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Penjensus

Ha [IMcepTalMoHeH TPy 3a MPUCHK/JaHe Ha HayuHaTa U oOpasoBaTe/iHa CTerneH “mokTop”

aBTop: Moxamen Encaiieq Hepan A6y1annaun Moxamef, pe/joBeH JOKTOPaHT B VA c HAO -
BEAH

tema: “Solar Transients From The Sun to Earth: Coronal Bright Fronts, Radio Bursts,
and Energetic Protons”

pelienseHT: o1l A-p Kocraguuka Kensaskosa Kosesa, IHCTUTYT 3a KOCMUYECKH M3C/IE/IBAHUA U
TexHomoruu - BAH

PelleH3usATa e U3rOTBEHA B U3ITb/IHEHHUe Ha 3arnoBes NoO 155/03.04.2024 r. Ha JupekTopa Ha A
c HAO u Ha pewienye 1o rpoLefypara Ha »ypu (IIpoTokos ot 10.04.2024).

1. O06mja xapakTepUCTHKA H OL[€HKA Ha {HCePTAl{HOHHHUSA TPYA.
[TpecTaBeHUAT 3a peLieH3Us JUCcepTalldOHeH TPY/ € OT 138 cTpaHuLM ¥ BK/TOUBa 16 Tabmuiiy,
77 durypu u Haf 320 M3MOM3BAHM JUTEpaTypHU W3TOUHHKA. B cTpykTypara Ha guceprauusaTra ca
BK/TFOUEHH CBII[0 CIIMCBLM Ha ChKpALlleHUsATa, Ha QUrypure 1 Ha TabIULKTe, CIIMCHK Ha W3II0/3BaHUTE
nuTeparypHH M3TouHuIM. CTPYKTypaTa Ha JMCepTaLiOHHHUs TPY/, Cé ChCTOH OT BbBe/CHUE, TPH [/aBH
Y 3aK/II0UeHNe U 6 JOMbJIHUTETHU IPUITOXKEHU.

HacrosiaTa fgucepranus ce GpoKycupa BbpXy U3C/Ie/jBaHe Ha K/IHOUOBH aCreKTH Ha C/TbHHIEBATA
AKTUBHOCT M HeHHUTe Bb3/eHCTBUA BbPXY KOCMHWUECKOTO BpEME. CnerudyyHUTe TeMH BK/IHOUBAT
y3yuaBaHe Ha Pa3npOCTPaHEHMeTO Ha KOPOHA/IHK Bb/IHH, NPEJU3BHUKAHH OT H3XBBPIIHE Ha KOpOHa/IHa
Maca M CIbHUeBM uH30yxBaHuUf, H3C/Ie[[BaHe Ha C/IbHUEBUTE paino u3byxsanuss ot Tun I u
IIPOTHO3UpaHe Ha ChbOUTHS, CBbP3aHU ChC CIbHUEBH enepruitiy yactuuu (SEP).

V3cnenBaHusaTa B AWCepTalMATa MMaT 3a Lesl Ja pa3sKpusaT OCHOBHWTE ¢hr3rUeCcKy IpoLecy,
CBbp3aHW CBC CABHYEBMTE €pYNTUBHM sB/I€HHs, Upes3 HabmrofeHusT U MOJe/IvpaHe, KaTo
CBII[eBPEMEHHO Pa3BHUBaT B3MOXXHOCTH 32 TIPOTHO3MPaHe Ha KOCMUYECKOTO BPEME.

TTpe/icTaBeHUAT 33 pelleH3us TPYA MpefcTaB/ABa My/ITH-AUCLHTIMHApHA pabora, B KoATO Ce
pasr/IeX/aT pasIMuHK MPexodHH npouecy Ha CTBHIETO. B paborarta ca pasriejaHd 0OCTOWHO TpH
acrieKkTa OT cTbHUeBaTa (M3MKa W XeTMo(U3MKaTa, @ MMEHHO KOPOHAa/HW BB/IHH, pajiio 130y xXBaHUS
trr 111 ¥ CTbHUEBU BUCOKO-eHeprUiHM UaCTHIIN.

