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BbNTAPCKA AKAREMUA HA HAYKHTE
WHCTUTYT N0 ACTPOHOMIA

Topics of research
e Sun & Solar system
e Star & Stellar systems

roavHm

e (Galaxies & Cosmology HAO Po)xeH


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)
e Solar activity:
filament/prominence eruptions

e Total solar eclipses

e Theoretical research (2D MHD models)

_AWUTEOF ASTRGy~
P! Opyy>-
N (@Y

& <52
AL TROMCRLO°

AIA 304 - 2012/08/31 - 19:48:07Z
https://sdo.gsfc.nasa.qov/qallery/main/item/157



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

Present: Sun & space weather grou

Topics of research (2010 - now)

e Solar activity: solar flares, filaments, radio bursts

- multiwavelength analysis (focus on optical, EUV
& radio data)

e Space weather

- particles (data analyses, modeling &
forecasting
- geomagnetic storms (statistics

Machine learning in solar/space weather

Solar wind is a
continuous stream
of electrons, protons
and heavier
particles from the
upper atmosphere
of the Sun.
Embedded within
the solar wind is

#Spacel9plus

Active regions can give rise to
CMES, when billons of tonnes
of matter are flung into space
at speeds reaching 3000 km/s.
CMES are often associated
with solar flares but can also
occur independently.

the interplanetary magnetic
field. Pressure from the
solar wind gives Earth's
magnetic field its
characteristic shape,
compressed on the day side
and extended into a long
tail on the night side.

CMEs are slowed by the
effect of pushing through
the solar wind. The fastest
(MES reaching the Earth are
usually combinations of two
(MEs, where the second
propagates in the ‘wake'
cleared by the first.

SPACE WEATHER?

(2)

Solar flares are huge
explosions in which
electromagnetic energy is
emitted into space as radio
waves, visible light,
ultraviolet radiation and
Xcrays. Flares can be
associated with ejections of
energetic protons, electrons
and heavier particles into
space at near light speed.
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When a CME hits Earth's
magnetic field, it can trigger
a geomagnetic storm that
affects satelltes in space
and critical infrastructure,
such as power grids, on
ground.

#SolarHazards #LagrangeMission

(5

Auroras are spectacular
phenomena that occur
at northern and
southern polar latitudes.
During strong
geomagnetic storms,
aurora can be visible
also at latitudes nearer
the equator.

ESA has established the
European Space
Weather System, which
links existing European
space weather expertise
- located at scientific
institutes, national
research centres,
industry and observation
systems on ground and
in space — with

ESA's Space Weather
Coordination Centre,
Brussels.

Working with regional
Expert Service Centres,

()

Geomagnetic
or damage satellites in space
as well as induce currents in
power grids, damaging
transformers, on ground. They
also disturb radio signals
travelling through the upper
atmosphere. Tn 1989, a (ME
caused a geomagnetic storm
that led to a 9-hour power
blackout in Quebec. In 2003,
many satellites were damaged
or temporarily affected by the
“Halloween storms|, a series

of powerful solar events.

In 2012 a massive C(ME

just missed Earth.

storms can affect

\4

the coordination centre provides
processed data and ‘products’
that serve customers across a
wide range of industries and
economically vital activities like
power grid operations, shipping,
transport and telecommunication.
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Completed projects

e SPREADFAST

https://spreadfast.astro.bas.ba/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 SEP review

e STELLAR
https://stellar-h2020.eu/

QSPREAdFAST Near-Realtime Monitor of Early-Stage SEP Events

SPREAJFAST webpage | SPREAJFAST historical events | SPREAdFAST Logger App (Log-in required)

Near-Realtime Space Weather (Data from NASA/NOAA)
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https://spreadfast.astro.bas.bg/synoptic/
https://stellar-h2020.eu/

Projects in progress

e MOSAIICS:

Modeling and Observational Integrated
Investigations of Coronal Solar
Eruptions

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

g

NG
MosAlcs

m MOSAIICS Project Descrip!

