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PREFACE

15" Central European Workshop on Quantum Optics (CEWQO 08) is a continuation
of a successful series of yearly meetings bringing together scientists from Europe, in
particular from Central Europe and from other parts of the world, as well. Previous
meetings have offered excellent opportunities for the exchange of knowledge and ideas
between leading scientists and young researchers in quantum optics, foundations of quantum
mechanics, quantum informatics and related areas.

Previous meeting took place in Palermo (2007), Vienna (2006), Ankara (2005),
Trieste (2004), Rostock (2003), Szeged (2002), Prague (2001), Balatonfiired (2000),
Olomouc (1999), Prague (1997), Budmerice (1995 u 1996), Budapest (1994), Bratislava
(1993).

CEWQO 08 is organized by the Institute of Physics, University of Belgrade and
Serbian Academy of Sciences and Arts under the auspices and with support of the Ministry of
Science, Republic of Serbia

Conference topics

1. Fundamental aspects of quantum optics and quantum mechanics
2. Single photons and photon pairs
3. Cavity and circuit QED
4. Atoms in intense fields
5. Neutron, atom and molecular quantum optics
6. Quantum gases and fluids
7. Coherence, entanglement and decoherence
8. Optical properties of condensed matter and nanostructures
9. Open quantum systems and chaos
10. Quantum information processing

Mirjana Bozi¢
Chairperson of CEWQO 08

Belgrade, May 2008
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Adam Peter 10) Poster
Quantum operations in probabilistic representation

A. Karpati, P. Adam, and J. Janszky
Research Institute for Solid State Physics and Optics,

Hungarian Academy of Sciences, Budapest, Hungary
adam@szfki.hu

Quantum states can be represented by a suficiently large set of probability values
encoded in the diagonal elements of a density operator in a fixed basis. That way even
entangled states can be mapped to non-entangled density operators, in a mathematically
invertible way. Generally, reconstructing a quantum state by physical operations from such a
representation is not possible. However, the quantum mechanical operations can be
performed with a good approximation on the density operators, with not too high cost in the
means of additional qubits needed for a given precision.

Andreev Vladimir €)) Talk
Bell inequalities and correlation of spin projection function

V.A. Andreev
P.N. Lebedev Physical Institute, Moscow, Russia
andrvlad@yandex.ru

The Bell and Bell-Clauser-Horne-Shimony-Holt inequalities for two-particle spin
states are considered. It is known that these inequalities are violated by experimental
verification. The assumption that the functions describing spin projections of separate
particles are independent random variables is used at proofs of these inequalities. It is shown
this assumption is the reason of violation of the inequalities. This assumption is correct only
for factorizable and separable states. But in the case of entangled states the random functions
are dependent and their correlation coefficient is not equal to zero. New inequalities
containing the correlation coefficient are constructed. The problems of hidden variables and
nonlocality in quantum mechanics are discussed.



Arsenovi¢ DusSan ) Poster
Wave function of an atom hit by a photon in a three-grating interferometer

Dusan Arsenovié, Mirjana Bozi¢!, Angel S. Sanz’ and Milena Davidovié®
'Institute of Physics, Belgrade, Serbia
*Instituto de Fisica Fundamental, Madrid, Spain
3Faculty of Civil Engineering, Belgrade, Serbia,
arsenovic@phy.bg.ac.yu

In an experiment performed by Chapman ef al. [1], single photons were scattered off atoms
which passed through the first grating of a three-grating Mach-Zehnder interferometer [2]
with the purpose to study the influence of the photon scattering processes on the atom
interference. More specifically, the dependence of the atom transmission through the third
grating on the distance d between the place of scattering event and the first grating was
investigated. For each value of d, the transmission was measured as a function of the lateral
shift of the third grating. The dependence of the relative fringe contrast on the ration d/A,
where A is the photon wavelength, shows loss of contrast and several revivals. Authors
conclude from this experiment that the loss of coherence cannot be attributed to smearing of
the interference pattern caused by momentum transferred in the scattering process.

In this Communication, we present an analysis of the results and interpretation provided by
Chapman et al. [1] based on the evaluation of the wave function of an atom in a three-grating
interferometer. Two cases are discussed: a) the atom moves freely in between the gratings
and b) the atom is hit by a photon in between the first and second grating. The transverse part
of the wave function behind the first grating is expressed as a superposition of eigenfunctions
of the transverse momentum, where the probability amplitude of the transverse momentum
depends on the grating parameters [3,4]. This form is very convenient in order to incorporate
the change of the transverse momentum of the atom caused by the scattered photon [5].

The wave function that reaches the second grating has two narrow maxima, each one
covering several slits. The wave function behind the second grating is then determined from
the previous one and the change of the distribution of transverse momentum induced by the
second grating. The wave function incident to the third grating has a structure which is
sensible to the grating structure. Consequently, the transmission of atoms through the third
grating will strongly depend on its lateral shift, displaying characteristic interference
oscillations.

