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Name: David Abergel.

Title: Electron - Optical Phonon Interaction in Semiconductor Quantum

Wells Mediated by Spin-orbit Coupling.

Abstract: We introduce a new mechanism of coupling between optical

phonons and electrons in semiconductor quantum wells. When one

sublattice of the semiconductor crystal is displaced with respect to

the other, the inversion symmetry of the semiconductor is broken and a

spin-orbit coupling is induced. We perform symmetry analysis of this

spin-orbit assisted electron-phonon coupling in zinc-blende

semiconductors and study its influence on the mixing of the cyclotron

resonance with optical phonons. We analyse the fine structure of the

cyclotron resonance due to such coupling in the regime of a strong

magnetic field and show that it strongly depends on the quantum well

filling factor and the spin polarisation of the electron gas. We

predict the shape and form of the anticrossings for those pairs of

resonances which exhibit non-zero coupling and provide an explanation

for those resonances which are not coupled in terms of the quantum

numbers of the system.
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Density-functional theory of interacting electrons in “short” quantum wires 
 

S.H. Abedinpour, M. Polini, G. Xianlong, and M. P. Tosi 
NEST-CNR-INFM and Scuola Normale Superiore, I-56126 Pisa, Italy 

 
 
Motivated by the experimental evidence of electron localization in cleaved edge overgrowth 
quantum wires [O.M. Auslaender et al., Science 308, 88 (2005)], we present a density-functional 
study of strongly correlated electron liquids confined by power-law external potentials into a 
“short” portion of a thin wire. The theory employs the quasi-one-dimensional (Q1D) homogeneous 
electron liquid as the reference system and transfers the appropriate Q1D ground-state correlations 
to the confined inhomogeneous liquid via a suitable local-density approximation to the exchange and 
correlation energy functional. We first show that this local-density approximation describes 
accurately “liquid-like” phases and then point out its failure in describing the emergence of “Wigner 
molecules”. We finally discuss how this limitation can be overcome by adding an infinitesimal spin 
symmetry breaking term to the Hamiltonian and using an exchange-correlation functional of the 
local-spin densities. 
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Mesoscopic anisotropic magnetoconductance fluctuations in ferromagnets 

 
S. Adam, M. Kindermann, S. Rahav and P. W. Brouwer 

 
 
 
 
The conductance of a ferromagnetic particle depends on the relative orientation of the 
magnetization with respect to the direction of current flow. This phenomenon is 
known as "anisotropic magnetoresistance". Quantum interference leads to an 
additional, random dependence of the conductance on the magnetization direction. 
These "anisotropic magnetoresistance fluctuations" are caused by spin-orbit 
scattering, which couples the electron motion to the exchange field in the 
ferromagnet. We report a calculation of the dependence of the conductance 
autocorrelation function on the rotation angle of the magnetization direction. 
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College on Physics of Nano-Devices 
 

Polaron states in self-assembled quantum dot molecules 
 

Miguel Angel Adames, Angela S. Camacho 
Departamento de Física. Universidad de Los Andes. Bogotá, Colombia 

madames@uniandes.edu.co 
 

In realistic semiconductor quantum dots the optical phonon emission is a powerful 
source of relaxation. It has been shown that the polaron formation in these systems is a 
crucial process in relation with the energy loss processes. Furthermore, it offers a 
theoretical explanation to the experimental results in quantum dots [1]. Recently have 
been grown quantum dots molecules in which can be observed interesting behaviour 
relating with the coupling mechanism of quantum dots [2].  
We focus on the polaron formation and its lifetime in these artificial molecules set up of 
two coupled quantum dots. In particular, we investigate the optical transitions in self-
assembled InAs/GaAs quantum dot molecules with varying the quantum coupling 
parameter. We calculate the coupling between the electron and the LO-phonon states by 
using the Fröhlich Hamiltonian, from which we determine the polaron states as well as 
the energies of the dipolar electric transitions.  
We study the dependence on the polaron formation with the coupling between the dots. 
Since polaron formation strongly modifies the optical spectra due to the appearance of 
several anticrossings in the excited states, we present a study of the parameter ranges in 
which the polaron presence is relevant for the behaviour of the molecule. In addition we 
calculate the polaron decay time through irreversible emission of acoustic phonons for 
several coupling magnitudes. 
 
References: 
 
[1] V. Preisler, T. Grande, R. Ferreira, L. A. de Vaulchier, Y. Guldner, F.J. Teran, M. 
Potemski, and A. Lemaitre Phys. Rev. B 73, 075320 (2006) 
 
[2] E.A. Stinaff, M. Scheibner, A.S. Bracker, I.V. Ponomarev, V.L. Korenev, M.E. 
Ware, M.F. Doty, T.L. Reinecke, and D. Gammon, Science  311, 636 (2006). 
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HOT ELECTRON ENERGY RELAXATION IN QUANTUM WIRES: ROLE 
OF PHONON CONFINEMENT AND NON-EQUILIBRIUM PHONON 

POPULATION 
A.L. Asatryan, A.L. Vartanian, A.A. Kirakosyan  

Department of Solid State Physics, Yerevan State University, 
Al. Manookian 1, Yerevan 375025, Armenia 

 
Modern technologies in micro- and nanoelectronics allow different semiconductor 

device structures of very small sizes and various geometries to be created. In particular, high-
speed field effect GaAs transistors with one-dimensional electron gas, or in other words, 
quantum wire transistors [1, 2] have been created and actively investigated. It is supposed that 
on the basis of these transistors a new generation of high-speed GaAs ultra large-scale 
integration circuits can be produced. 

