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SOLAR ACTIVITY MONITORING
FOR THE PERIOD MARCH 20-25, 2019

Abstract. During a large solar flare, the flux of hard electromagnetic radiation from the sun increases many
times. In the ultraviolet (UV), X-ray and gamma rays that are invisible to us, our Sun becomes “brighter than a
thousand suns”. Radiation reaches the Earth’s orbit eight minutes after the solar flare. In a few tens of minutes, flow
of charged particles arrive, accelerated to gigantic energies, and after two or three days - huge clouds of solar plasma.
The huge interest in solar flares is not accidental. Large flares have a strong effect on near-Earth outer space. Particle
and radiation flows are dangerous for astronauts. In addition, they can damage the electronic devices of spacecraft,
disrupt their work. UV and X-rays from a flash suddenly increase ionization in the upper atmosphere of the Earth, in
the ionosphere. This can lead to radio communications disruptions, malfunctions of the radio navigation devices of
ships and aircraft, radar systems, and long power lines.

The source of flare energy is a magnetic field in the atmosphere of the Sun. It determines the morphology and
energy of the active region where the flare will occur. Here, the field energy is much larger than the thermal and
Kkinetic energy of the plasma. During a solar flare, the excess field energy is rapidly converted to particle energy and
plasma changes. The physical process that provides this transformation is called magnetic reconnection.

In this paper was monitored solar flares registered in the period 20-25 March 2019. We measure physical
parameters of 2 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-1to
several tens of km s-1, and the Alfven velocities in the corona are in the range from 103to 104 km s-L Hence, the
reconnection rate is 10-3 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 can be classified according to their brightness in the x-ray wavelengths.
There are three categories: X-class flares are big; they are major events that can trigger radio blackouts
around the whole world and long-lasting radiation storms in the upper atmosphere. M-class flares are
medium-sized; they generally cause briefradio blackouts that affect Earth's polar regions. Minor radiation
storms sometimes follow an M-class flare. Compared to X- and M-class events, C-class flares are small
with few noticeable consequences here on Earth [1-4].

Monitoring of solar flares in a real time is carried out by the Geostationary Operational
Environmental Satellite or GOES [5]. Data on the electrons, protons, and X-rays were taken from satellites
GOES 13, GOES 14 and GOES 15 [5-6].
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Figure 1- Active area 12735 (XRT Hinode) and the total X-ray flux obtained in GOES 13 and GOES 15 [5]

Figure 2 - Total proton and electron flux obtained in GOES 13 and GOES 15 [5]

On March 20, 2019, on the Sun, 1class C and 8 class B flares were registered. In total, 2 classes are
distinguished in the scale of solar flares: A, B, C, M and X, each subsequent of which exceeds the
previous power by 10-100 times. The event, more accurately estimated as B1.1, occurred at night and
observed for about 3 minutes with a maximum at 00:20 UT [6].

On March 21, at 00:04 UT recorded the first flare of class B8.0 with a duration of 9 minutes from the
highs of 00:13 UT on the Sun. In total, 7 solar flares of class B and 5 solar flares of class C were
registered.

On 22 March midnight, there was an eruption of class C2.1 at 00:27 UT and was observed for about
7 minutes with a maximum of 00:34 UT. In total, 17 flares of class B and 6 flares of class C were
registered.

On March 23 around 01:16 on World time there was a fairly strong release of solar matter into space.
The solar flare is estimated as B3.2 and its maximum was observed at 01:31 on world time. In total,
19 solar flares of class B were registered.

On March 24, 2019, around 02:28 GMT, another solar flare of class B8.6 was registered and was
observed for about 5 minutes with a maximum at 02:33 UT. In total, 6 flares ofclass B were registered.