BbB BBBEJEHMETO W3UepIIaTe/THO e OTMUCAHO aKTyaTHOTO ChCTOSTHHE Ha Hay1HHTE W3C/IeBaHNS,
CBBbP3aHM C Pa3MUHUTE MPEXOJHU CJTLHUEBH SBIEHHMSA, KOUTO Ca TACHO CBbP3aHH c pa3bupaHeTo 3a
(hr3MKaTa Ha CTBHUEBATa KOPOHA U HelHaTa BPb3Ka C epynTHBHUTE MPOLECH Ha CrbHLETO.

B I'laBa 2 ce u3cie[Ba Bph3KaTa MeX/y MHTEH3UTETa HA TEOMarHUTHHUTE Oypy ¥ C/TBHUEBUTE
aKTHUBHM TPOSIBH. 3a Iie]Ta Ca U3MOI3BaHN PEKOHCTPYHPpaHH 3D Mozie/id Ha KOPOHAJ/IHW U3XBBPJIAHUSA
pa maca (KMM), kaTo ce TofuepTaBa 3HAUEHWETO Ha OTUMTAHETO Ha CKOPOCTTa HA KM wu
OpMEHTAL[UATa Ha MarHUTHUTE CTPYKTYPH 3@ TOUHOTO MPOTHO3UPAHE Ha KOCMHUECKOTO BpeMe.
M3cnenBaHy ca 26 KOPOHATHU APKU (DPOHTA, HabmogaBanu B neproga ot 2010 go 2017 T, CBBP3aHH C
MPOTOHHKU CHOMTHs. AHa/M3MpaHa e KMHeMaTHKaTa Ha yAapHUTe BBJIHW Ha pa3uUYHKA BUCOUMHU B
ClbHYeBaTa KOPOHa M Ca OTpefie/IeHH T/la3MeHHTe MapaMeTpH 1o Bpeme Ha Te3H epyNTHBHU CHOUTHSL.
3a BCHUKM WM3C/IeNBaHK ChOWTHS Ca MAEHTH(QULIUPAHW W3TOUHWL[UTE BBPXY CTBHUEBHS JMCK. Karo



npuMep Togpob6HO e pasmiesaHo cbbutheto or 11 Maii 2011 r. IlpeacTaBeH e w3uepriaTeneH
CTATUCTUUECKW aHaJIu3 Ha KUHeMaTUYHUTe XapakTepUCTHKU W TUla3MeHHTe TlapaMeTpyd Ha
KODOHAJ/IHUTE BBJIHH.

[TpaBu BreyatT/ieHWe JIMYHUSA TIPUHOC Ha JOKTOPAHTa, a UMEHHO:

1) TecTBaHe U OTCTpaHsABaHe Ha rpewiky, B Gubmioreka Ha Python (makera Wavetrack) ¢ oTBopeH Kof,
3a aBTOMAaTHUHO OTKpHWBaHe W TNpOC/e/sgBaHe Ha KOPOHa/lHM BBAHA W CBbp3aHUTE
B/aKkHa/mpoTybepaHcu. TlpeAcTaBeHH ca NMPUMEPH, KOMTO [J@MOHCTPHPAT TNMPU/IOKEHHWeTO Ha MakeTa
Wavetrack.

2) W3cnenBaHe Ha Bpb3KaTa MeX[y peKoHCTpyupaHuTe 3D Mofenn Ha KOPOHA/HO M3XBBpJIAHE Ha
Maca ¥ MHTeH3UTeTa Ha TeOMarHUTHUTe OypH.

I'maBa 3 ce ¢okycupa BbPXy C/IbHUeBM pafuo usbyxsanus tumn III. Mogenpanu ca
[la3MeHUTe T[apaMeTpd MW KODOHa/JHHWTe MarHWTHM 1osieTa. IIpefctaBeHM ca  OCHOBHHMTE
XapaKTePUCTUKH Ha ClIbHYeBMTe paguo usbyxeanms ot Tun 1. TlogpoGHo ca omucaHu
roc/ejoBaTe/THUTe eTand Ha oOpaboTKa Ha [JaHHWTe W Ca Tpe/CTaBeHH pe3y/lTaTUTe W TAXHOTO
Th/KyBaHe. VI3mon3BaHM ca [JAHHH OT YeTUPW KOCMHUYECKH MHCHH, a4 HWMEHHO Wind/WAVES,
PSP/FIELDS, STEREO-A/SWAVES, and LOFAR. AHa/13yipaHu Ca XapaKTepUCTHKUTE Ha ropejniia
or paguo wusbyxsanusi ot Tun III, HabmogaBaHu Ha 3 ampui 2019 r. UpeHTuduuupaHu U
xapakTepusupanu ca 16 paguo u3byxsanus. OnpefiesieHd ca pejyua TapamMeTpyu Ha H3C/ie/iBaHnuTe
AB/IeHUs] U Ha OKOo/IHaTa Iutasma. CpaBHsIBaHeTO Ha pe3y/ITaTuTe OT aATepHaTHBHU MOJe/H NOTIpUHACH
3a mojobpsBaHeTO Ha Hameto pasbupaHe 3a (U3MUECKHUTE YCIOBUA, KOWTO BMSAT BBPXY
pa3npoCcTpaHeHHeTo Ha pajiuo W3TbUBAHMS B KOPOHATA.