It has been also proposed by Ben Yu-Kuang Hu and S.Das Sarma [3] the quasi-one-
dimensional version of the tunneling hot-electron transistor amplifier which has been 
fabricated successfully in three and two dimensions. It has been shown that it may be possible 
to obtain a device with large and sudden onset of negative differential resistance. 

It is known that in polar semiconductor materials, the electron LO-phonon Fröhlich 
coupling is significantly stronger than the electron acoustic-phonon coupling. The most 
efficient energy relaxation process for the hot-electron gas, except at very low temperature, is 
therefore to emit LO phonons. The understanding of this energy relaxation process is of great 
technological importance since actual electronic devices work mostly under high-field hot-
electron conditions. In addition, acting as nonradiative relaxation mechanisms the emission 
and absorption of phonons have a strong impact on the optical properties of semiconductors. 

In order to obtain a realistic estimate for the energy-loss rate due to LO-phonon 
interaction from a hot electron gas in quantum wire structures, the effect of the confinement 
of phonon mode should be taken into account, particularly in narrower wires. Phonon 
confinement causes changes in the selection rules for transitions involving subband electrons 
and also affects the magnitude of the electron-phonon interaction matrix element, 
consequently modifying the hot-electron energy relaxation rate compared with the bulk-
phonon case. In the present work we study the interface and confined LO-phonon caused 
electron energy-loss rate (ELR) in quantum wires (QWRs) within the frame of dielectric 
continuum model. We present a comparative analysis of the confined and interface phonons 
as well as intrasubband and intersubband transition contribution to electron ELR for the 
GaAs/AlxGa1-xAs and CdxZn1-xSe/ZnSe QWRs. 

Under the application of a high electric field, the power supplied to the carriers by the 
electric field generates phonons. Thus the phonon distribution is perturbed, and non-
equilibrium or hot phonons are produced if the phonon lifetime is not too small. Our 
calculations show that the consideration of hot phonon bottleneck effect is slowing down the 
cooling rate of hot electrons.            
 
This work was supported by the Armenian State Program “Semiconductor Nanoelectronics” 
and by the Armenian National Science and Education Fund (Grant No.05-PS-nano-0811-
228.).  
 

1. D.Jovanovic, J.P.Leburton, IEEE Electron Device Lett. 14, 7 (1993). 
2. S.K.Islam, F.C.Jain, Solid State Electron. 39, 615 (1996). 
3. Ben Yu-Kuang Hu, S.Das Sarma, Phys.Rev.B 48, 5469 (1993). 
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Physics of carrier-transport mechanisms for theoretical 
modeling of nanometer AlGaN/GaN Heterostructure field effect 

transistors 
 

A. Asgari 
Research Institute for applied Physics, Tabriz University, Tabriz 51665-163, Iran 

asgari@tabrizu.ac.ir  
 
 
Abstract: 
 
The continuous downsizing of transistors geometries is motivated by the need 

for higher packing density and device speed together with low supply voltage 
operation for low-power, ultra-large scale integrated circuits. 

Full functionality in HFETs with deca-nanometer (between 10 and 100 nm) 
metallurgical gate lengths has been achieved leading to mass production of devices, 
and HFETs below 10-nm gate lengths have been established. Because of their 
extremely small geometries, the design, fabrication and analysis of these HFETs 
involves the careful consideration and prediction of phenomena that require the 
understanding of device physics at the sub-micrometer and nano-scales [1, 2]. 

On the other hand, the AlxGa1-xN alloy and associated AlxGa1-xN/GaN 
heterostructures are the subject of intense research interest because of the great 
potential for the fabrication of high electron mobility transistors (HEMTs) and for 
future applications in industries requiring high power and/or high temperature 
microwave field-effect transistors [3,4,5]. 

 The charge-transport mechanisms and theoretical foundations for describing the 
functioning of small AlGaN/GaN heterostructure based field effect transistors are 
surveyed. Various models of nano-HFET devices incorporating quantum-mechanical 
phenomena and velocity overshoot effect, based on the drift-diffusion, 
hydrodynamical and scattering approaches are discussed [6]. 
 
