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WEAR SIMULATION OF ALUMINUM-BASED METAL MATRIX NANO-
COMPOSITE USING FINITE ELEMENT TECHNIQUE

S. Adibi, S. Ziaei-Rad, F. Karimzadeh
Mechanical Engineering Department, Isfahan University of Techgploan

E-mail: sara.adibi@gmail.com

Aluminum-based metal matrix nano-composites are knowmaseat materials
for structural application in the aircraft and autommtindustries because they not
only exhibit relatively better mechanical charactessstin comparison with other
allay, but their cost of component production is compaely low. Moreover, it is
widely known that this kind of materials displays notdeaimprovement in wear
resistance compared to unreinforced alloys. In operatingitions, components
made of Al-based composites are usually subjected to eleteteperatures and
high contact loads, and hence are accordingly widely usé&btwate mechanical
parts that are involved in sliding contact. Subsequentidigtion and experimental
determination of their wear properties is of specigdartance and significance. Ex-
perimental determination of life parameters in termsveér has both a cost and
time impact. Consequently, the ability to predict weahea development stage ena-
bles the designers to come up with a better design,darsgéul life and more relia-
ble products. Despite the marked interest, the simulafiavear is still in its early
stages due to its complexity. In the present study, assafrign on disk test on Al-
Mg-Si/Al,O; nanocomposites and the corresponding unreinforced alloyoéders
carried out at different loads and sliding distances. Intiaddia finite element mod-
el to simulate wear tests was developed. The numbepestiing cycles which is
required to predict the wear simulation and eventuallyifaspan of such materials
falls in the range of several hundreds of thousands. BhuUSE post processor looks
the optimum choice regarding the computational expense bflatge deformable-
deformable contact simulations. Our approach is t@ekthe stress-strain curve for
nanocomposite using a unit cell approach in conjugatitm fimite element. Next, a
wear model based on Archard’s wear law in an FE pagtegsor that works in as-
sociation with commercial FE package ANSYS for soluimg general deformable-
deformable contact problem is developed. Accordincht® model, local wear is
computed and then integrated over the sliding distance usnButer integration
scheme. After every wear step the geometry is re-egeshcorrect the deformation
due to wear. The wear on both the pin and disc surfacecanputed using the con-
tact pressure distribution evaluated from a two dimenkkBanodel of the pin and
disk included Coulomb friction at the contact. The validifythe simulation results
has been verified by a series of experiments. Experimemnéscoaducted on a POD
rig to measure the friction coefficient as well ae thear depth, two parameters
which are needed for the simulation The simulaticulis are in good agreement
with those measured from the experiment.
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NANOSCALE CHARACTERIZATION OF MARTENSITE STRUCTURES
IN COPPER BASED SHAPE MEMORY ALLOYS

0. Adiguzel
Department of Physics, Firat University, 23169 Elazig, Turkey

E-mail: oadiglzel@firat.edu.tr

Martensitic transformations are first order displadransitions and occur in the
materials on cooling from high temperature. Shape mgneffect is an unusual
property exhibited by certain alloy systems, and leadsddensitic transition. If
these alloys are deformed in martensitic conditiony #tee=p the deformed shape,
when the stress is removed, the deformation disappedrtha material returns to
the original phase on heating over the austenite finispagature.

Copper-based alloys exhibit this property in beta phakkwikich possess sim-
ple bcc - structures, austenite structure at high-tempesatils temperature is low-
ered the austenite undergoes martensitic transitioowfisly two ordering reactions,
and structural changes in nanoscale govern this transitie formation of the lay-
ered structures in copper based alloys consists of sradushear mechanism.

Martensitic transformations occur in a few step$lite cooperative movement
of atoms less than interatomic distances by meanattidd invariant shears on a
{110} - type plane of austenite matrix which is basal planstacking plane of mar-
tensite.

First one is Bain distortion which is a homogeneous distoof the bcc based
B2 lattice, consisting of an elongation in the Bain dioecparallel to a [001] direc-
tion and a compression in the plane normal to it, | timéi B2 lattice becomes face
centred cubic. Second one is homogeneous shearse latfariant shears which
occur on a {110}-type close packet plane of austenite matkh. lattice invariant
shears occurs, in  two opposite directions, <110> -tygetiins on the {110}-type
plane. These shears gives rise to the formation efdalystructure.

The beta-type martensites occur as orthorhombiegasked structures, which
consist of an array of close-packed planes. Defectseinegular sequence of atomic
planes can be frequently met in crystalline mater@lsintity and sequence of this
kind of defects influence the properties and behavibthreomaterial itself.

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

In the present contribution, x-ray diffraction and traission electron microsco-
py studies were carried out on two copper based CuzZnAl antMBualoys.

Keywords: Martensitic transition, shape memory effect, Baistatition, layered
structures.
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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. Aldjants, S.M. Arakelian

Department of Physics and Applied Mathematics, Vladimir Statecksiiy,
Gorkogo str. 87, Vladimir, 600000 Russia
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For the last decade great efforts have been made infigsemanipulation of
large number of ultracold atomic ensembles. In padictthe macroscopic array of
atomic condensates produced by trapping, cooling and localizatiatoms under
the Bose-Einstein condensation (BEC) condition in oneocaridlb dimensional op-
tical lattices gives an opportunity to study various aspetphysics of phase transi-
tions. On the other hand, current nanofabrication @arbphotonic technologies
make it possible to build up similar structures using aofaghotonic cavities (or
coupled resonator waveguides) doped by two level atomskéyhele in behavior
of such systems is played by so-called dark and bright fuiarii.e. Bosonic qua-
siparticles representing a linear superposition of plsotonexternal (probe) field
and macroscopic (coherent) excitations of two-levahatsystem.

In the present paper (see also [1,2]) we propose dypevof spatially periodi-
cal structure - polaritonic crystal (PolC), to obsexv&ow light phenomenon due to
coupled atom-field states (polaritons) in the lattice. Wrie tight-binding approx-
imation such a system realizes an array of weakly edupbpped two-component
atomic ensembles interacting with optical field iruartel-coupled one dimensional
cavity array. We have shown that the phase transitidhe superfluid state of low
branch polaritons occurs under the strong coupling condiionh a transition re-
sults in the appearance of a macroscopic polarizatiatoofic medium at non-zero
frequency. The principal result is that the group velagitpolaritons is essentially
depended on the order parameter of the system, i.ee@vérage photon number in
the cavity array. We have shown that for propagatfarptical wave packet in the
PolC structure the phenomenon of stopped light is alserebd and the coherently
stored information process can be realized on mampasa@atomic excitations. The
group velocity of the polaritons in this case can be shtpaontrolled by using
detuning of atom-filed system.
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MOLECULAR DYNAMICS SIMULATIONS OF THE INTERACTIONO F
CARBON NANOTUBE WITH A CARBON DISULFIDE SOLVENT

Kh.T. Kholmurodov, M.V. Altaisky, G.F. Aru, V.A. Krylov
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The MD (molecular dynamics) simulation of CNT (carlb@motube) surrounded
by a CS solvent has been carried out for different atomic comagons and
different temperature. The radial distribution functioasd the dynamical
configurations have been calculated for,GBlvent interactiing with CNT. The
layered structure of the GSolvent around the CNT have been observed. The
numerically obtained radial distribution functions amnpared to the Boltzmann
distribution of C$ gas in CNT effective potential. The deviations frdie
stationary solution are discussed.

Key words: molecular dynamics, carbon nanotube, carbon disulfiderso
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CRITICAL DEPENDENCIES OF 0-K JOSEPHSON JUNCTIONS
O. Yu. Andreeva’, [T. L. Boyadjiey?, and Yu. M. Shukrinov?
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2 JINR, 141980 Dubna, Moscow Region, Russia
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The n— Josephson junctions and more complex structure like desaties of
0-k Josephson junctions attract much attention in theifast[1,2]. In this paper
we present the results of numerical modeling of the depepdéritical current-
external magnetic field" foO-k Josephson junctions. Each solution (distribution
of the magnetic flux in the junction) is associated &t@m-—Liouville problem and
the stability of the static solutions is investigateyl checking the sign of the
smallest eigenvalue of this Sturm-Liouville problem. égch step of numerical
calculation, the corresponding nonlinear boundary probdesolved on the basis of
the continuous analog of Newton's method. The transitibetween different
distributions of magnetic flux with increase kn are demonstrated. We observe a
creation of pure and mixed chains of fluxons and antifluxorte Wicrease in
intensity of external magnetic field and external entr
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FRACTIONAL EXCLUSION STATISTICS IN SYSTEMS OF
INTERACTING PARTICLES

D. V. Anghel
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In [1] Haldane introduced the fruitful concept fofictional exclusion statistics
(FES). One of the most influential papers in which thermodynamics of FES
systems was deduced is [2]. Nevertheless, in [3,4] | shalvat some important
properties of the exclusion statistics parameters--nantlety transformation
properties of the FES parameters at the change of paietées--were overlooked
in the original paper [1] and in all the papers aftat,tincluding [2]. Because of this
omission, the implementation of FES into concretesyalay systems remained, to a
certain degree, arbitrary and the thermodynamic iesuttre eventually not well
defined.

In this presentation | will make a brief introductioria the FES formalism and
its properties, pointing out the recent developmentsilllalso show that FES is
manifesting in general in mesoscopic systems and Igivé a general method for
the calculation of the FES parameters. | will apply thethod to concrete physical
systems and calculate their thermodynamics. | wilhpout the features that appear
in the thermodynamics of these systems due to the estatibn of FES and make
comparisons with the typical Bose and Fermy gases.
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The use of synthetic nanopores for single-molecularsgnisiomimetic systems,
separation processes, and nanofluidic devices attrgceabdeal of interests of sci-
entists from various fields [1fonsiderable research activity has been focused on
the nanometer-sized ion track pores in polymers in re@ars. Conical ion track
nanopores have been developed to approach the geometrictetistias of the ion
channels in living matter [2,3]. It has been demonstrétadthe conical nanopores
in polymers such as polyethylene terephthalate arencaéilective and possess di-
ode-like voltage-current characteristics in electrolytatams.

Recently we developed a novel fabrication method whltdws production of
ion track membranes (ITMs) with pronounced geometasgimmetry and highly-
tapered nanopore tip (“bullet-like” shape). It was shownttherectification proper-
ties of the asymmetric ITMs strongly depend on the pooéle [4,5]. Control over
the shape of nanochannels may shed light on the mechagégonsible for their
intriguing properties and opens the way to new potentigliGations of ITMs.
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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 &xsed Kosygin st., Mos-
cow, 119334 Russia

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

Graphite monofluoride (Ck)and graphane are two very different materials from
the practical point of view, but the basic chemicaltifemf these materials are
closely related. Unfortunately, experimental data onsthgcture of these materials
is ambiguous ((CF) or scarce (graphane), and its interpretation isetiones prob-
lematic.

We report a detailed computational study of structure of)(@rd graphane,
both as isolated layers and in a three-dimensional stackadgement, using non-
local DFT to describe long-range correlation from fpgnciples. We find strong
similarities between the two materials in both confational energetics (including a
"gauche-chair” conformation not considered in previousliss) and layer stacking
patterns. A molecular mechanics force field is derived(@F), that performs ex-
ceptionally well at reproducing the quantum chemical tesul

Our quantum and classical simulations suggest that the unesiyesmall lat-
tice parameter values of the materials may result fretayer conformational dis-
order. Direct comparison of experimental and calculatemhiatoadial distributions
for (CF), confirms this possibility.
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Studies of nanoparticles are important both from fundaahend technological
points of view. Biogenic iron oxides particles make aasgfe class of magnetic
nanoparticles that is of special interest for biomedigalications.

As a result of variation of the growth conditions floe microorganisms (growth
period, light exposition, potassium citrate — ferric citra#e, etc.), bacterium
Klebsiella oxytocareates, as was established in previous works, twa typgerri-
hydrite nanoparticles whose differences are accuratehtified by means of Moss-
bauer spectroscopy and static magnetic measuremenysiarfa]. Samples Fel2
and Fe34 have been separated from a bacterial biomass duowg 8 and 21 days,
respectively. It was established in [2-4] that duringgtaeess of growtlKlebsiella
oxytocacreates two sorts of ferrihydrite with clearly ideratifie differences. These
modifications do not change monotonously.

In the present work, the effect of the colloidal biogeferrihydrite particle con-
centration on the structure of the biogenic Fel2 fedrite/H,O/D,0 dispersions by
small-angle X-ray scattering (SAXS) and small-angletros scattering (SANS) is
investigated.
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It is well-known that the wurtzite GaN and AlxGal-xN havsttang spontane-
ous macroscopic polarization and remarkable piezoeeptiarization [1]. The
exciton binding energy is investigated by considering @mftes of polarization in
details. We find that the strong built-in electricdiglives rise to an obvious modifi-
cation of conduction band profile of QDs and leads toar&able electron- hole
spatial separation. This effect has a significant imiteeon excion states and optical
properties of the QDs. The relationship between exatates and height of QDs is
studied. Our results represent the decrease of excitdinbienergy by considering
piezoelectric polarization [2,3].
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Fig. 1 .comparison of exciton binding energy by consideringrizaition 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 tagetitie the de-
termination of the dominant scattering mechanisms inlile band gap 11I-N sem-
iconductor materials are crucial for obtaining a compusive understanding of the
carrier dynamics, especially at high operating elefitlds.

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

[1] A. Asgari, M. Kalafi, L. Faraone, “The effects of pally occupied sub-bands
on two-dimensional electron mobility in AlxGal-xN/GaN dretstructures” J. Appl.
Phys. 95 1185 (2004).

[2] S. A. Safwan, M. H. Hekmat, N. A. EI-Meshad, FIZIKAYS, 1 (2007). Celik,
H., M. Cankurtana, N. Balkan, and A. Bayrakli, Semato8ci. Technol., Vol. 17,
1829, (2002).

28
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Physical properties of magnetic flux in Josephson junstame the base of the
modern  superconducting  electronics.  Tunnel  superconductogiasul
superconductor (SIS) Josephson junctions have sinusoidahtiypinase relation,
while with the decrease of the barrier transparetesyations from this relation take

place [1] and Josephson currehd = I sing +Z°;:2Imsinn¢. The sign of the

second harmonic is important for many applications, itiqudar in junctions like
SNINS and SFIFS, where N is a normal metal anda~vigak metallic ferromagnet
[2].
In this work the static magnetic flux distributions in dodosephson junctions are
investigated numerically, solving the boundary problem
-¢''+a,sinp +a, sin2p —y=0, xO(H;l), (1)

¢' (£1) = he. (2)
Here h, is the external magnetic fielg, is the external current and amplitudes
a, and a, corresponds tol, and |, in Fourier decomposition of Josephson

current. The dependence on parameters of model is iraestigStability of the
static solutions is investigated by checking the sigih@fsmallest eigenvalue of the
associated Sturm-Liouville problem. At each step of migak calculation, the
corresponding nonlinear boundary problem is solved on tsie bathe continuous
analog of Newton's method with the 4th order Numerowdimation scheme.

New solutions which do not exist in the traditional delp have been found.
Investigation of the influence of second harmonic ormilép of magnetic flux
distributions for main solutions is performed.
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EFFECTS ON FERROFLUID BASED ELASTOMER MICROSTRUCTUR E
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Magnetic elastomers belong to a specific class ofaleet smart materials, due
to their capabilities to respond to changes in theiirenment. They are composed
of magnetic particles and a low-permeability matrix.delnan external magnetic
field, a structure will form inside the material, ostaucture embedded in the mate-
rial will change. The magneto-elastic properties ohposites are not only the sum
of the elasticity of the polymer and the stiffness argmetic properties of the filler,
but also the result of a complex synergy of severak&ffaelevant at different
length scales and detectable by different techniques.

Many studies of the observed reinforcing effect of magnfdters have ap-
proached the problem from a magneto-mechanical pointef,\and investigated
the microscopic properties through study of the magnestieleesponses of the
composite [1]. Less well understood, however, are thectsffof the interactions
between the filler and the filler and surrounding polymersubmicroscopic length
scales. Such length scales are ideally suited for smgle scattering investigations
[2-5].

In the present paper, results on small angle neutronXamg scattering and
magnetization investigations on the microstructurefesfofluid based silicone-
rubber elastomer samples are presented and analysed.
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RELAXATION PROCESSES IN DOPED SILICON NANOCRYSTALS
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Incorporation of various silicon-based structures iroelgictronics is an actual
problem up to now. Because of indirect band gap of siliight emission turns out
to be suppressed or completely forbidden in such structses.means to improve
the emittance of silicon crystallites, their dopinghnfthosphorus was proposed. It
has been shown experimentally that doping with phosphemiseveral times in-
crease photoluminescence intensity at certain condifib]. Theoretical estimations
[2] show an increase of radiative recombination ratd by 3 orders of magnitude
depending on the phosphorus concentration.

However, not only radiative transitions, but also sornaradiative processes
strongly influence the photon generation efficiencysimanocrystals. The goal of
the present work is to examine the effect of doping emtinradiative processes.

One of these processes is Auger recombination havingdoped nanocrystals
the rate about 1 — 4 orders of magnitude higher [3] tharatheof the radiative tran-
sitions. We have found that in doped nanocrystals, tieeofaAuger recombination
increases with increasing phosphorus concentrationslbuter than the radiative
recombination rate.

There are as well in Si quantum dots some relaxation ggeséeing typical for
ensembles of nanocrystals. Nanocrystals in an enséint#eact” with each other,
through, e.g., migration of excited carriers, or excitamgfer. We have calculated
the rate of the carrier migration in an ensembldagded Si crystallites, and found
out that the rate sharply drops when the donor contiemtrachieves some critical
value. This substantially enhances the radiative chaffi@ency, and the quantum
yield in whole.
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In many applications of tubular nanostructures it is resogsto describe fluid
flows through these systems, which have many speciitufes. Moreover, these
flows play an important role in the processes of nanetfif@nation. Our report is
devoted to the description of these processes in conarabstructures. Hydro-
thermal method of nanotube formation is very effecfidje But it is often led to
formation of nanostructures of different morphologyttipalarly, nanocones. Pro-
cess of nanocone formation due to rolling from plane tstracin hydro-thermal
medium is considered. The system comes to equilibriutineife is lattices corre-
spondence between neighbor layers. Due to this re@saohical angle depends on
the lattice parameters. This dependence is analyzed. Moverntire conical sur-
face during the formation process leads to the appeaddricsv in conical domain
which has an influence on the formation process. ditteire of the streamlines for
the flow is obtained. The influence of the flow on theesbef the formation process
and on the type of obtained nanostructure is described.
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SURFACE PLASMON-POLARITONS IN GRAPHENE LAYER: DISPE R-
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In the paper we consider theoretically surface plasmdsrifgms (SPPs) in sin-
gle graphene layer, surrounded by two semi-infiniteedielc media. The SPP dis-
persion relation was obtained in the self-sustaining weing the expression for the
graphene conductivity, obtained earlier in [1]. It iswhpthat the peculiarity of SPP
dispersion relation in graphene (compared to the usual@@ron system) is the
existence of SPP at frequencies less than some cifitatplency, whose value is
approximately proportional to the chemical potential aipgrene. Dealing with
problem of SPP excitation, the possibility to excite SPP in single graphene layer
in the long-wavelength range using the attenuated totahalteeflection method is
shown. We demonstrate that in the case of graphengattameters of the SPP exci-
tation (like frequency, reflectivity of attenuated tdteternal reflection scheme) can
be tuned by applying the gate voltage to the graphene laye
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VERTICALLY ALIGNED CARBON NANOTUBES FOR MEAS APPLIC A-
TIONS

J.R. Castro Smirnov
Universitat de Barcelona, Calle Palermo # 2, 2-3, 08019, Banze Spain

E-mail: josesmirnov@yahoo.com

In this proposal, a methodology to fabricate carbonondie based electrodes
using plasma enhanced chemical vapour deposition will beedefifhe final inte-
grated microelectrode based devices should present spmaferties that make
them suitable for microelectrode arrays applicationse Thethodology studied
should enable the construction of highly regular and dentieally aligned carbon
nanotube (VACNT) forests that can be confined within gh#terned bounds of a
desired surface.
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When electrons tunnel through a quantum dot embedded intpensiasi carbon
nanotube (CNT), quantized vibrational modes (vibrons)beaexcited [1,2]. In such
systems, vibrons coupleboth to the total dot chargeand to electron density
fluctuations. For the description of such systems howéwe Anderson-Holstein
(AH) model, in which the vibron couplesonly to the total charge, is usually
employed. The AH model yieldposition-independerfranck-Condon (FC) factors
- giving rise to the FC blockade phenomenon [3] which been confirmed in a
recent experiment [2].

