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INTRODUCTION

The study of mesoscopic dynamics, within the frarheelativistic
guantum theories and finite temperatures, is orteeomost actual subjects,
with deep implications in both understanding thermscopic processes
and development of high technology at the nanometale.

The aims of our PhD thesis entitled Evolution of sogcale
guantum systems are:

a. Study of behavior of relativistic particles, bos@nd fermions,
by means of both functional and analytic-numericalgsis of the
corresponding differential equations describingrtlegolution in external
electric and magnetic fields, weak or intense cstat time-variable, from
guantum and thermodynamic point of view;

b. Detailed analysis of solutions compatible with éx@erimental

data, from the point of view of the quantizatiotat®ns accompanying the
model.

c. Determination of certain general relations of diration of
energetic levels, of currents components, of Hadhductivity and
rezistance, within the frame of experimental ressult

The thesis contains 4 chapters. Each chapter cafollmaved
independenly from each other. At the end, a chagft@onclusions and a
list of references are inseted.

The relativistic quantum mechanics formalismUifl) covariant

gauge formulation, the basics of the theory as agBign conventions are
presented in 3 Appendices.

The original search results have been publishddunISI-quoted
periodicals, three B+ -quoted periodicals, one mméls of the Timisoara
University, and have been also presented at seational conferences.



[. 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 conductord aemiconductors
diagnostics and description, especially after discp of its quantum
variants (QHE).

The experiments performed in 1980 by Klaus von Zitiiy on
twodimensional structures situated in high intgnsiagnetic fields, at very
low temperature, led to the discovery of the integgantum Hall effect

(IQHE).

It was shown that the discrete values of the quantdall
conductance are integer multiples of a fundamexaiastan{6].

In 1982, Horst Stérmer, Daniel Tsui, and Robert dtdin
discovered the fractional quantum Hall effect (FQHE] in a bi-
dimensional electronic gas, limited by interfacek a high quality
semiconductor, placed in a very strong magnetid fiapproxroximately
20 T). In 2005, Kostya Novoselov and collaboratoase experimentally
observed another type, unconventional, of quantwath éffect (UQHE) in
the graphen layer. The results show an anomalietisual quantum Hall
effect, even if the Hall conductivity is also quaat[12].

Inspired by these results, in Chapter | we havdistuthe behavior
of the relativistic scalar particles in electricdamagnetic static orthogonal
fields, in view of quantum theories. In the casefioite temperature the
most important thermodinamic quantities as welthes equation of state
have been calculated, in order to put into evideometribution of the
quantic and relativistic terms, which generalizee thctual results of
scientific literature.
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[I. GENERATION OF SCALAR PARTICLES IN INTENSE
ELECTRIC FIELDS

In this chapter we approach the process of pargeleeration in
intense electric fieldg3].

The first part of Chapter Il is dedicated to theidst of the
relativistic bosons generation, in intense stdtctec fields, orthogonal to

magnetic fields (the relation between the fieldsnsities i€, / ¢ > B,).

In the last section, the analysis has been extended periodical
fields. The resonance conditions and the instgbilitervals stand for
original results and have been published in amgiited journal.
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Ill. BEHAVIOR OF GRAPHENE-TYPE FERMIONS IN
EXTERNAL STATIC FIELDS

As it is known, the graphene free quasiparticleswsio linear
dispersion reIatioE:hka, This relation characterize the relativistic

massless particles. An important property is thistemce of zero-energy
state, meaning a null width of forbidden zg¢h2].
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IV. STUDY OF EVOLUTION OF RELATIVISTIC BOSONS
IN SPACE-PERIODICAL POTENTIALS

The first part of this chapter is dedicated to tmeestigation of
behavior of scalar particles dynamics in periodpmtentials. Our endeavor
has been inspired by the importance of periodicatmtials in solid state
physics, as shown in papgét]. Here the author uses a high-intensity laser,
similar to that utilized in nuclear fusion. Nextewhave performed a
detailed analysis of relativistic bosons in higteirsity magnetic fields,
similar to those existent in highly-magnetized newitstars.
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GENERAL CONCLUSIONS

Since each chapter contains a section of conclsisiahere the
main results are highlighted and comparisons wiitieroauthors’ papers are
performed, in this section we synthesize some gémenclusions which
we consider as being representative. These coookishave been
published in both ISI-quoted periodicals, and imigmicals acknowledged
by CNCSIS.

