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FEATURES OF MAGNETIC STRUCTURE
OF SUNSPOTS GROUPS AT DEVELOPMENT
OF SUSTAINED FLUXES HIGH ENERGY GAMMA RAY

Abstract. The research of magnetic structure of sunspots groups which were sources of three highest values of
fluxes gamma ray with energy of photons >100 MeV for all the time of observations on Large Area Telescope
(LAT), on board the Spacecraft (SC) Fermi Gamma-ray is conducted. At the same time observed fluxes of gamma
ray had also the greatest duration of existence. For comparison, group of spots of similar magnetic class was
attracted, but in the absence in it of events that are sources of gamma ray. As a result of the analysis, a characteristic
feature of the structure of magnetic fields was revealed: it is that in these sunspots groups inside the region of one
polarity there is a very close location of the magnetic field of the opposite polarity. This occurs in the consequence of
the interpenetration of cores and umbrae, as concentrated magnetic field carriers, of one polarity inside the field of
another polarity. Observations show the existence of a rather long neutral line with very high magnetic field
gradients, which affect the growth of active processes in the sunspots regions and, most importantly, the growth of
proton acceleration efficiency on high-speed shock fronts and shock waves of CME.

Therefore, groups of magnetic class sunspots BD and BGD, having a structure of close interweaving of magnetic
fields of opposite polarities, exhibit extreme activity and are proposed to allocate them into special subclasses - BDe
and BGDe (extreme). In the absence of such a property in the magnetic field structure, there is no significant
enhancement of activity in the sunspots groups of BD and BGD classes.

Keywords: Structure of magnetic field of sunspots groups, high energetic gamma rays from flares, magnetic
subclasses with extreme activity.

Introduction. The most powerful active phenomena in the Sun are solar flares which usually are
accompanied by the coronal mass ejection (CME). On modern representations, the flare and CME are
considered as the uniform process connected with violations of balance of magnetic structure in active
region. Development of flare is connected with allocation of free magnetic energy in active region owing
to her dissipation in current sheets because of magnetic reconnection with the subsequent action of
stochastic acceleration at development of various plasma instability [1-3]. At development of active region
its magnetic structure with the filaments which are located on the line of the section of polarities of
magnetic field continuously becomes complicated. Over filaments the closed loops of magnetic field
which create in general the closed magnetic configuration of all active region up to coronal heights are
located. At continuous impact of shift movements on bases of magnetic loops along neutral line of
magnetic field filament (prominence) loses stability and begins to rise up in an expedited manner, opening
magnetic structure and forming "core" of ejection of CME [4].

Shock waves of CME are considered as the main source of the accelerated solar protons to energy>
500 MeV at their distribution, both in corona of the Sun, and in the interplanetary environment [5].
According to results [6], protons with the energy exceeding 300 MeV in interaction with substance of the
solar atmosphere are capable to generate the neutral and charged pi mesons (peonies) at which
disintegration is formed a gamma ray. In cases of acceleration of flare protons to energy Ek> 500 MeV,
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neutral peonies become sources of ray of gamma photons of high energy >100 MeV which is registered
devices FERMI LAT.

Thus, summarizing results of the researches conducted earlier, we come to a conclusion that very
important factor in development of the flare process leading to education high-energy gamma ray is the
structure of magnetic field of active region, as represents the purpose of further researches.

Properties of magnetic structure of sunspots groups for events with the most intensive and long
fluxes high-energy gamma ray

The national Center NOAA publishes the observation data of solar active regions received on various
observatories with the indication of magnetic classification of sunspots groups of: A — unipolar, B —
bipolar, BG — bipolar with irregularly located polarities, BD — the delta the structure in which at least one
spot includes umbrae of opposite polarity and the most complex — BGD includes in addition to previous
irregularly located cores of opposite polarities. (stp_space-weather solar-data solar-features sunspot-
regions_usaf mwl.html).

The numerous, earlier conducted researches showed that the active regions possessing the most
complex magnetic structure (classes BD and BGD) are sources of overwhelming number of the highest
powerful proton events with pfi>10° (the maximum value of flux of protons >10 MeV) [7].

