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ANA YEFO HYXKHbl KATAIOT'YM CONHEYHbIX MPOTOHHbIX COBbITUN

ConHe4yHble Kocmuyeckue nyum (CK/1) ceasaHbl ¢ npoueccamm Ha ConHue, B
MeXXNNaHeTHOM cpeae, B 3eMHOW aTmocdepe. B Karkaon 13 sTmx cpen Ha YacTuubl
AENCTBYIOT pa3HOObpa3Hbie YCI0BMA, KOTOPbIE HAaKNa4biBatOT OTNEYaTOK Ha
Habntogaemble xapaktepmuctmku CRJ1. NMoatomy cobbitna CK/1 otanyatotca
pa3Hoobpa3mem cBoMCTB. Halla 3a4a4a — CBA3aTb 3T CBOMCTBA C KOHKPETHbIMMU
npoueccamm YCKOPEHUA N pacnpoCTPaHEHUA YacTul,. 3To dyHAaMeEHTaNbHAA
3aga4a. Kpome Ttoro, CKJ1 BAMAIOT Ha KOCMUYECKYIO U AaXKe 3eMHYI0 noroay,
nos3ToMy noHMmaHue dunsmkm CKJ1 — BarkHaa npuKknagHaAa 3aaava.

[MpoABMHYTLCA B MOHMMaHUM CBA3EN MexKay Habntogaembimu ceonctBamm CKJ/1 um
NeXXalWwMmMmM B UX OCHOBE NpOoLLecCaMm MOXKHO TOJ/IbKO Ha OCHOBE M3y4yeHus 6oabloro
Konun4yectBa cobbiTnm CKJ1, koTopble cobupatotca B Katanoru. Mepsbin Katanor noa
pepakumen Z. Svestka & P.Simon oxsaTbiBan cobbitna 1955-1969 rr. un 6bin
onybankosaH B 1975 r. u npogonkeH cepmnen Katanoros noa peaakumen

KO.WU. Jlorayesa.
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KATAJIOI' COJTHEYHBIX TPOTOHHBIX COBBITUM 24-TO IIUKJIA COTHEYHOM
AKTUBHOCTMH siBasiercss mpoao/zKeHHEM KaTaJIOroB

1. Katanor conHe4yHblX NPOTOHHbIX cobbiTMin. 1970 — 1979 rr. Pea. KO.W. JNloraues. M.: USMUPAH, 184 c.
http://www.wdcb.ru/stp/data/SPE/. 1982.

2. ConHeyHble NPOTOHHble cobbiTna. KaTtanor, 1980 — 1986 rr. Pea. HO.WN. Nloraues. M.: MI'K AH CCCP, 160 c.
http://www.wdcb.ru/stp/data/SPE/. 1990.

3. KaTanor Co/HeYHbIX MNPOTOHHbIX cobbitun. 1987 — 1997 rr. Pea. HO.U. Jloraues. M.: MIY, 246 c.
http://www.wdcb.ru/stp/data/SPE/. 1998.

4. KaTanor CoNHEeYHbIX MPOTOHHbIX COObITUMN 23-TO LMKNA CONTHEYHOM aKTUBHOCTU (1996 — 2008 rr.). M. Pega,
0.U. Norayes http://www.wdcb.ru/stp/data/SPE/katalog SPS 23 cikla SA.pdf

B HacToALWlee BpeMs NoAroToB/eH

CIHCOK COTHEYHBIX IPOTOHHBIX COOBITHI 24 1UKIIa coTHedHOW akTUBHOCTH (2009 —2019)

doi: https://doi.org/10.2205/ESDB-SAD-P-007 http://www.wdcb.ru/stp/solar/solar proton events.ru.html

Cymmapso B Karanoru noa pexaxkuueint FO.U. JloraueBa Bxoaut 0oJs1iee 550 coTHEYHBIX MPOTOHHBIX
coobiTHH (1970-2017 1)
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http://www.wdcb.ru/stp/data/SPE/katalog_SPS_23_cikla_SA.pdf
http://esdb.wdcb.ru/doi/2019/esdb-sad-p-007.html
http://www.wdcb.ru/stp/solar/solar_proton_events.ru.html

CopeprkaHue Katanoros

* BKAKOUYeHbl CO/THEeUYHble cObbITUA C NOTOKOM NMPOTOHOB C 3Hepruei sbiwe 10 MaB B
MaKcumyme BpemeHHoro npouns, J10 21 cm2ctcp?! (p.f.u.), no usmepeHuam Ha
cnytHuKax METEOR, GOES, ACE, SOHO, POES, CORONAS-F, PAMELA v ap., a Tak}Xe no
U3MepeHnaMmM Ha 6annoHax U HEUTPOHHbIX MOHUTOpPAX.

