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BT)FITZIPCKS. AKQJICMHES HA HAYKUTC

PelieH3Hs Ha AICEPTALHS 38 MONy1aBaHe fd oGpA3OBTEITHATA 1 HAYIHA CTCIICH ,.JJOKTODP™

Pime pa Kanauaara: Moxamen EnCaiien Henan AOy AHanH Moxamen, AOKTOPaHT 0T
nporpama Xemopuznka®, TPOHECHOHATHO panpapicaue 4.1, QU3HICCKH HAYKI. obsacT Ha
prcute obpazosanye 4. [pupo.mi HayKi. MareMaTHka o uHpOopMaTHKa

JArJaBHEe HA JUcepTAlHATA LCorpHYEBY TPAH3HEHTH OT CrBHIETO 10 3eMATa: KOPOHAIHH

spku HPOHTOBE, OBP3U pannonsOyxBanus 1 CHCPTUTHHHY MPOTOHN
Prnropoauren: qoi. Kaven ACCHOB Kosapes

Penensent: npod. Tamo Pycnnos boHes

1. AKTYAJHOCT Ha paszpaboTBanuTe HAyHHH npobaemu: [pes 2009 r. HACA nybavkysa
[pTHA KapTa 3a pasBuTHeTo Ha xenuodirsnkara B OBICIIC, 10 2030 r. Tiwraara xkapTa,
HapeueHa ,, Xennopu3iKa, CirBHUEBATA W KOCMITHECKa r3nKa B poBata epa’, ChAbPKA
HSIKOJIKO HAYTHI HAlpaBjIicHus i rexiTe nesin. EAHO 0T BKAIOUEHATE HAYHHH
HATIPABJIEHHS € ,,Y CKOPABAHC H TPAHCITOPT Ha CIBHUCBH eHEpTeTHHHH TacTULlL Ja cC
paszbepe KaK U KBS CILHICBITC W3PUTBAHMUS YCKOpABAT CHCPreTHHHMTE YaCTHLH, KOTTO
nocturar 3emsita’. B poxropekata ci ancepranpsa MoxaMel Henan pasriaeikia TOUHO
TO3M HAYHEH TTPOOIEM, sanouBaiiky Che CHONTIATA HA M3PHTBAHE, aHam3upaiKi
HAGITIOIABAY SBICHS, CBBP3AHIL € THX (CBF 1 paamon30ysanis o1 Taf b, wu
[IPOTHO3UPAVKH QEP motomuTe Ha 3emsata. Tosa pasH AOKTOPCKATA JucepTanis
MOJCPCH TCKCT Ha NCIAHUA dponT Ha xenmodusnkata.

7 Tlo3naBaHe HA CbBPEMEHHOTO HUBO ja TEMATHKATA W HA JiuTeparypara 1o
poipoca: OOIUIAT Bpoil Ha GrommorpadusLTa B AMCEPTALIATA € 275, BrnoHeH ¢a
KAKTO KIACHUCCKH KHUTH M CTATHH, KAKTO 4 noweye ot 100 nydmkaunn o1 TIOCHCIHOTO
necerwieTie. ABTOPBT IEMOHCTPHPA 106pO MO3HABAHE HA HASCMHIT 1 KOCMITUCCKH
HHCTPYMEHTH, H3TION3BaHN [ITHPOKO B HETOBOTO wacaeasane, OueBano TOI YMa MHOTO
JOGPY TO3HATISA 38 TeKYILOTO HIABO HA 3CIS/ABAHMATA B CBOATA W3CeOBATENICKR
obnact.



(O8]