B I'naBa 4 ca W3C/IeBaHN CTBHUEBH BMUCOKO HEePrHMHHM YaCTWL[W/TIPOTOHH. AHANMU3MPaHH Ca
62 OTHENHM epYNTHBHM ChOMTHS, BCSIKO OT KOMTO C sicHa acouuanust ¢ EUV BbIHM 1 3abe1eXXMMo
yBe/MuaBaHe Ha MoToKa NPOTOHH. MOJeNMpaHu Ca TSXHOTO YCKOPeHHEe W TPAeKTOPHH I10 BpPEME Ha
KOpOHa/IHU ylapH# BbaHK 0T CibHIeTo go 1 AU. PesynraruTe OT MO/J€/TMPaHEToO Ca CPABHEHH C in-
situ u3mMepBaHusl.

BaykeH TIPUHOC Ha [JOKTOpaHTa e pa3paboTBaHeTo Ha MO/eJl 3 IPOrHo3upaHe Ha CIbHUEBH eHepTUHU
yactur (SEP).

Pe3ynTaTuTe OT M3C/IeBAHETO Ca BaXKHHM 3a Pa30MpaHeTo ¥ MPOrHO3MPAHEeTO Ha M3/TbUBAHETO Ha
YaCTHIM C BUCOKM eHepruu oT CiabHIeTo. Upes MofenvpaHe Ha JMHaMKKaTa Ha ylapHATE BbJIHU 1
YCKOPEeHHeTO HA YacCTULIUTe B C/IbHYEBAaTa KOPOHA, M3C/Ie/[BAHETO IPEe/JOCTABA [IeHHA nHdopmaLusa 3a
daKkTOpUTe, KOWTO B/MSIAT BbPXY YCKOPEHHETO Ha YaCTULIMTE ¥ TEXHHS TPAHCIOPT OT C/BHLETO [0
3emsrTa.

BaykHO 3aK/TFOUeHHe e, ue TPaJUeHTHTe B TI/Ta3MeHHTe TlapaMeTpy MeXx/ly ChCeiHNTe CTPUMEDH,
06/1aCTHTe OT CMOKOWHOTO CTBbHLIE M KOPOHAHHUTe JIyTIKW Ca OTpe/ie/isiiy 3a Mnpoljeca Ha yCKOpeHH1e
Ha wacthuuTe. PesysrtaTTe, TIPe/ICTaBEHH B JjUcepTauuMsaTa O1xa JAOTpUHECH 3a pa3paboTBaHeTo Ha
MOZIe/TH 3a BITOCPOYHO MpOTHO3MpaHe Ha SEP crOuTHS.

B mocriefHaTa uyacT OT JWCepTaLisTa Ce NMpaBy KPaTbK Tpersief] Ha MojydeHuTe pesyrrari.
Cuumam, ue msxHama opmyaupoeka, camama oucepmayusi, Kakmo u asmopecpepama Kem Hesl,
0mpasfeam KOPeKIMHO U NBHO CbWYHOCMIMA HA pesyaimamume, nocmuzHamu é npoeedeHemo Hay4yHo
u3cneosaHe.

