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1. General Presentation of the Procedure and the PhD Candidate

By order No. RD-09-201 of 21. 08. 2024 of the Director of the Institute of Electronics (IE)
- Bulgarian Academy of Sciences (BAS), I am appointed as a member of the scientific jury for
ensuring a procedure for the defense of a dissertation on the topic "Nonlinear Parametric
Processes during the Propagation of Ultrashort Optical Pulses in Isotropic Media" for the
acquisition of the educational and scientific degree "PhD" in the field of higher education: 4.
Natural sciences, mathematics and computer science; professional direction: 4.1 Physical
sciences; scientific specialty "Physics of wave processes". The author of the dissertation is Zara
Andreeva Kasapeteva - a part-time doctoral student at the Laboratory of Nonlinear and Fiber
Optics of the IE — BAS with scientific supervisors Prof. Lyubomir Kovachev, DSc, from the IE
- BAS and Assoc. Prof. Diana Dakova, PhD, from the Faculty of Physics and Technology of
the University of Plovdiv “P. Hilendarski”.

The set of electronic materials presented by PhD student Zara Kasapeteva is in accordance
with the requirements of the Law on the Development of the Academic Staff in the Republic of
Bulgaria, the Regulations for its implementation and the Requirements adopted by the Scientific
Council of IE-BAS for obtaining the scientific and educational degree "PhD" in the relevant
professional direction and includes all necessary documents.

Zara Kasapeteva was born in 1995 in Plovdiv. She received her secondary education at the
"Acad. Kiril Popov" Mathematical High School in Plovdiv. In 2018, she graduated with honors
with a bachelor's degree in Engineering Physics at the P. Hilendarski University of Plovdiv,
with her thesis on "Four-wave Mixing between Optical Pulses Propagating in an Isotropic
Nonlinear Medium". One year later (2019), she graduated again with honors from the Master's
degree program in "Photonics and Modern Optical Technologies" at the P. Hilendarski
University of Plovdiv. The topic of her thesis is "An Investigation of the Processes of Phase
Self-modulation and Cross-modulation on the Parametric Four-wave Mixing." Since 2020, Zara
Kasapeteva has been a full-time doctoral student in the Laboratory of Nonlinear and Fiber
Optics of IE-BAS. In 2021, she was appointed as an Assistant Professor at the Technical
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University of Plovdiv and continues her doctoral studies in a part-time form of study. She was
released with the right to defense in December 2023.

At the time of submission of the documents, Zara Kasapeteva is a co-author of 15 scientific
publications (of which 6 are in IF journals and 8 are in SJR journals). She has also participated
in 5 international conferences (at 4 of which she presented oral reports) and in 5 national
research projects.

2. Actuality of the Topic

The dissertation presented by Zara Kasapeteva is a theoretical study of nonlinear parametric
processes occurring during the propagation of ultra-short optical pulses in isotropic media.

Non-linear effects occur during the propagation of high-intensity radiation in an optically
conductive medium as a result of the interaction of the radiation with the medium, which
changes their characteristics. In parametric processes, there is no energy exchange between the
radiation and the medium in which it propagates. They are due to the energy exchange between
pulses and their components.

The interest in nonlinear parametric processes is based on their importance in studying the
propagation of high-intensity laser pulses in waveguides. The actuality of the topic is related to
the development of fiber-optic communication systems and the study of possibilities for
transmitting optical signals over long distances.

3. Knowing the Problem

The actuality of the topic is well argued in the introduction. The first chapter provides a
brief overview and analysis of basic linear and nonlinear effects occurring in isotropic media,
with special attention paid to nonlinear parametric effects - generation of harmonic frequencies
(second, third and mixed) and four-wave mixing (FWM). Each of the chapters containing
original results (from the second to the fourth inclusive) begins with a short introduction, in
which the scientific literature is critically assessed, the challenges are outlined, and the problem
is formulated. The formulated research tasks are a logical consequence of the detailed analysis
of the scientific literature and demonstrate that the doctoral student possesses in-depth
knowledge of the problem.

4. Research Methodology

The mathematical techniques used to find analytical solutions to systems of nonlinear
differential equations and the numerical simulations performed allow obtaining adequate
answers to the formulated tasks and achieving the set goal.

The energy exchange between three waves during the process of FWM with consideration
of the effects of phase self-modulation (PSM) and phase cross-modulation (PCM) is explored
in the second chapter based on the obtained exact analytical solutions of a set of three nonlinear
ordinary differential equations. On the basis of the obtained analytical solutions, numerical
simulations of the energy exchange between the three waves under different initial conditions
are performed.

The energy exchange between three spectrally close picosecond pulses propagating in a
single-mode optical fiber with the simultaneous action of the processes FWM, PSM and PCM
is numerically explored in the third chapter.



In the fourth chapter, based on the obtained exact analytical solutions of a set of two
nonlinear partial differential equations, exact analytical expressions are presented,
characterizing the magnitude and the period of the energy exchange between the components
of an optical pulse propagating in a nonlinear dispersion medium under the action of a
degenerate FWM taking into account the PSM and the PCM.

