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BcnbiweyHoe paaunounsnydyeHme ConHua

plasma emission
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ConHeuHble paguoscnnecku ll Tuna —
NYYLWUU UHOUKATOP YAAPHbIX BOJIH B KOpOoHe ConHua
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D. LENGYEL-FREY, R. G. STONE, JGR, 1989, 94, 159 - 600 spectra - two components 30%



Band-splitting of the type Il radio bursts
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Ficure 13. A type II burst showing fundamental and second-harmonic emission with
split-band structure. The event, chosen for its simplicity, was recorded on 9 October 1969
at Culgoora Observatory.

Wild&Smerd 19726 ARA+A, 10, 159

Vrsnak et al., A&A ., 2001, 377, 321 - 112 bursts, band-splitting < 10%.
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Zucca et al., 2012
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Figure 4. Dynamic spectrum of the 22 September 2011 Type II radio burst and related

GOES-15 light curve showing an X1.4 flare. This burst shows fundamental (F) and harmonic

(H) emission. Band splitting of the order of 10 MHz can also be seen in the harmonic backbone
at times around 10:42 UT.



[lpoucxoxxpeHue

[eHepauKna Nna3meHHbIX Mo Ha (BO) dpoHTe
yYA3apPHOW BONHbI U3-3a Pa3BUTUA NJ1A3MEHHbIX
HEeyCTOMYMBOCTEWN, CBA3AHHbIX C aHN30TPONMNEN
HeTen0BbIX 3apPAXEHHbIX YacTuL,



MexaHusm [MukenbHepa-ImH30ypra, 1964
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(Cairns & Melrose 1985;
Cairns 1988;
Knock&Cairns 2005).
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3anues B.B. n ap. (60 -70-bie)

FeHepaLu/lﬂ Nni1asMmeHHbIX BOJIH
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ConHeuyHble KOCMUUYecKkue ayum (npumep)

GOES >10 MeV Protons
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ConHeyHble KOCMHUYECKUe nyumn

XapaKTePUCTUKN KOCMUYECKUX NyYelt A0 BXxoAa B aTmocdepy (nepBUYHbIE KOCMUYECKNE

Ny4n)
[aNaKTUYEeCKME KOCMUYECKUE NyUU Co/IHEYHbIE KOCMUYECKUE NTY4YN
o Bo BpemsA CO/IHEeYHbIX BCMblLEK
MoToK ~1cm2ct o
MoXKeT agocturatb ~10° cm2-ct
1.ApepHaa KomnoHeHTa - ~90% 98-99% npoToHbl, ~“1.5% aapa
npotoHoB, ~10% agep renma, ~1% renvs
bonee TAXKENbIX AQEP
CocTas 2.9nekTpoHbl (~1% oT uncna saep)
3.Mo3uTpoHbl (¥10% oT umcna
3NEKTPOHOB)
4.AHTUaApPOHbI <1%
Aanason 106 - 102! 3B 105 - 10 3B
SHeprum
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Moaenun yckopeHua NpoToHOB
CRJI

1. YckopeHune B 061acTu BCNbILWLEYHOro
3HeprosblaeNneHna, Hanpumep, B pesy/sbraTe
nepecoeaAnMHEHUA MarHUTHbIX CU/TI0BbIX
NIUHUMN.

2. YpapHble BO/IHbI, CBA3aHHbIe, B MepBYyHo
odyepenb, c KBM.



Shock wave acceleration

LLUABAHCKWI Benvop MeTposuny
(1928—1985 rT.)
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However, in most, if not all, theoretical models of solar type Il radio bursts, radio
emissions are produced by energetic electrons and enhanced Langmuir
oscillations in the shock upstream (Cairns & Melrose 1985; Cairns 1988;

Knock&Cairns 2005).



HPEAEIIbeIE cQydyaun yCKOpeHUA
E=-(wxB)/c.
Melrose, 2009
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3apaya - n3BeyHbiv BONpoc

[Aae n Kak ycKopAarwTca npoToHbl CKJ1 B xoae
BCMNbILIEYHOro sHeprosblaeneHun?

* B o0uacTu 3HeproBbIae/ICHUS.
* Ha ¢poHTaX yTapHbBIX BOJIH.