MOSAHCS

ModelingafdObservational Integratedinvestigations of Cor:

tion v Team Results Blog Contact

al SolarEruptions

RADIATION Hazapy

COMPUTER VISION AND DEEP LEARNING

Develop cutting-edge methodology for solar
eruption detection and characterization, based on

computer vision and deep learning methods

READ MORE >

METRIC SOLAR RADIO IMAGING

Unlock the discovery potential of uniquely rich low-

frequency radio imaging data, showing of the early

stages of solar eruptions.

READ MORE >

ENERGETIC PARTICLE ACCELERATION

Transform our understanding of energetic particle
acceleration in solar eruptions, combining radio

imaging and energetic particle modelling.

READ MORE >

MOSAIICS is a 5-year research project, part of the National Science Program “VIHREN". It is hosted at the Institute of
Astronomy and National Astronomical Observatory of the Bulgarian Academy of Sciences. The project Pl is Assoc. Prof. Kamen

Kozarev.

MOSAIICS aims to improve our understanding of the physics of solar eruptions by integrating modern computer vision,
advanced solar radio imaging, and energetic particle modeling.

You can learn more about the project, or each topic link.
Or let us know if you have any questions, on our Contact form.


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

Projects in progress

e New chromospheric telescope at NAO-Rozhen
https://helio.astro.bas.bg/observations

Irbene.

e New radio station:

LOFAR-BG https://lofar.ba/ba/ Wiy
;-
/97 o 4 y
. »i\y PP '
e New neutron monitor Jaal

Credit: Petrov (2021)

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



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

Infrastructure

NAO-Rozhen: Bulgarian
center of astronomy,
solar and space weather
research

2-m& 1.5 m
telescopes
30-cm solar
telescope

Radio station
Neutron monitor
Weather station,
efc.




- UTEOF ASTRON
5 .51\" NQM
s\

Present: Bilateral collaborations R~

Serbia (past & ongoing)
e Active events on the Sun, catalogs of proton events and electron Signatures...

India (past)
e Eruptions, flows and waves in the solar atmosphere and their influences on the
space weather

Egypt (ongoing)
e relationship between major space weather phenomena in solar cycles 23 and 24
e space weather effects at near Earth environment - from remote observations and in

situ particle forecasting to impacts on satellites

Austria (past & ongoing)
e The origin of solar energetic particles: solar flares vs. coronal mass ejections
e solar chromospheric and coronal activity

http://edu-pro.astro.bas.ba/sun/?page id=368



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

CATALOGS OF SOLAR ENERGETIC PROTONS AND SPACE WEATHER EVENTS

PROTON EVENTS SXR FLARES RADIO BURSTS ‘GEOMAGNETIC STORMS TYPE Il BURSTS

Database of analysed

t .
events.:

Show‘ 10 v
h ttDS / / Cata I 0gsS. aStrO . baS . bCI / flare | flare CME , CME , CME, Channel | onset . peak . Channel , Channel , Channel , Channel , Channel , Channel , Channel . Channel , Channel |

Solar Cycle 23 — Protons

search: | |
entries —

e e e e e e e S e ) 3 4 s g 7 8 9 10
1996 7 9 X286 09:05 o091 -10 30 gap gap gap 0.004401 09:44 10:52 0.002427 0.001022 0.000979 no no no no no no
() P roto n s 1996 8 1B u u u u u 1609 620 153 0008504 1815 2203 0005586 0002268 0001914 00021 0000892 no no no no
1996 1 26 B9.0 20:48 2432 u u 21:36 548 78 0.001545  24:31 26:33  0.000702 0.000657 no no no no no no no
. S O I a r fI a reS 1996 1 27 u u u u u u u u 0.001879  14:33 151 0.000916  0.000431 no no no no no no no
1996 n 28 C13 16:35 17:32 u u 16:50 984 101 0.009031 19:38 2212 0.005472  0.001592 0.0016 0.000721 no no no no no
.
. Rad I O b u rStS 1996 1 29 u u u u u u u u 0.006815 05:30 13:49  0.002708  0.001147 0.000987 no no no no no no
1996 n 30 u u u u u u u u 0.02436 06:22 0713 0.013896 0.004013 0.003175 0.001388  0.000415 no no no no
.
. G e O m a g n etl C 1996 1 30 MO 2016 2044 -6 47 n n n 0.002383 23:29 2838 0.00101 0.000518  no no no no no no no
1996 12 24 c2 13:03 131 5 95 13:29 325 69 0.010562 15:05 18:06 0.006228 0.003103 0.002215 0.00n72 0.000794 0.000459 no no no