 

1. G. Curatola, G. Iannaccone, Computational Materials Science 28, 342–
352, (2003) 

2. S.M. Sze, Physics of Semiconductor Devices, John Wiley, New York, 
1981. 

3. A. Asgari, M. Kalafi, and L. Faraone, J. Appl. Phys. 95, 1185 (2004). 
4. A. Asgari, M. Kalafi, and L. Faraone, Physica E 25, 431 (2005). 
5. A. Asgari, M. Kalafi, and L. Faraone, Physica E 28, 491 (2005).  
6. R. Yahyazadeh, A. Asgari, M. Kalafi, “The effects of Depletion layer on 

Negative Differential Conductivity in AlGaN/GaN High Electron 
Mobility Transistor”, (To be published in Physica E). 
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First Principles Calculations on various hexagonally shaped Si nanowires 
 

Cüneyt Berkdemir a1 and Oğuz Gülserenb2 
a Department of Physics, Erciyes University, Kayseri 38039, Turkey 
b Department of Physics, Bilkent University, Ankara 06800, Turkey 

 
 

Abstract: 
 
In the past years, a variety of carbon and silicon nanostructures have extensively been studied by 
using first principle calculations to understand their geometric and electronic properties in 
nanoscale. These studies have been in part fueled by the discovery of carbon nanotubes (CNTs) in 
the early 1990s and shown a novel way to produce new nanostructures. Among them, silicon-based 
nanowires (SiNWs) have attracted considerable attention due to their technologically important 
applications in device components for future nanoelectronic and especially optoelectronic devices. 
The main interest arises from the combination of opto-electronic properties of III-V semiconductors 
with the existing silicon-based technology. It has been suggested that the SiNWs thinner than 
100nm in diameter because of their fascinating quantum properties may be used in quantum-wire 
high-speed field effect transistors and light-emitting devices with extremely low power 
consumption. However, the particular advantages of SiNWs are still a great challenge so far. 
 
 
The goal of this study is to investigate the geometric structures and electronic properties of various 
hexagonally shaped silicon nanowires by using plane wave pseudopotential calculations based on 
the density functional theory. The stability of the nanowire made from staggered and eclipsed 
hexagons is checked by including various transition metal atoms to the inner core of the nanowire. 
Results are obtained by both generalized gradient (GG) and local density (LD) approximations, and 
conjugate gradient (CG) method is used for wave function optimization. Electronic and transport 
properties are discussed based on these first principles calculations. 
 

 

 

 

 
1 berkdemir@erciyes.edu.tr 
2 gulseren@fen.bilkent.edu.tr (Corresponding author: Oğuz Gülseren) 
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Controllable Metallic Quantum Dot 
L. Bitton, A. Frydman, R. Berkovits 

The Minerva centre, Bar-Ilan University, Ramat-Gan, Israel 
 
 
We explore the transport properties of a metallic quantum dot (QD) with fine control 
over the dot-lead coupling. The ability to study I-V characteristics and the Coulomb-
blockade peaks at different coupling regimes has a great significance in studying 
dynamical situations in which the "orthodox" picture of transport fails and new 
phenomenon appears, known as "charge sensing". This phenomenon results in 
asymmetric Coulomb-blockade peaks as well as saw-tooth or domelike structures. A 
common explanation for this phenomenon is based on the presence of traps which 
contribute additional charging to the system. 
 
Recently, various transport properties of strongly coupled nanoscopic semiconducting 
systems have been investigated. However, from the basic science point of view, 
metallic quantum dots have been studied only within the Coulomb blockade regime 
which is characterized by a weak tunnel coupling between quantum dots and leads. 
We find it very challenging to explore the metallic dot in this regime since it is 
characterized by a very high density of states and high charging energy, unlike 
semiconductor quantum dots. Studying a metallic dot in the strong coupling regime 
may be possible only if one could control the number of channels and study the 
transport through a metallic QD in which one state is much more strongly coupled to 
the leads than the others.  
 
We use a new technique to fabricate metallic quantum dots in which we can span the 
entire range from closed to open dots and study the effect of interactions between the 
energy levels on the conductance spectrum.  Our experimental setup combines e-beam 
lithography and AFM nanomanipulation to place a small metallic dot between two 
leads. In order to achieve fine control over the dot-lead coupling we use an 
electrochemical deposition process by which we grow metal on the electrodes with 
extremely fine (atomic-scale) control thus scan the entire regime of an isolated island 
to an open quantum system. The process is stopped at different degrees of couplings 
and the transport properties are measured. The most interesting case is that of large 
coupling in which the widths of some levels are larger than the level spacing and a 
very nontrivial regime of QD is expected.   
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Interface optical modes in finite lamellaire structure 
containing left  handed material 

 
D. Briaa,b,c*, B. Djafari-Rouhani b,  N.Ouchania and A. Nougaouia 

 

a Laboratoire de Dynamique et d’Optique des Matériaux, Département de 
Physique,  
   Faculté des Sciences, Université Mohamed I, B.P. 524, 60000 Oujda, Morocco 
b Institut d’Electronique, de Microelectronique et de Nanotechnologie (IEMN), 
UMR CNRS  8520,Université des Sciences et Technologies de Lille, 59655 
Villeneuve d’Ascq Cedex, France 
c International Centre for Theoretical Physics (ICTP)  Trieste, Italy 
 
 

The propagation of optical waves of transverse electric (TE) or transverse 

magnetic (TM) polarization in finite superlattices composed of alternating layers of 

right-handed (RHM) and left handed materials  (LHM) is studied within a Green’s 

function method. In the LHM material the dielectric permittivity and magnetic 

permeability are negative, frequency dependent and take the following forms1,2: 
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superlattice/subtrate interfaces are investigated theoretically. These modes appear as 

well-defined peaks of the density of states inside the minigaps of the superalttice. We 

show the possibility of the existence of interface modes, which are without analogue 

in the case of usual superlattices composed only of RHM.  
                