In our research four events are used, three of which had the highest maximum values of flux gamma
ray 9.0-10* y-em?-s7'< FyXToomevs 2.4 107 y-cm™?-s”, (Fermi LAT Maximum Likelihood). At the same
time, duration of fluxes of gamma photons with energy Ex >100 MeV was the largest - from 7 to 20 hours
(figure 1). [https://hesperia.gsfc.nasa.gov/fermi/lat/qlook/LAT qlook plots.htm)].

Fermi LAT Maximum Likelihood
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Figure 1 - Events of the highest intensity and the biggest duration
of fluxes gamma photons >100 MeV during observations of the Sun on telescope Fermi

Especially for comparison the fourth event which occurred in the group of spots of a BGD class is
attracted, but in it there were no flux of gamma ray. The main characteristics of the considered flare events
are presented in table 1.

Table 1
Data, Location yyyy/mm/dd, GOES X-Ray SEP CME Duration FiThoMev
deg Class, Start Flux (pfu) Speed, km s Fy>100Mev ycm?2s!
1 hours
2012/03/07, N17E15 X5.4,00:02 6310 2684 20 2.4-107
2014/02/25, S12E82 X4.9, 00:39 103 2147 7 1.8:107
2017/09/10, SO8W83 X8.2, 15:35 1490 3163 12 9.0-10*
2014/10/24, S12W22 X3.1,21:07 - 184 - -

Necessary to make a remark concerning rather low observed pfis value for powerful SEP - event on
February 25, 2014. It is connected about arrangement of flare on longitude - actually east edge of disk the
Sun. Therefore, in near-earth space of SC GOES were registered only an insignificant part of a flare flux
of protons (table 1, the 3rd column).
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Pictures with of SC Solar Dynamics Observatory are given below: a photosphere, color and black-and-
white magnetograms for four considered groups of spots (figure 2,3).

Figure 2 - a) On March 7, 2012 00h AR 1429; S=1310 millionths of the solar hemisphere (msh); N17 E15; group of spots of the
class BGD; The area border with close located four layers of the alternating umbrae of opposite polarities is marked in red color
on a black-and-white magnetogram. b) On February 25, 2014 00h AR 1990; S=250 msh; S12 E82; group of spots of the class BD

Comparison of structure of a magnetic field of four active regions which groups of solar spots have the
complex magnetic configuration (classes BD and BGD) indicates presence in three cases of her additional
very important property (figure 2a, and figure 3a). It is that in these groups of spots in region of one
polarity the magnetic field of opposite polarity is observed. It results from interpenetration of umbrae of
spots and pores as concentrated carriers of a magnetic field of one polarity in the field of other polarity.
Only the close arrangement of two separate cores and large-scale magnetic fields of different polarities is
characteristic of the fourth event (figure 3b) that didn't lead to very noticeable strengthening of the activity
processes in AR2192. Quite compact AR2192 (class BGD) considerably exceeded other considered
groups on the area. During passing on a disk of the Sun in it there were 95 flares of X-ray Class C,
33 flares of Class M and 6 flares of Class X. But at the same time, not a single proton event and not a
single geomagnetic storm have been registered. Flares were accompanied by several Coronal Mass
Ejections with very small speed.
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Figure 3 - a) On September 9, 2017 00h UT; AR 2673; S=1000 msh; S08 W74; group of spots of the class BGD; b) On October
25,2014 00h UT; AR 2192; S=2500 msh; S12 W22; group of spots of the class BGD. The delta structure of group is defined by
presence of umbrae of opposite polarities at the western part of a penumbra of the main multicores spot

It should be noted one more characteristic property of sunspots groups with the mixed polarities — very
high gradients of a magnetic field on quite long part of the neutral line in the active regions.