AJEKBATHOCT HA W30panuTe METOAMRIL Vsron3BadiiTe OT aBpTopa METOM ¢4 n00pe
oGPAHY 1 Ca B TTBJIHO CHOTBCTCTBHC € [IC/THTE Ha HCTOBOTO U3CICABAHC.
HaGmoqaTenaTa yacT U3ro3Ba WHpoKa rama ot KOCMUUECKH M HA3EMHY HHCTPYMCHTI,
MOKPHBALLN [HANA30HA OT EUV 10 pajiioBbiHu, KaKTo 1 $a3n JAaHHI 1 KATano3i,
ehIrbpaKany nHbopManHs 3a xeanocepHu ChOUTHA. E i W3TOYHIK HA JaHHN 38 TO3H
MHOTOBBIIHOB aHaTH3 € HHCTPYMCHTDLT SOHO/ERNE, nupBOTO CHCTEMATIHHHO
3CIeABAHE Ha CIIBHUCBHTC eHepruliamn yacTun (SEP). KananiarsT naenrnuunpa
216 npoTOHHK CHOITHS B eHEpriifHus AanasoH o1 17-22 MeV o1 2010 50 2017 r. Cnien
[pUJIarafe Ha HAKOJIKO KpUTepHst 5d rroAGop TOM NPOABIKABA € 26 ¢cHOITIS, KOUTO
nokassat mamepumu CBF. AHaIM3BT Ha TC3H ¢cLOWTHA ¢C OCHOBABA HA
[OCIICI0BATCITHOCTH OT H300pAKCHAS, TIOTYHCHH s EUV xanami 171, 193 1 211 A na
AlA. 1 m3obpaxenns B FOV na HOT{_)OH()E"‘}’_)i’i(l)m\vlLASCO. Teszn m3o0paxkenns
J3HOM3BAT 32 XAPAKTEPH3HPAHE HA KITHeMATHKATA 1a CBF B Huckata v cpe/iHa/BhHIIHA
KOpOHA 1 OUEHKA Ha CROMCTBATA HA OKOJIHATA ITA3MA. Ja 14 MOCTUIHE Ta3i el
MoxaMes H3I1013Ba HIKOIKO CIOKHI METOAA. Te BKIIOUBAT TEXHHUKI 32 00padOTKA HA
3o0pakeHus, Hamp. tpancdopMalKi OT ACKapTOBH KbM [ONAPHU KOOPAMHATH HA
HHTEPECYBAILATA HIT 30HA (HAPCUCH B AfcepTANMATA ,,METOL Ha npLetena’), puaTpiupane
1a Savitzky-Golay, 1ojpexiane Ha JOKaIHH MUHIMYMI/MaKCUMYMH B n300paKeHusTa
Y METPHKH 3a OTH30CT/ HHTCH3NTET,

JauNMOCT HA HAYYHATE IPHHOCH, H3JI0RCHE B HCEPTALMSTA, ANPODANIS H
pesyararure: Beska 0T TPHTE TeMIt B AMCEPTALMATA ChABPIKA MO HAROJIKO HAYYHH
npunoca. [Ipin ananisa Ha KUHEMA MKATA HA C/BHUEBUTE KOPOHAITHN BLIIHH Moxawme/l
psnomssa ganmy 3a 26 CME, renepipain CBF B HUCKATA CITBHUEBA KOPOHA, W3 e
TexHITE MTapaMETPH, 3aBHCCLIM OT BPEMCETO ¥ PA3CTOSHUCTO, YCTAHOBILT © BPBH3KH MCHKILY
CHeMaTHKATa Ha yJapHaTa BhIHA 1 NapamMeTpiTe wa niasmarta. B xoponapHata
JHATHOCTHKA HA CITBHYCEH pamon30yXBaHist OT THI 111 To#t ¢ u3To3BaN Jant o1
LOFAR, 3a 1a namepi JAeHCTBHTEIHOTO MECTOTONOKEHHE HA M3TOUHITIITE Ha
y30yxpanuaTa. KoMOuHauiTa © #qawnu o PSP ¢ 11o3BomiIa M3BIHYAHCTO HA
NOTPLITHITENHIT XaPaKTePHCTHRH KaTO speiidy Ha HecToTaTa i CKOpoCTH Ha CACKTPOHHIA
qotok. B 06acTTa Ha MPOrHO3NPAHCTO Ha Tl oTtoxa na SEP kapamiarTsT yCreumHo ¢
pa3paboTi u 00y BiLSTM HEeBPOHHII MPEKH, [IPOTHOIPALILH OCpe/IHEHN 3a JICHS
WHTErpajiny OTOUH Ha SEP 3a 1 jen., 2 anu i1 3 JiHW HATIPEL B TPH eHepriiinm Kanana:
=10 MeV. >30 MeV 1 >60 MeV.

