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1. Introduction

Generation of various nonclassical states of light is still an

important topic in quantum optics owing to the numerous ap-

plications. The one-dimensional coherent-state superpositions

along a line and on a circle are good represenations of the non-

classical states [1–4]. It has been shown that superpositions of

even a small number of coherent states placed along a straight

line or on a circle in phase space can approximate nonclassical

field states with a high degree of accuracy [5–7]. We consider

quantum state engineering on an ellipse and on a specific lat-

tice in phase space. We show, by using an efficient numerical

optimization method, that the superpositions of a small number

of coherent states in these geometries can approximate certain

nonclassical states with a high accuracy. For certain states and

parameter ranges the approximation is better than the corre-

sponding one on a circle or along a line.

The nonclassical states of light including Schrödinger-cat states

have already been prepared in several traveling wave experiments

[8–12]. Quantum state engineering has also been extensively

studied with the general aim of the preparation of a variety of

different nonclassical states in traveling fields in the same sin-

gle experimental scheme [13, 14]. For realizing this task various

methods have been developed, such as repeated photon addi-
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tions, photon subtractions and the application of the superposi-

tions of these processes. It is a characteristic property of such

schemes that the number of the optical elements is generally pro-

portional to the amount of number states involved in the photon

number expansion of the target state. This implicates that an

increase in the number of the constituent photon number states

of the target state leads to a decrease in the success probability

and even to that in the fidelity of the generation.

In the dissertation we propose two experimental schemes con-

taining only a small number of linear optical elements and ho-

modyne measurements that can be used for producing coherent-

state superpositions along a line and on a lattice in phase space.

These superpositions can approximate various nonclassical states

in traveling optical fields. The succes probabilities these schemes

are higher than the ones presented in the literature.
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2. Aims and methods

Inspired by the results of the approximation of the nonclas-

sical states by discrete coherent-state supeprositions, we con-

sider approximation of special nonclassical states by coherent-

state superpostions on an ellipse and on a lattice in phase space.

As the ellipse fits to the shape of the Wigner function of cer-

tain states, we expect that for such states we can obtain an

approximation superior in quality to the one based on the one-

dimensional coherent-state representation of the state, that is,

constructed from states along a line in phase space. My aim is

to study the approximation of displaced squeezed number states

by coherent-state superpositions on an ellipse in phase space and

the approximation of other nonclassical states by experimentally

realizable superpositions on a 3×3 lattice in phase space. My aim

is to develop a numerical method for finding the optimal discrete

coherent-state superpositions approximating a given nonclassical

state.

It is a characteristic property of quantum state engineering

schemes that the number of the optical elements is generally pro-

portional to the amount of number states involved in the photon

number expansion of the target state. This implicates that an

increase in the number of the constituent photon number states

of the target state leads to a decrease in the success probability
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and even to that in the fidelity of the generation. The solution

of these problems is a scheme contains fixed number of opti-

cal elements and measurements independently of the amount of

states involved in the photon number expansion of the target

states. My aim is to propose experimental schemes containing

only a small number of linear optical elements and homodyne

measurements that can be used for producing coherent-state su-

perpositions along a line and on a lattice in phase space. My

aim is to propose a numerical method to determine the optimal

parameters of the schemes. My aim is to study the generation

of special nonclassical states such as amplitude squeezed states,

binomial states, squeezed cat states, and various photon number

superpositions.
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3. Theses

1. I have proved that the squeezed and displaced photon num-

ber states can be approximated with a high accuracy by

discrete coherent-state superpositions on an ellipse in phase

space. I have determined the parameters of the ellipse and

the coefficients of the coherent-state superposition by a nu-

merical method so that the misfit of the approximation

should be minimal for a given target state. I have proved

that the approximation by a discrete coherent-state super-

position on an ellipse has a higher accuracy than the one

along a straight line for the considered states. [S1]

2. I have proved that amplitude-squeezed states, squeezed

photon number states, and photon number states can be

approximated with a high accuracy by discrete coherent-

state superposition on an equidistant 3x3 lattice in phase

space. I have determined the parameters of the lattice

and the coefficients of the coherent-state superposition by

a numerical method so that the misfit of the approximation

should be minimal for a given target state. I have proved

that the approximation by a discrete coherent-state super-

position on an equidistant 3x3 lattice has higher accuracy

than the one on a circle for the considered states for certain
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parameters. [S1]

3. I have proposed two experimental quantum state engineer-

ing schemes for high-fidelity conditional generation of var-

ious nonclassical states of practical relevance in traveling

optical fields. The first scheme contains three beam split-

ters and three homodyne measurements while the simpli-

fied scheme contains only two of them. The input states

of the schemes are experimentally generable coherent-state

superpositions and a squeezed vacuum state in the case

of the simplified scheme. The output states of the two

proposed schemes are discrete coherent-state superposi-

tions along a straight line and on a lattice in phase space.

[P1,P3,P4,S2]

4. I have developed a numerical method for the optimization

of the proposed optical systems. During the optimization

of the method I have determined the parameters of the

input states and the parameters of the homodyne mea-

surements so the misfit of the generation should be min-

imal for a given target state. I have also determined the

succes probability of the generation for all the considered

states. I have shown that amplitude-squeezed states, bino-

mial states, Schrödinger-cat states and squeezed Schrödinger-
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cat states, and special photon number superpositions and

resource states can be prepared with a high accuracy by

the proposed schemes. I have found that the considered

states can be generated with the same range of accuracy

with both of the schemes, but the succes probability for

the simplified scheme is greater than the one for the first

scheme. I have shown that the achievable succes probabili-

ties in the proposed schemes are higher than the ones that

can be achieved in the quantum state engineering schemes

known in the literature. [P1,P3,P4,S2]
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