Possibly, very high speeds of coronal mass ejections which accompanied development of flares were
affected by the complex structure of magnetic field in first three (table 1) the considered active regions.
The additional research showed that in the period of 2010-2017 on SC SOHO at development of 9 flare
events coronal mass ejections which linear speeds exceeded 2000 km/s were observed. And only for
6 CME them sources (the active regions) were on a visible disk of the Sun. Thus, three more were added
to three already considered events with high-speed CME. For them the following data are revealed:
On January 23, 2012, Veme =2175 km/s, M8.7, Fy%%5omev=2.3-10" y-cm™¢”'; On January 27, 2012,
Veme =2508 km/s, X1.7, ]f';afmeeFS.O-lO'S y-em?-¢'; On May 13, 2013, Vome =2625 km/s, X3.2,

yo100Mev=3.5" 10° y-cm?-¢c’'. Duration of fluxes gamma ray with energy of photons > 100 MeV
according to observations on Fermi LAT (Maximum Likelihood) is from 2 to 5 hours. And the most
important — sunspot groups had the complex magnetic structure with the mixed opposite polarities. That
is, the assumption of relations of the linear speed of coronal mass ejections at development of flares with
structure of a magnetic field of the active region is confirmed. To quantify the complexity of the magnetic
structure of the active region the parameter can be used - the length of the neutral line of the magnetic
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field, only those pieces where they pass between the cores and the umbrae of opposite polarities. So for
the considered four events, length of pieces of the neutral line with the specified properties is respectively:
On March 7, 2012 — 6.9 degrees., on February 25, 2014 — 3.2 degrees., on September 10, 2017 —
5.8 degrees, on October 25 2014 — 1.0 degree.

In areas of the active region with closely spaced umbrae of opposite polarities, the neutral line has
many bends and the magnetic field has very high gradients. The length of the neutral line in such a
complex magnetic field structure clearly characterizes its effect on the size of the eruptive filament, its
mass, and the speed of coronal mass ejection in the further development of the active processes.

As a result of the unique location of the umbrae of different polarities in the active region of March 7,
2012, an area was formed, where a number of four layers were located, representing a sequential
alternation of magnetic fields of opposite polarities (see Fig.2a). It is remarkable that the similar structure
remained during all development of fluxes high energy gamma ray (20 hours). At the same time, in the
gamma ray of solar flare March 7, 2012 on Fermi LAT the maximum values of energy of quanta of
4-4.5 GeV were registered [8].

Conclusion. Thus, the sunspots groups possessing most the complex structure of a magnetic field
(classes BD and BGD) show extreme activity in cases of mixed of umbrae of opposite polarities. In such
magnetic structures, there are extended neutral lines with very high magnetic field gradients. Therefore,
the active regions having such unique magnetic structure feature should be allocated in special subclasses
- BDe and BGDe (extremal). In the absence of such property in structure of a magnetic field, significant
strengthening of activity in sunspots groups of the classes BD and BGD isn't observed.
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KOT'APBI DHEPI'UAJIBIK TAMMA-COVYJIEJIEHYIHIH ¥3AK MEP3IM/I AT BIMJIAPBIH
JAMBITYATFBI JAK TOIITAPBIHBIH MATHUTTIK K¥PbIJIBIMBIHBIH EPEKIITEJIKTEPI

Annoranus. KyHgeri xenrereH OenceHmi KyObUTBICTapIbIH IMIiHAE €H KyaTThl YHEPTHSUIBI KapKBUIIAp JKOHE
KYH TOXKiMEH OalJIaHBICTHI IIbIFapynap Ooein caHamanpl. Omap sKOFaphl JKBUIIAMIBIKTEI OOIIIEKTep aFbIHIAPBIHBIH
JKOHE OpPTYPIIi CIEKTPIIiK aiiMaKTapIarbl, COHBIH INIiHIE raMMa aiMaFbIHIAFbl SHEPTeTHUKAIBIK COyJIeNeHYIIH Ko3i
OOJIBIN TaObIIAIbL.