In this work [4] it will be shown that the effects dénsity fluctuations are
indeed crucial when the size and location of the dot and of the vildornot
coincide. For a vibronssmallerthan the quantum ddbcal FC factors, with a strong
dependence on position, arise - in sharp contrast with résdicions of the AH
model. This has profound consequences on the transportripespe the system.
With our theory we are able to explain a peculiar sugpef conductance traces
observed in recent experiments [2] in termspokition-dependeriC factors.
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We have carried out high pressure theoretical straicgiudies of yittrium ni-
tride YN to examine the phase transition phenomena fftre NaCl structure to
CsCl structure by using a three body potential model MBFhe phase transition
pressure (140 GPa) predicted by this approach is close fin#fse transition pres-
sure, predicted by others (138 GPa). YN is a novel anctlgdsred material. Under
high pressure YN goes through a sudden collapse in volunaérghthe first order
phase transition. To understand the effect of pressurgudéed bulk properties,
elastic constants and their combination. The pressoheéme equation of state
(EOS) provides meaningful signatures of physical and wamhenomena under
high pressure. Moreover we have successfully checkedathityg criterion for this
compound.
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NANOSTRUCTURES BASED ON HYDROGEN-FUNCTIONALIZED GRA -
PHENES AS MATERIALS FOR APPLICATIONS IN NANODEVICES

L.A. Chernozatonskii
Emanuel Institute of Biochemical Physics of RAS, Moscow, 119334a Russi

1. Introduction (pour graphene sheets and graphene nanwifijp, graphane [2],
diamane [3])

2. New structures based on graphene, graphane and diamcetieia electronic and
mechanical properties.

2.1. Quasi- two-dimensional superlattices and electneaieguids based on
graphene lined by chemically bounded hydrogen atom lineswoopeaces [4-
7]. Transactions of semimetal-semiconductor-dielegthiases X-, T- and Y-
types of graphene structures.

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

2.3. Atomic structure, elastic and electronic propertiegsiamanes based on
chemically bound graphene layers covered by hydrogen onsimgh and bi-
graphane - diamane nanostructures.

3. The possible applications of described structures in heantamics (nanowires,
transistors, switchers, rectificators), as sensassmechanical elements (vibrators,
springs, membranes, cantilever diamane tips) and optaaknts.

The work was supported by RFBR graat08-02-01096 and RAS progra¥a21.
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We suggest a three dimensional generalization of well-kntwadic Cantor
fractal in one dimension. Its fractal dimension iatoolled with a cut-off parameter
and can vary from 0 to 3. The intensity profile of a $ranfle scattering from the
generalized Cantor fractals is calculated. The considgrg@m is generated by a
set of iterative rules, each iteration corresponds teréain fractal generation. A
small-angle scattering is considered from the monodisessts being randomly
oriented and placed. The scattering intensities represamieniand maxima
superimposed on a power law decay with the exponent being tegthed fractal
dimension of the scatterer, but the minima and maximalamped with increasing
polydispersity of the fractal sets. It is shown that #ofinite generation of the
fractals, the exponent value changes at sufficiently lavgee vectors from the
fraction dimension to 4, the value given by the usual d®Ptaw. It is shown that the
number of particles, from which the fractal is comgzhscan be estimated from the
value of the boundary between the fractal and Porod regianradius of gyration
of the fractal is calculated analytically.
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Nowadays there is an enormous experimental and thedratiteity focussed
on the study of properties of few--electron quantum dotssjQDne of the main
motivations is due to a rapid development of the fiélduantum computing, since
the entangled states of the electrons confined in an@pgive a natural realization
of a quantum bit or ““qubit" [1]. It is also expected th&is@ould lead to novel
device applications in quantum cryptography and informatarage. However, the
measure of entanglement which is one of the most saibtlentriguing phenomena
in nature is still debatable [2].

Recently we developed an analytical approach to study dingree of
entanglement in a model of two--coupled harmonic oscilafg8}. Note, that in
condensed matter physics this model is used as a stading for analysis of
electronic properties of QDs in a perpendicular magrfetid [4]. Based on this
fact, we have performed a detailed study of the shape efd@ctron QD on the
degree of the orbital entanglement. We assume that nagtitey electrons move in
a two--dimensional parabolic confining potential undergbgendicular magnetic
field. We found that a closed circular QD does not reapadrbital entanglement of
electrons. The increase of the shape deformation teaidsrease of the degree of
the entanglement. The magnetic field increases ttenglement as well. However,
in the latter case there is a saturation effeat:efich deformed shape there is an
asymptotic value of the entanglement. Introducing the aogdetween the two-
electron QD and the environment (the thermo--bath),stuely also the effect of
dissipation on the degree of the entanglement.
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Two-dimensional semiconductor quantum dot systems are typa@oscale
structures in which a few number of electrons is ioauf in a small region of space
by applying external electric gate potentials. While thailiet form of the confin-
ing potential depends on the specific experimental setupattadolic confinement
model has commonly been used because of its simplicitgriZlen those instances
in which the experimental setup involves placement of gatentials with sharp
geometric features, the area depleted of electronsfikeugpuantum dot region can-
not be considered circular. If, for simplicity, we sater the confinement region of
the electrons as square in shape, then an accuratdatatc of the properties of
such square patterned quantum dot should be made by using &reatiBhement
potential originating from that particular configuratidile calculated exactly such a
confinement potential for a square quantum dot. The pantiankytic form of this
realistic potential is complicated given the dependendb®itwo-dimensional posi-
tion coordinates, rather than simply the distance fracénter of the quantum dot.
In this work we choose to substitute the realistic cmrfient potential for a square
patterned gquantum dot with an approximated circular symmgdtiential. We as-
sess the quality of this approximation and discuss instanoghich one can relia-
bly use the approximated simplified potential instead of dbmputationally un-
yielding exact one.
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Within the class of biopolymers, DNA is expected toyda outstanding role in
molecular electronics. We studied the electron trangpogerties in single DNA
molecules considering a metal/DNA/metal system usindetidamiltonian method
based on the tight-binding Hamiltonian for the ladder mofl€@NA [1]. Now Cur-
rent-voltage relation, density of state and conductanmly sthit vibration (a dia-
grams) and without vibration (b diagrams) and compare wéther [2, 3].

log(T,)

DOS (arb.uni)

Energy Energy voltage(v)
(Figurel) (Figure2) (Figure3)

Figurel: whit vibration the energy gap and conductance aredesably decreasing.
Figure2: whit vibration the energy gap is decreasing andtgeristate is increasing.
Figure3: whit vibration the energy gap and current-voltdgeacteristic are decreasing.

Our results suggest a good agreement with the electronétuste of the DNA in
the ladder model, additional presented a technique thatsatloevcomputation of
electron transport in DNA, including local and nonlooalipling to vibrations. And
with vibration we can increase semiconducting behaviouimsystem.
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We investigate the massless chiral fermions confined graphitic parabolic
guantum dot. Recently, single layers carbon atoms (greg)hhave been obtained
experimentally [1]. The spectrum of excitations in grayghis described by a two-
dimensional analog of the relativistic Dirac equatior8][2The Hamiltonian of a
single electron in graphene with confinement potential is

H =c(p,0y + pyoy J+V (%), &
wherec = 10 cmi's is the Fermi velocity andd = iz, and 6 are the Pauli
matrices. The parabolic potential represented as

V(x) = Ux2/2x0. (2)
In the nonrelativistic limits the Dirac Hamiltonias given by the effective

Hamiltonian [2]
Henr = ¢ P% + Py +V(%), (3)

This effective Hamiltonian can bee represented as
2 2
Px +P
H eff (“) == £
2

wherep is the variational parameter. Let as determineetiergy spectrum of the
effective Hamiltonian from the SE

+2HE? 4V (4), @

Herr (WW(X) =&y W(X)). (5)
The energy spectruey with N th resonance represented as (for details see [4])
En zgc_h[“ZﬁPiJ' (6)
2y 3n?
where used the notation
Oy = Eenfua+n). (7)

For a given value of the transverse momentpmz 0 and in the case
clpy00 << Cey0, we can determine the probability of tunneling betwttee boundet
and unboundet states.
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Electron-electron interactions in a single highly dbpdeterojunction
AlLGa ,/GaAs are considered taking both intra- and intersubbansditicms. Char-
acteristic features of 2D electron systems, such aartipditude-frequency modula-
tion, beatings and sharp bends in the oscillation andgimagnetic field depend-
ence make the description of Landau quantization dampingrimstof the Dingle
temperature rather problematic [1]. Another point tpbimted out is the fact that in
the magnetic field range where a strong amplitude-frequercdulation take place
the perturbed — subband electrons are in the stateddoghe quantum limit and
one can speak of the oscillations period in a rathetdd sense.
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THE EMISSION DIFFERENTIAL CROSS SECTION OF AN ELECT RON
IN THE SEMIPARABOLIC QUANTUM WELL

P. Elahi*, A. KeshavarZ, and M. Mehdipour?
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2Azad University, Fars Science and Research Branch, Iran

Email: elahi@sutech.ac.ir

An electron in an asymmetrical semiparabolic quantuthhes been considered
for a typical GaAs/ Al ,Ga,_, As material. After calculation the electron stateg th
material has been exposed to a time-dependent electroticafigld. By using the
time-dependent perturbation theory and using dipole momentxpyation, the
electron emission probability rate has been caladlated then the emission differ-
ential cross section has been derived by using thenioly relation:

mk, L
1 (2m)°

do _ 4rtah

dQ ~ mw

KK f |ei(w/0)(ﬁ5()é | i>‘2

Where|i> and| Kf> are initial electron ket in semiparabolic quantum \aelll free

electron ket, respectively. The obtained relationsn thsed forGaAs/ Al ,Ga,_, As
material and discussed.
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THE PHOTOELECTRIC DIFFERENTIAL CROSS SECTION FOR A
QUANTUM BOX WITH FINITE CONFINING

P. Elahi', M. Hooshmand
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Physics Department, Shiraz Payame Noor University, Shitaz, |

The differential cross section for photoelectric &fflor a quantum box with fi-
nite confining potential has been investigated in paiper. The semi classical ap-
proach has been used and the photon electromagnetidoadias been considered
as a time-dependent perturbation term for the initettebn in the quantum box
with finite confining potential. The obtained resultseit have been used for

GaAs/ Al ,Ga,_,As and the differential cross section has been plottestisd in

spherical coordinate system and discussed. The resultstsbomaximum of the
cross section ab =0 and decreasing toward #¢P.
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SPIN TRANSPORT THROUGH A TRIANGULAR GRAPHENE FLAKE
R. Farghadart, A. Saffarzadel¥, E. Saievar Iranizad
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We theoretically investigate the coherent spin poldrizansport through a gra-
phene flake by focusing on the magnetic effect of theagigriges [1, 2 and 3fhe
graphene flake with triangular shape is sandwiched bettve@monmagnetic one
dimensional electrodes. The semi-infinite electrodes aagfifiectively alter the fer-
romagnetic spin configuration at the zigzag edges. Téerenic structure and
magnetic properties of this junction are simulated s@isistently by use of the sin-
gle-band tight-binding approximation and the mean-field Hubbaodel [2, 4].
Also, using the non-equilibrium Green’s function technicqred the Landaure-
Buttiker theory [5] the spin density of states, the spimiméd currents and the
magnetoresistance are calculated.

Our numerical results show that the spin transporhglyadepends on the mag-
netic configuration of the graphene flake and hendellyaspin-polarized conduct-
ance without external field can be produced. In additionctinent-voltage charac-
teristic shows a high splitting between spin up and dpinn currentdue to the
effect of edge-induced magnetism on the electronic tranipaugh the junction.
The results may be useful for carbon-based spintronic apiplis.
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MODELING OF FIELD EMISSION FROM GRAPHENE
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We report on modeling of electron field emission fromealge of a graphene
layer. It is well-known that carbon nanotubes caneses affective cold emittéts
That motivated us to make an attempt to study that effegaphene.

It was shown [2] that strong electron — hole scatteringidates in graphene.
For that reason we use a hydrodynamic model withcsel§istent electric field for
charge transport in a graphene layer [3]. The setwhtions is added with proper
boundary conditions. Tunneling current is used as a bourdadition for dynamic
equations at the free edge of graphene. The simplified agipitwas been used for
calculation of tunneling probability at that stage.

The problem has been treated numerically on the basie approaches devel-
oped in [4,5]. Emission current has been calculated, gakin account non-
homogeneous charge distribution near the emitting edgephene.

That study may also pave an approach to the problemeldfdmission from a
carbon nanotube, which is not quite solved yet.
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QUANTUM FARADAY EFFECT AND CASIMIR INTERACTION AS N EW
QFT TEST IN GRAPHENE

|. Fialkovsky'? D. Vassilevich?
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Relativistic Quantum field Theory (QFT) is known to fe&adily applicable to
description of graphene optical and electronical pragertt is due to the fact that
guasy-particles in graphene monolayer in the low-enagyroximation are de-
scribed by the relativistic quasi-massless Dirac equdtiorely QFT technigues can
be employed to reconstruct the ac/dc conductivity of grapheonolayer which is
given in this approach by the polarization operator — treel@op correction to the
photon propagator.

As was shown before [1], the presence of parity-odd ténntke polarization
tensor (equivalently the none-zero off-diagonal parhefa conductivity) leads to
rotation of polarization of light passing through suspdngtephene films. In exter-
nal magnetic field, this would correspond to a quantum Fpiaflact. We show [3]
that at low temperatures (or high B-fields) the angleotdtion exhibits clear Lan-
dau quantization. The magnitude of the effect is up tora@ which is well above
the sensitivity limits of modern optical instrumerttsis giving opportunity to test
the QFT predictions for graphene systems.

As another way to check relativistic field theory pmpose the calculation of
the Casimir interaction between suspended graphene ayenand plane parallel
ideal conductor [2]. The Casimir effect is defined by dquanvacuum fluctuations
which are governed by the very same polarization operapart of strong depends
of the Casimir energy on the mas gap of quasi-partiatealso reveal the influence
of the non-vanishing density of carriers in the gragh@hemical potential) and the
temperature [3]. The force is experimentally measuraigegh being rather weak.
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NEIGHBOURING LEVELS STATISTIC FOR Si/SiO ; QUANTUM DOTS
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We model the Si quantum dots (QDs) embedded into the SiO#atebsingle
sub-band effective mass approach is used to calculatgydeeels of electrons and
heavy holes. For weak confinement regime (QD di¥210 nm), when number of
confinement levels is limited by several hundred, wesiered statistical properties
of the electron confinement. In particularly to detereniype of the nearest neighbor
spacing (NNS) statistics, the distribution functiortadculated. The influence of the
QD shape on the NNS distribution is investigated (sge Bi The conditions for
changing of type statistics are determined. The Brodwydila [1] is applied. Varia-
tions of the Brody parameter (beta in Fig. 1) for déferQD shapes are evaluated.
To test the model, which we using, the comparison aithilable experimental PL
exciton data (see [2] for instant) is done. Calculatiahkw-lying single electron
and hole energy levels are performed for spherical sh@eaith diameterD <
6nm. For this QD the number of energy levels is retsili to several levels. The
energy dependence of electron effective mass is appli¢al f@ke into account non-
parabolic effect of conduction band, which became inaporfor small size QDs.
The first order of the perturbation theory is used towate neutral exciton recom-
bination energy taking into account the Coulomb forcevben electron and heavy
hole. The experimental data are reproduced well by our Inoadieulations. This

work is supported by NSF CREST award, HRD-0833184 and NASA award

NNX09AVO7A.
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EFFECTIVE SPIN-FLIP SCATTERING IN DIFFUSIVE
SUPERCONDUCTING PROXIMITY SYSTEMS WITH MAGNETIC
DISORDER
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We revisit the problem of diffusive proximity systems ilwitog superconductors
and normal metals (or ferromagnets) with magnetiorder. On the length scales
much larger than its correlation length, the effect uffidently weak magnetic
disorder may be incorporated as a local spin-flip tertihénUsadel equations. We
derive this spin-flip term in the general case of adkdimensional disordered
Zeeman-type field with an arbitrary correlation lengthree different regimes may
be distinguished: pointlike impurities (the correlati@ndth is shorter than the
Fermi wavelength), medium-range disorder (the correlatength between the
Fermi wavelength and the mean free path), and long-rangeleligghe correlation
length longer than the mean free path). We discuss thtiored between these three
regimes by using the three overlapping approaches: the Usadgbesguthe non-
linear sigma model, and the diagrammatic expansion. Xjpesgsions for the spin-
flip rate agree with the existing results obtained in ¢gggeral situations.
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MoSI NANOWIRES: FROM A ONE-DIMENSIONAL QUANTUM FLUID
TO SELF-ORGANISED CRITICAL NETWORKS
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Progress in nanotechnology crucially depends on molecidég-staterials with
tunable physical or functional properties, yet witbllvdefined and controllable ge-
ometrical structure. M&.«lx (MoSI) nanowires (NWSs) self-assemble into function-
al networks and qualify for applications as diverseuasidant additives, field emit-
ters, battery electrodes, (bio)chemical sensors, andoaductive or reinforcing
component of composites. They disperse in many comoieands including water,
where they occur in bundles of diameters ranging frdewal00 nm down to single
wires (below 1 nm).

Individual MoSI wires have extremely low coupling to thevieonment and to
each other, which leads to extreme one-dimensional quagitntronic transport
behaviour. Flexible bundles of MoSI NWs with differefiameters reveal systemat-
ic power-law dependence of the conductivity on temperatnuevaltage. This be-
haviour can be most convincingly described by tunneling throligmonaga-
Luttinger liquid segments of MoSI wire, which is in sonases modified by envi-
ronmental Coulomb blockade from deformations or impedest of the MoSI
wires.

Scale-free self-organized critical networks such ashifmean brain show re-
sistance to failure, fast signal processing, and apaufcular interest for nanoelec-
tronics. Hybrid networks of MoSI wires and gold nanapbes self-assemble in
solution. While the length distribution of individual narimg is log-normal, the
lengths of the edges in the network deposited on a stébstraw a strong power-
law tail indicating scale invariance. This shows tthegt self-organized critical be-
haviour is not a property of the nanowire synthesis,obukheir self-assembly into
networks.
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A GENERAL THEORY OF SPIN-RELAXATION IN TWO-DIMENSION AL
SEMICONDUCTORS
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In this talk, | will review our recent work on miciaxpic theory of spin relaxa-
tion in two-dimensional semiconductors, which was rdgererified in an experi-
ment by Orenstein and Koralek (Nature, 2009). Our thefrynjolves a compete
microscopic derivation and analysis of spin-charge coupled idiffusquations in
the presence of all relevant spin-orbit coupling terfite linear Rashba, Dressel-
haus, and cubic Dresselhaus terms. Spin dynamics is dleosepend on just two
independent parameters (constraint to be within aecinch two-dimensional "dy-
namic phase diagram") and exhibits qualitatively diffeidymamic regimes, which
include oscillating-in-time behavior, persistent heligh@vior in the vicinity of
Bernevig-Zhang SU(2) symmetry point, real-space osahatietc. The theory fits
the experiment extremely well with no adjustable paramsdigpart from the cou-
plings, whose values allow an independent experimentaicagiii). In addition,
we derive a similar set of spin-charge coupled diffusion tausin the presence of
an electric field and analyze a new setup for the obsierv of a bulk version of
(direct and inverse) spin Hall effect [2]. Usually, amifestation of the effect is a
spin or charge accumulation at sample boundaries, misiiawn that in the pres-
ence of a periodic perturbation in the form spin/chatgesity wave and an electric
field, a charge/spin-density wave can be induced in thedfutke sample, originat-
ing form the same spin-Hall physics.
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THEORETICAL INVESTIGATION OF THE THERMAL CONDUCTIVI  TY
OF NANOSTRUCTURES
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The fundamental differences between heat conduction ilostractures and
macrostructures are discussed. A simple analytical mbaeldaptures the basic
features of the phonons and the size effects is pezkeflte model is used to calcu-
late the variations of the thermal conductivity witle system characteristic length
for some typical carbon structures whose spatial déioes are constrained to na-
nometer scale. These results are compared with tloeetieal and experimental
results from the literature. It demonstrates bothJithigation of the suggested mod-
el and the advance in theory, which would be of greatrusieei further theoretical
and experimental investigations of the nanoscale theraredport.

CHARGE TRANSPORT IN THE &-HELIX PROTEINS
D. Cevizovi, S. GalovE, S. Zekovit Z. Ivic
Institute of Nuclear Sciences ""\ai", 11000 Belgrade, Serbia

In this paper we investigate charge transport in dhéehelix proteins. It is
considered that charge carriers are partially dressed solarons, which are
formed by electron self-trapping in the weak coupling limétlaPon properties are
considered by applying mean-field theory based upon the reddifang-Firsov
transformation and Bogolyubov theorem. The transpaspepties (small polaron
mobility and electric resistivity) have been clacutate the base of Holstein MC
model. The obtained results are compared with resufteegfous models.
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During last decades the dynamics of single quantum syst&msrii ion in a
magnetic trap, an optical mode in a resonator, a mampassuperconducting circuit
(Josephson junction) and other has been widely studiedeXperiments in this area
have stimulated the development of novel theoretical rdstho describe single
experimental realizations of quantum processes known agugugump, Monte
Carlo wave function (MCWF), and quantum-trajectory apgrda¢ These methods
allow one a new insight into physics of dissipative dyiganm quantum systems
and give one the possibility to numerically simulate mexgeriments on quantum
dynamics, taking into account the interaction with gereoir, quantum noise, fea-
tures of the quantized light, processes of homodyne measntevhat is an up to
date problem in the quantum information processing andmeitation science.