The obtained results can be synthesized as follows:

1. For relativistic bosons placed in electric andgnetic static
orthogonal fields have been obtained the wave fomstand the energy
spectrum|[M. A. Dariescu,_O. Buhucianu , C. QueThe Lorentz-invariant
U(1l)-gauge theory of scalars in static externatlds and thermal
properties,Buletinul Institut Politehnic Ig, 2, Tom LVII(LXII), (2012),
43-54.]in good agreement with the results found by othehors. Within
the thermodynamic study, the partition function regsed by the
generalized Euler and Riemann functions led us bk tmain
thermodynamic quantities, magnetization and sugzkfyt A Hall-type
term, as well as supplementary contributions chiaraeg ultrarelativistic
particles have been introduced in the equationtaiEsIin some particular
cases, according to a certain parameter rangestite equation leads to
classical thermodynamic results (for high tempessty and quantum
effects (for low temperatures), in agreement widrrigt theorem.

2. In order to obtain information about the procefsgeneration of
relativistic particles in static intense electiield, orthogonal to a weak
magnetic field, we developed a non-perturbativecudation of the
generation probability. This procedure offers infation on the control
and suppression of particle generation by meanssapiation of the
magnetic field inductionNl. A. Dariescu, C. Dariescu, O. Buhucianu,
Quantum tunnelling of bosons in electro-magnettictields Bul. Institut
Politehnic lasi, Ton.VI(LX) , (2010), 105-11R

The same generation process has been approaches frame of
WKB formalism [M. A. Dariescu, C. Dariescu, O. BuhucianBpsons
generation in strong electric fields via WKB follisan, acceptat spre
publicare n Analele Univergiii Timisoara] generalizing the results
existent in scientific literature.

This kind of generation processes take place iatividtic stellar
objects, with electric field touching the criticalue and intense magnetic
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fields (LO® —10% T, of the type of those existent in magnetgrs A.
Dariescu, C. Dariescu, O. Buhucia@harged Scalars in Transient Stellar
Electromagnetic FieldsChinese Physics Letterd8, (1), (2011), 010303,
1-4).

3. In the case of time-variable electric fieldsthvconsiderable
implications in technology, the wave functions efativistic bosons are
expressed by means of Mathieu functions. This wiyg instability
intervals appearing as a result of the paramagnetgpnance are
highlighted [O. Buhucianu, M. A. Dariescu, C. DariesciRelativistic
Bosons in Time-Harmonic Electric Fielddnternational Journal of
Theoretical Physics51,(2), (2012), 526-535]

4. In the case of massless relativistic fermiongraphene-type, the
solutions are described by the associated Hermnitetibns only in some
particular case$O. Buhucianu, M. A. Dariescu, C. Dariescbraphene-
like fermions in uniform magnetic fieldBuletinul Institutului Politehnic
din lasi, LVII(LXI) , (2011), Fascicula 3, 97-1Q6éxistant in literature.
Our investigation is relevant by the fact that wavér used a (3+1)-
dimensional theory, which can also be applied oa ¢naphene with
defects. This way we have obtained closed formbh@forthogonal modes
and of the current density components as wellJabeones depending on
the sample dimensions.

Keeping the (3+1)-dimensional formulation to ddserithe
minimally coupled fermions in external electric andgnetic fields, in
addition to Novoselov's term in the energy spectrafngraphene, we

obtained a term depending on fhe component of momentum and on the

chemical potentialtype, which control the conduttwoperties of fermions
in the sample[M. A. Dariescu,_O. Buhucianu, |. seefanoaei, Chiral
Electrons in Static Fields at Finite Temperaturd&Romanian Journal of
Physics 56, (9-10), (2011), 1043-1052]

6. In the case of electric and magnetic fieldsrbfteary intensities,
the wave functions can be expressed in terms ohBldunctions. This
procedure furnishes a generalization of the regxistent in literature, as
we have shown in papéD. Buhucianu, Massless fermions in external
fields in terms of Heun’'s functionsActa Physica Polonica, Bi3, (3),
(2012), 397-404]

7. We extended our analysis on relativistic scabarticles,
evolving in a stationary electromagnetic field, gerted by two lasers
which produce coherent, circularly polarized momoahmatic radiation of
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opposite helicity. The obtained energy spectrumeddp on the intensity of
laser beam, and brings to light quantum effects.

8. We have proved that, when high-intensity pedaldfields are
considered, when the relativistic particles moméntituated in a certain
interval, determined by the field structure aneisity, one can arrive at a
resonance phenomenon. Such fields exits, for exampla crust of a
highlymagnetized neutron star, called magnetar. ilbtable behavior of
the wave function can give rise to exotic phenomeasave have shown in
[M. A. Dariescu, C. Dariescu, O. Buhuciartharged Scalars in Transient
Stellar Electromagnetic FieldsChinese Physics Letter28, (1), (2011),
010303, 1-} These phenomena could explain the giant flargdosions,
displayed by these special astrophysical objects.
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