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1 Overview

Nonclassical states of light play an essential role in nu-
merous applications in optical quantum information process-
ing, quantum-enhanced metrology, and fundamental tests of
quantum mechanics. In the generation of nonclassical states
two main research areas can be distinguished. One of them
is the generation in optical resonators, cavities, the other is
the generation of states in traveling optical fields. Most of
the developed methods can be used to generate a particular
quantum state. Special attention has been paid to producing
nonclassical states of light in traveling optical fields due to
their practical relevance [1-6].

A way of generating states in traveling optical fields is
producing them in nonlinear optical processes with a possi-
ble inclusion of a feedback. The other method is the condi-
tional generation of quantum states that consists in the mea-
surement of one of the modes of a bipartite correlated state,
thereby projecting the state of the other mode to the desired

one.



The generation of a broader class of relevant nonclassical
states requires a more general approach to quantum state en-
gineering, especially for states lacking a specialized prepara-
tion scheme. The aim of these general protocols is the prepa-
ration of a large variety of states in the same experimental
setup [7-14]. In such schemes, the number of the optical el-
ements and detection events is generally proportional to the
amount of number states involved in the photon number ex-
pansion of the target state. This property obviously leads to
a decrease in the success probability and even to that in the
fidelity of the preparation of states involving larger photon
number components. The high fidelity and success probabil-

ity are important for practical applications.



2 Aims and methods

The previous results regarding the quantum state genera-
tion motivated me to propose an experimental quantum state
engineering scheme for the high-fidelity conditional gener-
ation of various nonclassical states of practical relevance in
traveling optical fields. My aim is to reduce the number of
optical elements to minimum in the proposed experimental
scheme. I intend to analyze the performance of the system
equipped with homodyne measurement and photon-number-
resolving detection. My further goal is to determine the out-
put state of the experimental system using photon-number-
state and coherent-state representations. I intend to show
that the developed single-step conditional generation scheme
using separately prepared squeezed coherent states as inputs
can be applied for preparing several types of nonclassical states
with high fidelity and success probability.

In my dissertation I develop a numerical method based
on a genetic algorithm for the optimization of the proposed
optical system. During the optimization, the variable param-

eters of the system are determined so that the accuracy of the



generation should be maximal. I analyze in detail the genera-
tion of binomial states, negative binomial states, special pho-
ton number superpositions, amplitude-squeezed states, pho-
ton number states, squeezed photon number states, Schrodinger-
cat states and squeezed Schrodinger-cat states.

Finally, I consider the sensitivity of the method to the pre-
cision of the parameters of the input states and to the nonunit

quantum efficiency of the measurements.



3 Theses

1.

I have proposed a traveling-wave experimental scheme
for high-fidelity generation of nonclassical states of light,
which includes a beam splitter and a measurement, and
the input states are independently prepared squeezed
coherent states with variable parameters. The measure-
ment can be a homodin measurement or a single- or N-
photon detection. The output state of the proposed op-
tical system was determined in a photon number state
and coherent state representation

[S1, S2].

I have developed a numerical method to optimize the
proposed experimental scheme. During the optimiza-
tion of the developed procedure, the parameters of the
proposed optical system and the input states were de-
termined so that the target function of the method, the
misfit should be minimal for the target state. The prob-
ability of generation was determined for each target

state. I have also analyzed a numerical optimization



which simultaneously optimizes the misfit and proba-

bility of generation [S1, S2].

I have proved that the proposed experimental scheme
with single and N-photon detection can generate bino-
mial and negative binomial states, special photon num-
ber state superpositions, photon number, squeezed pho-
ton number and displaced squeezed photon number,
amplitude-squeezed, Schrodinger cat states with high
accuracy and high probability. I have analyzed for each
quantum state how the accuracy and probability of gen-
eration changes depending on the parameters of the

states [S1, P1, P2].

I have proved that certain binomial and negative bi-
nomial states, photon number state superpositions and
amplitude-squeezed states that are close to a Gaussian
state can be generated by homodyne measurement with

high accuracy and high probability [S1, P3, P4].



I have found that several optimal solutions exist for var-
ious parameters for several nonclassical states. I came
to the conclusion that some of the input parameters can
be chosen freely in certain ranges without the signifi-
cant deterioration of the fidelity. Thus, in the exper-
imental implementation, several different nonclassical
states can be generated with the proposed experimen-
tal scheme without significant modification of the input
states and the parametric device that generates them

[S1, S2].

I have examined the efficiency of the proposed optical
system in relation to the accuracy of the input states
and the efficiency of the non-ideal detectors. I have
shown that the nonclassical states can still be generated
with high accuracy at experimentally feasible error val-

ues [S1, S2].
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