyn, V., et al.,HowDid a Major Confined
Flare Occur in Super Solar Active Region 12192? 2016, AP]J, 828, 62

Lee, K., Imada, S., Watanabe, K., Bamba, Y., Brooks, D. H., IRIS,
Hinode, SDO, and RHESSI Observations of a White Light Flare Produced
Directly by Nonthermal Electrons, 2017, APJL, 836, L150

Inoue, S.:; Hayashi, K.; Kusano, K., Structure and Stability of
Magnetic Fields in Solar Active Region 12192 Based on the Nonlinear

Force—free Field Modeling, 2016, AP]J, 818, 168

Veronig, A. M.; Polanec, W., Magnetic Reconnection Rates and Energy
Release in a Confined X-class Flare, 2015, Solar Physics,
290, 2923-2942

Panesar, N., Sterling, A. C., Moore, R. L., Homologous Jet—driven

Coronal Mass Ejections from Solar Active Region 12192, 2016, AP]JL, 822,

L23

Bamba, Y., Inoue, S., Kusano, K., Shiota, D., Triggering Process of
the X1.0 Three-ribbon Flare in the Great Active Region NOAA 12192,
2017, APJ, 838, 134

339


http://iopscience.iop.org/issue/2041-8205/804/2
http://iopscience.iop.org/article/10.1088/2041-8205/808/1/L24/meta
http://iopscience.iop.org/article/10.1088/2041-8205/808/1/L24/meta
http://iopscience.iop.org/article/10.3847/0004-637X/826/2/119/meta
http://iopscience.iop.org/article/10.1088/2041-8205/814/1/L13/meta
http://iopscience.iop.org/article/10.1088/2041-8205/814/1/L13/meta
http://iopscience.iop.org/article/10.3847/0004-637X/828/1/62/meta
http://ads.bao.ac.cn/abs/2017ApJ...836..150L
http://iopscience.iop.org/article/10.3847/0004-637X/818/2/168/meta
http://iopscience.iop.org/article/10.3847/2041-8205/822/2/L23/meta
http://iopscience.iop.org/article/10.3847/2041-8205/822/2/L23/meta
http://iopscience.iop.org/article/10.3847/1538-4357/aa6682/meta

12. Jing, J., Xu,, Lee, J., et al., Comparison between the eruptive X2.2
flare on 2011 February 15 and confined X3.1 flare on 2014 October
24, http://ads. bao. ac. cn/abs/2015RAA. . .. 15. 1537J2015, RAA, 15, 1537

340


http://ads.bao.ac.cn/abs/2015RAA....15.1537J

* TS (E) KPR e HiE

BERR RERMR ik Yot
SDO (Solar HMI (Helioseismic | KPHE HME ATk | http://hmi.stanfor
Dynamics and Magnetic KEWIAMIE | d.edu/
Observatory) Imager)
AIA (Atmospheric APHEUV/UV | hitp://aia.lmsal.c
Imaging Assembly) | SRERRRIG¥HE | om/

EVE (Extreme
Ultraviolet Variability

XPBH EUV R E
FIEFR E IR

http://lasp.colora

do.edu/home/ev

Experiment) e/
IRIS (Interface |/ KPFA UV B EZS | http://iris.Imsal.c
Region B IREE om/
Imaging
Spectrograph)
Hinode SOT (Solar Optical | KBAEEkFAEaEK | http:/darts.isas.]
Telescope) BRAGEHE ; axa.jp/solar/hino
KPBASETk R EH, | de/
TEiE
XRT (X-Ray KPR X G4k B
Telescope) IDAE$ES
EIS (EUV Imaging | APH EUV JKEE
Spectrometer) KL EIE
SOHO (Solar | MDI (Michelson XFA£HEY\[E | http:/soi.stanfor
and Doppler Imager) TG d.edu/
Heliospheric | EIT APHEUV K E; | https://umbra.na
Observatory) | (Extreme-ultraviolet | F{&#iE scom.nasa.gov/e
Imaging Telescope) it/
LASCO (Large XFABFHZEL | https://sohowww.
Angle It 3-8 nascom.nasa.go

341


http://hmi.stanford.edu/
http://hmi.stanford.edu/
http://aia.lmsal.com/
http://aia.lmsal.com/
http://lasp.colorado.edu/home/eve/
http://lasp.colorado.edu/home/eve/
http://lasp.colorado.edu/home/eve/
http://iris.lmsal.com/
http://iris.lmsal.com/
http://darts.isas.jaxa.jp/solar/hinode/
http://darts.isas.jaxa.jp/solar/hinode/
http://darts.isas.jaxa.jp/solar/hinode/
http://soi.stanford.edu/
http://soi.stanford.edu/
https://umbra.nascom.nasa.gov/eit/
https://umbra.nascom.nasa.gov/eit/
https://umbra.nascom.nasa.gov/eit/

