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Project:  
 
The realization of new platform for quantum computing is an important challenge. The main element for quantum 

computation is the qubit, a two-level system. In order to be used for quantum computation is has to well isolated 

from the environment, in order to preserve the quantum coherence. Mechanical resonators are known to have very 

good quality factors, and in this respect could be very interesting as host systems for a qubit. The main difficulty 

is to convert the equally spaced harmonic oscillator spectrum to that of a non-linear oscillator, in order to 

manipulate the first two states without populating higher states. Introducing a non-linearity is not trivial, recently 

we proposed a system formed by a nanotube coupled to a double quantum dot (see figure and reference), that 

appears to fulfill the requirements for being a qubit. 

In this internship, we will study theoretically the dynamics of the system and its behavior in presence of an 

environment.  

 

 
Fig: Schematic of the proposed setup. A suspended carbon nanotube hosting a double quantum dot, whose one- electron charged 
state is coupled to the second flexural mode. (a) Sketch of the electronic confinement potential and of the two main parameters, the 
hopping amplitude t and the energy difference ε between the two single-charge states. (b) Physical realization. One of the gate 
electrodes is connected to a microwave cavity for dispersive qubit readout.  
 
Reference:  Proposal for a nanomechanical qubit, F. Pistolesi, A. Cleland, A. Bachtold, arXiv:2008.10524 
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Mechanical oscillators have been demonst rated with very high quality factors over a wide range of
frequencies. These also couple to a wide variety of fields and forces, making them ideal as sensors.

The realizat ion of a mechanically-based quantum bit could therefore provide an important new
plat form for quantum computat ion and sensing. Here we show that by coupling one of the flexural

modes of a suspended carbon nanotube to the charge states of a double quantum dot defined in the
nanotube, it is possible to induce sufficient anharmonicity in the mechanical oscillator so that the

coupled system can be used as a mechanical quantum bit . This can however only be achieved when
the device enters the ult rast rong coupling regime. We discuss the condit ions for the anharmonicity to

appear, and we show that the Hamiltonian can be mapped onto an anharmonic oscillator, allowing
us to work out the energy level st ructure and how decoherence from the quantum dot and the

mechanical oscillator are inherited by the qubit . Remarkably, the dephasing due to the quantum
dot is expected to be reduced by several orders of magnitude in the coupled system. We also out line

qubit cont rol and readout protocols.

I . I N T R OD U C T I ON

Mechanical systems have important applicat ions in
quantum informat ion and quantum sensing, with for ex-
ample significant recent interest in their use for frequency
conversion between opt ical and microwave signals [1–6],
the sensing of weak forces using posit ion detect ion at
or beyond the quantum limit [7, 8], and demonst rat ions
of mechanically-based quantum buses and memory ele-
ments [9–13]. Realizing a quantum bit (qubit ) based on
a mechanical oscillator is thus a highly desirable goal,
providing the quantum informat ion community with a
new plat form for quantum informat ion processing and
storage with a number of unique features. A hallmark of
mechanical resonators is their ability to couple to a vari-
ety of external perturbat ions, as any force leads to a me-
chanical displacement ; a mechanical qubit could thus en-
able quantum sensing of a wide range of force-generat ing
fields. Another outstanding aspect is that mechanical
oscillators can be designed to exhibit very large qual-
ity factors, thus well-isolated from their environment ,
with correspondingly long coherence t imes. A mechan-
ical oscillator can be made into a qubit by int roducing
a cont rolled anharmonicity, thereby int roducing energy-
dependent spacing in the oscillator ’s quant ized energy
spectrum [14, 15]. The anharmonicity then enables the
cont rolled and select ive excitat ion of energy states of the
system, for example the ground and first excited state,
without populat ing other states, breaking the st rong cor-
respondence principle that otherwise limits the quantum
cont rol of harmonic systems.

Notwithstanding the apparent simplicity of this idea,
finding mechanical oscillators with sufficient ly st rong and
cont rollable anharmonicity is not t rivial. In Ref. 14 and
15, anharmonicity induced by proximity to a buckling in-
stability has been proposed. However, such a scheme is
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Figure 1. Schemat ic of the proposed setup. A suspended
carbon nanotube host ing a double quantum dot , whose one-

elect ron charged state is coupled to the second flexural mode.
(a) Sketch of the elect ronic confinement potent ial and of the
two main parameters, the hopping amplitude t and the en-

ergy di↵erence ✏between the two single-charge states. (b)
Physical realizat ion. One of the gate elect rodes is connected

to a microwave cavity for dispersive qubit readout .

difficult to achieve experimentally. Here we consider the
possibility of coupling one of the flexural modes of a car-
bon nanotube to an integrated double quantum dot , the
dot itself defined in the nanotube, illust rated in Fig. 1.
By tuning independent ly the gate voltages for the two
quantum dots, it is possible to select the low-energy elec-
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