XapaxkTepucTHRa HA nyoiHKanAnTe Mo JECepTATUATA, HHTATH: KananaaTsT ©
npeAcTaBiil 7 craTii, CEbp3aHi ¢ Temarta Ha JucepTaLusTa, 1 oule Asa. KOWTO HE Ca
BKTIOUCHN B ACEPTALMATA, BCHHUKIT CTaTHH €4 B pedepupani CHCanus. Criopest ADS
RICTIOUEHHITE CTATHY Ca HHTHPaHN 17 [rBTHL a4 iHa OT HEBKIOUCHUTE, KBICTO
KAHAMAATHT € CHABTOP, C LMTHPaHa B 41 13TOUHMKA.

JIpaHEsSIT IPHHOC HA AHCEPTanTa: Wsrosssaiiky Jannn o TIpuGopa 3a aTMOCHEPHI
wzobpaneris (AIA) n o1 IUHPOKOBIBIHIS CHERTPOMETPHHUEH kopororpad (LASCO),
KAIANATET anasupa 26 CBF. Toli yeremso e npagoxml codyryepa 3a aHa s I
TIPOrHO3UPAHE HA PAAMALMOHHATA cpeiia Ha CTbHYCBATE HaCTHIN =~ YCKOPSABAHE,
TPAHCTIOPT 1 Pa3CeHBAHE (SPREAdFAST), 3a na paskpne BpEMEBaTa CBOOUMS,



cROMCTBATA HA IIA3MATA M XapaKTEPUCTHIKITE Ha kommpecus na CBF. CTynenTsT €
pa3palboTHIT aBTOMATH3NPAH codTyep 32 HpCABAPUTC/IHA obpaboTka ¥ KaqnOpHpaHTS Ha
wHTep(epOMETPHHHATE JaHHN 3a CITBHHUCEN pAINo M300paREHITs, MOMYHCHIT C LOFAR.
Toii € pazpaboThil i MO/ 32 [poOrHo3Npane, Hazupani Ha HEBPOHHA mMpeKa ¢
ABYIOCOUHA IBJATOCPOUHE TAMCT (BILSTM), u3rion3Baiky JanHm o7 OMNIWeb o1 1976
110 2019 1., 33 74 NPEACKaKe HHTCTPATHHTE HOTOLH ua SEP. kato nojHepTana onacHoTo
BIMSHME HA EHEPIAHHATE HaCTULN BBEPXY JeMsTa ¥ TEXHOJIOMMUHITE CHCTEMA. Town
CHILO TAKA AHATIM3NPA YCKOPABAHETO 11 TPAHCTIOPTHPAHETO Ha SEP ot ChABHUETO KbM
Jemsra. wanossaitkn Wavetrack - rbBraBa, 0beKRTHO-OpHEHTHPaHa OHOINOTER Ha
Python. riperasHaticHa 3a OBLIO OTKPUBAHE ¥ TIPOCICIABANE HA CITLHACBH
XapaKTCPHCTHKH, H PEKORCTPYHPA 3D crpykTypara Ha reochCKTHBHA H3XBBPISHIS HA
KOpOHasIHa Maca (CMESs) 1 n3cieiisa Kopeannine mency CME v Mes Ly ruiaHeTHITe
rapameTpu.

7. Kputnuny GesieKy Ha pelensenTa 110 CTPYKTYPATA, CHAbPRAHUCTO W
odopMAHETO HA AMCEPTANHATA K apropedepara KbM HEs: HsimaM KpUTHHHA
GeneKKN N0 BCHHKH acleKTH Ha JUCCPTatlipiTa. HsKOIKO NCHaTHW TPCHIKIT HC BIVSAT Ha
HAYYHOTO KAUECTBO HA JHCepTaluita, FOPAN KOEeTO HE © HEoOX0AIIMO Jia 11l
obeKIIame.

