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Abstract

Based on multi-band observation data, the X1.3 flare that erupted in NOAA AR 12975 in the active
region of the solar surface on March 30, 2022 was analyzed. During the flare, the S-shaped struc-
ture and obvious light spots appeared in the active area, and the white local spotted light ap-
peared in the active area, and the brightness of the white local spotted light gradually evolved into
a bright flare band. The two flare zones are close to each other and reconnect, and then a large
vault structure is formed, and the flare zones at the feet of both ends expand outward. By the end
of the vault structure was disconnected, and the flare bands at the north and south foot points
stopped extending. From the perspective of magnetic field energy, as early as the appearance of
flares on the surface of the sun, the active intensity of the magnetic field in the active region is
gradually increasing. After the occurrence of different M-class flare and C-class flare events, the
magnetic field strength of AR 12975 in the active area did not decrease but increased, indicating
that the next large-scale flare outbreak was about to occur. Combined with the analysis of mul-
ti-dimensional evolutionary images, we conclude that the active region AR 12975 can be consi-
dered as a good test object for studying the role of photosphere magnetic field activity in trigger-
ing powerful solar bursts.
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1. 518

KPS BISMECOY A% B8 XL XHRUR S JERRE . BERE . X, HE. H%2 K0
HER IR i B KR o AERFHBIZ IR K0 S5 8 1 LU PH PR 25 M A il R IR 4 4 17 27
AP HEa b kA2 MBS, BlUnEIS H )Rt

“REPE” — 1A iR A AR AR CUER AT H SR RO R B . AL BRI R A E SO LA B i
[A] RUBEAE R B B AP EROAR S I 5. K2 BRI JRUAG RE R O RE 1 — RS, KB RE AL D ki
THRE G BIBhRE[2]. HIREERERT A N AN ES, mgSEIRIKICN: AL B. C. M. X

A IF R B2 A oY= i X 3 2 1 kv 100 LR SRR TR0 "2 B 28 v i 58 KA e EAT BV X M
FAF L, PR DUR AR PR AT, FETEBNIX . PRI 2 AR B A R A 194 2% 3 7
by BEATPUR AR AN A B3] 5 3h XA RE W PR R AT AR (4] R BREAE H i A 7K BH H 5
o R e e EE IR AR R L SR S A2 I [5] ¥E S [X (ARs), RIRZIE B SR P IE . SRR X, R
i ZERIR[6]. AR HAE A T 4A TOUER EAR Sz id & i 8L, FRom BB B B Hh B A0 IE (6 Wdad
BIFAE I, RN IEG)WPESRE PRI NP BOE AN B RPN, R s X
BOTIRHER . 978G FFMOCERBIEET]. Stz sh R R A R 2 )5, 12 AR T, A2 K FH 8
) L Tl 3 S K R AR T, T 516 B Rl FE BT« — RO BRI B H 240y 107°~10%
ergo LRI FPAEAE RN HBUKH _EJREET . Frek— it s[8].
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FREPEIRE R T LUREU N =B B TERBBERTBY B, 3 X S 2R 558 I B p vy DAL 388 B [X 3511
H %55 B TR TR 9] TERKIRBY B, K e i 7R B s, Ko BE B RR A [10]. — Lk 15
BERL Tl IR IEAE T LR L B A R ZL AR S [11] o ki B B G R X S 28 FN Hod 8 5k B R AH, LA B
BRI T E, HR%SSTHRILTRERRERE, —H ok & EERE12]. mEH
B R AR, 5B RIS R o i 4k SR I S — R, A B EOK P R A, I ORI
ST Bk FH A [13].

AR REBE I SO BTSSR BE RE S 0 il BB RO B . BE R0 SRR 1 s (IR fr) it
[14] [15]. AR 2 FOUEHE [ 16] 57 5 ik 77 28 IR/ ME BT & IOAR A R A o i J IO — ok 2 ERAR gt o A
DN b R R 2R EE AT A 24— 43 B B A A N AR R 1) 1) REATS SR AT AE 4 [17] o ALV BRE f i 2 7]
BE A3 i H S R RO B A DA K H B AR R IR . K ADRR B 2 5 mi 47 2 s 8], I LS5 e i v
BREMIKI LB 2 [18] .