 

              *Electronic address: bria@sciences.univ-oujda.ac.ma 
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Raman Spectra and Interface Modes of Germanium Layers in Silicon 

Nanocrystals 
 

Wei Cheng1,2, Shang-Fen Ren2 and David T. Marx2 

 
1Key laboratory in University for Radiation Beam Technology and Materials 

Modification, Institute of Nuclear Physics, Beijing Normal University, 
Beijing, 100875, P. R. China 

2Department of Physics, Illinois State University, Normal, IL 61790-4560 

 
 
Abstract: 
 

Vibrational modes of 1, 3, and 5 layers of Ge atoms at the center of a 
spherical Si nanocrystal (NC) with 1147 atoms are calculated using the 
valence force field model. Raman intensities of this layered Si-Ge NC 
are calculated via a bond charge polarization approximation and 
compared with experiments in detail. The observed different Raman 
spectra for Ge thin films of a few monolayers deposited on Si 
substrates are explained. Properties of interface modes in this type of 
layered structures are discussed.    
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Effects of the Electrode Structure on the Transport Properties of 

Ge7 Cluster 
 

Z.X. Dai, X.Q. Shi, X.H. Zheng, X.L. Wang and Z. Zeng 
 

Key Laboratory of Materials Physics,  
Institute of Solid State Physics, CAS, Hefei 230031, China 

  
 
Abstract: 
 
 

We have systematically studied the electrical transport properties of Ge7 cluster, 
which is coupled to two kinds of Ag(100) and Ag(110) atomic electrodes with finite 
cross sections. About the equilibrium properties under zero bias, our results exhibit 
that the conductance of Ge7 cluster, which is contacted with Ag(100) electrode, takes 
the value of 3.76Go(quantum conductance unit) in the case of the equilibrium 
cluster-electrode contact distance. However, the equilibrium conductance for the 
Ag(110) electrode, which is also in case of the equilibrium contact distance, is only 
2.92Go. The difference between these two cases of electrodes is close to 1Go. We 
elucidate that this conductance difference is due to the variation in the number of 
bands crossing the Fermi level in these two kinds of electrodes. In the Ag(100) 
electrode, there are five bands crossing the Fermi level. However, there is only four 
bands crossing the Fermi level in the Ag(110) electrode. More bands crossing the 
Fermi level induce more eigenchannels contributing to the equilibrium conductance. 
The equilibrium conductance of Ge7 cluster under some other contact distances for 
these two kinds of electrodes is also calculated. Our results also show that the 
conductance in the case of Ag(100) is always bigger than that in the case of Ag(110).  
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Title:  Tunneling of fractionally charged quasi-particle through an 
insulator. 
 
Co-author(s): Sourin Das and Yuval Gefen 
 
Short abstract:  
 
We consider tunneling of fractionally charged quasi-particles (Q.P.) through a 
large barrier in a Fractional Quantum Hall droplet in a multiply connected 
geometry. Global constraint for Q.P. tunneling does not arise in the context of 
multiply connected geometry. We employ RG technique to analyze the 
problem in the vicinity of weak tunneling, regime. 
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Figure 1. Experimental setup 

 

 

 
 

 
 

Figure 2. Modelling Initial Conditions, and Numerical Results for the Hydrodynamics of 
three slugs. 



 
 

“Dynamical effects of the anisotropy, due to Spin – Orbit coupling, on the operation of the 
(swap)α quantum gate” 

 
Roberto Javier Guerrero Moreno1, Fernando Rojas Iñiguez2 

1. CICESE, Carretera Tijuana-Ensenada Km. 107,  Ensenada, B.C., México 
2. CCMC-UNAM, Carretera Tijuana-Ensenada Km. 107, Ensenada, B.C., México 

 
 
 The electronic spin has been proposed as one of the two level systems that can be a good candidate 
for the construction of the qubit. It has been also proposed that the exchange coupling between two 
electronic spins can be used to control and manipulate de states of the two qubit space. This control 
over the exchange coupling, when used as a dynamical variable, can be made to produce specific two 
qubit operations, call quantum gates, which are the key elements of quantum computation[1]. The 
CNOT gate is particularly important, because is universal, i.e., any quantum circuit can be created 
using this gate (two qubit operations) and operation over each of the spins (single qubit rotations). 
 
 To perform a CNOT operation is necessary to do single rotation over each of the two electronic 
spins and to be able to realize the (SWAP)1/2, which is obtained naturally by the two coupled electronic 
spins system. 
 By considering the effect of the spin-orbit coupling on the two spin system, it has been found that 
an anisotropic term will appear in the two spin Hamiltonian. This new term will be about 1% to 10% of 
the total energy of the system[4]. In particular, the effect of this new term will have important 
consequences on the operation (SWAP)1/2 gate. It has been demonstrated that the error added by the 
anisotropic term, to produce the CNOT gate, can be “rotated out” by careful selection of the form of 
the exchange variable J[2,3]    
 Recently it has been proposed that a more general two qubit quantum gate, (SWAP)α, could be 
used in place of the CNOT[5]. It was demonstrated also that (SWAP)α is universal[5], and equally 
efficient, in the number of gates used, as the CNOT gate. This gate has the effect of adding a phase 
equal to the value of α to the state that describes the system. The different values of α are obtain by 
careful choosing of the form of J. 
 In this work, we study the effect that the anisotropic term will have on the (SWAP)α gate 
operation. 
 By selecting the area of the exchange J over a period of time to produce the required gate 
operation, we have calculated dynamical properties of the probability of the two spin states, 
magnetization, entanglement (concurrence) and fidelity of the required quantum gate to determine the 
effect of the anisotropic term in the operation of the  (SWAP)α gate. 
 