On March 25, at 06:07, the first M class flare B1.5 was registered. The event occurred in the active
area of 12736 and was observed for about 8 minutes with a maximum at 06:15 UT. In total, 7 flares of
class B were registered.
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Table 1- Solar flares registered in the period from 20 to 25 March 2019 [6]

Date X-ray class Start time (hhmm) Maximim time (hhmm) End time (hhmm)
1 2 3 4 5
20/03/19 Bl.1 00:17 00:20 00:22
B6.1 07:.07 07:14 07:16
Cc4.8 10:35 11:18 11:34
B4.4 12:19 12:25 12:28
B1.0 13.06 13.09 13:14
B1.0 13:40 13:43 13:49
B2.1 1423 14:32 14:48
B3.2 17:36 17:59 18:12
B1.8 21:19 21:24 21:32
21/03/19 B8.0 00:04 00:13 00:19
Cl12 02:52 03:00 03:04
Ch5.6 03:08 03:12 03:15
B1.6 07:56 07:59 08:01
B14 09:45 10:12 10:22
Bl1 11:17 1121 11:31
Cl5 14:40 14:44 14:47
B2.2 1542 15:45 15:47
Cl12 15:58 16:.01 16.03
C26 17:13 1721 17:39
B8.38 19:54 19:59 20:02
B9.9 20:54 21:13 21:19
22/03/19 c21 00:27 00:34 00:38
B6.7 02:00 02:06 02:08
B6.5 04:11 04:15 04:20
Cc48 05:05 05:14 05:17
C26 07:54 08:01 08:04
Cl13 08:13 08:19 08:22
C1.0 10:14 10:19 10:25
B35 11:4 11:58 12:04
B3.7 12:10 12:13 12:15
B8.5 12:31 12:39 12:42
B7.0 12:46 12:54 12:57
B4.9 13:48 13:52 13:55
B35 14:13 14:18 1421
B2.1 1441 14:44 14:46
B4.4 15:24 15:34 15:55
B2.3 16:38 16:42 16:46
B3.6 16:55 17:03 17:07
B6.3 19:29 19:47 19:56
Cl4a 20:16 20:23 20:33
B9.7 20:52 21:19 21:31
B9.8 2111 21:19 21:26
B3.2 22:35 22:39 22:42
B3.1 2357 00:04 00:15
23/03/19 B3.2 01:16 0L:31 01:43
B5.0 01:50 01:53 02:01
B6.1 02:07 02:12 02:14
B25 02:57 03:02 03:05
B6.6 03:10 03:17 03:23
B3.0 05:06 05:09 05:11
B34 06:02 06:10 06:16
B2.7 10:33 10:40 10:44
B3.1 12:10 12:16 12:22
B5.7 1241 12:49 13.01
B3.0 14:18 14:22 14:24
B5.7 18:14 18:17 18:20
B4.5 18:49 18:53 18:55
B4.5 18:57 19:00 19:15
B2.1 20:48 2051 20:54
B8.9 21:.09 21:20 21:27
B5.3 22:04 2211 22:19
B8.0 22:36 22:39 22:41
B9.9 23:30 23:59 00:17
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Continuation ofthe table

1 2 3 4 5
24/03/19 B8.6 02:28 02:33 02:51
B4.8 04:35 04:39 04:44
B4.3 07:13 07:20 07:27
B1.8 08:03 09:22 09:33
B2.6 14:32 14:37 14:43
B9.6 19:16 19:31 19:40
25/03/19 B15 06:07 06:15 06:27
B2.2 06:52 07:23 07:27
B1.3 09:42 09:47 09:53
B1.7 11:29 11:34 11:44
B3.6 13:.08 14:10 14:35
B4.1 18:03 18:11 18:25
B3.4 21:26 21:48 22:23

Data analysis. 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. To evaluate the reconnection rate in nondimensional form,

\/ B
M A= -iL, we must estimate the AlfVen velocitgl in the inflow region: VA= -—oor12 . Hence, if we
A VA A >

measure the coronal density p the spatial scale of the flare L , the magnetic flux density in the corona
Bcor, and the timescale of flares Tjlare, we can calculate inflow velocity Vin, Alfven velocity VA, and

reconnection rate M A [7].