2. OI.IEHKa Ha aKTya/ITHOCTTA H CTelneHTa Ha No3HAaBaHe Had npoﬁnema.

TemarukaTa Ha OUCEPTALUOHHHA TPY[ e aKTya/sHa " aKLieHTHpa BBPXY H3cseBaHeTO Ha
K/FOUOBM aCTeKTU Ha C/AbHUEeBHUTEe aKTHBHU TMPOSABU H TAXHOTO B’b3A€ﬁCTBI/Ie BBPXY KOCMHUUEeCKOTO
BpeMme. B rnpencTaBeHUa 3a peLieH3Us TPYA pa3MyHuTEe npexogHu TpouecH Ha CJTT:HL[GTO ce
pasriexzjaT B eJMHHA paMKa, KaTo ce roguyepTaBa TeEXHUSA B3aUMHOCBBP3aH XapakKTep.

M3no3BaHu ca CbBpeMeHHHU MOJeIN U MeTOoau 34a 06pa60TKa Ha Ha6J'[I-O,E[aTeIIHI/ITe AaHHHA.



Om u3102eHOMO U AHAAU3UPAHeMO HA AumepamypHume U3MOYHUYU Ce 8uxcod, ue OucepmaHmom
Nno3Hasa 8 NOOPOBHOCMU C&EPEMEHHOMO CHCMOsIHUE HA NpobaemMa u Ha C8bp3aHama aumepamypa.
Cuumam, ue memodume u nodxooume Ha uscaedsaHe, U3bPAHU U NPUAOHCEHU 6 OUCepmMayuOHHUSA
mpyo, ca adeKeamHu Ha U3y4yasaHume npoyecu u 600sam 00 NOCMuU2aHe Ha hocmaseHume yeu.

3. OneHKa Ha HayYHUTe MPUHOCU Ha AUCePTALMOHHUSA TPYA
OpuryHajIHUTe HayyHH TIPUHOCH MoTar Jja Ob/jaT CUCTeMaTH3HPaHH KaKTo Cle/iBa:

M3cnenBaHa e AMHAMMWKATa Ha KOpOHA/IHUTe yAapHH BbaHK (CBFs), HarpaBeHa e MarHOCTHKA
Ha CTbHUeBM pajuo u3byxeanusl oT Tyn III. Tesu uscieBaHvisl JOTIPUHACAT 3@ MPOTHO3UPaHe
Ha MOTOLIMTE Ha CTbHUEBH eHepruiinu nporonu (SEP) u 3a 3agbnbouaBane Ha pa3dHpaHeTo HU
3a C/TbHUEBUTE MPEeXO/HHU TPOLIeCH, BPB3KUTE MeXK/y Te3H siB/IeHHs U TAXHOTO B/IMsIHHE BBPXY
KOCMMUECKOTO BpeMe W HEeroBOTO IPOTHO3MpaHe, KOeTO € e/lHa MHOIO akTyajqHa Tema B
CJTbHUEBO-3eMHaTa (PU3MKa.

N3cnegsanu ca 26 KOpOHaAHU Y4apHU BB/IHM Bb3 OCHOBA Ha JJaHHU OT MHCTPYMEHTHUTE Ha SDO
1 SoHO. To3u aHa/iu3 pa3KpuBa BpeMeBaTa eBOJIIOL[MS U KOMIIPeCHOHHHUTE XapaKTepHUCTHKH Ha
CBF, KaKTo 4 CBOMCTBaTa Ha 0OKpbKapalljara ria3ma.

Ha 6asata Ha CbBpeMeHHH MHCTpymentn Karo LOFAR u Parker Solar Probe (PSP) ca
m3cneqBaHu paguo usbyxsanus oT III Tur, CBBp3aHM ChC C/IBHUEBH €pYNTHBHU ABJIEHHA.
V3C/IeiBaHM Ca MarHUTHMTE 07IeTa U T/Ia3MeHKTe XapakTePHCTHKH Ha 9 Pajiuo n30yxBaHUA OT
[11 Tur, ot KoMOuHMpaH guHamuueH criekTsp LOFAR-PSP 1 16 B criekThpa LOFAR.

PaspaboTeH e Mofesl 3a IPOrHO3vpaHe Ha CIbHYEBH eHepruiinu uactuiy (SEP), 6a3upaH Ha
naHHu oT 1976 1o 2019 r. MozenbT M03B0O/IABA MPe/CKa3BaHe HA MHTErpasHNTe MOTOLH Ha SEP
¥ MoZ[uepTaBa TSXHOTO BIUSAHUE BbPXY 3eMsTa U TeXHOJIOTHHTE.

