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Aluminum-based metal matrix nano-composites are known as eminent materials 
for structural application in the aircraft and automotive industries because they not 
only exhibit relatively better mechanical characteristics in comparison with other 
allay, but their cost of component production is comparatively low. Moreover, it is 
widely known that this kind of materials displays noticeable improvement in wear 
resistance compared to unreinforced alloys. In operating conditions, components 
made of Al-based composites are usually subjected to elevated temperatures and 
high contact loads, and hence are accordingly widely used to fabricate mechanical 
parts that are involved in sliding contact. Subsequently, prediction and experimental 
determination of their wear properties is of special importance and significance. Ex-
perimental determination of life parameters in terms of wear has both a cost and 
time impact. Consequently, the ability to predict wear at the development stage ena-
bles the designers to come up with a better design, longer useful life and more relia-
ble products. Despite the marked interest, the simulation of wear is still in its early 
stages due to its complexity.  In the present study, a series of pin on disk test on Al-
Mg-Si/Al2O3 nanocomposites and the corresponding unreinforced alloy has been 
carried out at different loads and sliding distances. In addition, a finite element mod-
el to simulate wear tests was developed. The number of operating cycles which is 
required to predict the wear simulation and eventually the life span of such materials 
falls in the range of several hundreds of thousands. Thus, an FE post processor looks 
the optimum choice regarding the computational expense of such large deformable-
deformable contact simulations. Our approach is to extract the stress-strain curve for 
nanocomposite using a unit cell approach in conjugation with finite element. Next, a 
wear model based on Archard’s wear law in an FE post-processor that works in as-
sociation with commercial FE package ANSYS for solving the general deformable-
deformable contact problem is developed. According to this model, local wear is 
computed and then integrated over the sliding distance using the Euler integration 
scheme. After every wear step the geometry is re-meshed to correct the deformation 
due to wear. The wear on both the pin and disc surface are computed using the con-
tact pressure distribution evaluated from a two dimensional FE model of the pin and 
disk included Coulomb friction at the contact. The validity of the simulation results 
has been verified by a series of experiments. Experiments were conducted on a POD 
rig to measure the friction coefficient as well as the wear depth, two parameters 
which are needed for the simulation  The simulation results are in good agreement 
with those measured from the experiment. 
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Martensitic transformations are first order displacive transitions and occur in the 
materials on cooling from high temperature. Shape memory effect is an unusual 
property exhibited by certain alloy systems, and leads to martensitic transition. If 
these alloys are deformed in martensitic condition, they keep the deformed shape, 
when the stress is removed, the deformation disappears and the material returns to 
the original phase on heating over the austenite finish temperature. 

Copper-based alloys exhibit this property in beta phase field which possess sim-
ple bcc - structures, austenite structure at high-temperatures. As temperature is low-
ered the austenite undergoes martensitic transition following two ordering reactions, 
and structural changes in nanoscale govern this transition. The formation of the lay-
ered structures in copper based alloys consists of shears and shear mechanism.  

Martensitic transformations  occur in a few steps with the cooperative movement 
of atoms less than interatomic distances by means of lattice invariant shears on a 
{110} - type plane of austenite matrix which is basal plane or stacking plane of mar-
tensite. 

First one is Bain distortion which is a homogeneous distortion of the bcc based 
B2 lattice, consisting of an elongation in the Bain direction parallel to a [001] direc-
tion and a compression in the plane normal to it,  until the B2 lattice becomes face 
centred cubic.   Second one is homogeneous shears, lattice invariant shears which 
occur on a {110}-type close packet plane of austenite matrix. The lattice invariant 
shears occurs, in   two opposite directions, <110> -type directions on the {110}-type 
plane. These shears gives rise to the formation of layered structure. 

The beta-type martensites occur as orthorhombic close-packed structures, which 
consist of an array of close-packed planes. Defects in the regular sequence of atomic 
planes can be frequently met in crystalline materials; quantity and sequence of this 
kind of defects influence the properties and behaviour of the material itself. 

Product phase in this transition has the unusual layered structures which consist 
of an array of close-packed planes with complicated stacking sequences called as 
3R, 9R or 18R martensite structures depending on the stacking sequences on {110}- 
type planes of  parent phase.  Monoclinic distortion takes place in some cases and 
18R structure is modified as M18R. 

In the present contribution, x-ray diffraction and transmission electron microsco-
py studies were carried out on two copper based CuZnAl and CuAlMn alloys. 

Keywords: Martensitic transition, shape memory effect, Bain distortion, layered 
structures. 



20 
�

SLOW LIGHT AND PHASE TRANSITION WITH STRONGLY LOCAL-
IZED  POLARITONS  IN A ATOMIC MICRO-STRUCTURES 

I.O. Barinov, E. S. Sedov, A.V.  Prokhorov, A.P. Alodjants, S.M. Arakelian 

Department of Physics and Applied Mathematics, Vladimir State University,   
Gorkogo str.  87,  Vladimir, 600000 Russia 

E-mail: alodjants@vlsu.ru 

For the last decade great efforts have been made in laser field manipulation of 
large number of ultracold atomic ensembles.  In particular, the macroscopic array of 
atomic condensates produced by trapping, cooling and localization of atoms under 
the Bose-Einstein condensation (BEC) condition in one and/or two dimensional op-
tical lattices gives an opportunity to study various aspects of physics of phase transi-
tions. On the other hand, current nanofabrication and nanophotonic technologies 
make it possible to build up similar structures using array of photonic cavities (or 
coupled resonator waveguides) doped by two level atoms.  The key role in behavior 
of such systems is played by so-called dark and bright polaritons, i.e. Bosonic qua-
siparticles representing a linear superposition of photons in external (probe) field 
and macroscopic (coherent) excitations of two-level atomic system. 

 In the  present paper (see also [1,2]) we propose a new type of spatially periodi-
cal structure - polaritonic crystal (PolC), to observe a slow light phenomenon due to 
coupled atom-field states (polaritons) in the lattice. Under the tight-binding approx-
imation such a system realizes an array of weakly coupled trapped two-component 
atomic ensembles interacting with optical field in a tunnel-coupled one dimensional 
cavity array. We have shown that the phase transition to the superfluid  state of low 
branch polaritons occurs under the strong coupling condition. Such a transition re-
sults in the appearance of a macroscopic polarization of atomic medium at non-zero 
frequency. The principal result is that the group velocity of polaritons is essentially 
depended on the order parameter of the system, i.e. on the average photon number in 
the cavity array. We have shown  that for propagation of optical wave packet in the 
PolC structure the phenomenon of stopped light is also observed  and the coherently 
stored information process can be realized on macroscopic atomic excitations. The 
group velocity of the polaritons in this case  can be smoothly controlled by using 
detuning of atom-filed system.  
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The MD (molecular dynamics) simulation of CNT (carbon nanotube) surrounded 
by a CS2 solvent has been carried out for different atomic concentrations and 
different temperature. The radial distribution functions and the dynamical 
configurations have been calculated for CS2 solvent interactiing with CNT. The 
layered structure of the CS2 solvent around the CNT have been observed. The 
numerically obtained radial distribution functions are compared to the Boltzmann 
distribution of  CS2 gas in CNT effective potential. The deviations from the 
stationary solution are discussed. 
 
Key words: molecular dynamics, carbon nanotube, carbon disulfide solvent 
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The −π  Josephson junctions and more complex structure like parallel series of 
k−0  Josephson junctions attract much attention in the last time [1,2]. In this paper 

we present the results of numerical modeling of the dependence "critical current-
external magnetic field" for k−0  Josephson junctions. Each solution (distribution 
of the magnetic flux in the junction) is associated to a Sturm–Liouville problem and 
the stability of the static solutions is investigated by checking the sign of the 
smallest eigenvalue of this Sturm-Liouville problem. At each step of numerical 
calculation, the corresponding nonlinear boundary problem is solved on the basis of 
the continuous analog of Newton's method. The transitions between different 
distributions of magnetic flux with increase in k  are demonstrated. We observe a 
creation of pure and mixed chains of fluxons and antifluxons with increase in 
intensity of external magnetic field and external current. 
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In [1] Haldane introduced the fruitful concept of fractional exclusion statistics 
(FES). One of the most influential papers in which the thermodynamics of FES 
systems was deduced is [2]. Nevertheless, in [3,4] I showed that some important 
properties of the exclusion statistics parameters--namely the transformation 
properties of the FES parameters at the change of particle species--were overlooked 
in the original paper [1] and in all the papers after that, including [2]. Because of this 
omission, the implementation of FES into concrete physical systems remained, to a 
certain degree, arbitrary and the thermodynamic results were eventually not well 
defined. 

In this presentation I will make a brief introduction into the FES formalism and 
its properties, pointing out the recent developments. I will also show that FES is 
manifesting in general in mesoscopic systems and I will give a general method for 
the calculation of the FES parameters. I will apply the method to concrete physical 
systems and calculate their thermodynamics. I will point out the features that appear 
in the thermodynamics of these systems due to the manifestation of FES and make 
comparisons with the typical Bose and Fermy gases. 
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The use of synthetic nanopores for single-molecule sensing, biomimetic systems, 
separation processes, and nanofluidic devices attracts a great deal of interests of sci-
entists from various fields [1]. Considerable research activity has been focused on 
the nanometer-sized ion track pores in polymers in recent years. Conical ion track 
nanopores have been developed to approach the geometric characteristics of the ion 
channels in living matter [2,3]. It has been demonstrated that the conical nanopores 
in polymers such as polyethylene terephthalate are cation selective and possess di-
ode-like voltage-current characteristics in electrolyte solutions.   

Recently we developed a novel fabrication method which allows production of 
ion track membranes (ITMs) with pronounced geometrical asymmetry and highly-
tapered nanopore tip (“bullet-like” shape). It was shown that the rectification proper-
ties of the asymmetric ITMs strongly depend on the pore profile [4,5]. Control over 
the shape of nanochannels may shed light on the mechanism responsible for their 
intriguing properties and opens the way to new potential applications of ITMs.   

References 

[1] C. Dekker. Solid state nanopores. Nat. Nanotechnology. 2, 209-212 (2007) 
[2] P.Yu. Apel, Y.E. Korchev, Z. Siwy et al. Diode-like single-ion track membrane 
prepared by electro-stopping. Nucl. Instrum. Meth. Phys. Res. B184, 337-346 
(2001) 
[3] Z. Siwy, P. Apel, D. Baur et al. Preparation of synthetic nanopores with 
transport properties analogous to biological channels. Surf. Sci., 532-535, 1061-
1066 (2003) 
[4] P.Yu. Apel, I.V. Blonskaya, S.N. Dmitriev, O.L. Orelovitch, A. Presz, B.A. Sar-
towska. Fabrication of nanopores in polymer foils with surfactant-controlled longi-
tudinal profile. Nanotechnology, 18, 305302 (2007) 
[5] P. Ramirez, P.Yu. Apel, J. Cervera, S. Mafe. Pore structure and function of syn-
thetic nanopores with fixed charges: tip shape and rectification properties. Nano-
technology. 9, 315707 (2008) 



25 
�

GRAPHITE FLUORIDE AND GRAPHANE: STRUCTURE AND LAYER  
INTERACTIONS FROM COMPUTER SIMULATIONS 

V. I. Artyukhov and L. A. Chernozatonskii  

Institute of Biochemical Physics, Russian Academy of Sciences, 4 Kosygin st., Mos-
cow, 119334 Russia 

E-mail: cherno@sky.chph.ras.ru 

Graphite monofluoride (CF)n and graphane are two very different materials from 
the practical point of view, but the basic chemical motifs of these materials are 
closely related. Unfortunately, experimental data on the structure of these materials 
is ambiguous ((CF)n) or scarce (graphane), and its interpretation is sometimes prob-
lematic. 

We report a detailed computational study of structure of (CF)n and graphane, 
both as isolated layers and in a three-dimensional stacked arrangement, using non-
local DFT to describe long-range correlation from first principles. We find strong 
similarities between the two materials in both conformational energetics (including a 
”gauche-chair” conformation not considered in previous studies) and layer stacking 
patterns. A molecular mechanics force field is derived for (CF)n that performs ex-
ceptionally well at reproducing the quantum chemical results. 

Our quantum and classical simulations suggest that the unexpectedly small lat-
tice parameter values of the materials may result from in-layer conformational dis-
order. Direct comparison of experimental and calculated atomic radial distributions 
for (CF)n confirms this possibility. 
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Studies of nanoparticles are important both from fundamental and technological 
points of view. Biogenic iron oxides particles make a separate class of magnetic 
nanoparticles that is of special interest for biomedical applications. 

As a result of variation of the growth conditions for the microorganisms (growth 
period, light exposition, potassium citrate – ferric citrate rate, etc.), bacterium 
Klebsiella oxytoca creates, as was established in previous works, two types of ferri-
hydrite nanoparticles whose differences are accurately identified by means of Moss-
bauer spectroscopy and static magnetic measurements analysis [1]. Samples Fe12 
and Fe34 have been separated from a bacterial biomass grown during 8 and 21 days, 
respectively. It was established in [2-4] that during the process of growth Klebsiella 
oxytoca creates two sorts of ferrihydrite with clearly identifiable differences. These 
modifications do not change monotonously.    

In the present work, the effect of the colloidal biogenic ferrihydrite particle con-
centration on the structure of the biogenic Fe12 ferrihydrite/H2O/D2O dispersions by 
small-angle X-ray scattering (SAXS) and small-angle neutron scattering (SANS) is 
investigated. 
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It is well-known that the wurtzite GaN and AlxGa1-xN have a strong spontane-
ous macroscopic polarization and remarkable piezoelectric polarization [1]. The 
exciton binding energy is investigated by considering influences of polarization in 
details. We find that the strong built-in electric field gives rise to an obvious modifi-
cation of conduction band profile of QDs and leads to remarkable electron- hole 
spatial separation. This effect has a significant influence on excion states and optical 
properties of the QDs. The relationship between exciton states and height of QDs is 
studied. Our results represent the decrease of exciton binding energy by considering 
piezoelectric polarization [2,3]. 

 

Fig. 1 .comparison of exciton binding energy by considering polarization and without it for 
cylindrical QD with radius R=4nm and x=0.12. 
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A detailed study of the energy and momentum relaxation together with the de-
termination of the dominant scattering mechanisms in The wide band gap III-N sem-
iconductor materials are crucial for obtaining a comprehensive understanding of the 
carrier dynamics, especially at high operating electric fields. 

In this work we study a AlGaN/GaN quantum dots. The energy loss rate of quan-
tum dot are calculated as a function of the external controllable parameters ns (elec-
trons density), quantum dot size and lattice temperature for the interaction of the 
charge carriers with bulk acoustic (deformation potential and piezoelectric scatter-
ing) and optical phonons. In Fig. 1, energy relaxation rate is plotted for an Al-
GaN/GaN QD versus electron temperature. For lower electron temperature the dom-
inant scattering mechanism is acoustic phonon scattering and for the higher tempera-
ture than 120K the optical phonon is overcome. 

 

Fig. 1 .The energy relaxation rate for an AlGaN/GaN QD versus electron temperature. 
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Physical properties of magnetic flux in Josephson junctions are the base of the 
modern superconducting electronics. Tunnel superconductor-insulator-
superconductor (SIS) Josephson junctions have sinusoidal current phase relation, 
while with the decrease of the barrier transparency deviations from this relation take 

place [1] and Josephson current ϕ+ϕ ∑∞
mIII mmcS sinsin=

2=
. The sign of the 

second harmonic is important for many applications, in particular in junctions like 
SNINS and SFIFS, where N is a normal metal and F is a weak metallic ferromagnet 
[2]. 

In this work the static magnetic flux distributions in long Josephson junctions are 
investigated numerically, solving the boundary problem  
 ,);(0,=2sinsin 21 llxaa'' −∈γ−ϕ+ϕ+ϕ−  (1) 

 .=)( ehl' ±ϕ  (2) 

Here eh  is the external magnetic field, γ  is the external current and amplitudes 

1a  and 2a  corresponds to cI  and 2I  in Fourier decomposition of Josephson 
current. The dependence on parameters of model is investigated. Stability of the 
static solutions is investigated by checking the sign of the smallest eigenvalue of the 
associated Sturm-Liouville problem. At each step of numerical calculation, the 
corresponding nonlinear boundary problem is solved on the basis of the continuous 
analog of Newton's method with the 4th order Numerov discretization scheme. 

New solutions which do not exist in the traditional model, have been found. 
Investigation of the influence of second harmonic on stability of magnetic flux 
distributions for main solutions is performed. 
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Magnetic elastomers belong to a specific class of so-called smart materials, due 
to their capabilities to respond to changes in their environment. They are composed 
of magnetic particles and a low-permeability matrix. Under an external magnetic 
field, a structure will form inside the material, or a structure embedded in the mate-
rial will change. The magneto-elastic properties of composites are not only the sum 
of the elasticity of the polymer and the stiffness and magnetic properties of the filler, 
but also the result of a complex synergy of several effects, relevant at different 
length scales and detectable by different techniques. 

Many studies of the observed reinforcing effect of magnetic fillers have ap-
proached the problem from a magneto-mechanical point of view, and investigated 
the microscopic properties through study of the magneto-elastic responses of the 
composite [1]. Less well understood, however, are the effects of the interactions 
between the filler and the filler and surrounding polymer on submicroscopic length 
scales. Such length scales are ideally suited for small angle scattering investigations 
[2-5]. 

In the present paper, results on small angle neutron and X-ray scattering and 
magnetization investigations on the microstructure of ferrofluid based silicone-
rubber elastomer samples are presented and analysed.  

References 

[1] G.V.Stepanov, D.Yu.Borin, Yu.L.Raikher et al., J.Phys.:Condens.Matter 20 
(2008) 204121-6 
[2] Y.Rharbi, B.Cabane, A.Vacher  et al., Europhysics Letters 46 (4) (1999) 472-478 
[3] A.Botti, W.Pyckhout-Hintzen, D.Richter et al., Polymer 44 (2003) 7505-7512 
[4] S.Sen, Y.Xie, S.K.Kumar et al., Physical Review Letters 98, (2007) 128302-4 
[5] M. Balasoiu, M.L. Craus, E.M. Anitas et al., Physics of Solid State 52 (2010) 
861-865. 

 



31 
�

RELAXATION PROCESSES IN DOPED SILICON NANOCRYSTALS 

V.A. Belyakov, A.A. Konakov, N.V. Kurova, and V.A. Burdov 

University of Nizhniy Novgorod, Russia. 603950, Nizhniy Novgorod, Gagarin ave.23 

E-mail: dragon_bel@mail.ru 

Incorporation of various silicon-based structures in optoelectronics is an actual 
problem up to now. Because of indirect band gap of silicon, light emission turns out 
to be suppressed or completely forbidden in such structures. As a means to improve 
the emittance of silicon crystallites, their doping with phosphorus was proposed. It 
has been shown experimentally that doping with phosphorus can several times in-
crease photoluminescence intensity at certain conditions [1]. Theoretical estimations 
[2] show an increase of radiative recombination rate by 1 – 3 orders of magnitude 
depending on the phosphorus concentration.  

However, not only radiative transitions, but also some nonradiative processes 
strongly influence the photon generation efficiency in Si nanocrystals. The goal of 
the present work is to examine the effect of doping on the nonradiative processes.  

One of these processes is Auger recombination having in undoped nanocrystals 
the rate about 1 – 4 orders of magnitude higher [3] than the rate of the radiative tran-
sitions. We have found that in doped nanocrystals, the rate of Auger recombination 
increases with increasing phosphorus concentration, but slower than the radiative 
recombination rate.  