Monitoring of solar flares in real time is performed by the Geostationary Operational Surveillance
Satellite GOES. Electron, proton and X-ray fluxes are tracked by the satellites GOES 11, GOES 13 and
GOES 15.

In figure 1 shown the images obtained on the board of Hinode satellite in XRT. To determine the
length ofthe loops, we used SXT images. From the SXT data, we get values for the length ofthe loops.

In figure 2 shows the total flux of X-rays and an electron, which was registered on March 21-24,
2019.

Results. Using the method described in [7-9], we analyzed solar flare that have been registered on
March 21-22, 2019. Examined the dependence of the reconnection rate from GOES class of solar flares.
The temperature were obtained in SunPY using the methods of White et al. [10-11] who used the
CHIANTI atomic physics database to model the response ofthe ratio of the short (0.5-4 angstrom) to long
(1-8 angstrom) channels of the XRSs onboard various GOES satellites [12-13]. Table 2 summarizes the
parameters of the flares obtained in this work. Figure 3 shows the dependence of the reconnection rate
from timescale.

Table 2 - Parameters of the flares

Parameter 2019 Mar 21 19:54 B8.8 Flare 2019 Mar 22 05:05 C4.8 Flare

r(s) 300 540

L (109cm) 7.25 x 109 6.525 x 109
T (106K) 10 16

Vin(cm s-1) 6.04 x 106 3.02 x 106
VA(cms-1) 6.76 x 108 8.56 x 108
Ma 8.93 x 103 3.52 x 103
Hiare/l" (ergs s') 7.29 x 108 4.72 x 108
\cEreg/ dt 1 (ergs s4) 4.86 x 108 3.14 x 100
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Figure 3 - Reconnection rate M a plotted against timescale

Conclusion. During the period from 20 to 25 March 2019, 64 B class flares and 12 C class flares
were registered. The solar flares are recorded by a network of space observatories: telescopes on the board
of American SDO observatory, LASCO coronagraphs (European SOHO station), and by both STEREO
satellites (USA), which are now at a giant distance of hundreds of millions of kilometers from our planet.

The values of reconnection rate is distributed in the range 10 ~3. Here, the value ofthe reconnection
rate decreases as the GOES class increases. The value of the reconnection rate obtained in this study is
within 1 order of magnitude from the predicted maximum value ofthe Petschek model [14].

A.T. CapcembaeBal, M. OacypeH2, ®.b. benucaposal A.T. Capcembain3 M.E. A6uwesl
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3. Kemekb6aeB aTbiHgarbl Ne250 mekTten-nuuew, Kapmakiwbl aygaHbl, Kbisbinopga o06nbickl, KaszaxcTtaH

2019 XblNnAbLl 20-25 HAYPbI3 APANBITbIHAAT bl KYH XAPLbI/TbIHbILL BALIBITAY bl

AHHOTaLMA. M H XapKblibl Ke3iHAe KYH C3yNeciHeH KaTTbl 3/1eKTPOMarHUTNK C3yNieNleHy arbiHbl GipHeLue ece
apTagpl. bisre kepiH6eWTiH ynbTpakYnriH (YK), peHTreH XsHe ramma-caynenepge 6i3aw, KYH «MblH KYHHeH e
apThbIK XapKblpaiigbl». Pagnaunsa XXep opoutacbiHa ceriz MUHYT €TKEH COH XeTeAr bipHewle oHgaraH MUHYT iLiHAe
3apsaTanraH 6enweKTepaiH arbiHgapsl narnga 6onagbl, onap YNAKeH aHeprusra aiHanagbl, an eKi-Yw KYHHeH KeliiH -
NH nnasMacbiHAarbl Y/keH 6yntTap Kenw xetegdi. KYH apKbinbiHa fereH YKeH Kbi3bITYLbIUIbIK Ke3[eACcoK eMec.
YnKeH " H >KapKbiibl JXepfAiH >XakblH KeHIiCTiriHe KaTTbl acep eTefi. benwek >XsHe pagnauusnbliK arbiHhap
rapbilikepnep YwWiH kayinti. COHbIMEH KaTap, Ofap rapbill annapaTTapbiHbiH 31eKTPOHALIK KYpbIArbinapbiHa
HYKCaH KenTipin, >XYMbICbIH HOTEH Wbirapybl MYMKIH. KyH >XapKblfiblHaH yNbTpa™inH X3He peHTreH caynenepi
KeHETTeH XepALy >oraprbl aTMmocdepacbiHia, MOHOc(hepata MOHAaHYAbl KylleliTega. byn paguo 6ainaHbICbiHbIH
Y3inyiHe, Kemenep MeH 3ye Kemeneplill, PafuonoKauuanbik xY/Aenep MeH anekTp XeninepiHiH HaBuraumsibik
KYpPbINrblNapbliHbIH akaynapbiHa 3Kenyi MYMKiH.