Sto rl I lS Showing 1to 9 of 9 entries . A

Note: Only a preview of the results during 1996 is shown. The channel selected for the proton event identification is Channel 2.
Abbreviations:

« AW - angular width

 CME - coronal mass ejection

gap - data gap

* no - no proton event

* u-uncertain

Notations:

all times are in UT
Channels (in MeV): 1:14-17; 2: 17-22; 3: 21-28; 4: 26-32; 5: 32-40; 6: 40-5I; 7: 51-67; 8: 64-80; 9: 80-101; 10: 101-131
class: flare peak in GOES soft X-ray flux (W/mA2)

CME speed: linear speed (km/s) from

flare latitude: North (positive); South (negative)
flare longitude: West (positive); East (negative)



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

Research: Catalogs of space weather events

events:
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* universe MoPy
Database of analysed
Article
M-Class Solar Flares in Solar Cycles 23 and 24: Properties and
Space Weather Relevance
httDS '//Cataloqs . astro B bas . bq/ Rositsa Miteva 1*( and Susan W. Samwel 2 Solar Event SCs23 +24
SFs 2177 (100%)
CMEs 889 (41%)
Protons 5 655 (30%)
By 481 (22%)
Solar flares Boy- 663 (30%)
i SEPs 133 (6%)
Radio bursts SEEs 247 (11%)
. IP-1II 1078 (50%)
Geomagnetic IP-I1 148 (7%)
1500
storms . ® °
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https://catalogs.astro.bas.bg/
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Research: Catalogs of space weather events R

Database of analysed

] * universe [MDPI
events: X
Article
https://catalogs.astro.bas.bg/ Solar Radio Bursts Associated with In Situ Detected Energetic
Electrons in Solar Cycles 23 and 24
ositsa Miteva * usan W. Samwel 2( and Svetoslav Zabunov *
e Protons e e
e Solar flares
. M9 Al . |
e Radio bursts 5 MO 5% L
BM7 @ 1200
. 5] %
e (Geomagnetic o M6 | 5 1100
EMms ~ 2l =
i " N O 1000
storms M4 ' .
B3 < 900 v
2 V[ & goo
M2 = !l
M1 il 700
dm-h dm-I m-h m-I dam  Hkm dm-h dm-I m-h m-I dam Hkm

radio wavelength radio wavelength


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

Research: Catalogs of space weather events e

g f, Advances in Space Research !
& sl Volume 72, Issue 8, 15 October 2023, Pages 3440-3453
Database of analysed FLSViER
. Correlations between space weather
events: parameters during intense Completed In progress
https://catalogs.astro.bas.bg/ geomagnetic storms: Analytical study Dst<-100 nT =>=<-50 nT
Susan Samwel ® 9 %, Rositsa Miteva ® =i ~1 00 GSS => +~400 GSs
e Protons -
https://doi.org/10.1016/j.asr.2023.07.053 7 Get rights and content 71
e Solar flares
] e strong correlation between |Dst| and both By and |B,|;
o Rad|0 burStS e moderate correlation between |Dst| and solar wind
. parameters, except with solar wind density Nsw which
o Geomag netic shows almost no correlation;
e the |Dst| is highly correlated with |VswB,| when com-
storms pared with its correlation with Vgy and |B,| separately;

e with the exception to Vicmg which shows high correla-
tion with |Dst|, the solar activity parameters
(Veme, AW, and Isxr) show weak/no correlation with
|Dst|;

e poor correlations are found between the parameters
(flux and fluences) of the solar energetic particles,
whether protons or electrons, with |Dst|.


https://catalogs.astro.bas.bg/
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Research: Space weather effects on satellites R N4

