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1. Brief biographical information about the PhD student

Zara Andreeva Kasapeteva was born in the city of Plovdiv on August 13, 1995. She received her
secondary education at the secondary school "Academician Kiril Popov" in the city of Plovdiv
with excellent results.

From 2014 to 2018 she was a student at the University of Plovdiv "Paisii Hilendarski". He studied
in the specialty "Engineering Physics", Faculty of Physics and Technology. He graduated with
honors from his bachelor's degree. "Four wave mixing between optical pulses propagating in an
isotropic nonlinear medium", with scientific supervisor Assoc. D. Dakova and consultant prof. L.
Kovachev.

In 2018, she began training in the Master's degree in Photonics and Modern Optical Technologies,
again at the Faculty of Physics and Technology of the University of Plovdiv, which she graduated
the following year (2019) again with excellent results. The topic of her diploma thesis is
"Investigation of the processes of phase self-modulation and crossmodulation on parametric four-
wave mixing", with supervisor Assist. prof. A. Dakova-Mollova and consultant Assoc. prof. D.
Dakova.

Since 2020 she has been a full-time PhD student at the Laboratory of Nonlinear and Fiber Optics
at IE-BAS Sofia. Due to an appointment as an assistant at the Technical University of Plovdiv, in

2021 she continued her doctoral studies in part-time. She was expelled with the right of protection
December 2023.



As a PhD student, Zara Kasapeteva shows excellent knowledge in the field of mathematics and

physics. She is fluent in 4 languages - excellent English, very good Russian and good - Spanish
and Greek.

During her doctoral studies, Zara Kasapeteva passed exams in English and MatLab with excellent
results. She has successfully completed two specialized courses at the Center of training of the
Bulgarian Academy of Sciences, related to the topic of her dissertation. In February 2023, she
passed her PhD minimum with excellent mark.

2. Data related to the PhD thesis.

The dissertation consists of 106 pages and includes: Introduction; Literature Review (Chapters I -
IV); Conclusion; Main contributions; List of publications; List of conferences.

In order to achieve the goals of the dissertation, several tasks are set for implementation. They are
as follows:

* To investigate the parametric interaction of laser beams in nonlinear y(3) media by developing a
mathematical method for solving a system of three nonlinear partial differential equations
describing the propagation of three waves in a nonlinear Kerr-type medium.

* To investigate the parametric interaction of laser beams by taking into account the effects of FSM
and FCM in y(3) media.

* To compare the periods of energy exchange in parametric interaction with and without taking
into account the effects of FSM and FCM in a continuous mode of laser radiation propagation.

* Numerically investigate the parametric interaction of ultra-short laser pulses within the nonlinear
system of parametric equations describing four-wave mixing in nonlinear media.

* To investigate the process of energy exchange between the components of optical pulses
propagating in a nonlinear dispersed medium under the influence of degenerate PM taking into
account the effects of FSM and FCM.

The first chapter represents an overview, and the original results of the research are presented in
the second, third and fourth chapters. In conclusion, the main contributions of the dissertation are
systematized.

Chapter I discusses the main methods for analysis and characterization of basic linear and
nonlinear effects arising in Kerr-type media. The review is based on 22 publications. The PhD
student has formulated the main characteristics and problems related to this problem. The
presented overview and the contents of Chapter I show knowledge of the problems related to
dispersion effects in optical media, linear and nonlinear polarization in optical fibers, non-
parametric and parametric processes and the author's ability to evaluate and analyze.

Chapter II theoretically investigates the process of energy exchange in a four-wave mixing
between three optical waves (pumping, signaling and additional) propagating in an isotropic
nonlinear Kerr-type medium, excluding Raman scattering.



Chapter III examines the parametric interaction between spectrally close picosecond pulses
propagating in single-mode optical fibers. The main studies in the field are related to the problems
of effective amplification of signal waves in the use of optical amplifiers. The energy exchange
between three spectrally close picosecond pulses propagating in a single-mode optical fiber under
the simultaneous action of the processes of PMS, FSM and FCM has been studied. Numerical
simulations were conducted near the zero dispersion region. It has been established that quasi-
periodic energy exchange is realized with a period of several dispersion lengths.

Chapter IV examines the energy exchange between the components of an optical pulse propagating
in a nonlinear dispersed medium under the influence of four-photon parametric processes taking
into account the effects of FSM and FCM. An algorithm has been developed to solve the system
of two nonlinear differential equations describing the evolution of optical pulse components in a
nonlinear cubic medium under the influence of four-photon parametric processes.