KYH apKbl/bIHbIH 3HEPTUACLIHLIH Ke3i - KYH aTMocepacbiHarsl marHuT eplcl. On KYH »apKbifibl 601aTbiH
6enceHpi aiMakTbliH MOP(ONOrMACHI MEH 3HEPTUACHIH aHblKTalnAbl. MyHAa epic 3Heprusicel Na3mMaHbiH XbIIY YX3HE
KVUHETUKaNbIK 3HepruscbiHaH angekanga YnkeH. KYH apkbiibl Ke3wfje apTbiK epic 3Heprusicbl 6GeslekTepAiH
3HepruscbiHa Te3 aliHanadbl XX3He Mna3MaHblH e3repraHe anbin Kenegi. byn TYpneHygi kamTamacbi3 eTeTiH
(hr3nKanbIK NPOLECCTi MarHUTTIK KaiTa ywTacy fAen ataigbl.

Ocbl makanaga 2019 xbingblH 20-25 HaypbI3 apanbirbiHAa TipKenreH KYH XXapKbingapblHbiH - 6akbliaybl
XYprisingi. byn makanaga ekl KYH >XapKbliblHbIH (DM3MKaNblK napaMmeTpaepll enwenik, 0N HensweH YyakbIT
LUKanachl, KYH XapKblNblHbIH €3iHAIK elleMiH XX3He MarHuT arbiHbIHbIH ThirbI3AbIrbIH, )X3He GOES knackl ancipei
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HacTaraH caviblH KyH XapKbl/ibIHbIH €3iHAIK efileMaepi KeHipek Tapanyra 6elM 601aTblHAbINbIH aHbIKTaAbIK, X3He
6yn xepae GOES knacbiHa Tayenfi MarHuUT arbliHblHbIH ThIrbI3AbITbIHBIH TEMEHT | LWeri 601aTbiHbl aHblKTanabl. bi3
coHfai-ak 20-25 HaypbI3 apanbirbiHAa TIpKeNreH KYH XXapKbIblHbIH KbiCKalla TangayblH XYpPrisgik, COHbIMEH KaTap
KYH >KapKbl/blHbIH YaKbIT LUKanacblHbIH Y3aKTblbIrbl X3He BYKin aneMfiik yakbiTTa KepceTiNreH MakCUMyMbl
aHbIKTanapl.