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

In this work the dissipative dynamics of superconductwspphson persistent-
current qubit driven by strong microwave field is studiedhsy MCWF approach.
The parameters of qubit and external field for numeriatlation are chosen to
satisfy the experimental one [2]. The process of ampligaetroscopy of a qubit
dynamics, which allows one to determine its pararseis studied. The quantum
trajectories, which show the time evolution of a singlibit in one experiment and
the effect of noise (dephasing) are considered. Thegaeidynamics of the system
is compared with experimental results [2, 3], where a goodspondence is found.
The developed software implements the method for a wiales af problems to
simulate and study the dissipative dynamics of many-tvahtum systems.
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INNER AND OUTER IONIZATION OF ATOMIC CLUSTERS BY AN  IN-
TENSE ATTOSECOND LASER PULSE
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The interaction of intense short la: do/d, 107
pulses with atomic clusters has become
important area of research in physics
laser plasma. Experiments reveal that
irradiation of the van der Waals bonc 4/\
clusters may produce highly energe
electrons and ions, strong x-ray emiss
and neutrons. The recent development 2
the generation of ultrashort laser pul 7/a /2 37/ T
make it possible to study the evolutior Fig.1. Differential cross sectionsttiQ, of
atomic clusters on an attosecond 1 photoionization of Xe atom&i@ = 150 eV,
scale. I =10 W cm? =500 as).

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

Outer ionization of clusters by an attosecond pulse issiigaed also. The
charge of remaining ionized cluster depends significantihercluster size. All the
electrons produced during inner ionization are ejected &omall atomic clusters.
There is no cluster expansion during the whole attosdesed pulse.

It is shown that the energy and angular distributiongle€trons emitted by
atomic clusters are defined solely by the charactesistigpphotodetachment of an
electron from a single atom. This is opposite to thee ad femtosecond pulses. The
latter case was investigated by us previously [1]. Thelasion is made about sig-
nificant difference between the action of attosecond fandosecond laser pulses
upon the atomic clusters.

The calculated angular distribution of monoenergetectrons emitted by
a Xe cluster under conditions described in [2] h®wn as an example in
Fig. 1. The field frequency ishw = 150 eV, the laser intensity is
| = 10° W cm? and the pulse durationis= 500 as. The angle between a laser
polarization direction and an electron momentumh is
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EFFECTS OF MAGNETIC AND NONMAGNETIC IMPURITIES ON
ELECTRONIC PROPERTIES OF SEMICONDUCTOR MULTILAYERS
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Using the single-site coherent potential approximatioRA) for magnetic and
chemical (nonmagnetic) impurities, the electronic dgrd states in semiconductor
multilayers is studied theoretically. The results wil presented for a multilayer
which consists of five atomic layers. For this lagestructure, the local density of
states (LDOS) depends on the layer number and henceiefirke features and the
sharp peaks (van-Hove singularities) in the LDOS arerdiitein various layers due
to the quantum confinement of carriers along the pedfidirection. We find that
the LDOS which depends on the impurity concentratiamd the strength of disor-
der varies differently in the cases of magnetic asthmagnetic dopings.

With increasing the nonmagnetic (chemical) impuritycantration, some of the
van-Hove singularities in the LDOS disappeared. In thse of donor (acceptor)
impurity, by increasing the electronic spectra are shifted to the lower @@rnigh
energy side and the van-Hove singularities gradually diseggbelloreover, in the
presence of magnetic impurity, the bands are broademedodthe impurity spin
fluctuation, and the van-Hove singularities can completslgppear and the curves
become smooth. This band broadening depends on the stremgétyroétic disorder
and is much larger when the interaction is strongee fBsults may be useful in
electronic and optoelectronic nanodevices.
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BIPOLAR TRANSISTOR BASED ON GRAPHANE
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In contrast to graphene which is a gapless semicondgptphane, the hydro-
genated graphene, is a semiconductor with an energy ggpthEo with the two-
dimensional geometry, unigue transport features of graphedepossibility of dop-
ing graphane, p and n regions can be defined so that 2D p-iopsibecome feasi-
ble with small reverse currents. Resent analysis stibat an ideal I-V characteris-
tic for this p-n junction is expectable [1].
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Fig. 1. The electric field distribution for Fig. 2. The potential distribution for
a 2D p-n junction. a 2D p-n junction.

Based on the behavior of a p-n junction, we can preaécbehavior of bipolar
transistors based on graphane. Profiles of carriersrdanidsic parameters of the
graphane transistor are calculated and discussed.
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LATTICE HEAT CAPACITY OF MESOSCOPIC NANOSTRUCTURES

B. Gharekhanlou, S. Khorasani
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We present a rigorous full guantum mechanical model fdattiee heat capaci-
ty of mesoscopic nanostructures in various dimensiorgieMcan be applied to
arbitrary nanostructures with known vibrational spettin zero, one, two, or three
dimensions. The limiting case of infinitely sized mulimensional materials are

also found, which are in agreement with well-knowrultss The simplified heat
capacity is shown to be [1]

2
_ 1 (o)™
2 h
KT exp[ "’(n)]_l
KT

Several physical test cases are tested against thisilfdion, having the vibrational
spectra of harmonic oscillatorry; hydrogen atom (~-), and potential box @?).
Simplifications for one- and two-dimensional structusesh as carbon nanotubes
and grapheme sheets are also discussed.

Harmonic Oscillator Potential Box
0.0¢

Heat Capacity (eV/K)
Heat Capacity (eV/K)

. . . . . 0 . . . L . . . . .
0 50 100 150 200 250 300 0 100 200 300 400 500 600 700 800 900 1000

Tempreture(K) Tempreture(K)
(@) (b)

Fig. 1. Lattice heat capacity of nanostructures with the vibratiepactra of (a) harmonic
oscillator and (b) potential box.
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BROWNIAN MOTION WITH ADHESION
Moshe Gitterman

Department of Physics, Bar-llan University Ramat-Gan. 52900 Israel

In addition to the cases usually considered of a harmasuitlator subject to a
random force (Brownian motion) or having random frequencyaedom damping,
we consider a random mass which corresponds to aratscifor which some
particles of the surrounding medium, adher to an osdailfatosome (random) time
after the collision, thereby changing the oscillatoass. This model, which
describes the Brownian motion with adhesion, can bé&ulugar the analysis of
chemical and biological solutions as well as nano-tedgicdl devices.
Considering dichotomous multiplicative noise and itstlimgi value, white noise, we
have found the exact expression for the first two momfenta harmonic oscillator
with a non-correlated fluctuating mass and an externaendtror the case of
dichotomous fluctuations, this is equivalent to the siamdous fluctuations of the
frequency and the damping coefficient. The statisticgahlysis of Lyapunov
exponents for fast oscillations and white noise shbwas the instability occurs for
large enough strength of noise. Results are comparedheib obtained previously
for the random frequency and random damping coefficient
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ELASTIC PROPERTIES OF GRAPHENE-GRAPHANE NANORIBBONS
O.E. Glukhova, I.N. Saliy, A.S. Kolesnikova, and M.M. &pchenkov
Saratov State University, 410012, Saratov, Astrakhanskaja 83
E-mail: glukhovaoe@info.sgu.ru, Web page: http://www.sgu.ru/node/46538

We report the results of the theo-
graphene retical study of the atomic structure
and elastic properties ofjraphene-
graphane nanoribbons of limited
length. We apply the tight binding
approach [1] andnolecular 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
I 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 \atwease with increasing
length. Elastic module Yp and Poisson's ratio of graphaneribbon are more than
those of the nanotube agtaphane- nanoribbon.o8d agreement with experimental
results has been obtained foetcalculatedyoung's moduli of nanotubes and gra-
phene.
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SUPERCURRENT INTERFERENCE PATTERNS IN MULTIFACET
SIFS 0-r JOSEPHSON JUNCTIONS

E. Goldobin', S. Scharinget, C. Giirlich!, R.G. Mints?, M. Weides,
H. Kohlistedt*, D. Koelld, and R. Kleiner,
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Tsbingen, Germany
? The Raymond and Beverly Sackler School of Physics and Astrofeimyiv
University, Tel Aviv 69978, Israel

? Department of Physics, University of California, Santaldaa,CA 93106, USA

* Nanoelektronik, Technische FakijtChristian-Albrechts-Universit zu Kiel,
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We study the critical curren, dependence on applied magnetic fi¢idfor
Superconductor-Insulator-Ferromagnet-Superconductor  Josephstctions  [1]
consisting of interchanging 0 and segments of equal lengths. The common
theoretical approach [2], which assumes the unifoux diensityB, predicts that: (a)
I(H) has main maxima when the flux per segment is equallt@Hiax quantum;
(b) the other maxima df(H) are much lower and almost symmetric relative to the
main one; (c) the height of the main peaks isi@6®&herel = jowL is the intrinsic
critical currentw andL are the junction's width and length. In experiment, howeve
the secondary maxima between the two main maximasalwamish and the main
maxima ofl, are lower than expected. We demonstrate that thesedsaifiare
caused by a non-uniform flux densiB/resulting from screening currents in the
electrodes in the presence of a (parasitic) off-plagld tomponent. The results
reported here also may explain inconsistent experimeatal obtained earlier on
NCCO-NB ramp zigzag @-junctions [3].
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THEORETICAL MODELS OF THE EXCITATION TRANSFER IN PH ASE
SEPARATING LIQUIDS

A. Goun
Princeton University, 08540, Princeton, NJ, USA

E-mail: agoun@princeton.edu

The use of the fluorescent resonant excitation trafBRET) to study the phase
transition kinetics is demonstrated. The laser tentpergump is applied to the wa-
ter/2,6-lutidine mixture and causes the demixing ofrttbeture components. Cou-
marin 480 and hydroxypyrene laser dyes form excitatiorstea pair once they are
in the uniform phase of the mixture. Due to the diffaedreplubility of these dyes
in the components of the mixture, the excitation fiemseases once the phase sepa-
ration occurs. The increase of the donor fluorescémdieates the extent of the
phase separation. The spatial resolution of the methdetésmined by the Forster
distance of the excitation transfer pair, and in thi&da equal to 3 nm. The dynam-
ics of the excitation transfer between dye molecusesnialyzed for Cahn-Hilliard
and nucleation-growth models of phase separation.
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QUANTUM FIELD MODEL OF THE FERROMAGNETISM
IN GRAPHENE STRUCTURES

D.D. Grachev and L.A. Sevastianov
Peoples' Friendship University of Russia, 6, Mikluho-Maklaya Btoskow, Russia
E-mail: dgrachev@orc.ru, sevast@sci.pfu.edu.ru, Web pagei/atialab.ru/

This work is devoted to the construction of the quantefd finodel, allowing, in
particular, to describe ferromagnetic properties irplgea structures adequately to
the results of physical and numerical experiments snubssible applications.

This nonlinear field model describes properties of ntmniec graphen layers
(forming two-dimensional surfaces), which are connewiithl presence of nontriv-
ial function of distribution of the spin density, formesl @ result of spontaneous
breakout of the spin symmetry of valent electrons imatof carbon.

Within the limits of the offered model exact static atdtionary decisions for
the field function of the spin density, explaining, in pariculexperimentally ob-
served ferromagnetic properties of the graphen filraspecified.

Quantitative estimations of a thickness of the dormafi, dividing areas with
counter directed vectors of magnetization were suggestedh allows to check up
offered theoretical model experimentally. Possible spiidr applications are dis-
cussed.
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THE APPLICATION OF ADIABATIC METHOD FOR DESCRIPTION OF
IMPURITY STATES IN QUANTUM NANOSTRUCTURES

A.A. GuseV, O. Chuluunbaatart, S.I. Vinitsky?,
E.M. Kazaryan?, H.A. Sarkisyarf
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In the frame of effective mass approximation the aptiticaof adiabatic method
for description of impurity states in quantum dots, ewiand wells with parabolic
confinement potential as well as rectangular infinitéghtpotential is presented. A
rate of convergence of the method and efficiency efptoposed program complex,
realized by the finite element method, is demonstrateeikamples of calculation of
spectral characteristics of the models and new efédassonance transmission and
total reflection for the Coulomb scattering, induced Xiglehomogeneous magnetic
field, crystal channel or quantum wire [1-4].
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STUDY OF CHARGE-PHASE AND CHARGE-CHARGE DIAGRAMS OF
INTRINSIC JOSEPHSON JUNCTIONS

M. Hamdipour *?and Yu.M. Shukrinov*
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Dynamics of stacked intrinsic Josephson junctions (idJ)the high-Tc
superconductors is theoretically investigated. The otwra@tage characteristics of
1JJ are numerically calculated in the framework of cjpaty coupled Josephson
junctions model (CCJJ model) [2,3] and capacitively coupgksbphson junctions
model with diffusion currentGCJJ + DQ [1]. The breakpoint region [4] on the
outermost branch of the CVC of the stacks with differeamber of intrinsic
Josephson junctions is studied in detail. We suggest a ch&hdnvestigation of
the thin structure in CVC of 13J based on the recordiegitagrams "charge-phase"
for given superconducting layer and "charge-charge" for diffesaperconducting
layers. It is demonstrated that this method reflec@sthin features in the different
parts of the breakpoint region. We compare our results with previous
investigation [5,6,7] of the charge creation in supercoiitiyidayers, nucleation of
the longitudinal plasma wave in the stack of IJJ and §itructure in the breakpoint
region.

This research was supported by the Russian Foundation far Besearch, grant
08-02-00520-a.
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SUPERCONDUCTING PROXIMITY EFFECT IN
GRAPHENE NANOSTRUCTURES
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Supercurrent through graphene has been studied theorebigaveral authors
with a focus on low temperature behaviors wherebidwed structure of graphene
significantly affects the quantum transport of Cooperspainch as Andreev reflec-
tion [1]. In this work, we study the superconducting proxmeffect in nanostruc-
tures including monolayer and bilayer graphene. Eslhegaying attention to the
effects of the band structure of graphene, we study upersurrent through the
nanostructure. The supercurrent is injected and withdfewm two attached super-
conducting leads. The free energy of the superconductorinactase-
superconductor junction is calculated based on the turarailtdnian, and the criti-
cal current through the junction and the pair amplitudg@phene are obtained. We
numerically estimate the critical current for sevdoams of junctions and discuss
the correspondence with experimental observations. b&havior of the proximity
effect in monolayer system is rather close to thahdrmal metal, which shows
monotonic dependence on temperature and junction sepatdtarever, remarka-
bly, the bilayer system shows a novel oscillating baraas a function of tempera-
ture and junction separation [2,3]. We discuss the odfithese behaviors by study-
ing the pair amplitude in graphene.
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INTERMEDIATE VORTEX STATE IN NANO-SCALE ANTI-DOTS A ND
MESOSCOPIC SUPERCONDUCTORS

K. Hirata, A. Thakur, and S. Ooi
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1-2-1 Sengen, Tsukuba, 305-0047, Japan

We have fabricated anti-dots array in Nb and NbN, fagh-Tc superconductor
Bi-2212 with the diameter of and the spacing &, and have measured the flow-
resistance of vortices perpendicular to the array andhetiagield. Depending also
to the ratio of/a, we can produce a variety of vortex-matching effectuteal and
the fractional matching. In loW; superconductors, the usual matching effect shows
"dips" in the flow resistance at the matching field. Hegre it shows "humps" at
higher magnetic fields, which may be related to thenfdgion of giant vortices and
interstitial vortices, depending on the ratia. The matching phenomena seem to
occur just like the Bloch electrons in two-dimensioriat&on system with crystal-
line lattice under magnetic field. The anti-dot araays as a crystalline lattice to the
vortices. In this case, vortex flow-resistance corredpdn Tc in the linearlized GL
equation. Generation and annihilation of the fractionaiching effect might be well
reproduced. In high+ superconductor, the matching effect is closely relatatido
first order vortex lattice melting of the pristine gaas in the presence of the anti-
dot arrays and with changing the potential energy of diex pinning.

We also measured the vortex state in mesoscopic typger@nductors of In
and Pb. This includes the observation of topologicalengsts with a signature of
occurrence in different critical fields during flux entipd exit. We will show the
existence of a plethora of metastable configurationraniges to access them, and
demonstrate the manifestation of superheating and supegadlsuperconducting
and normal states, respectively, across the supercamgltretnsition.
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DETECTION OF THz RADIATION FROM INTRINSIC
JOSEPHSON JUNCTIONS

A. Irie, Y. Saito, M. Sakashita, K. Yamada, and G. Oya

Department of Electrical and Electronic Engineering,
Utsunomiya University, Japan

We have studied terahertz emission from current-biaggdsic Josephson junc-
tions (13Js). Large 13J stacks, which include 100-200 pmstiwith dimensions of
290x90 um? were formed on BSrLCaCuO, single crystals by standard photolithog-
raphy and Ar ion milling. In order to detect terahegdiation from these stacks, we
also fabricated a small 1JJ mesa with dimensions<6fiBn® on a different crystal
and used as detector because 1JJs can also resporesalieetz wave. At 4.2 K, the
voltage at a constant bias current for the detect@anmere measured while scan-
ning the bias voltage of the oscillator mesa. Theagaltof the detector mesa
showed the peaks when the voltage of the oscillatoamvas 0.12 and 0.22 V. This
indicates that the oscillator mesa emits a strongtiadiat these voltages. From the
Josephson voltage-frequency relation, it is found thaethekages correspond 0.57
and 0.97 THz. These frequencies are not inconsistenttiét cavity resonance fre-

guencies.
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SURFACE DEPOSITION AND DEFORMATION OF CARBON NANOTU BE
VIA COLLISION

J. Jang and L.C. Saha

Department of Nanomaterials Engineering, Pusan National Universityai(j,
627-706, Republic of Korea

We investigated the deformation of a carbon nanotub8 @eposited on a sil-
icon surface via supersonic collision. By using molecdiamamics method, we
simulated the CNT colliding along its axis by varying theidence angle (fig. 1).
The CNT aligns vertically by reorienting its axis up to psévided the tube end
contacts the surface upon impact. The sputtering @silatoms and extensive
fragmentation of the CNT occur for a high energy calfisiComprehensive analysis
on the collision dynamics of CNT was performed. TheTQmlaxes its structure
within 1 ps but its energy relaxation takes almost 10 ps.

(a)

(b) ()
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THEORY OF ELECTRON-HOLE EXCHANGE IN SEMICONDUCTOR
QUANTUM DOTS

E. S. Kadantsev, M. Zielinski?, M. Korkusinski®, and P. Hawrylak'
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Efficient generation of entangled photon pairs (EPRs) demand" is required
for applications in quantum information processing. iitegor barrier to generation
of EPPs is the so-called ““bright exciton splitting" eréding from the long-range
electron-hole exchange interaction. k& effective mass theory of electron-hole
exchange in semiconductor quantum dots will be presentedjg]matrix element
responsible for the ““bright" exciton splitting in tbiective exciton Hamiltonian is
identified and analyzed. An excitonic fine structure fanedel quantum dot with
guasi-two-dimensional anisotropic harmonic oscillator (2BIO3 confining
potential is considered as a function of the shape anmsotsize, and external
fields. Assumptions and limitations surrounding the apiptiaof the effective
approach to the calculation of excitonic fine struetwrill be discussed and
elucidated with atomistic empirical-tight binding calculagousing QNANO
computational platform [2].
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CROSSED ANDREEV REFLECTION IN MULTITERMINAL
SUPERCONDUCTING HYBRID STRUCTURES

Mikhail S. Kalenkov?, Dmitri S. GolubeV?, and Andrei D. Zaikin?*
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We develop a quantitative theory of electron transpotfiriee terminal normal-
superconducting-normal (NSN) structures. Subgap electromsirgntS-electrode
from one N-metal may form Cooper pairs with their cegmarts penetrating from
another N-metal. This phenomenon of crossed Andreeectigfh (CAR) and
normal scattering at SN interfaces are two mechantdntke charge transfer in
considered structure.

In diffusive limit local and non-local conductances wexrealuated non-
perturbatively at arbitrary interface transmissioAs.low temperature non-local
resistance becomes universal and doesn't depend onrdaremstances and
parameters of the normal terminals. For instancguasi one-dimensional geometry
nonlocal resistance takes the following form

— ri -d/§
R, =—e"",
where & is zero temperature superconducting coherence ledgththe distance
between NS contacts, andis Drude (normal state) resistance of the segment of S-
metal with length<. It is well known that interplay of the Andreev refiect and
disorder induced scattering leads to zero bias anomaly nductance of NS
junctions. We show that similar anomaly appears inlocal conductance.

Local and nonlocal transport in hybrid superconducting &tres is very
sensitive to the presence of ferromagnetism in thmal terminals. In particular, in
ferromagnet-superconductor-ferromagnet structure ndnteséstance is no longer
universal and depends on mutual polarization of the fexgmets and zero bias
anomaly is strongly suppressed by exchange field both ial lasd nonlocal
conductances.

Our predictions are in a good agreement with recent empetal observations.
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GEOMETRIC SHAPE EFFECTS ON FIELD EMISSION
FOR AXISYMMETRIC AND WALL-LIKE EMITTERS
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The Fowler-Nordheim (FN) theory is extended to inclugmintial distribu-
tion outside an axisymmetric ellipsoid and a wall witeeani-elliptical shape. The
tips of nanometric radii, are considered. The vanaitioemission over the surface is
taken into account by effective emission area. TheslBNes are found to be mark-
edly larger in comparison with those predicted by thedsted FN theory. Analysis
of experimental observed slope can provides informationtajpeometrical charac-
teristic of emitters. It is shown that for wall-lileeitters the geometrical effects are
less pronounced in comparison with the axisymmetric eraitt
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We investigated the vortex dynamics in several nanalszperconductors.

