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INTRODUCTION

The study of mesoscopic dynamics, within the frame of relativistic
quantum theories and finite temperatures, is one of the most actual subjects,
with deep implications in both understanding the microscopic processes
and development of high technology at the nanometric scale.
The aims of our PhD thesis entitled Evolution of mesoscale
quantum systems are:
a. Study of behavior of relativistic particles, bosons and fermions,
by means of both functional and analytic-numeric analysis of the
corresponding differential equations describing their evolution in external
electric and magnetic fields, weak or intense, static or time-variable, from
quantum and thermodynamic point of view;
b. Detailed analysis of solutions compatible with the experimental
data, from the point of view of the quantization relations accompanying the
model.
c. Determination of certain general relations of quantization of
energetic levels, of currents components, of Hall conductivity and
rezistance, within the frame of experimental results.
The thesis contains 4 chapters. Each chapter can be followed
independenly from each other. At the end, a chapter of conclusions and a
list of references are inseted.
The relativistic quantum mechanics formalism, in U(1) covariant
gauge formulation, the basics of the theory as well as sign conventions are
presented in 3 Appendices.
The original search results have been published in four ISI-quoted
periodicals, three B+ -quoted periodicals, one in Annals of the Timisoara
University, and have been also presented at seven national conferences.
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I. STUDY OF RELATIVISTIC BOSONS, PLACED IN
STATIC FIELDS, AT FINITE TEMPERATURE
The Hall effect [1], which is essential in solid state physics,
represents an important instrument in conductors and semiconductors
diagnostics and description, especially after discovery of its quantum
variants (QHE).
The experiments performed in 1980 by Klaus von Klitzing on
twodimensional structures situated in high intensity magnetic fields, at very
low temperature, led to the discovery of the integer quantum Hall effect
(IQHE).
It was shown that the discrete values of the quantum Hall
conductance are integer multiples of a fundamental constant [6].
In 1982, Horst Störmer, Daniel Tsui, and Robert Laughlin
discovered the fractional quantum Hall effect (FQHE) [8] in a bidimensional electronic gas, limited by interfaces of a high quality
semiconductor, placed in a very strong magnetic field (approxroximately
20 T). In 2005, Kostya Novoselov and collaborators have experimentally
observed another type, unconventional, of quantum Hall effect (UQHE) in
the graphen layer. The results show an anomaly of the usual quantum Hall
effect, even if the Hall conductivity is also quantized [12].
Inspired by these results, in Chapter I we have studied the behavior
of the relativistic scalar particles in electric and magnetic static orthogonal
fields, in view of quantum theories. In the case of finite temperature the
most important thermodinamic quantities as well as the equation of state
have been calculated, in order to put into evidence contribution of the
quantic and relativistic terms, which generalize the actual results of
scientific literature.
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II. GENERATION OF SCALAR PARTICLES IN INTENSE
ELECTRIC FIELDS
In this chapter we approach the process of particle generation in
intense electric fields [3].
The first part of Chapter II is dedicated to the study of the
relativistic bosons generation, in intense static electric fields, orthogonal to
magnetic fields (the relation between the fields intensities is E0 / c > B0 ).
In the last section, the analysis has been extended over periodical
fields. The resonance conditions and the instability intervals stand for
original results and have been published in an ISI-quoted journal.
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IV. STUDY OF EVOLUTION OF RELATIVISTIC BOSONS
IN SPACE-PERIODICAL POTENTIALS
The first part of this chapter is dedicated to the investigation of
behavior of scalar particles dynamics in periodical potentials. Our endeavor
has been inspired by the importance of periodical potentials in solid state
physics, as shown in paper [7]. Here the author uses a high-intensity laser,
similar to that utilized in nuclear fusion. Next, we have performed a
detailed analysis of relativistic bosons in high-intensity magnetic fields,
similar to those existent in highly-magnetized neutron stars.
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GENERAL CONCLUSIONS
Since each chapter contains a section of conclusions, where the
main results are highlighted and comparisons with other authors’ papers are
performed, in this section we synthesize some general conclusions which
we consider as being representative. These conclusions have been
published in both ISI-quoted periodicals, and in periodicals acknowledged
by CNCSIS.
