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U3cnepgBaHMA Ha CnbHYeBaTa aKTUBHOCT
B paano- u OoNTUYHNA Anana3oH

KameH Kosapes, Pocuua Mutesa, Beprun Motos, Oner CtenaHiok, AceH MyTtados,
Momuun [edes, Aptbom Enudpanos, annH bopucos, MNetbp MNMeTkoB (TY), MBanno Hadves
(TY), Becenka Pagesa (BBMY), AHToH ATaHacos (BBMY), Moxamen Hegan (DIAS)



Kakso e LOFAR?

P LOFAR e “Low Frequency Array’ — €AMH OT BOAELLMTE
MEXAYHOPOAHM POAMOTEAECKONMM B CBETA; U3LAAO
EBponenckm npoekTt, BOAEH OT MHCTMTYTA ASTRON B
HuaepAaHaus.

o

Norderstedt™

® Potsdam 2
’/‘g?'owm

» LOFAR KOMBUHUPA USKAIOYUTEAHO BUCOKA PE3OAIOLMS C %
FTOAAIMA YYBCTBUTEAHOCT, M NPEAOCTABA YHUKOAEH MOTAEA > ; "i‘.:‘j:gf_t:ewé i
KbM 3€MHATA atMmocdoepa, CAbHYEBATA CUCTEMA U ' N A @l
BceaeHaTa B meTpoBuTE PAAMOBBAHM (10-250 MHz).

» TeAecKOmnbT Ce CbCTOM OT 52 CBbP3AHM MOMEXKAY CU
QOHTEHHW MACKBU (CTAHLUM) B 8 EBPOMENCKM ABPXKABM,
BCAKQA OT KOMTO MOXE AQ CE M3MOA3BA U KATO
CAMOCTOATEAEH TeAeCKOon;

v

basosu suanm ot Hagg 2000 xm gaBaT Ha LOFAR pesomonysa Ha rossim ontudeH Teseckor!

» Curnanure ot Bcsika LOFAR crannms ce nmpeHacAT o ONTHYHY JIMHUY [0 IEHTPAIHUA IIPOLIECOP U e KOMOUHUpAT
$POBO CHC CUTHATIMTE OT OCTAHAIUTE CTAHIMHU B EBporma;

» IIvpsure LOFAR crannum ca orkpuru npes 2012r 8 Hupepnanpua. Cinensar crannyuu B Iepmanna, Anrams,
®pannus, Msenus, [Momma, Upaaapua (orkpura npes 2017r), JTarsua (2019), Mranus u bearapus (2026r).

P LleHTpasHUAT U3UMCIUTENIEH LIEHTHP 32 JaHHUTE € B | ppoHuHIeH, Xomanaus.



KakBo e LOFAR?
MexayHapogHa LOFAR cTtaHumga
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LOFARZ2 Delivery schedule

Today
2026

Feb 'Mar Apr May Jun | Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Program milestones MPS ‘ M2026.7 0 M2026.12 ‘
an Cappellen

Commissionning
(Brentjens) Transient buffer

Telescope Verification (Hut) AR-C . AR-D . AR-E ‘

Ruby (Telescope Software)
(Kamphuis)

Data management Proposal management, archiving & Archive support for ADPs, archiving Improved data discovery
(Swinbank processing at SURF and Jillich and processing at Poznan and access tools

Processi ng p! pel ines Pulsar timing, LOFAR-NL-HBA initial LOFAR-NL-LBA initial processing, VLBI processing, image
Swinbank processing, DD cal & imaging DD calibration and imaging plane transients

CoBALT COBALT2.1 COBALT2.2 COBALT3
cep oA .
(van Bemmel) 75% 100%
cere . - .
Core Core & Remote All done

Stations

SAT SAT
x







BG uncrananus
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LO FAR—BG ITogroroska Ha MHCTAIALIMATA
LOFAR

P Ouaksana uHCTATAIMA IOHU-aBrycT 2026 T.