BbB BPb3Ka C YCKOPSIBAHETO U Pa3NpOCTPAaHEHHeTO Ha YaCTULH C BUCOKH eHEPTHH OT CnBHLETO
KbM 3emsTa e TecTBaHa OuOmMoreka Ha Python (Wavetrack), mpeqHasHaueHa 3a OTKpHBaHe U
mpoc/iefsBaHe Ha C/IbHUEBH TpexojHu sBiaenus. Harpasena e 3D peKOHCTPYKLMs Ha
cTpykTypaTa Ha reoedektiBHr KVIM 1 e n3c/e/jBaHa KOpenaluaTa UM C MexyTIaHeTHATE
rnapameTpH.

4. Onenka Ha my6/MKanMMUTe 10 JHCepTANUATA

OCHOBHUTE HAyuyHW TIPUHOCH, W3JIOKEHW B JUCepTanusTa ca nyO/MKyBaHW B 7 HayuHM
My6/IMKauK, 5 OT KOUTO B crvcanus c IF, elHa B MPOCHAWHTY Ha koHepeHrys ¥ efjHa B arXiv. [lo
MOMEHTa Ha HallMCBaHe Ha peL|eH3UATa ca [IUTUPaHi OCeM MbTH.
JIMUHUAT TIPUHOC Ha JUMCepTaHTa e 3HauuTeseH. Bofeij aBTop € B TpU OT nybvkalunTe, B [Be €
BTOPM aBTOP, U B [IBe TPETH. BU/IHO e BOAELIOTO My y4acTHe BbB BCUUKH eTarti Ha U3C/IeiBaHeTo.
CTMCBKBT C HAyYHUTe MyOIMKaLMK Ha [UCepTaHTa e Mpe/iCTaBeH OT/e/HO. Iobpa ugest e Tok ga Obae
YacT OT AUCepTaLMOHHNS TPY/.
O61taTaTa ny6MKalMOHHA aKTUBHOCT Ha JMCepTanHTa e BrevatT/iaBalid. OcBeH criomeHaTuTe 7
CTAaTHH, TOM e MpeJCTaBwII OLLje Be, KOUTO He Ca BK/IIOUeHH B McepTaljaTa U ca LIATUpaHU 45 MBTH.



5. OneHka Ha aBTopedepara

AstopedepaTsT e ¢ obem 46 crpaHunM. Tol IpeAcTaBisgBa KPAaTKO W3/10)KeHHe Ha OCHOBHHTE
MOMEHTH OT gucepraiusta. CTpyKTypaTa My CbOTBETCTBA Ha JUCEPTALIMOHHUS TPY/, TIPeJCTaBeH OT
JIOKTOPAHTA.

Hamam KpumuuHu 6e1eXcKu N0 OMHOWeHUe HA U310JCeHume 8 OuCepmayuoHHus mpyo pesyamamu u
msxHama uHmepnpemayusl.

B 3akmoueHue Ha HanucaHomo 00 myK, cmueam 00 u3g8o0d, ue npeocmaseHust 3a peyeH3upaHe
ducepmayuonen mpyd Ha mema: “Solar Transients From The Sun to Earth: Coronal Bright Fronts,
Radio Bursts, and Energetic Protons” npeocmasnsea Opu2UHA/eH NPUHOC 6 Haykama, da
ducepmanmem Moxamed Hedan npumedcasa 3adenb60ueHu U NpAaKMu4ecku 3HAHUA U yMeHUs 8
obracmma Ha Xenogusukama, Kamo 6 Cowomo epeMe OeMOHCmpupa u  Heobxooumama
npohecuoHanHa 3paa0cm 3a npogexcoaHe Ha CAMOCMOAMEHU HAYHHU U3C1e08aHUSL.

IucepralyaTa U pe3ynTaTUTe TIPe/CTaBeHW B Hesl, y/OB/IETBOPSBAT HANlb/JHO M3WUCKBaHUATA Ha
3aKoHa 3a pa3BUTHE Ha aKaJeMUYHUS ChCTaB B Pemy6/vka Bbarapus, MpaBUIHULIMTE KbM HEro U
crieLUUHUTe U3KCKBaHUs Ha MiHCTUTyTa 1o actpoHomus ¢ HAO — BAH.