There are as well in Si quantum dots some relaxation processes being typical for 
ensembles of nanocrystals. Nanocrystals in an ensemble “interact” with each other, 
through, e.g., migration of excited carriers, or exciton transfer. We have calculated 
the rate of the carrier migration in an ensemble of doped Si crystallites, and found 
out that the rate sharply drops when the donor concentration achieves some critical 
value. This substantially enhances the radiative channel efficiency, and the quantum 
yield in whole.  
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In many applications of tubular nanostructures it is necessary to describe fluid 
flows through these systems, which have many specific features. Moreover, these 
flows play an important role in the processes of nanotubes formation. Our report is 
devoted to the description of these processes in conical nanostructures. Hydro-
thermal method of nanotube formation is very effective [1]. But it is often led to 
formation of nanostructures of different morphology, particularly, nanocones. Pro-
cess of nanocone formation due to rolling from plane structure in hydro-thermal 
medium is considered. The system comes to equilibrium if there is lattices corre-
spondence between neighbor layers. Due to this reason the conical angle depends on 
the lattice parameters. This dependence is analyzed. Movement of the conical sur-
face during the formation process leads to the appearance of flow in conical domain 
which has an influence on the formation process. The picture of the streamlines for 
the flow is obtained. The influence of the flow on the speed of the formation process 
and on the type of obtained nanostructure is described. 
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In the paper we consider theoretically surface plasmon-polaritons (SPPs) in sin-
gle graphene layer, surrounded by two semi-infinite dielectric media. The SPP dis-
persion relation was obtained in the self-sustaining way using the expression for the 
graphene conductivity, obtained earlier in [1]. It is shown, that the peculiarity of SPP 
dispersion relation in graphene (compared to the usual 2D electron system) is the 
existence of SPP at frequencies less than some critical frequency, whose value is 
approximately proportional to the chemical potential of graphene. Dealing with 
problem of SPP excitation, the possibility to excite the SPP in single graphene layer 
in the long-wavelength range using the attenuated total internal reflection method is 
shown. We demonstrate that in the case of graphene the parameters of the SPP exci-
tation (like frequency, reflectivity of attenuated total internal reflection scheme) can 
be tuned by applying the gate voltage to the graphene layer. 

References 

[1] T. Stauber, N. M. R. Peres, and A. K. Geim, PRB 78, 085432 (2008) 

 



34 
�

VERTICALLY ALIGNED CARBON NANOTUBES FOR MEAS APPLIC A-
TIONS 

J.R. Castro Smirnov 

Universitat de Barcelona, Calle Palermo # 2, 2-3, 08019, Barcelona, Spain 

E-mail: josesmirnov@yahoo.com 

In this proposal, a methodology to fabricate carbon nanotube based electrodes 
using plasma enhanced chemical vapour deposition will be defined. The final inte-
grated microelectrode based devices should present specific properties that make 
them suitable for microelectrode arrays applications. The methodology studied 
should enable the construction of highly regular and dense vertically aligned carbon 
nanotube (VACNT) forests that can be confined within the patterned bounds of a 
desired surface. 
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When electrons tunnel through a quantum dot embedded into a suspended carbon 
nanotube (CNT), quantized vibrational modes (vibrons) can be excited [1,2]. In such 
systems, vibrons couple  both to the total dot charge  and to electron density 
fluctuations. For the description of such systems however the Anderson-Holstein 
(AH) model, in which the vibron couples  only to the total charge, is usually 
employed. The AH model yields  position-independent Franck-Condon (FC) factors 
- giving rise to the FC blockade phenomenon [3] which has been confirmed in a 
recent experiment [2]. 

In this work [4] it will be shown that the effects of density fluctuations are 
indeed  crucial when the size and location of the dot and of the vibron do not 
coincide. For a vibron  smaller than the quantum dot  local FC factors, with a strong 
dependence on position, arise - in sharp contrast with the predictions of the AH 
model. This has profound consequences on the transport properties of the system. 
With our theory we are able to explain a peculiar suppression of conductance traces 
observed in recent experiments [2] in terms of  position-dependent FC factors. 
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We have carried out high pressure theoretical structural studies of yittrium ni-
tride YN to examine the phase transition phenomena from the NaCl structure to 
CsCl structure by using a three body potential model (TBPM). The phase transition 
pressure (140 GPa) predicted by this approach is close to the phase transition pres-
sure, predicted by others (138 GPa). YN is a novel and less explored material. Under 
high pressure YN goes through a sudden collapse in volume showing the first order 
phase transition. To understand the effect of pressure we studied bulk properties, 
elastic constants and their combination. The pressure volume equation of state 
(EOS) provides meaningful signatures of physical and chemical phenomena under 
high pressure. Moreover we have successfully checked the stability criterion for this 
compound.  
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NANOSTRUCTURES BASED ON HYDROGEN-FUNCTIONALIZED GRA -
PHENES AS MATERIALS FOR APPLICATIONS IN NANODEVICES  
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1. Introduction (pour graphene sheets and graphene nanoribbons [1], , graphane [2], 
diamane [3]) 
 
2. New structures based on graphene, graphane and diamane and their electronic and 
mechanical properties. 

2.1. Quasi- two-dimensional  superlattices and electronic waveguids based on 
graphene lined by chemically bounded hydrogen atom lines or nanopeaces [4-
7]. Transactions of semimetal-semiconductor-dielectric phases   X-, T- and Y-
types of graphene structures. 

2.2. "Quasi 1D" superlattices and quantum dots based on graphene ribbons lined 
by chemically bounded hydrogen atoms. 

2.3. Atomic structure, elastic and electronic properties of diamanes based on 
chemically bound graphene layers covered by hydrogen on both sides and bi-
graphane - diamane nanostructures. 

 
3. The possible applications of described structures in nanoelectronics (nanowires, 
transistors, switchers, rectificators), as sensors, as mechanical elements (vibrators, 
springs, membranes,  cantilever diamane tips) and optical elements. 
 
The work was supported by RFBR grant № 08-02-01096 and RAS program №21. 
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We suggest a three dimensional generalization of well-known triadic Cantor 
fractal in one dimension. Its fractal dimension is controlled with a cut-off parameter 
and can vary from 0 to 3. The intensity profile of a small-angle scattering from the 
generalized Cantor fractals is calculated. The considered system is generated by a 
set of iterative rules, each iteration corresponds to a certain fractal generation. A 
small-angle scattering is considered from the monodispersive sets being randomly 
oriented and placed. The scattering intensities represent minima and maxima 
superimposed on a power law decay with the exponent being equal to the fractal 
dimension of the scatterer, but the minima and maxima are damped with increasing 
polydispersity of the fractal sets. It is shown that for a finite generation of the 
fractals, the exponent value changes at sufficiently large wave vectors from the 
fraction dimension to 4, the value given by the usual Porod law. It is shown that the 
number of particles, from which the fractal is composed, can be estimated from the 
value of the boundary between the fractal and Porod region. The radius of gyration 
of the fractal is calculated analytically. 
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Nowadays there is an enormous experimental and theoretical activity focussed 
on the study of properties of few--electron quantum dots (QDs). One of the main 
motivations is due to a rapid development of the field of quantum computing, since 
the entangled states of the electrons confined in a QD may give a natural realization 
of a quantum bit or ``qubit" [1]. It is also expected that QDs could lead to novel 
device applications in quantum cryptography and information storage. However, the 
measure of entanglement which is one of the most subtle and intriguing phenomena 
in nature is still debatable [2]. 

Recently we developed an analytical approach to study the degree of 
entanglement in a model of two--coupled harmonic oscillators [3]. Note, that in 
condensed matter physics this model is used as a starting point for analysis of 
electronic properties of QDs in a perpendicular magnetic field [4]. Based on this 
fact, we have performed a detailed study of the shape of two--electron QD on the 
degree of the orbital entanglement. We assume that noninteracting electrons move in 
a two--dimensional parabolic confining potential under the perpendicular magnetic 
field. We found that a closed circular QD does not reveal an orbital entanglement of 
electrons. The increase of the shape deformation leads to increase of the degree of 
the entanglement. The magnetic field increases the entanglement as well. However, 
in the latter case there is a saturation effect: for each deformed shape there is an 
asymptotic value of the entanglement. Introducing the coupling between the two-
electron QD and the environment (the thermo--bath), we study also the effect of 
dissipation on the degree of the entanglement. 
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Two-dimensional semiconductor quantum dot systems are typical nanoscale 
structures in which a few number of electrons is confined in a small region of space 
by applying external electric gate potentials. While the detailed form of the confin-
ing potential depends on the specific experimental setup, the parabolic confinement 
model has commonly been used because of its simplicity. Clearly, on those instances 
in which the experimental setup involves placement of gate potentials with sharp 
geometric features, the area depleted of electrons, thus the quantum dot region can-
not be considered circular. If, for simplicity, we consider the confinement region of 
the electrons as square in shape, then an accurate calculation of the properties of 
such square patterned quantum dot should be made by using a realistic confinement 
potential originating from that particular configuration. We calculated exactly such a 
confinement potential for a square quantum dot. The particular analytic form of this 
realistic potential is complicated given the dependence on the two-dimensional posi-
tion coordinates, rather than simply the distance from the center of the quantum dot. 
In this work we choose to substitute the realistic confinement potential for a square 
patterned quantum dot with an approximated circular symmetric potential. We as-
sess the quality of this approximation and discuss instances in which one can relia-
bly use the approximated simplified potential instead of the computationally un-
yielding exact one.  
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Within the class of biopolymers, DNA is expected to play an outstanding role in 
molecular electronics. We studied the electron transport properties in single DNA 
molecules considering a metal/DNA/metal system using model Hamiltonian method 
based on the tight-binding Hamiltonian for the ladder model of DNA [1]. Now Cur-
rent-voltage relation, density of state and conductance study whit vibration (a dia-
grams) and without vibration (b diagrams) and compare whit together [2, 3]. 
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 (Figure1) (Figure2) (Figure3) 

Figure1: whit vibration the energy gap and conductance are considerably decreasing. 
Figure2: whit vibration the energy gap is decreasing and density of state is increasing. 

Figure3: whit vibration the energy gap and current-voltage characteristic are decreasing. 

Our results suggest a good agreement with the electronic structure of the DNA in 
the ladder model, additional presented a technique that allows the computation of 
electron transport in DNA, including local and nonlocal coupling to vibrations. And 
with vibration we can increase semiconducting behavior in our system. 
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We investigate the massless chiral fermions confined in a graphitic parabolic 
quantum dot. Recently, single layers carbon atoms (graphene) have been obtained 
experimentally [1]. The spectrum of excitations in graphene is described by a two-
dimensional analog of the relativistic Dirac equation [2,3]. The Hamiltonian of a 
single electron in graphene with confinement potential is  
 ( ) , )(= xVppcH yyxx +σ+σ  (1) 

where c ≈ 108 cm/s is the Fermi velocity and ∇−
�

�
�

ip = , and σ�  are the Pauli 
matrices. The parabolic potential represented as  

 .2)( 0
2 xUxxV =  (2) 

In the nonrelativistic limits the Dirac Hamiltonian is given by the effective 
Hamiltonian [2]  

 , )(= 22 xVppcH yxeff ++  (3) 

This effective Hamiltonian can bee represented as  
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where µ is the variational parameter. Let as determine the energy spectrum of the 
effective Hamiltonian from the SE  
 . ))(=)()( xxH Neff ΨεΨµ  (5) 

The energy spectrum εN with N th resonance represented as (for details see [4]) 
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where used the notation  

 ( ). )(1= 2
0 nUcxN +ζ �  (7) 

For a given value of the transverse momentum py ≠ 0 and in the case 
cpy << εN, we can determine the probability of tunneling between the boundet 
and unboundet states.  
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Electron-electron interactions in a single highly doped heterojunction 
Al xGa1-x/GaAs are considered taking both intra- and intersubband transitions. Char-
acteristic features of 2D electron systems, such as the amplitude-frequency modula-
tion, beatings and sharp bends in the oscillation amplitude magnetic field depend-
ence make the description of Landau quantization damping in terms of the Dingle 
temperature rather problematic [1]. Another point to be pointed out is the fact that in 
the magnetic field range where a strong amplitude-frequency modulation take place 
the perturbed – subband electrons are in the state closed to the quantum limit and 
one can speak of the oscillations period in a rather limited sense. 
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An electron in an asymmetrical semiparabolic quantum well has been considered 
for a typical AsGaAl/GaAs 1 xx −  material.  After calculation the electron state, the 
material has been exposed to a time-dependent electromagnetic field. By using the 
time-dependent perturbation theory and using dipole moment approximation, the 
electron emission probability rate has been calculated and then the emission differ-
ential cross section has been derived by using the following relation: 
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Where i  and fK  are initial electron ket in semiparabolic quantum well and free 

electron ket, respectively. The obtained relations, then used for AsGaAl/GaAs 1 xx −  
material and discussed. 
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The differential cross section for photoelectric effect for a quantum box with fi-
nite confining potential has been investigated in this paper. The semi classical ap-
proach has been used and the photon electromagnetic radiation has been considered 
as a time-dependent perturbation term for the initial electron in the quantum box 
with finite confining potential. The obtained results then have been used for 

AsGaAl/GaAs 1 xx −  and the differential cross section has been plotted versus θ  in 

spherical coordinate system and discussed. The results show the maximum of the 
cross section at 0θ =  and decreasing toward to π/2. 
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We theoretically investigate the coherent spin polarized transport through a gra-
phene flake by focusing on the magnetic effect of the zigzag edges [1, 2 and 3]. The 
graphene flake with triangular shape is sandwiched between two nonmagnetic one 
dimensional electrodes. The semi-infinite electrodes cannot effectively alter the fer-
romagnetic spin configuration at the zigzag edges. The electronic structure and 
magnetic properties of this junction are simulated self consistently by use of the sin-
gle-band tight-binding approximation and the mean-field Hubbard model [2, 4]. 
Also, using the non-equilibrium Green’s function technique and the Landaure-
Buttiker theory [5] the spin density of states, the spin-polarized currents and the 
magnetoresistance are calculated. 

Our numerical results show that the spin transport strongly depends on the mag-
netic configuration of the graphene flake and hence, a fully spin-polarized conduct-
ance without external field can be produced. In addition, the current-voltage charac-
teristic shows a high splitting between spin up and spin down currents due to the 
effect of edge-induced magnetism on the electronic transport through the junction. 
The results may be useful for carbon-based spintronic applications. 
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We report on modeling of electron field emission from an edge of a graphene 
layer. It is well-known that carbon nanotubes can serve as affective cold emitters[1]. 
That motivated us to make an attempt to study that effect in graphene.   

It was shown [2] that strong electron – hole scattering dominates in  graphene. 
For that reason we use a hydrodynamic model with self-consistent electric field for 
charge transport in a graphene layer [3]. The set of equations is added with proper 
boundary conditions. Tunneling current is used as a boundary condition for dynamic 
equations at the free edge of graphene. The simplified approach has been used for 
calculation of tunneling probability at that stage. 

The problem has been treated numerically on the basis of the approaches devel-
oped in [4,5]. Emission current has been calculated, taking in account non-
homogeneous charge distribution near the emitting edge of graphene. 

That study may also pave an approach to the problem of field emission from a 
carbon nanotube, which is not quite solved yet.  
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Relativistic Quantum field Theory (QFT) is known to be readily applicable to 
description of graphene optical and electronical properties. It is due to the fact that 
quasy-particles in graphene monolayer in the low-energy approximation are de-
scribed by the relativistic quasi-massless Dirac equation. Purely QFT techniques can 
be employed to reconstruct the ac/dc conductivity of graphene monolayer which is 
given in this approach by the polarization operator – the one-loop correction to the 
photon propagator.  

As was shown before [1], the presence of parity-odd terms in the polarization 
tensor (equivalently the none-zero off-diagonal part of the aс conductivity) leads to 
rotation of polarization of light passing through suspended graphene films. In exter-
nal magnetic field, this would correspond to a quantum Faraday Effect. We show [3] 
that at low temperatures (or high B-fields) the angle of rotation exhibits clear Lan-
dau quantization. The magnitude of the effect is up to 10-2 rad which is well above 
the sensitivity limits of modern optical instruments, thus giving opportunity to test 
the QFT predictions for graphene systems. 

As another way to check relativistic field theory we propose the calculation of 
the Casimir interaction between suspended graphene monolayer and plane parallel 
ideal conductor [2]. The Casimir effect is defined by quantum vacuum fluctuations 
which are governed by the very same polarization operator. Apart of strong depends 
of the Casimir energy on the mas gap of quasi-particles we also reveal the influence 
of the non-vanishing density of carriers in the graphene (chemical potential) and the 
temperature [3]. The force is experimentally measurable though being rather weak.  
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We model the Si quantum dots (QDs) embedded into the SiO2 substrate. Single 
sub-band effective mass approach is used to calculate energy levels of electrons and 
heavy holes. For weak confinement regime (QD size D >10 nm), when number of 
confinement levels is limited by several hundred, we considered statistical properties 
of the electron confinement. In particularly to determine type of the nearest neighbor 
spacing (NNS) statistics, the distribution function is calculated. The influence of the 
QD shape on the NNS distribution is investigated (see Fig. 1). The conditions for 
changing of type statistics are determined. The Brody formula [1] is applied. Varia-
tions of the Brody parameter (beta in Fig. 1) for different QD shapes are evaluated. 
To test the model, which we using, the comparison with available experimental PL 
exciton data (see [2] for instant) is done. Calculations of low-lying single electron 
and hole energy levels are performed for spherical shaped QD with diameter D< 
6nm. For this QD the number of energy levels is restricted to several levels. The 
energy dependence of electron effective mass is applied [3] to take into account non-
parabolic effect of conduction band, which became important for small size QDs. 
The first order of the perturbation theory is used to calculate neutral exciton recom-
bination energy taking into account the Coulomb force between electron and heavy 
hole. The experimental data are reproduced well by our model calculations. This 
work is supported by NSF CREST award, HRD-0833184 and NASA award 
NNX09AV07A. 
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Fig. 1 Distribution functions for electron neighboring levels in Si/SiO2 QD for different 
shapes. 
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We revisit the problem of diffusive proximity systems involving superconductors 
and normal metals (or ferromagnets) with magnetic disorder. On the length scales 
much larger than its correlation length, the effect of sufficiently weak magnetic 
disorder may be incorporated as a local spin-flip term in the Usadel equations. We 
derive this spin-flip term in the general case of a three-dimensional disordered 
Zeeman-type field with an arbitrary correlation length. Three different regimes may 
be distinguished: pointlike impurities (the correlation length is shorter than the 
Fermi wavelength), medium-range disorder (the correlation length between the 
Fermi wavelength and the mean free path), and long-range disorder (the correlation 
length longer than the mean free path). We discuss the relations between these three 
regimes by using the three overlapping approaches: the Usadel equations, the non-
linear sigma model, and the diagrammatic expansion. The expressions for the spin-
flip rate agree with the existing results obtained in less general situations. 
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Progress in nanotechnology crucially depends on molecular-scale materials with 
tunable physical or functional properties, yet with well-defined and controllable ge-
ometrical structure. Mo6S9-xIx (MoSI) nanowires (NWs) self-assemble into function-
al networks and qualify for applications as diverse as lubricant additives, field emit-
ters, battery electrodes, (bio)chemical sensors, and as conductive or reinforcing 
component of composites. They disperse in many common solvents including water, 
where they occur in bundles of diameters ranging from a few 100 nm down to single 
wires (below 1 nm). 

Individual MoSI wires have extremely low coupling to the environment and to 
each other, which leads to extreme one-dimensional quantum electronic transport 
behaviour. Flexible bundles of MoSI NWs with different diameters reveal systemat-
ic power-law dependence of the conductivity on temperature and voltage. This be-
haviour can be most convincingly described by tunneling through Tomonaga-
Luttinger liquid segments of MoSI wire, which is in some cases modified by envi-
ronmental Coulomb blockade from deformations or imperfections of the MoSI 
wires. 