Spectroscopic v/data/
Coronagraph)
STEREO EUVI (Extreme KPH EUV JKEX | https:/stereo-ssc
(Solar Ultraviolet Imager) | B &% .Nascom.nasa.go
Terrestrial COR1/COR2 XPHBYHZRX | v/data.shtml
Relation (Coronagraph 1/2) | BI& R
Observatory)
GOES XRS (X-Ray KBA%R X 53457 | https://www.ngdc
(Geostationary | Sensor) =EHIE .noaa.gov/stp/sat
Operational EPS (Energetic KPR FREH | ellite/goes/
Environmental | Particle Sensor) =
Satellite)
RHESSI / K BARE X %%k | https://hesperia.
(Reuven T Rk 5 B gsfc.nasa.gov/rh
Ramaty essi3/
High-Energy
Solar
Spectroscopic
Imager)
PROBA2 SWAP (Sun APH EUV SKEEX | http://proba2.sid
(Project for On | Watcher with Active | B1& 3R c.be/
Board Pixels and Image
Autonomy 2) Processing)

LYRA (Large Yield

Radiometer)

A PBH UV-XUV 3§
BREHE

342



https://stereo-ssc.nascom.nasa.gov/data.shtml
https://stereo-ssc.nascom.nasa.gov/data.shtml
https://stereo-ssc.nascom.nasa.gov/data.shtml
https://www.ngdc.noaa.gov/stp/satellite/goes/
https://www.ngdc.noaa.gov/stp/satellite/goes/
https://www.ngdc.noaa.gov/stp/satellite/goes/
https://hesperia.gsfc.nasa.gov/rhessi3/
https://hesperia.gsfc.nasa.gov/rhessi3/
https://hesperia.gsfc.nasa.gov/rhessi3/
http://proba2.sidc.be/
http://proba2.sidc.be/

	第一章 巴士底事件（NOAA9077活动区）
	1.1.事件概述
	1.1.1.事件特征
	1.1.2.观测特征

	1.2.相关事件案例研究
	1.2.1.多波段综合分析
	1.2.2.磁对消与暗条爆发
	1.2.3.高能粒子的重离子能谱由激波加速引起
	1.2.4.黑子演化研究
	1.2.5.2000年7月14日太阳耀斑中的磁绳结构及相关高能过程
	1.2.6.三维磁重联研究
	1.2.7.活动区非势性演化分析
	1.2.8.“巴士底”大磁暴
	1.2.9.磁层对“巴士底”事件的响应分析
	1.2.10.2000年巴士底日星际扰动的ACE观测
	1.2.11.日球层激波扰动预报模型
	1.2.12.跨赤道暗条爆发研究
	1.2.13.哨声模式声波与地磁暴的关系分析
	1.2.14.射电爆发研究
	1.2.15.与比邻星耀斑比较

	1.3.主要科学贡献
	多波段成像综合分析研究
	物理现象及参量研究
	运动与机制研究
	射电研究
	CME特性及其传播
	对地效应

	1.4.其它
	1.4.1.其它相关参考文献
	1.4.2. 影像观测资料

	1.5. 主要参考文献

	第二章 NOAA10484活动区（万圣节）事件  
	2.1.事件概述
	2.1.1.事件特征
	2.1.2.观测特征

	2.2.相关事件案例研究
	2.2.1. 怀柔站观测到的三个超级活动区
	2.2.2.与2003年10月25日NOAA10484活动区相关的多重波浪观测
	2.2.3.在限制耀斑中观测到的由磁重联驱动的热和非热效应
	2.2.4.全日面准同时磁浮现
	2.2.5.由具有相反磁极性及运动方向的两个小黑子的碰撞触发的连续太阳爆发
	2.2.6.秃斑拓扑中的爆炸喷流和脉冲爆发耀斑
	2.2.7.NOAA10484, 10486和10488活动区的色球物质运动和光球黑子旋转