* [oka3aH BpeMeHHOM X04 NOTOKOB MPOTOHOB, PEHTTEHOBCKUX BCMbILLIEK, CKOPOCTU
COJIHEYHOrO BeTpa, MHAYKLMUM MEeXKNAaHEeTHOro MarHuTHoro nons, Dst-uHaeKkca go
Hayana 1 Bo Bpema cobbitua CKJI.

* MocTpoeHbl aHepreTUYECKUe CNeKTPbl NOTOKOB MPOTOHOB B MaKCMMYMe BPEMEHHOTO
npoduna cobbiTuA.

* YKa3aHbl UCTOYHUKU YCKOPEHHbBIX YAaCTUL, — BCMbILWKU U KOPOHa/IbHble BbI6pOCDI
BewectBa(BKB, CME), a Tak)ke BHe3anHble Haya/la MarHUTHbix 6ypb (SC),
3HaMEHYIoLWKe NPUXoa yaapHbiX BoAH. [laHa nHGopmMaLuma O COTHEYHOM
paguounsnyyeHun.
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A SIZ LALAL AZUAAL . SSAIA SLJJVULEIELA LA FFAEL ZLUALEL ZATE
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Event 2006.12.14 — (2006-348) Ne 476
Particle event: To(Ep>10MeV) — 14d23 h

Tmax(Ep>10MeV) — 15d00 h, Jmax (Ep>10MeV) —

160 /cm 2 .s.sr
Duration of the event — 3 days (Ep>10MeV)

Quasimaximal energy of protons in the event —
Egm > 500 MeV

Solar sources: ® solar flare 14d21 h 07 m,
X1.5/2B, SO6W46, AR10930

Main X-ray burst 1-8 A: onset — 14d21 h 07 m ,
max—14d22 h15m, ®=0.12J/m 2

CME: 14d22 h30 m, V =1042 km/s, Ad = 360°,
dA =2482%; ASC16d17h55m

36 Bcepoccuitickana KoHpepeHLmMa no KOCMUYECKMM nydyam, 28
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SEP event 2006 12 14. Integral energy spectrum
in the maximum of proton intensity
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Moaenb CONHEYHOW BCMNbILWKU (He noKasaHbl YCKOPEHHble
MPOTOHbI U 3/IEKTPOHDI)

Solar corona T ~ 106K ﬂcoaom! S
Flaring region T ~ 4x107 Dty
Flare volume 1027 cm3

Plasma density 1010 cm-3

Gyrosynchrotron
radio emission

Soft X-ray
Gamm emis I1’Oeli]1msstrahlung
hard X-ray
Neutrons & optical emission

HARD X-RA =, POSTFLARE LOOP

1 CHROMOSPHERE
PHOTOSEHERE fuabnaaTioN Yo \ WHITE LIGHT FLARE
Places of particle | . .
. _p \ / Adapted from Martins & Kuin, 1990
acceleration FLARE RIBBONS
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Figure 2: Number of solar flares with observed emission >25 MeV (left axis) together with the monthly
averaged sunspot numbers (right axis) from 1980 to present. The light red stars represent the behind-the-
limb solar flares detected with emission <100 MeV and the dark stars represent the behind-the-limb solar
flares detected with emission >100 MeV. [Pesce-Rollins et al, 2017]

* Forrest, D.J., Vestrand, W.T., Chupp, E.L., Rieger, E., Cooper, J.F., Share, G.H.: 1985, Neutral pion produc-tion in solar flares. In:19th
International Cosmic Ray Conf.4, 146. ADS.

* Akimov, V.V, Afanassyey, V.G., Belaousov, A.S., Blokhintsey, I.D., Kalinkin, L.F., Leikov, N.G.,et al.:1991, Observation of High Energy
Gamma-rays from the Sun with the GAMMA-1 Telescope(E >30 MeV).Proc ICRC 22.3, 73.

* Kurt Victoria G., Yushkov B. Yu.,. Kudela K. Galkin V.I. 2009. High-energy gamma-ray emission of solar flares as an indicator of
acceleration of high-energy protons. Proc. 31 ICRCx
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HabntoaeHuna Ha Fermi nogreepannu pesynbtatel TAMMA-1 1 CGRO (cobbitna 1991 r.) o
CYLLECTBOBAaHUM ANIUTENbHbIX BCMbIWEK ramma-musnyyeHunsa c E > 100 MaB 1 nokasanu, 4Tto
TaKmne cobbITUA NPOUCXOAAT ropasao Yalle, Yem nNpeanoaaranocb paHblie.