Scale-free self-organized critical networks such as the human brain show re-
sistance to failure, fast signal processing, and are of particular interest for nanoelec-
tronics. Hybrid networks of MoSI wires and gold nanoparticles self-assemble in 
solution. While the length distribution of individual nanowires is log-normal, the 
lengths of the edges in the network deposited on a substrate show a strong power-
law tail indicating scale invariance. This shows that the self-organized critical be-
haviour is not a property of the nanowire synthesis, but of their self-assembly into 
networks. 
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In this talk, I will review our recent work on microscopic theory of spin relaxa-
tion in two-dimensional semiconductors, which was recently verified in an experi-
ment by Orenstein and Koralek (Nature, 2009). Our theory [1] involves a compete 
microscopic derivation and analysis of spin-charge coupled diffusion equations in 
the presence of all relevant spin-orbit coupling terms: The linear Rashba, Dressel-
haus, and cubic Dresselhaus terms. Spin dynamics is shown to depend on just two 
independent parameters (constraint to be within a circle in a two-dimensional "dy-
namic phase diagram") and exhibits qualitatively different dynamic regimes, which 
include oscillating-in-time behavior, persistent helix behavior in the vicinity of 
Bernevig-Zhang SU(2) symmetry point, real-space oscillations, etc. The theory fits 
the experiment extremely well with no adjustable parameters (apart from the cou-
plings, whose values allow an independent experimental verification). In addition, 
we derive a similar set of spin-charge coupled diffusion equations in the presence of 
an electric field and analyze a new setup for the observation of a bulk version of 
(direct and inverse) spin Hall effect [2]. Usually, a manifestation of the effect is a 
spin or charge accumulation at sample boundaries, but it is shown that in the pres-
ence of a periodic perturbation in the form spin/charge-density wave and an electric 
field, a charge/spin-density wave can be induced in the bulk of the sample, originat-
ing form the same spin-Hall physics. 
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The fundamental differences between heat conduction in nanostructures and 
macrostructures are discussed. A simple analytical model that captures the basic 
features of the phonons and the size effects is presented. The model is used to calcu-
late the variations of the thermal conductivity with the system characteristic length 
for some typical carbon structures whose spatial dimensions are constrained to na-
nometer scale. These results are compared with the theoretical and experimental 
results from the literature. It demonstrates both, the limitation of the suggested mod-
el and the advance in theory, which would be of great use in the further theoretical 
and experimental investigations of the nanoscale thermal transport. 

 

 

 

 

CHARGE TRANSPORT IN THE -HELIX PROTEINS 
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In this paper we investigate charge transport in the - helix proteins. It is 
considered that charge carriers are partially dressed small polarons, which are 
formed by electron self-trapping in the weak coupling limit. Polaron properties are 
considered by applying mean-field theory based upon the modified Lang-Firsov 
transformation and Bogolyubov theorem. The transport properties (small polaron 
mobility and electric resistivity) have been claculated on the base of Holstein MC 
model. The obtained results are compared with results of previous models. 
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During last decades the dynamics of single quantum systems like an ion in a 
magnetic trap, an optical mode in a resonator, a macroscopic superconducting circuit 
(Josephson junction) and other has been widely studied. The experiments in this area 
have stimulated the development of novel theoretical methods to describe single 
experimental realizations of quantum processes known as quantum-jump, Monte 
Carlo wave function (MCWF), and quantum-trajectory approach [1]. These methods 
allow one a new insight into physics of dissipative dynamics in quantum systems 
and give one the possibility to numerically simulate many experiments on quantum 
dynamics, taking into account the interaction with a reservoir, quantum noise, fea-
tures of the quantized light, processes of homodyne measurement what is an up to 
date problem in the quantum information processing and communication science.  

Superconducting qubits are quantum objects in which a many-level structure can 
be realized. A great advantage of such atoms is the possibility to dynamically con-
trol its level structure by applying an external electromagnetic field[2,3].  

In this work the dissipative dynamics of superconducting Josephson persistent-
current qubit driven by strong microwave field is studied by the MCWF approach. 
The parameters of qubit and external field for numerical simulation are chosen to 
satisfy the experimental one [2]. The process of amplitude spectroscopy of a qubit 
dynamics, which allows one to determine its parameters, is studied. The quantum 
trajectories, which show the time evolution of a single qubit in one experiment and 
the effect of noise (dephasing) are considered. The averaged dynamics of the system 
is compared with experimental results [2, 3], where a good correspondence is found.  
The developed software implements the method for a wide class of problems to 
simulate and study the dissipative dynamics of many-level quantum systems. 
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The interaction of intense short laser 
pulses with atomic clusters has become an 
important area of research in physics of 
laser plasma. Experiments reveal that the 
irradiation of the van der Waals bonded 
clusters may produce highly energetic 
electrons and ions, strong x-ray emission, 
and neutrons. The recent developments in 
the generation of ultrashort laser pulses 
make it possible to study the evolution of 
atomic clusters on an attosecond time 
scale. 

In the present work the theory of inner 
and outer ionization of large atomic clusters by an intense attosecond laser pulse is 
developed. Simple expressions are suggested for the rate and differential cross sec-
tion of inner field ionization within the first-order perturbation theory. A small frac-
tion of atoms inside the noble gas cluster are singly ionized during the attosecond 
pulse. 

Outer ionization of clusters by an attosecond pulse is investigated also. The 
charge of remaining ionized cluster depends significantly on the cluster size. All the 
electrons produced during inner ionization are ejected from small atomic clusters. 
There is no cluster expansion during the whole attosecond laser pulse.  

It is shown that the energy and angular distributions of electrons emitted by 
atomic clusters are defined solely by the characteristics of photodetachment of an 
electron from a single atom. This is opposite to the case of femtosecond pulses. The 
latter case was investigated by us previously [1]. The conclusion is made about sig-
nificant difference between the action of attosecond and femtosecond laser pulses 
upon the atomic clusters.   

The calculated angular distribution of monoenergetic electrons emitted by 
a Xe cluster under conditions described in [2] is shown as an example in 
Fig. 1. The field frequency is ħω = 150 eV, the laser intensity is 
I = 1015 W cm-2 and the pulse duration is τ = 500 as. The angle between a laser 
polarization direction and an electron momentum is θ. 
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I = 1015 W cm-2, τ = 500 as).�
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Using the single-site coherent potential approximation (CPA) for magnetic and 
chemical (nonmagnetic) impurities, the electronic density of states in semiconductor 
multilayers is studied theoretically. The results will be presented for a multilayer 
which consists of five atomic layers. For this layered structure, the local density of 
states (LDOS) depends on the layer number and hence, the step-like features and the 
sharp peaks (van-Hove singularities) in the LDOS are different in various layers due 
to the quantum confinement of carriers along the confined direction. We find that 
the LDOS which depends on the impurity concentration x and the strength of disor-
der varies differently in the cases of magnetic and nonmagnetic dopings. 

With increasing the nonmagnetic (chemical) impurity concentration, some of the 
van-Hove singularities in the LDOS disappeared. In the case of donor (acceptor) 
impurity, by increasing x the electronic spectra are shifted to the lower (higher)-
energy side and the van-Hove singularities gradually disappeared. Moreover, in the 
presence of magnetic impurity, the bands are broadened due to the impurity spin 
fluctuation, and the van-Hove singularities can completely disappear and the curves 
become smooth. This band broadening depends on the strength of magnetic disorder 
and is much larger when the interaction is stronger. The results may be useful in 
electronic and optoelectronic nanodevices. 
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In contrast to graphene which is a gapless semiconductor, graphane, the hydro-
genated graphene, is a semiconductor with an energy gap. Together with the two-
dimensional geometry, unique transport features of graphene, and possibility of dop-
ing graphane, p and n regions can be defined so that 2D p-n junctions become feasi-
ble with small reverse currents. Resent analysis shows that an ideal I-V characteris-
tic for this p-n junction is expectable [1]. 

Based on the behavior of a p-n junction, we can predict the behavior of bipolar 
transistors based on graphane. Profiles of carriers and intrinsic parameters of the 
graphane transistor are calculated and discussed. 
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Fig. 1. The electric field distribution for 
a 2D p-n junction. 

Fig. 2. The potential distribution for 
a 2D p-n junction. 
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We present a rigorous full quantum mechanical model for the lattice heat capaci-
ty of mesoscopic nanostructures in various dimensions. Model can be applied to 
arbitrary nanostructures with known vibrational spectrum in zero, one, two, or three 
dimensions. The limiting case of infinitely sized multi-dimensional materials are 
also found, which are in agreement with well-known results. The simplified heat 
capacity is shown to be [1] 
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Several physical test cases are tested against this formulation, having the vibrational 
spectra of harmonic oscillator (~n), hydrogen atom (~-1/n), and potential box (~n2). 
Simplifications for one- and two-dimensional structures such as carbon nanotubes 
and grapheme sheets are also discussed. 
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Fig. 1. Lattice heat capacity of nanostructures with the vibrational spectra of (a) harmonic 
oscillator and (b) potential box. 
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BROWNIAN MOTION WITH ADHESION 
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In addition to the cases usually considered of a harmonic oscillator subject to a 
random force (Brownian motion) or having random frequency or random damping, 
we consider a random mass which corresponds to an oscillator for which some 
particles of the surrounding medium, adher to an oscillator for some (random) time 
after the collision, thereby changing the oscillator mass. This model, which 
describes the Brownian motion with adhesion, can be useful for the analysis of 
chemical and biological solutions as well as nano-technological devices. 
Considering dichotomous multiplicative noise and its limiting value, white noise, we 
have found the exact expression for the first two moments for a harmonic oscillator 
with a non-correlated fluctuating mass and an external noise. For the case of 
dichotomous fluctuations, this is equivalent to the simultaneous fluctuations of the 
frequency and the damping coefficient. The statistical analysis of Lyapunov 
exponents for fast oscillations and white noise shows that the instability occurs for 
large enough strength of noise. Results are compared with those obtained previously 
for the random frequency and random damping coefficient 
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ELASTIC PROPERTIES OF GRAPHENE-GRAPHANE NANORIBBONS  
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We report the results of the theo-
retical study of the atomic structure 
and elastic properties of graphene-
graphane nanoribbons of limited 
length. We apply the tight binding 
approach [1] and molecular simula-
tions [2] to calculate the structural 
characteristics and elastic constants 
of graphene-graphane nanoribbons of 
different width and length. Elastic 
moduli depend on the length and 
width of the nanoribbons. Elastic 
moduli of graphene-graphane nano-
ribbons have been compared to the 
moduli of the carbon nanotubes. Fig-
ure presents the dependences of the 
pseudo-Young's module Yp of some 

nanoribbons and the nanotube on the length L. These values increase with increasing 
length. Elastic module Yp and Poisson's ratio of graphene-nanoribbon are more than 
those of the nanotube and graphane- nanoribbon. Good agreement with experimental 
results has been obtained for the calculated Young's moduli of nanotubes and gra-
phene. 
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We study the critical current  dependence on applied magnetic field  for 
Superconductor-Insulator-Ferromagnet-Superconductor Josephson junctions [1] 
consisting of interchanging 0 and π segments of equal lengths. The common 
theoretical approach [2], which assumes the uniform flux density B, predicts that: (a) 
Ic(H) has main maxima when the flux per segment is equal to half a flux quantum; 
(b) the other maxima of Ic(H) are much lower and almost symmetric relative to the 
main one; (c) the height of the main peaks is 0.63Ic0, where Ic0 = jcwL is the intrinsic 
critical current, w and L are the junction's width and length. In experiment, however, 
the secondary maxima between the two main maxima almost vanish and the main 
maxima of Ic are lower than expected. We demonstrate that these features of are 
caused by a non-uniform flux density B resulting from screening currents in the 
electrodes in the presence of a (parasitic) off-plane field component. The results 
reported here also may explain inconsistent experimental data obtained earlier on 
NCCO-NB ramp zigzag 0-π junctions [3]. 
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The use of the fluorescent resonant excitation transfer (FRET) to study the phase 
transition kinetics is demonstrated. The laser temperature jump is applied to the wa-
ter/2,6-lutidine mixture and causes the demixing of the mixture components. Cou-
marin 480 and hydroxypyrene laser dyes form excitation transfer pair once they are 
in the uniform phase of the mixture. Due to the differential solubility of these dyes 
in the components of the mixture, the excitation transfer ceases once the phase sepa-
ration occurs. The increase of the donor fluorescence indicates the extent of the 
phase separation. The spatial resolution of the method is determined by the Forster 
distance of the excitation transfer pair, and in this case is equal to 3 nm. The dynam-
ics of the excitation transfer between dye molecules is analyzed for Cahn-Hilliard 
and nucleation-growth models of phase separation. 
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This work is devoted to the construction of the quantum field model, allowing, in 
particular, to describe ferromagnetic properties in graphen structures adequately to 
the results of physical and numerical experiments and its possible applications.  

This nonlinear  field model describes  properties of monatomic graphen  layers 
(forming two-dimensional surfaces),  which are connected with presence of nontriv-
ial function of distribution of the spin density, formed as a result of spontaneous 
breakout of the spin symmetry of valent electrons in atoms of carbon.  

Within the limits of the offered model exact static and stationary decisions for 
the field function of the spin density, explaining, in particular, experimentally ob-
served ferromagnetic properties of the graphen films are specified.  

Quantitative estimations of a thickness of the domain wall, dividing areas with 
counter directed vectors of magnetization were suggested, which allows to check up 
offered theoretical model experimentally. Possible spintronic applications are dis-
cussed. 
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THE APPLICATION OF ADIABATIC METHOD FOR DESCRIPTION  OF 
IMPURITY STATES IN QUANTUM NANOSTRUCTURES 
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In the frame of effective mass approximation the application of adiabatic method 
for description of impurity states in quantum dots,  wires and wells with parabolic 
confinement potential as well as rectangular  infinitely-high potential is presented. A 
rate of convergence of the method and efficiency of the proposed program complex, 
realized by the finite element method, is demonstrated on examples of calculation of 
spectral characteristics of the models and new effects of resonance transmission and 
total reflection for the Coulomb scattering, induced by axial homogeneous magnetic 
field, crystal channel or quantum wire [1-4]. 
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Dynamics of stacked intrinsic Josephson junctions (IJJ) in the high-Tc 
superconductors is theoretically investigated. The current-voltage characteristics of 
IJJ are numerically calculated in the framework of capacitively coupled Josephson 
junctions model (CCJJ model) [2,3] and capacitively coupled Josephson junctions 
model with diffusion current (CCJJ + DC) [1]. The breakpoint region [4] on the 
outermost branch of the CVC of the stacks with different number of intrinsic 
Josephson junctions is studied in detail. We suggest a method for investigation of 
the thin structure in CVC of IJJ based on the recording the diagrams "charge-phase" 
for given superconducting layer and "charge-charge" for different superconducting 
layers. It is demonstrated that this method reflects the main features in the different 
parts of the breakpoint region. We compare our results with the previous 
investigation [5,6,7] of the charge creation in superconducting layers, nucleation of 
the longitudinal plasma wave in the stack of IJJ and fine structure in the breakpoint 
region. 

This research was supported by the Russian Foundation for Basic Research, grant 
08-02-00520-a. 
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Supercurrent through graphene has been studied theoretically by several authors 
with a focus on low temperature behaviors where the band structure of graphene 
significantly affects the quantum transport of Cooper pairs, such as Andreev reflec-
tion [1]. In this work, we study the superconducting proximity effect in nanostruc-
tures including monolayer and bilayer graphene. Especially paying attention to the 
effects of the band structure of graphene, we study the supercurrent through the 
nanostructure. The supercurrent is injected and withdrawn from two attached super-
conducting leads.  The free energy of the superconductor-nanostructure-
superconductor junction is calculated based on the tunnel Hamiltonian, and the criti-
cal current through the junction and the pair amplitude in graphene are obtained. We 
numerically estimate the critical current for several forms of junctions and discuss 
the correspondence with experimental observations.  The behavior of the proximity 
effect in monolayer system is rather close to that in normal metal, which shows 
monotonic dependence on temperature and junction separation. However, remarka-
bly, the bilayer system shows a novel oscillating behavior as a function of tempera-
ture and junction separation [2,3]. We discuss the origin of these behaviors by study-
ing the pair amplitude in graphene.  
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We have fabricated anti-dots array in Nb and NbN, and high-Tc superconductor 
Bi-2212 with the diameter of r and the spacing of a, and have measured the flow-
resistance of vortices perpendicular to the array and magnetic field. Depending also 
to the ratio of r/a, we can produce a variety of vortex-matching effect; the usual and 
the fractional matching. In low-Tc superconductors, the usual matching effect shows 
"dips" in the flow resistance at the matching field. However, it shows "humps" at 
higher magnetic fields, which may be related to the formation of giant vortices and 
interstitial vortices, depending on the ratio r/a. The matching phenomena seem to 
occur just like the Bloch electrons in two-dimensional electron system with crystal-
line lattice under magnetic field. The anti-dot array acts as a crystalline lattice to the 
vortices. In this case, vortex flow-resistance corresponds to Tc in the linearlized GL 
equation. Generation and annihilation of the fractional matching effect might be well 
reproduced. In high-Tc superconductor, the matching effect is closely related to the 
first order vortex lattice melting of the pristine samples in the presence of the anti-
dot arrays and with changing the potential energy of the vortex pinning. 

We also measured the vortex state in mesoscopic type I superconductors of In 
and Pb. This includes the observation of topological hysteresis with a signature of 
occurrence in different critical fields during flux entry and exit. We will show the 
existence of a plethora of metastable configuration and recipes to access them, and 
demonstrate the manifestation of superheating and supercooling of superconducting 
and normal states, respectively, across the superconducting transition. 
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We have studied terahertz emission from current-biased intrinsic Josephson junc-
tions (IJJs). Large IJJ stacks, which include 100-200 junctions, with dimensions of 
290×90 µm2 were formed on Bi2Sr2CaCu2Oy single crystals by standard photolithog-
raphy and Ar ion milling. In order to detect terahertz radiation from these stacks, we 
also fabricated a small IJJ mesa with dimensions of 5×5 µm2  on a different crystal 
and used as detector because IJJs can also response the terahertz wave. At 4.2 K, the 
voltage at a constant bias current for the detector mesa were measured while scan-
ning the bias voltage of the oscillator mesa. The voltage of the detector mesa 
showed the peaks when the voltage of the oscillator mesa was 0.12 and 0.22 V. This 
indicates that the oscillator mesa emits a strong radiation at these voltages. From the 
Josephson voltage-frequency relation, it is found that these voltages correspond 0.57 
and 0.97 THz. These frequencies are not inconsistent with the cavity resonance fre-
quencies. 
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We investigated the deformation of a carbon nanotube (CNT) deposited on a sil-
icon surface via supersonic collision. By using molecular dynamics method, we 
simulated the CNT colliding along its axis by varying the incidence angle (fig. 1). 
The CNT aligns vertically by reorienting its axis up to 75º provided the tube end 
contacts the surface upon impact. The sputtering of silicon atoms and extensive 
fragmentation of the CNT occur for a high energy collision. Comprehensive analysis 
on the collision dynamics of CNT was performed. The CNT relaxes its structure 
within 1 ps but its energy relaxation takes almost 10 ps.  

 

Fig. 1 
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Efficient generation of entangled photon pairs (EPPs) ``on demand" is required 
for applications in quantum information processing. The major barrier to generation 
of EPPs is the so-called ``bright exciton splitting" originating from the long-range 
electron-hole exchange interaction. A k·p effective mass theory of electron-hole 
exchange in semiconductor quantum dots will be presented [1]. The matrix element 
responsible for the ``bright" exciton splitting in the effective exciton Hamiltonian is 
identified and analyzed. An excitonic fine structure for a model quantum dot with 
quasi-two-dimensional anisotropic harmonic oscillator (2DLAHO) confining 
potential is considered as a function of the shape anisotropy, size, and external 
fields. Assumptions and limitations surrounding the application of the effective 
approach to the calculation of excitonic fine structure will be discussed and 
elucidated with atomistic empirical-tight binding calculations using QNANO 
computational platform [2]. 
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We develop a quantitative theory of electron transport in three terminal normal-
superconducting-normal (NSN) structures. Subgap electrons entering S-electrode 
from one N-metal may form Cooper pairs with their counterparts penetrating from 
another N-metal. This phenomenon of crossed Andreev reflection (CAR) and 
normal scattering at SN interfaces are two mechanisms of the charge transfer in 
considered structure. 

In diffusive limit local and non-local conductances were evaluated non-
perturbatively at arbitrary interface transmissions. At low temperature non-local 
resistance becomes universal and doesn't depend on barriers resistances and 
parameters of the normal terminals. For instance, in quasi one-dimensional geometry 
nonlocal resistance takes the following form  

ξ−ξ= /
12 2

de
r

R , 

where ξ is zero temperature superconducting coherence length, d is the distance 
between NS contacts, and rξ is Drude (normal state) resistance of the segment of S-
metal with lengths ξ. It is well known that interplay of the Andreev reflection and 
disorder induced scattering leads to zero bias anomaly in conductance of NS 
junctions. We show that similar anomaly appears in non-local conductance. 