Jasam ITO/IOJKUTE/IHA OIIEHKA Ha peneH3dpaHMsa [ucepTaljHOHeH TPyA H

npenopbuBaM Ha wWieHOBeTe Ha mouuTaemoTo HayuyHo Xypu Aa NPHUCHAAT Hay4dHaTa M
oGpa3oBare/iHa cTeneH “JokTop” Ha Moxame[ Encaiien Hegan Adys1auHauH Moxame/.

30.05.2024 1.

PelieH3eHT: ...............
/K. KoneBa/
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(equivalent of Doctor of Philosophy) by Mr. Mohamed ElSayed Nedal
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1. Overall assessment of the dissertation

The doctoral dissertation contains 138 pages, including 16 tables, 77 figures and over 320
references. Lists of abbreviations, figures and tables and list of used references are also included in the
structure of the dissertation. The dissertation consists of an Introduction, three chapters, a summary
and 6 Appendices.

The current dissertation focuses on investigating key aspects of solar eruptive activity and
its implications in the fields of heliophysics and space weather. Specific topics include investigating
the propagation of coronal waves triggered by CMEs and solar flares, analyzing the characteristics of
Type III solar radio bursts, and the prediction of solar energetic particle (SEP) events that cause
disturbances in near Earth and interplanetary space.

Dissertation aims to reveal the underlying physical processes associated with solar
eruptive phenomena through observations and modeling, while developing space weather forecasting
capabilities.

The dissertation represents an interdisciplinary study in which various transient processes
of the Sun are considered. Three aspects of solar physics and heliophysics, namely CBFs, type III
radio bursts, and SEPs, are extensively discussed.

The Introduction provides a thorough overview of the current state of scientific research
related to the various transient solar phenomena that are linked to our understanding of the physics of
solar corona and its relation to the solar eruptions.

Chapter 2 examines the relationship between the intensity of geomagnetic storms and
solar activity. For this purpose, reconstructed 3D models of coronal mass ejections (CMEs) were used,
emphasizing the significance of magnetic structure orientation and CME velocity for precise space
weather forecasting.

A total of 26 coronal bright fronts, observed between 2010 and 2017, associated with
proton events were examined. The kinematics of shock waves at different coronal heights were



analyzed and the plasma parameters during these eruptive events were determined. For all studied
events the solar sources have been identified. As an example the event of May 11, 2011 is discussed in
detail. A comprehensive statistical analysis of the kinematic characteristics and plasma parameters of
the coronal waves is presented.

The personal contribution of Mr. Mohamed Nedal is impressive, namely:

1) Testing and debugging of an open-source Python library (the Wavetrack package), that
automatically detects and tracks coronal waves and the associated filament/prominence. Examples are
presented that demonstrate the application of the Wavetrack package.

2) Investigating the relationship between the reconstructed 3D models of coronal mass ejections and
the intensity of geomagnetic storms.

Chapter 3 focuses on Type III solar radio bursts. Plasma parameters and coronal magnetic
fields are modeled. The main characteristics of type III solar radio bursts are presented. The successive
stages of data processing are described in detail and the results and their interpretation are presented.
Data from four space missions were used, namely Wind/WAVES, PSP/FIELDS, STEREO-
A/SWAVES, and LOFAR. The characteristics of a series of type III radio bursts observed on April 3,
2019 are analyzed and a set of 16 radio bursts were identified and characterized. Various models are
used to model events. A number of parameters of the studied phenomena and of the surrounding
plasma have been determined. Comparing the results of alternative models contributes to improving
our understanding of the physical conditions that influence the propagation of radio emissions in the
corona.

In Chapter 4, solar energetic particles/protons (SEPs) are investigated. A set of 62
eruptive events were analyzed, each of them with a clear association with EUV waves and an evident
increase in proton flux. The SEP’s acceleration and trajectories during coronal shock waves from the
Sun to 1 AU are modeled. The results are compared with in-situ measurements.

The development of a forecasting model for solar energetic particles (SEPs) is a significant
contribution made by the PhD student.

The study's findings are crucial for comprehending and forecasting the emission of high-
energy particles from the Sun. By modeling the shock waves dynamics and particle acceleration in the
solar corona, the study provides important insights into the parameters that affect SEP acceleration and
their transport from the Sun to Earth.

An important conclusion is that gradients in plasma parameters between neighboring
streamers, quie-Sun regions, and coronal holes determine the particle acceleration process. The results
presented in the thesis would contribute to the development of long-term modeling and forecasting of
SEP events.