B HacTosALLee Bpemsa 3aperncTpmpoBaHo okoso 40 cobbitnini c E > 25 MaB (2011-2017 rr.).

Ha3BaHUA ABNeHUA:
* Gamma-ray events temporally extended beyond the impulsive phase of solar flares >

Long Duration Gamma-Ray Flares (LDGRF)
e Sustained gamma-ray emission (SGRE)

Long duration flares

B 3T0Oi1 paboTe Ha3biBaem 3TO ABNEHUE
PRELIMINARY COJIHEYHbIE rAMMA-BCNbILLKH

Number of flares

].|.:|
1] ‘:'; J;.__

10 15 0
Duration of gamma-ray emission [hours]

PacnpeaeneHne ramma-BcnblleK No AJINTE/IbHOCTM.
Pesce-Rollins_2017.
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Large Area Telescope (LAT)
Observes 20% of the sky at any instant, views
entire sky every 3 hrs

20 MeV - 300 GeV, includes unexplored region
between 10 - 100 GeV

Precision Si-strip
Tracker

Segmented
Anticoincidence

Detector

Gamma-ray Burst Monitor (GBM) CsI Calorimeter
Two type of detectors (12 Nal and 2 BGO)
Observes entire unocculted sky

Detects transients from 8 keV - 40 MeV

3anyuieH B ntoHe 2008 r. Opbuta: 550 Km,
28.5 rpaa., 96 muH.

From G. Share, GSFC, Jan. 5, 2017

LAT — LULMPOKOYTONbHbIN TE/IECKOMN, PETUCTPUPYIOLWMN FaMMa-nU3nydeHue ¢ aHepruen ot 20 MaB go 6onee
300 B (Atwood et al. 2009). MHCTPYMEHT COCTOUT U3 BbICOKOTOUYHOTO TPEKepa C CUMKOHOBbLIMMU
AETEKTOPAMM, PACNOJIOXKEHHOIO Hag, Kanopumetpom u3 Csl. AHTUCOBNaAaTENbHbIN N1IAaCTUKOBbIN
AEeTeKTop obecneymBaeT 3alLUTY OT 3apPAXKEHHbIX YacTuy, ¢ apdekTnaHocTbio 0.9997. Kaxkaple 3 yaca LAT
HabntopaeT ConHue HenpepbiBHO B TedeHme 20-40 muH. ConHue B 3TO Bpema HaxoAuTCA noj, Yr/iom He
6onee 60 rpaa. No OTHOLLEHUIO K ocn npubopa.

36 Bcepoccuitckana KoHdpepeHLMa No KOCMUYECKMM iyyam, 28
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Fermi LAT CobbiTne 7 mapta 2016. N3 npe3eHTtauunn F. Longo
Fermi Solar Workshop 2012

March 6, 2012

Galactic Plane

March 7, 2012

LAT 1 day all sky data >100 MeV N3nydyeHme oT BCnbIWKM B AnanasoHe >100 M3B go ~4 3B
annnocb ~ 20 yacos:
B 1000 pa3 Bblwe, 4yem OT cnokonHoro ConHua;
B 100 pa3s Bbiwe, yem ot Vela;

N3 npe3eHTauuun F. Longo * B 50 pa3 Bbiwe Kpaba
Fermi Solar Workshop 2012



High-Energy Camma-Ray Emission From Solar Flars T
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Composite GBM/LAT spectrum of the impulsive phase of the 2010 June 12 flare
(Ackermann et al. 2012). The flare proton spectrum is consistent with a series of

power laws with indices ~3.2 from 3-50 MeV, ~4.3 from 50-300 MeV, and softer
than 4.5 >300 MeV. No time-extended second stage was observed.

From G. Share, GSFC, Jan. 5, 2017
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CToxacTu4yecKoe yCcKopeHue
Ha MT TypbyneHTHOCTU
BHYTPW BCMbIWeEYHbIX NeTesb

CueHapum

BbicbinaHne Ha ConHLEe NPOTOHOB,
YCKOPEHHbIX YAAPHOM BOJIHOM
KOPOHa/IbHOro BbIGpOCa BeLLecTBa
(KBB).
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Figure 4: Correlation between the >100 MeV fluence of the Fermi-LAT detected flares versus the GOES
peak X-ray flux (left panel) and the correlation between >100 MeV fluence versus the Coronal Mass Ejection

(CME) linear speed (right panel). A Pearson’s correlation of 0.24 is found for data sample in the left panel
and 0.60 for the sample in the right panel.