8. MoTHBHPaHO H SICHO GOPMYIHPAHO sakouenne, 0a3UPAHO HA cnenupuIHUTE
HIHCKBANNS HA 3JAKOHA M MPABWIHAINATE: [MpexacTaBeHarTa OT r-H Moxawmen EnCaiien
Henan AGynAiinann Moxamen JOKyMEHTAlHs 32 npupoOnBaHe Ha 00pa30BaTeIIHO-
HAay4Ha CTEMNeH _JIOKTOp” (CHOTBETCTBAIA HA JOKTOP MO dunocodus) OTroBaps U3LAI0
Ha W3MCKBAHMSTA HA 3aKOHA 33 Pa3sBUTHE Ha akaeMIUHES cheTaB B PeryOmika
Brorapus, ¢ [IpaBHUTHIKA 32 TIPAIATaHCeTo My ¥ ¢ [IpaBHTHHAKA W YCIOBHATA 38
npuaoOnBaHe Ha 06pa3OBaTenHo-KBaﬂmanaunonﬁa crenen “noxrop” kbM A 1 HAO,
BAH. JlucepTalMOHHUAT TPYH € cbOOpa3eH U CbC criepUUHUTE U3NCKBAHUA HA UAc
HAO 3a HeroBus 00eM U ChIABPKAHUC. KaHIugaTsT MMa OPUTHHAJICH JIMICH HAY4CH
mpuHoc. JleMoHCTpUpa U 3abIO0UCHY TIO3HAHHS 1 BB3MOKHOCTH 32 CaMOCTOSATCIIHA
nay4Ha pabora. MoeTo 3aKJlovenne e MOJIOKUTEJIHO u npenopk4Bam ¢ roJjisima
ysepenocT r-0H Moxamel EnCaiien Henan AGyNARHAHH Moxames a MoJay4u
o6pazoBaTe/iHATA M HAYYHA crernen ,J0KTOP* (EKBHBAJEHTHA HA AOKTOP IO
¢unocodusi) B npogecHoHaTHA o6act 4.1 ®dU3HIECKH HAYKH, 06J1aCT HA BUCIIETO
o6pazosanue 4. EcrecTBeHH Haykn, MaTeMaTHKa H pHdopMaTHKA.

Codus,
3 orm 2024 T. PerleH3eHT:

(pod. TaHt0 Bones)
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PhD Thesis Evaluation Report
e Name of Candidate: Mohamed ElSayed Nedal AbulAinain Mohamed
e Title of Thesis: Solar Transients From The Sun to Earth Coronal Bright Fronts, Radio
Bursts, and Energetic Protons
e Supervisor: Assoc. Prof. Kamen Asenov Kozarev

e Reviewer: Prof. Tanyu Bonev

1.  Topicality of the developed scientific problems: In 2009 NASA published the
roadmap on the development of heliophysics in the future, up to 2030. The roadmap
called “Heliophysics, the solar and space physics of a new era” contains several
science targets and their objectives. One of the included science targets is “Solar
Energetic Particle Acceleration and Transport. Understand how and where solar
eruptions accelerate energetic particles that reach Earth.” In his PhD thesis Mohamed
Nedal considers exactly that scientific problem, starting with eruption events,
analyzing observable phenomena related to them (CBF and type 111 radio bursts), and
forecasting SEP fluxes at Earth. This makes the PhD thesis a modern text at the
forefront of the solar physics science.

2. Knowledge of the current state of these problems and the literature on the
matter: The total number of items in the bibliography of the thesis is 275. Included
are classical books and articles as well more than 100 publications from the last

decade. The author demonstrates also a good knowledge of ground-based and space-



born instruments, used widely in his study. Obviously he has a very good knowledge
of the current status in his research field.

Adequacy of the chosen methods: The methods used by the author are well chosen in
full correspondence with the aims of his study. The observational part uses a broad
range of space-born and ground-based instruments, covering the range from EUV to
radiowavelengths, as well databases and catalogues containing data on heliospherical
events. One source of data for this multiwavelength analysis is the SOHO/ERNE
instrument, the first systematic survey of Solar Energetic Particle (SEP). The
candidate identified 216 proton events within the energy range of 17-22 MeV, from
2010 to 2017. After application of several selection criteria he proceeded with 26
events that exhibited measurable CBFs. The analysis of these events was based on
image sequences obtained in the EUV channels 171, 193, and 21 1 A of the AIA, and
images in the FOV of the LASCO coronograph. These images are used to
characterize the kinematics of the CBFs in the low and middle/outer coronas, and
estimate the ambient plasma properties. To achieve this aim Mohamed used several
sophisticated methods. They include image processing techniques. e.g.
transformations from Cartesian to polar coordinates of the region of interest (called in
the thesis “the annulus method™), Savitzky-Golay filtering, ordering of local
minima/maxima in the images and proximity/intensity metrics. Further the author
applies statistical methods, and Automated Recognition and Tracking of Solar
Eruptions (Wavetrack), which allowed him to find relationship between cause and
effect (eruption and wave). Solar radio emissions are associated with solar activity.
Mohamed Nedal has used data from LOFAR and PSP to investigate radio bursts from

