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Golden Age of Solar Physics from Space

® Yohkoh (1991 - 2001) Japan/US /UK
Hard and Soft X-ray Imaging;
X-ray & Gamma-ray Spectroscopy; Flares

Solar & Heliospheric Imaging; Helio-seismology

® TRACE (1998 -) NASA;
Highest Spatial Resolution UV & EUV Imaging

® CORONAS-I,-F (1994-, 2001 -) RSA
Monochromatic Imaging Spectroscopy

® RHESSI (2002 -) NASA / other
High-Energy Solar Spectroscopic Imager; Flares

® CGRO, Ulysses, and other heliospheric missions
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2001, October 22
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Temporal profiles of soft X-Ray fluxes (GOES)

GOES Xray Flux (5 minute data)  gegin: 2001 Dec 28 0000 UTG
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MarHuTHoOe nepecoeguHeHue B
npoueccax Ha ConHue

® MarHntHoe nepecoegMHeHNe — KpaeyronbHbIN KaMeHb
coBpeMeHHOW punankm ConHua, nexxawunm B OCHOBE
OONbLINHCTBA TEOPUN aKTUBHbIX COMTHEYHbIX MPOLIECCOB

® HecMOTpS Ha BaXkHYIO pOrlb MarHUTHOIO NepecoeanHeHuns, B
HacTosiLlee BpeMsi OTCYTCTBYOT BO3MOXHOCTM HabnoaaThb
3TOT NPOLECC UNU YCTaHOBUTL MOMNOXeHNe obnacTtem
nepecoeanHeHnst B KOpoHe

® [lonck NpsAMbIX HabNoaaTeNbHbIX NOATBEPXAEHWN
MarHMTHOro NnepecoeauHeHNs B KOPOHe NpeacTaBnsaeT oaHy
13 pyHaamMeHTanbHbIX 3a4a4 coBpemeHHon puanku ConHua



MariutHoe nepecoeanHeHue B :
KOCMMUYECKOU nrnasme

® MarHutHoOe nepecoeanHeHne — dBreHne, BbiXoasllee 3a pamku
dumsukm CornHua n paccmaTpuBaemMoe B KOHTEKCTe BOsbLLIOro Yncna
ABNEHUN (MarHntocepbl 3emMnu, nnaHeT N HEUTPOHHbIX 3Be3 U
nabopaTopHble 3KCNEPUMEHTDI)

® [lepecoennHeHne NponUCXoauT He TOMNbLKO B Nnsiasme, HO U B
BaKkyyme, Npuv4eM B NocrieHeM criyyae ssnsetcs bonee
3PP EKTUBHbIM.

® B ycrnoBusix KOCMUYECKOWN nna3mMbl nepecoeanHeHmne NpomcxoanT
TONBbKO B 0CODObLIX YCIOBUSAX, MPU KOTOPbIX HapyLLaeTcs
BMOPOXXEHHOCTb MarHMTHOrO nons B nnasmy. B nnasme ¢
6eCKOHEeYHOM NPOBOANMOCTbLIO MarHUTHbIE NIMHUM
nepecoeanHATLCS He MOTYT.



MarHntHoe nepecoeguHeHue

X-TOYKa

® X - MarHuTHbIN cenapaTop (0bLias nuHMS 3-X NOTOKOB)

- MalHUTHAA CENapaTpncca

(NOBEPXHOCTb pa3fena MarHuUTHbIX NOTOKOB)



MarHntHoe nepecoeguHeHue oo

® CyulecTBoBaHNe X-TOYKM HE O3HaYaeT nepecoegnHeHus
® [Ina Ha4ana nepecoefuHeHnst Hy>Hbl JONONHUTENbHbIE YCINOBUS

® Ecnu nepecoeanHeHne Havdanocb, TO OHO Bceraa byoeT natu
TOJNbKO B X-TOYKe



JHeproBblaerieHne Npu MarHUTHOM oo

nepecoeAnHeHUU

> <

OHEPIUA MArHUTHOTO

nons = 2*B%/8pi
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JHEPrmst MarHUTHOTO
nonst = 0



JHeproBblaerieHne B CONTHEYHbIX oo

BCMbILWKax

VicxoagHas IHEPINA

IHEPINA MAarHUTHOIO
Nnons

?

npeobpasosaresib

A

OHEPrns BCIbILLKM

TENNOBAsA HEPrUs
YCKOPEHME YacTuL
OBVKEHWE NMasmbl
BbIOPOCHI BELLIECTBA

MAI'HUTHOE NMEPECOEOVHEHNE




OTcyTCcTBUE 3KCMEePUMEHTanbHbIX
cBUAeTenbLCTB MarHUTHOIo
nepecoeanHeHus

® T[lpencrtaBneHns o LOMUHUPYIOLLEN POSN MArHUTHOIO

nepecoeanHeHnAa OCHOBaAHbI MNnpexae BCcero Ha TeopeTnv4eCckmnx

pacCy>XgeHUAX, a He JaHHbIX SKCNepnMeHTa

® [lepBas npuymMHa — HEBO3MOXHOCTb U3MEPSATb TPEXMEPHOE

MarHUTHOEe nose B KopoHe — B(Xx,y,z).