Tn the last part of the dissertation, a brief overview of the obtained results is presented.

[ believe that their representation, as well as the dissertation itself, accurately and comprehensively
reflect the essence of the results achieved in conducting the scientific research.

2. Relevance

The topic of the dissertation is current and focuses on the study of key aspects of solar
eruptive events and their impact on space weather. In the work submitted for review, the various
transient processes of the Sun are considered in a unified framework, emphasizing their interconnected
nature. Modern models and methods for processing observational data were used.

It is clear from what has been presented and the analysis of the given references that the PhD
student knows in detail the current state of the problem.



I believe that the research methods and approaches selected and applied in the
dissertation are appropriate for the processes under study and result in the achievement of the
previously set goals.

3. Scientific Contributions
Original scientific contributions can be summarized as follows:

The dynamics of Coronal Bright Fronts (CBFs) was studied, solar type III radio bursts was
investigated, as well. The study contributes to the prediction of Solar Energetic Proton (SEP)
fluxes and advances our understanding of solar transient events, the relationships among these
phenomena and their implications for space weather forecasting - a crucial area of research in
solar-terrestrial physics.

26 CBFs were investigated, using data from the Atmospheric Imaging Assembly (ATA) and the
Large Angle and Spectrometric Coronagraph (LASCO) instruments. This analysis revealed the
temporal evolution, compressional characteristics of CBFs, and ambient plasma properties.

Based on recent solar missions such as the Low-Frequency Array (LOFAR) and Parker Solar
Probe (PSP) type III radio bursts, associated with solar eruptive phenomena have been studied.
The magnetic fields and plasma characteristics of 9 type I1I radio bursts in the LOFAR-PSP
combined dynamic spectrum and 16 in the LOFAR spectrum were investigated.

A Solar Energetic Particle (SEP) forecast model is developed based on data from 1976 to 2019.
The model allows prediction of SEP integral fluxes, highlighting their influence on Earth and
technology.

Regarding the acceleration and transport of SEPs from the Sun to the Earth, a flexible, object-
oriented Python library (Wavetrack) designed for general solar feature detection and tracking
was tested. A 3D reconstruction of geo-effective Coronal Mass Ejections (CMEs) was made and
correlations with Interplanetary CME and interplanetary parameters were analyzed.

4. Evaluation of publications

The main scientific contributions presented in the thesis have been published in seven
scientific publications, 5 of them in IF journals, one in conference proceedings and one in arXiv. I
have located eight citations to the publications so far.
The personal contribution of Mr. Mohamed Nedal is significant. On three of the publications, he is the
leading author; on the other two, he is the second and third author. His leading contribution in all
stages of the research is evident.
The list of the publications is presented separately. It is a good idea to make it part of the dissertation.
The overall publication activity of Mr. Nedal is remarkable. Apart from the aforementioned seven
publications, he also presented two more that were not included in the thesis and were cited 45 times.



5. Autoreferat

The dissertation abstract has a volume of 46 pages and presents a synthesized content of the
dissertation. The abstract is developed appropriately so that it gives a complete and accurate idea of
the main topics and achievements of the dissertation.

Regarding the results and their interpretation given in the dissertation, I have no critical remarks.

In conclusion of what has been written so far, I come to the conclusion that the dissertation submitted
for review on the topic: "Solar Transients From The Sun to Earth: Coronal Bright Fronts, Radio
Bursts, and Energetic Protons" represents an original contribution to science, and Mohamed Nedal
possesses in-depth and practical knowledge and skills in the field of helophysics, while at the same
time demonstrating the necessary professional maturity to conduct independent scientific research.

The dissertation and the results presented in it are fully compliant with the requirements of the Law
for the Advancement of Academic Staff in the Republic of Bulgaria, with the Regulations of its
application and conditions for obtaining the degree of “doctor” at the IA and NAO, BAS.

My evaluation is fully POSITIVE and I confidently recommend that Mr. Mohamed ElSayed
Nedal AbulAinain Mohamed is awarded the educational and science degree “doctor” (equiv. of
Doctor of Philosophy) in professional field 4.1 Physical Sciences, area of higher education 4.
Natural Sciences, Mathematics and Informatics.

30.05. 2024.

/Assoc. Prof. Kostadinka Koleva/



