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DEFINITION OF THE RECONNECTION RATE
OF MOST POWERFUL SOLAR FLARES

Abstract. We observed top 10 X-class solar flares registered in the period November 1997 - September 2017.
We measure physical parameters of 10 solar flares, such as the temporal scale, size, and magnetic flux density, and
find that the sizes of flares tend to be distributed more broadly as the GOES class becomes weaker and that there is a
lower limit of magnetic flux density that depends on the GOES class. We also made a brief analysis of solar flares
registered in these days, also has shown the duration of time and peak of solar flares in Universal time.

We have identified several physical quantities of solar flares and estimated reconnection rate of solar flares. To
determine the physical parameters we used images taken with the AIA instrument on board SDO satellite at
wavelengths 131 A, 174 A, 193 A, 211 A, 335 A, 1600 A, 1700 A, 4500 A, SXT - pictures, HMI Magnetogram,
SOLIS Chromospheric Magnetogram, GOES XRT-data. We estimate reconnection inflow velocity, coronal Alfven
velocity, and reconnection rate using the observed values. The inflow velocities are distributed from a few km s™ to
several tens of km s, and the Alfven velocities in the corona are in the range from 10° to 10" km s”'. Hence, the
reconnection rate is 10~. We find that the reconnection rate in a flare tends to decrease as the GOES class of the flare
increases.

Keywords: solar flares, X-rays, reconnection rate.

Introduction. Solar flares are strong “explosions™, seen as sudden brightening atmosphere of the Sun
over active regions (sunspot groups). They take position in the chromosphere and the corona, but the
powerful ones can increase temperature even the photosphere (producing a flare visible even in white
light).

Richard Carrington, who was drawing sunspots, when he suddenly noticed two bright spots in one of
the sunspot groups, observed the first Solar flare in 1859. They brightened and faded in just ten minutes.
Carrington already noticed that this phenomenon was followed by the appearance of northern lights on the
following night. These white-flares are very rare, less than a hundred of them were observed in the last
century. In the short wavelength range (UV and X-ray) the brightening is even more bigger. During a
flare, the total ultraviolet radiation of the Sun rises with a significant factor, while the level of sum X-ray
radiation from the Sun can grow with orders of magnitudes [1].

Flares produce effects across the entire electromagnetic spectrum. They produce x-rays and ultraviolet
radiation, which indicates very high temperatures during a flash. Radio waves show that a small fraction
of particles is accelerated to high energies. Most of the radiation is synchrotron radiation generated by
electrons moving along spiral paths around magnetic field lines. The flux of high-energy particles and
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cosmic rays also increases on Earth as a result of intense flash. Magnetic storms on Earth often occur with
a delay of about 36 hours after a flare event was observed on the Sun. This is mainly interpreted as the
amplification of the solar wind, which compresses the magnetosphere and increases the magnetic field at
the surface of the Earth. Flashes appear in areas where a sharp change in the direction of the local
magnetic field occurs. The preferred mechanism for explaining the sudden release of energy in flashes is
magnetic reconnection.

Solar flares are giant explosions on the sun that send energy, light and high speed particles into space.
These flares are often associated with solar magnetic storms known as coronal mass ¢jections (CMEs).
The number of solar flares increases approximately every 11 years, and the sun is currently moving
towards another solar maximum, likely in 2013. That means more flares will be coming, some small and
some big enough to send their radiation all the way to Earth.

The biggest flares are known as "X-class flares" based on a classification system that divides solar
flares according to their strength. The smallest ones are A-class (near background levels), followed by B,
C, M and X. Similar to the Richter scale for earthquakes, each letter represents a 10-fold increase in
energy output. So an X is ten times an M and 100 times a C. Within each letter, class there is a finer scale
from 1 to 9 [2-3].

C-class and smaller flares are too weak to noticeably affect Earth. M-class flares can cause brief radio
blackouts at the poles and minor radiation storms that might endanger astronauts [4].