® Brtopas npuynHa — Manasi LUMpuHa TOKOBbIX CITOEB, BHYTPU

KOTOPbIX NponcxoaunT nepecoeanHeHne MarHMTHbIX NUHUN nop4AaakKa

10 caHTUMETPOB.
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BnepBble 0OHapyxeHbl B kopoHe CosHua B 1993 rogy CnyTHUKOM
YOHKOH (AnoHung). beino BbickazaHO npeanonoXeHne, YTo MCTOYHUKN

MapKUpYyT MECTA MAarHUTHOIO NEPECOEANHEHUSI B KOPOHE.



Nature 371, 495 - 497 (06 October 1994)

A loop-top hard X-ray source in a compact solar
flare as evidence for magnetic reconnection

S. Masuda, T. Kosugi, H. Hara, S. Tsuneta & Y. Ogawara

SOLAR flares are thought to be the result of magnetic reconnection — the merging of antiparallel
magnetic fields and the consequent release of magnetic energy. Flares are classified into two types™:
compact and two-ribbon. The two-ribbon flares, which appear as slowly-developing, long-lived large
loops, are understood theoretically?* as arising from an eruption of a solar prominence that pulls
magnetic field lines upward into the corona. As the field lines form an inverted Y-shaped structure and
relax, the reconnection of the field lines takes place. This view has been supported by recent
observations™ . A different mechanism seemed to be required, however, to produce the short-lived,
impulsive compact flares. Here we report observations made with the Yohkoh' Hard X-ray Telescope??
and Soft X-ray Telescope’?, which show a compact flare with a geometry similar to that of a two-ribbon
flare. We identify the reconnection region as the site of particle acceleration, suggesting that the basic
physics of the reconnection process (which remains uncertain) may be common to both types of flare.



BbicokoTemnepaTtypHasa nnasma B 000
KopoHe ConHua

[Mnasma c Temnepatypon 10 mnH. K. 1 Bbille obHapyxeHa B KopoHe ConHua
B 2001 rogy v HabnogaeTcs B KopoHe CornHua B BMAE OTAENbHbLIX MCTOYHUKOB
N3Ny4YeHus.
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BpemeHa X13HU BbiICOKOTEMMNEpPaTYpPHbIX | ee°°
MCTOYHMKOB U3NTy4YeHUs1 B KOPOHEe oo

T

97e7

1 auBapa 2002 roaa > 2 aunBapsa 2002 roga

NccnenoBaHmne cepuin n3obpaxXeHui nokassIiBaeT, YTo obractn ropsiyen nnasmbl
OSINTENbHO CYLLECTBYIOT B KOPOHE B TedeHune CyTok u boree. [pn aTtom
XapakTepHoe BpeMs TEMNOMNPOBOAHOIO OXNaXXaeHNa Takown nnasmbl — HECKOMNBLKO
OECATKOB MUHYT.
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BpemeHa X13HU BbiICOKOTEMMNEpPaTYpPHbIX | ee°°
MCTOYHMKOB U3NTy4YeHUs1 B KOPOHEe oo

(b) NOAA Ne 9753
01 January, 2002
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Intensity, counts (10°)
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Bapuaumn nanyvyeHuns nctovyHuka Ha maclutabe spemenun - 30 MUHYT

ccneposaHune npodunen nsnyyeHmUsa NCTOYHMKOB C BbICOKMM BPEMEHHbIM
pa3peLllueHneM nokasbiBaeT, YTO BpeMS XXU3HU MCTOYHUKA — MaSio U
corrnacyeTcs C BpeMeHaMn ero oxfiaXxaeHud, a onurenbHoe CyllecTBoBaHme
nsia3mMbl B KOPOHE B OAHOM MecTe OBbSCHSETCA TEM, YTO HarpeB NponucxoanT
BCE BPEMSA B OAHOW N TOU Xe «BblAENTEHHON» TOYKE KOPOHbI.



w v 0000
CpaBHeHue obnacTtei ropsiuer nna3mbl ¢ | 222
MarHUTHbIM nonem ConHua oo

(b)