 By calculating the fidelity of the quantum gate, we found that only for values of α=1, the error 
produced by the anisotropy could be corrected. This result appears to point out that a small error in the 
operation would be always present, and would be of the second order in the anisotropic amplitude, so 
that it can be manageable for small values of the anisotropy. 
 
 Time dependent properties of entanglement of the two spin state through the concurrence are also 
calculated and a general analytical expression describing this property in terms of the magnetization, 
and observable, was found. 
 
 It was also shown that the right magnetization of the spins in the states of the  (SWAP)α gate is not 
a sufficient property to determine the successes of the system in constructing the necessary quantum 
gate, but a careful analysis of the fidelity  must be done  in the quantum gate construction.   

We thank support from DGAPA, through the project 1N114403 and CONACYT through the 
project 43673-F. 

 
[1] Burkard, G. D., Loss, D. P. DiVincenzo, 1999, Phys. Rev. B, 59 (3), 2070, 1999 
[2] Burkard, G., D., 2002, Phys. Rev. Lett., 88 (4), 047903. 
[3] Bonesteel, N. E., D. Stepanenko, D. P. DiVincenzo 2001, Phys. Rev. Lett., 87 (20), 207901 
[4] Kavokin, K. V., 2001, Phys. Rev. B, 64 (20), 075305. 
[5]  Fan, H., Roychowdhury, V. Szkopek, T., 2005, Phys. Rev. A, 72, 052323, 2005 
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Growth and characterization of Mn-catalyzed GaAs nanowires by MBE  
 
Fauzia Jabeen, Giorgio Bais, Matteo Piccin, Silvia Rubini, Faustino Martelli, and Alfonso Franciosi 
 
Laboratorio Nazionale TASC-INFM-CNR, Area Science Park, S.S. 14, I-34012 Trieste, Italy. 
 
Center of Excellence for Nanostructured Materials, University of Trieste, 34127 Trieste, Italy. 
 
The unique properties of semiconductor nanowires are likely to play an important role in a whole series of 
emerging technologies.1,2 Most of the methods to produce high densities of nanowires, while minimizing 
structural defects, involve catalyst-assisted growth. In such procedures metal catalyst particles induce and 
dictate one-dimensional semiconductor growth through a vapor-liquid-solid process3. A metal particle is 
generally found at the top of the final semiconductor nanowire and the lateral dimension of the nanowire is 
determined by the particle size. Several authors have argued that the use of a metal catalyst may cause 
contamination and change in the physical properties of the nanowires.3  
Another emerging field of semiconductor research - spintronics - promises to make profitable use of diluted 
magnetic semiconductors. In these materials, the magnetic properties arise from spin-exchange interactions 
between the magnetic impurity ions and free holes4. In order to exploit GaAs technology, one of the most 
investigated material system is GaAs:Mn. The combination of these two research fields could lead to 1D 
spintronic devices. 
In this work we report the fabrication and the structural properties of III-V nanowires grown by molecular 
beam epitaxy using Mn  growth catalysts. The use of Mn is intended to exploit the Mn diffusion into GaAs to 
obtain diluted magnetic semiconducting nanowires.  
The growth of III-V nanowires (NWs) by solid-state molecular beam epitaxy. GaAs and InAs NWs have 
been fabricated using both Mn as growth catalysts. In particular, one of our intents is to investigate whether 
Mn diffuses into the NWs during the growth, with the explicit intent to dope the NWs with manganese as a 
first step towards the attainment of dilute ferromagnetic semiconducting NW. 
The growth of GaAs and InAs NWs has been successfully obtained on a number of substrates. The use of 
substrates gives rise to the fabrication of a large number of nanowires with both catalysts. Fig. 1 shows the 
scanning electron microscopy image of a typical GaAs NW yield obtained on SiO2 (catalyst Mn). Together 
with the nanowires a number of quasi 2D structures, a kind of nanoleaves, has been also obtained. The 
growth temperature range useful for tha growth of GaAs NWs is 520-620 °C. InAs NWs are instead obtained 
at a lower temperature. A SEM picture of InAs NWs is reported in Fig. 1. 
The growth process and the crystalline structure of the nanowires have been investigated by transmission 
electron microscopy. In case of Mn-induced wires, the image analysis is made more difficult by the tip 
oxidation that occurs when the specimens are taken out of the growth chamber. The amount of crystalline 
material at the top of the wire that can be identified with α-Mn has an apparent diameter smaller than the 
corresponding wire (Fig. 2). This feature suggests the possibility of a sizeable Mn diffusion into the wires. 
Mn diffusion is confirmed by extended X-ray absorption fine structure measurements (not reported in this 
abstract), that show that about 50% of the Mn atoms revealed by the measurements is bound to As, while the 
rest is bound to oxygen. 
Photoluminescence measurements have been performed on both as-grown samples as well as on NWs 
transferred onto a different substrate. Fig. 3 shows the emission spectrum at 10 K taken on as-grown Mn-
catalyzed GaAs NWs fabricated at 580°C. The PL spectrum, does not resemble the luminescence of epitaxial 
GaAs, and is composed of a main peak at 1.522 eV and a number of weaker peaks located at lower energy 
superimposed on a broad background. The peak at 1.522 eV is located 7 meV above the free-exciton 
recombination in zincblende (ZB)-GaAs. We emphasize that this peak is observed in all Mn-catalyzed wires, 
irrespective of the growth temperature. 
We suggest that the peak at 1.522 eV originates from e-h recombination in wurtzite zones of the nanowires, 
clearly observed in TEM experiments5. It is known that the band gap of a wurtzite semiconductor is always 
larger than in its corresponding ZB structure. If our suggestion is correct this would be the first evidence of 
luminescence from wurtzite GaAs.  
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Only limited information can be gained by the number and energy position of the other peaks. They are also 
reproducible from sample to sample and in different regions of the samples. Their intensity relative to the 
main peak at 1.522 eV decreases with increasing excitation intensity and the peaks eventually merge into a 
broad tail. 
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3See, e.g., Matt Law, et al., Annu. Rev. Mater. Res. 34, 83, (2004). 
4 T. Dietl, et al., Science 287,1019 (2000). 
5G. Bais et al., abstract submitted to NanoItaly 