	2.3.主要科学贡献
	物理现象及参量研究
	运动与机制研究
	“万圣节”事件联合研究

	2.4.其他
	2.5.主要参考文献

	第三章 NOAA10486活动区（万圣节）事件
	3.1.事件概述
	3.1.1.事件特征
	3.1.2. 观测特征

	3.2.相关事件案例研究
	3.2.1.超级活动区NOAA10486流场的多波段研究
	3.2.2.太阳耀斑的震动辐射
	3.2.3.2013年11月4日巨大耀斑的硬X射线多航天器观测
	3.2.4.2003年10月28日CME的三维MHD模拟：与LASCO 日冕观测比较
	3.2.5.2003年10月28日X17耀斑的伴随事件及前兆
	3.2.6.2003年10月28日太阳事件产生的相对论核子与电子
	3.2.7.大耀斑相对磁螺度的变化
	3.2.8.三个X级耀斑后半影的迅速衰退
	3.2.9.2003年10月29日耀斑在1.56微米处的近红外观测
	3.2.10.沿着磁中性线的光球剪切流动
	3.2.11.旋转黑子与耀斑的关系
	3.2.12. NOAA 10486发生的X17.2耀斑:骨牌效应产生暗条不稳定性的例子

	3.3.主要科学贡献
	多波段成像综合成像研究
	物理现象及参量研究
	运动与机制研究
	CME特性研究
	对地效应

	3.4.其它
	3.4.1.其它相关参考文献
	3.4.2. 观测影像资料

	3.5.主要参考文献 

	第四章 NOAA10488活动区（万圣节）事件
	4.1.事件概述
	4.1.1.事件特征
	4.1.2.观测特征

	4.2.相关事件案例研究
	4.2.1.磁螺度研究
	4.2.2.浮现磁流管在光球层及光球层以下动力学研究
	4.2.3.在声波能流谱中的表面以下浮现结构信号  
	4.2.4.活动区演化的多尺度分析
	4.2.5.用环图（RING-DIAGRAM）方法研究活动区的浮现
	4.2.6.活动区NOAA10488在形成时光球内的视向速度及磁场动力学行为
	4.2.7.全日面准同时磁浮现
	4.2.8.利用球面非线性无力场分析NOAA 10486和NOAA 10488的磁场构型
	4.2.9.NOAA 10488活动区的中性线相关源分析
	4.2.10.用日震学方法探测活动区的浅对流区
	4.2.11.局部日震学与磁浮现
	4.2.12.磁零点研究
	4.2.13.“万圣节”事件与“巴士底”事件比较研究

	4.3.主要科学贡献
	螺度传输研究
	日震学研究
	全球太阳活动研究
	爆发活动研究
	磁零点

	4.4.其它
	4.4.1.其它相关参考文献
	4.4.2. 观测影像资料

	4.5.主要参考文献

	第五章 NOAA10930活动区事件
	5.1.事件概述
	5.1.1.事件特征
	5.1.2.观测特征

	5.2.相关事件案例研究
	5.2.1.非线性无力场磁场外推与电流
	5.2.2.非线性无力场磁场外推与剪切
	5.2.3.活动区磁场Twist和连结性分析
	5.2.4.局部缠绕与电流螺度分布
	5.2.5.日冕磁螺度演化
	5.2.6.黑子运动与流动场
	5.2.7.黑子旋转速度场
	5.2.8.快速黑子旋转与耀斑触发
	5.2.9.净缠绕电流与净剪切电流演化
	5.2.10.半影演化与剪切流
	5.2.11.沿磁中性线Evershed 流的快速增强
	5.2.12.日冕暗化与CME
	5.2.13.Hinode/XRT观测到的两个X级耀斑剪切磁场的演化
	5.2.14.Moreton 波
	5.2.15.射电精细结构诊断
	5.2.16.耀斑前后物理参量分布的演化
	5.2.17.与运动磁场特征内流相关的毛孔的形成
	5.2.18.高能粒子事件
	5.2.19. NOAA 10930和11158耀斑的触发过程研究
	5.2.20.旋转与缠辩螺度演化
	5.2.21.预报X射线强度
	5.2.22.用数据驱动MHD模拟方法研究NOAA10930活动区的波印廷通量