Local and nonlocal transport in hybrid superconducting structures is very 
sensitive to the presence of ferromagnetism in the normal terminals. In particular, in 
ferromagnet-superconductor-ferromagnet structure nonlocal resistance is no longer 
universal and depends on mutual polarization of the ferromagnets and zero bias 
anomaly is strongly suppressed by exchange field both in local and nonlocal 
conductances. 

Our predictions are in a good agreement with recent experimental observations. 
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The Fowler-Nordheim (FN) theory is extended to include a potential distribu-
tion outside an axisymmetric ellipsoid and a wall with a semi-elliptical shape. The 
tips of nanometric radii, are considered. The variation in emission over the surface is 
taken into account by effective emission area. The FN slopes are found to be mark-
edly larger in comparison with those predicted by the standard FN theory. Analysis 
of experimental observed slope can provides information about geometrical charac-
teristic of emitters. It is shown that for wall-like emitters the geometrical effects are 
less pronounced in comparison with the axisymmetric emitters. 
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We investigated the vortex dynamics in several nano-sized superconductors. 
In finite superconducting networks, we found peculiar vortices, such as giant 

vortex and anti vortex [1,2]. And, we investigated the dynamics of vortices in the 
asymmetric finite networks under the external AC current using the time-dependent 
Ginzburg-Landau (GL) equation. And found the rectified motion of vortices, which 
depends on the external magnetic field, temperature and the amplitude of the AC 
current [3]. 

In a composite structure of d- and s-wave superconductors (d-dot), we showed 
the appearance of the spontaneous half-quantum magnetic flux, using the two-
components GL equation. We proposed a cellar automata-like logic gate using these 
half-quantum vortices, and simulated the operation of this gate [4].�
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A superconducting ring with a p-
junction made from superconductor (S) / 
ferromagnetic-metal (FM) / superconductor 
(S) exhibits a spontaneous current without 
an external magnetic field and the corre-
sponding magnetic flux is half a flux quan-
tum in the ground state [1]. Such a p-ring 
provides so-called ”quiet qubit” that can be 
efficiently decoupled from the fluctuation 
of the external field [2]. However, the us-
age of FM gives rise to strong Ohmic dis-
sipation. Therefore, the realization of p-
junctions without FM is highly desired for 
qubit applications. We theoretically consider the possibility of the p-junction for-
mation in the Josephson junctions with ferromagnetic insulators (FI) by taking into 
account the band structure of such materials. In the case of the fully polarized FIs, 
e.g., La2BaCuO5 and K2CuF4, we found the formation of a p-junction. More remark-
ably, we show that the ground state of such junction alternates between 0- and p–
states when the thickness of FI is increasing by a single atomic layer [Fig. 1] [3].  

Such FI-based Josephson p-junctions may become an element in the architecture 
of future quantum information devices [4].  
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Fig. 1: Josephson critical current IC as a 
function of the thickness of FI layer LF. 
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We present a model of agglomeration of carbon clusters from small molecular 
fragments torn out  from graphite at high temperature. The bond-bending energies of 
such clusters, especially those containing pentagonal and hexagonal rings, are taken 
into account and used in the Boltzmann factors corresponding to each step of ag-
glomeration. Probabilities of clusters with growing number of carbon atoms are cal-
culated. The principles of self-similarity and least free energy can be then applied. 
The self-similarity requirement means that the growing clusters tend to conserve 
their local curvature; the least free energy means minimizing the bond-bending con-
tributions.  

These two hypotheses provide a good insight into the statistics of various types 
of clusters depending also on the temperature. The relative yield of various fuller-
enes and graphene fragments can be then estimated. 

�������������������������������������������������������������
*) This work develops the ideas exposed in my recent book  R.Kerner, “Models of 
Agglomeration and Glass Transition”, Imperial College Press 2007 
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The nascent nanoparticle formation in the colloidal vesicle and its differentiation 
into respective uniform-sized nanoparticles is a fundamental question in the for-
mation of the nanomaterials involving the particulate matter. Diffusion alone does 
not play the role in its distribution over the matrix which seemingly to us is a frac-
tionated and initially as well as penultimately is a well-ordered structure for major 
time-fraction of the synthesis. The size distribution is governed by a threshold limit 
decided by viscosity of the matrices and density of the formed nanoparticles in the 
reaction decided by the prevalent kinetics of the reactants and product. Moreover, 
further size distribution from initial sizing to later stage sizes is dominated by the 
disturbance in the distribution pattern owing to space limitation in the changing den-
sity of the inherent medium which follows a random pattern. The pattern keeps 
changing with time and particle drift decides the ultimate stage nanoparticle’s size-
fusion and early agglomeration.  

A mathematical model is proposed to represent nanoparticle sizing and late stage 
fusion. The systems of differential equations are studied using numerical simulation 
which uses Runge-Kutta 4. 
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Sheet current model for microelectronic superconductor structures, based on 
Maxwell and London equations, is presented. In this model, magnetic field is three-
dimensional but resulting integro-differential equations for current density potential 
are two-dimensional. These equations are solved using finite element method and 
matrix of self and mutual inductances is calculated as well as current distribution in 
superconductors. Then, current distribution can be used for calculation of boundary 
conditions for Josephson junctions equations. In particular we apply this approach 
for calculations of bias and control line currents for flux flow oscillator simulation 
problem. The program and results of calculations are presented. 
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Penetration of the superconducting order parameter inside ferromagnet metal in 
superconducting/ferromagnet (S/F) heterostructures is classically called proximity 
effect. Theoretically it was also predicted inverse proximity effect - the appearance 
of the induced magnetization in S layer near the S/F interface. This effect is dis-
cussed in various theoretical works, where it is shown that the induced magnetiza-
tion can have both positive and negative sign to the magnetization in the F layer [1-
3].�

In this work we present the first experimental observation of the inverse proximi-
ty effect done by the polarized neutron reflectometry on the system Cu(32 nm)/V(40 
nm)/Fe(1 nm)/MgO. Here vanadium is superconducting layer with transition tem-
perature TC = 3.5K, iron is ferromagnetic layer with Curie temperature of about 400-
500K. The S/F is placed between layers Cu and MgO to create waveguide enhanced 
regime of neutron scattering [4]. This regime allowed to increase sufficiently weak 
neutron scattering from magnetic potential and allowed to observe induced magneti-
zation with positive sign in S layer close to the S/F interface. Possible explanation of 
the results based on the theory of the inverse proximity effect in ballistic limit [3] is 
discussed. 
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We consider a broad area vertical-cavity driven semiconductor laser (VCSEL) 
that includes the multiple quantum well structures. The semiconductor 
microresonator is of the Fabry-Perot type that provides the longitudinal single mode 
operation. The dynamical behavior of these nonlinear systems is described by 
Maxwell-Bloch equations. The standard adiabatic elimination of polarization which 
leads the Maxwell-Bloch equations to the rate equations cannot be used for 
femtosecond time scales response. Hence, for this case optical gain and refractive 
index could not be defined since we must assume that gain width is infinite [1-3]. 
Density matrix formalism is the suitable method to overcome this problem [3], 
According this formalism for two levels Atomic system density matrix method reach 
to full set of Maxwell-Bloch equations which has been provided more realistic and 
complete model to treat semiconductor laser dynamical. In this paper, we applied the 
complete Maxwell – Bloch coupled equations [3]: 

The cavity solitons have been written by injecting a writing beam which has a 
same phase with holding beam and CSs persist when the WB blocked, with 
changing the phase of the writing beam by π we injected a beam with the opposite 
phase as (HB) thus cavity solitons have been erased. The numerical results 
illustrated existence of stable cavity soliton in the upper branch of stationary. As it 
has shown in the following figure, the created solitons started to move in a random 
direction. 
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In this paper we study required perturbation coefficient for switching between 
two state in our all optical switch that is based on controlling optical patterns[1-3] in 
semiconductor microresonator with nano layer as an active media. 

In semiconductor microresonator devices optical patterns emerge from the 
coupling of the nonlinear medium response, diffraction, and the feedback action of 
mirrors. First of all we presented results of our switching for experimental 
parameters according to reference [3], and after that we optimized all optical 
switches with study of different fundamental parameters in our system. 

In this paper all optical switches that are based on control of transverse optical 
patterns have been investigated. A semiconductor microresonator in active 
configuration has been considered for patterns formation. Also to perform switching 
a spatial perturbation as modulated input field amplitude has been injected to the 
system. Behavior of carriers in spontaneous patterns formation and patterns 
switching has been studied. We explored performance of system in patterns 
formation and switching with respect to fundamental physical characteristics of 
system. 

Results demonstrate that with increasing length of cavity the range of required 
input field amplitude for patterns formation increased slightly and also the minimum 
perturbation coefficient for switching decreased greatly. Increasing nonradiative 
recombination rate of carriers about ten percent appeared that required input field 
amplitude for patterns formation raised more than before, albeit the minimum 
perturbation coefficient for switching and switching and switching time dose not 
vary considerably. 
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Recent advances in microfabrication of graphene have made it possible to test 
the low-energy quasiparticle excitations in this system which can be described as 
Dirac fermions carrying an additional orbital ("valley") quantum number, besides 
the physical spin 1/2. In this work, we focus on the effects of strong Coulomb corre-
lations and disorder, drawing some insightful parallels with the phenomena of chiral 
symmetry breaking and magnetic catalysis in relativistically invariant 2+1-
dimensional fermion theories. We make a number of specific experimental predic-
tions and compare them with the available results of tunneling, photoemission, and 
magnetization measurements, as well as Monte Carlo simulations.  
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Lipids are important component in the formulation of drug nanoparticles, drug 
carries, pharmaceutical and cosmetic creams. The results of structural investigation 
of lipid nanostructures are presented for two types of lipids: phospholipids (main 
component of plasma membrane) and ceramides (main component of the lipid ma-
trix of stratum corneum). Experiments were carried out by neutron and X-ray scat-
tering at different European neutron and synchrotron centers.  

The theoretical problems are discussed related to the: 
• Membrane self assembly in the mixed phospholipid/ detergent systems and 

stability of the mixed phospholipid/detergent vesicles in the process of 
drug delivery through the skin [1] 

• Super-strong membrane interaction created by ceramide 6 molecules in 
the lipid matrix of stratum corneum (mechanical and diffusion properties 
of the skin) [2]. 

• Phase diagram of the spontaneous curvature of the phospholipid unilamel-
lar vesicles [3]  
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Palladium is one of the most intriguing and controversial material, which could 
exhibit magnetic properties  in nanocontact by small variations of external parame-
ters. Quantum point contacts are structures in which a neck of atoms just a few 
atomic diameters wide bridges two electrodes. Our approach is based on density 
functional theory Vienna Ab-initio Simulation Package (VASP) and Molecular-
dynamics method. Atomic relaxations of nanocontacts and electrodes are calculated 
with ab initio based many body potentials for low-dimensional systems.  We con-
centrate on Pd atomic bridges.  The main goal of the present study is to understand 
the role of linear sizes, orientation and temperature  in evolution of the contact and  
reveal the interplay between the stability of nanocontacts, stress and electronic struc-
ture. Using molecular dynamics simulations we have shown that the formation of 
the contact strongly sensitive to the sizes and orientation.  The standing-wave pat-
terns that are confined within the 1D bridges allows one to explain the changes in 
the electronic states of bridges. We  show that the atomic bridges constructed from 
non-magnetic in bulk Pd can be magnetic.  
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Having small sized active and tunable devices operating at frequencies up to the 
Terahertz (THz) range is one of the goals of modern electronics. However, there is 
still a lack of good active or passive devices, often referred to as the "Terahertz gap". 
Intrinsic Josephson junctions formed by the layered crystal structure of high temper-
ature superconductors such as Bi2Sr2CaCu2O8 have the potential to operate in this 
regime. While for a long time the research on THz generation with this type of junc-
tions was carried out with perhaps only modest success, recently synchronous emis-
sion, with an estimated output power in the µW range, of stacks consisting of sever-
al hundred intrinsic Josephson junctions was achieved [1]. We report on the investi-
gation of THz electromagnetic wave generation in intrinsic junction stacks of differ-
ent geometries, using a combination of transport measurement, direct electromagnet-
ic wave detection and Low Temperature Scanning Laser Microscopy [2]. 
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In the last decade, much attention has been attracted to Filled Liquid Crystals . 
highly disperse suspension of impurity particles in nematic liquid carrier.  The tested 
objects are filled nematic liquid crystals.highly-disperse suspension of impurity na-
noparticles within the nematic liquid carrier. The spatial distribution of rigid-sphere-
like  magnetic-impurity nanoparticles within the host nematic liquid crystal is stud-
ied. Both the indirect effective interaction between the impurity particles by means 
of nematic medium and the direct magnetic interaction are considered as being re-
sponsible for the formation of (modulated) superstructures. In the general case, total 
interaction between the impurity nanoparticles includes two contributions.Van der 
Waals-type direct interaction (at short distances between the particles) and magnetic 
one as well as indirect interactions (through both the director-field distortions and 
the density inhomogeneities. The last one depends on temperature, density of nemat-
ic host medium and impurities. concentration. As shown, there are long-range and 
quasi-oscillation characters of such an interaction in its energy dependence on the 
distance between impurity particles. This effective interaction controls the structure 
formation and properties of a system. Using continuum-mechanics and statistical-
thermodynamics approaches, we analyze the necessary thermodynamic conditions 
for formation of modulated lamellar structures. This condition allows to calculate 
temperature of homogeneous-distribution stability loss and to estimate period of 
formed structure along direction of undistorted director. Results of calculations are 
in a qualitative agreement with available experimental data and computer simula-
tions. The offered theoretical approach can be used to forecasting other anisotropic 
and inhomogeneous mesomorphic systems, which can find application by develop-
ment of integrated-optics facilities to govern the light-beam passing (diffraction 
gratings of an optical range etc.).  
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In the talk recent results of our work towards continues wave teraherz radiation 
sources based on arrays of discrete Josephson junctions will be summarized. Self-
radiation from arrays of low-temperature [1] and high-temperature superconductor 
junctions [2], embedded in an open quasioptical resonator will be discussed. We 
have explored the millimeter wave radiation from our Josephson junction arrays 
embedded in a quasioptical resonator. Radiation from arrays was detected by a low 
noise superheterodyne receiver at frequency about 80 GHz and liquid nitrogen and 
helium temperatures. Also the new results of the measurements with broadband de-
tectors [3] will be presented. To explain the coherent behavior of the array of Jo-
sephson junctions electromagnetic field simulations were performed. Considering 
the substrate as a dielectric resonator antenna, the coherent emission was excited if 
the location of each subarray coincided with the positions of the maximum electric 
field intensity in the substrate resonance mode. The linewidth of the self-radiation, 
microwave coupling and impedance matching with a quasioptical resonator will be 
discussed at the Conference. 
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Absorption coefficient and photonic band structure for a cubic lattice of metallic 
nanoparticles have been calculated. The applied method for this calculation is based 
on three-dimensional extension of the one-dimensional model for the chain of 
Hertzian nanoparticle dipoles. In this approach, metallic nanoparticles are treated as 
coupled electric dipoles. Three dimensional particular equation of motion is 
obtained in the presence of the propagating electromagnetic wave by the 
approximation of the nearest neighbor interaction of dipoles. The propagating wave 
solution of this equation led to coupled equations for absorption coefficient and 
photonic band structure of the metallic nanoparticle lattice. These coupled equations 
are solved numerically and absorption coefficient is obtained versus wavelength for 
different nanoparticle sizes and lattice constants. The absorption spectrum of a 
copper-carbon nanocomposite that is a lattice of copper nanoparticles in the bulk 
diamond-like carbon is also measured. The analytical results for absorption 
spectrum are compared with experimental data and result of the previously 
published one-dimensional model. 
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Intrinsic Josephson junctions (IJJ) are examples of nonlinear systems which have 
enough degrees of freedom to be chaotic [1]. Here we will describe chaos in IJJ. We 
first found the Lyapunov exponent [2] (LE) of the linearized form of the coupled 
equations, transformed to Fourier space [3]. Fig. 1 shows the LE plotted vs. Ω(k)and 
β(k), which are related to the end to end voltage and McCumber parameter, 
respectively. This figure distinguishes the chaotic domains, where LE> 0. We will 
also discuss about LE for N = 9 and N = 10, in periodic and non-periodic boundary 
conditions, showing that the longitudinal plasma wave stabilizes in the region 
between the resonance region [3] and LE=0 boundary curve. We show that there are 
small chaotic domains inside the non-chaotic region, and will present an 
interpretation of such domains. 

 
Fig. 1. Lyapunov exponent versus Ω(k) and β(k). 
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The influence of a single magnetic cluster in a non-magnetic host metal on the 
spin current j(s) and the charge current j in the vicinity of a ferromagnetic STM tip is 
studied theoretically. Spin-flip processes due to electron interaction with the cluster 
are taken into account. We show that quantum interference between the partial 
waves injected from the STM tip and those scattered by the cluster results in the 
appearance of components perpendicular to the initial polarization of the spin 
current j(s), which obtain a strongly inhomogeneous spatial distribution. This 
interference produces oscillations of the conductance as a function of the distance 
between the contact and the cluster center. The oscillation amplitude depends on the 
current polarization. We predict a strong magneto-orientational effect: the 
conductance oscillations may grow, shrink, or even vanish for rotation of the cluster 
magnetic moment µeff by an external magnetic field. These results can be used for 
the determination of the µeff for magnetic clusters below a metal surface. 
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SCATTERING OF ELECTRONS ON THE DISCLINATION DIPOLE IN 
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The electronic transport properties of metallic nanoubes in the presence of 
disclination dipole (a pair of closely spaced fivefold and sevenfold ring) is 
investigates with the transfer-matrix technique. The influence of dipole and the 
curvature of the structure are taken into account. Conductance and Fano factor are 
found as a function of  lattice distortion vector.  
 



91 
�

RIPENING OF MONOLAYER VACANCY PITS IN Co THIN FILM ON 
Cu(100) SURFACE 

S.V. Kolesnikov, A.L. Klavsyuk, and A.M. Saletsky 

Lomonosov Moscow State University, Faculty of Physics, 
Leninskie Gory, Moscow 119991 Russia 

E-mail: kolesnikov_s_v_@mail.ru, Web page: www.phys.msu.ru 

The growth of Co on Cu(100) differs from layer by layer mode [1]. At the room 
temperature and the small coverage Co adatoms form rectangular bilayer islands [2]. 
At the lower temperatures and the coverage near 1 ML an almost monolayer film is 
formed. This film has both vacancy pits in the first layer and small Co clusters at the 
second layer. This work is devoted to the investigation of diffusion and ripening of 
vacancy pits in such Co thin film. 

The ripening of vacancy pits occurs via one of the following ways [3]. The first 
way is Smoluchowski ripening – i.e., vacancy pit diffusion and coalescence. The 
second way is Ostwald ripening – i.e., dissolution of smaller pits and associated 
growth of lager pits. In a usual case only one of this ways plays a key role in the 
process of ripening. However, Co thin film on Cu(100) is the unique system where 
three major processes occur simultaneously: (a) Smoluchowski ripening of vacancy 
pits, (b) Ostwald ripening of vacancy pits and (c) growth of Co clusters in the 
second layer. Consequently, this system has different behavior depending on the 
initial size and density of vacancy pits. 

We present the detailed theoretical investigation of the diffusion and ripening of 
monolayer vacancy pits in a thin Co film on Cu(100) surface. All relevant atomic 
events were calculated by means of the molecular dynamics (MD) method with ab 
initio based interatomic potentials. The evolution of the Co/Cu(100) system was 
simulated using the kinetic Monte Carlo (kMC) method. 
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The assemblies of magnetic nanoparticles provide an opportunity to develop new 
materials with characteristics beyond traditional solids and bring plausible benefits 
in 'figures of merits' for advanced technology and therapy. In particular, several 
laboratory tasks, e.g., injection, sample preparation, manipulation, reaction control, 
detection, separation etc, can be integrated in a single nano-magnet assembly, i.e., 
‘lab on a chip’ system, cf. [1, 2] and refs. therein. In this contribution we consider 
analytical tools employed to specify, quantify and analyze such devices in respect 
with magnetodynamics.  

