EVALUATION REPORT

on the dissertation entitled “Nonlinear parametric processes during the propagation of
ultrashort optical pulses in isotropic media” authored by Zara Andreeva Kasapeteva for
awarding the educational and scientific doctoral degree in the field: 4. Natural sciences,
mathematics and informatics, Professional direction: 4.1. Physical sciences, doctoral pro-
gram “Physics of wave processes” prepared by Hassan Chamati, professor, doctor of
physical sciences, Institute of Solid State Physics - BAS, member of the Scientific Jury,
appointed by order No. PI-09-201 dated 21.08.2024 of the director of the Institute of
Electronics - BAS.

1. General description of the submitted materials

The doctoral candidate Zara Andreeva Kasapeteva submitted a dissertation for the
acquisition of the educational and scientific doctoral degree, an extended abstract of the
thesis (in both Bulgarian and English), a report on the opening of the dissertation de-
fense procedure, a copy of the protocol of the seminar for preliminary defense, a copy of
the diploma for the successful completion of the educational and qualification degree
“master”, a list of publications, copies of publications, copies of the protocols of the ex-
ams passed, copies of the orders for enrollment in doctoral studies and gaining the right
of thesis defense, a certificate of the fulfillment of the minimum requirements in accor-
dance with the regulations on the terms and conditions for scientific degrees and tenure
in academic positions at the national level and at the Institute of electronics, a table of
credits, a CV and a list of talks and posters presented at conferences, as well as list of ci-
tations and other documents.

The materials submitted for the present procedure comply with the criteria speci-
fied in the National regulations and the rules for the terms and conditions for acquiring
scientific degrees and academic positions at the Institute of Electronics.

For the implementation of the educational program in accordance with the Regu-
lations of Training Center - BAS, Zara Kasapeteva passed with success exams in a basic
specialized subject, language training (English) and computer skills (Matlab). She has
passed two additional courses for general basic training related to the topic of the disser-
tation. On the scientific program, she has delivered a considerable number of oral and
presented posters at national and international events, as well as at the scientific seminar
of IE-BAN. She was awarded a prize in the “Best Report” contest at the VII National Stu-
dent Scientific Conference on Physics and Engineering Technologies, held on November
30™, 2018 in Plovdiv. The scientific results on the subject of the dissertation have been
published in 5 scientific works: one in the Bulgarian scientific magazine Journal of
Physics and Technology, two each in journals indexed in the international databases for
scientific information SCOPUS and WOS, respectively, Proceedings of SPIE and OPTIK. I
would like to point out that two of the articles have 2 citations each. During her doctoral
studies, Zara Kasapeteva was a member of 5 research projects funded by the National
Fund for Scientific Research.

From these activities, she collects a total of 382 credits, which exceed by the re-
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quired mandatory minimal requirements of Training Center of BAS (200 credits). The ta-
ble below shows that the publications included in the dissertation qualitatively and
quantitatively meet the minimal requirements of National regulations and the rules for
the terms and conditions for acquiring scientific degrees and academic positions at the
Institute of Electronics for the defense of the PhD Thesis.

Class of Indicators National rules IE (BAS) Candidate
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2. General characteristics of the dissertation

Nonlinear optical effects are manifested as a response of a nonlinear medium due
to its interaction with an intense electric field, usually laser light. When a light beam
passes through a material, its dielectric polarization is a non-linear function of the elec-
tric field of the light. Higher-order nonlinear electric susceptibilities combines the fre-
quencies of the resulting electric fields of the incident light through algebraic operations
(sum and difference) of the photon energies. Efficient nonlinear frequency conversion is
accompanied by conservation of energy and momentum. Nonlinear effects fall into two
qualitatively different categories depending on how the electric field affects matter: (1)
parametric effects, where the quantum state of the material does not change, and (2)
scattering effects associated with transitions between vibrational or rotational energy of
the medium.

Parametric processes are instantaneous and are a response to a spontaneous
change in the optical parameter of the medium during the propagation of powerful high-
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intensity radiations. The ability to generate such high-intensity radiations became possi-
ble thanks to the great technological possibilities for creating precise optical materials
and a high degree of reproducibility in order to build powerful laser systems. This, in
turn, poses new theoretical problems in the physics of lasers and laser optics on the na-
ture of high-intensity light propagation mechanisms in materials, and new analytical and
numerical methods are being developed for their solution. The present dissertation is de-
voted to the study of the nonlinear parametric effects caused by four-photon parametric
interaction of intense continuous-wave laser radiation and parametric energy exchange
throughout the propagation of ultrashort optical pulse laser radiation in isotropic media.

The thesis is written in 106 pages and contains 27 figures and 2 tables. It consists
of an introduction and 4 chapters. The introduction justifies the relevance of the topic of
the conducted research, the objectives of the dissertation and gives a brief description of
the individual chapters. Chapter one introduces the reader to the topic under study, the
next three chapters present theoretical studies and original results. The remaining parts
of the dissertation are: Conclusion with a summary of the scientific contributions, a list
of the publications underlying the dissertation and a list of participations in national and
international events. The literature used is indicated for each of the individual chapters,
which makes it difficult to determine the exact number of literary sources. In the follow-
ing paragraphs I present a brief overview of the main points in each chapter.