In the limit of an infinite grating the above described wave function reduces to the wave
function of Chapman et al. [1]. We study the relevance of this approximation to explain the
contrast loss and revivals observed. To complete our study, it would be useful to compare
directly our theoretical transmission curves (with and without photon scattering) with those
obtained experimentally. Although the latter have been evidently used to evaluate and to plot
the contrast as a function of d/A [1,2], they have not been published, to our knowledge.
References
[1] M.S. Chapman et al., Phys. Rev. Lett. 75, 3783 (1995).

[2] J. Schmiedmayer et al., in Atom Interferometry, ed. by P.R. Berman
(Academic Press, New York, 1997) p.1.
[3] M. Bozi¢, D. Arsenovi¢ and L. Vuskovi¢, Z. fur Naturforschung A 56, 173 (2001).
[4] D. Arsenovi¢, M. Bozi¢ and L. Vuskovi¢, J. Opt. B: Quantum Semiclass. Opt. 4, S358
(2002).
[5] L. Mandel and E. Wolf, Optical Coherence and Quantum Optics
(Cambridge University Press, Cambridge, 1995).
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Population Transfer by Multiphoton SCRAP in
Atomic/Molecular Systems

H. K. Avetissian, B. R. Avchyan, and G. F. Mkrtchian
Department of Quantum Electronics, Yerevan State University,
1 A. Manukian, 0025 Yerevan, Armenia
avetissian@ysu.am

In the present work we consider the multiphoton population transfer process in laser
fields that resembles the well known Stark-chirped rapid adiabatic passage (SCRAP). In
considering scheme an atomic/molecular system has a mean dipole moment in the excited
states which ensures eficient multiphoton resonant transitions between the ground and excited
states [1].

As in usual SCRAP scheme, we investigate interaction of quantum system with the
two laser fields of different frequencies. We assume a pump laser pulse tuned slightly away
from the n-photon resonance and low frequency (far-off-resonance) second laser pulse that
sweeps the states through the resonance by inducing a dynamic Stark shift. The time
evolution of such systems is found analytically using resonant approximation. The numerical
simulations show that by appropriate delay between the applied laser pulses it is possible to
produce population transfer among the quantum states that are coupled by direct multiphoton
resonance. The obtained results are applied to hydrogen atom at which due to the random
degeneration upon orbital moment atom may have a mean dipole moment in the excited
states.

This work was supported by International Science and Technology Center (ISTC)
Project No. A-1307.

References

[1] H. K. Avetissian, G. F. Mkrtchian, Phys. Rev. A, 66, 033403 (2002); H. K. Avetissian, G.
F. Mkrtchian, M. G. Poghosyan, Phys. Rev. A, 73, 063413 (2006); H. K. Avetissian, B. R.
Avchyan, G. F. Mkrtchian, Phys. Rev. A, 74, 063413 (2006).
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Investigation of graphs with different time reversal symmetries

Michat Lawniczakl, Oleh Hull, Szymon Bauchl, Petr gebaz, and Leszek Sirkol
"nstitute of Physics, Polish Academy of Science, Warsaw, Poland

2nstitute of Physics, Academy of Sciences of the Czech Republic
bauch@ifpan.edu.pl

Quantum graphs are excellent paradigms of quantum chaos [1], and are widely
investigated theoretically and numerically. Experimentally, quantum graphs are simulated by
microwave graphs (networks) consisting of joints and microwave cables [2].

It is a great challenge to find proper criteria, which allow to determine whether a
quantum system is chaotic or not, and to what ensemble with respect to a symmetry class it



belongs. An enhancement factor [3] and autocorrelation functions of level velocities [4] are
candidates for such criteria.

We present the results of experimental investigations of the enhancement factor of
hexagon microwave networks which simulate hexagon quantum graphs. Each microwave
network consists of fifteen bonds, which lengths are chosen to be incommensurable in order
to form an irregular network. To determine the enhancement factor we measured the
scattering matrix S. For the time reversal symmetry (TRS) case - Gaussian Orthogonal
Ensemble (GOE), the measurements were performed as a function of absorption using a
vector network analyzer (Agilent Technologies E8346B). Moreover, we present numerical
calculations which were performed to investigate autocorrelation functions of level velocities
of pentagon irregular, quantum graphs with and without TRS - Gaussian Unitary Ensemble
(GUE). The total length of the graphs was kept constant whereas the length of two bonds out
of the ten ones was changed. The experimental and numerical results are compared with the
theoretical predictions based on random matrix theory (RMT).

Acknowledgement: This work was partially supported by the Ministry of Science and
Higher Education grant No. N202 099 31/0746.