The most powerful flare measured with modern methods was in 2003, during the last solar maximum,
and it was so powerful that it overloaded the sensors measuring it. Massive solar X-ray flare, which
occurred on 4 November, was, at best estimate, an X28. This is a new number 1 X-ray flare for the record
books, the most powerful in recorded observational history.

In this work, we have identified several physical quantities of X-class solar flares and estimated
reconnection rate of X-class solar flares. We have analyzed top 10 strongest solar flares registered from
the period November 1997 - September 2017.

Table 1 - Strongest solar flares since November 1997 [6].

Ne GOES Date Region Start Maximum End
class
1 X238+ 2003/11/04 10486 19:29 19:50 20:06
2 X20+ 2001/04/02 9393 21:32 21:51 22:03
3 X172+ 2003/10/28 10486 09:51 11:10 11:24
4 X17+ 2005/09/07 10808 17:17 17:40 18:03
5 X144 2001/04/15 9415 13:19 13:50 13:55
6 X10 2003/10/29 10486 20:37 20:49 21:01
7 X94 1997/11/06 8100 11:49 11:55 12:01
8 X9.3 2017/09/06 2673 11:53 12:02 12:10
9 X9 2006/12/05 10930 10:18 10:35 10:45
10 X8.3 2003/11/02 10486 17:03 17:25 17:39

Data analysis. The amount of energy released during a flare [7-9], [ can be explained by the

are >

magnetic energy stored in the solar atmosphere,

2
Eﬂare ~ Emag = BCOV L3
87 (1)

where L is the characteristic size of the flare and B, is the characteristic magnetic flux density in the

corona. Since the released magnetic energy balances the energy flowing into the reconnection region, we
can describe the energy release rate as
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KyH >kapkpiabHbIH OipHemie (PM3MKAIBIK MOHI MEH KAHTa YINTACY JKbUIAAMABIFBIH CCENTEI TATKBLIAJIBIK,
Om3HKATHIK TApPAMETPIepi anbIkTay yirie SDO cryTuri 6opremaaa AIA muctpymertinin 131 A, 174 A, 193 A,
211 A, 335 A, 1600 A, 1700 A, 4500 A ToIKBIH Y3BIHABFBIHAA abIHFaH skoHe SXT cyperi, HMI Magnetogram,
SOLIS Chromospheric Magnetogram, GOES XRT aepekrepi maiinaganbuiisl. balkay HOTHKCCIHAC aTbIHFAH MOHII
KOJIAAHA OTBHIPBII, MATHHTTIK KAWTa YINTACYIBIH TYCY *KBUIIAMABIFBIH, KOPOHAIBIK ANB()BCH KBULTAMIBIFBIH KIHE
MATHHTTIK KaHTa YIITACYIbI €CENTEIK. AFBIHHBIH TYCY KBLIIAMIBIFE OipHEITE KM C'-IeH GipHeITe OHIAFAH KM-Te
¢'-re meiiin TapanraH, an KopoHaZarsl Amb(BeH sKbUTIAMIBEEL 10°-Ter 10! kv ¢! nMAanasom apaneEBIH KypaisL.
COHBIMEH, MATHHTTi KaiiTa yImTacy KeImaaMmaeEsl 10” MoHiH Kypaiasl KyH KApKBUIBIHIAFBI MATHHTTI Kaita
YIITACY KbUIIAMABIFBI TOMeHeTeH caifbiH GOES KIachIHBIH JKOFAPBUIAHTHIHBI AHBIKTAIIBL.

