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STATISTICAL ANALYSIS OF X-RAY SOLAR FLARE REGISTERED
ON SEPTEMBER 10, 2017

Abstract. In this paper, we performed statistical studies of solar flares registered on September 10, 2017. 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
wavelengths131 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.

Keywords: solar flares, Alfven waves, reconnection rate.

Introduction

Solar flares are powerful bursts of radiation, while coronal mass ejections are massive clouds of solar
material and magnetic fields that erupt from the Sun at high speeds. Harmful radiation from a flare cannot
pass through Earth's atmosphere to physically affect humans on the ground, however - when intense
enough - they can disturb the atmosphere in the layer where GPS and communications signals travel [1-
13].

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 brief radio 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. Solar flares are different to 'coronal mass ejections' (CMEs), which were
once thought to be initiated by solar flares. CMEs are huge bubbles of gas threaded with magnetic field
lines that are ejected from the Sun over the course of several hours. If a CME collides with the Earth, it
can excite a geomagnetic storm [14-17].

Large geomagnetic storms have, among other things, caused electrical power outages and damaged
communications satellites. The energetic particles driven along by CMEs can be damaging to both
electronic equipment and astronauts or passengers in high-flying aircraft.

Solar flares, on the other hand, directly affect the ionosphere and radio communications at the Earth,
and also release energetic particles into space. Therefore, to understand and predict 'space weather' and the
effect of solar activity on the Earth, an understanding of both CMEs and flares is required.
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Figure 1 - Active area 12673 in AIA 193 A and the total X-ray flux obtained in GOES 13 and GOES 15 [18]
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Figure 2 - Total proton and electron flux obtained in GOES 13 and GOES 15 [18]

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

in

reconnection model. To evaluate the reconnection rate in nondimensional form, M , = , wWe must
4
. . . . . BCOV .
estimate the Alfven velocity in the inflow region: V, = W Hence, if we measure the coronal
p

density p the spatial scale of the flare L , the magnetic flux density in the corona B, , and the timescale

Alfven velocity V,, and reconnection rate M , [19].

of flares 7, , we can calculate inflow velocity V;, ,
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.
The sun emitted a significant solar flare, peaking at 12:06 p.m. EDT on Sept. 10, 2017. This flare is
classified as an X8.2-class flare. X-class denotes the most intense flares, while the number provides more

information about its strength. An X2 is twice as intense as an X1, an X3 is three times as intense, etc.

— §f —
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In Fig. 1 shown the images obtained on the board of GHN satellite in XRT. To determine the length
of the loops, we used SXT images. From the SXT data, we get values for the length of the loops.
In Fig. 2 shows the total flux of X-rays and an electron, which was registered on September 10, 2017.

RESULTS

Using the method described in [20], we analyzed solar flare that have been registered on September
10, 2017. 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.
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Figure 3 - Reconnection rate M 4 Dlotted against the GOES class of the X flare

CONCLUSION

The values of reconnection rate are distributed in the range from 10~ —107°. Here, the value of the
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 of the Petschek model.
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2017 )KbLJIFBI 10 KbIPKYWEKTE TIPKEJITEH KYH )KAPKBLJIBIH CTATUCTHUKAJIBIK TAJIJIAY

AnHoranusi. Ocer mMakanama 2017 sxpurasiy 10 KbIpKYHEriHae TIPKEIreH KYH >KapKbLIAAPBIHBIH CTaTHCTH-
KaJIbIK 3epTTeyJiepi KYpri3inai. bi3 KyH »KapKpU1IapbiHbIH (PU3UKAJIBIK MOH/IEp] MEH KaiiTa yIITacy >KbLIIaM/IbIFbIH
Garananpik. OU3MKaIBIK NapaMeTp/i anbikTay yuin SDO cryTHukiHiH 60pThiHaa AIA unctpymentinin 131 A, 174
A, 193 A, 211 A, 335 A, 1600 A, 1700 A, 4500 A TonkplH y3bIHABIFBIHAA anbiHFaH xoHe SXT cyperi, HMI
Magnetogram, SOLIS Chromospheric Magnetogram, GOES XRT- nepekrepi naiigaaanbuiibl.
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AnHoTanus. B 3T0l cTaThe HaMU NPOBEAECHBI CTATUCTUYECKHUE UCCIIEN0BAHNS BCIBILIEK, 3apPETUCTPUPOBAHHBIX
10 cenrsopst 2017 r. MBI onpenenuim HECKOJIBKO (M3MYECKUX BEJIMYMH BCIBIIIEK M OLEHWIM CKOPOCTBH
MePECOeIMHEHNS COJIHEUHBIX BCIBIIIEK. /Iyt ompeneneHust (pU3NYecKUX MapaMeTpoB MBI MCHOJIB30BAI CHUMKH,
MTOJTyYCHHEIE c WHCTPYMEHTA AIA Ha oopty CITyTHHKA SDO Ha JUTHHAX BOJTH
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