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MOTIVATION

Quantum dot (QD) — nanoring (QR) systems (DRN) exhibit an
interesting set of features. Namely, there are theoretical predic-
tions, that such a structure will be susceptible to the so-called wave-
function engineering, allowing to control the transport properties of
the system, as well as the optical absorption, with the quantum dot
potential depth [1,2]. The natural consequence if to study system’s
features for N, > 1 electrons.

Our aim is to

e explicitly calculate the Coulomb interaction terms;
e calculate the many-electron states;

e describe the energy spectrum and eventual degeneracy of
ground- and first-excited-states;

e calculate the probability of finding an electron in quantum
dot and nanoring.

METHOD

We start the many-electron description with defining the field operators

M

S bio®)e,; Thr)

i=1l;0==+1

where {y;r-} is an orthonormal basis of single-particle wavefunctions,
A AT

and ¢, . (¢,

on ¢ orbital.
The Hamiltonian now reads

H=) / Prif (o) H1 W, (r)
+ % Z// dgrdgr’\if;(r)\ifi_,(r’)‘/(r —r’ \i/a,(r’)\ifa(r)

—Zztw za JU + 3 Z Z ‘/Z]klcza

zgkl o,o’

) are annihilation (creation) operators of electron with spin o

’cla’cko7

by = / et (o) )

2
* * €
Vi = [ [ dirde' i () ) =

Hamiltonian is diagonalized for set, large enough, finite basis of single-particle
wavefunctions, setting microscopic parameters t;;, V;,r; (see Microscopic parame-
ters).

As we selected the single-particle basis (see Single-particle basis) to be the
lowest-energy eigenstates of single-particle Hamiltonian, a condition holds
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tij = €i0ij,

where ¢; is a single-particle energy, and ¢;; Kronecker delta.
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SINGLE-PARTICLE PROBLEM
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Selected singe-particle wavefunctions in real basis {; } for quantum-dot potential
depth Vop = OmeV.

QUANTUM METALLIZATION TOOLS

Calculation where carried
out using the QMT library,
suitable for similar problem
solutions [3].
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Quantum Metallization Tools

https://bitbucket.org/azja/qmt
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Evolution of selected microscopic parameters: Hubbard on-site repulsion
U; = Vi;ii, interstate repulsion K;; = Vj;;;,, exchange integral J;; = V;;,;, and

multistate parameters V[Z jkl]-

All integrals (with M = 10 single-particle wavefunctions -
10000) are calculated by means of Monte Carlo method with CUBA
library [4], with accuracy of 0.005 meV. Rapid changes of parame-
ters value around Vop = —2meV and Vop = 3meV are correlated
to energy level crossing and repulsion.
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2 electrons

We observe evolution of many-particle state from the dot-
oriented electrons for low values of Vgp, to the ring-oriented elec-
trons for larger values of Vop.
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Density profiles (a), b)) and state occupancies (c)) for Vop = —4meV, —2meV,
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Similar behavior is present for the first-excited state.
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Density profiles (a), b)) and state occupancies (c)) for Vop = —6meV, 4meV

3 electrons

For three electrons we observe evolution from mixed state,

where two electrons are in dot, whereas third one in the ring, to
the ring-oriented electrons.
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Portion of elementary charge in quantum dot (QD) and nanoring (QR) versus dot
potential Vop for 2 (L) i 3 (R) electrons.

Degrees of degeneracy for different QD potential, for N, = 2, 3.
2 electrons 3 electrons
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INFLUENCE OF MANY-STATE PARAMETERS

In presented method we are able to turn on and off selected inter-
action parameters to study their importance.

All interactions bPiﬁerence between only 1- and 2-state and all interactions
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Evolution of electron density profile versus the QD potential Vop (L) and the
difference in density profiles for the three- and four-state interaction parameters

turned off (R).

ACKNOWLEDGMENTS

AB, APK,
ence Centre (NCN) through Grant MAESTRO, No.

and JS were supported by the National Sci-
DEC-

2012/04/A/ST3/00342, whereas AG-G, EZ, and MMM by Grant
No. DEC-2013/11/B/ST3/00824.

[1] E. Zipper, M. Kurpas, M.M. Maska, New J. Phys. 14, 093029 (2012).

[2] M. Kurpas, B. Kedzierska, I. Janus-Zygmunt, A. Gorczyca-Goraj, E. Wach, E. Zipper, M.M. Maska, ]. Phys.:

Condens. Matter 27, 265801 (2015).

A. Biborski, A. P. Kadzielawa, and J. Spatek, Comp. Phys. Commun. 197, 7 (2015).
T. Hahn, Comp. Phys. Commun. 176, 712 (2007).
A. Biborski, A. P. Kadzielawa, A. Gorczyca-Goraj, E. Zipper, M. M. Maska, J. Spalek, w przygotowaniu (2016).



