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Outlook

I. Science topics, infrastructure, projects
● Bulgarian Academy of Sciences
● Institute of Astronomy
● Solar group

https://astro.bas.bg/
https://nao-rozhen.org/ 

II. Selected results
● Statistics, correlations, catalogs

https://catalogs.astro.bas.bg/ 

https://astro.bas.bg/
https://nao-rozhen.org/
https://catalogs.astro.bas.bg/


2023: H-index 
Bulgaria: 330

founded in Romania

http://bas.bg/ 

I. Bulgarian Academy of Sciences

http://bas.bg/


Institute of Astronomy with NAO - BAS

1958: Independent unit ‘Astronomy‘ at BAS
1995: Institute of Astronomy founded

Research units
● Sun & Solar system
● Star & Stellar systems
● Galaxies & Cosmology

Staff
● ~50 scientific 
● ~30 technical+support 
● ~10 administration

Links:

https://astro.bas.bg/ 

https://nao-rozhen.org/ 

https://www.youtube.com/@instituteofastronomyand
nao6152 

https://www.instagram.com/instituteofastronomybas/ 

https://www.facebook.com/ianaoban 

https://astro.bas.bg/
https://nao-rozhen.org/
https://www.youtube.com/@instituteofastronomyandnao6152
https://www.youtube.com/@instituteofastronomyandnao6152
https://www.instagram.com/instituteofastronomybas/
https://www.facebook.com/ianaoban


Institute of Astronomy with NAO - BAS

Infrastructure

● Sofia https://astro.bas.bg/ 
● AO-Belogradchik (1976) 

https://www.astro.bas.bg/AOBel/index.php 
● NAO-Rozhen (1981) https://nao-rozhen.org/  

https://astro.bas.bg/
https://www.astro.bas.bg/AOBel/index.php
https://nao-rozhen.org/


History: Solar research in BG

Topics of research (1990s, 2000s)

● Solar activity: filament eruptions
● Total solar eclipses
● Theoretical research (2D MHD models)

http://edu-pro.astro.bas.bg/sun/?lang=en 

https://helio.astro.bas.bg/ 

https://sdo.gsfc.nasa.gov/gallery/main/item/157 

http://edu-pro.astro.bas.bg/sun/?lang=en
https://helio.astro.bas.bg/
https://sdo.gsfc.nasa.gov/gallery/main/item/157


Present: Sun & space weather group

Topics of research (2010 - now)

● Solar activity: solar flares, filaments, radio 
bursts
- multiwavelength analysis

● Space weather
- particles (data analyses, modeling & 
forecasting)
- geomagnetic storms (statistics)

● Machine learning in solar/space weather

http://edu-pro.astro.bas.bg/sun/?lang=en 
https://helio.astro.bas.bg/ 

http://edu-pro.astro.bas.bg/sun/?lang=en
https://helio.astro.bas.bg/


Solar group team

Permanent staff

+5 PhD students



Completed science projects

● SPREADFAST

https://spreadfast.astro.bas.bg/synoptic/ 

Prototype of of a forecasting system, based on 
physics-based model for acceleration of solar energetic 
particles and their transport to Earth 
(ESA project); 
featured in a SEP review 
(Whitman et al. 2023)

https://spreadfast.astro.bas.bg/synoptic/


● STELLAR 

https://stellar-h2020.eu/ 

Team
● IANAO - Bulgaria
● ASTRON - Netherlands
● DIAS - Ireland
● TUS - Bulgaria

Visits, collaborations, schools on solar & 
space weather radio astronomy, incl. 
antenna & signal processing 
technologies

Completed science projects

https://stellar-h2020.eu/


● MOSAIICS: 

Modeling and Observational Integrated 
Investigations of Coronal Solar 
Eruptions

(Bulgarian National Science Fund)

https://mosaiics.astro.bas.bg/ 

Ongoing science projects

https://mosaiics.astro.bas.bg/


● MOSAIICS: 

Modeling and Observational Integrated 
Investigations of Coronal Solar 
Eruptions

(Bulgarian National Science Fund)

https://mosaiics.astro.bas.bg/ 

Ongoing science projects

https://mosaiics.astro.bas.bg/


Infrastructure

NAO-Rozhen

● 2 m telescope
● 1.5 m telescope
● 30-cm chromospheric 

solar telescope 
(commissioning)