In finite superconducting networks, we found peculiar vosticich as giant
vortex and anti vortex [1,2]. And, we investigated the dyica of vortices in the
asymmetric finite networks under the external AC curtaing the time-dependent
Ginzburg-Landau (GL) equation. And found the rectified motibrnortices, which
depends on the external magnetic field, temperature andntpétude of the AC
current [3].

In a composite structure of d- and s-wave superconduatatst), we showed
the appearance of the spontaneous half-quantum magneticuling the two-
components GL equation. We proposed a cellar automattgiiegate using these
half-quantum vortices, and simulated the operation ofgthis [4].

References

[1] O. Sato and M. Katdnhomogeneous Superconducting State of Superconducting
Networks in a Magnetic FieldPhys. Rev. B68, 094509 (2003) .

[2] M. Kato Y. Iwamoto, O. Sato,Vortex structures in disordered finite
superconducting square networks under external magnetic fiblgs. Rev. B30,
024510 (2009)

[3] M. Kato, O. Sato, M. Hayashi, H. Ebisawa, T. KoyaflaMachida, T. Ishida ,
Vortex dynamics in asymmetric superconducting netwdrkysica C468 1249
(2008)

[4] S. Nakajima, M. Kato, T. Koyama, M. Machida, T. tidai F. Nori,Simulation of
logic gate using d-dot'sPhysica C468 769 (2008)

73
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A superconducting ring with a ¢
junction made from superconductor (S © -
ferromagnetic-metal (FM) / superconduct = 19 ?
(S) exhibits a spontaneous current witht=
an external magnetic field and the cori .
sponding magnetic flux is half a flux qua
tum in the ground state [1]. Such a p-ri =
provides so-called "quiet qubit” that can | £ 00
efficiently decoupled from the fluctuatio 5 - - )
of the external field [2]. However, the u Ly
age of FM gives rise to strong Ohmic di gjg 1. josephson critical currei@ as a
sipation. Therefore, the realization of  fynction of the thickness of Fi laye.
junctions without FM is highly desired fc
qubit applications. We theoretically consider the pddsilof the p-junction for-
mation in the Josephson junctions with ferromagnetidatats (FI) by taking into
account the band structure of such materials. In the cathe fully polarized Fls,
e.g., LaBaCuQ and KCuF,, we found the formation of a p-junction. More remark-
ably, we show that the ground state of such junctierrates between 0- and p—
states when the thickness of Fl is increasing bygesatomic layer [Fig. 1] [3].

Such Fl-based Josephson p-junctions may become an elentieatarchitecture
of future quantum information devices [4].
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We present a model of agglomeration of carbon clustens §mall molecular
fragments torn out from graphite at high temperature.tddnd-bending energies of
such clusters, especially those containing pentagonal anddmataings, are taken
into account and used in the Boltzmann factors correspgrdi each step of ag-
glomeration. Probabilities of clusters with growingwher of carbon atoms are cal-
culated. The principles of self-similarity and least femergy can be then applied.
The self-similarity requirement means that the gromitusters tend to conserve
their local curvature; the least free energy meaingmreing the bond-bending con-
tributions.

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

" This work develops the ideas exposed in my recent book rieKe'Models of
Agglomeration and Glass Transition”, Imperial Colleges8 2007
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NANOPARTICLE SIZING AND LATE STAGE FUSION DURING MA TRIX
DIFFUSION: A MATHEMATICAL MODELING STUDY

R.A. Khan'* and V. Raf
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“Department of Mathematics, Manav Rachna International UniversiBi()] Sec-
tor-43, Aravali Hills, Faridabad, HR, India

Keywords: Nanoparticle, Kinetics, Viscosity, Sizing, Fusion, Diéfatial Equation,
Numerical Simulation

The nascent nanoparticle formation in the colloidalolesand its differentiation
into respective uniform-sized nanoparticles is a fundamhentestion in the for-
mation of the nanomaterials involving the particulattter. Diffusion alone does
not play the role in its distribution over the matrikieh seemingly to us is a frac-
tionated and initially as well as penultimately is a veetlered structure for major
time-fraction of the synthesis. The size distribatie governed by a threshold limit
decided by viscosity of the matrices and density of thedéd nanoparticles in the
reaction decided by the prevalent kinetics of the reactamd product. Moreover,
further size distribution from initial sizing to latetage sizes is dominated by the
disturbance in the distribution pattern owing to spawoéadtion in the changing den-
sity of the inherent medium which follows a random pattdine pattern keeps
changing with time and particle drift decides the ultinsitgye nanoparticle’s size-
fusion and early agglomeration.

A mathematical model is proposed to represent nanopasiiitg and late stage
fusion. The systems of differential equations are studiedyumsimerical simulation
which uses Runge-Kutta 4.
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SHEET CURRENT MODEL FOR INDUCTANCES EXTRACTION AND
JOSEPHSON JUNCTIONS DEVICES SIMULATION
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Sheet current model for microelectronic superconductarctstres, based on
Maxwell and London equations, is presented. In this modagnetic field is three-
dimensional but resulting integro-differential equationscfmrent density potential
are two-dimensional. These equations are solved using #fément method and
matrix of self and mutual inductances is calculated asasgetiurrent distribution in
superconductors. Then, current distribution can be usechfoulation of boundary
conditions for Josephson junctions equations. In partieutaapply this approach
for calculations of bias and control line currentsffax flow oscillator simulation
problem. The program and results of calculations sesemted.
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EXPERIMENTAL OBSERVATION OF THE INVERSE PROXIMITY E  F-
FECT IN THE SUPERCONDUCTOR/FERROMAGNET BILAYER

Yu.N. Khaydukov®, K.N. Zhernenkov*?, Yu.V. Nikitenko®, B. Nagy,
L. Bottyan®, R. SteitZ, A. Teichert’, A. Rihm®> and V.L. Aksenov
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*Helmholtz-Zentrum fiir Materialien und Energie, Berlin, Gany
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Penetration of the superconducting order parameter insicanfagnet metal in
superconducting/ferromagnet (S/F) heterostructures isicédly called proximity
effect. Theoretically it was also predicted inverse prityi effect - the appearance
of the induced magnetization in S layer near the Bt€rface. This effect is dis-
cussed in various theoretical works, where it is shthan the induced magnetiza-
tion can have both positive and negative sign to the ataation in the F layer [1-
3].

In this work we present the first experimental obsermaticthe inverse proximi-
ty effect done by the polarized neutron reflectometryhensystem Cu(32 nm)/V(40
nm)/Fe(1 nm)/MgO. Here vanadium is superconducting layer watfsition tem-
perature E = 3.5K, iron is ferromagnetic layer with Curie temgtare of about 400-
500K. The S/F is placed between layers Cu and MgO toecveveguide enhanced
regime of neutron scattering [4]. This regime allowedntrease sufficiently weak
neutron scattering from magnetic potential and alloteesbserve induced magneti-
zation with positive sign in S layer close to the Bterface. Possible explanation of
the results based on the theory of the inverse proxiafiiect in ballistic limit [3] is
discussed.
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CAVITY SOLITON MOBILITY IN SEMICONDUCTOR MICRORESON  A-
TORS ABOVE LASER THRESHOLD

R. Kheradmand and M. Eslami
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Iran
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We consider a broad area vertical-cavity driven sendigotor laser (VCSEL)
that includes the multiple quantum well structures. Tkemiconductor
microresonator is of the Fabry-Perot type that glesithe longitudinal single mode
operation. The dynamical behavior of these nonlim@mtems is described by
Maxwell-Bloch equations. The standard adiabatic eliminmatibpolarization which
leads the Maxwell-Bloch equations to the rate equatiommatabe used for
femtosecond time scales response. Hence, for thés agtcal gain and refractive
index could not be defined since we must assume that gdth igi infinite [1-3].
Density matrix formalism is the suitable method to owere this problem [3],
According this formalism for two levels Atomic systel®ensity matrix method reach
to full set of Maxwell-Bloch equations which has been jglest more realistic and
complete model to treat semiconductor laser dynamic#his paper, we applied the
complete Maxwell — Bloch coupled equations [3]:

The cavity solitons have been written by injecting &ing beam which has a
same phase with holding beam and CSs persist when ®ebldtked, with
changing the phase of the writing beamnbye injected a beam with the opposite
phase as (HB) thus cavity solitons have been erased. rnlimerical results
illustrated existence of stable cavity soliton in the ugpanch of stationary. As it
has shown in the following figure, the created solitdagted to move in a random
direction.
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STUDY OF ALL OPTICAL SWITCHING BEHAVIOR IN SEMICONDU  C-
TOR MICRORESONATOR WITH NANO-ACTIVE LAYER

R. Kheradmand and H. Aryan
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Iran
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In this paper we study required perturbation coefficiemtsfvitching between
two state in our all optical switch that is based ortrotling optical patterns[1-3] in
semiconductor microresonator with nano layer as aveactedia.

In semiconductor microresonator devices optical pattemerge from the
coupling of the nonlinear medium response, diffractionl the feedback action of
mirrors. First of all we presented results of our dwitg for experimental
parameters according to reference [3], and after thatoptemized all optical
switches with study of different fundamental parameters irsystem.

In this paper all optical switches that are based orraoot transverse optical
patterns have been investigated. A semiconductor micmaesx in active
configuration has been considered for patterns formatiso. to perform switching
a spatial perturbation as modulated input field amplitudebbas injected to the
system. Behavior of carriers in spontaneous patternmafion and patterns
switching has been studied. We explored performance of nsyste patterns
formation and switching with respect to fundamental igayscharacteristics of
system.

Results demonstrate that with increasing length of cakigyrange of required
input field amplitude for patterns formation increaseghsly and also the minimum
perturbation coefficient for switching decreased gyedthcreasing nonradiative
recombination rate of carriers about ten percent appéhatdequired input field
amplitude for patterns formation raised more than befateeit the minimum
perturbation coefficient for switching and switching awitching time dose not
vary considerably.
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MASSIVE DIRAC FERMIONS IN GRAPHENE
D.V. Khveshchenko

Department of Physics and Astronomy, University of North Carolihapél Hill,
NC 27599, USA

Recent advances in microfabrication of graphene hawe ritgoossible to test
the low-energy quasiparticle excitations in this systelickvcan be described as
Dirac fermions carrying an additional orbital ("vallpygjuantum number, besides
the physical spin 1/2. In this work, we focus on the &ffe€ strong Coulomb corre-
lations and disorder, drawing some insightful parailéth the phenomena of chiral
symmetry breaking and magnetic catalysis in relatoalyy invariant 2+1-
dimensional fermion theories. We make a number of speeperimental predic-
tions and compare them with the available resultsimfieling, photoemission, and
magnetization measurements, as well as Monte Carldagions.
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LIPID NANOSTRUCTURES
M.A. Kiselev
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Lipids are important component in the formulation of drugaparticles, drug
carries, pharmaceutical and cosmetic creams. The refudtauctural investigation
of lipid nanostructures are presented for two typespdidi phospholipids (main
component of plasma membrane) and ceramides (main camiof the lipid ma-
trix of stratum corneum). Experiments were carried oubéytron and X-ray scat-
tering at different European neutron and synchrotron kente

The theoretical problems are discussed related to the:

* Membrane self assembly in the mixed phospholipid/ detesystems and
stability of the mixed phospholipid/detergent vesicleshie process of
drug delivery through the skin [1]

* Super-strong membrane interaction created by ceramide écuhes in
the lipid matrix of stratum corneum (mechanical and diffagdroperties
of the skin) [2].

» Phase diagram of the spontaneous curvature of the phipsghmwiilamel-
lar vesicles [3]
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STRUCTURE, QUANTUM EFFECTS AND MAGNETISM IN PD CON-
TACTS

A.L. Klavsyuk, S.V. Kolesnikov, and A.M. Saletsky
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Palladium is one of the most intriguing and controvensiaterial, which could
exhibit magnetic properties in nanocontact by smaiktians of external parame-
ters. Quantum point contacts are structures in which kB okatoms just a few
atomic diameters wide bridges two electrodes. Our appraabased on density
functional theory ViennaAb-initio Simulation Package (VASP) and Molecular-
dynamics method. Atomic relaxations of nanocontants electrodes are calculated
with ab initio based many body potentials for low-dirsienal systems. We con-
centrate on Pd atomic bridges. The main goal of theeptestudy is to understand
the role of linear sizes, orientation and temperatarevolution of the contact and
reveal the interplay between the stability of nancacist stress and electronic struc-
ture. Using molecular dynamics simulations we havevshthat the formation of
the contact strongly sensitive to the sizes and atient The standing-wave pat-
terns that are confined within the 1D bridges allows tnexplain the changes in
the electronic states of bridges. We show that tbmiatbridges constructed from
non-magnetic in bulk Pd can be magnetic.
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IMAGING HOT SPOTS AND THz WAVES IN INTRINSIC JOSEPHSO N
JUNCTIONS
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Having small sized active and tunable devices operatifiggtiencies up to the
Terahertz (THz) range is one of the goals of modernreldcs. However, there is
still a lack of good active or passive devices, ofefarred to as the "Terahertz gap".
Intrinsic Josephson junctions formed by the layered argstucture of high temper-
ature superconductors such agSBICaCyOg have the potential to operate in this
regime. While for a long time the research on THz gei@r with this type of junc-
tions was carried out with perhaps only modest succesmthe synchronous emis-
sion, with an estimated output power in the pW range ackstconsisting of sever-
al hundred intrinsic Josephson junctions was achieve\&]report on the investi-
gation of THz electromagnetic wave generation in istcjunction stacks of differ-
ent geometries, using a combination of transport meamnt, direct electromagnet-
ic wave detection and Low Temperature Scanning Laserobtiopy [2].
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INSTABILITY OF THE NEMATIC LIQUID CRYSTAL FILLED WIT H
SPHERE-LIKE MAGNETIC-IMPURITY PARTICLES AGAINST FOR -
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In the last decade, much attention has been attracteifled Liquid Crystals .
highly disperse suspension of impurity particles in nesiafilid carrier. The tested
objects are filled nematic liquid crystals.highly-dispesaspension of impurity na-
noparticles within the nematic liquid carrier. The sgalistribution of rigid-sphere-
like magnetic-impurity nanoparticles within the hosmatic liquid crystal is stud-
ied. Both the indirect effective interaction between ithpurity particles by means
of nematic medium and the direct magnetic interactiorcansidered as being re-
sponsible for the formation of (modulated) superstrusturethe general case, total
interaction between the impurity nanoparticles inclushes contributions.Van der
Waals-type direct interaction (at short distances &ebtwthe particles) and magnetic
one as well as indirect interactions (through bothdinector-field distortions and
the density inhomogeneities. The last one depends on @tugerdensity of nemat-
ic host medium and impurities. concentration. As shawere are long-range and
guasi-oscillation characters of such an interactioitsirenergy dependence on the
distance between impurity particles. This effectiverattion controls the structure
formation and properties of a system. Using continuurchareics and statistical-
thermodynamics approaches, we analyze the necessargddynamic conditions
for formation of modulated lamellar structures. Thisditon allows to calculate
temperature of homogeneous-distribution stability lasd to estimate period of
formed structure along direction of undistorted diredResults of calculations are
in a qualitative agreement with available experimenttd éad computer simula-
tions. The offered theoretical approach can be useor¢gdsting other anisotropic
and inhomogeneous mesomorphic systems, which can finatappi by develop-
ment of integrated-optics facilities to govern the lighem passing (diffraction
gratings of an optical range etc.).
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TOWARDS TERAHERTZ JOSEPHSON RADIATION SOURCES:
RECENT RESULTS
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In the talk recent results of our work towards continuegewaraherz radiation
sources based on arrays of discrete Josephson jungaiibie summarized. Self-
radiation from arrays of low-temperature [1] and high-tenaijpee superconductor
junctions [2], embedded in an open quasioptical resonatorbwilliscussed. We
have explored the millimeter wave radiation from ourepbson junction arrays
embedded in a quasioptical resonator. Radiation from awagdetected by a low
noise superheterodyne receiver at frequency about 80 GHiqaittinitrogen and
helium temperatures. Also the new results of the nmmeamnts with broadband de-
tectors [3] will be presented. To explain the coherent beha¥ the array of Jo-
sephson junctions electromagnetic field simulationsewgerformed. Considering
the substrate as a dielectric resonator antenna, ffezerd emission was excited if
the location of each subarray coincided with the postiof the maximum electric
field intensity in the substrate resonance mode. Trewidth of the self-radiation,
microwave coupling and impedance matching with a quasiopésahator will be
discussed at the Conference.
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PHOTONIC BAND STRUCTURE CALCULATION AND OPTICAL
ABSORPTION MODELING OF THE COPPER CARBON COMPOSITE
NANOLAYER BASED ON THE 3D LATTICE OF COUPLED DIPOLES
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Absorption coefficient and photonic band structuresfaubic lattice of metallic
nanoparticles have been calculated. The applied methdaigaralculation is based
on three-dimensional extension of the one-dimensional Imiodethe chain of
Hertzian nanoparticle dipoles. In this approach, meta#iitoparticles are treated as
coupled electric dipoles. Three dimensional particular equatiormotion is
obtained in the presence of the propagating electromagmave by the
approximation of the nearest neighbor interaction pbléis. The propagating wave
solution of this equation led to coupled equations for raem coefficient and
photonic band structure of the metallic nanoparticlec&atiThese coupled equations
are solved numerically and absorption coefficient isioled versus wavelength for
different nanoparticle sizes and lattice constants. Tdsorption spectrum of a
copper-carbon nanocomposite that is a lattice of copaeoparticles in the bulk
diamond-like carbon is also measured. The analyticallteedor absorption
spectrum are compared with experimental data and result eofpthviously
published one-dimensional model.
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Intrinsic Josephson junctions (13J) are examples ofimear systems which have
enough degrees of freedom to be chaotic [1]. Here we estiritbe chaos in 13J. We
first found the Lyapunov exponent [2] (LE) of the lineadzform of the coupled
equations, transformed to Fourier space [3]. Fig. 1 stiosvkE plotted vsQ(k)and
B(k), which are related to the end to end voltage and Md®@unparameter,
respectively. This figure distinguishes the chaotic dosjavhere LE> 0. We will
also discuss about LE fof = 9 andN = 10, in periodic and non-periodic boundary
conditions, showing that the longitudinal plasma wavéilitas in the region
between the resonance region [3] and LE=0 boundary curgeshv that there are
small chaotic domains inside the non-chaotic regiond avill present an
interpretation of such domains
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Fig. 1. Lyapunov exponent vers@gk) andp(k).
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MAGNETO-ORIENTATION AND QUANTUM SIZE EFFECT IN SP-S TM
CONDUCTANCE IN THE PRESENCE OF A SUBSURFACE MAGNETIC
CLUSTER
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The influence of a single magnetic cluster in a nonsetig host metal on the
spin curren® and the charge currepin the vicinity of a ferromagnetic STM tip is
studied theoretically. Spin-flip processes due to eledtrmmaction with the cluster
are taken into account. We show that quantum interferertveedie the partial
waves injected from the STM tip and those scattered byltister results in the
appearance of components perpendicular to the initialripaleon of the spin
current j®, which obtain a strongly inhomogeneous spatial disidbut This
interference produces oscillations of the conductanae fasiction of the distance
between the contact and the cluster center. Thiadgri amplitude depends on the
current polarization. We predict a strong magneto-aaieonial effect: the
conductance oscillations may grow, shrink, or even vdbistotation of the cluster
magnetic momenfles by an external magnetic field. These results can be fosed
the determination of thig.s for magnetic clusters below a metal surface.
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SCATTERING OF ELECTRONS ON THE DISCLINATION DIPOLE IN
METALLIC NANOTUBES

D.V. Kolesnikov and V.A. Osipov
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The electronic transport properties of metallic nanoubeshe presence of
disclination dipole (a pair of closely spaced fivefold asevenfold ring) is
investigates with the transfer-matrix technique. Théuémfce of dipole and the

curvature of the structure are taken into account. Comiecetand Fano factor are
found as a function of lattice distortion vector.
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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 layeyda [1]. At the room
temperature and the small coverage Co adatoms fornrmgedsa bilayer islands [2].
At the lower temperatures and the coverage near 1 MInamsamonolayer film is
formed. This film has both vacancy pits in the fiestdr and small Co clusters at the
second layer. This work is devoted to the investigatiodiféision and ripening of
vacancy pits in such Co thin film.

The ripening of vacancy pits occurs via one of the falhgwvays [3]. The first
way is Smoluchowski ripening — i.e., vacancy pit diffusion apdlescence. The
second way is Ostwald ripening — i.e., dissolution of snglits and associated
growth of lager pits. In a usual case only one of thigswalays a key role in the
process of ripening. However, Co thin film on Cu(100) & @hique system where
three major processes occur simultaneously: (a) Smaksttoipening of vacancy
pits, (b) Ostwald ripening of vacancy pits and (c) groefthCo clusters in the
second layer. Consequently, this system has differentvioehdepending on the
initial size and density of vacancy pits.