The obtained results can be synthesized as follows:
1. For relativistic bosons placed in electric and magnetic static
orthogonal fields have been obtained the wave functions and the energy
spectrum, [M. A. Dariescu, O. Buhucianu , C. Creţu, The Lorentz-invariant
U(1)-gauge theory of scalars in static external fields and thermal
properties, Buletinul Institut Politehnic Iaşi, 2, Tom LVIΙ(LXΙI), (2012),
43-54.] in good agreement with the results found by other authors. Within
the thermodynamic study, the partition function expressed by the
generalized Euler and Riemann functions led us to the main
thermodynamic quantities, magnetization and susceptibility. A Hall-type
term, as well as supplementary contributions characterizing ultrarelativistic
particles have been introduced in the equation of state. In some particular
cases, according to a certain parameter range, the state equation leads to
classical thermodynamic results (for high temperatures) and quantum
effects (for low temperatures), in agreement with Nernst theorem.
2. In order to obtain information about the process of generation of
relativistic particles in static intense electric field, orthogonal to a weak
magnetic field, we developed a non-perturbative calculation of the
generation probability. This procedure offers information on the control
and suppression of particle generation by means of variation of the
magnetic field induction [M. A. Dariescu, C. Dariescu, O. Buhucianu,
Quantum tunnelling of bosons in electro-magnetic static fields, Bul. Institut
Politehnic Iasi, Tom LVI(LX), (2010), 105-112].
The same generation process has been approached in the frame of
WKB formalism [M. A. Dariescu, C. Dariescu, O. Buhucianu, Bosons
generation in strong electric fields via WKB formalism, acceptată spre
publicare în Analele Universităţii Timişoara], generalizing the results
existent in scientific literature.
This kind of generation processes take place in relativistic stellar
objects, with electric field touching the critical value and intense magnetic
10

fields ( 108 − 1011 ) T, of the type of those existent in magnetars [M. A.
Dariescu, C. Dariescu, O. Buhucianu, Charged Scalars in Transient Stellar
Electromagnetic Fields, Chinese Physics Letters, 28, (1), (2011), 010303,
1-4].
3. In the case of time-variable electric fields, with considerable
implications in technology, the wave functions of relativistic bosons are
expressed by means of Mathieu functions. This way, the instability
intervals appearing as a result of the paramagnetic resonance are
highlighted [O. Buhucianu, M. A. Dariescu, C. Dariescu, Relativistic
Bosons in Time-Harmonic Electric Fields, International Journal of
Theoretical Physics, 51, (2), (2012), 526-535].
4. In the case of massless relativistic fermions of graphene-type, the
solutions are described by the associated Hermite functions only in some
particular cases [O. Buhucianu, M. A. Dariescu, C. Dariescu, Graphenelike fermions in uniform magnetic fields, Buletinul Institutului Politehnic
din Iaşi, LVII(LXI), (2011), Fascicula 3, 97-106], existant in literature.
Our investigation is relevant by the fact that we have used a (3+1)dimensional theory, which can also be applied on the graphene with
defects. This way we have obtained closed forms of the orthogonal modes
and of the current density components as well, the last ones depending on
the sample dimensions.
Keeping the (3+1)-dimensional formulation to describe the
minimally coupled fermions in external electric and magnetic fields, in
addition to Novoselov’s term in the energy spectrum of graphene, we
obtained a term depending on the pz - component of momentum and on the
chemical potentialtype, which control the conduction properties of fermions
in the sample [M. A. Dariescu, O. Buhucianu, I. Aștefănoaei, Chiral
Electrons in Static Fields at Finite Temperature, Romanian Journal of
Physics, 56, (9-10), (2011), 1043-1052].
6. In the case of electric and magnetic fields of arbitrary intensities,
the wave functions can be expressed in terms of HeunB functions. This
procedure furnishes a generalization of the results existent in literature, as
we have shown in paper [O. Buhucianu, Massless fermions in external
fields in terms of Heun’s functions, Acta Physica Polonica, B, 43 , (3),
(2012), 397-404].
7. We extended our analysis on relativistic scalar particles,
evolving in a stationary electromagnetic field, generated by two lasers
which produce coherent, circularly polarized monochromatic radiation of
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opposite helicity. The obtained energy spectrum depends on the intensity of
laser beam, and brings to light quantum effects.
8. We have proved that, when high-intensity periodical fields are
considered, when the relativistic particles momenta is situated in a certain
interval, determined by the field structure and intensity, one can arrive at a
resonance phenomenon. Such fields exits, for example, in a crust of a
highlymagnetized neutron star, called magnetar. The instable behavior of
the wave function can give rise to exotic phenomena, as we have shown in
[M. A. Dariescu, C. Dariescu, O. Buhucianu, Charged Scalars in Transient
Stellar Electromagnetic Fields, Chinese Physics Letters, 28, (1), (2011),
010303, 1-4]. These phenomena could explain the giant flares explosions,
displayed by these special astrophysical objects.
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