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

-100 +
-200
-300 +
-400 +

-500

February 2022 _ Dst (Pr9V|S|0nal) _ 'W[?Ck?rG'eom'agne'ﬁsnll,Kylob

(nT)

Although the majority of the previous research [57-62] concluded that the notable
Starlink failure was due to the increased atmospheric drag, ranging from 20-30% up to
150% at the staging orbit of 210 km, some doubts are raised if that it is the sole cause [63].
Despite the fact that the latter also estimated an increased thermospheric mass density by
35%, these authors proposed that GSs occurring in close succession (within about one day)
are accountable for more negative SW effects on spacecraft operation and stability. The
effects of the atmospheric drag on LEO satellites has been the topic of intense research,
e.g., [48,49] and the references therein. Although it is well known that GSs lead to a global
increase in the thermospheric neutral density, Joule heating due to EUV flare emission, and
particle precipitation cause additional expansion in the 100—200 km region (or VLEO) [62].



Research: Space weather effects on satellites R N

Focus: https://doi.org/10.3390/astronomy2030012
solar (solar flares) &
(n e ar_E arth) | P Table 2. Starlink launches and accompanied magnetospheric and IP phenomena: date (yyyy-mm-dd)

and time (hh:mm) of the Starlink launches; day (dd), nearest hour (hh), and value (in nT) of the Dst
index of the GS; day/time/speed (in km s™1) of the ICME; day/time/speed (in km s71) of the IP
shock, density jump at the shock surface (in cm™3); day/time/value (in nT) for B; component. All
times are in UT. No reported events are denoted with ‘no’.

contributions

at the tim,e of selected
Starlink launches

Starlink Launch GS Dst ICME IP Shock B.
Aim: Date hh:mm dd/hh/nT dd/hh/kms~!  dd/hh/kms~! cm~3 dd/hh:mm/nT
in order to evaluate 2020-04-22 19:31 20/13/—-59 20/09/330 20/01:33/336 6.7 20/11:52/—15
it ; 2020-10-06 11:30 05/22/—40 05/17/350 no no 05/19:34/—9
E)hfethaed %IIJ{I/IOQg(Ij Im paCt 2020-10-24 15:32 24/07/—38 no no no 23/20:16/—12
e ) 2021-02-16 04:00 17/06/—54 no no no 13/03:07/—-12
radiation environment 2021-03-04 08:25 03/05/—39 no no no 01/04:05/—14
on satellite Stab”ity 2021-03-14 10:01 14/10/—43 no no no 13/05:06/—13
18:59 27/09/-28 26/05/410 26/11:45/369 109 27/06:15/ 11
] 2021-12-02 23:12 02/23/—25 no no no 02/15:02/ —5
Input: 2022-01-19 02:03 19/04/—44 19/05/610 18/22:58/820 1.2 19/05:05/—6
Timing of all (~100) 2022-02-03 18:13 03/11/—66 02/16/460 01/22:27/543 42 03/09:37/—19
Star”nk |aunches 2022-04-29 .27 30/08/—37 no no no 27/13:01/-11
_ . 2022-05-13 22:08 13/22/ -39 no no no 11/19:55/-10
2019-2022 => 15 with ‘s 13:11 07/23/ 81 07,/12/380 i O 07/12:48/—16
Dst <=-25nT 2022-09-05 02:10 04/17/—72 no 70 0 04/05:24/—10
2022-12-28 09:34 27/16/—68 no no no 26/12:24/—-10



https://doi.org/10.3390/astronomy2030012
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Research: Space weather effects on satellites A