AR 12975 ;2 K FHIEN S 25 K BH A HALOR = A 3G sh X P& 1 X REBEIN ARs 2 — . Hiliin S a4tk
(DR AR i & X SOREBE AR R o R X6 A BH FRORL I Kt , A8 20 B MR, W0 A B b 2 1K
PHRE B A I R . T AR PR A 1 X G FE R B L3/ L, P BL AR 12975 B — @ i 7o i s

ASCVEGIO T T R AT 2022 4 3 H 30 H RISREE N X1.3 ZRIHEBE R 22 3 Bosidg, B L it Some i ) i
KA SRR, R PR T X SOREBERR R AT G BRI 0 5 44 b .

2. I AR 12975
2.1 ERMREMTESEK

2022 £ 3 H 24 H, #H3)IX AR 12975 DL AR 27 1 A IUAE R BA AR . Bl S5, 5 3 XA Tk
LA AR I RGE R BRIz 8, K aREBT IR 12 80[19], X T BUZ X IR AR O R 2R 1)
o BILER[20], FRFET S5 SRR T .

AR 12975 Bk T 1 IR X EBEFD 11 Ik M ZHEBELL K 62 Ik C HHEPE . £ 1440 T M O BEAI
X GO AR R 18] B I B) 5 285 R (8] . 330X AR 12975 [R5 — IRk M R BEIR & T 2022 4F 3
H 28 H, B XAER—RKEET =R M ZUEBE. £ 29 HIBEE =X M ZfEs)5, 1530 HiER T —4
X1.3 FHBBE. AR IV 2)) X PR AR [ —— Ik X B

Table 1. Flare event from active region AR 12975
= 1. EHIX AR 12975 FRAE BRS¢

No Date GOES class Tstart Tpeak Tend
1 20220328 M4.0 10:58:00 11:29:00 11:45:00
2 20220328 M1.0 17:32:00 17:41:00 17:47:00
3 20220328 M1.0 19:08:00 19:23:00 19:40:00
4 20220328 M1.1 20:49:00 20:59:00 21:09:00
5 20220329 M1.1 01:48:00 01:58:00 02:03:00
6 20220329 M1.0 09:17:00 09:38:00 09:55:00
7 20220329 M1.6 21:43:00 21:52:00 21:57:00
8 20220330 X1.3 17:21:00 17:37:00 17:46:00
9 20220331 M9.6 18:17:00 18:35:00 18:45:00
10 20220402 M4.3 17:34:00 17:44:00 17:51:00
11 20220402 M3.9 12:56:00 13:55:00 14:44:00
12 20220402 M2.9 02:39:00 02:56:00 03:07:00
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ESIX AR 12975 PRAE ) X S RE R A4E 3 A 30 H, BFFUAT 17:20 UT, IE{ETE 17:38 UT, 45RT
17:50 UT. & 12— BAREMN 131 A, 193 A 5304 A P OREBE G, o T X1.3 REBE [1)iE
A5, BlE R UE T W H AR K2 A B 2218 E 0 Joint Science Operations Center (JSOC). v, SDO/HMI
7E 6173 A UL 1 FAD IR 23 17 256 00 00 380 5 8 () A B Ak, FLAICHR FSRATF 72 K BH 3% THI R 4R 3% A1 % : 1 SDOJAIA
Xof LA D5 B A o o 7 A [, 7 H S R I DX R BH 22 2% DA 20K B 242 1 22 A A TR B 4 4 4 T
B, BA 15 9B 3 A 12 FPitia) 4525, HERAH TR H % . MR AR EUV BRBoR,
5 AR MR H RS EIH SR, BI—ANREBMWHSE S B, ERBERIRKI B, X&BEAS
Ji 7B, TERL T R o
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Figure 1. AIA flare images of the 131 A, 193 A and 304 A bands
Bl 1. AIA131 A, 193 A 5 304 A 3% ERAOMEBEEI1R