Iwai et al. (2020, Astrophys. J., 888, 50)

We investigated the relationship between the spectral structures of type Il
solar radio bursts in the hectometric and kilometric wavelength ranges and

SEPs. To examine the statistical relationship between type Il bursts and SEPs, we selected 26
CME events with similar characteristics observed by LASCO, regardless of the characteristics of
the corresponding type Il bursts and the SEP flux. Then, we compared associated type Il bursts
observed by WAVES onboard the Wind spacecraft and the SEP flux observed by GOES orbiting
around the Earth. We found that the bandwidth of the hectometric type Il bursts and the
peak flux of the SEPs has a positive correlation (with a correlation coefficient of 0.64). This
result supports the idea that the non-thermal electrons of type Il bursts and the nonthermal
ions of SEPs are generated by the same shock.
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Data and event selection

We have selected 112 proton events observed between 24
November 2000 and 20 December 2014 because only for these
events there were original records of continual and Il radio
bursts in the ranges of 25-180 MHz.

For some very strong events one did not always manage to
distinguish precisely enough the harmonics of Il radio bursts
against the powerful continuum background (for example, the
event of October 29, 2003); so, they were also excluded from
consideration. We identified type Il radio emissions whose
intensity is equal or more than 30% enhancement from the
background level.



[Mpumep annpoKkcMmauum 2-om rapMoHUKK pagunoscnsiecka
Tmna 31.05.2003 r. c NOMOLLbIO PErPECCMOHHON MOAEM.

31-05-2003 LEAR Solar Radio Spectrograph
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Cpa3zy oTMETHUM, YTO Hayaji0 BpEMEHH paoBCILIecKOB I Thma cooTBEeTCTBOBA
BTOpPOM rapMoHuke Ha yactore 180 MI'm.
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Mpumep obpaboTkK BCcnnecka Il TMna Ha 2-oM rapmoHuKe Ana NPoToHHOoro cobbitua 18.04.2001
ropa. Ha pucyHKke cuHMM UBeTOM 06003HayeHbl Habnpaemble 3HAYEHUA WMHTEHCUMBHOCTM
BCNNecKa |, a YepHbIM pacyeTHble (cpeHue ) 3HaYeHWA MHTEHCMBHOCTM [; , BbIYMCAEGHHbIE C
NOMOLLbIO PEerpeccMoOHHON MOAENMN.
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JlnarpamMmbl paccesHus 1 ko3pduuuentos koppensuuu r(f, )
(cnesa), r(l, I) (cipaBa) M CTaHAAPTHOIO OTKJIOHEHUS G.



CKopoctb apenda
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CKJ1 u PAONOBCHNECKU Il TUTTA
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CrneBa: CBS3b MHTCHCHMBHOCTH TOTOKa MpoToHOB CKIJI 7, co CKOpoCThiO
npeida V; Ha yactore 70 MI'1 ; 0). CBSI3p MHTEHCUBHOCTH ITOTOKA
nporoHoB CKIJI /, ¢ nHTeHCHBHOCTBIO Berutecka Il tuma /;  Ha vactore 90

MI 11



3aBUCUMOCTb KO3PPULMEHTOB Koppenauum ot
3Hepruu

g 0.8
0 i
‘% 0.6
o] :
o
E 0.4-
©
o 0.2-
g Vi) \
0 0.0‘hﬁﬂmq—ﬁ-rrrrlq—t—ﬁﬂﬂq
1 10 100 1000



Pe3ynbTaTbl U BbIBOAbI

1. OOGHapyxeHa CHIIbHAs CBSI3b MHTCHCHBHOCTH IIOTOKA
npoToHOB |, co ckopocThio apeiida V(r = 0.71) u
MHTEHCHBHOCTRIO BeIieckoB Il tuma |, (r = 0.82).

2. llokazaHo, 4T0 MakcumasbHast cBs3b |, ¢ V u |,
HaOII0AETCs I CPEAHEPETATUBUCTCKUX MPOTOHOB U PE3KO
yOBIBaeT 1JIsi MPOTOHOB ¢ dHeprueit B, >100 MaB.

Crexkyasiuuu:

1. T'enepanuu paauoBCILIeCKOB Il THMIA U yCKOpEHUE MPOTOHOB
IPOUCXOAUT Ha (PPOHTAX OJHUX U TEX K€ YAAPHBIX BOJIH.

2. Brxman B CKJI mst mporonos Ej >100 MaB cymectBeHHO

Bo3pacTtaet (Kiselev V.I., Meshalkina N.S., Grechnev V.V. // Solar
Phys., 2022, 297, 53).



Cnacubo 3a BHMMaHue!