● Radio station (in 
progress)

● Neutron monitor (in 
progress)

● Weather station, etc.

https://nao-rozhen.org/ 

https://nao-rozhen.org/
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Infrastructure

NAO-Rozhen

● 2-m telescope
● 1.5 m telescope
● 30-cm 

chromospheric solar 
telescope 
(commissioning)

● Radio station (in 
progress)

● Neutron monitor (in 
progress)

● Weather station, etc.

https://helio.astro.bas.bg/ob
servations

https://ui.adsabs.harvard.edu/abs/2021POBeo.100..137P/abstract 

https://helio.astro.bas.bg/observations
https://helio.astro.bas.bg/observations
https://ui.adsabs.harvard.edu/abs/2021POBeo.100..137P/abstract


Infrastructure

NAO-Rozhen

● 2-m telescope
● 1.5 m telescope
● 30-cm 

chromospheric solar 
telescope 
(commissioning)

● Radio station (in 
preparation)

● Neutron monitor (in 
preparation)

● Weather station, etc.

https://helio.astro.bas.bg/ob
servations https://astro.bas.bg/project-sun/ 

https://helio.astro.bas.bg/observations
https://helio.astro.bas.bg/observations
https://astro.bas.bg/project-sun/


Infrastructure

NAO-Rozhen

● 2-m telescope
● 1.5 m telescope
● 30-cm chromospheric 

solar telescope 
(commissioning)

● Radio station (in 
progress)

● Neutron monitor (in 
progress)

● Weather station, etc.

LOFAR-BG 
https://lofar.bg/bg/ 

https://lofar.bg/bg/


Infrastructure

NAO-Rozhen

● 2-m telescope
● 1.5 m telescope
● 30-cm chromospheric 

solar telescope 
(commissioning)

● Radio station (in 
progress)

● Neutron monitor (in 
progress)

● Weather station, etc.

LOFAR

HBA 
(100-240 
MHz)

LBA (10-80 MHz)

https://www.astron.nl/telescopes/lofar/ 

https://www.astron.nl/telescopes/lofar/


Infrastructure

NAO-Rozhen
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(commissioning)

● Radio station (in 
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● Neutron monitor (in 
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● Weather station, etc.

LOFAR-BG https://lofar.bg/bg/ 

https://lofar.ie/ 

https://lofar.bg/bg/
https://lofar.ie/
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Bilateral collaborations

Regional:
● Serbia

Active events on the Sun, catalogs of proton events and electron Signatures…

Europe:
● Netherlands & Ireland (LOFAR)
● Austria (optical)

The origin of solar energetic particles: solar flares vs. coronal mass ejections
solar chromospheric and coronal activity

Worldwide:
● India (radio)

Eruptions, flows and waves in the solar atmosphere and their influences on the space weather
● Egypt (space weather)

relationship between major space weather phenomena in solar cycles 23 and 24
space weather effects at near Earth environment - from remote observations and in situ particle 
forecasting to impacts on satellites

http://edu-pro.astro.bas.bg/sun/?page_id=368 

http://edu-pro.astro.bas.bg/sun/?page_id=368


II. Space weather drivers
Solar flares
☀ EM emission
☀ ‘flash’ on images
☀ light-curves in soft X-rays 
(GOES scale: X, M, C,...)

Coronal mass ejections
☀ mass expelled into IP space
☀ ‘bubbles’ on images
☀ white-light imagers
(speed, angular width, direction of propagation)

Solar energetic particles
☀in situ observation of protons, 
electrons, heavy ions
☀’snow’-effect on images
☀flux-time curves

https://stereo.gsfc.nasa.gov/gallery/selects.shtml 

https://docs.google.com/file/d/1EXBs0yDi3enhy3wYsvASzqv5LMkZmFCb/preview
https://stereo.gsfc.nasa.gov/gallery/selects.shtml


II. Space weather drivers
Geomagnetic storms
☀disturbance of planetary magnetic field due 
to magnetized solar plasma
☀Auroras
☀time variation of geomagnetic indices

https://www.swpc.noaa.gov/content/aurora-tutorial 

Aurora: 5/6-Nov-2023, near Varna, Bulgaria
Credit: Yanko Nikolov (IANAO)

https://www.swpc.noaa.gov/content/aurora-tutorial


Open-access catalogs

https://catalogs.astro.bas.bg/ 

https://catalogs.astro.bas.bg/


● Correction to 
SOHO/ERNE flux:

SC23+24 : 
https://www.astro.bas.bg/AIJ/issues/
n33/RMiteva.pdf 

● Energy dependence 
trends; selected 
channels

https://doi.org/10.1063/1.5091228 

https://www.astro.bas.bg/AIJ/issues/n31
/RMiteva.pdf 

SC23 :
http://space.bas.bg/SES/archive.html 

(catalog under completion)

Results: Proton events

https://www.astro.bas.bg/AIJ/issues/n33/RMiteva.pdf
https://www.astro.bas.bg/AIJ/issues/n33/RMiteva.pdf
https://doi.org/10.1063/1.5091228
https://www.astro.bas.bg/AIJ/issues/n31/RMiteva.pdf
https://www.astro.bas.bg/AIJ/issues/n31/RMiteva.pdf
http://space.bas.bg/SES/archive.html


Results: Solar flares
Flares with solar/space weather events
(sunspots, CMEs, particles, radio bursts)

1) X-class flares 
SC23+24 (175)
https://www.astro.bas.bg/AIJ/issues/n35/RMiteva.pdf 

2) M-class flares 
SC23+24 (2177)
https://doi.org/10.3390/universe8010039 

https://www.astro.bas.bg/AIJ/issues/n35/RMiteva.pdf
https://doi.org/10.3390/universe8010039


Results: Radio bursts
Type II, III, IV bursts of solar electron events
SC23+24 (832)
● Histograms vs. radio frequency
● Occurrence rates vs. radio frequency
● Flare, CME trends vs. radio frequency

https://link.springer.com/article/10.1515/acgeo-2016-0028 

https://doi.org/10.3390/universe8050275

dm-h (3–1 GHz)
dm-l (1000–300 MHz)
m-h (300–100 MHz)
m-l (100–30 MHz)
dam (30–3 MHz) 
Hkm (3 MHz–20 kHz)

https://link.springer.com/article/10.1515/acgeo-2016-0028
https://doi.org/10.3390/universe8050275


Results: Geomagnetic storms

1) Major GSs
(top 50):
https://doi.org/10.1016/j.asr.2020.07.006    

2) Intense GSs (|Dst|>100 nT)

SC23+24 (111): 
Correlation with solar & IP parameters: 
https://doi.org/10.1016/j.asr.2023.07.053 

3) Weak GSs (|Dst|>50 nT)

SC24 (171): 
https://astro.bas.bg/conf_proc/book_XIIIBSA
C.pdf 

SC23+24 (546): 
https://doi.org/10.3390/atmos14121744 

https://doi.org/10.1016/j.asr.2020.07.006
https://doi.org/10.1016/j.asr.2023.07.053
https://astro.bas.bg/conf_proc/book_XIIIBSAC.pdf
https://astro.bas.bg/conf_proc/book_XIIIBSAC.pdf
https://doi.org/10.3390/atmos14121744


New topic: Space weather effects on satellites

SpaceX: Starlink
 
Orbit: 
210 km orbit (VLEO)

Facts:
2022-02-03
38/49 loss
minor geo-storms: 
-66, -62 nT

Possible causes on the 
failure:
(1) Increased atmospheric 
drag - increased mass density
(2) GSs in close succession

https://doi.org/10.3390/astronomy2030012

https://doi.org/10.3390/astronomy2030012


https://doi.org/10.3390/astronomy2030012Focus: 
solar (solar flares) & 
(near-Earth) IP 
contributions 
(protons, electrons) 
at the time of selected 
Starlink launches 

Aim:
in order to evaluate 
the additional impact 
of the EM and 
radiation environment 
on satellite stability

Input: 
Timing of all (~100) 
Starlink launches 
2019-2022 => 15 with 
Dst <=-25 nT

New topic: Space weather effects on satellites

https://doi.org/10.3390/astronomy2030012


Results:
➔ Minor to moderate effects 

due to solar flares, 
particle radiation & IP 
plasma density, B-field, 
velocity

Open ?s:
➔ Double GSs as a 

possible cause for 
satellite failure

https://doi.org/10.3390/astronomy2030012

New topic: Space weather effects on satellites

https://doi.org/10.3390/astronomy2030012
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