WEBEAR LR, 76— M %5 C BB 2 5, WhshIX 12975 (3G ERFE FEmlise i, 76 BUG Wi 45
BN R BE A, PR IR BB AT S BE A 18], BRI LG B M 00 Rk SR B (1
304-a). IXUEHHHTI. A 3 YN L2582 1) i 2 RRAE 1) T 20 Jh A B P R 4 [ 2], T A YR P D R B
FIEBE SR IR BEIR . SR 15 30 DX V5 R SE P A FE T, 3 S 7 1) TR 2 T AR AR 15 ) —
AR BT S —FERA S, KAk ERTDUE W 2 MBS, 7 s I “S” TEm T~ 77 1k
BEW LT — S Bk, XS BRI (18] 1 304-b). IRIHESN X H58 5 HOR IR A 3 T Ak
E(& 1 304-c), FERZISIEIREICH KR RE R, HoLRE RIS T IR i SR IRy V) B FE A o6, v )
— BRI EE ORGSR S B X IEE S D H R B (] 1 304-d), XN BIRE MR TE R T —
ANREAEHE TR BTN, s 78 AR XK. SULFEIIN o] CLE S, 62 REBES TR 42 9 20 i &b
FEAR(E] 1 304-€) 5T TG BNIX AIREBE R A 5 A8 A W I K R B T L TR B Ay, A S i A 795 i D 4k
Sl ) A A R BRE 5 (K] 1 304-).

PL 304 A B, B ERTLLESR], iEEIIX AR 12975 HBL T S ALK 5B HOEBE, & 1304-a it
i Sk BT A2 R BE IR A 2 BTS2 X B I B 5 B ER e 5, AT DLE B B ERR, A Rk
HSEBHEAS A  e PREBEHT . PIACREBE T A e, RAE IR (1E 1 304-b). L i ] H O T R
RUBETRZE R, 9 S A0 A KRR TR 1) ARG (] 1 304-c [4] 1.304-d). 3 TS MG E WIT I %, 7
JEIE SRR B AT 5 2E B (1] 1 304-e). Blf 5 HETNLEM LT 58 2 Wir, rdbI s By b e A (1] 1
304-f).

2.2. WERLTIRRAE A REITTR AL

T BEAPEAIL AT 2 A I R X R T ) RE R S5 i A B I G W0 S v WL 00 21 PR 30 R (44T 28 e BRI [22]
NT T REESX AR 12975 £ X JURBEER A AT MAPEVE T, FATMEEAT 2] T AR 7RI K i KB B
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TR EAE . BB R, ERBH B Hl XA AR — Lol BN R e B 7 1 AR . G 3k
B, IREEARFEE g — e B Ut L S IR OG. X GO BE AR R S R e S R R R
T SR K A 4K G P 3 AR R 4 AR A A D [23]

AR 12975 T 2022 4 3 H 24 HHHIIEHTH b, 2 J5 A N8 44 6 BUIEERIX . 14 2 875 T AR 12975
M3 H 25 HEI4 H 1 HEEAAF KRG . NEUGKE, — MR IHL G A, B 5 T 468
WA AR, IX BN [A) B H BTG B X BEE R A T V2 IR M GURBERT C J0mBE, B33 H 30 HKAET AR
12975 3% 50 DXV 2 55 B e e 1) X 1.3 JOREBE o b i m] DABH 57 1) S8 () AR R AR o o B i o0y,
B2 E R XA IR A& R — ELRR AL B R R 45 PR
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Figure 2. The HMI image shows the change in magnetic field strength of AR 12975 in the active region. The magnetic flux
generated by the photosphere is stored in the active zone, causing it to become more active, eventually leading to the erup-
tion of the flare

2. HMI B B/R T 7ERNX AR 12975 BHIR BT, AR EMHMBEFHTEDX, EHETSEMER,
REASH TIRMHGL

FTULE R, RAERBE B R FHAR T, 3530 X A7 00 R R AL B el o MR AR AT, AEA
[FIff) M GREBT S C BT EAF KA I, 153X AR 12975 (143750 5 FF AR ES, RimirEsbin. M3 H 35
HITaG, 5 X HIRL7 58 R R R AR — EAE RS I, £E 3 J1 30 HA 2Tl

2.3. TEBIHAE] X HERENTH

FIFH GOES T £ 4 W R B AR 1) X S £kifi /. GOES H— R A HhERE: 1k TR 4 Bl (7 35,790 A
B EEShERIELT), X TR EA AW R X SEE RS, LR HER R S [24] .
FRASNE il 10 1) ST B 25 A2 380 A B JE SR B T FRPBE £ b 35k A 280 X S 8 R 2 A e U 2