At increasing the density of nano-magnets the assembly structure changes from 
superpara- (SPM) to superferro-magnetism (SFM) [1] inducing, thereby, jerky 
magnetodynamics with sharp discontinuities in the array magnetization process [2]. 
For a description of such noisy magnetodynamics of magnetic nanoparticle arrays 
we employ the randomly jumping interacting moments (RJIM) model [2] including 
quantum fluctuations due to the discrete level structure, inter-dot coupling and 
disorder. Magnetic state equation of such a system is demonstrated to exhibit 
spinodal regions in {disorder, magnetic field}-plane and the critical points. 
Exploring correlations of noise amplitudes represents then convenient analytical tool 
for quantitative definition, description and study of various processes in a nano-
magnet assemblies emphasizing, thereby, the conditions of self-organized criticality. 
Further implications of proposed tools will allow to specify and study quantitatively 
the possibility of manipulations by magnetic materials, in particular, ligand (e.g. 
oleic acid) stabilized nanocrystals of iron series transition metals with enhanced 
magnetic moments which represent promising candidates for the magnetically 
responsive component of macro-molecule beads, significant for advanced therapy. 

References 

[1] V.N. Kondratyev, H.O. Lutz, Phys.Rev.Lett. 81, 4508 (1998) 
[2] V.N. Kondratyev, Phys.Lett. A 354, 217 (2006); J. Phys. CS 129, 012013 (2008) 
 



93 
�

MAGICS FOR MAGNETIZED FERMI DROPLETS  

V.N. Kondratyev  
1 Physics Department, Taras Shevchenko National University, Pr. Acad. Glushkova 

2, bdg. 11, Kiev, UA-03022 Ukraine 
2 Bogoliubov Laboratory of Theoretical Physics, JINR, 141980, Dubna, Russia 

Shell effects represent an inherent property of the Fermi droplets (FDs) due to 
quantization phenomena caused by a confinement to a finite spatial volume. Such 
features are usually displayed as oscillations of various observables around its 
smooth behavior as a function of a size of, e.g., nano-crystals, atomic clusters and 
nuclei, and/or quantum dots referred for hereafter as FDs. In this contribution the 
size distribution of fermionic aggregates in strong magnetic fields is considered by 
employing a model of statistical equilibrium (SE). According to SE treatment the 
portion Y of fermionic speaces at a temperature T is mainly determined by the 
binding energy B of corresponding cluster of fermions. Consequently, the 
dependence of relative outputs for system composition y=Y(H)/Y(0) on magnetic 
field strength H is defined by a change of binding energy B in the field. Magnetic 
field brings new dimension to shell oscillations. As is shown recently [1,2] shell 
effects dominate magnetic phenomena for fermionic aggregates of sufficiently small 
size. We incorporate the harmonic oscillator spectrum to analyze FD magnetism. 
Specific examples are presented for atomic clusters and nuclei. As is demonstrated 
the oscillations of thermodynamic potentials (i.e., the binding energy at zero 
temperature) as a function of field strength represent perhaps the most interesting 
universal feature of magnetic reactivity. The Zeeman splitting in varying magnetic 
fields originates such a behavior.  

The change in the level structure caused by magnetic field results in rather 
different field dependence of relative abundance for magic and anti-magic systems 
at vanishing field. At increasing strength H in the range of relatively "weak" fields 
the production of magics is suppressed, while the portion of anti-magic aggregates 
grows. Such a behavior is related to magic--anti-magic switching [2] in fermionic 
shell structure at varying magnetic field. 
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PROGRESS IN HIGH-LINEARITY SQIF STRUCTURES 

V.R. Kornev, I.I. Soloviev, N.V. Klenov, O.A. Mukhanov 
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This paper summarizes both theoretical and experimental studies aimed at 
synthesis of high-linearity multi-element Josephson structures. Such structures are of 
great promise for design of highly sensitive broadband amplifying systems. Parallel 
SQIFs with special pattern and serial SQIFs consisting of bi-SQUIDs have been 
developed, fabricated and tested. The obtained results are presented and discussed in 
detail. 
 
 

 
 
SUPERCONDUCTING QUANTUM BIT STATE EVOLUTION UNDER 

DETERMINED EXTERNAL FORCE 

N.V. Klenov, A.V. Sharafiev, V.K. Kornev, S.V. Bakursky 

Physics department, Moscow State University, Moscow, Russia 

Evolution of the superconducting quantum bit (qubit) density matrix has been 
analyzed both numerically and analytically in the frame of Lindblad type equation. 
Characteristic time of the coherent state decay under determined external force is 
analyzed for different rigidness factors of measurement procedure or qubit design 
and discussed from viewpoint of logic operation and readout procedure. 
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THE STUDY OF CHARGE TRANSPORT THROUGH DENSE 
STRUCTURES OF ORIENTED CARBON NANOTUBES 

Z.Ya. Kosakovskaya1, Yu.I.Latyshev1, A.P.Orlov1, G.G.Kosakovskii2 

1Institute Radioengineering and Electronics RAS, 125009, Moscow, Mochovaya 
str.11/7, Russia 

2Moscow  Institute of  Electronic Technology,  124498, Moscow, Zelenograd, Russia 

E-mail:kosakovskaya@bk.ru 

It’s known that quantum interference 
phenomena not only exist in disordered 
systems, but also can be amplified by their 
disorder, i.e. it's to appear in the conditions 
of weak localization of charges. The high 
density aligned carbon nanotube films 
having the considerable disorder of 
structure in cross-section were objects of 
our studies. The influence of hydrostatic 
pressure, thermal field, electric field and 
magnetic field on cross-section   transport 
of charge has been investigated. The 
resistance measurement of nanotube films  
was shown a good compliance with Motta-
Davis model in temperature interval from 
77 K to 500 К at atmospheric pressure. It 
was found that at pressure 07 GPa a several 
films had a decrease by jump of resistance 
on 4-5 orders of magnitude in the interval 
250-350 К (Fig.1а). In this temperature 
interval the Seebeck coeficient had a 
change as a nonlinear function (Fig.1b). 
The conductivity jump of nanotube films at 
250 K also was observed on tunneling 
spectra of nanotube films if bias was more 
~2 mV (Fig.2). Tunneling spectroscopy on 
aligned carbon nanotube films shows universal zero bias anomalies existing from 
4K to 350 K. We consider the anomaly as a pseudogap that appears due to a 
presence of internanotube correlated state. It’s interesting, that the similar pseudogap 
exists on the interlayer tunneling spectra of nanographite  but only from 4K to 30K. 
In a presence of magnetic field of  0.2 Т and 27 T  oriented normal to nanotube films 
(along nanotube axis) the resistance hysteresis of nanotube films with a large 
relaxation time were observed. 

The work has been supported by RFBR grants No 08-02-01093-a.  

a 

b 

Fig.2 
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The change of this ratio in several  times lead to the change of  the grow  
mechanism and  the morphology of carbon films. The influence of  thermal and 
geometrical properties of flat  substrate on structure of carbon films synthesized by  
high temperature methods  was studied theoretical and experimentally.� It's shown 
that the equivalent conditions of nucleation and  growth of carbon structure  may be 
arranged on various substrates if their parameter of Curie  k = d/aп ,  (d – thickness , 
ап – coefficient of temperature conductivity of substrate) will be equal.�The change 
of this ratio in several  times lead to the change of the grow  mechanism and  the 

morphology of carbon films. 
Thus, the conditions  for  
fullerenes, nanotubes or diamond-
like structure growth can be 
created on the flat substrates of 
various material by changes of 
their thickness. In our experiments 
were used the flat substrates of Si, 
KBr, NaCl, LiF, and also polikor  
and cover glass with thickness 
from 0.01 mm to 5 mm. As was 
shown by calculation, all 
substrates may been broken on 
four  groups having the near value 

of k and, therefore, overheating of substrate's surface (Fig.1). On Fig.2 is shown 
images of four different structures of four carbon films for the various  substrate 
groups (see Fig.1) which were  synthesized in one technological process. The 
possible growth mechanisms of carbon structures will be discussed.�

Fig.2. SEM images (a, b), STM image (с)  and AFM image (d) of carbon films  were 
synthesized in one technological process�
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DYNAMIC KINK STATES IN INTRINSIC JOSEPHSON JUNCTIONS  
GENERATED BY INTERNAL RESONANCE 

A. Koshelev 
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Intrinsic Josephson-junction stacks are realized in mesas fabricated out of high-
temperature superconductors, such as Bi2Sr2CaCu2O8+x. Phase oscillations in 
different junctions can be synchronized via coupling to the internal cavity mode 
leading to powerful electromagnetic radiation in terahertz frequency range [1]. As 
homogeneous oscillations do not couple directly to the cavity modes, the mechanism 
of mode excitations is a nontrivial issue. New dynamic state providing a very 
efficient coupling has been demonstrated recently [2]. A key feature of this state is 
the alternating phase kinks and antikinks statically located near the center and 
coexisting with the oscillating phases. We studied evolution of this state with 
increasing magnetic field at fixed current and found several dynamic regimes. The 
initial kink state remains stable up to a certain critical field, similar to the lower 
critical field. Above this field the kink configuration starts to restructure and we 
observe formation of different static kink lattices existing inside dynamic states. 
These lattices represent new resonance-stabilized coherent states which differ 
considerably from the well-known static and moving Josephson vortex lattices. The 
voltage monotonically increases with the magnetic field and behavior changes when 
the voltage exceeds the resonance voltage. Above this voltage the kink states 
become disordered and the voltage-field dependence becomes noisy. Finally, above 
certain field, the coherence is lost completely and chaotic state emerges. We will 
also discuss (i) stability analysis of the coherent states and (ii) synchronization 
regimes in inhomogeneous mesas. 

This work was supported by the U. S. DOE, Office of Science, under contract # DE-
AC02-06CH11357. 
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The capacitively-coupled intrinsic Josephson junction model [1], which is used 
for the analysis of the intrinsic Josephson effects observed in highly-anisotropic 
high-Tc cuprates, is extended to the multi-junction systems composed of 2-gap 
superconducting layers with an atomic-scale layer thickness. In the 2-gap systems 
one can define two kinds of superconducting phase-differences between 
superconducting layers. The coupled dynamical equations for the phase-differences 
are derived from the effective Lgrangian in this system. We solve numerically the 
dyanmical equations and calculate the I-V characteristics. The phase-differences in 
the voltage state depend on the signs of the superconducting gaps (s++ or s+-). We 
also discuss the effect of the Leggett mode existing in multi-gap superconductors on 
the dynamics of the phase-differences. 
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A theoretical model to explain the bell-shaped dependence of the mobility versus 
free carrier concentration n in GaN layers was proposed. The decrease of the total 
mobility with n decreasing can be obtained in this model by introducing charged 
dislocation walls as an additional mechanism of scattering. The agreement with 
experiments for GaN layers was found. 
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The 20-nanogold cluster Au20 exhibits a large variety of two- and three-
dimensional isomeric forms. Among them is the ground-state isomer Au20(Td) 
representing the stable cluster with a unique tetrahedral shape, with all atoms on the 
surface, and large HOMO-LUMO gap which even slightly exceeds that of the 
buckyball fullerene C60. The anionic cluster Au20-(Td) holds its parent tetrahedral 
symmetry features a high catalytic activity. The list of the properties of the 20-
nanogold clusters surveyed in the present work ranges from the energetic order of 
stability of its isomers to the optical absorption and excitation spectra of the 
Au20(Td) cluster. We also report the structures and the properties of its doubly 
charged clusters Au202+ and Au202- and computationally confirm that Au202- is 
indeed stable. The zero-point-energy-corrected adiabatic second electron affinity of 
Au20(Td) amounts to 0.43 . 0.53 eV that is consistent with the experimental data. In 
addition, we provide computational evidence of the existence of the novel, hollow 
cage isomers of Au20 and analyze their key properties.  These 20-nanogold low-
energy hollow cages are thoroughly examined: their structures and stabilities, their 
key properties are revealed and compared with Au20Z(Td) in the different charge 
states Z=+1,0,-1, and -2. Their void reactivity are investigated at the DFT level. 
Special attention is devoted to the bifunctional reactivity of the studied Au20 hollow 
cages, the outer or exo-reactivity and the inner, void, or endo-reactivity. We analyze 
the general features of the voids of the reported golden fullerenes. The values of 
ionization potentials and electron affinities, the molecular electrostatic potential and 
HOMO-LUMO patterns are compared with those of C60 that has a similar void size. 
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In this report we review various aspects of size effects. By analyizing a series of 
examples we show that various intensive macroscopic characteristics of nanoobjects 
exhibit non-trivial size dependencies on the scale from 200 to 40 Å. A method for 
determining the point of critical changes is suggested. It is shown that drastic 
variations take place for the sizes in the region 40-60Å for ordinary systems and 
120-200 Å in the case of magnetic systems. A connection between the ratio 
“surface-volume” for nanoparticles and the size effects is discussed. 
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In the present work we have develped logic gates, that are fundamental structures 
of digital circuits based of superconducting nano-structures. There are seven basic 
logic gates (AND, OR, XOR, NOT, NAND, NOR, and XNOR).  All other types of 
Boolean logic gates can be created from a suitable network of just NAND or NOR 
gate(s). At the present technology logic gates are mostly made of Complementary 
Metal Oxide Semiconductor transistors and diodes. Often millions or billions of 
logic gates are packaged in a single integrated circuit.  We show that these 
semiconducting technology can be replaced by superconducting one.  Our study is 
focused on fluxon logic gates which are based on fluxon dynamics. We show that it 
is possible to produce logic gates based on fluxon dynamics using two dimensional 
Josephson Transmission Lines and Josephson junctions of various shapes. The logic  
is based on the flux cloning and fluxon collision phenomena developed recently. We 
designed OR, AND, XOR and the universal logic gate NAND, estimated they 
operational times and described simple computing processes with the use of the 
described fluxon logics.  
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Discovery of Dirac fermions in graphene renewed the interest to graphite. The 
existence of Dirac fermions has been established in thin single crystals of graphite as 
well by magnetooptics [1], STM [2] and interlayer tunneling [3] experiments. 

Here we report on our recent experiments on interlayer tunneling in graphite 
mesa-type structures in high magnetic fields up to 55 T as well as on the 
experiments on quantum interference of carriers in thin graphite single crystals with 
columnar defects containing magnetic flux (Aharonov-Bohm effect) [4]. The 
experiments on nanostructures of both types indicate significant contribution of 
Dirac fermions to the in-plane and the out-of-plane magnetotransport in graphite. 

The work has been done partly in the frame of International Associated Laboratory 
(LIA) between IREE RAS and Neel Institute CNRS and has been supported by 
RFBR grants № 08-02-01093�, № 06-02-72551 and RAS programs “Strongly 
correlated electrons in solid states and structures” and “Physics of new materials and 
structures”.  
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Chemical vapor deposition (CVD) method as most attractive for commercial 
application method of CNTs synthesis was used for long vertical well-alligned 
carbon nanotubes synthesis in horizontal reactor with the use of metallic Fe as 
catalyst and toluene-tiophene mixture as carbon source. The aim of this work is to 
investigate the influence of carrier gas type on the yield of long CNTs as in works 
[1, 2] different gases were used as carrier gas. 

It was determined that synthesis in the inert gas atmosphere (Ar) resulted in 
formation of nonfibrous carbon deposits. Synthesis in Ar-H2 mixture as well as in H2 
resulted in obtaining fibrous carbon as well as pyrolitic carbon (Fig. 1). 

 
a 

 
b 

 
c 

Fig 1. Catalysts surface microphotographs after synthesis in the atmosphere of : 
a – Ar, b – 15% H2-Ar mixture, c – hydrogen 

On the basis of data obtained the plot of CNT’s mass vs hydrogen content in 
mixture was made (Fig. 2). It is shown that this function has an extremal character. 
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Fig.2. CNTs mass as a function of H2 content in Ar-H2 mixture 

1. US Patent № 7045108, USA. Method for fabricating carbon nanotube yarn/ 
Jiang et al. – 10/335283 Filed: December 31, 2002 Published: May 16, 2006 

2. International Patent № WO 2008/048284 Preparation of pile of carbon 
nanotubes and fiber/ Zheng et al. – 11/438794 Filed: November 7, 2006 Published: 
April 24, 2008 
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COLLECTIVE THERMAL AND QUANTUM DEPINNING OF A ROW O F 
JOSEPHSON-VORTEX CHAINS IN NATURALLY STACKED HIGH- Tc 

JOSEPHSON JUNCTIONS 

Gil-Ho Lee, Yong-Duk Jin, and Hu-Jong Lee 

Department of Physics, Pohang University of Science and Technology, Pohang, 
Korea 

Email: hjlee@postech.ac.kr 

High-Tc superconducting single crystals of Bi2Sr2CaCu2O8+x (Bi-2212), with 
high anisotropy, consist of intrinsic Josephson junctions that are inductively coupled 
along the c axis. Both Josephson vortices (JVs) and pancake vortices (PVs) form in 
an in-plane and a c-axis magnetic field, respectively. The interaction between 
Josephson and pancake vortices attracts high interest of current studies. It has been 
demonstrated that the motion of PVs can be manipulated by the JVs via attractive 
interaction between them [1-3], which suggests that the JVs can also be controlled 
by the PVs. A JV behaves as a quantum object, for which the PVs can provide an 
intrinsic potential wells to implement the vortex-based quantum bits in highly 
anisotropic superconductors. The flow of rows of JV chains in multiple junctions 
induces dissipative branches in the tunneling current-voltage characteristics. Each 
Josephson-vortex-flow branch shows a critical switching current to a neighboring 
higher-voltage branch. Each switching, caused by depinning of a row of JV chains 
occurring separately in each junction, is expected to provide very accurate 
information on the JV dynamics associated with the depinning of JVs from the 
pinning potential generated by the pancake vortices (PVs) or by the crystal edge. In 
this study we measured the depinning-current distribution (DCD) with varying 
temperatures, field strength, and field tilt angles from the in-plane position. The 
DCD gets much narrowed at sufficiently low temperatures. Below a crossover 
temperature of 2.5 K, the distribution width is almost saturated and independent of 
temperature down to 0.38 K, which suggests quantum depinning of JV rows out of 
the effective pinning potential. In the thermal depinning regime above the thermal-
quantum crossover temperature, the PV-induced pinning strength is found to vary 
with tilting magnetic field angles. This indicates that PVs are the predominating 
source over the crystal edge for the JV pinning in any small field tilt angles, which is 
consistent with the results of our previous studies [4].  
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THERMAL STABILITY OF THE PLATONIC HYDROCARBONS AND 
FULLERENES 
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Thermal stability of the small cage clusters known as platonic hydrocarbons 
(tetrahedrane C4H4 and cubane C8H8) and fullerenes (C20, C36 and C60) was studied 
over a wide temperature range using tight-binding molecular dynamics simulation 
with the transferable potential for carbon [1] and nonorthogonal model originally 
developed for hydrocarbons [2]. Ab initio calculations using HF, MP2 and B3LYP 
methods with 6-31G* and 6-311G** basis sets were also carried out. We determined 
structural and thermodynamic properties of the platonic hydrocarbons and 
fullerenes. Possible channels and final products of their decomposition were also 
analyzed in detail. Furthermore, temperature dependencies of their lifetimes before 
decomposition were obtained and the activation energies aE  and frequency factors 
A  of the Arrhenius equation were calculated. These values for tetrahedrane and 
cubane were found to be 0.7 0.1aE = ±  eV, 14.52 0.5910A ±=  s–1 and 

1.9 0.1aE = ±  eV, 16.03 0.3610A ±=  s–1, respectively. We also calculated the heights of 

minimal energy barriers U  preventing the decomposition of fullerenes. These 
averaged values were found to be 4.5;  5.4;  6.9U ≈  eV for C20, C36 and C60 
fullerenes, respectively. Note that the activation energies calculated for C20, C36 and 
C60 fullerenes were found to be 5.5;  6.5;  6.6aE ≈  eV, respectively. The obtained 
results are essential in optimizing conditions of synthesis of the platonic 
hydrocarbons, fullerenes and the structures derived from them. 