Bi3 KYH >apkblngapblHblH OipHelle (U3MKanblK M3HAEPi MeH KaliTa ywTacy >XbiNAaMAblrblH ecenTen
TaNKblNagblk. ®u3nKanbik napameTpaepai aHoiktay YwiH SDO cnyTHUKiIHIH 60pTbiHAa AIA MHCTpYMeHTWW, 131 A,
174 A, 193 A, 211 A, 335 A, 1600 A, 1700 A, 4500 A TONKbIH Y3bIHAbITbIHAA anblHraH Xx3He SXT cypen, HMI
Magnetogram, SOLIS Chromospheric Magnetogram, GOES XRT- gepera” naiiganaHbingbl. baiikay H3TUXeciHae
afblHraH MaHAepAi KongaHa oTbipbin, 6i3 MarHUTAK KaiTa ywTacyablH TYCY XblngamabirbiH, KOPOHabIK AbdBeH
XKbINAAMABITBIH XX3He MarHWUTTIK KaiTa ywTacyabl ecentefik. ArblHHbIH TYCY Xbligamabirbl GipHelwle KM c-1-aeH
GipHelle oHfaraH KM-re c-1-re AeiiH TapanraH, an KopoHagarbl AnbBeH Xbingamabirbl 103TeH 104km c-1 agnanasoH
apanbirblH Kypaingbl. COHbIMEH, MarHWTTI KaiTa ywracy Xbingamabirsl 10-3 MaHIH Kypaligbl. KYH apKblnblHAATbI
MarHuTTi KaiTa yLTacy Xbingamabirbl TeMeHAereH caiiblH GOES Knacbl XKorapblnainTbiHbl aHbIKTaNAbl.

TYWiH ce3gep: KYHXapKbifibl, PEHTIeH Caynecy KaiiTa yluTacy XbinaamMabirbi.

A.T. CapcembaeBal, M. OacypeH2, ®.6. benucapoBa, A.T. Capcembaii, M.E. Abnwes
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MOHWUTOPUHI CONMHEYHbIX BCINbIWEK B MEPUO/
20-25 MAPTA 2019 TO4A

AHHOTauua. Bo Bpems 60/bLIOA BCMbLIWKMA MOTOK >XECTKOro 3/1eKTPOMarHUTHOro usaydeHus ConHua
BO3pacTaeT BO MHOr0 pa3. B HeBMAMMBIX 418 HAC yAbTpapuoneToBbix (YD), peHTreHOBCKUX M raMma-nyyax Hatle
ConHue cTaHOBMTCA "spuye ThiCAYU COMHL". M3nyyeHue pocturaet opbuThl 3eMan Yepe3 BOCEMb MWHYT Mnoche
Hayana BCMbIWKK. Yepe3 HECKONbKO AeCATKOB MWUHYT MPUXOAAT MOTOKM 3apsHXKeHHbIX YacTWl, YCKOPEHHbIX [0
TUraHTCKUX 3HEepruid, a yepes ABOe-TPOe CYTOK - OrpOMHble 06flaka COMHEYHON nnasmbl. OrpoMHbIA MHTEpec K
BCMbiWKaM Ha ConHue He cryyaeH. Bofblume BCMbIWKM OKa3blBalOT CU/IbHOE BO3AECTBME Ha OKOM03eMHOe
KOCMUWYECKOEe MPOCTPAaHCTBO. MMOTOKM YacTul, U WU3NYYeHWUA OnacHbl ANS KOCMOHaBTOB. Kpome TOro, OHW MOryT
MOBPEANTL 3NEKTPOHHbIE NPUBOPLI KOCMUYECKMX annaparos, HapyWwnTb X paboTty. Y®- 1 peHTreHoBCKKE flyun oT
BCMbILLKM BHE3arnHO YBEWUYMBAIOT MOHMU3ALMIO B BEPXHUX CMOAX aTMocdepbl 3eMnu, B MOHOCHeEpe. 3TO MOXET
NPUBOAUTL K HapyLLeHWsAM pagnocssasn, c60sam B paboTe pagnmoHaBUralMoHHbIX NpM6opoB Kopabnel 1 camoneTos,
PaAn0NOKALNOHHBIX CUCTEM, A/IMHHBIX IMHWIA 3N1EKTPOCHABXEHNS.

