/_\<, ™~

Study on the features of the v
SEP solar origin based on

microwave observations

Kashapova L. (1), Meshalkina N. (1), Miteva R.(2),
Zhukova A. (3), Myagkova 1.(4)

1 Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

2 Space Research and Technology Institute, BAS, Sofia, Bulgaria
3 OrAQ RAS, Russia

4 Skobeltsyn Institute of Nuclear Physics, MSU Moscow,

@ Russia




SEP particle
are accelerating
during
solar flares

SEP particles are
accelerating on

the CMEs shock
waves
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Accelerated particles in solar flares:
HXR & radio observations

Interplanetary type {Ibursts




Gyrosynchrotron spectrum
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Active regions (ARs) the breaking of

Hale’s polarity law (Abramenko et al.,

2018)
23rd eyele 24rd cycle

Breaking

of the law Following
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ARs breaking Joy s law
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Results for the 24th cycle

based on SPO/HMI data
> A -bipolar regular

(«right») ARS

> b -bipolar ARs
breaking one of the
laws

> U - unipolar ARs




Observa’nonal dafa ( 23’rh solar cycle)

Solar Energe’nc Parhcles (SEPsl ratio of proton i %
j fluxes by GOES ( E>10MeV/E>30 MeV) and (E>1 0
{ _MeV /E 560 MeV) - Pa aloam\ou etal (2016)

" Microwave spectra - Kadlo Solar Telescope Net |
( RSTN) + Nobeyama radlopolamme’fer + hard X-ray

| SOHO/MUI data for testing of the law breaking]



Ratio between the
different groups of ARs

Cycle 23 Strong events 23




Flux at the peak vs fluence

Flux at peak
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The proton flux ration vs the peak
frequency
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The proton flux ration vs the peak
frequency

at 10 MeV to 30Mev
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The proton flux ration vs the
peak frequency




The peak frequency vs proton
fluence ratios

A+U group
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The proton flux ration vs the
electron spectral index
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The proton flux ration vs the
electron spectral index

A+U group

at 10 MeV to 30Mev
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Aqgree with results
by Paibog et al (1989, 1993)



CME’s speed vs the ratio

A+U group
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Conclusions. Good news

o Theratio of the breaking of the law
( group B) is anomaly high for selected
events than for all group of the cyele in
the whole

o The «right» ARs show good correlation
of SEP’s parameters with indicators of
acceleration taken from microwaves
(spectral index, peak frequency )



Conclusions. Bad news

o There are no pronounced correlation both
the indicator of acceleration in flares and
CME velocity for group B

o The most of ARs produced proton events are
ARs breaking the law
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