We present the detailed theoretical investigation efdiffusion and ripening of
monolayer vacancy pits in a thin Co film on Cu(100) sigfall relevant atomic
events were calculated by means of the molecular dyngiviiey method withab
initio based interatomic potentials. The evolution of the G(Q0) system was
simulated using the kinetic Monte Carlo (kMC) method.
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DYNAMICS OF MAGNETIC NANOPARTICLE ASSEMBLY
V.N. Kondratyev
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2 Bogoliubov Laboratory of Theoretical Physics, JINR, 141980, Dubna, Russia

The assemblies of magnetic nanoparticles provide an opytgrto develop new
materials with characteristics beyond traditional sofidd bring plausible benefits
in ‘figures of merits'for advanced technology and therapy. In particular, raéve
laboratory tasks, e.g., injection, sample preparati@nipulation, reaction control,
detection, separation etc, can be integrated in a siagie-magnet assembly, i.e.,
‘lab on a chip’ system, cf. [1, 2] and refs. thereimtHis contribution we consider
analytical tools employed to specify, quantify and anakzeh devices in respect
with magnetodynamics.

At increasing the density of nano-magnets the assesthlgture changes from
superpara- (SPM) to superferro-magnetism (SFM) [1] indycthereby, jerky
magnetodynamics with sharp discontinuities in the amagnetization process [2].
For a description of such noisy magnetodynamics of megnanoparticle arrays
we employ the randomly jumping interacting moments (RJIMJieh§?] including
guantum fluctuations due to the discrete level structuref-dute coupling and
disorder. Magnetic state equation of such a system nsownlgtrated to exhibit
spinodal regions in{disorder, magnetic field}-plane and the critical points.
Exploring correlations of noise amplitudes represents tbavenient analytical tool
for quantitative definition, description and study of vasiqurocesses in a nano-
magnet assemblies emphasizing, thereby, the conditi@edferganized criticality.
Further implications of proposed tools will allow to sfeend study quantitatively
the possibility of manipulations by magnetic materiatsparticular, ligand (e.g.
oleic acid) stabilized nanocrystals of iron series diteon metals with enhanced
magnetic moments which represent promising candidaiesthie magnetically
responsive component of macro-molecule beads, signifisaatlvanced therapy.
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MAGICS FOR MAGNETIZED FERMI DROPLETS
V.N. Kondratyev
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Shell effects represent an inherent property of thenFdroplets (FDs) due to
guantization phenomena caused by a confinement to a dipétial volume. Such
features are usually displayed as oscillations of varmservables around its
smooth behavior as a function of a size of, e.g., ftaysials, atomic clusters and
nuclei, and/or quantum dots referred for hereafter as FDiis contribution the
size distribution of fermionic aggregates in strong nedig fields is considered by
employing a model of statistical equilibrium (SE). Accaglito SE treatment the
portion Y of fermionic speaces at a temperature T ig\pnaetermined by the
binding energy B of corresponding cluster of fermions. Consglypethe
dependence of relative outputs for system composition ¥Y(0) on magnetic
field strength H is defined by a change of binding energy Bénfield. Magnetic
field brings new dimension to shell oscillations. Assimwn recently [1,2] shell
effects dominate magnetic phenomena for fermionic agdee of sufficiently small
size. We incorporate the harmonic oscillator specttoranalyze FD magnetism.
Specific examples are presented for atomic clusters aridi.nAs is demonstrated
the oscillations of thermodynamic potentials (i.the binding energy at zero
temperature) as a function of field strength represeritaps the most interesting
universal feature of magnetic reactivity. The Zeemglitting in varying magnetic
fields originates such a behavior.

The change in the level structure caused by magnetic fesdlts in rather
different field dependence of relative abundance for magit anti-magic systems
at vanishing field. At increasing strength H in the ranfjeelatively "weak" fields
the production of magics is suppressed, while the porti@antifmagic aggregates
grows. Such a behavior is related to magic--anti-magitching [2] in fermionic
shell structure at varying magnetic field.
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PROGRESS IN HIGH-LINEARITY SQIF STRUCTURES
V.R. Korney, l.I. Soloviev, N.V. Klenov, O.A. Mukharov

Physics department, Moscow State University, Moscow, Russia

This paper summarizes both theoretical and experimentdiest aimed at
synthesis of high-linearity multi-element Josephson sirast Such structures are of
great promise for design of highly sensitive broadbangligyimg systems. Parallel
SQIFs with special pattern and serial SQIFs consistingi-8QUIDs have been
developed, fabricated and tested. The obtained resultsemenped and discussed in
detail.

SUPERCONDUCTING QUANTUM BIT STATE EVOLUTION UNDER
DETERMINED EXTERNAL FORCE

N.V. Klenov, A.V. Sharafiev, V.K. Kornev, S.V. Bakurky
Physics department, Moscow State University, Moscow, Russia
Evolution of the superconducting quantum bit (qubit) densigrican has been
analyzed both numerically and analytically in therfeaof Lindblad type equation.
Characteristic time of the coherent state decay underndieied external force is

analyzed for different rigidness factors of measurerpentedure or qubit design
and discussed from viewpoint of logic operation and reguimsedure.
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THE STUDY OF CHARGE TRANSPORT THROUGH DENSE
STRUCTURES OF ORIENTED CARBON NANOTUBES

Z.Ya. Kosakovskayd, Yu.l.Latyshev!, A.P.Orlov', G.G.Kosakovskif
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str.11/7, Russia
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It's known that quantum interference

phenomena not only exist in disordered
systems, but also can be amplified by their o]
disorder, i.e. it's to appear in the conditions ..., | O
of weak localization of charges. The high & ] Lo

. . . g 20004 ] [}
density aligned carbon nanotube films T J%-g\

having the considerable disorder of
structure in cross-section were objects of
our studies. The influence of hydrostati®
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 500K at atmospheric pressure. It

was found that at pressure 07 GPa a seve~'
films had a decrease by jump of resistan
on 4-5 orders of magnitude in the intervi s
250-350 K (Fig.la). In this temperature .z
interval the Seebeck coeficient had i;:::f
change as a nonlinear function (Fig.1k ¥ *=/

The conductivity jump of nanotube films a s

a0 |

250 K also was observed on tunnelir el . ... o |
spectra of nanotube films if bias was moi vin

~2 mV (Fig.2). Tunneling spectroscopy on Fia.2

aligned carbon nanotube films shows universal zero di@snalies existing from
4K to 350 K. We consider the anomaly as a pseudogap that aphean® a
presence of internanotube correlated state. It's integesghat the similar pseudogap
exists on the interlayer tunneling spectra of nanogt@pbut only from 4K to 30K.

In a presence of magnetic field of @2and 27 T oriented normal to nanotube films
(along nanotube axis) the resistance hysteresis of nandiois with a large

relaxation time were observed.
The work has been supported by RFBR grants No 08-02-01093-a.
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THE STUDY OF FORMATION CONDITIONS OF CARBON FILMS WITH
DIFFERENT STRUCTURE DIMENSIONAL

G.G. Kosakovskit', M.M. Simunin?, V.K. Nevolin', Z.Ya.Kosakovskay& and
A.M. Smolovich?

"Moscow Institute of Electronic Technology, 124498, Moscow, Zelendguadia
nstitute Radioengineering and Electronics, 125009, Moscow, Mocamtag1/7,
Russia

E-mail: german_kos@mail.ru

The change of this ratio in several times lead todha&nge of the grow
mechanism and the morphology of carbon films. Theuémte of thermal and
geometrical properties of flat substrate on struotfirearbon films synthesized by
high temperature methods was studied theoretical and exdaity. It's shown
that the equivalent conditions of nucleation and grafttarbon structure may be
arranged on various substrates if their parameter of Gurial/a,, (d— thickness,
a, — coefficient of temperature conductivity of substrat#)) lve equal.The change
of this ratio in several times lead to the change ofgtio&y mechanism and the
morphology of carbon films.
Thus, the conditions for

0 T T T T T 250

I\ Si(d=0.3mm; & = 325)

<150

- 100

0 20 w0 @ 80 100 120

tm,s

Fig.1. Overheat of substrate surface
at the nucleation stage

£ =

4200
| polycor(d=0.2mm; & = 259)

450 NaCl(d= imm; @ = 115)
KBr(d= 3mm; a = 107)
alass(d=0015mm; @ = 24.6)

0 LiF(d=0 5Smm; & = 22.9)

0

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

N \
AT

Fig.2. SEM images (a, b), STM imagg (and AFM image (d) of carbon films were
synthesized in one technological process

of k and, therefore, overheating of substrate's surfaceljFi@n Fig.2 is shown
images of four different structures of four carbon filfos the various substrate
groups (see Fig.1) which were synthesized in one techgalogrocess. The
possible growth mechanisms of carbon structures willississed.

96



DYNAMIC KINK STATES IN INTRINSIC JOSEPHSON JUNCTIONS
GENERATED BY INTERNAL RESONANCE

A. Koshelev

Materials Science Division, Argonne National Laboratory, USA

Intrinsic Josephson-junction stacks are realized in nfesagated out of high-
temperature superconductors, such asSBLaCuyOg... Phase oscillations in
different junctions can be synchronized via coupling toittternal cavity mode
leading to powerful electromagnetic radiation in tergh&nequency range [1]. As
homogeneous oscillations do not couple directly to thigycanodes, the mechanism
of mode excitations is a nontrivial issue. New dynastate providing a very
efficient coupling has been demonstrated recently [2]. Af&ajure of this state is
the alternating phase kinks and antikirdtatically located near the center and
coexisting with the oscillating phases. We studied evolutibrihis state with
increasing magnetic field at fixed current and found severgmic regimes. The
initial kink state remains stable up to a certain a@itigeld, similar to the lower
critical field. Above this field the kink configuratiortasts to restructure and we
observe formation of differergtatic kink lattices existing inside dynamic states.
These lattices represent new resonance-stabilizbéérext states which differ
considerably from the well-known static and moving pbsen vortex lattices. The
voltage monotonically increases with the magnetid féad behavior changes when
the voltage exceeds the resonance voltage. Above thiageothe kink states
become disordered and the voltage-field dependence becomgsHioally, above
certain field, the coherence is lost completely anditibatate emerges. We will
also discuss (i) stability analysis of the coherentestand (ii) synchronization
regimes in inhomogeneous mesas.

This work was supported by the U. S. DOE, Office of S@enader contract # DE-
AC02-06CH11357.
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ELECTRODYNAMICS AND INTRINSIC JOSEPHSON EFFECTS IN
MULTI-GAP SUPERCONDUCTORS

T. Koyama', Y. Ota?, and M. Machida?

! IMR, Tohoku University, 2-1-1 Katahira, Sendai 980-8577, Japan
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The capacitively-coupled intrinsic Josephson junction mfelwhich is used
for the analysis of the intrinsic Josephson effectsemesl in highly-anisotropic
high-Tc cuprates, is extended to the multi-junctiontesys composed of 2-gap
superconducting layers with an atomic-scale layer thicknlesthe 2-gap systems
one can define two kinds of superconducting phase-differenceésedre
superconducting layers. The coupled dynamical equations fehthee-differences
are derived from the effective Lgrangian in this systéve solve numerically the
dyanmical equations and calculate the |-V charactesisiihe phase-differences in
the voltage state depend on the signs of the superconducisdsget or s+-). We
also discuss the effect of the Leggett mode existing iti-gap superconductors on
the dynamics of the phase-differences.
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MOBILITY IN EPITAXIAL GaN: LIMITATION OF ELECTRON
TRANSPORT DUE TO DISLOCATION WALLS

S.E. Krasavin

Bogoliubov Laboratory of Theoretical Physics, Joint Institute facldar Research,
141980 Dubna, Moscow Region, Russia

A theoretical model to explain the bell-shaped dependertbe ahobility versus
free carrier concentration in GaN layers was proposed. The decrease of the total
mobility with n decreasing can be obtained in this modelnisoducing charged
dislocation walls as an additional mechanism of scatteriine agreement with
experiments for GaN layers was found.
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THE MAGIC GOLD CLUSTER Au20(TD) AND ITS LOW -ENERGY
FULLERENE-TYPE ISOMERS

E.S. Kryachko

Bogilyubov Institute for Theoretical Physics and Departme@hamistry,
University of Liege

E-mail: eugene.kryachko@ulg.ac.be

The 20-nanogold cluster Au20 exhibits a large variety of tawd three-
dimensional isomeric forms. Among them is the grouatesisomer Au20(Td)
representing the stable cluster with a unique tetrahshiape, with all atoms on the
surface, and large HOMO-LUMO gap which even slightly exsethat of the
buckyball fullerene C60. The anionic cluster Au20-(Td) hdlslgparent tetrahedral
symmetry features a high catalytic activity. The b§ the properties of the 20-
nanogold clusters surveyed in the present work ranges frerartergetic order of
stability of its isomers to the optical absorption anditation spectra of the
Au20(Td) cluster. We also report the structures and the prepef its doubly
charged clusters Au202+ and Au202- and computationally confirmAth202- is
indeed stable. The zero-point-energy-corrected adiaketand electron affinity of
Au20(Td) amounts to 0.43 . 0.53 eV that is consistent witte#perimental data. In
addition, we provide computational evidence of the existehtieeonovel, hollow
cage isomers of Au20 and analyze their key properties. TGesanogold low-
energy hollow cages are thoroughly examined: their strestand stabilities, their
key properties are revealed and compared with Au20Z(Td) inliffezent charge
states Z=+1,0,-1, and -2. Their void reactivity areesiigated at the DFT level.
Special attention is devoted to the bifunctional reagtni the studied Au20 hollow
cages, the outer or exo-reactivity and the inner, veiendo-reactivity. We analyze
the general features of the voids of the reported goldéerdnes. The values of
ionization potentials and electron affinities, the rolar electrostatic potential and
HOMO-LUMO patterns are compared with those of C60 thatehsimilar void size.
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NANOSCALE SIZE EFFECTS

A.l. Kuklin 2 A.V. Rogachev? A.Yu. Cherny', T.N. Murugova’,
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In this report we review various aspects of size effdgy analyizing a series of
examples we show that various intensive macroscopiacdtegistics of nanoobjects
exhibit non-trivial size dependencies on the scale 26 to 40 A. A method for
determining the point of critical changes is suggesteds Bhiown that drastic
variations take place for the sizes in the region 40-6fAofdinary systems and
120-200 A in the case of magnetic systems. A connectidweba the ratio
“surface-volume” for nanoparticles and the size effectiscussed.
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PERSPECTIVES OF SUPERCONDUCTING NANO-ELECTRONICS
F.V. Kusmartsev
Loughborough University, LE11 3TU, Loughborough, UK

E-mail: F.Kusmartsev@lboro.ac.uk

In the present work we have develped logic gates, thdtiadamental structures
of digital circuits based of superconducting nano-structdresre are seven basic
logic gates (AND, OR, XOR, NOT, NAND, NOR, and XNORAII other types of
Boolean logic gates can be created from a suitableonletsi just NAND or NOR
gate(s). At the present technology logic gates arelynoside of Complementary
Metal Oxide Semiconductor transistors and diodes. Ofteriomsllor billions of
logic gates are packaged in a single integrated circuit. sWsv that these
semiconducting technology can be replaced by superconducting@urestudy is
focused on fluxon logic gates which are based on fluxon dysamie show that it
is possible to produce logic gates based on fluxon dynamiog two dimensional
Josephson Transmission Lines and Josephson juncticasiofis shapes. The logic
is based on the flux cloning and fluxon collision phenomerealdped recently. We
designed OR, AND, XOR and the universal logic gate NANBtimated they
operational times and described simple computing prasesigb the use of the
described fluxon logics.

102



DIRAC FERMIONS IN GRAPHITE NANOSTRUCTURES
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Discovery of Dirac fermions in graphene renewed therésteto graphite. The
existence of Dirac fermions has been establishedrirsthgle crystals of graphite as
well by magnetooptics [1], STM [2] and interlayer tunngli8] experiments.

Here we report on our recent experiments on interlayeneling in graphite
mesa-type structures in high magnetic fields up to 55 Twelk as on the
experiments on quantum interference of carriers in thin geaphrgle crystals with
columnar defects containing magnetic flux (Aharonov-Bohrfecef [4]. The
experiments on nanostructures of both types indicate significontribution of
Dirac fermions to the in-plane and the out-of-plarsgnetotransport in graphite.

The work has been done partly in the frame of Internatidssociated Laboratory

(LIA) between IREE RAS and Neel Institute CNRS and hesnbsupported by

RFBR grantsNe 08-02-01093, Ne 06-02-72551 and RAS programs “Strongly
correlated electrons in solid states and structures”Rimgsics of new materials and
structures”.
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THE INFLUENCE OF CARRIER GAS TYPE ON THE YIELD OF L ONG
VERTICAL WELL-ALLIGNED CARBON NANOTUBES

N.A. Lebedeva and L.S. Moiseeva
United Research and Development Center, 55/1 bld.2 Leninsky pcoMdRussia
E-mail: LebedevaNA@yrd.ru

Chemical vapor deposition (CVD) method as most attradtbr commercial
application method of CNTs synthesis was used for longjcaérwell-alligned
carbon nanotubes synthesis in horizontal reactdn tie use of metallic Fe as
catalyst and toluene-tiophene mixture as carbon soliheeaim of this work is to
investigate the influence of carrier gas type on tleédydf long CNTs as in works
[1, 2] different gases were used as carrier gas.

It was determined that synthesis in the inert gasogpimere (Ar) resulted in
formation of nonfibrous carbon deposits. Synthesisri, mixture as well as in H
resulted in obtaining fibrous carbon as well as pyrotitichon (Fig. 1).

a
Fig 1. Catalysts surface microphotographs after syntheti iatmosphere of :
a — Ar, b — 15% KAr mixture, ¢ — hydrogen

On the basis of data obtained the plot of CNT’'s maskydsogen content in
mixture was made (Fig. 2). It is shown that this fumrctias an extremal character.

0,004

0,003 -
o
@ 0,002 -

0,001 4

Hlamentous materid

P

o

o . 50 . 10
H, content in Ar-H, mixture, %
Fig.2. CNTs mass as a function of tbntent in Ar-H mixture

1. US PatenNe 7045108, USA. Method for fabricating carbon nanotube yarn/
Jiang et al. — 10/335283 Filed: December 31, 2002 Published1®8)&006

2. International PatenNe WO 2008/048284 Preparation of pile of carbon
nanotubes and fiber/ Zheng et al. — 11/438794 Filed: NovemI280®, Published:
April 24, 2008
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COLLECTIVE THERMAL AND QUANTUM DEPINNING OF AROWO F
JOSEPHSON-VORTEX CHAINS IN NATURALLY STACKED HIGH- T,
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High-T, superconducting single crystals of,8,CaCuyOg.x (Bi-2212), with
high anisotropy, consist of intrinsic Josephson junctibasare inductively coupled
along the c¢ axis. Both Josephson vortices (JVs) andcaganmrtices (PVs) form in
an in-plane and a c-axis magnetic field, respectivelye Tnteraction between
Josephson and pancake vortices attracts high interestreht studies. It has been
demonstrated that the motion of PVs can be manipulatetidoyVs via attractive
interaction between them [1-3], which suggests that theecavi also be controlled
by the PVs. A JV behaves as a quantum object, for whielPVs can provide an
intrinsic potential wells to implement the vortex-thsguantum bits in highly
anisotropic superconductors. The flow of rows of JV chainmiltiple junctions
induces dissipative branches in the tunneling current-volthgeacteristics. Each
Josephson-vortex-flow branch shows a critical switchdagent to a neighboring
higher-voltage branch. Each switching, caused by depinniagrofv of JV chains
occurring separately in each junction, is expected to proviely accurate
information on the JV dynamics associated with thgirdéng of JVs from the
pinning potential generated by the pancake vortices (PVs) threbgrystal edge. In
this study we measured the depinning-current distribution (D®Ith varying
temperatures, field strength, and field tilt angles fréma in-plane position. The
DCD gets much narrowed at sufficiently low temperaturesloB a crossover
temperature of 2.5 K, the distribution width is almostisged and independent of
temperature down to 0.38 K, which suggests quantum depinning rafwB/out of
the effective pinning potential. In the thermal depinningmegabove the thermal-
guantum crossover temperature, the PV-induced pinning strenfgibnid to vary
with tilting magnetic field angles. This indicates ttR¥s are the predominating
source over the crystal edge for the JV pinning in anyldrala 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 knownpkgonic hydrocarbons
(tetrahedrane £, and cubane ¢Eg) and fullerenes (£, Css and Gg) was studied
over a wide temperature range using tight-binding moleculaardigs simulation
with the transferable potential for carbon [1] and artiogonal model originally
developed for hydrocarbons [2b initio calculations using HF, MP2 and B3LYP
methods with 6-31G* and 6-311G** basis sets were also canied\e determined
structural and thermodynamic properties of the platonidrdoarbons and
fullerenes. Possible channels and final products of thesiordposition were also
analyzed in detail. Furthermore, temperature dependeottbeir lifetimes before
decomposition were obtained and the activation eneigjeand frequency factors
A of the Arrhenius equation were calculated. These valresefrahedrane and

cubane were found to beE,=0.7+0.1 eV, A=10"**°* s' and

E, =1.9+ 0.1eV, A=10"*°%* g respectively. We also calculated the heights of
minimal energy barrierd) preventing the decomposition of fullerenes. These
averaged values were found to he=4.5; 5.4; 6.¢ eV for Go, Css and Go
fullerenes, respectively. Note that the activatioargies calculated for & C;s and
Ceo fullerenes were found to b, =5.5; 6.5; 6.¢ eV, respectively. The obtained
results are essential in optimizing conditions of syitheof the platonic
hydrocarbons, fullerenes and the structures derived fiem.t

This work was supported by Federal Target Program “ReseartiScientific-
Pedagogical Cadres of Innovative Russia” for 2009-2013 years (dpmpiber NK-
255P; GranNe P448 and Appl. Number NK-263P; GrawtP1037).
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COHERENT PHASES IN GRAPHENE AND GRAPHENE BASED
NANOSTRUCTURES

Yu.E. Lozovik

Institute of Spectroscopy, 142190 Troitsk, Moscow Region, Russia

We discuss coherent electronic phases and collectieegptena in graphene
and graphene based nanostructures, in particular pé@giaconnected with
graphene interesting electronic properties similar tcandlativistic physics.The
collective properties of different types of quasipartigtes graphene is considered:
2D spatially indirect magnetoexcitons in two-layer gexply magnetoexcitonic
polaritons (magnetopolaritons) in a graphene layeibesltled in an optical
microcavity in a strong magnetic field and 2D indiregnetobiexcitons in a slab
of superlattice of graphene layers. We predict Bose-&imstondensation (BEC)
and superfluidity of indirect magnetoexcitons, indirect negbiexcitons and BEC
of magnetoexcitonic polaritons in a strong magneticdfiebtrongly correlated
phases of of magnetoexcitons in bilayer graphene isqgbeedi

Besides BCS regime strong coupling regime is discussed Hfompairing in
bilayer separately biased graphene layers without ntiadiedd. The suppression of
superfluid density and Kosterlitz-Thouless transitiongerature by impurities is
considered. The e-h condensation in coupled graphenes stexetbe observed
through Josephson-like phenomena etc. and can be used dissipative
nanolectronic element.