YckopeHue Ha 9acTUIM B CIbHYEBATA KOPOHA

CorprueBute BucokoeHeprutudnu dactuny (SEP) ca ycxopenu ot crpHYeBr M3pUrBaHUS ¥ KOPOHATHU USXBBPILIHUSA
Ha Maca (KOHCEHCYC)

OcBobOYKAaBaHETO HA CHEPIUS OT U3PUTBAHKATA € UMITYJICHBHO

Haii-nuHaMU9HUIAT PErHOH 32 €BOMIOLMA Ha KOPOHATIHUTE MACOBU U3pUrBaHus B pamkute Ha 5 Rsun (Temmer 2016);
YpapHu BbIHUA MOTaT Aa ce 00pasysar ¢ Hucku croitnocTu ot 1.2 Rsun B crpHdeBara kopona (Gopalswamy et al. 2013)
I B gBaTa Citydast mo-rossiMaTa 4acT OT YCKOPEHHETO Ha YACTUIIUTE Ce Cy4Ba B PAHHUTE €TAIH (32 ITOBeYeTO ChOUTHA)

Hama ocHOBHA LieJT € JUCTaHIIMOHHO 12 XapaKTepUsHpaMe ChOUTHA C KOPOHATHU YAAPHHU BIHU

CME dynamic evoTution
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Tracking Large-Scale Optical/EUV Eruptions

Helioprojective Latitude (Solar-Y) [arc:

Wavetrack

Algorithmic a-trous wavelet-based tracking code in Python
Developed for tracking EUV waves in AIA observations
Recently applied to K-Cor and LASCO obs.

Showing great results on base difference data!

Software freely available!

AIA 193 A 2011-05-11 02:22:43 AIA 193 A 2011-05-11 02:23:55 AIA 193 A 2011-05-11 02:25:31
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https://gitlab.com/iahelio/mosaiics/wavetrack

£ " "
3
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
Wavetrack plot of AIA(19:04:40), KCor(19:04:50), 05/07/2021 Wavetrack plot of AIA(19:08:40), KCor(19;08:53), 05/07/2021
£ 1000 H
g * *
3
!
060
i X0 larcsec] sec)
(¢ ). KCor( ). C2(19:24:05), 05/07/ 1A(19:29:52), KCor( ), G2 ), 05/07/

zzzzz

& -2000°

aaaaa

Helioprojective Longitude (Solar-X) (arcsec]

Stepanyuk & Kozarev, 2024




Tracking Large-Scale Coronal Eruptions - Wavetrack & U-Net

Base Difference

® Recently developed a hybrid,
U-Net-based ML approach

® Training data from Wavetrack
algorithmic solutions

Control Mask
(Wavetrack)

® Data augmentation on the ﬂy
reduces data overhead

® Results are very promising!

U-Net produced mask

Data-Driven feature recognition. 2011-06-07. AIA 193 Channel

Stepanyuk & Kozarev, under review



Filament Detection

- Adopted our wavelet and data-driven image
segmentation techniques for ground-based
optical instrument data (K-Cor,

Kanzelhohe, Belogradchik, Rozhen data)

- 'Trained and optimized a U-Net ensemble
of models for filament recognition and
tracking

- Used Kanzelhdhe full-disk synoptic

observations for training data
- Average IOU 0.76 on validation set

- Figure shows sample output masks (middle
row) and overlays on observations (bottom
row)

Stepanyuk et al., in prep.






https://docs.google.com/file/d/1LAQs-nAv4yLl00b9UgatbBkisqWBGNPF/preview

Solar radio burst observations

- Type IL, 111, IV radio observations provide important
information about

- nature and dynamics of eruptions

- particle acceleration

- heliospheric connectivity
- recently, imaging in metric-decametric band (10-300
MHz)
- LOFAR, MWA, NRH telescopes
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LOFAR type Ill observations

- Nedal et al., 2023 imaged LOFAR data
- Observed 15 bursts in 20 minutes of quiet time

- Same source determined, no EUV or X-ray signature
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Multi-Lane Type IT Burst Imaged with LOFAR LBA - Zucca+ 2025

ggg . =3 E e ORFEES AIA 193 A 2022-05-19 12:02:04
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Frequency [MHz]
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Comparison with coronal MHD model
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cking of a type I burst with LOFAR/LBA - Yotov, Kozarev+ (in prep)

— Separate and track stationary and transient sources
-~ Imaging gives important information on dynamics

Frequency (MHz)
o8/ (oSl

N
o




Tracking of a type II burst with LOFAR/LBA - Yotov, Kozarev+ (in prep)

SN F2 - transient (right) source flux
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In situ and remote detection of flare electrons with LOFAR and PSP - Kozarev, Yotov+ (in prep.)