3 00Lmx coobpaxkeHUn MOXHO OXnaaTb KOPPENSUNIO Mexay
9doPeKTUBHOCTLIO HarpeBsa nnasmbl 1 BENMYNHOW MarHMTHOMO Nons B KOPOHE.
HabniogeHni nokasbiBatloT, YTO Takasa Koppensauns otcytcteyeT. CywecTBytoT
oBLWKMpHbIE 06NACTM OYEHb CUSTBHOIMO MarHUTHOIO NOMS, B KOTOPbLIX HE
npoucxoanT Harpesa nriasmebl. [1pyn TOM, 4HTO B pacnonoXXeHHbIX PSaoM
NOXOXKUX 0bnacTax HarpeB nnasmbl UAET U C BbICOKON 3 EKTUBHOCTbLIO.
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CpaBHeHue obnacTteun ropsiuer Nnasmbl ¢ | e°°
MarHUTHbIM nonem ConHua oo

RAMEY SUNSPOT SPIRIT MgXII

HAMEY SUMSFOTS
January 12002
13:51 UT Tair
Bp 30
= 13

1351 UT | 13:13 UT
S

[TokazaHo, 4TO Koppensuma Harpesa nfasmbl U MAarHUTHOMO MOMSA CYLLECTBYET,
Oo[Ha HarpeB KOppenupyeT He C BENTMYMHOW MNOs, a C ero Tonosiornen. Harpes
ONNTENBHO NpoNcXoanT B 061acTaX Co CrOXHOW KOHdUrypaumen rnons
(HECKONBLKO COSTHEYHbIX MATEH pa3HOW NOMAPHOCTM) U HUKOrAa HE NMPOoUCXoauT
B 00NacTsxX COCTOAWMX N3 OQHOMO UM ABYX MSATEH.
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CpaBHeHue obnacteu ropsayen nnasmbl c | oo
MarHUTHbIM nonem ConHua oo
lX-point
- I [— | — L 1 .

[MpuHUMNManbHOE CNOXHbIX KOHUIypaunn n3 60nbLIOro Yncra nsaTeH ot
BMnonNaApHbIX KOHUrypauum — BO3MOXHOCTb (DOPMUPOBaAHUS X-TOYKN B
KOpoHe. [1pn 3TOM BENNYMHA MarHUTHOIO NoNsA B OUNONSIPHLIX KOHMUrypaumax
MOXET ObITb JaXe BblLE, YHEM B CIOXHbIX KOHUrypaumsax.



o000
KacnoBble CTPYKTYypblI = eocs
BbICOKOTEeMMNepaTypHON nnasme oo

MgXII 8.42 A: 21 September 2001, 14:05:03 UT

[lononHuTenbHble dprymMmeHTbl B MNMOJ1b3y CBA3U MeXAYy o6pa303aHmeM ropﬂqeﬁ nJia3mbl 1
MarHMTHbIM nepecoeanHeHneEM: HabnaeHns KacnoBbIX CTPYKTYp B obnactu TemMneparyp

Boiwe 10 MnH. K (CTPYKTYpbl CO LWIIEMOBUAHON OCODEHHOCTBIO — Takasi KoOHUrypauus
OOJSIKHA BO3HMKATb B TOMKaxX nepecoefuHeHuns).



BbIBOAbI T3

® B dmsuke ConHua cylwectByeT coyHaameHTanbHasa npobnema
noucka «MapkepoB» MarHUTHOro NepecoeanHEHNs B KOPOHe. JTa
npobrnema ceBsidaHa C HEODXOAMMOCTbLI SKCNEPUMEHTASBHO
NoATBEPAUTL POflb MAarHUTHOIO NepecoenHEHUsT B aKTUBHbIX
COSTHEYHBbIX MpoLieccax, a Takke ¢ npobnemon npeackasaHms
COJTHEYHbIX BCMbILLEK.

® lloeanbHbl Mapkep OOSTKeH O4HO3HAYHO yKasbiBaTb HA MecTa
MarHMTHOro rnepecoegnHeHns B KOpoHe (NosIBNATLCSA TaM, rae OHuU
eCTb WU OTCYTCTBOBATbL TaM, rae 3aTux obrnacrten HeT), NO3BONSATb
aenaTb BblBOAbl O TEMIME MNepecoeauHEHns, a Takke No3BonAThb
HabnogaTb NnepecoeanHeHNe He TONTbKO BO BPEMS BCMbILLEK, HO U
Ha cTagun HaKoMNMEeHUA BCMbILLEYHOWN 3HEPTUMN.

® [lokasaHo, YTO B 3TUM TpebOBaHUSAM B 3HAYUTESIbHON CTEMNEHU
yOOBIIETBOPSIIOT KOMMNAKTHble 0611aCTM BbICOKOTEMMNEPATYPHOM
nrasmel, HabngaemMmble B KOPOHE B AManasoHe TeMmneparTyp
nopsgka v soiwe 10 mH. K.
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