Phonons and possible superconductivity in strongly doped graplaee
analyzed.

The effective Hamiltonian of the gas of cavity polargdn a graphene layer in
high magnetic field are obtained and the BEC temperats functions of magnetic
field is calculated. A 2D gas of magnetopolaritons is iclamed in a harmonic
potential trap and possible physical realization$isfare discussed.

Plasma oscillations, plasmon polaritons and instasliin graphene and
graphene array are discussed.

Quantum dots, nanotransistors and new type of nanoelebas#d on graphene
are discussed.

The method of calculations of nanoelements based aphgne by generalized
density functional approach for system with “ultrarigiatic” electronic spectra are
developed. Possible NEMS based on graphene are analyzed.
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ELECTROMAGNETIC WAVE EMISSION AND REFLECTION IN
JOSEPHSON JUNCTIONS; AN ANALYTICAL APPROACH

M. Machida®® N. Sas&® T. Koyama®® and H. Matsumotd*

'CCSE, Japan Atomic Energy Agency, 6-9-3 Higashi-Ueno,
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Recently, THz electromagnetic wave emission frontringic Josephson
junctions has attracted much interest in the reseamatmeinity of Josephson
junctions. As a consequence of intensive and extensigerimental and
theoretical works on the issue, it has been well-kndvet both AC Josephson
effect and cavity resonance contribute to the largeepdidz radiation. However,
the electromagnetic-wave radiation mechanism has beenlarified yet, and no
reliable proposal to enhance the power and optimize tilséeray has been
suggested.

In this paper, we therefore study the electromagneticewemission from
Josephson junctions in an analytical sense in ordeslaigfy how Josepshon
junction radiates electromagnetic wave. For the perpge simply concentrate on
a standard single junction system as described by sine4Gardoation and
consider a problem of connection between a junctionaanexternal non junction
(vacuum) region.

We reveal that a construction of an analytic formslpassible when the elliptic
functions are used and the boundary condition is properlgidered. Moreover,
we discuss what is important and essential for large-pewdssion based on the
formula.
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DENSITY PROFILES AND INERTIA MOMENTS OF INTERACTING
BOSONS IN ANISOTROPIC HARMONIC CONFINEMENT

A.l. Mese', P. Capuzzf, Z. Akdeniz® and S.E. Okarl
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3Physics Department, Piri Reis University, 34940 Tuzlantsul, Turkey

We investigated the structural properties of a systamsisting of N strongly
coupled charged bosonic atoms (Rubidium), moving in two diroegssiand
interacting through a repulsive KO potential [1] inside @napic two-dimensional
harmonic traps, with N in the range from 4 to 9. Increpshe anisotropy of the
confinement potential can drive the system from a-dimeensional 2D to a one-
dimensional 1D configuration. After that, we calculatedtinenoment depend on
the anisotropy parameters and particle numbers.

Our density profiles of the ground state configurationscanepared with recent
experiments [2] and published numerical results [3,4,5] andobiined a
satisfactory agreement.
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ULTRAFAST FORMATION OF A RESONANT NANOPLASMA IN DOP ED
HELIUM DROPLETS

A. Mikaberidze
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Doping a helium nanodroplet with a tiny xenon clusteadiew atoms only,
sparks complete ionization of the droplet at laser sities below the ionization
threshold of helium atoms. As a result, the intringydalert and transparent droplet
turns into a fast and strong absorber of infrared ligfitroscopic calculations
reveal a two-step mechanism to be responsible fodrdumatic change: Avalanche-
like ionization of the helium atoms on a femtosecomaketscale, driven by field
ionization due to the quickly charged xenon core is followedebgnant absorption
enabled by an unusual non-spherical nanoplasma withidrgpget [1]. In contrast
to the well known resonant absorption during the Coulomxiosion of both
homogeneous [2] and composite [3] clusters, the resonasee occurs on an
electronic time scale. The effect occurs for an atytelliptical laser polarization.
The ellipticity parameter controls the shape of thelltieg nanoplasma. Linearly
polarized pulses produce a cigar-shaped nanoplasma, whitgcalar laser
polarization gives rise to a pancake-like nanoplasma. Tependent observation of
the transient nanoplasma shape may be possible with heha IR-UV pump-
probe scheme.
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CALCULATION OF ENERGY EIGEN VALUE FOR NANO-WIRES

A.H. Mohammadzaheri*, P. Nooralief, A. Ali Zolanvari?

'P.N.U payame noor university branch of Hammedan, Hamedan, Iran
2Arak university, Arak Iran

In this work we have evaluated eigen value of energy féerdifit cross section
of nano wires. We have solved the sherodinger equaticexpgnded the wave
function and using two following approximations. These apprations are
"varriating mass effective with position" and "free paetl. We consider the
hyperbolic function for the first approximation.

The energy eigen values are calculated for Ga-As irrsquass section shape
and (50*50) nanometer size. Our results are very neamrdbalts wich have
performed by Gangopadhya.

112



PHYSICAL LIMITS FOR SCALING OF INTREGRATED CIRCUITS
W. Nawrocki
Poznan University of Technology, ul. Piotrowo 3A, 60-965 Poznan, POLAND

E-mail: nawrocki@et.put.poznan.pl

In this paper we discuss some physical limits for scabhglevices and
conducting paths inside of semiconductor integrated cir¢l@ts). Since 40 years
only a semiconductor technology, mostly the CMOS andrthietechnologies, are
used for fabrication of integrated circuits in the indaktscale. Miniaturization of
electronic devices in integrated circuits has technotddimits and physical limits
as well. In 2010 best parameters of commercial ICs shbemiual-core Intel Core
i5-670 processor manufactured in the technology of 32 nneldek frequency in
turbo mode is 3.73 GHz. A forecast of the developmenthef semiconductor
industry (ITRS 2009) predicts that sizes of electronic @avio ICs circuits will be
smaller than 10 nm in the next 10 years. The physical gagh in a MOSFET will
even amount 7 nm in the year 2024. At least 5 physicattsfshould be taken into
account if we discuss limits of scaling of integrateduits.

1. Quantization of both electrical and thermal conductamagarrow and thin
transistors™ channels and in conducting paths.

2. Spread of doping atoms in a semiconductor materialntdaped silicon cube
with the size of (10 nmYhere are 5xT0atoms and 1% chance only to find one free
electron. In order to keep the conductive properties ®fstmiconductor material
one should apply more intensive doping, ed® £67°. Low number of free electrons
should be scattered evenly in whole volume of a rister

3. Electrostatics; a loss of electrostatic contrahefdrain current in a MOSFET.
The channel lengthg of Si MOSFET is limited by a degradation of electrbsta
control in the transistor. The minimal channel lengtipetiels on thickness of
channelH., thickness of insulation layét;, dielectric constants of a chanreghnd
insulationg . If we take the ratig/s = 0.3 (for silicon oxide and silicon), thickness
of channeH¢, = 2 nm, thickness of insulatidd = 1.5 nm — the estimated minimal
length of channel ikg = 3 nm.

4. Electron tunneling between a source and a drain iasM®SFET through a
insulation (oxide). The tunneling effect depends on the @idengthL and the
supply voltage (drain-source voltage).

5. Propagation time of electromagnetic wave along andgsecahip (IC); The
new quad-core Intel Core i5-670 processor has a wadth37.5 mm and a length
= 37.5 mm. The period of the highest clock frequency (3.73) &HE = 270 ps.
But the propagation time for an electromagnetic wavess a chip i3, = = 300 ps.
According to the state of the art the minimal lendttyate in MOSFET in silicon
integrated circuits is around 3 nm (thus — technology ohn3). However
technological limits allow to apply only the 10 nm-teclogyl in the next 10 years.
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SPIN-ORBIT EFFECTS IN SEMICONDUCTOR NANOSTRUCTURES IN A
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We analyze the interplay between different spin-orbitegBelhaus, Bychkov-
Rashba, and Zeeman) interactions in two-dimensionaksenhiictors under vertical
and in-plane magnetic fields. The analysis is done in ¢ffective-mass
approximation approach. We obtained an analytical expredsir the effective
cyclotron frequency that depends on the spin-orbit intersctat the vertical
magnetic field [1]. We show that spin precession gemiconductor quantum wire,
caused by the Rashba and the Dresselhaus interactahsofarbitrary strengths),
can be suppressed by means an in-plane magnetic field. ihgpogranslational
invariance in the longitudinal coordinate, we found a ngye tyf symmetry, which
arises at a particular set of intensity and orientatbrthe magnetic field and
explains this suppression [2]. In virtue of this symmelrg &pin precession is
suppressed at arbitrary polarization of the injected relest By setting these
conditions 'on' and 'off', the flow of a certain spingpiation through the device is
either allowed or destroyed, thus, defining a transigter-hction for the spin.
Introducing an additional random potential. ((V,.)=0) in the wire, we found

that this symmetry is numerically robust even at largeer@l values :
Var(V,.) = +0.4E. , whereE is a Fermi energy of the injected electrons.
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RABI OSCILLATIONS AND SATURABLE ABSORPTION EFFECT I N
SINGLE-WALL CARBON NANOTUBES
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We theoretically investigate single-wall carbon nabet (SWNT) interaction
with the Gaussian electromagnetic field, the cafriquency of the pulse being in
the resonance with the frequency of the interband transibetween the Van Hove
singularities in the SWNT. The equation of motion for tlemsity matrix of n-
electrons in the SWNT has been formulated and numermailyed. Current density
induced in the SWNT by the external electromagnetid fiels been calculated. The
saturation of the SWNT absorption has been demonstiatethse when the
Gaussian pulse duration was much longer than the relaxatie in the SWNT. For
the short Gaussian pulses the Rabi oscillations ottBlelectrons between the
valence and conduction bands have been predicted. Thestillitions lead to the

essential modification of the spectra of the inducechen SWNT current density
(Fig. 1).
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Fig. 1. Spectra of the current density induced in the (10,0NBWY the electromagnetic
pulse E(t) = Eyexpi(t —t,)%/20%]sin(iyt) . w, =1.4x10°° s™ . E, =0.8x10° V/cm (a);
E, = 6.4x10° Vi/cm (b).
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TERAHERTZ RADIATION ABSORPTION BY THE COMPOSITES
CONTAINING CHEMICALLY MODIFIED CARBON NANOTUBES
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For terahertz applications composites containing nmet@NTs (m-CNTs) only
are preferred as the semiconducting CNTs (s-CNTs)klweateract with the
terahertz radiation. However, creation of such a homeges composite is a
challenging task and most composites contain mixture @fNiis and s-CNTSs. In
this communication we theoretically demonstrate teeahertz conductivity of the
composite containing mixture of m-CNTs and s-CNTs couldsbbstantially
enhanced by the chemical modification of the CNTs mpusites by the boron and
nitrogen atoms (Fig. 1). This improvement is due to thet fhat electronic
properties of CNTs and the corresponding plasmon effeetaffected significantly
by the type and degree of doping. In particular the riseeo€harge carriers density
at the Fermi level (electrons in the case of nitnoggbstitution and holes in the case
of boron doping) leads to the metallization of semicondu@WMINTSs.
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Fig. 1. Real part of the conductivity of the composite jposng randomly oriented
identical CNTs bundles of length 300 nm before (solid lime) after (dashed line)
the CNT doping by nitrogen. Each bundle contains 7 SWNTs: (13,0) — 2 X
(12,0) — 2 x (11,0). Volume fraction of bundle in composite.5%6. Doped bundles

contain 2% of nitrogen impurities.
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TRANSPORT OF TRAPPED ATOMS AND CONDENSATES
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An irreversible transport of individual atoms and B&sestein condensates
(BEC) in multi-well traps is analyzed within the mefigld approximation. The
transport is driven by time-dependent monitoring the cogplbietween the wells
(barrier penetrabilities) and their relative depth detgniThe particular transfer
protocols (Stimulated Rapid Adiabatic Passage, Landau-Zehex iranda-Rozen-
Zener) are scrutinized with the accent to most pringiadiabatic scenarios [1-3]. It
is shown that, while the transfer of individual atoras be performed quite easily,
the transport of BEC meets serious troubles due to dhénear effects caused by
the interaction between BEC atoms.

In this connection, we propose some effective protoctietwovercome this
trouble and allow a robust and complete BEC transpod wide range of both
repulsive and attractive interaction [2,3]. Moreover, riba-linearity is turned from
detrimental to a favorable transport factor. This opemeresting prospects for
manipulating BEC location and creating new dynamical reginBesides, since
BEC is a coherent system, its transport can be usegkfm@ration and investigation
of various geometric phases which are now consideredaasiging information
carriers in quantum computing.
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GRAPHENE NANORIBBONS FAR FROM EQUILIBRIUM:
FUNDAMENTALS, COMPUTATIONAL ALGORITHMS, AND
NANOELECTRONICS APPLICATIONS
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The surprising discovery of graphene, as the first twbhydimensional crystal
where carbon atoms are arranged into a honeyconite|dtias opened unforeseen
avenues for basic research on transport and interadtidow-dimensional electron
systems, bench-top testing of quantum electrodynamicsyetlsas for carbon
nanoelectronics. While bulk graphene as a zero gap eeduictor is not suitable for
digital electronics applications, the very recent fadion of sub-10-nm-wide
graphene nanoribbons (GNR) could make possible fabricatibncomplex
nanoelectronic circuits from a single graphene sheetaecular electronics with
transparent contacts to conjugated molecules. This ralyoires substantial first
principles guantum transport modeling to capture accuratetyronic and atomistic
structure of the devices and related charge transferquilibrium and charge
redistribution under far-from-equilibrium conditionsa this talk, | will review
recent advances in the so-called nonequilibrium Gfeecdtiion combined with the
density functional theory (NEGF-DFT) approaches thathave utilized to explore:
() GNR-based nanotransistors composed of thousands rbbrcaatoms; (ii)
nonequilibrium phase transitions between magnetic atisgl and non-magnetic
metallic phases of GNRs with zigzag edges; (iii) howertploy the spin-dependent
shot noise to detect magnetic ordering in GNRs witjlzag edges; and (iv)
guantum interference effects in three-terminal GNR-moéeheterojunctions.
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Recently, photo-induced insulator-metal transition h&saed great attention
because of the experimental observation of the surgriginafast non-equilibrium
phase transition [1-3]. Many theoretical investigatidres been continued to
understand the mechanism of the ultrafast dynamics diréghase transition [4].
However, all properties of the phase transition have beefully understood.

In this paper, we study strongly correlated behaviorseati@ns at half-filling in
a short one-dimensional quantum nano-wire during the ghotping via an
external electric field by using time-dependent densityimegnormalization group
method. As a result, we observe a very rapid growthebtwave superconducting
correlation. The superfluid carrier is doublon which isaiyically created by the
electric field. We discuss a possibility to observe oesults in ultracold atom
experiments in near future.
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Since the discovery of iron-based superconductors [1], Jssepjunctions
including such new materials have been intensively studieddier to explore their
pairing symmetry and application potential. Recently, waritypes of iron-based
superconductor junctions are successfully fabricated. dDimgeresting features of
this type of materials is the presence of multiple (ntbhes two) bands on Fermi
surface and their contributions to superconductivity. Ageault, iron-based
superconductor junctions are possible to have multiple timgnehannels between
the superconducting electrodes and relative charge fluctadi@ween the bands in
each electrode. It is an urgent task to reveal how sudti-channel properties affect
basic Josephson effects. In the present paper, we shdwosy tof Josephson
junctions with multi-gap superconductors (i.e., multiple tlinge Josephson
junctions). We mainly examine a heterotic (multi-banp@soonductor- insulator-
(single-band)superconductor junction [2]. Deriving anatife Lagrangian density
based on the time-dependent Ginzburg-Landau model, we disowsthe relative
fluctuations between multiple gaps (i.e., Leggett's ctlle excitation modes) and
the pairing symmetry modify the Shapiro steps, e.g.stap height pattern and the
step position.
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Josephson Junctions are the simplest voltage to reghéncy converters which
can be used as a solid state source of terahertz radi&ince terahertz waves is an
important tool across the physical, chemical and biokd sciences, the search is
continuing for reliable coherent, continuous, tunable a@&ochpact solid-state
sources. Although Josephson junctions are potentigidate, the mechanism of
powerful terahertz emission from intrinsic Josephson jonst of layered high
temperature superconductonL8,CaCuyOg.q (Bi2212) mesas is still unresolved. It
is shown that the emission frequency is related tamédth which implies cavity
resonance. On the other hand, how synchronizationliskebbetween layers has to
be determined. Large area mesas ranging from 100x300 to 40x30@thmarious
heights were formed on Bi2212. Current-voltage (I-V) ahldz emission
characteristics were obtained at various temperatubetailed examination of I-V
curves indicated that there are messenger bumps in tatmeh just before the
THz emission. These spectral features are more rabustv frequency mesas.
Furthermore, the spectral features in |-V curves wienestigated to find a
correlation between emission frequency and featurerggne Recent THz
experiments on mesas with various geometries and fabrica&thniques will also
be discussed.

This research is partially supported by TUBITAK (Scientifind Technical
Research Council of Turkey) project number 108T238. L.kn@asledges support
from Alexander von Humboldt Foundation.
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We study the effect of the orientation of stone-w#®8#/) structural defects on
the quantum conductance of finite-length single-wall caranotubes (CNT) in the
framework of density functional theory using pseudo-atoonbitals (PAO) basis
set. SW defects can occur in different distinct oriéotatvhich are the rotated
copies of one another by anglé3 around an axis perpendicular to the tube axis. In
the case of one single SW defect, the position of dhmdtion of the defect along
the circumference of the tube would be unimportant duegtodtational symmetry
along the circumference. Our formalism is based @eréurbative scheme within
the linear response regime. The correction to thdwaance induced by the defects
is sensitively dependent on the wavefunction amplitudewfributing electronic
states, the bandsturcture near the Fermi level andrtentation of the defect. These
dependencies are systematically studied with the prinoansfon the orientation of
SW defect.
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Basic equations of conventional thermodynamics arellasvé [1]:
dE = TdS- pdV+udN, 1)
E=TS-pV+uN.
In the exact equations of nanothermodynamics R]dkt formula gets complicated:
E=TS-pV+uN+W . (2
In a first approximatioW ~ A, whereA is the square of the cluster boundary. When

N - oo (macroscopic systemg) = o(N), the valueN can be neglected.
In nanothermodynamics there are two chemical pialenthe “integral” i and

the “differential”’ u (see their definitions in book [2] and article)[3According to
formulae (1)—(2) the distinction between the pdtdst{i andy is connected with a

nonzero value diV 2, 3].
Using the values applying to the equimolecular exef the surface tensiam
and the radius, one receives (see [3])

. _My(o do
H—H 0 [r PP J 3)
wheremy is the mass of a molecular apis the nanocluster density.