FIF SDO AIA B¥EiE 7533515 AIA 94 AL AIA 131 A, AIA 304 A P B e Az s i 25 (14 3). 78
AN [ P B R e B B0 X A @ 5 R] U B I B 20 R RE /N 3 XAk b, 43 o RS X AT SRR Ay S5
B, BEESH RES L, HREG RS
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Figure 3. X-ray flow curves of the active AR 12975 flare burst time period and the photointensity curves of the AIA 94 A,

AlA 131 A, and AIA 304 A bands. The dotted lines in the diagram indicate the start, lift, peak, and end of a flare. The red

curve represents the X-ray flow curve observed by the GOES satellite, the blue curve represents the photointensity curve of

the AIA 304 A band, the yellow curve represents the photointensity curve of the AIA 94 A band, and the green curve
represents the photointensity curve of the AIA 131 A band

& 3. JEFIX AR 12975 RIMEBEIR & BTEIER Y X BHERET LS AIA 94 A, AIA 131 A, AIA 304 A B ERRIATTIBE
k. BIPFELRRENNIS, B, BESSER. dEfh%AR% GOES TEMNBRN X HE&RET Lk,
%R AIA 304 AKERRIL IS B ML, A% R AIA 94 A HERRA TR Eihk, FEmMERR AIA 131
AR RN EE sk

TEBIIX AR 12975 ¥ X1.3 ZOMEBEI X S 4 Esm AT 2022 45 3 H 30 H 17:21 43 FF46 tH BB e
FHE Lt R 2R), LA X SR BRI L7 10°° KeV (B, 7 17:37 iE B KIEME, #id 10 KeV
(BBt L), 2 JaiB T B 20 R AT 7K.

XHTE AIA B LS R R BAI AT I AIA 94 AL AIA 131 A, AIA 304 A =i
BRI ZR T AR B, X =AM B GRE JL AR AE 17:30 Zda B[R — Rl BOKTR A, 1 dbZ4s
U X S R A B T BEH AT, AIA 304 A BERAE 17:30 20 G AN Ak FIEAE , 1 A Ak
B5 X STERTE 17:38 iA BT, 456 AILA EIEEE, I IS B A 5 R 2T B 240 o 3K 158 B L S 08
BHR R R R — s R KR AR AL . 1MIX 5 HMI BUE IS RAEFE &, UL TREBESE R ik f2
HORE TSR B RE SR ATAERERE 1 o Lh o
3. &g

T H &30 J2400 8 B EE[25] A5 30X AR 12975 & 24 It E[26], %G X H R A T 2 /NRERT,
FRR T K PHIENER 25 JE ISR AT R () 58 Ik X SRR B, 35— Ik X SR ) T-iE 311X AR 12887 [27] .
AR 12975 HIEH G, 35 3) X A WE B eGE =78, n Fosssshie st ig (7, mEBKT X
PREBE o 7 IR BT A A 3 TE], 531X AR 12975 H 12 o BUOKPH 2T, 2R I id 3 R A R B %
KEHEREFE AN E B TR R A RE .
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IATIEFE 7K X R AT S TR4EH, MR G BN 7RG M. 456 AIA EIRS HMI
KGR U] 1 RIda e R AL B S WA i BAE 23 8] B B — e MR (28] Ik X ZOREBEI Al
P2 s ALk 1 i e BT 1 A B SR PSSR R (R AR E » RUONUA A B, I HLEEAS S TR A5 HI 15 AR HE
MHARGHIWTIT . X W] BE e RO E A EAIRIRIME 12k, CARER T e M e R . S IBOLIRIY
5 X SRS RARIE I L R R — I %), REDEREEE A RS KRR RS . TR
G B0 HMI S, A R R hORE TR K Bk e

S, W R A ERIZ ARG B X AR 12975 H#fE 1R E HERE, 2T TR T S fd R
KRR BHAE R R A A BB AR M H B RER R R TT IR, IR S5 I SR RURE TG RE S PR, #52
RFR A EAT R EE ), A KR L TR, XERERA ©— R, R D42
ARPHE@EE . HINTHEARAURE ) KRBT T, NIRRT AR o 2% R B ATLA ) BEA

EEMA
o E R X ORRH R TSCRF (0 H 95 2022A03013-2, XIEEFEZ5).
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