This work was supported by Federal Target Program “Research and Scientific-
Pedagogical Cadres of Innovative Russia” for 2009–2013 years (Appl. Number NK-
255P; Grant № P448 and Appl. Number NK-263P; Grant № P1037). 
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COHERENT PHASES IN GRAPHENE AND GRAPHENE BASED 
NANOSTRUCTURES  

Yu.E. Lozovik  
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We discuss  coherent electronic phases and collective phenomena in graphene  
and graphene based  nanostructures,  in particular peculiarities connected with 
graphene interesting electronic properties similar to ultrarelativistic physics.The 
collective properties of different types of quasiparticles in   graphene is considered: 
2D spatially indirect magnetoexcitons in two-layer graphene, magnetoexcitonic 
polaritons (magnetopolaritons) in a graphene layer embedded in an optical 
microcavity in a strong magnetic field and 2D indirect magnetobiexcitons in a slab 
of superlattice of graphene layers. We predict Bose-Einstein condensation (BEC) 
and superfluidity of indirect magnetoexcitons, indirect magnetobiexcitons and BEC 
of magnetoexcitonic polaritons in a strong magnetic field. Strongly correlated 
phases of of magnetoexcitons in bilayer graphene is predicted.  

Besides BCS regime strong coupling regime is discussed for e-h pairing in 
bilayer separately biased graphene layers without magnetic field. The suppression of 
superfluid density and  Kosterlitz-Thouless transition temperature by impurities is 
considered. The e-h condensation in coupled graphene sheets can be observed 
through Josephson-like phenomena etc. and can be used as nondissipative 
nanolectronic element. 

Phonons and possible superconductivity in strongly doped graphene are 
analyzed.  

The effective Hamiltonian of the gas of cavity polaritons in a graphene layer in 
high magnetic field are obtained and the BEC temperature as functions of magnetic 
field is calculated. A 2D gas of magnetopolaritons is considered in a harmonic 
potential trap and possible physical realizations of this are discussed.  

Plasma oscillations, plasmon polaritons  and instabilities in graphene and 
graphene array are discussed.  

Quantum dots, nanotransistors and new type of nanoelements based on graphene 
are discussed. 

The method of calculations of nanoelements based on graphene by generalized 
density functional approach for system with “ultrarelativistic” electronic spectra are 
developed. Possible NEMS  based on graphene  are analyzed. 
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JOSEPHSON JUNCTIONS; AN ANALYTICAL APPROACH 
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Recently, THz electromagnetic wave emission from intrinsic Josephson 
junctions has attracted much interest in the research community of Josephson 
junctions.  As a consequence of intensive and extensive experimental and 
theoretical works on the issue, it has been well-known that both AC Josephson 
effect and cavity resonance contribute to the large-power THz radiation. However, 
the electromagnetic-wave radiation mechanism has been not clarified yet, and no 
reliable proposal to enhance the power and optimize the system has been 
suggested.    

In this paper, we therefore study the electromagnetic wave emission from 
Josephson junctions in an analytical sense in order to clarify how Josepshon 
junction radiates electromagnetic wave.  For the purpose, we simply concentrate on 
a standard single junction system as described by sine-Gordon equation and 
consider a problem of connection between a junction and an external non junction 
(vacuum) region. 

We reveal that a construction of an analytic formula is possible when the elliptic 
functions are used and the boundary condition is properly considered.  Moreover, 
we discuss what is important and essential for large-power emission based on the 
formula.  
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DENSITY PROFILES AND INERTIA MOMENTS OF INTERACTING  
BOSONS IN ANISOTROPIC HARMONIC CONFINEMENT 
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We investigated  the structural properties of a system, consisting of N strongly 
coupled charged bosonic atoms (Rubidium), moving in two dimensions, and 
interacting through a repulsive K0 potential [1] inside anisotropic two-dimensional 
harmonic traps, with N in the range from 4 to 9. Increasing the anisotropy of the 
confinement potential can drive the system from a two-dimensional 2D to a one-
dimensional 1D configuration. After that, we calculated inertia moment depend on 
the anisotropy parameters and particle numbers. 

Our density profiles of the ground state configurations are compared with recent 
experiments [2] and published numerical results [3,4,5] and we obtained a 
satisfactory agreement. 
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ULTRAFAST FORMATION OF A RESONANT NANOPLASMA IN DOP ED 
HELIUM DROPLETS 
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Doping a helium nanodroplet with a tiny xenon cluster of a few atoms only, 
sparks complete ionization of the droplet at laser intensities below the ionization 
threshold of helium atoms. As a result, the intrinsically inert and transparent droplet 
turns into a fast and strong absorber of infrared light. Microscopic calculations 
reveal a two-step mechanism to be responsible for the dramatic change: Avalanche-
like ionization of the helium atoms on a femtosecond time scale, driven by field 
ionization due to the quickly charged xenon core is followed by resonant absorption 
enabled by an unusual non-spherical nanoplasma within the droplet [1]. In contrast 
to the well known resonant absorption during the Coulomb explosion of both 
homogeneous [2] and composite [3] clusters, the resonance here occurs on an 
electronic time scale. The effect occurs for an arbitrary elliptical laser polarization. 
The ellipticity parameter controls the shape of the resulting nanoplasma. Linearly 
polarized pulses produce a cigar-shaped nanoplasma, while a circular laser 
polarization gives rise to a pancake-like nanoplasma. Time-dependent observation of 
the transient nanoplasma shape may be possible with the help of a IR-UV pump-
probe scheme.  
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CALCULATION OF ENERGY EIGEN VALUE FOR NANO-WIRES 
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In this work we have evaluated eigen value of energy for different cross section 
of nano wires.  We have solved the sherodinger equation by expanded the wave 
function and using two following approximations. These approximations are 
"varriating mass effective with position" and "free particle". We consider the 
hyperbolic function for the first approximation.  

The energy eigen values are calculated for Ga-As  in square cross section shape 
and (50*50) nanometer size. Our results are very near the results wich have 
performed by Gangopadhya.   
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In this paper we discuss some physical limits for scaling of devices and 
conducting paths inside of semiconductor integrated circuits (ICs). Since 40 years 
only a semiconductor technology, mostly the CMOS and the TTL technologies, are 
used for fabrication of integrated circuits in the industrial scale. Miniaturization of 
electronic devices in integrated circuits has technological limits and physical limits 
as well. In 2010 best parameters of commercial ICs shown the dual-core Intel Core 
i5-670 processor manufactured in the technology of 32 nm. Its clock frequency in 
turbo mode is 3.73 GHz. A forecast of the development of the semiconductor 
industry (ITRS 2009) predicts that sizes of electronic devices in ICs circuits will be 
smaller than 10 nm in the next 10 years. The physical gate length in a MOSFET will 
even amount 7 nm in the year 2024. At least 5 physical effects should be taken into 
account if we discuss limits of scaling of integrated circuits. 

1. Quantization of both electrical and thermal conductance in narrow and thin 
transistors` channels and in conducting paths. 

2. Spread of doping atoms in a semiconductor material. In a n-doped silicon cube 
with the size of  (10 nm)3 there are 5×104 atoms and 1% chance only to find one free 
electron. In order to keep the conductive properties of the semiconductor material 
one should apply more intensive doping, eg. 1020 cm-3. Low number of free electrons 
should be scattered evenly in whole volume of a material.  

3. Electrostatics; a loss of electrostatic control of the drain current in a MOSFET. 
The channel length LE of Si MOSFET is limited by a degradation of electrostatic 
control in the transistor. The minimal channel length depends on thickness of 
channel Hch, thickness of insulation layer Hi, dielectric constants of a channel ε and 
insulation εi . If we take the ratio εi/ε  ≈ 0.3 (for silicon oxide and silicon), thickness 
of channel Hch = 2 nm, thickness of insulation Hi = 1.5 nm – the estimated minimal 
length of channel is LE ≈ 3 nm. 

4. Electron tunneling between a source and a drain inside a MOSFET through a 
insulation (oxide). The tunneling effect depends on the channel length L and the 
supply voltage (drain-source voltage). 

5. Propagation time of electromagnetic wave along and across a chip (IC); The 
new quad-core Intel Core i5-670 processor has a width  a = 37.5 mm and a length b 
= 37.5 mm. The period of the highest clock frequency (3.73 GHz) is Tck = 270 ps. 
But the propagation time for an electromagnetic wave across a chip is Tp = = 300 ps.  
According to the state of the art the minimal length of gate in MOSFET in silicon 
integrated circuits is around 3 nm (thus – technology of 3 nm!). However 
technological limits allow to apply only the 10 nm-technology in the next 10 years.  
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We analyze the interplay between different spin-orbit (Dresselhaus, Bychkov-
Rashba, and Zeeman) interactions in two-dimensional semiconductors under vertical 
and in-plane magnetic fields. The analysis is done in the effective-mass 
approximation approach. We obtained an analytical expression for the effective 
cyclotron frequency that depends on the spin-orbit interactions at the vertical 
magnetic field [1]. We show that spin precession in a semiconductor quantum wire, 
caused by the Rashba and the Dresselhaus interactions (both of arbitrary strengths), 
can be suppressed by means an in-plane magnetic field. Imposing a translational 
invariance in the longitudinal coordinate, we found a new type of symmetry, which 
arises at a particular set of intensity and orientation of the magnetic field and 
explains this suppression [2]. In virtue of this symmetry the spin precession is 
suppressed at arbitrary polarization of the injected electrons. By setting these 
conditions 'on' and 'off', the flow of a certain spin polarization through the device is 
either allowed or destroyed, thus, defining a transistor-like action for the spin. 
Introducing an additional random potential scV  ( 0=〉〈 scV ) in the wire, we found 
that this symmetry is numerically robust even at large potential values : 

Fsc EVVar 0.4)( ±≈ , where FE  is a Fermi energy of the injected electrons. 
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We theoretically investigate single-wall carbon nanotube (SWNT) interaction 
with the Gaussian electromagnetic field, the carrier frequency of the pulse being in 
the resonance with the frequency of the interband transitions between the Van Hove 
singularities in the SWNT. The equation of motion for the density matrix of π -
electrons in the SWNT has been formulated and numerically solved. Current density 
induced in the SWNT by the external electromagnetic field has been calculated. The 
saturation of the SWNT absorption has been demonstrated in case when the 
Gaussian pulse duration was much longer than the relaxation time in the SWNT. For 
the short Gaussian pulses the Rabi oscillations of Bloch electrons between the 
valence and conduction bands have been predicted. The Rabi oscillations lead to the 
essential modification of the spectra of the induced in the SWNT current density 
(Fig. 1). 

 

Fig. 1. Spectra of the current density induced in the (10,0) SWNT by the electromagnetic 
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For terahertz applications composites containing metallic CNTs (m-CNTs) only 
are preferred as the semiconducting CNTs (s-CNTs) weakly interact with the 
terahertz radiation. However, creation of such a homogeneous composite is a 
challenging task and most composites contain mixture of m-CNTs and s-CNTs. In 
this communication we theoretically demonstrate that terahertz conductivity of the 
composite containing mixture of m-CNTs and s-CNTs could be substantially 
enhanced by the chemical modification of the CNTs in composites by the boron and 
nitrogen atoms (Fig. 1). This improvement is due to the fact that electronic 
properties of CNTs and the corresponding plasmon effects are affected significantly 
by the type and degree of doping. In particular the rise of the charge carriers density 
at the Fermi level (electrons in the case of nitrogen substitution and holes in the case 
of boron doping) leads to the metallization of semiconducting SWNTs. 

 
 

Fig. 1. Real part of the conductivity of the composite comprising randomly oriented 
identical CNTs bundles of length 300 nm before (solid line) and after (dashed line) 
the CNT doping by nitrogen. Each bundle contains 7 SWNTs: 3 x (13,0) – 2 x 
(12,0) – 2 x (11,0). Volume fraction of bundle in composite is 0.5%. Doped bundles 
contain 2% of nitrogen impurities. 
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An irreversible transport of individual atoms and Bose-Einstein condensates 
(BEC) in multi-well traps is analyzed within the mean field approximation. The 
transport is driven by time-dependent monitoring the coupling between the wells 
(barrier penetrabilities) and their relative depth detuning. The particular transfer 
protocols (Stimulated Rapid Adiabatic Passage, Landau-Zener, mixed Landa-Rozen-
Zener) are scrutinized with the accent to most promising adiabatic scenarios [1-3]. It 
is shown that, while the transfer of individual atoms can be performed quite easily, 
the transport of BEC meets serious troubles due to the nonlinear effects caused by 
the interaction between BEC atoms. 

In this connection, we propose some effective protocols which overcome this 
trouble and allow a robust and complete BEC transport in a wide range of both 
repulsive and attractive interaction [2,3]. Moreover, the non-linearity is turned from 
detrimental to a favorable transport factor. This opens interesting prospects for 
manipulating BEC location and creating new dynamical regimes. Besides, since 
BEC is a coherent system, its transport can be used for generation and investigation 
of various geometric phases which are now considered as promising information 
carriers in quantum computing. 
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The surprising discovery of graphene, as the first truly two-dimensional crystal 
where carbon atoms are arranged into a honeycomb lattice, has opened unforeseen 
avenues for basic research on transport and interactions in low-dimensional electron 
systems, bench-top testing of quantum electrodynamics, as well as for carbon 
nanoelectronics. While bulk graphene as a zero gap semiconductor is not suitable for 
digital electronics applications, the very recent fabrication of sub-10-nm-wide 
graphene nanoribbons (GNR) could make possible fabrication of complex 
nanoelectronic circuits from a single graphene sheet or molecular electronics with 
transparent contacts to conjugated molecules. This also requires substantial first 
principles quantum transport modeling to capture accurately electronic and atomistic 
structure of the devices and related charge transfer in equilibrium and charge 
redistribution under far-from-equilibrium conditions. In this talk, I will review 
recent advances in the so-called nonequilibrium Green function combined with the 
density functional theory (NEGF-DFT) approaches that we have utilized to explore: 
(i) GNR-based nanotransistors composed of thousands of carbon atoms; (ii) 
nonequilibrium phase transitions between magnetic insulating and non-magnetic 
metallic phases of GNRs with zigzag edges; (iii) how to employ the spin-dependent 
shot noise to detect magnetic ordering in GNRs with zigzag edges;  and (iv) 
quantum interference effects in three-terminal GNR-molecule heterojunctions. 
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Recently, photo-induced insulator-metal transition has attracted great attention 
because of the experimental observation of the surprising ultrafast non-equilibrium 
phase transition [1-3]. Many theoretical investigations has been continued to 
understand the mechanism of the ultrafast dynamics during the phase transition [4]. 
However, all properties of the phase transition have been not fully understood.  

In this paper, we study strongly correlated behaviors of electrons at half-filling in 
a short one-dimensional quantum nano-wire during the photo-pumping via an 
external electric field by using time-dependent density-matrix renormalization group 
method.  As a result, we observe a very rapid growth of the s-wave superconducting 
correlation. The superfluid carrier is doublon which is dynamically created by the 
electric field. We discuss a possibility to observe our results in ultracold atom 
experiments in near future. 
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Since the discovery of iron-based superconductors [1], Josephson junctions 
including such new materials have been intensively studied in order to explore their 
pairing symmetry and application potential. Recently, various types of iron-based 
superconductor junctions are successfully fabricated. One of interesting features of 
this type of materials is the presence of multiple (more than two) bands on Fermi 
surface and their contributions to superconductivity. As a result, iron-based 
superconductor junctions are possible to have multiple tunneling channels between 
the superconducting electrodes and relative charge fluctuations between the bands in 
each electrode. It is an urgent task to reveal how such multi-channel properties affect 
basic Josephson effects. In the present paper, we show a theory of Josephson 
junctions with multi-gap superconductors (i.e., multiple tunneling Josephson 
junctions). We mainly examine a heterotic (multi-band)superconductor- insulator-
(single-band)superconductor junction [2]. Deriving an effective Lagrangian density 
based on the time-dependent Ginzburg-Landau model, we discuss how the relative 
fluctuations between multiple gaps (i.e., Leggett's collective excitation modes) and 
the pairing symmetry modify the Shapiro steps, e.g., the step height pattern and the 
step position. 
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Josephson Junctions are the simplest voltage to high frequency converters which 
can be used as a solid state source of terahertz radiation.  Since terahertz waves is an 
important tool across the physical, chemical and biological sciences, the search is 
continuing for reliable coherent, continuous, tunable and compact solid-state 
sources.  Although Josephson junctions are potential candidate, the mechanism of 
powerful terahertz emission from intrinsic Josephson junctions of layered high 
temperature superconductor Bi2Sr2CaCu2O8+d (Bi2212) mesas is still unresolved.  It 
is shown that the emission frequency is related to mesa width which implies cavity 
resonance. On the other hand, how synchronization establishes between layers has to 
be determined.  Large area mesas ranging from 100x300 to 40x300 um2 with various 
heights were formed on Bi2212.  Current-voltage (I-V) and THz emission 
characteristics were obtained at various temperatures.  Detailed examination of I-V 
curves indicated that there are messenger bumps in return branch just before the 
THz emission.  These spectral features are more robust in low frequency mesas.  
Furthermore, the spectral features in I-V curves were investigated to find a 
correlation between emission frequency and feature energy.  Recent THz 
experiments on mesas with various geometries and fabrication techniques will also 
be discussed.  

This research is partially supported by TUBITAK (Scientific and Technical 
Research Council of Turkey) project number 108T238.  L.O. acknowledges support 
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We study the effect of the orientation of stone-wales (SW) structural defects on 
the quantum conductance of finite-length single-wall carbon nanotubes (CNT) in the 
framework of density functional theory using pseudo-atomic orbitals (PAO) basis 
set. SW defects can occur in different distinct orientation which are the rotated 
copies of one another by angle /3π  around an axis perpendicular to the tube axis. In 
the case of one single SW defect, the position of the formation of the defect along 
the circumference of the tube would be unimportant due to the rotational symmetry 
along the circumference. Our formalism is based on a perturbative scheme within 
the linear response regime. The correction to the conductance induced by the defects 
is sensitively dependent on the wavefunction amplitudes of contributing electronic 
states, the bandsturcture near the Fermi level and the orientation of the defect. These 
dependencies are systematically studied with the primary focus on the orientation of 
SW defect.  
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Basic equations of conventional thermodynamics are as follows [1]: 
� dNpdVTdSdE      µ+−= , (1) 

NpVTSE      µ+−= . 

In the exact equations of nanothermodynamics [2] the last formula gets complicated: 

�       WNpVTSE +µ+−= . (2) 

In a first approximation W ~ A, where A is the square of the cluster boundary. When 
N → ∞ (macroscopic systems) W = o(N), the value W can be neglected. 

In nanothermodynamics there are two chemical potentials, the “integral” µ̂  and 

the “differential” µ (see their definitions in book [2] and article [3]). According to 
formulae (1)–(2) the distinction between the potentials µ̂  and µ is connected with a 
nonzero value of W [2, 3]. 