In this dissertation, seven scientific contributions are distinguished. A mathematical algorithm for
solving systems of nonlinear partial differential equations has been developed, valid for waves and
pulses with arbitrary initial intensities, generalized phases and the presence of wave disturbance
between them. In a continuous mode, the parametric interaction between three optical waves
(pumping, signaling and additional) that propagate over several coherent lengths in an isotropic
nonlinear Ker-type medium is considered. For distances of the order of several coherent lengths,
the effects of FSM and FCM are of the same order as those of parametric processes and it is
imperative to take them into account. The considerations were made on the basis of an extended
system of three nonlinear partial differential equations, again in the presence of wave disturbance.
It has been proven that the processes of FSM and FCM lead to an increase in the period of energy
transfer between the three waves propagating in a Kerr-type nonlinear medium. In pulse mode, the
energy exchange between three spectrally close picosecond pulses, which propagate in a single-
mode optical fiber during the simultaneous action of the processes of PMS, FSM and FCM, has
been numerically studied. Theoretically, the energy exchange between the components of an
optical pulse propagating in a nonlinear cubic medium under the influence of four-photon
parametric processes with regard to the effects of FSM and FCM has been studied. A method for
solving the system of two nonlinear partial differential equations has been developed. The intensity
of the energy transfer process under the influence of four-photon parametric processes taking into
account the effects of FSM and FCM, as well as its period are determined mainly by the values of
the initial energies and the initial phase difference between the components of the pulse. The results
obtained confirm that in linear or circular polarization, no energy exchange is observed between
the components of the optical pulse.

For the first time, it was shown that when solving the complete system of equations describing the
process of energy exchange between the components of a pulse, without using an approximation,
instead of rotating the polarization ellipse, precession with different periods and amplitudes around
one of the axes Ox or O, was observed.



4. Publications on the dissertation

Zara Kasapeteva is a co-author of 15 articles, of which 6 are with IF and 8 are with SJR. She has
participated in 5 international conferences and 1 national conference, where she won an award for
the best report. She has participated in 5 national scientific projects, one of which was awarded by
the NSF for "Most Successfully Implemented Project" for 2023.

The dissertation includes 5 publications in which the PhD student is a co-author. Two are in
journals with an impact factor - Optik. Two of the publications are in a journal with an impact rank
- Proc. SPIE, and in one of them the PhD student is the first author. The first two editions are of
quartile Q2, with an impact factor of more than 2. And one publication without IF/IR in the Journal
of Physics and Technology.

PhD student Kasapeteva exceeds the required minimum number of credits of 200 points, she has
382 points, as follows: academic preparation and exams - 130 points; approbation of the
implementation of the scientific program - a total of 252 points, of which: reporting to scientific
forums on the topic of the dissertation - 192 points; Publications in journals with impact factor and
impact rank: 60 pts.

The avtoreferat is prepared in accordance with the requirements and reflects the main results of
the dissertation.

I know the work of the PhD student, which gives me reason to believe that she has a significant
personal contribution to the analysis and interpretation of the results obtained.

5. Critical remarks and questions

I have no critical remarks and recommendations to the candidate for the PhD thesis.

Conclusion

My acquaintance with the results of the PhD thesis, as well as the documents and materials
presented by part-time doctoral student Zara Kasapeteva, gives me reason to believe that the
candidate's scientometric indicators fully meet the requirements of the Law on the Development
of the Academic Staff in the Republic of Bulgaria (ZRASRB) and the Regulations for the
implementation of the ZRASRB, the Regulations for the conditions and procedures for acquiring
scientific degrees and for occupying academic positions in the Bulgarian Academy of Sciences
and the Regulations, requirements, conditions, rules and decisions for candidates for acquiring
scientific degrees and occupying academic positions in IE- BAS.

After getting acquainted with the PhD thesis and the presented articles and reports published as
materials at various conferences and based on the analysis of their significance, I am convinced
that the scientific contributions are sufficiently significant.



In view of the above facts, I propose with full conviction to the respected members of the
Scientific Jury to propose to the Scientific Council of the Institute of Electronics - BAS that
part-time doctoral student Zara Kasapeteva be awarded the educational and scientific
degree '"Doctor'" in the field of higher education 4. Natural sciences, mathematics and
informatics by professional direction 4.1. Physical Sciences (Physics of Wave Processes).
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