type 111. Using LOFAR imaging, complemented with PSP data, the candidate



managed to identify active regions on the solar disk as sources of 16 type Il radio
bursts, measured on April 3,2019. Using different models the student has derived several
coronal plasma parameters — density, temperature, magnetic field, total pressure, Alfven
speed, plasma beta. The analysis of LOFAR imaging in combination with MAS
modeling indicated discrepancies between observed and modeled burst trajectories,
emphasizing the need for model refinements. The solar activity phenomena are
closely related, CMEs initiate CBFs, coronal waves which accelerate electrons and
protons. SEP events in near Earth environment can be hazardous for space missions
and technological systems on Earth. Therefore forecasting of such events is of grate
importance for timely disclosure to interested parties. The student has used modern
deep learning methods to make predictions of increased SEPs fluxes effective and to
reduce forecasting errors. After comprehensive analysis of several neural network
architectures Mohamed has chosen the BiLSTM model for his long-term and short
term forecasting of SEPs events. The presented results demonstrate the ability of this
method for early warnings and accurate risk assessments for space weather events.
Significance of the scientific contributions presented in the dissertation,
approbation of the results: Every of the three topics in the dissertation contains
several scientific contributions. In the analysis of kinematics of the solar coronal
waves Mohamed used data on 26 CME driven CBFs in the low solar corona,
computed their time- and distance-dependent parameters, found relationships between
the shock kinematics and plasma parameters. In the coronal diagnostics of Solar Type
111 radio bursts he used LOFAR data to find the actual location of the burst sources.
The combination with PSP data allowed the derivation of further characteristics like

frequency drift and electron beam speeds. In the field of SEP flux forecasting the



candidate successfully developed and trained BiLSTM neural networks predicting
daily-averaged integral fluxes of SEP at 1-day, 2-day, and 3-day ahead in three
energy channels: >10 MeV, >30 MeV, and >60 MeV.

5. Characteristics of the dissertation publications, citations: The candidate presents 7
papers related to the subject of the dissertation, and two more which are not included
in the thesis. All papers are in refereed journals. According to ADS the included
papers are cited 17 times, and one of the not included, where the candidate is
coauthor, is cited in 41 sources.

6. Personal contribution of the dissertation student: Using data from the Atmospheric
Imaging Assembly (AIA) and the Large Angle and Spectrometric Coronagraph
(LASCO) instruments the candidate analyzed 26 CBFs. He successfully applied the
Solar Particle Radiation Environment Analysis and Forecasting—Acceleration and
Scattering Transport (SPREAJFAST) framework to unveil the temporal evolution,
plasma properties, and compressional characteristics of CBFs. The student developed
an automated pipeline to preprocess and calibrate LOFAR interferometric data for
solar radio imaging. He developed forecasting models based on the Bi-directional
Long Short-Term Memory (BiLSTM) neural network using OMNIWeb data from
1976 to 2019 to predict SEP integral fluxes, emphasizing the hazardous influence of
energetic particles on Earth and technology. He also collaborated on works regarding
the acceleration and transport of SEPs from the Sun to the Earth, testing Wavetrack—
a flexible, object-oriented Python library designed for general solar feature detection
and tracking, and reconstructing the 3D structure of geo-effective Coronal Mass
Ejections (CMEs) and examining correlations with Interplanetary CME and

interplanetary Parameters.



7 Critical notes of the reviewer on the structure, content and design of the
dissertation and the author's reference to it: 1 don’t have critical notes on all
aspects of the dissertation. Several typos don’t influence the scientific quality of the
dissertation, therefore there is no need to discuss them.

8. Motivated and clearly formulated conclusion, based on the specific requirements
of law and regulations: The submitted by Mr. Mohamed ElSayed Nedal AbulAinain
Mohamed documentation for acquiring the educational and science degree “doctor”
(equiv. of Doctor of Philosophy) complies in full with the requirements of the Law
for the Advancement of academic staff in the Republic of Bulgaria, with the
Regulations of its application, and with the Regulations and conditions for obtaining
the degree of “doctor” at the TA and NAO, BAS. The dissertation also complies with
the specific requirements of the IA and NAO for its volume and content. The
candidate has original personal scientific contributions. He also demonstrates in-
depth knowledge and capabilities for independent scientific work. My conclusion is
POSITIVE and I recommend with high confidence 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.

Sofia,
3 June 2024 Reviewer:

(Prof. Tanyu Bonev)