Fig. 1 SEM images of (a) Mn-catalyzed GaAs nanowires grown on SiO2; (b) Mn-catalyzed InAs nanowires grown on SiO2; (c) Mn-catalyzed 
GaAs nanowires and nanoleaves grown on oxidized GaAs; (d) oriented Au-catalyzed GaAs nanowires grown on GaAs(111)B. 
 

Fig. 3. Photoluminescence spectrum at 10 of a typical GaAs 

NWs sample. 

 

Fi Fig(2) HRTEM image of the tip of a Mn-catalyzed GaAs NW. The 
in insets are the FFT obtained from the marked relevant regions of the  
Nananowire. The FFT from the body indicates wurzite GaAs whereas 
th the FFT from the crystalline region of the tip is due to a α-Mn phase 

 



Magic Melters Have Geometric Origin. 
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Studies of finite temperature behavior of clusters have brought out many 
counterintuitive observations. For example, higher than bulk melting temperature in 
case of Sn and Ga, substantial variation in melting temperature as a function of size 
and the most intriguing one is drastic change in the characteristic of heat capacity 
with addition of just one atom. It has been observed that Ga31 has a well-defined peak 
in the heat capacity whereas heat capacity for Ga30 is flat and does not show any peak. 
Ga31 is termed as magic melters. 
 
In this poster we demonstrate that magic melters have geometric origin. We have 
done isokinetic   Born-Oppenheimer molecular dynamic simulations to compute the 
ionic specific heat of Ga30 and Ga31. We have reproduce the experimental results and 
demonstrated that the drastic difference in the finite temperature behavior of these 
clusters is due to the subtle difference in their ground state geometries. Ga31 has 
relatively more symmetric ground state, with more number of bonds having equal 
strength. Indicators like root mean square bond length fluctuations, mean square 
displacements of individual atoms bring the differerence in these two clusters clearly. 
We also demonstrate that all these features are generic in small clusters and are 
observed in Al clusters as well. 
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Title:  
 
Singular length dependence of critical current in SNS bridges 
 
 
Author: Alex Levchenko 
 
 
Abstract: 
 
  We examine dependence of the critical Josephson current on the length L of the normal bridge 
N between two bulk superconductors. This dependence turns out to be non--analytic at small L. 
The non--analyticity originates from the contribution of extended quasiparticle states with 
energies well above the superconducting gap.  This should be contrasted with the more familiar 
contribution to the Josephson current coming from Andreev bound states localized in the normal 
region at energies below the gap. 
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Electronic transport properties of NbC(C)-C nanocomposites 
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The electronic transport properties of a composite system comprising zero 

dimensional superconducting NbC(C) nanocapsules and carbon nanofiber matrix 

were studied. DC susceptibility χdc measurements of the nanocomposite indicate that 

the critical temperature (TC) of NbC nanocrystals is 10.7 K. The temperature 

dependence of electrical resistivity of the specimen pellet follows the Mott’s T−1/4 law 

in a temperature range between TC of NbC and 300 K, owing to a strong degree of 

structural disorder in the carbon matrix. Below the TC of NbC, when the change of its 

electrostatic energy ΔE is far greater than the thermal energy, an electron will be 

localized on an isolated NbC nanocrystal at very low temperatures, leading to 

“Coulomb Blockade.” As a result, a collective behavior of the single-electron 

tunneling effect takes place in a three-dimensional granular superconductors’ network 

composed of the NbC/carbon/NbC tunneling junctions. The superconducting gap of 

NbC crystals is not found in the current-voltage curves, due to the suppression of 

surface superconductivity through the contact between NbC and carbon shells. When 