There are results of the exact formula (3) disalidsere. In particular, the
ordinary triple point (the equilibrium of three es) does not exist in nanosystems
(see the article [4]). In addition, two effects &rown: firstly, the nonzero value of
W means that the shift in the melting temperatura aluster becomes 1,5 times
greater; secondly, the pressure of saturated veyer a liquid nanocluster at the
melting point will be considerably greater than tpeessure over the solid
nanocluster of the same mass (see [3]).
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Nanoscale systems in many situations exhibit quantumures. Examples
include electrons in quantum dots, superconducting quanttarfeirence devices,
electron and spin transport, quantum rings and wires, Gammonly, quantum
systems in these and multiple other examples are opkinteracting with their
environment. Various related to these systems phenormmhade seeking an
optimal control to maximize an objective or to optimizrtain properties of the
involved nanoscale systems. Such phenomena can beulddech as control
problems for open quantum systems and their analysibeaerformed using tools
from control theory. This talk will outline certain kegpics in control of open
guantum systems, including formulations with laser inducéemrent control, novel
suggestions for environmently induced incoherent contrgl digcussion of the
degree of controllability [2], and discussion of the fcadly important property of
absence of local maxima and minima for a wide clasbjefctive functions [3,4].
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SUPPRESSION OF SPIN-PRECESSION DUE TO RASHBA AND
DRESSELHAUS SPIN-ORBIT INTERACTION
BY IN-PLANE MAGNETIC FIELD
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We show that spin precession in a semiconductor quawtten caused by the
Rashba and the Dresselhaus interactions (both ofrasbistrengths), can be
suppressed by dint of an in-plane magnetic field. Using raditton of the
translational invariance in the longitudinal coordinates found a new type of
symmetry, which arises at a particular set of intgnaitd orientation of the
magnetic field and explains this suppression. Introdueimgadditional scattering
potentialVsc with { Vs = 0 in the wire, we found that this symmetry is numdsica
robust even at a relatively strong scattering potetMat(Vso = 0.4E¢, wherekEg is
a Fermi energy of the injected electrons). Based onfindings, we propose a
transport experiment to measure the strengths of thiebRaand the Dresselhaus
interactions.
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We study the electronic spectra of double walled carbanotube (DWN)
influenced by the external magnetic field. We choosethemtation of the magnetic
field parallel to the axis of nanotube. We found thengirchange of the electronic
spectra due to external magnetic field. That means gapebet valence and
conductive bands in DWN will be changed.
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SUB-POISSONIAN PHONONIC POPULATIONS IN A
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We study the phonon distributions of a mechanicalnasw coupled to a single-
electron transistor (SET) in the sequential tunneliegime exploiting a master
equation approach. In the case of fast vibrationst{ngtavave approximation), we
show that the electrical current flowing through the S&&h induce a out-of-
equilibrium distribution of phonons with sub-Poissoniamtistics, which is
characterized by a selective population of few phondessfad]. In selected regimes
of bias and gate voltages, the selective phonon populatioain®rced by the
double-occupancy of the SET, allowed when a finite eleettectron interaction is
considered [2]. We conclude with some perspective on tigamee of slow
vibrational motion, where coherences between vibmatiostates may not be
neglected and the rotating wave approximation is dropped duifaof the solution
of a generalized master equation exploiting the fully cotiedynamics of the
SET+oscillator system [2].
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OXYGEN ADSORPTION IN CARBON NANOTUBES
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Gas adsorption in carbon nanotubes (CNTs) strongly imdes on electron
properties of these systems especially in the casxyafen. The most interesting
phenomenon is the temperature behavior of thermopdwkee €NTs when one and
the same sample in the oxygenated and deoxygenates lsatéhermopower with
opposite sign [1]. Oxygen adsorption in CNTs may be destrity the model [5]
where electrons of valence band are considered insfedelectrons of transition
metals. We observed that the decay of electron statbg anitial stage of oxygen
adsorption in CNTs does not play a decisive role andodistion of oxygen
molecules takes place as a result of a sharp enhancehibatvibrational mode of
molecules in the mixed state. This enhancement is causbe lbgsonance between
the frequency of natural oscillations (the hybridizatienergy) and the driving
frequency equal to the frequency of transitions betweemxlggen molecular levels
and the valence band states of electrons of CNTs. Trexpeencies and the Fermi
level position determine the dissociation barrierthia absence of the resonance, the
dissociation does not take place and oxygen can adsortxasbare the surface of
CNTs. In this case the temperature dependence of therrappdWCNTs in the
oxygenated and deoxygenated states is well descrilibd frame of our model [3].
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EFFICIENT SPIN PROJECTION IN HARTREE-FOCK CALCULATIO NS
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In the last years both Hartree-Fock (HF) and densitgtional theory (DFT)
have been extensively applied to study different propertiaesvariety of electronic
nanostructures with occupations that range from modecatarge number of
electrons, for which more exact methods, such as eXagbnalization, Quantum
Monte Carlo or Configuration Interaction, are notsfeée. The importance of
correlations in circular quantum dots depends on the $edcdligner parameter
(Rw), which is a mesure of the relative strength betwedectron-electron interaction
and external confinement. A common drawback in all nfietch calculations lies in

the failure to work with good total spin states, eigenstates of th&> operator.
Spin symmetry, as well as rotational symmetry (for stieted HF), restoration
methods have proved to be a valuable technique, whitholémproved energy
estimates and at the same time is able to provide picedicfor total spin and
angular momentum [1].

In this work we concentrate on the symmetry resimatechnique [2], based on
the evaluation of the spin projection operator actingadSlater Determinant (SD)
with the help of the Sanibel coefficients [3]. Thenspigenstate is simply expressed
as a linear combination of a big new set of SD's obthby performing all possible
spin-exchange operations over the initial state. Thite stan then be used to
estimate different physical quantities through the cdiaulaof appropriate
expectation values. We present highly efficient expresstmsth for the spin
decomposition of a single SD and for the expectation vadfiesrbitrary spin-
independent one- and two-body operators.

We apply this formalism to circularly confined quantuntsgdalescribed within
HF, and show how the corresponding expectation valuethéototal energy and
several other observables can be efficiently comploteain arbitrarily large number
of electrons. The predictions for the total spin wijm (SS;) corresponding to the
ground state configurations are discussed as a functiBy aind the strength of a
vertically applied magnetic field. The projected totakmgies are also compared
with their HF counterparts.
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Different applications of nanostructures are relateth Mluid flows through
these systems. In its turn, experiments show thasfla nanostructures have many
specific features, which can't be explained in classgrans only. Particularly, flow
through nanotube is extremely fast in comparison withclgssical analog. We
suggest a model based on the possibility of existence @fcolal clusters (Frenkel
crystallites) in the fluid [1]. There are some experimemadences of such
phenomenon. Under this assumption one needs to takacitcant quantum effects.
Particularly, the boundary condition, which plays the iedumle for the flow in
nanostructures, takes the form of sliding conditioneamdtof the adhesion condition
for the classical flow. The parameters of the boundanglitions are determined by
solving of quantum scattering problem for the partidehe fluid and the wall
potential. Main features of the flow are described m filamework of the model.
For very narrow nanotubes another phenomena have kerioé on the flow-
possibility of existence of solitons in nanotube wallkese soliton solutions are
similar to Davidov solitons in molecular chains. Thiedel of flow is also
described.
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Quantum dots (QDs) have drawn a great deal of experimamdatheoretical
attention in recent years. In particular, this iagtris due to the fact that QDs may
provide a natural realization of quantum bit. It is aldated 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 systesisin many cases, a mean field
description like the Hartree-Fock (HF) approach [2,3]fcBakistency between the
mean field and the single-particle orbitals and totargy minimization are the
basic conditions at this level. However, the total gmeminimization procedure
being of nonlinear nature is still a real challengerfany-body quantum theory.
Using a two-dimensional parabolic approximation for oon§ potential in a closed
guantum dot, various approaches including ab initio calomstivithin diffusion
and path integral Monte Carlo methods, Hartree-Fock amddensity functional
methods have been applied with some degree of succesalymeathe ground state
energies of N-electron QDs [1]. Recently we developeckffinient, numerically
stable HF procedure and compare our results with availaiés in the literature.
We demonstrate that our approach superseds many computptiacedures.

Based on our procedure, we show that the magnetic field gseto dynamical
symmetries of N-electron QDsN(< 20) for realistic values of the Coulomb
interaction-confinement ratiBy (cf [2,3]). These symmetries manifest themselves
as near-degeneracies in the quantum spectrum at spedifiesvof the magnetic
field and produce maxima in the addition spectra for fipesiectron numbers.

Varying the ratio ofRy and the strength of the magnetic field we discuss the
evolution of the quantum dot geometry, formed in the gratate, fromN =2 to
N = 20 electrons.
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The phase dynamics of the coupled Josephson junctiotie iframework of
CCJJ [1] and CCJJI+DC [2,3] models is studied. The curretdgemlcharacteristics
(CVC) are numerically calculated for the stacks with difife number of junctions
at different model parameters. We manifest the diffeenf these models for the
branching at | = Ic and in the hysteretic region. €hgential difference is observed
in the breakpoint region, where the longitudinal plasma vgeeeated. To find the
origin of the CVC features in the breakpoint region [4y8¢ simulate the time
dependence of the charge in superconducting layers and deatetisét its features
related to the features in CVC. We discuss the maitures: of both models, and
establish the role of the diffusion current betweensiiygerconducting layers. The
charge-charge and current-current correlations [6] e system of coupled
Josephson junctions are investigated.

This work was supported by the Russian Foundation for Baesearch under Grant
08-02-00520-a.
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We examined here the problem of electronic conductaiwden two metallic
leads via a DNA molecule. The formal analysis is aq@@hed through the use of
T-matrix formalism of scattering theory and Léwdin's jpiarting technique. We
calculated conductance, DOS and |-V characteristics ToBanodel in the limit of
small applied voltages. Considering Biittiker's idea forlaistic scattering, we
included environmental effects in our calculations anddkalts compared with the
data in absence of environmental effects.

We used a ladder model for the molecule in this work and asstiraethe ends
of the molecule are connected to two metal leads. Waided the environment by
phase-breaking processes on the bases which modeled by ccegiimgase of
DNA to a fictitious electronic reservoir. [1,2] Elimitiag the degrees of freedom,
the electrodes and dephasing reservoirs can be desdnbegmi-infinite one-
dimensional tight- binding chains and we may substitutaadl self-energy terms
and write the effective Hamiltonian of total lead/DN#&d system. We calculated
the conductance, the local DOS on the wire sites taedl-V characteristics
exploiting Green’s function method [1,3].

Fig 1, 2 and 3 illustrate our results. A drastic decreasennuctance is noted
with environment. Inclusion of environment have nfiuences on constructional
properties of the system.

DOS(arb.units)

o
Energy(eV)

(Fig. 1) (Fig. 2) (Fig. 3)
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CLUSTERS IN CONTACT WITH SUBSTRATES - THE EFFECT OF THE
INTERFACE ON CLUSTER DYNAMICS
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The talk presents theoretical studies of coupled ionicedectronic dynamics of
metal clusters in contact with an inert environmemgulator substrates as rare gases
or MgO) and compares it with the behavior of freeteliss The theoretical tool for
these investigations is time-dependent density-functithedry at the level of the
local-density approximation. The scheme includes a selféintion correction to
describe properly electron emission. The treatment resothe fully detailed
electronic dynamics at femtosecond scale and procgetts several picoseconds to
track the consequences on the slow ionic and atomicomati these complex
compounds.

Observable signatures from various dynamical scenaiesdiscussed. As a
basic feature we consider optical response and its roatiifin through the
environment. In the non-linear regime, we will calesi the dynamics of cluster
deposition and excitation by short laser pulses. For éddake and deposited
clusters, there emerges the particularly interesting iguest energy and particle
transport from the highly excited cluster (acting as chphmee) to the inert
environment. The various transport processes andspamding time scales will be
analyzed. We will also address the remarkable differeén the dynamics of free
clusters and clusters embedded in rare-gas matrix.
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The thermal conductivity of nanometer materials plagsimportant role in
controlling the performance and stability of nano/midevices. The synthesized
multiwalled carbon nanotubes (CNT) (to be considereth@perspective elements
for those devices) contain in sufficient manner thpurities of metallic catalysts,
amorphous carbon and defects (like vacancy, pair ofneées adatoms) which
significantly influence on peculiarities of electrorind heat transports [1]. In case
of bulk disordered CNTs the basic contribution into therowiductance in the
temperature interval near the room temperature is rdegted by its phonon
subsystem (see, for instance [2]). At the same tome fow-temperature regior<(
50K) the crucial role both for thermopower and for thedroonductivity belongs to
their electronic subsystem [3]. We study the procedseaf transport and evaluate
the thermal conductivitk(T) in dependence on temperature for the multiwalled
CNT with impurities on a base of Green’s functions hod{ by means of the
guantum kinetic Keldysh equation fob3ystem and approximation of the transport
relaxation timet, which, in turn, corresponds to an appearance of lodak dike to
amorphous metals.
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Magnetic properties of 3d transition metals (TM) in taoh with its substrate
have been extensively studied for both fundamental amehatgical applications
in nanomagnetic devices. A high magnetic anisotropygsnéAE) is needed to
have long-term magnetic data storage. In this work vesl @s single hexagonal
carbon ring and a sheet of graphene as two differentratdsstfor TM individual
atom. A full-potential local-orbital scheme, FPLO, svemployed for density
functional theory (DFT) calculations [1]. All calculatis have been done in a full-
relativistic regime, in which the explicit form of tlspin-orbit coupling have been
take into account. It has been found out that the transnetal atoms are located on
the most symmetric axis perpendicular to the plane ofjthphene. We estimated
the position of the TM atoms, with respect to thempldithe graphene. The spin and
orbital magnetic moments of TM atoms have been utatied for different
guantization axes of the considered system. In order tainolan upperlimit
estimation for orbital magnetic moment, an orbjalarization correction (OPC)
was added to the local spin density approximation energy fumattiin the
framework of DFT [2,3]. We calculated MAE as the diffeserenergy between the
perpendicular and parallel quantization axes. We found outCthand Co atoms
have largest MAE compare to the other 3d transition metal
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In this work we study the electronic structure and magrgroperties of 3d
transition metal nanowires (Fe,Co,Mn). We adopt adsed supercell approach to
model an isolated atomic chain. We have carried outitsiefnactional calculations
using the relativistic version of the full potential dwrbital (FPLO) basis band
structure method and optimized the equilibrium lattice rpatars using LSDA total
energy calculations. We checked out that OP correctionsot significantly change
the evaluated dimmer distance. Relativistic LSDA producdstab moments
induced from spin polarization via spin-orbit coupling. O8DA calculated orbital
moments are in good agreement with those reported imafifftiteratures. Also we
have shown that OP corrections change the LSDA calcutat#thl moments. In
the case of Fe and Co nanowires, the calulated onitehent are very large
compare to the LSDA orbital moments. A Heisenberg meggiroach has been
implemented to obtain the ferromagnetism in the naresmith respect to the
orbital magnetism.

Calculated spin and orbital magnetic moments in Bohr megsej ;) using

fully relativistic LSDA and OPB correction for 3d traen metal
nanowires(Fe,Co,Mn) in the equilibrium bond lengths (d)riit of Angstroms.

Fe (d=2.25 Co (d=2.25, Mn (d=2.45)
m(LSDA) 3.25 2.25 4.41
m¢(OPB) 3.25 2.25 4.41
m, (LSDA) 0.29 0.33 0.02
m, (OPB) 0.80 2.19 0.02
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TWO ELECTRONIC STATES IN LAYERED QUANTUM DOTS
N.G. Aghekyan, E.M. Kazaryan, and H.A. Sarkisyan
Russian-Armenian University, 123 Hovsep Emin St., Yerevan 00Bé&nia
The properties of two-electronic states in layered qumardots are considered.
The Coulomb interaction between electrons is appraedaby spherical

generalization of Coulomb potential. The dependence ofggnspectrum on
geometrical parameters of layer is discussed.
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Recently a serious attention has been focused on theospepy of Josephson
junctions — superconducting circuits with a weak coupling wisarh be considered
as “macroscopic atoms” with the sizes of the ordgenfor hundreds micrometers
[1]. The goal of this work is to describe quantum-mechatienomena in the
system of coupled qubits from the point of view of quasigynestates and
investigate Landau-Zener transitions at different pararaef multi-level systems.
The effect of a time-dependent driving field with a laageplitude on the system
consisting of two coupled qubits (two-level systems) has kstudied. Using the
rotating wave approximation (RWA) made it possible to Sirdple conditions of a
multi-level system resonant excitation. As it turned thé obtained conditions
include the coupling constant of qubits. The numerical sitior carried out
confirms qualitative conclusions following from RWA. Whtre field amplitude is
large the system evolves adiabatically except forriraadiate vicinity from quasi-
crossing levels where Landau-Zener quantum-coherent tcarssére observed. To
reveal the peculiarities of resonant transitions cabgetie quasi-level motion and
crossing in a periodical driving field the Floquet statbéch determines the precise
intermediate states of the system is applied [2]. Theldpgd numerical method of
calculating quasi-energy states of multi-level systems magmssible to find
transition probabilities and build interference pattefar transition probabilities.
The interference patterns demonstrate the possibiligbtdining some additional
information about qubits since the positions of tramsitiprobability maxima
appeared to be dependent on the coupling parameter of qubits.

The theory developed in this work allows to extend the i@ spectroscopy
method earlier effectively used for a single qubit overexaamplicated systems. It
is evident that the quantum spectroscopy can be useduftyirey the spectra of
artificial quantum objects: quantum wells, quantum dotntjua wire and etc. in
which the distances between energy levels are significamaller than in atomic
ones.
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Within the last years many groups have realized andtigeded different types
of intrinsic Josephson junction (13J) arrays out of kighperature superconducting
single crystals or thin films. A short overview on thternational status and results
will be given.

We tried to improve the synchronization between thectijans by external
shunts [1]. Mesa structures as well as microbridgedainaV cut substrates showed
multi-branch behaviour in their IV characteristicddamndom switching between
branches [2]. Theoretical modelling was done investigatihgse dynamics and
stability numerically as well as analytically. Brénstructure in current voltage
characteristics of 13J is studied in the framework fieént models, particularly, in
capacitevely coupled Josephson junctions (CCJJ) modelC&l model with
diffusion current. We demonstrated that the inclusion @ftiglon current might
restore the equidistance of the branch structure [3]. iffhéence of microwave
irradiation power on IV characteristics of 1JJ isentigated [4]. We explained the
experimental results by the competition between the “stieffect” and the effect
of suppression of the switching current by irradiatiorsuRe of modelling of return
current in IV characteristics for stacks with differeamber of 1JJ are presented [5].
We discussed the possible mechanisms of synchronizaticth@amanges of stability
[6]. Conclusions with respect to application of suclkaysrsuch as radiation sources
were given [7].

This research was partially supported by Heisenberg-Lafmtagram and the
German Research Foundation (DFG).
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To model the IV-characteristics of shunted intrinsic ghsen junctions we
calculated phase dynamics of a chain of two identicattioms covered by a
resistive shunt and with a resistive crosspiece bettfemshunt and the junctions.
The coherent solution of dynamic equations for thisesyss unstable at some bias
currents above critical currents of junctions. We hslvewn that this instability
leads to the multibranch structure of IV-curves in thesteretic region. The
multibranch structure appears due to the random switchinjgnations to the
superconducting state above their critical currents. Waddhat the resistance of
the interface between a covering shunt and the junctwars regulate the
multibranch behaviour.
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FLUCTUATIONS OF PERSISTENT CURRENT
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Meso- and nanorings formed by normal conductors and pidogeexternal
magnetic flux develop persistent currents [1]. This fundaafignimportant
equilibrium effect is a direct consequence of quantumreolee of electrons which
-- at low enough temperatures -- may persist up to distaexceeding the perimeter
of such rings.

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

In our talk we will demonstrate that in many casds ot so. Namely, no PC
fluctuations are expected in the zero temperature limli provided the current
operator commutes with the total Hamiltonian of sygstem, otherwise fluctuations
of persistent current can occur even in the ground siatetly atT = 0. Note that
fluctuations of PC in the ground state may be inducedigedvthe ring interacts
with some quantum dissipative environment, but we considd¢irely different
situation: We do not assume the presence of interagitbnany environment at all.
Accordingly, quantum coherence of the system is fullgserved and no PC
suppression takes place.

As a model we consider quantum particle of mlsson a 1d ring of radiuR
pierced by magnetic flu . The particle position on the ring is parametrizedhay t
angle® which will be the quantum mechanical variable of inteire®ur problem.
Also we add cosine potential with minima, so current operator does not commute
with Hamiltonian [2]. We will present generating funatidrom which any current
correlator can be easiy calculated. Second current cotrisleonnected with power
of PC fluctuations and we will discuss it in details im talk.
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We discuss the physical properties of localized Rashbaadatians in
semiconductor quantum wires and two-dimensional eleajases. In quasi-one-
dimensional semiconductor wires we show how the existehgeiasibound states
leads to Fano-Rashba resonances in the linear condactdVe investigate
intersubband mixing effects in multichannel quantum wireachéd to two
magnetic contacts, the spin transistor geometry. Wllee contacts are
ferromagnetic and their magnetization direction igpedicular to the Rashba field,
the spin-transistor current is expected to depend incillatsry way on the Rashba
coupling strength due to spin coherent oscillations of ttheelling electrons.
Nevertheless, we find that the presence of many propggatiodes strongly
influences the spin precession effect, leading to @uenching of the oscillations
and (ii) strongly irregular curves for high values o tRashba coupling. We also
observe that in the case of leads' magnetization phtallthe Rashba field, the
conductance departs from a uniform value as the Rastaogth increases. We also
discuss the Rashba interaction induced current polarizeffiects when the contacts
are not magnetic and investigate how this mecharssaffécted by the presence of
several propagating channels. The limit of the two-disianal-electron-gas, when
the transverse confinement vanishes and the systecontes translationally
invariant in y direction is described. Our results [1] are discussellarcontext of

recent measurements [2] and calculations [3,4].
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Coherent spin-dependent electronic transport is inwgetigin a molecular
junction made of organic molecule (linear chain of benzemgs)iattached to two
the semi-infinite ferromagnetic (FM) electrodes wiitite cross sections (Fig. 1).
The work is based on the tight-binding Hamiltonian modeld within the
framework of a non-equilibrium Green’s function (NEGEgthnique. It is shown
that tunnel magnetoresistance (TMR) of moleculartjonccan be large (over 60 %)

by adjusting the related parameters, and depends on: épfhied voltages and (ii)
the number of benzene rings.
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Fig. 1. A schematic representation of the FM/organic moléEiMemolecular
junction in two configurations Parallel (P) and Anti-&kel (AP) magnetization.