Kapxsinr mpomeciHig Heri3i Tikened Oemmexktepmid yaeyi Oombin Tabpuianel. Cebebi, KemTereH 3eprreynep
MarHUTTIK KYPBUIBIMBI eH Kypaeni aiimakrap (BD sxone BGD kmactapsl) xKoFapsl peHTTEH CoyJienepi MeH JKOFapbl
SHEPrHsUIbl  IPOTOHAAPIBIH MaKCUMaJJbl aFbIHAApPbl 0ap €eH KyaTThl J>KapKbUIObIH OachkiM Ke3i O0oJibIn
taObaTeiHAbIFbIH KopceTTi. LAT FERMI ramma teneckonbl apKbuibl OYKia yakbIT Oolibl Oakputanran >100 MaB
KBaHTTBIK SHEPTHUsUIbI €H XKOFaphbl YIII TaMMa-CayJIeJIeHy arbIHBIHBIH K31 OOJFaH KYHHIH OeJICeHIl aliMaKTapbIHBIH
MarHuTTIK KypbUIbIMIaps! 3eprrensi. CoHbIMeH Karap, OaKbUIaHFAH raMMa-CcoyJielliK arbIHIaphl eMip Cypy YaKbIThI
y3aK Oomnpl. CanbICTBIpY YINIH YKcac MarHHWTTIK KJIAcThIH OeJiCeH[l aiMarbl TaHmaubll, OipaKk OHAa raMma-
CoyJIeNeHyAIH maiiia OolyblHAa oKeJNeTiH epekuenikrep Oonmansl.OpblHIaNFaH Tajjiay HOTIDKECIHEH OerceHni
SHEPTeTUKANBIK OKUFAIaphl Oap OerceHni aiMakTapra TOH MArHUAT ©pici KYpBUIBIMBIHBIH KacHeETi - Kapama-Kapchl
MOJISIPIIBI JKAKBIH OpHANACKAH SApOJap JKOHE JaKTap KeJeHKeCiH OeJIeTiH JKeTKUTIKTI Y3bIH OeWTapamn CHI3BIKTHIH
0odyBl aHBIKTaNABL. by 0acka TMONAPNBIK OpICTiH imiHmeri Oip MONSAPIBI MAarHUT OPICIHIH IIOFBIPIIAHYBIHBIH
TachIMaNJayIIbUIaphl PETiHAe SApojiap MEH KeJICHKENEpIiH e3apa ocepiiecyi HOTWXKeciHAe maiinma Oomamel. byn
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Karnainapaa JKypri3uvireH Oakpuiayiap OelTapan ChI3bIKTAp/bIH KOJIICHEH MarHUT OpICiHIH TIpajJueHTIHIH eTe
JKOFapsl MOHAEPl Oap, JaKkTap KeJEHKECIHAEr TiK epic rpaIveHTIHIH MOHAEPIHEH 5 ece jKOFaphl OOIKTEpiHiH 0ap
eKeHJIITH kepcereni. MyMKiH, OyJl MarHUT OpICiHIH OChIHAAN KYpHesi KypbUIbIMBI SHEPIUSHBIH Tapantybl Ke3iHnie
00C MarHUTTIK SHEPrUsSHBI THIMII LIBIFApyFa MYMKIHZIK Oepeni (KadTa KOCy HpolLeci) jkoHe OyJl eTe MaHbI3JbI,
JKOFaphl KbUIIAMABIKTBI COKKBI (DPOHTTaphl MEH KYH TOXKi IIBIFaPbUIBIMAAPIBIH COKKbI TOJKBIHIAPBIHAA TPOTOH/IBI
YZAETYAIH THIMIUTITIHIH e9yip apTybIHa 9Kellyl MyMKiH.

Bencenni aiiMakra opTypIi MOJSIPIIBIKTAP/BIH KeJIEHKeNepiHiH Oipereil opHanacysl HoTwkecinae 2012 >KbLIFbI
7 HaypbI3aa KapaMa-Kapchl MOJSPIIBIKTapbl 0ap MarHUT epicTepiHiH Ti30eKTel aybICYbIH OinaipeTiH TepT Kabdat Oip-
OipiHiH KacbHIA OpHANAcKaH aiiMak maiima O6omasl. bip epexmreriri, ykcac KypbUTBIM JKapKbUIIAFbl TaMMa-CoyIIEIiK
aFpIHIAPIBIH OYKiN mamysl ke3inae cakranabl (20 carat). CoHbIMEH Oipre, *KapKbUI MPOIECiHIH KOFaphl YHEPTUSIIBI
ramma-coynecinae, Fermi LAT-na Makcumanapl KBaHTTHIK dHeprust 4 ~ 4,5 3B Tipkenmi.