a Nb3Al block is used as an anode, Al4C3 nanorods are produced and NbCx 

nanoparticles dose not show a superconductivity because of the attendant carbon 

vacancy sites. 
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We propose a simple approach to study the conductance through arrays of  N  
interacting quantum dots, weakly coupled to metallic leads. Using a mapping to an 
effective site which describes the low-lying excitations and a slave-boson 
representation in the saddle-point approximation, we calculated the conductance 
through the system. Explicit results are presented for N=1 and for several arrays with 
N=3. For N=1 in the Kondo limit, the results are in very good agreement with 
previous results obtained with numerical renormalization group (NRG). In the case of 
a linear chain for odd N, when the parameters are such that electron-hole symmetry is 
induced, we obtain perfect conductance G=2e2/h.  
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In the quantum mirage experiment, confinement of surface electrons by an elliptical 
nanoscopic corral has been used to the project the Kondo effect from one focus of the 
ellipse to the other. Remarkably, the space map of the change in the differential 
conductance (ΔdI/dV) at the Fermi energy, obtained with scanning tunnelling 
spectroscopy (STS), clearly resembles the density of the 42nd state of a hard-wall 
elliptical corral. In order to describe consistently the experiment, the effect of 
confinement as well as the many-body aspects must be included in any theoretical 
description. We first calculate the resonances inside the corral. To model a “soft” 
corral, we propose a confining potential of the form Wδ(r-r0). The many-body 
interactions are modelled with the single impurity Anderson model. Two different 
techniques, second order perturbation in the Coulomb repulsion U, and slave-bosons 
in the saddle-point approximation, have been used to handle the many-body problem. 
We calculate the resulting change in the differential-conductance ΔdI/dV as a function 
of the gate voltage and real-space position. The main features seen in the experiments 
are reproduced. By studying the the lineshape of ΔdI/dV as a function of the position 
inside the corral, we propose a means to experimentally discern the relative 
importance of  bulk states, an issue that remains unclear yet. We also calculate spin-
spin correlations. 
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Quantum Interference and Negative Differential 
Conductance in Mettalic Single Wall Carbon Nanotubes 
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We have investigated the quantum transport properties of defective, long, and 
metallic single wall nanotubes within the π-electron tight-binding model, 
describing the varying spatial Bloch's wave functions near the Fermi level at 
low bias regime. We have calculated the differential conductance for the sake 
of substitutional impurities over nanotubes. The scattering potential has been 
modeled by delta function potential. Our calculations show that defective 
nanotubes have atomic scales characteristics in their transport properties and 
the impurity conductance, Gimp, depends strongly on the atomic configuration 
including both their interdistance and symmetry of impurities. The forward 
electron wave is backscattered by impurities, and then quantum interference 
between forward and backward waves results oscillations in the DC over the 
source-drain voltage. Depending sensitively on symmetry and interdistance 
impurities; fast, slow, and no oscillations are shown for the armchair, metallic 
zigzag, and metallic chiral nanotubes, respectively. With atomic scale 
manipulation of impurities positions, in the certain range of the bias voltage, 
Gimp shows negative values due to suppression of the transport channel. It 
can be understood in terms of the band structure effect and quantum 
interference induced by impuritiesThe negative differential conductance is an 
unusual property that may lead to new atomic scale switches, resistors, 
amplifiers, and memory devices. This work presents an analytical-
computational study of the effects of impurities in SWCNT systems and the 
dependence of the DC as a function of spatial configurations of impurities 
over the tube, diameter, and in special chirality of the tube.  
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Javier Francisco Nossa, Ángela Camacho 

Universidad de los Andes, Cra. 1E No. 18A-10. Edificio H, Bogotá, Colombia 
ja-nossa@uniandes.edu.co, acamacho@uniandes.edu.co 

 
 
 
The recent growth and the innovation of the nanotechnology have lead to the 
implementation of the quantum dots as tools of materials and devices 
development. Therefore, the study of the properties of quantum dots and their 
interactions is gaining interest in different fields as optical and optoelectronic 
devices [1], quantum computing [2], materials for cascade lasers [3], 3D imaging 
inside living organism [4], etc. The study of quantum dots supercrystals allows 
improves the tailoring of new materials with controllable properties.  
 
Motivated by the experimental perspectives and the simulations of quantum dots 
arrays with different shapes [5-6], we first present the electronic energies and 
probability distributions of a conical quantum dot of GaAs with bottom radio 
4nm, upper radio 2.14nm and height 4nm, embedded in a matrix of AlGaAs (Fig 
1). In addition, we show the electronic structure of the supercrystal set up of 
conical quantum dots, by means of the tight-binding model sp3, following the 
traditional tight-binding calculations in crystals. Finally we compare our results 
with previous calculations made for spherical quantum dots. 
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Figures: 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Probability densities and energies for a conical quantum dot. 
Lambda=Energy [meV], uu = Probability density 
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 We investigate the electronic transport properties of an interacting quantum dot 

subjected to time dependent potentials in the Coulomb blockade regime.  Using the Keldysh 

formalism, we derive an expression for the pumped current in terms of the Green’s function 

of the dot in the adiabatic limit, i.e., when the time scale over which the pumping voltages 

vary is large compared to the lifetime of the electron inside the dot. We apply this formula to 

calculate the pumped charge per cycle and investigate possible applications to metrology.     
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ELECTRON DYNIMICS IN RECTANGULAR QUANTUM DOTS 
 