Tyiiin ce3aep: KYH MKaAPKbLIbL, PEHTICH COYJIEC], KaliTa YIITACy KbUIIAMABIFBL.
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OINIPEJEJEHME CKOPOCTH NEPECOEAVMHEHUA
HAWBOJIEE MOIIHBLIX COJTHEYHbBIX BCIIBIIIIEK

Annotanmusi. COJHEUHBIC BCIBINKH TPOU3BOAAT 3((EKTHI BO BCEM 3ICKTPOMATHHTHOM crekrpe. OnHu
MPOM3BOIAT PEHTICHOBCKOE M YIbTPA(HOIETOBOC M3IYUCHHE, YTO YKA3hIBACT HA OUYCHb BHICOKHE TEMIICPATYPHI BO
BpEeMs BCIBIIIKH. PamMOBOIHBI MOKA3BIBAIOT, YTO HEOOJBINAS YACTh YACTHI[ YCKOPSIETCS A0 BHICOKHX JHEPTHH.
Boxpmmas 4acTh M3MYUCHHS — 3TO CHHXPOTPOHHOC H3JIYUCHHE, TCHEPHUPYEMOE 3NICKTPOHAMM, ABIDKYIIUMECS IO
CHHPATbHBIM TPACKTOPHSIM BOKPYT CHJIOBBIX JIMHHH MArHWUTHOTO TOL. [lOTOK vacTHIl BBICOKMX JSHEPTHIl H
KOCMHYCCKHUX JIYUCH TAKXKE YBEIMIMBACTCS HA 3€MIIC B PE3YJIbTATC HHTCHCHBHOW BCTBIMKH. MarHuTHele OypH HA
3eMIe 4acTo BOZHHKAIOT C 3aJCPKKOH MPHMEPHO HA 36 YacoB mocie Toro, kak Ha CoHIle HAOIF0JAIach BCIBINIKA.
DT0 B OCHOBHOM HHTEPHPETHPYETCH KAK YCHICHHE COJIHEYHOTO BETPa, KOTOPBIM CXXMMaeT MarHurocdepy u
VBEIMYMBACT MArHUTHOE TOJIC Y TMTOBEPXHOCTH 3€MIIH. BCTIBIIIKY MOSBISIFOTCSI B MECTAaX, TAC MPOUCXOIHUT PE3KOC
HM3MCHEHHE HANPABICHUSI MECTHOTO MATHUTHOTO TOJi. [IpeamoyuTHTe IbHbIA MEXaHU3M A1 OO BSICHCHHS BHE3AIMHOTO
BBICBOOOYKICHHS 3HEPTHH ITPH BCTIBIIIKAX — 3TO MATHUTHOC TIEPECOCIMHCHHC.

Bcenpimkn Ha CoTHIIC — OHO M3 CAMBIX BICUAT/IAIONINX JHCPTCTHUCCKUX COOBITHI B COJIHCUHOM aTtMoc(epe.
YuuTeIBasg UX POJb B SHEPICTHUCCKOM OaNaHCE COMHEUHOM KOPOHBI M WX (DYHKIHMIO, MTPAIOIIYIO BAKHYIO POJb B
KOCMHYECKOH TOTOJe, MHOTOUHCIICHHbBIC HAOMIOACHUS HUCCICIOBANIN BBIACICHHE SHEPTHH W WHIYKIHUIO COTHCUHBIX
BCIBINCK, VACKIA 0Cc000C BHHMAHHE COJHCYHOW aKTHBHOCTH. HaInWMOHAIBHBIC COJHEYHBIC OOCEPBATOPHH
TPETOCTABILIIOT BCEH CETH MHO)KECTBO JAHHBIX, OXBATHIBAIOUINX OOIIMPHBIC BPEMCHHBIC THANA30HBI (HAPHMED,
Comrcunas u remmochepHas odceparopusa, SOHO), MHOTOUHCICHHBIC HMCPCHCKTHBEI (00CEPBATOPHSA COTHCYUHO-
3emubIx oTHomeHui, STEREO) m Bo3BpamaroT MHOTO mHpOpMAaImu (00cepBaTopus coHeuHol auHamukn, SDO).
B uactHOCTH, OTpoMHEIH 006eM SDO-JaHHBIX JOCTYIICH TOJBKO W3 HECKOJBKUX XPAHWIIHIL, TAKOH THII JTAHHBIX, KAK
JAHHBIC IOJHOM KAACHIMM WM ITOJIHBIH AWCK, MPEICTABILIOINNN HAYUHYHO LEHHOCTH, TPYIHO 3arpy3HTh M3-32 HX
pasmepa.