Resu ItS: Table 3. Starlink launches and accompanied solar/SW phenomena: date (yyyy-mm-dd) and time
> Minor tO moderate effeCtS (hh:mm) of the Starlink launches; SF day/start/peak/end time/class; SEP day/peak time; SEE

day/peak time. All times are in UT. Abbreviations: on: ongoing; pr: preceding; s: start time;

due to solar flares, su: succeeding.
particle radiation & IP Starlink Launch SFs SEPs SEEs
| d t B f Id Date hh:mm dd/hh:mm/class dd/hh:mm dd/hh:mm
p asma aensi y’ e ’ 2020-04-22 19:31 no no no
H 2020-10-06 11:30 no no no
VeIOCIty 2020-10-24 15:32 no no no
2021-02-16 04:00 no no no
2021-03-04 08:25 no no no
Open ?s: 2021-03-14 10:01 no no no
2021-05-26 18:59 26°" /18:51/18:58,/19:47 /B7.0 no no
= Double GSs as a 2021-12-02 23:12 no no no
i 2022-01-19 02:03 no no 189" /19:26°
possible cause for 2022-02-03 18:13 02V /17:42/17:47 /17:59/C1.1 no 03% /22:35
. ) 2022-04-29 21:27 2954 /22:42 /22:56/23:14/C3.0 299" /17:03 299" /09:12
satellite failure 2022-05-13 22:08 1397 /22:07/22:26,/22:34/C2.6 no 1o
2022-07-07 13:11 no no no
2022-09-05 02:10 05°" /01:53/02:05/02:19/C5.0 no no

2022-12-28 09:34 2201 /09:34/09:42/09:49/C2.4 no no
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Education

University courses

e Solar physics & solar activity; Radio astronomy (Master program, “Astronomy
and Astrophysics™ https://www.phys.uni-sofia.bg/?page_id=3443)

e Introduction to Space weather (Master program "Aerospace Engineering and
Communications" https://www.phys.uni-sofia.bg/?page_1d=6373)
https://astro.phys.uni-sofia.bg/p9/

(New) Summer practice (start 2024: under development): students, PhDs, young
scientists


https://www.phys.uni-sofia.bg/?page_id=3443
https://www.phys.uni-sofia.bg/?page_id=6373
https://astro.phys.uni-sofia.bg/p9/
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Knowledge transfer

Summer schools & practices

e Project-related hitps://stellar-h2020.eu/
e |LOFAR-BG https://lofar.bg/

e Branch Cosmos https://bulgarianspace.online/archive-schools/

Workshops

e Radio Astronomy

(external school 15-19 Apr 2024 hitps://indico.astron.nl/event/315/
Deadline: 30 Nov 2023!)

e Astropy
(20-24 Nov 2023: hitps://astro.bas.bg/astropy2023/ Registration closes today!)



https://stellar-h2020.eu/
https://lofar.bg/
https://bulgarianspace.online/archive-schools/
https://indico.astron.nl/event/315/
https://astro.bas.bg/astropy2023/
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Dissemination & outreach

Mp Ha cnb Ta Kop Ao 3 AscTtpanusa
INekuwus Ha rn. ac. a-p LisetaH LiBetkos B MI'Y ,CB. MBaH Puncku*

e News (hitps://astro.bas.bg/) Tt
clieiBaHe Ha

http://195.96.236.171/news clrpHYeBaTa KOpoHa

no 3ananna Ascrpaims

AR £
o\ ¢,
> /A



https://astro.bas.bg/
http://195.96.236.171/news
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Dissemination & outreach R

Hauano  AgmuHucmpauusi  Akagemusima  AokymeHmu

e News

noHegeAHuk, 9 okmomBpu 2023 | Kamezopuu: AcmpoHomusi, kocmuudecku uzcaegBarusi u mexHoaozuu | Emukemu: MA ¢ HAO

http://195.96.236.171/news

M3r0k6a Ha uzobparkeHus Ha kocmuyecku obekmu, 3acHemu ¢ HoBusi
1,5-M meAeckon B8 HauuoHaAHama acmpoHomuuecka o6cepBamopus
(HAO) PoxkeH, 6ewe omkpuma B BoAzapckama akagemus Ha Haykume.
Teaeckonom pabomu 8 noayaBmomamuueH pexkum u moxke ga 6bge
ynpaBaAsiBaH gucmaHyuoHHo, ka3a gupekmopbm Ha MHcmumyma no
acmpoHomust ¢ HAO npod. EB2eHu CemkoB. Tol npegcmaBu aBmopa
Ha ¢omozpaduume - acCmMpOHOMbBM 2A. ac. g-p MuAaeH MuHeB.