Hanz Ramírez1+, Angela Camacho1, Lok Lew Yan Voon2 

 

1 Universidad de Los Andes, Bogotá, Colombia 
2 Wright State University, Dayton, Ohio, USA 

+ ha-ramir@uniandes.edu.co 
 

Quantum dots are a very expected system to be useful in the implementation of opto-
electronic devices and quantum computation software. Fully discretized levels and long 
coherence times are their main features to technologic application. 
We study the one-electron dynamic in a double quantum dot with rectangular 
confinement potential. We found the electronic levels of an asymmetric system varying 
with the ratio between the lengths of the dots. That ratio is showed to work as a 
tunability parameter to find anticrossing regions where high tunneling inhibits 
dephasing decoherence and only  relaxation times are relevant for the temporal 
evolution of the system. We calculated relaxation times by finding decay rates for 
transitions between electronic levels by deformation potential electron-acoustic phonon 
and electron-electron interaction. 
With those times, we evaluated the density matrix evolution of the system after a 
stimulating electric field short pulse. For some geometrical parameters, the electron-
phonon and electron-electron life times are such that several complete oscillations of the 
populations and of the coherences are observed. So, our results show the viability of 
coherent radiation emission even at room temperature from this kind of quantum dots 
systems [1].   
 
[1] H. Ramirez, A. Camacho and L. Lew Yan Voon, Nanotechnology 17, 1286 (2006).  
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Synthesis and Raman spectra of Si-nanowires 
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Randomly arrayed silicon nanowires (SiNWs) were synthesized by 
thermal evaporation of sulfur powders and silicon wafer; zinc sulfide and 
silicon; SiO powder. Orderly arrayed SiNWs were grown in the anodized 
aluminium oxide (AAO) template using the CVD method. The Raman 
spectra of the SiNWs were detected for the samples synthesized in 
different ways, and the temperature dependence of the Raman spectra of 
the samples was studied. Combining the structural analysis and Raman 
data of the samples, phonon confinement model and the anharmonic 
process were connected to the discussion of the Raman spectra. 
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Influence of e-e interactions on the localization length of disordered 
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The localization length of disordered quantum wires with interaction is calculated 
by measuring the decay of the Friedel oscillations due to an impurity in the wire. 
The electron density in the system's ground state is calculated using the DMRG 
method with a varying number of electrons, and the Friedel oscillations data is 
extracted using the density difference between the case in which the wire is 
coupled to an impurity to the case where the impurity is absent. It is shown that 
the localization length decreases as a function of the interaction strength when the 
wire is either in the Luttinger liquid or in the charge density wave phase, in 
accordance with some previous predictions. In the Luttinger liquid phase, the 
interactions lead to a power law decay of the oscillations, while an extra 
exponential decay is caused by the disorder. In the charge density wave phase the 
exponential decay is determined by the shortest length between the localization 
length and the charge density wave correlation length. In both cases scaling of the 
average Friedel oscillations collapses the data for disordered samples on those of 
a clean sample. 
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Level-Statistics of Disordered Systems: 

 
A Single  Parametric Formulation 

 
 
 
We present an analytical formulation for the statistics of energy levels of 
disordered systems, with/without e-e interactions, and, of arbitrary dimensions 
and boundary conditions.  We find that the statistics behaves in a way similar 
to that of the single parametric Brownian ensembles. The latter appear during 
a Poisson Wigner-Dyson transition, driven by a random perturbation. The 
analogy provides the analytical evidence for single parameter scaling of the 
level-correlations in disordered systems at metal-insulator transition as well as 
a tool to obtain them at the critical point for a wide range of disorders. The 
analogy also helps us to reveal many important features of the level-statistics 
in interacting systems e.g. a critical point behavior different from that of non-
interacting systems, the possibility of extended states even in one dimension 
and a universal formulation of level correlations. 
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Multi-Channel Transport in Disordered Medium  under Generic 
 

Scattering Conditions 
 
 
 
A variety of transport properties can be formulated in terms of the eigenvalues of 
transmission matrix of the region. The knowledge of the statistical behavior of 
transmission eigenvalues is therefore very useful in the statistical analysis of transport 
properties. This motivates us to study the joint probability distribution of transmission 
eigenvalues.  Previous attempts in this direction have resulted in the well-known 
DMPK equation which describes the statistical evolution of transmission eigenvalues 
with respect to changing length of the medium. Various assumptions made in its 
derivation, however, restrict its applicability to quasi one dimensional systems or 
under specific scattering conditions.  As the transport properties are also sensitive to 
other system parameters  besides length e.g., boundary conditions, disorder strength 
and dimensionality, a generalization of DMPK equation for higher dimensions and 
under generic scattering conditions is required. The talk discusses our results obtained 
in this direction. Our results show that the evolution of transmission eigenvalues, due 
to changes in various physical parameters in a disordered region of arbitrary 
dimensions, is governed by a single complexity parameter;  this implies a  deep level 
of universality of transport phenomena through a wide range of disordered regions. 
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