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Abstract

The design of quantum logic gates have been implemented in several physical systems, where
the qubit is represented as charge states using trapped ions, nuclear magnetic resonance using the
magnetic spin of ions and with light using light polarization or spin in solid state nanostructures. In
graphene spin-qubits in graphene nano-ribbons has been also proposed.
In this work we propose the control and design for the one charge qubit quantum logic gates .., s, v c.
using the bound states of circular graphene quantum dots [1]. The nanostructure studied consists of
graphene circular quantum dot (QD) grown over a semiconductor material which introduces a constant
mass term which allow us to make a confinement that is made with a circular electric potential with
constant radio (R) where homogeneous magnetic field (B) is applied in order to break the degeneracy
between Dirac's points K and K'. We consider two independent Hilbert spaces where the orthonormal
states |z,¢.-j} have spinor form and are described by the Kummer functions identified by the half-odd
integer j, this integer is eigenvalue of the total angular momentum operator.

The control for the three quantum gate implementation is made with an oscillating electric field [2] and a
onsite (inside the quantum dot) pulse with amplitude and time width modulation which introduce relative
phase and transitions between states respectively. This introduce a dipolar matrix between the states
and the onsite energy in the dot. We solve and control the evolution of the time dependent Schrodinger
equation to describe the evolution of the expansion coefficients, i.e. C;(t) of being in the bound states in
the dot Two bound states in QD are chosen to be the computational basis for the qubit subspace[3]:
10} = |@y,,) and 1) = |¢_, ,) states with j=1/2,-1/2 of the quantum dot . We study the general n states
problem with all dipolar and onsite interactions included so that, our objective is optimize the time
dependent physical interactions as control parameters in order to minimize the probability leaking out of
the qubit subspace and achieve the desired one qubit gates successfully.

The control parameters optimization is solved as a maximization problem using a genetic algorithm [4]
which find efficiently the optimal parameters for the gate implementation where the genes are:
magnitude (z;) and direction (g) of electric field, magnitude of gate voltage (V;;) and pulse width (7).
The fitness F is defined as the gate fidelity an one desire to obtain the best fitness (F=1) that allows us
to produce the desired quantum logic gate and obtain the best combination of parameters[5]

The results for example for the gate @, are shown in Fig. 1, for a QD of radius where the probability of
the state and one achieve a fithess of F=.977, in our calculation n=7 states where considered, the
optimal parameter obtained with the Genetic algorithm are shown in the figure caption. In Fig 2, we
show how the control is achieved the time density probability in the QD, leading to the transformation
of the wave function from |0} to 11). So we were able to implement the three gates, and for the z gate

we only use the pulse control.
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Figures

Fig. 1. Optimal time Evolution of probabilities |¢; ? under &, quantum gate for each QD state. It shows the transition

made from the initial state [0} = |42} to [1} = [ _; 7} and a small leakage to the state|y'_z &:} . The quantum dot

has a radius R=25nm and the perpendicular magnetic field is B=3.043 Teslas. The quantum gate &, is obtained
with the following control parameters: 5,=.0000024  »= 0037, Vo = .0003685 and 7,=4215.957 .

= B 0 E] E 0 )

E) E)

24286 ” t=5000  t=5715

Fig. 2: Evolution under g, quantum gate of the probability density in the quantum dot and pseudospin’s
direction. At t=0 the wave function is in the initial state |0} and it evolves until at t,,. it reaches the state

[1).



