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11 APRIL 2013 SOLAR FLARE:

MAGNETOHYDRODYNAMIC PROCESSES
Abstract

Was defined reconnection rate of solar flare observed with the SOHO Michelson Doppler
Imager (MDI). Measured physical parameters solar flare of 11 April 2013, such as the temporal
scale, size and magnetic flux density. Estimated reconnection inflow velocity, coronal Alfven
velocity, and reconnection rate using the observed values. The inflow velocity are distributed
from a few km s™ to several tens of km s, and the Alfven velocity 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.
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INTRODUCTION. In the energy release process in solar flares, magnetic reconnection is
generally considered to play a key role. The reconnection rate is an important quantity, because it
puts critical restrictions on the reconnection model. It is defined as M, = V,/V, in
nondimensional form, where ¥, is the velocity of the reconnection inflow and V, is the Alfven
velocity. It gives the normalized value of the reconnected flux per unit time. In spite of its
importance, what determines the reconnection rate in flares is still a question [1].

In spite of its importance, what determines the reconnection rate in flares is still a question. In
the steady reconnection model of Sweet (1958) and Parker (1957), the reconnection rate is M, =
(Re,) ", where Re, = (V4L /n) is the magnetic Reynolds number defined with the Alfven
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velocity, and m is the magnetic diffusivity, 7 ~ 104(1()TK
resistivity is attributed to Coulomb collisions (Spitzer 1956), the typical value of Re, is Re,, ~
10", which means that M, ~ 107 and the estimated timescale of the flare is about 1 yr [4]. This
is, of course, too slow to explain flares whose timescales are about 10>-10%s. On the other hand,

Petschek (1964) pointed out that the previous model lacks the effects of waves and suggested his
model with M, <7 /[8In(8Re, )]. The special feature of this model is that M, has a weak

dependence on Re,,. In this model M, <107 when Re,, ~ 10", and the estimated timescale is

. In the solar corona, if the

consistent with the observed value [2].
DATA ANALYSIS. The amount of energy released during a flare, Ej,., can be explained by

the magnetic energy stored in the solar atmosphere [1],
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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 [5]

dE 2
t T , (2)

where V;, 1s the inflow velocity of the plasma. Therefore, the time required for the energy inflow
to supply the flare energy is estimated as [3]
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and this should be the timescale of the flare. Using this timescale, we can estimate the inflow
velocity V;, as
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Figure 1 — The active region 11719 on the range H,, SWAP 174A, HMI Magnetogram, XRT [7]
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To evaluate the reconnection rate in nondimensional form, M, € Vo we must estimate the
A

Alfven velocity in the inflow region: V, = W . Hence, if we measure the coronal density p,

the spatial scale of the flare L, the magnetic flux density in the corona B,,,, and the timescale of
flares t4.., we can calculate inflow velocity V;,, Alfven velocity V,, and reconnection rate M,

[1].
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Figure 2 —The total flux of the proton, electron and X-rays (data from GOES 13 and GOES 15

RESULTS

[7]
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Figure 3 — Timescale ty.., reconnection rate M, plotted against the GOES class of each flare

Using the above described method, we analyze solar flare of 15 April that have been
registered in 2013 year. Examined the dependence of the reconnection rate from GOES class of
solar flares. Figure 3 shows the dependence of the reconnection rate from GOES class.

CONCLUSION. The values of reconnection rate are distributed in the range from 107
Here, the value of the reconnection rate decreases as the GOES class increases. The value of the
reconnection rate obtained in this is within 1 order of magnitude from the predicted maximum
value of the Petschek model.
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2013 XbUIJAbBIH 11 CoYIPAIH KYH XAPKbBIJIbl: MATHUTTII'MIPOAMHAMUKAIJIBIK
YPIAICTEPI

Kyn xapkbUiblHbIH KaiiTa yimnTtacy keligamasirbl SOHO Michelson Doppler Imager (MDI)
OaKbUIaHIEL. 2013 xburnbiy 11 coyipiHzme TIpKeNTeH KYH JKapKbUIBIHBIH (DU3UKAIIBIK
napameTpiiepl, SFHA KEHICTIK KOJIeM, OJIIeMI JKOHE MAarHUT OpPICIHIH THIFBI3JBIFbI. AFBIHHBIH
KaliTa YINTacy  OKBUIMAMIBIFBIHBIH, TOXTIK AJNb(GBEH O KBULAAMIBIFBI  JKOHE  YINTACy
KBUIIAM/BIFBIHBIH MOHEP] aHBIKTAIIbl. AFBIHHBIH JKBUIAAMIBIFLI OipHEIIE KMC ', all TOXKIETi
Anbdsen xpurmamabEsl 10°-10% kmc™' apanbiFpiHga Tapanrad. JKapKeUigarbl KaiiTa yIiracy
XKbpUTIaMIbIFBIHBIH MOHI GOES ki1ackIHBIH 6CyiHe 0alIaHbICThI a3albII OTHIP JCT €CeNTEeHMI3.

KinT ce3nep: KyH kapKbuibl, TOK, MarHuT ©pici, KalTa YIITacy KbUITIaM/IbIFbI.
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MATHUTOTUJPOJJMHAMUYECKHUE ITPOLIECCHI COJTHEYHOM BCIIBIIIKUA 11
AIIPEJIA 2013

CkopocTh nepecoeIMHEeHUs COIHeYHOM Benblku Habmoaanach B SOHO Michelson Doppler
Imager (MDI). bBeutn wu3mepensl (usuyeckue mapaMeTpbl  COJMHEYHOW  BCIBIIIKH,
3apeructpupoBanHoii 11 ampenst 2013 roma, T.e. MPOCTPaHCTBEHHBIM MaciiTad, pasMep H
IUIOTHOCTh MAarHuTHOro mnotoka. OneHeHa NpUOIM3UTENbHAs CKOpPOCTb I€-PECOeIUHEHUs
MPUTOKA, KOpOHAIbHAsl alb(BEHOBCKAas CKOPOCTb M CKOPOCTh MepecoeAuHeHus. CKOpOCTb
[PUTOKA PAaCIPOCTPAHAETCA OT HECKOJBKMX KMC ' JI0 HECKOJBKUX JECATKOB KMC ', a



Anb(pBEHOBCKas CKOPOCTH B KOpPOHE HaxoauTcs B auanazoHe or 10° mo 10* kmc™.
CrnesoBaTenbHO, CKOPOCTh nepecoeaunenus 107, Mbl cuMTaeM, 4TO CKOPOCTh MEPECOETUHEHHS
BO BCIBIIIKE YMEHBINIACTCS C YBEITUUEHHEM KJIacca BCIIBIIIKH, 3aPETUCTPUPOBAHHON CIIyTHUKOM

GOES.

KnaioueBble ci10Ba: COJNHEYHBIE BCIBIIIKK, KOPOHA, MarHUTHOE TIIOJIe, CKOPOCTb
HepPECOCANHEHHS.
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