CoHJbIKTaH, KapaMa-Kapchl MOJISIpiIapiibl MAarHUT ©PiCTEPiHIH ThIFBI3 OpHANACYbl KypbUtbiMbl 6ap BD sxone BGD
MarHUTTIK KjacTap HakTapbl eTe OeJCeH[l KOHE Ooap/bl apHaiibl iliKi kiactapra Oemyi ycbiHbLIaasl - BD ixoHe
BGD (extreme). Maraut epiciHiH KypbUIBIMBIHIA MYHJai KacweT OonmaraH skarmaiina, BD sxone BGD kmactap
TONTapbIHIa OCICEHAUTIKTIH aTapIbIKTail ecyi OaiKaiManIbl.

Tyiiin ce3nep: [lakrap TONTapblHBIH MarHWTTIK OPICIHIH KYPBUIBIMBI, JKapKbUIIApAaH >KOFapbl 3HEPTHSIIbI
raMma-cayJie LbIFapy, KCTpeMallibl OeceHIUIIr: 6ap MarHUTTIK KJIacC TapMaKTaphl.
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OCOBEHHOCTHU MATHUTHOM CTPYKTYPBI I'PYIII NATEH [IPA PA3BUTHU
JJIMTEJIBHBIX IOTOKOB BBICOKOHEPTMYHOI' O 'TAMMA-U3JIYYEHHUSA

AnHoTauus. Cpeay MHOTOUYMCICHHBIX AKTUBHBIX siBIeHHMH Ha CoiHIEe COOBITUSIMU ¢ Haubosee MOIIHOM
3HepreT1/u<0i/'1 CUNUTAIOTCA BCHBIIIKU U CBA3aHHBIC C HUMU KOPOHAJIbHBIC BbleOCI)I. OHHU SIBIAIOTCS UCTOYHMKAMH KaK
BBICOKOCKOPOCTHBIX ITOTOKOB YaCTHII, TAK ¥ SHEPTUYHOTO M3IIyUYSHHS B Pa3IMUHBIX 00JIACTSIX CIIEKTPa, B TOM YHCIIE
U B raMMa — JuarnasoHe.

OCHOBOM BCHBIINIEYHOTO Ipolecca SBISETCA IMPSAMOE YCKOpEHHE 4YacTHll. MHOrOYMCIEHHBIE, paHee
MIPOBEJCHHBIC HCCIEIOBAaHMS MOKa3ald, YTO aKTUBHBIE oOyiacTh, oOiajarompe HauboJee CIIOKHOM MarHUTHOMN
cTpykTypoit (kmaccel BD m BGD), sSBIAIOTCS MCTOYHUKAME IIOAABIIIOIETO YHCIA CAMBIX MOIIHBIX BCIIBIIIEK C
BBICOKMMH PEHTT'€HOBCKMMH OajslaMd M MaKCHMaJbHBIMHU 3HAYEHHSIMH TIOTOKOB BBICOKORHEPTHMUYHBIX MPOTOHOB. B
MPEACTABICHHON paboTe WU3y4EeHbl COOBITHS, MAarHUTHBIE CTPYKTYypbl AKTHUBHBIX O0OJAacTed KOTOPBIX ObUIM
HCTOYHHKAMH TPEX CaMBIX BBICOKHX MaKCHMaJIbHBIX TOTOKOB FAMMa-U3JIyueHHUs C SHEPTHsIMHU KBaHTOB >100 MeV 3a
Bce BpeMs HaOmozeHuit Ha ramma-tesneckonie LAT FERMI. Ilpu stom HaOmromaemple MOTOKH ramMMa-H3ITydIeHU
HUMCJIN TaKXC Hal/I6OJ'I])LHle MMPOAOKUTCIIBHOCTh BPEMCHHU CYIHICCTBOBAHUS. IIJ'IH COIIOCTaBJICHUS 651na IMpUBJICYCHA
aKTHBHas 00JlacTh MOJOOHOrO MAarHMTHOTO KJlacca, HO C OTCYTCTBHEM B Hell OCOOEHHOCTEH, MPUBOISLIMX K
MOSIBJICHUIO TaMMa-u3JlydeHus. B pesynbrare BBHINOJHEHHOTO aHajiM3a BBISBIEHA XapakTepHas OCOOEHHOCTh
CTPYKTYpBl MarHUTHBIX MOJEH: OHA 3aKIIOYaeTcs B TOM, YTO B ITHX TpYIIax ISITEH BHYTPH OOJIaCTH OJHOU
MOJISIPHOCTH HAOJII0/1AaeTCsl OYeHb OJIM3KOE PACHOJIOKEHHE MAarHUTHOTO OIS MPOTHUBOIOJIOXKHON TOJIIPHOCTH. DTO
MIPOUCXOUT B PE3yJIbTaTe B3aMMONPOHUKHOBEHUS P M TEHEH KaK KOHIIEHTPHPOBAHHBIX HOCUTENIEH MarHUTHOTO
MOJsT ONHOW TOJIAPHOCTH BHYTPH MO Jpyrod mossipHOcTH. HaOmiofeHust B 3THX CHOydasx ITOKa3bIBAaIOT
CYIIECTBOBAHME JOBOJBHO MTPOTHKECHHBIX YIACTKOB HEUTPAIBHOM JIMHIH C OY€Hb BEICOKMMH 3HAYEHUSAMH IPaInCHTa
TOPU30HTAIILHOTO MarHUTHOTO T10JIsI, 60Jiee 4eM B 5 pa3 MPEBBILIAIONINME 3HAYE€HHS BEPTUKAIBHOTO TPAIUEHTa TT0JIs
B TeHHM IIATeH. BeposTHee Bcero, Takas CI0KHas CTPYKTYpa MAarHUTHOTO TIOJIS O3BOJISAET 3P (HEKTUBHO 0CBOOOKAATD
CBOOOIHYIO MarHUTHYIO HEPTHIO B XOJI€ IUCCUIIALNH SHEPTUH B TOKOBBIX CJIOSX (IIPOLIECC EPECOESINHEHNUS) U, UTO
0COOEHHO BaXXHO, MOXXET MPUBOJUTH K CYIIECTBEHHOMY pOCTY 3(GQEKTUBHOCTH YCKOPEHHs NPOTOHOB Ha
BBICOKOCKOPOCTHBIX YJIapHBIX (PPOHTAX U yIapHBIX BOJHAX KOPOHAIBHBIX BEIOPOCOB.