Using the values applying to the equimolecular surface, the surface tension σ  
and the radiusr , one receives (see [3]) 

 





∂
σ∂−σ

ρ
=µ−µ

rr

m0ˆ . (3) 

where m0 is the mass of a molecular and ρ is the nanocluster density. 
There are results of the exact formula (3) discussed here. In particular, the 

ordinary triple point (the equilibrium of three phases) does not exist in nanosystems 
(see the article [4]). In addition, two effects are known: firstly, the nonzero value of 
W means that the shift in the melting temperature of a cluster becomes 1,5 times 
greater; secondly, the pressure of saturated vapor over a liquid nanocluster at the 
melting point will be considerably greater than the pressure over the solid 
nanocluster of the same mass (see [3]). 
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Nanoscale systems in many situations exhibit quantum features. Examples 
include electrons in quantum dots, superconducting quantum interference devices, 
electron and spin transport, quantum rings and wires, etc. Commonly, quantum 
systems in these and multiple other examples are open and interacting with their 
environment. Various related to these systems phenomena include seeking an 
optimal control to maximize an objective or to optimize certain properties of the 
involved nanoscale systems. Such phenomena can be formulated as control 
problems for open quantum systems and their analysis can be performed using tools 
from control theory. This talk will outline certain key topics in control of open 
quantum systems, including formulations with laser induced coherent control, novel 
suggestions for environmently induced incoherent control [1], discussion of the 
degree of controllability [2], and discussion of the practically important property of 
absence of local maxima and minima for a wide class of objective functions [3,4]. 
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We show that spin precession in a semiconductor quantum wire, caused by the 
Rashba and the Dresselhaus interactions (both of arbitrary strengths), can be 
suppressed by dint of an in-plane magnetic field. Using a condition of the 
translational invariance in the longitudinal coordinate, we found a new type of 
symmetry, which arises at a particular set of intensity and orientation of the 
magnetic field and explains this suppression. Introducing an additional scattering 
potential VSC with 〈 VSC〉 = 0 in the wire, we found that this symmetry is numerically 
robust even at a relatively strong scattering potential (Var(VSC) ≈ 0.4EF, where EF is 
a Fermi energy of the injected electrons). Based on our findings, we propose a 
transport experiment to measure the strengths of the Rashba and the Dresselhaus 
interactions. 
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We study the electronic spectra of double walled carbon nanotube (DWN) 
influenced by the external magnetic field. We choose the orientation of the magnetic 
field parallel to the axis of nanotube. We found the strong change of the electronic 
spectra due to external magnetic field. That means gap between valence and 
conductive bands in DWN will be changed. 
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We study the phonon distributions of a mechanical resonator coupled to a single-
electron transistor (SET) in the sequential tunneling regime exploiting a master 
equation approach. In the case of fast vibrations (rotating wave approximation), we 
show that the electrical current flowing through the SET can induce a out-of-
equilibrium distribution of phonons with sub-Poissonian statistics, which is 
characterized by a selective population of few phonon states [1]. In selected regimes 
of bias and gate voltages, the selective phonon population is reinforced by the 
double-occupancy of the SET, allowed when a finite electron-electron interaction is 
considered [2]. We conclude with some perspective on the regime of slow 
vibrational motion, where coherences between vibrational states may not be 
neglected and the rotating wave approximation is dropped in favour of the solution 
of a generalized master equation exploiting the fully coherent dynamics of the 
SET+oscillator system [2]. 
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Gas adsorption in carbon nanotubes (CNTs) strongly influences on electron 
properties of these systems especially in the case of oxygen. The most interesting 
phenomenon is the temperature behavior of thermopower of the CNTs when one and 
the same sample in the oxygenated and  deoxygenated states has thermopower with 
opposite sign [1]. Oxygen adsorption in CNTs may be described by the model [5] 
where electrons of valence band are considered instead of d-electrons of transition 
metals. We observed that the decay of electron states at the initial stage of oxygen 
adsorption in CNTs does not play a decisive role and dissociation of oxygen 
molecules takes place as a result of a sharp enhancement of the vibrational mode of 
molecules in the mixed state. This enhancement is caused by the resonance between 
the frequency of natural oscillations (the hybridization energy) and the driving 
frequency equal to the frequency of transitions between the oxygen molecular levels 
and the valence band states of electrons of CNTs. These frequencies and the Fermi 
level position determine the dissociation barrier. In the absence of the resonance, the 
dissociation does not take place and oxygen can adsorb and exist on the surface of 
CNTs. In this case the temperature dependence of thermopower of CNTs in the 
oxygenated and  deoxygenated states is well described in the frame of our model [3]. 
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In the last years both Hartree-Fock (HF) and density functional theory (DFT) 
have been extensively applied to study different properties in a variety of electronic 
nanostructures with occupations that range from moderate to large number of 
electrons, for which more exact methods, such as exact diagonalization, Quantum 
Monte Carlo or Configuration Interaction, are not feasible. The importance of 
correlations in circular quantum dots depends on the so called Wigner parameter 
(RW), which is a mesure of the relative strength between electron-electron interaction 
and external confinement. A common drawback in all mean field calculations lies in 

the failure to work with good total spin states, i.e. eigenstates of the 2Ŝ  operator. 
Spin symmetry, as well as rotational symmetry (for unrestricted HF), restoration 
methods have proved to be a valuable technique, which led to improved energy 
estimates and at the same time is able to provide predictions for total spin and 
angular momentum [1]. 

In this work we concentrate on the symmetry restoration technique [2], based on 
the evaluation of the spin projection operator acting on a Slater Determinant (SD) 
with the help of the Sanibel coefficients [3]. The spin eigenstate is simply expressed 
as a linear combination of a big new set of SD's obtained by performing all possible 
spin-exchange operations over the initial state. This state can then be used to 
estimate different physical quantities through the calculation of appropriate 
expectation values. We present highly efficient expressions both for the spin 
decomposition of a single SD and for the expectation values of arbitrary spin-
independent one- and two-body operators. 

We apply this formalism to circularly confined quantum dots, described within 
HF, and show how the corresponding expectation values for the total energy and 
several other observables can be efficiently computed for an arbitrarily large number 
of electrons. The predictions for the total spin projection (S,SZ) corresponding to the 
ground state configurations are discussed as a function of RW  and the strength of a 
vertically applied magnetic field. The projected total energies are also compared 
with their HF counterparts. 
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Different applications of nanostructures are related with fluid flows through 
these systems. In its turn, experiments show that flows in nanostructures have many 
specific features,  which can’t be explained in classical terms only. Particularly, flow 
through nanotube is extremely fast in comparison with its classical analog. We 
suggest a model based on the possibility of existence of molecular clusters (Frenkel 
crystallites) in the fluid [1]. There are some experimental evidences of such 
phenomenon. Under this assumption one needs to take into account quantum effects. 
Particularly, the boundary condition, which plays the crucial role for the flow in 
nanostructures, takes the form of sliding condition instead of the adhesion condition 
for the classical flow. The parameters of the boundary conditions are determined by 
solving of quantum scattering problem for the particle of the fluid and the wall 
potential. Main features of the flow are described in the framework of the model. 
For very narrow nanotubes another phenomena have an influence on the flow- 
possibility of existence of solitons in nanotube walls. These soliton solutions are 
similar to Davidov solitons in molecular chains. This model of flow is also 
described.  
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Quantum dots (QDs) have drawn a great deal of experimental and theoretical 
attention in recent years. In particular, this interest is due to the fact that QDs may 
provide a natural realization of quantum bit. It is also related to fundamental aspects 
of strongly correlated  finite systems, which are different from bulk and can be 
controlled experimentally [1]. 

A convenient starting point to treat finite systems is, in many cases, a mean field 
description like the Hartree-Fock (HF) approach [2,3]. Selfconsistency between the 
mean field and the single-particle orbitals and total energy minimization are the 
basic conditions at this level. However, the total energy minimization procedure 
being of nonlinear nature is still a real challenge for many-body quantum theory. 
Using a two-dimensional parabolic approximation for confining potential in a closed 
quantum dot, various approaches including ab initio calculations within diffusion 
and path integral Monte Carlo methods, Hartree-Fock and spin-density functional 
methods have been applied with some degree of success to analyze the ground state 
energies of N-electron QDs [1]. Recently we developed an efficient, numerically 
stable HF procedure and compare our results with available ones in the literature. 
We demonstrate that our approach superseds many computational procedures. 

Based on our procedure, we show that the magnetic field gives rise to dynamical 
symmetries of N-electron QDs (N ≤ 20) for realistic values of the Coulomb 
interaction-confinement ratio RW (cf [2,3]). These symmetries manifest themselves 
as near-degeneracies in the quantum spectrum at specific values of the magnetic 
field and produce maxima in the addition spectra for specific electron numbers. 

Varying the ratio of RW and the strength of the magnetic field we discuss the 
evolution of the quantum dot geometry, formed in the ground state, from N = 2 to 
N = 20 electrons. 
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The phase dynamics of the coupled Josephson junctions in the framework of 
CCJJ [1] and CCJJ+DC [2,3] models is studied. The current voltage characteristics 
(CVC) are numerically calculated for the stacks with different number of junctions 
at different model parameters. We manifest the difference of these models for the 
branching at I = Ic and in the hysteretic region. The essential difference is observed 
in the breakpoint region, where the longitudinal plasma wave is created. To find the 
origin of the CVC features in the breakpoint region [4,5], we simulate the time 
dependence of the charge in superconducting layers and demonstrate that its features 
related to the features in CVC. We discuss the main features of both models, and 
establish the role of the diffusion current between the superconducting layers. The 
charge-charge and current-current correlations [6] in the system of coupled 
Josephson junctions are investigated. 

This work was supported by the Russian Foundation for Basic Research under Grant 
08-02-00520-a. 
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ENVIRONMENTAL EFFECTS ON ELECTRIC PROPERTIES OF DNA  
MOLECULE 
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We examined here the problem of electronic conduction between two metallic 
leads via a DNA molecule. The formal analysis is accomplished through the use of 
T-matrix formalism of scattering theory and Löwdin's partitioning technique. We 
calculated conductance, DOS and I-V characteristics for a T.B model in the limit of 
small applied voltages. Considering Büttiker’s idea for inelastic scattering, we 
included environmental effects in our calculations and the results compared with the 
data in absence of environmental effects.  

We used a ladder model for the molecule in this work and assumed that the ends 
of the molecule are connected to two metal leads. We described the environment by 
phase-breaking processes on the bases which modeled by coupling each base of 
DNA to a fictitious electronic reservoir. [1,2] Eliminating the degrees of freedom, 
the electrodes and dephasing reservoirs can be described by semi-infinite one-
dimensional tight- binding chains and we may substitute related self-energy terms 
and write the effective Hamiltonian of total lead/DNA/lead system. We calculated 
the conductance, the local DOS on the wire sites and the I-V characteristics 
exploiting Green’s function method [1,3].  

Fig 1, 2 and 3 illustrate our results. A drastic decrease in conductance is noted 
with environment. Inclusion of environment have no influences on constructional 
properties of the system. 

(Fig. 1) (Fig. 2) (Fig. 3) 
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The talk presents theoretical studies of coupled ionic and electronic dynamics of 
metal clusters in contact with an inert environment (insulator substrates as rare gases 
or MgO) and compares it with the behavior of free clusters. The theoretical tool for 
these investigations is time-dependent density-functional theory at the level of the 
local-density approximation. The scheme includes a self-interaction correction to 
describe properly electron emission. The treatment resolves the fully detailed 
electronic dynamics at femtosecond scale and proceeds up to several picoseconds to 
track the consequences on the slow ionic and atomic motion in these complex 
compounds.  

Observable signatures from various dynamical scenarios are discussed. As a 
basic feature we consider optical response and its modification through the 
environment. In the non-linear regime, we will consider the dynamics of cluster 
deposition and excitation by short laser pulses. For embedded and deposited 
clusters, there emerges the particularly interesting question of energy and particle 
transport from the highly excited cluster (acting as chromophore) to the inert 
environment. The various transport processes and corresponding time scales will be 
analyzed.  We will also address the remarkable difference in the dynamics of free 
clusters and clusters embedded in rare-gas matrix. 
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V.E. Egorushkin,  N.V. Melnikova,  A.N. Ponomarev and A.A. Reshetnyak 

Institute of Strength Physics and Materials Science, Siberian Division, Russian 
Academy of Sciences, 634021, Tomsk, Russia 

E-mail: reshet@ispms.tsc.ru 

The thermal conductivity of nanometer materials plays an important role in 
controlling the performance and stability of nano/micro devices. The synthesized 
multiwalled carbon nanotubes (CNT) (to be considered as the perspective elements 
for those devices) contain in sufficient manner the impurities of metallic catalysts, 
amorphous carbon and defects (like vacancy, pair of vacancies, adatoms) which 
significantly influence on peculiarities of electronic and heat transports [1]. In case 
of bulk disordered CNTs the basic contribution into thermal conductance in the 
temperature interval near the room temperature is determined by its phonon 
subsystem (see, for instance [2]). At the same time for a low-temperature region (<  
50K) the crucial role both for thermopower and for thermal conductivity belongs to 
their electronic subsystem [3]. We study the process of heat transport and evaluate 
the thermal conductivity k(T) in dependence on temperature for the multiwalled 
CNT with impurities on a base of Green’s functions method, by means of the 
quantum kinetic Keldysh equation for 3D system and approximation of the transport 
relaxation time τ , which, in turn, corresponds to an appearance of local order like to 
amorphous metals. 
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Magnetic properties of 3d transition metals (TM) in contact with its substrate 
have been extensively studied for both fundamental and technological applications 
in nanomagnetic devices. A high magnetic anisotropy energy (MAE) is needed to 
have long-term magnetic data storage. In this work we used a single hexagonal 
carbon ring and a sheet of graphene as two different substrates for TM individual 
atom. A full-potential local-orbital scheme, FPLO, was employed for density 
functional theory (DFT) calculations [1]. All calculations have been done in a full-
relativistic regime, in which the explicit form of the spin-orbit coupling have been 
take into account. It has been found out that the transition metal atoms are located on 
the most symmetric axis perpendicular to the plane of the graphene. We estimated 
the position of the TM atoms, with respect to the plain of the graphene. The spin and 
orbital magnetic moments of TM atoms have been calculated for different 
quantization axes of the considered system. In order to obtain an upperlimit 
estimation for orbital magnetic moment, an orbital polarization correction (OPC) 
was added to the local spin density approximation energy functional in the 
framework of DFT [2,3]. We calculated MAE as the difference energy between the 
perpendicular and parallel quantization axes. We found out that Cr and Co atoms 
have largest MAE compare to the other 3d transition metals. 
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ORBITAL MAGNETISM IN 3D TRANSITION METAL NANOWIRES 
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In this work we study the electronic structure and magnetic properties of 3d 
transition metal nanowires (Fe,Co,Mn). We adopt a standard supercell approach to 
model an isolated atomic chain. We have carried out density functional calculations 
using the relativistic version of the full potential local orbital (FPLO) basis band 
structure method and optimized the equilibrium lattice parameters using LSDA total 
energy calculations. We checked out that OP corrections do not significantly change 
the evaluated dimmer distance. Relativistic LSDA produces orbital moments 
induced from spin polarization via spin-orbit coupling. Our LSDA calculated orbital 
moments are in good agreement with those reported in different literatures. Also we 
have shown that OP corrections change the LSDA calculated orbital moments. In 
the case of Fe and Co nanowires, the calulated orbital moment are very large 
compare to the LSDA orbital moments. A Heisenberg model approach has been 
implemented to obtain the ferromagnetism in the nanowires with respect to the 
orbital magnetism. 

Calculated spin and orbital magnetic moments in Bohr magnetons ( Bµ ) using 
fully relativistic LSDA and OPB correction for 3d transition metal 
nanowires(Fe,Co,Mn) in the equilibrium bond lengths (d) in unit of Angstroms. 

 
   Fe (d=2.25)   Co (d=2.25)   Mn (d=2.45)  

 ms (LSDA)   3.25   2.25   4.41  

m s (OPB)   3.25   2.25   4.41  

m l (LSDA)   0.29   0.33   0.02  

m l (OPB)   0.80   2.19   0.02  
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TWO ELECTRONIC STATES IN LAYERED QUANTUM DOTS 
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The properties of two-electronic states in layered quantum dots are considered. 
The Coulomb interaction between electrons is approximated by spherical 
generalization of Coulomb potential. The dependence of energy spectrum on 
geometrical parameters of layer is discussed. 
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QUBITS 
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Recently a serious attention has been focused on the spectroscopy of Josephson 
junctions – superconducting circuits with a weak coupling which can be considered 
as “macroscopic atoms” with the sizes of the order of ten or hundreds micrometers 
[1]. The goal of this work is to describe quantum-mechanic phenomena in the 
system of coupled qubits from the point of view of quasi-energy states and 
investigate Landau-Zener transitions at different parameters of multi-level systems. 
The effect of a time-dependent driving field with a large amplitude on the system 
consisting of two coupled qubits (two-level systems) has been studied. Using the 
rotating wave approximation (RWA) made it possible to find simple conditions of a 
multi-level system resonant excitation. As it turned out the obtained conditions 
include the coupling constant of qubits. The numerical simulation carried out 
confirms qualitative conclusions following from RWA. When the field amplitude is 
large the system evolves adiabatically except for the immediate vicinity from quasi-
crossing levels where Landau-Zener quantum-coherent transitions are observed. To 
reveal the peculiarities of resonant transitions caused by the quasi-level motion and 
crossing in a periodical driving field the Floquet states which determines the precise 
intermediate states of the system is applied [2]. The developed numerical method of 
calculating quasi-energy states of multi-level systems made it possible to find 
transition probabilities and build interference patterns for transition probabilities. 
The interference patterns demonstrate the possibility of obtaining some additional 
information about qubits since the positions of transition probability maxima 
appeared to be dependent on the coupling parameter of qubits.  

The theory developed in this work allows to extend the amplitude spectroscopy 
method earlier effectively used for a single qubit over more complicated systems. It 
is evident that the quantum spectroscopy can be used for studying the spectra of 
artificial quantum objects: quantum wells, quantum dot, quantum wire and etc. in 
which the distances between energy levels are significantly smaller than in atomic 
ones. 
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Within the last years many groups have realized and investigated different types 
of intrinsic Josephson junction (IJJ) arrays out of high-temperature superconducting 
single crystals or thin films. A short overview on the international status and results 
will be given. 

We tried to improve the synchronization between the junctions by external 
shunts [1]. Mesa structures as well as microbridges on vicinal cut substrates showed 
multi-branch behaviour in their IV characteristics and random switching between 
branches [2]. Theoretical modelling was done investigating phase dynamics and 
stability numerically as well as analytically. Branch structure in current voltage 
characteristics of IJJ is studied in the framework of different models, particularly, in 
capacitevely coupled Josephson junctions (CCJJ) model and CCJJ model with 
diffusion current. We demonstrated that the inclusion of diffusion current might 
restore the equidistance of the branch structure [3]. The influence of microwave 
irradiation power on IV characteristics of IJJ is investigated [4]. We explained the 
experimental results by the competition between the “current effect” and the effect 
of suppression of the switching current by irradiation. Results of modelling of return 
current in IV characteristics for stacks with different number of IJJ are presented [5]. 
We discussed the possible mechanisms of synchronization and the ranges of stability 
[6]. Conclusions with respect to application of such arrays such as radiation sources 
were given [7]. 

This research was partially supported by Heisenberg-Landau Program and the 
German Research Foundation (DFG). 
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To model the IV-characteristics of shunted intrinsic Josephson junctions we 
calculated phase dynamics of a chain of two identical junctions covered by a 
resistive shunt and with a resistive crosspiece between the shunt and the junctions. 
The coherent solution of dynamic equations for this system is unstable at some bias 
currents above critical currents of junctions. We have shown that this instability 
leads to the multibranch structure of IV-curves in the hysteretic region. The 
multibranch structure appears due to the random switching of junctions to the 
superconducting state above their critical currents. We found that the resistance of 
the interface between a covering shunt and the junctions can regulate the 
multibranch behaviour. 
�
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Meso- and nanorings formed by normal conductors and pierced by external 
magnetic flux develop persistent currents [1]. This fundamentally important 
equilibrium effect is a direct consequence of quantum coherence of electrons which 
-- at low enough temperatures -- may persist up to distances exceeding the perimeter 
of such rings. 

Does persistent current (PC) fluctuate? At the first sight it might appear 
reasonable to assume that at least for 0→T  no such fluctuations could occur. 
Indeed, while at non-zero T  thermal fluctuations of PC should be present, in the 
zero temperature limit the system approaches its (non-degenerate) ground state and, 
hence, no PC fluctuations would be possible. 

In our talk we will demonstrate that in many cases it is not so. Namely, no PC 
fluctuations are expected in the zero temperature limit only provided the current 
operator commutes with the total Hamiltonian of the system, otherwise fluctuations 
of persistent current can occur even in the ground state exactly at 0=T . Note that 
fluctuations of PC in the ground state may be induced provided the ring interacts 
with some quantum dissipative environment, but we consider entirely different 
situation: We do not assume the presence of interaction with any environment at all. 
Accordingly, quantum coherence of the system is fully preserved and no PC 
suppression takes place. 