VICTOYHMK 3HEPrUM BCMbIWKKW - MarHUTHoe nosie B atMocepe ConHua. OHO onpefensieT MOpgonorno u
3HepreTMKy TOW aKTUBHOIN 06/1acTW, rae NPou3oNAeT BCMbIKa. 34eCb 3HEPrus Noas MHOro 6onbLue, YeM TenoBas
N KMHeTUYecKas 3Heprua nnasmbl. Bo BpeMs BCMbILWKM NPOUCXOANUT OGbICTPOE MpeBpalleHne U3bbITOUYHOW 3Heprum
Mons B 3HEPIUI0 YaCTUL, U U3MeHEeHMa Mna3mbl. PU3MYECKUIA mpouecc, obecneymBaloLinii Takoe MpeBpaLleHue,
Ha3blBAETCA MAarHUTHbLIM NepecoeiuHeHNeM.

B 3Tol cTaTbe 6bl1 NPOBEAEH MOHUTOPUHT COMHEYHbIX BCMbILIEK 3aperucTpupoBaHHbIX B neprog 20-25 mapTa
2019 roga. Mbl n3mepunu Guanyeckne napameTpbl 4BYX BCMbIWEK, B OCHOBHOM LUKany BPEMEHMW, XapaKTepHbll
pasmep BCMblIWeK U NAOTHOCTb MarHUTHOFO MOTOKA, ¥ 0OHAPYXWUKW, YTO XapaKTepHble pasMepbl BCMbIEK UMET
TeHAEeHUMIO pacnpeaensaTbcs 6onee LWIMPOKO, MOCKOMbKY Knacc GOES cTaHOBUTCS cnabee M 34eCb CyLLeCTBYeT
HWXHWIA Npefen NAOTHOCTU MarHUTHOTO NOTOKa, KOTopas 3aBUCUT OT Knacca GOES. Mbl Takxe cfenanun KpaTkuii
aHann3 COJIHEYHbIX BCMbILIEK 3aPEruCTPUPOBaHHbIE B 3TU AHW, a TakXke NoKasaHa NpPOLO/MKUTENIbHOCTb BPEMEHM
BCMbILLKY 1 ee MaKCUMyM No BceMUpHOMY BpeMeH!.

Mbl onpefenunn HecKoNbKO (U3NYECKUX BENNYUH BCMbILWEK W OLEHWIW CKOPOCTb MNepecoefuHeHns
CO/IHEYHbIX BCMbIeK. [Ana onpegeneHus (U3MYECKUX MNapameTpoB Mbl MUCMO/b30BaAN CHUMKMW, MOMYYEHHbIE C
nHcTpymeHTa AlA Ha 60pTy cnyTHUKa SDO Ha gavHax BonH 131 A, 174 A, 193 A, 211 A, 335 A, 1600 A, 1700 A,
4500 A, SXT - cHumku, HMI Magnetogram, SOLIS Chromospheric Magnetogram, GOES XRT-gaHHble.
Mcnonb3ys Habnogaemble 3HAYEHUSA, Mbl OLEHWIN CKOPOCTb NPUTOKA MarHUTHOrO NepecoefUHeHNs, KOPOHaNbHYHO
a/Ib()BEHOBCKYI0 CKOPOCTb W MarHWTHoOe nepecoegvHeHue. CKOPOCTWU NPUTOKA pacnpefensitoTcs OT HECKONbKUX
KM C-1 JO HECKO/IbKMX AeCATKOB KM C-1, a ab)BEHOBCKME CKOPOCTM B KOPOHE HaxogaTca B AgmanasoHe oT 103 go
104 km c-1 CnepoBatefibHO, MarHMTHOe nepecoeinHeHve coctaBnset 10-3 Mbl Haxo4MM, YTO CKOPOCTb MarHUTHOMO
nepecoeiVHeHNs B BCMbILLKE UMEET TEHAEHLMIO YMEHbLUATLCSA C YBennyeHneM knacca GOES.

KntoueBble C0Ba: COMIHEYHAs BCMbIWKA, PEHTIEHOBCKOE U3/TyYeHWe, CKOPOCTb NMepecoenHeHus.
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