Pesce-Rollins et al, 2017]

®dntoeHc >100 M3B ramma-mn3nyvyeHna naoxo Koppennpyer c
PEHTreHOBCKUM mn3nydyeHmem Benbliwkm (CC=0.24) n Koppenmpyet co
ckopocTtbto CME (CC=0.6).
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Lack of Correlation between # protons in SEP events and inferred from

SGRE
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Figure 3. SGRE durations plotted against the type-II
ending frequency (a) and type II duration (b) for 13 events
with duration exceeding ~5 hours extracted from [5], but
the durations were determined using the criteria mentioned
in the previous section. The red lines are the best-fit lines
obtained using the Orthogonal Distance Regression
method. The equations of the best-fit lines are shown on
the plots. The shaded area represents 95% confidence

interval of the fit. The blue (1991 June 11 EGRET event)

and green (events in Table 1) points are excluded in the fit.
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Gopalswamy, 2018

The close relationship between SGRE
and type Il burst durations provides the
strongest evidence that the same shock
is responsible for accelerating the
underlying particles (electrons for type
Il bursts and protons for SGRE)

All the well-connected events were
associated with large SEP events and
intense >100 MeV proton events.
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CueHapui Gopalswamy et al., 2019

Y (arcsec)

o) AlA/193 2015/06/21 05:12

-400 -200 0 200
X (arcsec)

Figure 4. (a) Schematic model showing the propagation of protons (p) and electrons (¢) from the CME-
driven shock toward and away from the Sun. Low-energy electrons (~10 keV) produce type II bursts in
the vicinity of the shock. Energetic protons and electrons can be observed as SEP events when the
observer is connected to the field line on which these particles propagate. A representative flare loop is
shown at the Sun. (b) Two types of magnetic structures during the eruption associated with the 2015
June 21 SGRE event: the post eruption arcade (feet marked in green) and the CME flux rope (feet
marked by the red contours). The feet of the flux rope correspond to the core dimmings in the 193 A
EUV image obtained by SDO’s Atmospheric Imaging Assembly (AIA).
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Bonpocbl, noctraBneHHble B AaHHOMK paborTe:

* Yem oT/1M4atoTCA COJIHEYHbIE MPOTOHHbIE CObbITUS,
CONPOBOXAaeMble U HE CONMPOBOXAAEMble raMMa-
BCNbIWKaMWN?

* Yem oTInM4aloTCA raMmma-BCNbILLKMY,
conposoxgaemble n He conpoBoxXagdemblie
CO/IHEYHbIMU MPOTOHHbIMU cobbITUAMKN?



CNUCOK CO/IHEYHbIX raMMma-BCnbileK 6bin nonay4yeH c ncnosibdosaHnem pa60T:

N. Gopalswamy, P. Makela, S. Yashiro, et al., 2019. On the Shock Source of Sustained Gamma-Ray Emission from
the Sun. Journal of Physics: Conference Series 1332 (2019) 012004. IOP Publishing. doi:10.1088/1742-
6596/1332/1/012004

* G. A.de Nolfo, A. Bruno, J. M. Ryan, et al, 2019. Comparing Long-duration Gamma-Ray Flares and High-energy
Solar Energetic Particles. The Astrophysical Journal,879:90(17pp), 2019 July 10 https://doi.org/10.3847/1538-
4357 /ab258f

* G. H.Share, R. J. Murphy, S. M. White, et al. Characteristics of Late-phase>100MeV Gamma-Ray Emission in Solar
Eruptive Events. 2018. The Astrophysical Journal,869:182(55pp), 2018 December 20.
https://doi.org/10.3847/1538-4357/aaebf7
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PacnpeaeneHmna NOTOKOB COJIHEYHbIX MPOTOHOB B
MaKCMMyme cobbITuS
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CoNHEeYHble NPOTOHHbIE COBbITUA, B KOTOPbIX HabAAaNMUCb NPOTOHbI ¢ E>100 M3B, Ho ux
notoku J(>100 M3B)< 0. 1 cm?clcp™?, c mano BepoATHOCTbIO CONPOBOXKAAIOTCA raMMa-
BCMbIWKaMN. l@aMMa-BCMbILWLKU B OCHOBHOM COMPOBOXAAIOT COBbITUA C MOTOKOM

J(>100 M>3B)>0.3 cm2cicp.
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CK/1 bes ramma-scnbllUeK
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CK/1 6e3 ramma-BcnblWEK NPOUCXOAAT OT MeHee MOLLHbIX Benblwek (M 6ann) Ha ConHue.
[AaMMa-BCMbILWKKM, KaK CONPOoBOXKAatoLWme, Tak U He conposoxaatowme CKJ1, cBA3aHbI C
BCcnblwWKamu Ha ConHue 6annos M u X, npuyem mx pacnpegeneHma oyeHb 6an3KNn.