Hamiltonian for the system of two ferromagnetic glettes joined by an organic
molecule is proposed in the following form:

_ + + +
H= Z (Si _Ohu )Cla,ocla o Ztiu,juqu,oqu o¥ Z(tiuomqu,ocm,o +he.)+ Hy
ig 00LR (ig.ja )OO ig 0OLR
m,cClM

Hamiltonian for the moleculaHy) is:

_ + +
H M zem,ccm,ccm,c + Z(tm,m+lcm,ccm+l,c + h'C')v
m,c00M m,c00M

The spin dependent Green’s function is given as:
Ga(e,\/):zlim[(e+il)l —Hy —Z . (e-eV/2)-2(e+eV/2)] -

where the self-energy matrices contain the inforomadf the electronic structure of
the FM electrodes and their coupling to the organic mol&cule
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In this work, using a tight-binding Hamiltonian and a nqguoilbrium Green's
function technique, the spin-dependent transport propeartidse electrode/ single
molecule/electrode system is numerically investigatéée choose a typical
ferromagnetic (FM) metal with simple cubic structure #he electrode and
polyacene as the molecule. Based on Landauer Formahsmjetermined the
current-voltage (I-V) characteristic of the systerm &ddition, the tunnel
magnetoresistance (TMR) of the FM/polyacene/FM strectis calculated.
Applying the gate voltage on the polyacene molecule madtfie I-V and TMR
curves.

urrent(a)

o
Voltage(V)

Bias Voltage(V) Gate Voltage(V)
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FIELD-EMISSION CURRENT FROM QUANTUM SYSTEM
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A universal semiclassical method is used and developeal¢olate an emission
current from a quantum system (atom, ion, metal dalustetal surface, etc.) due to
an outer electric field. It's assumed that the eleatitin the energyE is tunneling
through a wide barrier. An expression for the tunnelirgpgibility and current are
derived using the semiclassical 3D wave function. Thel faghission current is
equal to

= 1 2 B G208(0) | e 1) Wae (1) exp{—%lmsE(ro,reXo} ¢

Here both a pointy and the barrier exit poimg,; belong to the same trajectory of
the particle motion with the initial conditioms= ro, p = pe(ro); pe(r) = OS(r) is the

r . . . .
momentum,Sg (r) = jr drpg is the classical actiordl” is the arc element along the
0

trajectory, e= p/p is the unit momentum vector,pg (r) =+/2m(E-U(r))
(imaginary unit is related with the absolute value of tloenentum vector)J(r) is a
complete potentialPe is a free-field emitter electron wave function, whigtase
gradient is equal to the initial momentum vegbefro). The surface, is inside the
barrier region. SoPu(r) is required only in this area. The sum in the Eq.(1) is
calculated over all the states of the emitfé€) = (1 + e® ~ ¥ is the Fermi
distribution functiony is a chemical potential.

The expression Eq. (1) is used to calculate the fieldstam current from:

1. The spherical system (atom, negative ion, metaiet).

2. The plane metal surface in the jellium model. Thetdfemission current
densityd = I/g is given by the same equation as in the paper [1],ener Bardeen
transfer Hamiltonian method [2] has been used.

In the paper the image potential quantum calculation is disduso.

This work was supported in part by Union State ProgramKi€-SRID (project
209P420) and the Russian Foundation for Basic Researche¢p@$-01-00291)
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The investigation of the charge dynamics allows us tdipt new physical
properties of the coupled system of Josephson junction§t&]system is described
by capacitively coupled Josephson junctions model withdiffiesion current [2,3].
In [1,4] a correlation between the charge dynamicshenS-layers and features of
IV-characteristics (CVC) was established and we shohatdthe breakpoint on the
outermost branch of CVC is related to the paramet@gomance in this system.
Experimental manifestation of the breakpoint and thekpi@at region [5] in CVC
of Bi;Sr,CaCuyO, stimulates new investigations in this field.

In this paper we study the nucleation of LPW in thepted system of JJ and
find the different stages in the process of developmktiteoLPW. We explain the
shape of the charge signal in time and present the adeiteerning the charge
distribution along the stack and the results of fast Fotnaasformation analysis at
different values of bias current. The answer to the fundeahguestion concerning
the correspondence between the breakpoint's positioV@ &d the parametric
resonance region in time dependence of the charge on-ltherS is found: the
position of the breakpoint on the outermost branch\6€ s related to the region
with sharp increase of the amplitude of charge osallain the superconducting
layers. We demonstrate that the onset of the incafabe oscillation amplitude can
be shifted by noise in the bias current and microwadation. These effects open a
way to regulate the process of LPW nucleation in th&stbaJ.

This research was supported by the Russian Foundation far Besearch, grant
08-02-00520-a.
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Conical space emerges inevitably as an outer spaagydbpological defect of
the vortex type. Quantum-mechanical scattering of a noivistat particle by a
vortex centred in conical space is considered, and efiethe transverse size of the
vortex are taken into account. In nanophysics, one deiistopological defects
(disclinations) in graphene -- strictly two-dimensiohayer of carbon atoms. A
disclination warps a sheet of graphene, rolling it iatoanocone with the deficit
angle which can take both positive and negative valwgsate equal to multiples of

60° . We discuss some peculiarities of the high-frequencitesaey which are due
to the nonvanishing deficit angle.
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The process of formation and post-growth relaxatiomegosited structures is
still not well understood [1-3]. The understanding of foioratand post-growth
relaxation processes would allow one to controllabfiuence the self-organization
processes of particles on the surface and therefalgtam patterns with predictable
properties.

Here we present a detailed systematic theoretical finad§ the formation and
the post-growth relaxation processes of nanofractalsuoface. For this study we
developed a method which describes the internal dynamiparti€les in a fractal
and accounts for their diffusion and detachment. We denateghat these kinetic
processes control the final shape of the islands ofacsu after post-growth
relaxation. We consider different scenarios of fractabion and analyze the time
evolution of the island's morphology. In Fig. 1 we iltate several examples of
such analysis. For details, see [2-3].
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Fig. 1. Simulated evolution of fractal structure caltediain [2-3] (a)-(c) and experimental
data for the silver fractal perturbation caused by oxidatfche silver clusters (d)-(f) [1].

We demonstrate that stability of the fractal structigpends strongly on several
factors, such as the particles mobility and temperdusg.
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We provide a physical model for resistance switchirigcefn thin film devices
based on numerical solutions of drift-diffusion equationrs dlectrons, holes and
ions coupled by Poisson equation with appropriate boundarglittons [1]. The
model is quite general and can be applied to materialsatttais solid-state
electrolytes, e.g., nonstochiometric compounds withilmaefects such as oxygen
vacancies. We simulate the dynamics of a two-termuhalice based on a
semiconductor thin film with mobile dopants that are ipliyt compensated by a
small amount of immobile acceptors. We examine thieilm@n 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
1 neuromorphic networks [2].
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THE SELF INTERACTION CORRECTION REVISITED
J. Messud', P. M. Dinh?, E. Suraud®, P. G. Reinhard?

!l aboratoire de Physique Thrique, UMR 5152, UniversitPaul Sabatier, 118
route de Narbonne, F-31062 Toulouse Cedex, France

2 |nstitut for Theoretische Physik, UniveritErlangen Staudtstr. 7, D-91058
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The Self Interaction Correction (SIC) is a long stagdproblem in Density
Functional Theory (DFT). It causes several major diffies especially with the
universally used simple and efficient Local Density Appration (LDA). The
standard SIC approaches lead to the introduction ofabrB#pendent functional
which exhibit several formal and technical problembe TOptimized Effectove
Potential (OEP) methods allow to deal with such diffies but in an approximate
manner. The fully time dependent cases remain especialijematic, which leads
to significant difficulties for the treatment of i@ation "on the fly".

We discuss an extension of time-dependent DFT including BIGtrictly
variational formulation is given taking care of the essary constraints. A
manageable and transparent propagation scheme using tved seteefunctions is
proposed and applied to laser excitation with subsequergatmn of a dimer
molecule.

We also propose a simplification of the Optimized Effec Potential (OEP)
applied to the Self Interaction Correction (SIC) schewheDensity Functional
Theory (DFT). The new scheme acceptably fulfills sevkey formal properties and
turns out to be both simple and accurate. We show exaroplapplications on
model molecules in terms of observables known to be idlyesensitive to details
of the SIC-OEP approach. This latter approach migragmicable to low energy
phenomena.
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KINETICS OF CLUSTER GROWTH IN FULLERENE C ¢, SOLUTIONS IN
NITROGEN-CONTAINING SOLVENTS

V.L. Aksenov, T.V. Tropin, M.V. Avdeev

Frank Laboratory of Neutron Physics, Joint Institute for Nucleesdarch,
141980 Dubna, Russia
Russian Research Centre Kurchatov Institute, pl. Akademikahktona 1, 123182
Moscow, Russia

Cluster growth processes occurring in fullereng €olutions draw much
attention of researchers because of promising pradigalications. The clusters
solution of G in nitrogen-containing solvents (e.g. N-methyl-2-pydotie (NMP),
pyridine) can be regarded as a “model” system for vatifia of various theoretical
approaches to describing the kinetics of cluster grofiu, the successful solution
of this problem may lead to certain new ideas concerd@sgription of fullerene-
water colloidal solutions. The observed slow growthraogé clusters (~500 nm sizes
are reached within several weeks) af @acromolecules in NMP and pyridine
offers a good opportunity to apply the approach of kinetiorthef nucleation.

In the present work several models for description of etugtowth in GYNMP
and G¢/Py solution are considered. In addition to basic approacleation theory
these models take account of the confinement of clgsterth due to possible
formation of donor-acceptor complexes betweep &d solvent molecules. A
modification of basic kinetic equations results in addéio model parameter—
characteristic time of g-solvent complex formation;. Some different ways to
introduce confinement are proposed. The most appropniatiel is selected on the
basis of agreement with experimental results and simypliggtimation of models
parameters is made with the use of experimental da&fiffél sizes of the clusters
in Cso/ NMP and Gy/Py have been measured lately by small-angle neuteitesng
(SANS), dynamic light scattering (DLS) and electron wscopy (EM) techniques.
Additionally, the experimental data of extraction @ @onomers from g/NMP
solution to hexane, prove to be very valuable for abraf theoretically obtained
results on time-scale.

As a result, a model of confined growth of clusters gp Blutions in nitrogen-
containing solvents is proposed, its parameters estinzatd the results compared
with experiment. The consequences of the model are discussguding the
obtained evolution of cluster distribution with time.
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PROXIMITY INDUCED SPIN ORDERING AT THE FERROMAGNETI C
METAL/DILUTE MAGNETIC SEMICONDUCTOR INTERFACE

V.V. Tugushev
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20080,
P. Manuel Lardizabal,3, Donostia-San Sebastian, Basque Country, Spain

We investigate theoretically the conditions for the@pearance and/or
modification of spin ordering in a dilute magnetic semét@ior contacted to a
ferromagnetic metal. We show that the magnetic prityxieffect has complicated
enough physical nature in this system. Allowing for bt electron scattering and
hybridization between the ferromagnetic metal andic@muctor electron states at
the interface, we calculate the spin polarization ofiees in a semiconductor layer
near the interface. The peculiar mechanism of indeechange coupling between
local spins dissolved in the semiconductor host, whicburs when a dilute
magnetic semiconductor is contacted to a ferromagmeétal,is analyzed. The
structure of the proximity induced spin ordering in a dilut@mesic semiconductor
is qualitatively described in frame of a mean field apgrodbe interpretation of
experimental data on the Fe/(Ga,Mn)As and Py/(Ga,Mng@sred structures is
done.
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PHASE DIAGRAM OF THE BILAYER SYSTEM AT v=1
A.V. Bunyakin, A.A. Vasilchenko

Kuban State Technological University, Krasnodar, Moskovskay 2, Russia

E-mail: a_vas2002@mail.ru

We have investigated the electronic structure of ealfyi coupled double
guantum dots in magnetic field within local density fuorsl theory. The dots are
identical and two-dimensional. Many-body effects are nakeproximately into
account by the use of local intra-layer exchange energy.

The system of Kohn-Sham equations for vertically cougjeantum dots in a
magnetic field with the number of electrons up to 100 saged numerically. We
studied the transition from the maximum-density-dropletestd isospin-polarized
electrons (the quantum Hall state) in the state witmlver of electrons occupying
antisymmetric statdN, = 1. Phase diagram for the bilaygir1 system in the
magnetic field — tunneling splitting plane was constructeds shown that at low
electron density quantum Hall state is energeticallpri@ve in the structure with
zero tunneling splitting.

This work is supported by RFBR and administration of Kodsr region.
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DENSITY OF ELECTRONIC STATES IN GRAPHENE WITH IMPURI TIES
N.D. Vlasii

Bogolyubov Institute for Theoretical Physics,
National Academy of Sciences, 03680, Kyiv, Ukraine

E-mail: vlasii@bitp.kiev.ua

A synthesis of strictly twodimensional atomic crystémonolayers of carbon
atoms) is promising a wealth of new phenomena and lpessipplications in
technology and industry. Such materials are characteld®edhe Dirac-type
spectrum of quasiparticle excitations, yielding a unique exaropl¢he truly
twodimensional "relativistic" electronic system whipossesses rather unusual
properties. We accomplish a comprehensive study of fleeofdmpurities of the
point vortex type. Both global and local densities oftestaare evaluated. We
consider both flat and curved nanolayers and point osérehble effects of the
layer geometry.
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DETONATION NANODIAMONDS AS A NEW CARBON
NANOSTRUCTURE FOR NANOTECHNOLOGY

A.Ya. Vul
loffe Physical-Technical Institute of the Russian AcaderBgiehces

E-mail: alexandervul@mail.ioffe.ru

Development of nanotechnology requires the productionspledsed particles of
a material with characteristic sizes of a few nanensetDetonation nanodiamond
(DND) has a crystalline core of about 4 nm. The goalreégntation is to give a
short review on technology, properties and applicatioh©ND produced by
detonation of carbon explosive materials discovered iIBSRJ$ the 60-s. The
presentation based on the latest results of loffe Instiatediamond group [1,2].

It has been recently shown by loffe Institute group as agebther scientists the
DND cluster consists of a diamond comp’(hybridized carbon) covered by a
carbon-onion shellsff hybridized carbon). It has been experimentally shtvat
the sp’/sp depends strongly on conditions of detonation synthesis andbe
changed by heat treatment in different atmosphere.

It has been difficult to isolate the crystalline copesnarily because of the well-
known high tendency for nano-sized particles to aggeegato clusters of
submicron size due to the high specific surface areaD DMiNually forms a
hierarchical fractal structure. However, it was relgestiggested that stirred-media
milling with micron-sized zirconia beads is an effectmethod for making from
DND stable agueous suspension of 4 nm particles.

Besides well-known applications of DND for polishing materimetal-
nanodiamond coatings, and polymer composites and rubberapydigations are
discussed in the last time. Among them we would like tphamized composites
with high thermal conductivity, field electron emissiceeding at growing of CVD
diamond films, production of new magnetic materials sraderials for bio-medical
applications. In this connections the most importaqt istelevelopment of industrial
scaled technology for production of the stable nanodiarpantitle suspension and
the technology of surface functionalization of the singtem diamond particle. The
applications mentioned above are discussed in presentation.

The research has been supporting by the FASI, the Rugsiademy of
Sciences, RFBR and European FP7 program.
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TERAHERTZ EMISSION FROM INTRINSIC JOSEPHSON JUNCTIONS
AT HIGH BIAS AND LOW BIAS

H. B. Wang', S. GuenoR, J. Yuan', Z. G. Jiang’, Y. Y. Zhong®, P. H. W(#,
A. lishi', T. Hatand', B. Gros$, M. Gruenzweid, D. Koellé’, and R. Kleiner

! National Institute for Materials Science, Tsukuba 3050047, Japan
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Phenomena, Universitaet Tuebingen, Auf der Morgenstelle 14, D-M2@t6ngen,
Germany
3 Research Institute of Superconductor Electronics, Nanjing WsityeNanjing
210093, China

To have practical applications with THz emission framtrinsic Josephson
junctions, the following conditions should be satisfieinable operation
frequencies, narrow linewidth, high power output and goodlgyalin low bias and
high bias regimes [1,2], THz emission from intrinsicepdsson junctions has been
observed by bolometric detection. In the talk, | will shtbe remarkable difference
of THz emission between these two regimes, and distiessole of a hotspot
appearing in the high bias regime. | will convince yathwur results that the THz
emission at high bias may have feasible applications..
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THE EFFECT OF SURFACTANTS ON CHEMICAL DEVELOPMENTS OF
ION TRACKS IN POLYMERS

Yu. Yamauchi, P. Yu. Apel
FLNR, JINR, Dubna, Moscow Region, 141980, Russia

The surfactant molecules form a quasi-solid adsorptioer lap polyethylene
terephthalate (PET) films and protects partially thefase, which leads to a
reduction in the bulk etch rate of the solids [1]. In gehehe protection effect
depends on the alkali concentration, temperature andfypefactant [2]. The pore
geometry critically depends on the peculiarities of diffusion of surfactant into
restricted volumes. It was shown in Ref.[1] that tlieliton of sodium dodecyl
diphenyloxide disulphonate (SDDD) to the alkali soluticsdieto the formation of
the highly tapered pore profile. In this paper we studydiffesion and adsorption
of SDDD on non-etched non-porous, etched non-porous aheécdeiporous PET
films. The comparison of non-etched non-porous and etctuedporous films
shows the effect of negatively charged surface on dserption of surfactant. The
comparison of etched non-porous and etched porous PES shows the different
adsorption on film surface and inner wall of pore, thesibfluence of curvature of
the surface on the adsorption of surfactant molecMesdiscuss the application of
our results for the efficient control of the structucharacteristics of track
membranes.
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QUANTUM DOT SUPERRADIANT EMISSION
V.1. Yukalov ! and E.P. Yukalova®
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141980 Dubna, Russia
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The possibility of realizing the superradiant regime oftetenagnetic emission
by the assembly of quantum dots is considered. The owmaimical process is
analyzed in detail. It is shown that there can occuerse qualitatively different
stages of evolution. The process starts with dipolaewériggering the spontaneous
radiation of individual dots. This corresponds to thestuation stagewhen the dots
are not yet noticeably correlated with each othbe 3econd is theuantum stage
when the dot interactions through the common radiafield become more
important, but the coherence is not yet developed. Tihe iththe coherent stage
when the dots radiate coherently, emitting a superradparse. After the
superradiant pulse, the system of dots relaxes to an imcghetate in the
relaxation stage If there is no external permanent pumping, or thecifie dot
interactions are weak, the system tends to a stayios@te during the last
stationary stagewhen coherence dies out to a low, practically nedégilevel. In
the case of permanent pumping, there exists the sixth sthgepulsing
superradiancewhen the system of dots emits separate coherent pulses
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SHOT NOISE AND COULOMB BLOCKADE OF ANDREEV REFLECTI ON
A.D. Zaikin
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We derive low energy effective action for a short eehe conductor between
normal (N) and superconducting (S) reservoirs [1]. Weluate interaction
correction 3G to Andreev conductance and highlight a fundamental relatio
between interaction effects and shot noise in N$esys In the diffusive limit
doubling of both shot noise power and charge of the cawyields|dG |four times

bigger than in the normal case. We further generalizefertive action formalism

to describe interaction effects on non-local elettransport in three-terminal NSN
structures [2]. We demonstrate that the non-linearlocal conductance of such
devices can acquire a non-trivigl-shape which is a unique signature of electron-
electron interactions. Our predictions [1,2] can quatitely explain recent
experimental observations [3,4] and can further be testiedure experiments.
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NANOSTRUCTURE AND MAGNETIC PROPERTIES OF Ni/Cu
MULTILAYERS

A. Zolanvari, H. Sadeghi, R. Pormusavi and J. Nezamdost
Department of Physics University of Arak, P. O. Box: 38156-8rk, Iran.
E-mail: A-Zolanvar@araku.ac.ir

In this paper, the nanostructure and magnetic propeftldg§Cu multilayers has
been studied. The nanostructures of the crystalline phesecorrelated with
crystallographic preferential orientation. The (111) and \p0éferentially oriented
Ni films contain fiber textured microstructures, whichve been revealed by pole
figure x-ray diffraction (XRD) measurements in Crystedliand magnetic properties
were measured by x-ray diffraction (XRD), magnetic famderoscopy (MFM) and
alternative gradient force magnetometery (AGFM) ansly$ole figure(PF)
measurements at a diffracted position were also pertbtmdetermine the average
disorientation angles of subgrains. Texture formation thin films directly
influences the physical characteristics of mategath as magnetic, mechanical and
electrical properties. Figs.(a), (b), (c), (d), (€), @) and (h) show the MFM, AFM,
Phase image , AGFM, XRD, HT-XRD and PF results of thisltitayers,
respectively.
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