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Measurement-free Quantum Error Correction 
Fault-tolerant quantum computation requires the 
application of quantum error correction to all the 
components of the quantum circuit. Recently, some 
proposed the possibility of removing the non-fault 
tolerant measurement necessary to develop the 
quantum error correction protocols. The thesis will 
focus on the development of new measurement-free quantum error correction 
protocols. 
 
Non-Markovian Quantum Error Mitigation 
While the full development of quantum error correction 
requires a high number of qubits, quantum error mitigation 
can eCectively diminish the eCects of the noises via the 
application of manipulations or post-processing. These are 
however strongly noise-model dependent. The thesis will 
study and develop quantum error mitigation procedures for 
when non-Markovian noises are considered.   
 
Quantum Control in Optomechanics 
Quantum optomechanics setups employ an optical field to 
control and measure the dynamics of a mechanical system. 
Only semiclassical (thermal) states can be obtained above a 
certain mass of the system. The thesis will focus on the 
theoretical application of quantum control to generate 
highly non-classical states.  
 
Testing Collapse Models 
Collapse models are phenomenological models solving the 
quantum measurement problem. DiCerent models are 
characterised by diCerent parameters, which need to be 
determined via experiments. The thesis will verge on the 
development of a novel proposal for testing collapse models 
in membrane optomechanics.  
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We present a theoretical proposal for preparing and manipulating a state of a single continuous-variable degree
of freedom confined to a nonharmonic potential. By utilizing optimally controlled modulation of the potential’s
position and depth, we demonstrate the generation of non-Gaussian states, including Fock, Gottesman-Kitaev-
Preskill, multi-legged-cat, and cubic-phase states, as well as the implementation of arbitrary unitaries within a
selected two-level subspace. Additionally, we propose protocols for single-shot orthogonal state discrimination
and algorithmic cooling and analyze the robustness of this control scheme against noise. Since all the presented
protocols rely solely on the precise modulation of the effective nonharmonic potential landscape, they are rel-
evant to several experiments with continuous-variable systems, including the motion of a single particle in an
optical tweezer or lattice, or current in circuit quantum electrodynamics.

The preparation of a continuous-variable system in a non-
Gaussian quantum state is of paramount importance in var-
ious aspects of quantum science. This ranges from funda-
mental tests of quantum mechanics [1–5], through the de-
sign of quantum sensors [6–9], to quantum information pro-
cessing [10–18]. The generation of non-Gaussian states re-
quires a nonlinear resource, often introduced through coupling
to an auxiliary degree of freedom, such as a two-level sys-
tem [5, 12, 15, 19–22]. On the other hand, some continuous-
variable systems already possess intrinsic nonlinearity in the
potential of a canonical variable. Notable examples include
the motion of a particle in a trap of finite depth [23, 24] and the
current in an electric circuit with a Josephson junction [25].
These nonharmonicites in the potential are typically used to
define a qubit within continuous-variable systems [26–30]. In
contrast, here we explore methods for utilizing this intrinsic
nonlinearity to generate and control states beyond the two-
dimensional subspace.

More specifically, we develop protocols to generate a
plethora of states, including Fock, Gottesman-Kitaev-Preskill
(GKP) [10], multi-legged-cat [1, 31], and cubic-phase [10,
32], using optimal control [33–35] of the position and depth
of the potential. In addition, we employ this control mech-
anism to design protocols that implement arbitrary unitaries
in selected subspaces, enable single-shot orthogonal state dis-
crimination, and perform algorithmic cooling [36]. These
protocols could be implemented with single atoms in opti-
cal tweezers [37–41] and lattices [23, 42] to extend the mo-
tional states available in quantum protocols with itinerant par-
ticles, e.g., fermionic quantum processors [18]; or with flux-
tunable transmons [25, 28, 43] for minimally invasive state
manipulation [see Fig 1(a)]. Indeed, previous works, includ-
ing control of Bose-Einstein condensates [44–47], fast atom
transport [42, 48, 49], ion shuttling [50], and Kerr-cat state
creation through two-photon driving [51], have demonstrated
similar concepts.

As a starting point, we focus on a one-dimensional
continuous-variable system described by two conjugate
quadrature operators, X̂ and P̂ , which may correspond to an

Figure 1. (a) Examples of continuous-variable nonlinear systems that
can be optimally controlled without the need of auxiliary systems—
single atoms in optical tweezers and flux-tunable transmons. (b)
Time-evolved probability density P (x, ⌧) = | (x, ⌧)|2, during the
state preparation protocol with the snapshots of Wigner functions
W (x, p) at the beginning and the end of the protocol. The poten-
tial is chosen to be Gaussian and its optimally controlled position
u(⌧) is depicted via a solid black line. The top panel shows a com-
parison between a weak and long sinusoidal drive resonant with the
ground-first excited state transition and an optimized much faster
control. The bottom panel presents an optimal control leading to
the GKP state. (c) Excited states occupation numbers |cn(⌧)|2 =
| h n(x)| (x, ⌧)i |2 for  0(x) !  1(x) Fock excitation protocols
of (b)top. The left panel corresponds to the slow Rabi flop, while the
right one shows the fast optimal control. Utilizing more states within
the nonharmonic potential accelerates and makes the control more
versatile.
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