5. A Characterization and an Assessment of the Dissertation and the Contributions

The presented dissertation contains 104 pages and includes 27 figures and 2 tables. It
consists of an introduction, aim and tasks, four chapters and a conclusion, which lists the main
contributions. Each of the chapters begins with a brief introduction, and those containing
original results (from the second to the fourth, inclusive) end with a conclusion summarizing
the conclusions drawn in the corresponding chapter. Each chapter includes a bibliography. This
structure of the dissertation allows each chapter to be read independently of the others.

The aim of the dissertation fully corresponds to the content of the work - a theoretical study
of non-linear parametric processes occurring in the continuous regime of propagation of
ultrashort optical pulses in isotropic media. For its realization, 5 tasks are formulated, the
implementation of which is related to solving systems of nonlinear differential equations and
performing numerical simulations.

The obtained theoretical results for the energy exchange between three pulses, as well as
those for the energy exchange between the components of an optical pulse, have mainly a
fundamental character. Some of them have the potential for interpreting real physical processes
in fiber optic communication systems.

The scientific contributions in the dissertation can be characterized as an enrichment of
existing knowledge by proving new facts and hypotheses. Another aspect of the research is the
development of original analytical mathematical techniques for solving physical problems
concerning energy exchange between pulses, as well as between the components of a pulse.

6. An Assessment of the PhD Candidate's Publications and Personal Contribution

Five scientific publications related to the topic of the dissertation are presented, 4 of which
are in scientific journals, refereed and indexed in the scientific information databases Web of
Science and Scopus. Two of the publications are in journals with an impact factor (IF= 2.84
and [F=2.187) and quartile Q2, two are in an edition with an impact rank (SJR=0.215) and one
is refereed outside the Web of Science and Scopus databases. Two independent citations of the
articles with IF have been noticed, which is an indicator of the relevance of the topic and the
significance of the results obtained.

Zara Kasapeteva's publications, on which the dissertation work is based, meet the minimum
requirements of the IE-BAS regulations for the acquisition of the educational and scientific
degree "PhD", according to which 3 scientific publications are required, 2 of which in journals
with IF. The presented scientific publications provide the doctoral student with 60 points, while
the minimum requirement is 30 points.

All presented publications are co-authored, and in two of them (one with SJR and one
referenced outside the Web of Science and Scopus databases) Zara Kasapeteva is first in the
author team. The doctoral student has presented results from her research at 5 international
scientific forums (at 4 of which she presents oral reports and at one — a poster) and at one



national scientific forum, where her report is awarded. The research, presentation and
publication of the results are also realized thanks to Zara Kasapeteva's participation in 5 national
research projects, one of which is awarded as the "Most Successfully Implemented Project" for
2023. It should also be noted that both of the doctoral student's theses, for obtaining the
educational and qualification degrees "Bachelor" and "Master", are related to the theoretical
study of nonlinear parametric processes arising during the propagation of ultrashort optical
pulses in isotropic media.

A reference on the doctoral student's personal participation in the scientific research
conducted and the interpretation of the results obtained is not presented, but based on the above,
I have no doubts about the significance of her personal contribution.

7. Author's Abstract

The author's abstract is presented in Bulgarian (43 pages) and in English. It repeats the
general structure and content of the dissertation and briefly, but without omissions, reflects the
aim, tasks, their implementation and the contributions of the dissertation.

8. Critical Remarks and Recommendations

[ have no critical remarks about the content and layout of the presented dissertation.

I recommend Zara Kasapeteva to continue her research in this area, and also to look in the
scientific literature for described experiments confirming some of the analytical results obtained
in the dissertation.

CONCLUSION
The dissertation of Zara Andreeva Kasapeteva and the scientometric data for the scientific

publications on which it is based fully meet all the requirements of the Law on the Development
of the Academic Staff in the Republic of Bulgaria, the Regulations for its implementation and
the Requirements adopted by the Scientific Council of the IE - BAS for obtaining the scientific
and educational degree "PhD" in the field of higher education: 4. Natural Sciences, Mathematics
and Informatics; professional field: 4.1. Physical Sciences; scientific specialty: "Physics of
Wave Processes".

The dissertation contains original scientific results that deepen our understanding of
nonlinear parametric processes and represent scientific contributions to the physics of wave
processes. It shows that PhD student Zara Kasapeteva has in-depth theoretical knowledge and
skills for independent conducting of scientific research.

Due to the above, I confidently give my positive assessment of the dissertation work and
propose to the respected scientific jury to award Zara Andreeva Kasapeteva the
educational and scientific degree "PhD" in the field of higher education: 4. Natural sciences,
mathematics and informatics; professional field: 4.1. Physical Sciences; scientific specialty:
"Physics of Wave Processes".

8th November 2024 Author of Standpoint:
Plovdiv /Assoc. Prof. Ekaterina S. Pisanova, PhD/



