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study of two-dimensional systems with a single effective degree of freedom. The 2DVM in its
simplest formulation has a second order ground state quantum phase transition and an
associated ESQPT. Recent contributions from the candidate have brought to the limelight and
extension of this model, breaking the angular momentum conservation. In fact, the candidate
discuss in the memory a groundbreaking aspect: the appearance of a second ESQPT, that is not
explored to date, when considering the full system Hilbert space.

Chapter 3 contains a brief and neat introduction to classical chaos and the candidate manages
not to get entrapped in the quicksands of its extension fo quantum systems, a problem that is
still open to discussion. The candidate moves in this terrain in a brilliant way, demonstrating a
solid background on both quantum and classical techniques and he introduces as quantum chaos
probes the quantum Lyapunov exponent and the wiggliness, defined as the square root of the
relative variance for out-of-time-order correlators (OTOCs). The candidate includes results for
the non-integrable Creagh-Whelan model and a non-integrable version of the 2DVM recently
introduced by himself.

Finally, Chapter 4 brings the reader into the domain of non-Hermitian quantum mechanics,
extending Hamiltonian control parameter values of the systems under study from the real line to
the complex plane. Apparently this is a small step in the formalism, however it brings us into
rarely strolled domains in quantum systems and it entails a giant leap in the richness of the
results and also in the complexity of their interpretation. For example, the replacement of real
spectra by complex ones allows for the study of exceptional points. The author, using this
formalism together with some collaborators, has recently paved new ways of understanding
ESQPTs with their application to systems where ESQPTs have been yet unexplored. This is the
case of non-Hermitian superradiance on open systems or scattering in unbound systems.

All the papers included as appendices have been published in prestigious international research
journals: Annals of Physics; The Physical Review A, C, and E; The Physical Review Letters; and
Physics Letters A. All of them treat different aspects of the aforementioned three subjects and
can be considered significant contributions and advances in the fieldo. Appendices A, B, and C
are a very well known series of three papers where a deep and detailed extension of the ESQPT
concept to systems with more than one effective degree of freedom is presented. Appendix D is a
very valued reference, where a systematical classification of ESQPTs is presented and it is
considered now as a seminal reference in the field of ESQPTs. Appendix E explores the
consequences of ESQPTs on thermodynamics. Appendices F and G study two interesting aspects
of non-Hermitian systems: the appearance of exceptional points in the proximity of quantum
phase transitions and the phenomenon of superradiance in open quantum systems. Appendices
H, and 1 delve into quantum chaos, proposing a quantum Lyapunov exponent from the
short-time exponential growth of an OTOC, evincing also that around unstable stationary points
in integrable quantum systems the OTOC can also grow exponentially. Appendix L introduces a
non-integrable version of the 2DVM via the breaking of the rotational invariance of the model
Hamiltonian, explores its classical limit, and explores chaos in the quantum regime with the long
time limit average value of the wiggliness for an OTOC. Finally, appendices ] and K use
non-Hermitian quantum mechanics to look into the role of ESQPTs in the continuum spectra of
unbound quantum systems.
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concise guide to three complex aspects, connecting them and rigorously describing
state-of-the-art results in such a way that the reader can enjoy the study of the document.

For the sake of completeness, as requested by the normative, I have also checked the output of
the anti-plagiarism code turnitin. There are neither significant warnings nor signs of plagiarism
in the submitted memory. Hence, all things considered, the submitted memory is a completely
original piece of work, that includes in its appendices twelve papers that contain novel and very
relevant developments in the study of quantum many-body systems and ESQPTs. The author
has been an active researcher in these research areas and can be considered one of the key figures
in the field.

Therefore, considering all that has been expressed above, Dr. Pavel Stransky’s submitted
manuscript meets largely the standard requirements for a Habilitation thesis. [ strongly
recommend further progresses in the candidate habilitation procedure.

Sincerely,

e ok Ma o e
Prof. Francisco B. Pérez-Bernal
CEAFMC Director
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