e exhibitions

Ongoing: New 1.5-m telescope (BAS)

B ekcno3zuuyusima ca BkaloyeHu cHumku Ha nAaHemama KOnumep u Ha
38e3gu, MbaAasiBuHu, 2anakmuku, 38e3gHu kynoBe u o6pa3yBaHusi om
mekgy3Be3zgeH 2a3 u npax kamo u3zBecmHume ,CmvAboBe Ha
comBopeHuemo” 8 MvaasiBuHama Opea Ha cvb3Be3guemo 3musi.

U3NOYKBA
HoBwusaT 1,5-M Teneckon TeAaeckonom e nbpBama MawabHa HayyHa uHdpacmpymkypa, kosimo e

B HAO PoxeH u3zpageHa u3usiao ¢ Gba2apcko ¢uHaHcupaHe, kaza npegcegameAsim
Ha BAH akag. OAuaH PeBaAacku u gonbAHu, Yye cpegcmBama, BAoXkeHu

8 npoekma, ca 3,5 MuAuoHa AeBa.

B 3aAna ,Mpo¢. Mapun ApuHoB” Ha BAH 6ewe u3AbyeH npemuepHo gokymeHmaAeH ¢uam ,HoBusm
meAeckon®, ¢ aBmopu >kypHaaucmbm Aumumop ComupoB u onepamopbm BaaeHmuH Mackaae8.


http://195.96.236.171/news
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Dissemination & outreach EEEESEEE A~ R N4

e News

http://195.96.236.171/news

e exhibitions

Ongoing: New 1.5-m telescope (BAS)



http://195.96.236.171/news

(n instagram.com/instituteofastronomybas/ ©oh %

Interferometric im. ) Basler ace acA192.

s [3 Data E3 Journal Is B3 Projects B Science B9 Travel B3 Videos

Jnstagnam

) Basler acA1920-1

instituteofastronomybas Follow Message

Dissemination & outreach

143 posts 239followers 33 following

Institute of Astronomy BAS

The Institute of Astronomy and NAO of the Bulgarian Academy of Sciences carries out
fundamental research and education of specialists and PhD students
@ www.astro.bas.bg

e News

http://195.96.236.171/news

1
+
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e exhibitions :

MHCcmumym no acmpoHomusi ¢
HayuoHanHa AcmpoHomu4ecka

@ Cuobuenue

1l Xapecano

O6cepBamopus, BAH

8,1 xuA. xapecBaHus - 8,6 XuA. nocregoBamenu

Ongoing: New 1.5-m telescope (BAS) » .

BuvBegeHue

OuyuanHa cmpakuua Ha Mkemumym no
acmpoHomus ¢ HAO kum BAH. OuakBatime
HOBUHU 3a Op2aHU3UpaHU CHBUMUS,

e science & public events

© Cmpanuua - ObwecmBena u
npaBumencmBena ycayza

& 72 Tzarigradsko chaussee, Sofia, Bulgaria

%, 029741910

https://www.astro.bas.bg/reports/

Q Topcene

Om3uBu  MocaegoBameau  Owe ¥

25 ®duampu

My6aukauuu

no c

@ AcmpoHomutiecka OBcepBamopus, BAH

ey
Cegem Bv3numanuuu Ha 9 Opercka e3ukoBa 2uMHa3us *AAGOHC
950 AaMapmuH" we nocemam npe3 ma3u cegmuua HAO Poxen
kamo noGegumenu 8 HagnpeBapama c ouwie g8a omGopa om gpyau
yuuAuULa no Bpewe Ha XIl u3gaHue Ha cumuemo ,Kay6oe u
opzanuzauuu’, koemo ce npoBege 8 kpas Ha Muarama cegMuua 8
Aoma Ha kyamypama ,Cpegey” 8 Codus. Cneveaunusim npoekm,

https://www.youtube.com/@instituteofastronomyandnao6152

e social media: facebook, instagram,
youtube

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

https://www.facebook.com/ianaoban
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