As a model we consider quantum particle of mass M  on a 1d ring of radius R  
pierced by magnetic flux Φ . The particle position on the ring is parametrized by the 
angle θ  which will be the quantum mechanical variable of interest in our problem. 
Also we add cosine potential with κ  minima, so current operator does not commute 
with Hamiltonian [2]. We will present generating function, from which any current 
correlator can be easiy calculated. Second current cumulant is connected with power 
of PC fluctuations and we will discuss it in details in our talk. 
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We discuss the physical properties of localized Rashba interactions in 
semiconductor quantum wires and two-dimensional electron gases. In quasi-one-
dimensional semiconductor wires we show how the existence of quasibound states 
leads to Fano-Rashba resonances in the linear conductance. We investigate 
intersubband mixing effects in multichannel quantum wires attached to two 
magnetic contacts, the spin transistor geometry. When the contacts are 
ferromagnetic and their magnetization direction is perpendicular to the Rashba field, 
the spin-transistor current is expected to depend in an oscillatory way on the Rashba 
coupling strength due to spin coherent oscillations of the travelling electrons. 
Nevertheless, we find that the presence of many propagating modes strongly 
influences the spin precession effect, leading to (i) a quenching of the oscillations 
and (ii) strongly irregular curves for high values of the Rashba coupling. We also 
observe that in the case of leads' magnetization parallel to the Rashba field, the 
conductance departs from a uniform value as the Rashba strength increases. We also 
discuss the Rashba interaction induced current polarization effects when the contacts 
are not magnetic and investigate how this mechanism is affected by the presence of 
several propagating channels. The limit of the two-dimensional-electron-gas, when 
the transverse confinement vanishes and the system becomes translationally 
invariant in y  direction is described. Our results [1] are discussed in the context of 

recent measurements [2] and calculations [3,4]. 
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Coherent spin-dependent electronic transport is investigated in a molecular 
junction made of organic molecule (linear chain of benzene rings) attached to two 
the semi-infinite ferromagnetic (FM) electrodes with finite cross sections (Fig. 1). 
The work is based on the tight-binding Hamiltonian model and within the 
framework of a non-equilibrium Green’s function (NEGF) technique. It is shown 
that tunnel magnetoresistance (TMR) of molecular junction can be large (over 60 %) 
by adjusting the related parameters, and depends on: (i) the applied voltages and (ii) 
the number of benzene rings.  

 

 
Fig. 1. A schematic representation of the FM/organic molecule/FM molecular 

junction in two configurations Parallel (P) and Anti-Parallel (AP) magnetization. 
 
Hamiltonian for the system of two ferromagnetic electrodes joined by an organic 

molecule is proposed in the following form: 

Hamiltonian for the molecular (HM) is: 
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The spin dependent Green’s function is given as: 
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where the self-energy matrices contain the information of the electronic structure of 
the FM electrodes and their coupling to the organic molecule1. 
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TUNNELING MAGNETORESISTANCE OF POLYACENE-BASED 
MAGNETIC JUNCTION 
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In this work, using a tight-binding Hamiltonian and a non-equilibrium Green's 
function technique, the spin-dependent transport properties of the electrode/ single 
molecule/electrode system is numerically investigated. We choose a typical 
ferromagnetic (FM) metal with simple cubic structure as the electrode and 
polyacene as the molecule. Based on Landauer Formalism, we determined the 
current-voltage (I-V) characteristic of the system. In addition, the tunnel 
magnetoresistance (TMR) of the FM/polyacene/FM structure is calculated. 
Applying the gate voltage on the polyacene molecule modified the I-V and TMR 
curves.            
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A universal semiclassical method is used and developed to calculate an emission 
current from a quantum system (atom, ion, metal cluster, metal surface, etc.) due to 
an outer electric field. It's assumed that the electron with the energy E  is tunneling 
through a wide barrier. An expression for the tunneling probability and current are 
derived using the semiclassical 3D wave function. The field emission current is 
equal to  
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Here both a point r0 and the barrier exit point rexit belong to the same trajectory of 
the particle motion with the initial conditions r = r0, p = pE(r0); pE(r) = ∇SE(r) is the 

momentum, ErE pd
r

rS Γ∫
0

=)(  is the classical action, Γd  is the arc element along the 

trajectory, ppe /=  is the unit momentum vector, ))((2=)( rUEmrpE −  

(imaginary unit is related with the absolute value of the momentum vector), U(r) is a 
complete potential, Ψ0E is a free-field emitter electron wave function, which phase 
gradient is equal to the initial momentum vector pE(r0). The surface Σ0 is inside the 
barrier region. So Ψ0E(r) is required only in this area. The sum in the Eq.(1) is 
calculated over all the states of the emitter, f(E) = (1 + e(E − µ)/T)-1 is the Fermi 
distribution function, µ is a chemical potential. 

The expression Eq. (1) is used to calculate the field-emission current from:  
1. The spherical system (atom, negative ion, metal cluster).  
2. The plane metal surface in the jellium model. The field-emission current 

density J = I/σ is given by the same equation as in the paper [1], where the Bardeen 
transfer Hamiltonian method [2] has been used.  

In the paper the image potential quantum calculation is discussed too. 

This work was supported in part by Union State Programme SKIF-GRID (project 
209Р420) and the Russian Foundation for Basic Research (project 08-01-00291) 

References  

[1] R. Ramprasad, L. R. C. Fonseca, and Paul von Allmen // Phys. Rev. B. 2000. 62. 
P. 5216.  
[2] Bardeen J. // Phys. Rev. Lett. 1961. 6.P. 57.  



147 
�

LONGITUDINAL PLASMA WAVE NUCLEATION IN COUPLED SYSTE M 
OF JOSEPHSON JUNCTIONS 

Yu.M. Shukrinov 1 ,  M.Hamdipour 1,2  

1  BLTP, JINR, Dubna, Moscow Region, 141980, Russia 
2  Institute for Advanced Studies in Basic Sciences, P.O.Box 45195-1159, Zanjan, 

Iran 

E-mail: shukrinv@theor.jinr.ru 

The investigation of the charge dynamics allows us to predict new physical 
properties of the coupled system of Josephson junctions [1]. The system is described 
by capacitively coupled Josephson junctions model with the diffusion current [2,3]. 
In [1,4] a correlation between the charge dynamics on the S-layers and features of 
IV-characteristics (CVC) was established and we showed that the breakpoint on the 
outermost branch of CVC is related to the parametric resonance in this system. 
Experimental manifestation of the breakpoint and the breakpoint region [5] in CVC 
of Bi2Sr2CaCu2Oy stimulates new investigations in this field. 

In this paper we study the nucleation of LPW in the coupled system of JJ and 
find the different stages in the process of development of the LPW. We explain the 
shape of the charge signal in time and present the data concerning the charge 
distribution along the stack and the results of fast Fourier transformation analysis at 
different values of bias current. The answer to the fundamental question concerning 
the correspondence between the breakpoint's position in CVC and the parametric 
resonance region in time dependence of the charge on the S-layers is found: the 
position of the breakpoint on the outermost branch of CVC is related to the region 
with sharp increase of the amplitude of charge oscillation in the superconducting 
layers. We demonstrate that the onset of the increase of the oscillation amplitude can 
be shifted by noise in the bias current and microwave radiation. These effects open a 
way to regulate the process of LPW nucleation in the stack of JJ. 

This research was supported by the Russian Foundation for Basic Research, grant 
08-02-00520-a. 
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Conical space emerges inevitably as an outer space of any topological defect of 
the vortex type. Quantum-mechanical scattering of a nonrelativistic particle by a 
vortex centred in conical space is considered, and effects of the transverse size of the 
vortex are taken into account. In nanophysics, one deals with topological defects 
(disclinations) in graphene -- strictly two-dimensional layer of carbon atoms. A 
disclination warps a sheet of graphene, rolling it into a nanocone with the deficit 
angle which can take both positive and negative values that are equal to multiples of 

60� . We discuss some peculiarities of the high-frequency scattering which are due 
to the nonvanishing deficit angle. 

�
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The process of formation and post-growth relaxation of deposited structures is 
still not well understood [1-3]. The understanding of formation and post-growth 
relaxation processes would allow one to controllably influence the self-organization 
processes of particles on the surface and therefore to obtain patterns with predictable 
properties.  

Here we present a detailed systematic theoretical analysis of the formation and 
the post-growth relaxation processes of nanofractals on surface. For this study we 
developed a method which describes the internal dynamics of particles in a fractal 
and accounts for their diffusion and detachment. We demonstrate that these kinetic 
processes control the final shape of the islands on surface after post-growth 
relaxation. We consider different scenarios of fractal relaxation and analyze the time 
evolution of the island's morphology. In Fig. 1 we illustrate several examples of 
such analysis. For details, see [2-3]. 

Fig. 1. Simulated evolution of fractal structure calculated in [2-3] (a)-(c) and experimental 
data for the silver fractal perturbation caused by oxidation of the silver clusters (d)-(f) [1]. 

We demonstrate that stability of the fractal structure depends strongly on several 
factors, such as the particles mobility and temperature [2-3]. 
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We provide a physical model for resistance switching effect in thin film devices 
based on numerical solutions of drift-diffusion equations for electrons, holes and 
ions coupled by Poisson equation with appropriate boundary conditions [1]. The 
model is quite general and can be applied to materials that act as solid-state 
electrolytes, e.g., nonstochiometric compounds with mobile defects such as oxygen 
vacancies. We simulate the dynamics of a two-terminal device based on a 
semiconductor thin film with mobile dopants that are partially compensated by a 
small amount of immobile acceptors. We examine the mobile ion distributions, zero-

bias potentials, and current-voltage 
characteristics of the model for both steady-state 
bias conditions and for dynamical switching to 
obtain physical insight into the transport 
processes responsible for memristive behavior 
in semiconductor films. We will then briefly 
discuss applications of such thin film devices for 
super dense memories, high performance 
programmable logic devices and artificial 
neuromorphic networks [2]. 

 

 

Dynamical resistance states for a fixed voltage 
(positive or negative) applied to the right-hand 
electrode (x = L) examined after different time 
intervals: mobile ion concentrations, zero field 
electrical potentials,and the corresponding i-v plots 
shown in with linear and logarithmic scales, 
respectively. 
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The Self Interaction Correction (SIC) is a long standing problem in Density 
Functional Theory (DFT). It causes several major difficulties especially with the 
universally used simple and efficient Local Density Approximation (LDA). The 
standard SIC approaches lead to the introduction of orbital dependent functional 
which exhibit several formal and technical problems. The Optimized Effectove 
Potential (OEP) methods allow to deal with such difficulties but in an approximate 
manner. The fully time dependent cases remain especially problematic, which leads 
to significant difficulties for the treatment of ionization "on the fly". 

We discuss an extension of time-dependent DFT including SIC. A strictly 
variational formulation is given taking care of the necessary constraints. A 
manageable and transparent propagation scheme using two sets of wavefunctions is 
proposed and applied to laser excitation with subsequent ionization of a dimer 
molecule. 

We also propose a simplification of the Optimized Effective Potential (OEP) 
applied to the Self Interaction Correction (SIC) scheme of Density Functional 
Theory (DFT). The new scheme acceptably fulfills several key formal properties and 
turns out to be both simple and accurate. We show examples of applications on 
model molecules in terms of observables known to be especially sensitive to details 
of the SIC-OEP approach. This latter approach might be applicable to low energy 
phenomena. 
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Cluster growth processes occurring in fullerene C60 solutions draw much 
attention of researchers because of promising practical applications. The clusters 
solution of C60 in nitrogen-containing solvents (e.g. N-methyl-2-pyrrolidone (NMP), 
pyridine) can be regarded as a “model” system for verification of various theoretical 
approaches to describing the kinetics of cluster growth. Also, the successful solution 
of this problem may lead to certain new ideas concerning description of fullerene-
water colloidal solutions. The observed slow growth of large clusters (~500 nm sizes 
are reached within several weeks) of C60 macromolecules in NMP and pyridine 
offers a good opportunity to apply the approach of kinetic theory of nucleation. 

In the present work several models for description of cluster growth in C60/NMP 
and C60/Py solution are considered. In addition to basic approach nucleation theory 
these models take account of the confinement of cluster growth due to possible 
formation of donor-acceptor complexes between C60 and solvent molecules. A 
modification of basic kinetic equations results in additional model parameter– 
characteristic time of C60-solvent complex formation, τ. Some different ways to 
introduce confinement are proposed. The most appropriate model is selected on the 
basis of agreement with experimental results and simplicity. Estimation of models 
parameters is made with the use of experimental data. The final sizes of the clusters 
in C60/NMP and C60/Py have been measured lately by small-angle neutron scattering 
(SANS), dynamic light scattering (DLS) and electron microscopy (EM) techniques. 
Additionally, the experimental data of extraction of C60 monomers from C60/NMP 
solution to hexane, prove to be very valuable for control of theoretically obtained 
results on time-scale. 

As a result, a model of confined growth of clusters in C60 solutions in nitrogen-
containing solvents is proposed, its parameters estimated and the results compared 
with experiment. The consequences of the model are discussed, including the 
obtained evolution of cluster distribution with time. 
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We investigate theoretically the conditions for the appearance and/or 
modification of spin ordering in a dilute magnetic semiconductor contacted to a 
ferromagnetic metal. We show that the magnetic proximity effect has complicated 
enough physical nature in this system. Allowing for both the electron scattering and 
hybridization between the ferromagnetic metal and semiconductor electron states at 
the interface, we calculate the spin polarization of carriers in a semiconductor layer 
near the interface.   The peculiar mechanism of indirect exchange coupling between 
local spins dissolved in the semiconductor host, which occurs when a dilute 
magnetic semiconductor is contacted to a ferromagnetic metal,is analyzed. The 
structure of the proximity induced spin ordering in a dilute magnetic semiconductor 
is qualitatively described in frame of a mean field approach. The interpretation of 
experimental data on the Fe/(Ga,Mn)As and Py/(Ga,Mn)As layered structures is 
done. 
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We have investigated the electronic structure of vertically coupled double 
quantum dots in magnetic field within local density functional theory. The dots are 
identical and two-dimensional. Many-body effects are taken approximately into 
account by the use of local intra-layer exchange energy. 

The system of Kohn-Sham equations for vertically coupled quantum dots in a 
magnetic field with the number of electrons up to 100 was solved numerically. We 
studied the transition from the maximum-density-droplet state of isospin-polarized 
electrons (the quantum Hall state) in the state with number of electrons occupying 
antisymmetric state Na = 1. Phase diagram for the bilayer �� system in the 
magnetic field – tunneling splitting plane was constructed. It is shown that at low 
electron density quantum Hall state is energetically favorable in the structure with 
zero tunneling splitting.  

 
This work is supported by RFBR and administration of Krasnodar region. 
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A synthesis of strictly twodimensional atomic crystals (monolayers of carbon 
atoms) is promising a wealth of new phenomena and possible applications in 
technology and industry. Such materials are characterized by the Dirac-type 
spectrum of quasiparticle excitations, yielding a unique example of the truly 
twodimensional "relativistic" electronic system which possesses rather unusual 
properties. We accomplish a comprehensive study of the role of impurities of the 
point vortex type. Both global and local densities of states are evaluated. We 
consider both flat and curved nanolayers and point out observable effects of the 
layer geometry. 
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Development of nanotechnology requires the production of dispersed particles of 
a material with characteristic sizes of a few nanometers. Detonation nanodiamond 
(DND) has a crystalline core of about 4 nm. The goal of presentation is to give a 
short review on technology, properties and applications of DND produced by 
detonation of carbon explosive materials discovered in USSR in the 60-s. The 
presentation based on the latest results of Ioffe Institute nanodiamond group [1,2]. 

It has been recently shown by Ioffe Institute group as well as other scientists the 
DND cluster consists of a diamond core (sp3 hybridized carbon) covered by a 
carbon-onion shell (sp2 hybridized carbon). It has been experimentally shown that 
the sp3/sp2 depends strongly on conditions of detonation synthesis and can be 
changed by heat treatment in different atmosphere.  

It has been difficult to isolate the crystalline cores primarily because of the well-
known high tendency for nano-sized particles to aggregate into clusters of 
submicron size due to the high specific surface area. DND usually forms a 
hierarchical fractal structure. However, it was recently suggested that stirred-media 
milling with micron-sized zirconia beads is an effective method for making from 
DND stable aqueous suspension of 4 nm particles. 

Besides well-known applications of DND for polishing material, metal-
nanodiamond coatings, and polymer composites and rubbers new applications are 
discussed in the last time. Among them we would like to emphasized composites 
with high thermal conductivity, field electron emission, seeding at growing of CVD 
diamond films, production of new magnetic materials and materials for bio-medical 
applications. In this connections the most important step is development of industrial 
scaled technology for production of the stable nanodiamond particle suspension and 
the technology of surface functionalization of the single 4 nm diamond particle. The 
applications mentioned above are discussed in presentation.  

The research has been supporting by the FASI, the Russian Academy of 
Sciences, RFBR and European FP7 program.  
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To have practical applications with THz emission from intrinsic Josephson 
junctions, the following conditions should be satisfied: tunable operation 
frequencies, narrow linewidth, high power output and good stability. In low bias and 
high bias regimes [1,2], THz emission from intrinsic Josephson junctions has been 
observed by bolometric detection. In the talk, I will show the remarkable difference 
of THz emission between these two regimes, and discuss the role of a hotspot 
appearing in the high bias regime. I will convince you with our results that the THz 
emission at high bias may have feasible applications.. 
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The surfactant molecules form a quasi-solid adsorption layer on polyethylene 
terephthalate (PET) films and protects partially the surface, which leads to a 
reduction in the bulk etch rate of the solids [1]. In general, the protection effect 
depends on the alkali concentration, temperature and type of surfactant [2]. The pore 
geometry critically depends on the peculiarities of the diffusion of surfactant into 
restricted volumes. It was shown in Ref.[1] that the addition of sodium dodecyl 
diphenyloxide disulphonate (SDDD) to the alkali solution leads to the formation of 
the highly tapered pore profile. In this paper we study the diffusion and adsorption 
of SDDD on non-etched non-porous, etched non-porous and etched porous PET 
films. The comparison of non-etched non-porous and etched non-porous films 
shows the effect of negatively charged surface on the adsorption of surfactant. The 
comparison of etched non-porous and etched porous PET films shows the different 
adsorption on film surface and inner wall of pore, thus the influence of curvature of 
the surface on the adsorption of surfactant molecules. We discuss the application of 
our results for the efficient control of the structural characteristics of track 
membranes. 
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The possibility of realizing the superradiant regime of electromagnetic emission 
by the assembly of quantum dots is considered. The overall dynamical process is 
analyzed in detail. It is shown that there can occur several qualitatively different 
stages of evolution. The process starts with dipolar waves triggering the spontaneous 
radiation of individual dots. This corresponds to the  fluctuation stage, when the dots 
are not yet noticeably correlated with each other. The second is the  quantum stage, 
when the dot interactions through the common radiation field become more 
important, but the coherence is not yet developed. The third is the  coherent stage, 
when the dots radiate coherently, emitting a superradiant pulse. After the 
superradiant pulse, the system of dots relaxes to an incoherent state in the  
relaxation stage. If there is no external permanent pumping, or the effective dot 
interactions are weak, the system tends to a stationary state during the last  
stationary stage, when coherence dies out to a low, practically negligible, level. In 
the case of permanent pumping, there exists the sixth stage of  pulsing 
superradiance, when the system of dots emits separate coherent pulses. 
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We derive low energy effective action for a short coherent conductor between 
normal (N) and superconducting (S) reservoirs [1]. We evaluate interaction 
correction Gδ  to Andreev conductance and highlight a fundamental relation 
between interaction effects and shot noise in NS systems. In the diffusive limit 
doubling of both shot noise power and charge of the carriers yields || Gδ  four times 
bigger than in the normal case. We further generalize our effective action formalism 
to describe interaction effects on non-local electron transport in three-terminal NSN 
structures [2]. We demonstrate that the non-linear non-local conductance of such 
devices can acquire a non-trivial S -shape which is a unique signature of electron-
electron interactions. Our predictions [1,2] can quantitatively explain recent 
experimental observations [3,4] and can further be tested in future experiments.  
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In this paper, the nanostructure and magnetic properties of Ni/Cu multilayers has 
been studied. The nanostructures of the crystalline phase are correlated with 
crystallographic preferential orientation. The (111) and (200) preferentially oriented 
Ni films contain fiber textured microstructures, which have been revealed by pole 
figure x-ray diffraction (XRD) measurements in Crystalline and magnetic properties 
were measured by x-ray diffraction (XRD), magnetic force microscopy (MFM) and 
alternative gradient force magnetometery (AGFM) analysis. Pole figure(PF) 
measurements at a diffracted position were also performed to determine the average 
disorientation angles of subgrains. Texture formation in thin films directly 
influences the physical characteristics of materials such as magnetic, mechanical and 
electrical properties. Figs.(a), (b), (c), (d), (e), (f), (g) and (h) show the MFM, AFM, 
Phase image , AGFM, XRD, HT-XRD and PF results of this multilayers, 
respectively. 
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