Chapter One gives a brief overview of the basic linear and nonlinear effects occur-
ring in Kerr-type media. The material presented in this chapter clearly shows that the
dissertation student is well aware of the current state of the problem and achievements
in this area and the basic equations underlying the theoretical study of these processes.
This is also evident from the used literary sources on this rapidly developing field. The
analysis carried out allows a precise formulation of the main objectives of the disserta-
tion.

Chapter two theoretically investigates the possibilities of energy exchange during
the process of degenerate four-wave mixing in the continuous wave regime. At the heart
of this process lies the parametric interaction between three waves (pumping, signal and
supplementary), propagating at several coherent lengths in an isotropic non-linear Kerr
type medium. The exact analytical solutions, as well as their dependence on the parame-
ters of the model, of the three differential equations that describe the physical system of
the three waves are found. The laws of conservation of wave intensities are derived for
the considered system. It is shown that for certain values of the model parameters (initial
values of the wave intensities, generalized phase and presence of wave disorder) and pe-
riodic boundary conditions, a periodic energy exchange between the waves is observed.
The influence of phase self-modulation and phase cross-modulation on the four-wave
mixing was also investigated and found to lead to an increase in the energy exchange pe-
riod.

Chapter three presents a study of energy transfer in a four-wave mixing process of
parametrically interacting spectrally close picosecond laser pulses propagating in a sin-
gle-mode optical fiber. In the zero-dispersion approximation, the three differential equa-
tions that describe the system are solved numerically, taking into account phase self-



modulation and phase cross-modulation. The energy exchange between pulses is found
to be a quasi-periodic function whose period depends on the model parameters.

Chapter four examines energy transfer between the components of an optical
pulse propagating in a fiber with anomalous dispersion. The physical system is described
by means of a degenerate four-photon parametric phenomenon with phase self-modula-
tion and phase cross-modulation. The evolution of the components of the electric field of
the pulse follows from the solutions of two nonlinear differential equations. It is shown
that the model is exactly solvable and the phases, intensities and period of the energy
transfer for arbitrary values of initial energies and polarizations of the vector electric
field components are presented in closed form. It was found that the energy transfer be-
tween the components is observed in elliptical polarization, but not in linear or circular
polarization. In such a case there is a precession site with different period and amplitude
about one of the axes perpendicular to the propagation.

3. Assessment of the scientific and scientific-applied contributions of the doc-
toral candidate in the dissertation

The above analysis shows that the present scientific work has a fundamental
character with potential for wide application in many fields where nonlinear effects are
strongly pronounced, such as optical communication systems, biophotonics, optical sen-
sors, etc. It is based on analytical and/or numerical solution of model systems well
known in the literature on the one hand and unveiling mechanisms related to the inter-
action between the electric fields of laser radiation on the other. The selection of the con-
sidered nonlinear parametric models is well justified. The scientific contributions in the
dissertation concern the finding of exact analytical solutions of systems of nonlinear dif-
ferential equations suitable for the description of the optical properties of the considered
physical systems. In these systems, opportunities for energy transfer between their indi-
vidual components are considered depending on the initial values of the parameters. For
this purpose, an analytical method was developed for solving the output equations. From
there, important physical quantities characterizing parametric four-wave mixing in con-
tinuous or pulsed modes, alone or in combination with phase self-modulation and phase
cross-modulation, are determined in closed form. Numerical methods are also used to
clarify the complete physical picture. Scientific results here can be characterized as ob-
taining and proving new facts, as well as obtaining confirmatory ones that check the reli-
ability of the methods used.

The results in the dissertation were obtained by a team with the participation of
the two supervisors of the doctoral candidate. In two of the articles, the candidate is in
first place, which can be taken as evidence of a substantial contribution to those articles.
In the other three, she is in third place and it is not clear what her contribution is. From
the analysis of the content of the dissertation and research papers, it can be seen that
Zara Kasapeteva has demonstrated teamwork skills and demonstrated the ability to learn
and use powerful theoretical methods.

4. Critical notes and recommendations
There are some technical shortcomings in the text, such as the use of slang are



noticeable in the dissertation. I will not give any specific examples here, but I urge the
candidate to thoroughly edit both the thesis and the extended abstract. I note that these

weaknesses are of purely technical nature and do not affect the scientific merit of the
thesis.

5. Conclusion

After carefully going through the presented dissertation, the extended abstract
and the other materials, and based on the analysis of their significance and the scientific
contributions contained in them, I confirm that the scientific achievements meet the re-
quirements for awarding the educational and scientific doctoral degree. In particular, the
candidate satisfies the minimal requirements of the National regulations and the rules
for the terms and conditions for acquiring scientific degrees and academic positions at
the Institute of Electronics for the defense of the PhD Thesis. Herewith, I give my posi-
tive assessment for awarding the educational and scientific doctoral degree to Zara An-
dreeva Kasapeteva.

Dated: November 8", 2024 Reviewer:

/ prof. Hassan\Cglamati, Dsc /