	5.3.主要科学贡献
	多波段成像综合成像研究
	物理参量研究
	运动与机制研究
	高能粒子事件
	预报X射线强度

	5.4. 影像观测资料
	5.5.主要参考文献

	第六章 NOAA11158活动区事件 
	6.1.事件概述
	6.1.1.事件特征
	6.1.2. 观测特征

	6.2.相关事件案例研究
	6.2.1.大爆发活动区的磁场及能量演化
	6.2.2.2011年2月15日X2.2耀斑、带、冕峰及物质抛射：MHD通量绳模型
	6.2.3.光球磁场对2011年2月15日X2.2耀斑的响应
	6.2.4.SDO/AIA观测的冕环及活动区自动温度及辐射测量分析
	6.2.5.脱缰（TETHER-CUTTING）重联及磁内爆之后光球磁场的快速变化
	6.2.6.六个大中性线耀斑光球磁场与洛伦兹力矢量的突变
	6.2.7.2011年2月15日X2.2耀斑期间日冕和光球内磁场塌缩证据：SDO/AIA和HMI 观测
	6.2.8.NOAA 11158活动区旋转黑子的作用
	6.2.9.NOAA 11158活动区相对磁螺度与电流螺度的演化
	6.2.10.与2011年2月15日X2.2耀斑相关的快速黑子旋转
	6.2.11.具有日冕零点的四极磁场中的非径向爆发
	6.2.12.2011年2月15日NOAA 11158活动区X2.2白光耀斑的速度与磁场瞬变
	6.2.13.MHD模拟2011年2月15日X2.2耀斑：与观测比较
	6.2.14.触发NOAA11158活动区M6.6耀斑的磁场系统
	6.2.15.日冕磁场外推
	6.2.16.NOAA 11158耀斑的触发过程研究
	6.2.17.产生11158活动区X和M级耀斑的磁结构
	6.2.18.2011年2月15日震动耀斑的磁声能研究
	6.2.19.NOAA 11158活动区磁拓扑的时间演化
	6.2.20.2011年2月15日X2.2耀斑的突然光球运动与黑子旋转
	6.2.21.两个活动区在光球及光球下的水平流动
	6.2.22.NOAA 11158活动区的耀斑与磁非势性
	6.2.23.与耀斑相关的III型射电暴击EUV喷流的动力学行为
	6.2.24.活动区的磁螺度及能量谱
	6.2.25. 来自11158活动区CME的偏转与旋转
	6.2.26.同源耀斑—CME事件及其与米波II型射电暴的联系

	6.3.主要科学贡献
	多波段成像综合分析研究
	物理现象及参量研究
	运动与机制研究
	射电研究
	CME特性及其传播

	6.4. 其它
	6.4.1.其它参考文献
	6.4.2.观测影像资料

	6.5.主要参考文献

	第七章 NOAA11429活动区事件
	7.1.事件概述
	7.1.1.事件特征
	7.1.2.观测特征

	7.2.相关事件案例研究
	7.2.1.自动跟踪黑子群
	7.2.2.NOAA 11429活动区M7.9耀斑期间磁瞬变
	7.2.3.NOAA11429活动区声晕的声学发射增强
	7.2.4.一对大日冕物质抛射出现前限制耀斑期间磁绳的形成
	7.2.5.两个连续耀斑爆发的磁场重构
	7.2.6.NOAA 11429活动区的面积与倾角
	7.2.7.像素动力分析法
	7.2.8.从太阳岛日球层顶CME的传播
	7.2.9.黑子面积时间演化与相关等离子体流估计
	7.2.10.大耀斑期间光球磁场与洛伦兹力矢量的突然变化
	7.2.11.对地效应
	7.2.12.两个大CME事件前的分光谱特征
	7.2.13.超级活动区11429磁绳的wist 和Writhe
	7.2.14. 2012年3月5日三个CME之间的相互作用

	7.3.主要科学贡献
	现象及参量研究
	非线性无力场外推
	CME特性研究
	方法研究
	对地效应

	7.4. 其它
	7.4.1.其它参考文献
	7.4.2.观测影像资料

	7.5.主要参考文献

	第八章 NOAA 12192活动区事件
	8.1.事件概述
	8.1.1.事件特征
	8.1.2.观测特征

	8.2.相关事件案例研究
	8.2.1.为什么12192大活动区是富耀斑而贫CME？
	8.2.2.2014年10月18到29日NOAA 12192 活动区的限制耀斑
	8.2.3.在太阳黑子亮桥上方摆动的亮墙
	8.2.4.为什么是富耀斑活动区的贫CME？
	8.2.5.与耀斑相随的CME中爆炸喷射触发
	8.2.6.NOAA 12192活动区大限制耀斑是如何发生的
	8.2.7.由非热电子直接产生的白光耀斑的IRIS, Hinode, SDO, 和RHESSI观测
	8.2.8.一个限制X耀斑的磁重联率及能量释放
	8.2.9.NOAA12192活动区的同源Jet驱动的CME
	8.2.10. NOAA12192活动区三带耀斑的触发过程
	8.2.11.2014年10月24日X3.1限制耀斑与2011年2月15日 X2.2爆发耀斑的比较
	8.2.12. 2014年9到10月Vernov 观测的太阳X射线辐射

	8.3.主要科学贡献
	多波段综合成像研究
	物理现象及参量研究
	运动与机制研究
	CME特性研究
	对地效应

	8.4.有关影视资料
	8.5.主要参考文献