Mps1 Habmonamu 10 MOIITHBIX COTHEYHBIX BCIBIIIEK KIacca X, 3apErHCTPUPOBAHHBIX B IEPHO ¢ HOSIOpS 1997 1.
1o ceHTsI0ps 2017 1. MBI m3mepuin (u3mdeckue mapaMerpsl 10 COTHEYHBIX BCIBIIICK, B OCHOBHOM IIIKAJTy BPSMCHH,
XAPaKTEPHBIH pa3MEp BCHBIMECK W IUIOTHOCTh MATHHTHOTO IOTOKA, M OOHAPY’KHIH, UTO XapaKTEpPHBIC pa3MeEphl
BCIIBIICK UMCIOT TCHACHIMIO PACIIPEACTATECS Ooliee MUPOKo, Mockoabky kinacc GOES cranosuTes cnabee u 31ech
CYMCCTBYCT HIDKHHH TPEACN IUIOTHOCTH MATHHTHOTO TOTOKA, KOTOpas 3aBHCHT OT Kiaacca GOES. Msr taxke
clenanW KpAaTKWH AaHATH3 CONHCYHBIX BCTBIICK, 3apPECTHCTPHPOBAHHBIX B J3TH [JHH, a TAaKXKC IOKA3aHA
MIPOJIOILKUTETEHOCTh BPEMEHH BCITBIIIKK M €€ MAKCHMYM 10 BecemMupHOMY BpeMEHH.

Msb1 ompenenuaM HECKONbKO (PH3MYECKMX BEIMYHMH BCIBINCK W OLCHHWIM CKOPOCTb IEPECOCTMHCHHUS
CONHEYHBIX BCHbHUCK. Jnd ompeacncHUs (DU3MUECKUX MAPAMETPOB MBI HCIIOJIB30BATIM CHHUMKH, IIOJYUCHHBIE C
macTpyMeHTa AIA Ha Gopry cryTauka SDO Ha mmumax BomH 131 A, 174 A, 193 A, 211 A, 335 A, 1600 A, 1700 A,
4500 A, SXT - cmmvxu, HMI Magnetogram, SOLIS Chromospheric Magnetogram, GOES XRT-mauusle.
Hcnons3yst HabmonaeMble 3HAYCHUS, MBI OLICHIIH CKOPOCTh MPUTOKA MATHUTHOTO TIEPECOCANHCHUS, KOPOHAIbHYIO
anb(h)BEHOBCKYIO CKOPOCTh M MArHUTHOE IiepecocauHeHre. CKOPOCTH MPHTOKA PACTIPEACILIFOTCS OT HECKOIBKHX KM
¢’ 10 HECKOJIBKHUX JECATKOB KM C ', a aTb()BEHOBCKHE CKOPOCTH B KOPOHE HAXOIATCA B AHAMA30HE 0T 10° 10 10° kM
¢!, CremosarenbHO, MATHHTHOE TIEPECOCTMHEHHE COCTABNAeT 10~°. MBI HAXOOMM, HYTO CKOPOCTh MATHHTHOTO
TICPECOCTUHCHHUS B BCIIBIIITKE HMCCT TCHACHIIHIO YMCHBINATHCA ¢ yBemmacHHeM Knacca GOES.

K/mo1ueBbie ¢JTI0BA: COHEYHAS BCIIBIIIKA, PEHTTEHOBCKOE H3IYUCHUE, CKOPOCTh IMEPECOCTHHEHILL.
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