B pesynbraTe YHUKaJIBLHOTO PACIOJIOKEHUSI TEHEH pasHbIX MOJSIPHOCTEH B akTMBHOW obOiactu 7 mapta 2012 r.
o0pazoBaiack 00J1aCTb, TJ€ PAIOM PACIOIAraloTCs YETHIPE CII0s, ITPEACTABIISIONINE [IOCIIEI0BATENILHOE YePEJOBAHNE
MarHUTHBIX MTOJIEH C MMPOTHUBOIIOJIOKHBIMHU HOJISIpHOCTAMH. [IpuMedarensHo, 4To MoJ00Has CTPYKTYpa COXpaHsach
B TEUCHHE BCEro Pa3BUTHS MOTOKOB raMMa M3IydeHHs Bo Bemblmke (20 wacos). [Ipu 3TOM, B BBICOKOIHEPTHYHOM
raMMa-u3JIy49eHHH BCIbIIeyHoro mporecca Ha Fermi LAT Obutn 3aperncTpupoBaHbl MaKCHMAJIbHBIE 3HAUCHHS
SHepruii KBaHToB ~ 4-4.5 GeV.

[Mostomy rpynms! msaTeH MarHUTHOTO Kitacca BD u BGD, oGmagaromue CTpyKTypoi TeCHOH IeperieTeHHOCTH
MarHUTHBIX MOJIEH NMPOTHBOIMOJIOKHBIX MOJIIPHOCTEH, MPOSBIISIOT SKCTPEMAIBHYIO aKTUBHOCTDh U MX NPEJIaracTcs
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BbIIENMUTE B ocoObie monkiaccel — BDe m BGDe (extreme). Ilpu OTCYyTCTBMM Takoro CBOWCTBA B CTPYKType
MarHUTHOTO TI0JI He HAaOJI0AAaeTCs CYIECTBEHHOTO YCUIICHNSI aKTHBHOCTH B TpyInax msreH kraccoB BD u BGD.

KiroueBble cjioBa: CTpyKTypa MAarHMTHOTO TMOJSL TPYHN MATEH, BBICOKOZHEPTHYHOE TIaMMa M3IIyueHHe
BCIIBIIICK, MAarHUTHBIC ITOAKJIACChI C 3KCTpeMaﬂbHOI>i AKTUBHOCTBIO.
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