Flare (AIA LASCO/C2
— M1.0 flare on 24 September, 2023 S zire( )

— Type III burst storm 5 minutes after flare
start

— LBA imaging reveals source above
northwest limb
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In situ and remote detection of flare electrons with LOFAR and PSP - Kozarev, Yotov+ (in prep.)

‘I ]
@ Mercury ;
@ Parker !

— PSP very well positioned, electron beams
observed in situ

— VDA relates them to pre-flare bursts with
circular polarization
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“BB3geiicTBHE HA CTPHIEBATA AKTHBHOCT BBPXY HOHOCPEpPHATA JUHAMUKA U
IIOTOIIUTE BUCOKOCHEPTUTUYHHU YaCTUIY Hafi AHTApKTHAA

Qunancupania opranusanys: COPUICKA YHHBEPCHTET ’7\
Ilepuop na usnennenue: 2024-2025

basosa opranusanua: MacTaTyT Mo acrporomus ¢ HAO

©

ITapTHROPCKYM OpraHKU3aIMH:
— Texnmuecku yHusepcurer-Copus
— Bucme BoerHOMOpcKo yunmnme “Hukomra Bannapos”

CJI
1) Habmogenue Ha crpHYeBaTa aKTUBHOCT Ha paguo dectotu 50-500 MHz;

2) Habmopenne Ha epexrure Ha crbHYeBHTE U30yXBaHUS BBPXY D-ci10s Ha itoHOCepaTa

upes VLF HaOJIIOIEHU Ha JaJICYHU Ha36MHU U3TOYHULIY;

3) Habsronenust Ha moTOLUTE KOCMUYHU JIBYM Haf, AHTApKTHAA

4) Habmopenns Ha nusMeHeHMATA HA 3eMHOTO MAarHUTHO II0JIE€ B paifioHa Ha Obarapckara

NOJISIpHA CTAHIIM AL
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astronomica Vv LF Habmioenus Ha floHocdepHa fuHAMUKA
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BULGARIA

VLF emitter in Suttler, Maine (24.0 kHz) VLF emitter in Lualualei, Hawaii (21.4 kHz)
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BGPAO VLF measurements at 21.4, 24 kHz
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HabmoneHnsa Ha MarHUTHO 1oJie
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Ha6mogennsa Ha MarHUTHO ToNIE

le-5 BG PAO Magnetic Field Measurements - B, 10sec resolution
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Heitrocrure mo npoexra LOFAR-BG ca ¢punancupanu no Hanponansara merHa kapra 3a HaygHa uapactpykrypa (2020-2027),
KOOpAMHUpPaHa 0T MUHKCTEpCTBOTO Ha 06pasoBaHueTO U HaykaTta Ha bwrapus (orosopu D01-389/18.12.2020, D01-177/29.07.2022,
D01-362/14.12.2023, D01-110/30.06.2025).

HeitHocTuTe o npoexra “Bo3peiicTBHE Ha CTBHYEBATA AKTUBHOCT BBPXY HOHOCPEpHATA IMHAMMKA M IOTOIMTE BUCOKOCHEPTUTUIHHU
gacTunm Haj, AaTapkTuga” ca dunancupanu ot CY "Cs. Kimument Oxpupckn” no nporeaypa "Ounancupane Ha ONAPHU HAYIHH
uscnensadud’, gor. 70-25-44 / 12.04.2024r.

Bilateral project: Bulgaria-Austria ( https://astro.bas.bg/project-sun/ )
oint observations and investigations of solar chromospheric and coronal activit - ulgarian National Science Foundation
“Joint ob i di igati f solar ch pheric and 1 activity” (2023-2025) Bulg N 1S Found
project No. KP-06-Austria/5 (14-08-2023) and Austria’s Agency for Education and Internationalisation (OeAD) project No. BG 04/2023
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