T.e. ramma-BcnbiwKu 6e3 CK/1 HE cBA3aHbl ¢ MeHee MOLLHbIMM BCNbiwWKamu Ha ConHue.

MHpopmauma o peHTreHoBCKMX BenblwKax: flares: https://www.ngdc.noaa.gov/stp/space-weather/solar-data/solar-
features/solar-flares/x-rays/goes/xrs/
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CKN 6ez ramma-ecnbilueKk

CK/1 c ramma-ecnbilLKamHK lamma-ecnbiwku 6es CKN
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CobbiTna CKJ1 6e3 ramma-Bcnbilek cBA3aHbl ¢ KBB, umerowmmm meHbLIyo CKOpPOCTb. lamma-
BCcMblWwKKM ¢ CKJ1 umetoT bonee wmnpokoe pacnpeaeneHme CME no ckopoctam. Bce ramma-
BCMbILWKM conpoBoxaatoTca KBB ¢ BbICOKOM CKOPOCTbO M 6ONbLIMHCTBO U3 HUX TMNA rano.

MHPopmauma o KopoHanbHbIX Bbibpocax BelecTtsa: hitps://cdaw.gsfc.nasa.gov/CME _list/
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Fig. 2. lon mtensity-tme profiles for four different SEP events observed by ACE/EPAM (Gold et al., 1998) and IMP-8/CPME (Sarns et al, 1976).
Those profiks are typial of the SEP events gererated from different solar longitudes relative to the observer. Dashed vertical lines indicate the
occurrence of the parent solar event and solid vertical lines the arrival of CME-driven shocks. .
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[MO3ULUMOHHbBIN Yyron — HanpaBaeHue
Hanbonee HGbICTPO ABMKYLLErOCA
CermeHTa KoOpoHa/ibHOro Bblibpoca
BewlecTtea (KBB). OH onpeaensaetcs

naxe ana KBB c yrnosbim pasmepom
Tvna rano. OTCYUTbIBAETCA OT BEPTUKANMU
NPOTUB YaCOBOW CTPENKU. 3emns

SE R 3 nonagaeTt NPeVMyLLECTBEHHO B
nHTepsan yrnos 180 -360 rpaa.

C2: 2011/03/07 20:24

Gopalswamy, EGU online conference May 2020
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CHM 6az ramma-ecnbllUeK CHM ¢ ramma-ecnbiLIKamMmmM Mamma-scnbiwukm Ges CKMN
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KopoHanbHble BbI6pOChI BewecrBa ramma-Bcnbiwek 6e3 CKJ/1 asuranucb He B CTOPOHY
3emnun. CKJ/1, reHepupoBaHHbIe B 3TUX COObITUAX, NPOLUIN MUMO 3eMHOro Habatoaatens.
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3aKkaw4yeHue

Bce cobbiTUA ¢ AANTENIbHBIM CONTHEYHbIM FaMMa-U3ydeHuem (ramma-sCnbillKU) reHepupyloT
BbICOKO3HEpruyHblie NnpoTtoHbl (>100 M3B), KoTopblie BbIXOAAT B MEXN/AHETHYIO cpeay U
ABNAKTCA CONNHEYHbIMU KOcMmuuecknmu nydamm (CKN).

Te ramma-BCNbILWKU, KOTOPbIe He CONPOBOXKAaTCA Habatogaembimu CKJ/1, npoucxogar s
OCHOBHOM B BOCTOMHOM nonywapun ConHLA U CBA3aHbl C KOPOHaNAbHbIMU Bbibpocamum
BeLllecTBa, PacnpoCcTpPaHAIOWMMUCA He B HanpaBaeHuu 3emau. Takmm obpasom CK/1 B aTux
cobbITUAX MUHYIOT 3eMHOTO0 Habalogarens.

ConHeYHble NPOTOHHbIE COBbITUA, HE CONPOBOXKAaeMble AJINTENbHbIM raMma-usnyvyeHnem,
ABNAIOTCA OTHOCUTENbHO CNabbIMU: €CIN B HUX M €CTb YacTuULbl C aHeprmnen Bbiwe 100 M3B,
MOTOKM MUX Masbl — KaKk npasuno, J(>100 M3B)<0.1 cm2cicp?. B 6onblumnHcTBe cobbitnin CKA,
COMPOBOXKAAOLWMXCA raMMa-Benblwkamm, J(>100 M3B)>0.3 cm?cicp.
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