References

[1] T. Kottos, U. Smilansky, Phys. Rev. Lett. 79, 4794 (1999)

[2] O. Hul, S. Bauch, P. Pakonski, N. Savytskyy, K. Zyczkowski, L. Sirko, Phys. Rev. E 69,
056205 (2004)

[3] D. V. Savin, Y. V. Fyodorov, H.-J. Sommers, Acta Phys. Pol. 109, 53 (2006)

[4] A. Szafer and B.L. Altshuler, Phys. Rev. Lett. 70, 587 (1993)

Baudon Jacques 5) Invited talk
Coherent atom optics with rare gas metastable atoms

M. Hamamda', J. Gruckerl, J. Baudonl, F. Peralesl, G. Dutier', M. Ducloyl, V. Bocvarski’
'Laboratoire de Physique des Lasers (CNRS-UMR 7538), Université Paris 13, 93430-
Villetaneuse, France
*Institute of Physics-Belgrade, 11080-Zemun, Serbia
baudon@galilee.univ-paris13.fr

Owing to the resonant metastability exchange process, metastable atom beams having a
velocity distribution as narrow as, and a coherence width as large as that of a good-quality
ground state atom nozzle beam can be produced. This has allowed us to study atomic
diffraction of metastable atoms by transmission nano-slit gratings [1] and micro-stripe
reflection gratings [2], as well as surface-induced inelastic transitions (so-called van der
Waals - Zeeman (vdW-Z) transitions) among Zeeman sublevels [3].

Metastable argon atoms in such a beam can be slowed down to a velocity of a few m/s by
use of a Zeeman slower combining an appropriate magnetic field profile and a laser beam
locked in frequency on the *P,-’D; closed transition at 811.5 nm. This slowing process
increases not solely the de Broglie wavelength but also the transverse coherence width and
the vdW-Z transition probability. When such a beam impinges a pair of two opposite
surfaces, such as the two edges of a slit or of an ensemble of periodic slits, two narrow atomic
wave packets (width of 2-3 nm) are generated in the inelastic channel. Because of their
narrowness, these packets strongly spread by diffraction as they freely propagate. Moreover,
in the case of an exo-energetic transition, they are deflected towards each other. At some



distance of the slit, within the overlap of the wave packets, interference fringes of the Young-
slit type are expected to appear. This makes the device an atomic counterpart of the well
known Fresnel biprism interferometer. Once eliminated the (dominant) wave packet
remaining in the elastic-channel, e.g. by means of a convenient laser beam, the resulting
diffraction pattern is actually a Schlieren photograph of the vdW-Z transition amplitude.
Detailed information about this complex amplitude, at a scale of a few nanometers, can be
derived from this interference pattern [4]. When a slit of an adjustable width is used, the
device is equivalent to two Young slits separated by an adjustable distance. It allows, via the
contrast of the fringes, to directly measure the transverse coherence length of an atomic
beam.

Starting with an “exchanged” narrow beam of metastable atoms of helium (He* 2°S;) at
thermal velocity (1750 m/s), initially polarized in Zeeman state M=0, one is able to modulate
transverse intensity and phase profiles by use of a Stern-Gerlach atom interferometer. A
specially designed phase object allows us to obtain, in the transverse plane, an extremely
narrow profile (diameter of a few tens of nm). Because of the special shape of the resulting
profile, the free-propagating outgoing beam has the amazing property — which is very
important for further applications — to be almost devoid of spreading by diffraction, over
distances of several cm [5]. This atomic beam is then quite similar to the so-called Bessel
beams, well known in light optics.
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Electron entanglement through tunneling-induced coherence
between two emitter sites
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Coherence of quantum objects is the domain of quantum optics, whereby this subject
has been extended from photon to atom optics during the last decade. Electrons, however,
have not been considered by this development. Only very recently, people succeeded to
produce coherent superpositions of electrons in the time domain. Parallel to this development,
the coherent superposition of electrons due to the mirror symmetry of their emitter sites has
been more closely investigated. These studies have been performed on the photoelectron
emission from homonuclear diatomic molecules. The spatial coherence of this emission is
generated by the tunneling effect. The studies show surprising analogies to quantum optics,
but also to the entanglement of continuous variables like position and momentum. It will be
shown, that the behavior of the different variables of quantum states is analogous, although
their underlying variables are completely different. This will be the first proof of
entanglement in real and momentum space.
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We present the generation of novel quantum light states by the experimental
implementation of single-photon creation and annihilation operators. By applying such basic
quantum operators to some paradigmatic light states, we generate new ones whose
nonclassical character can be thoroughly investigated. More importantly, by the analysis of
the resulting states of light, we are able to provide the first direct verification of some of the
fundamental rules of quantum mechanics [1].

Conditional parametric amplification in a nonlinear crystal is used for single-photon

excitation of the light states [2-4]. On the other hand, conditional attenuation by a high-
transmissivity beam-splitter is employed for photon annihilation. If the parametric gain of the
crystal and the reflectivity of the subtracting beam-splitter are low enough, the two above
operations are a very good approximation of the ideal processes of photon creation and
annihilation. We finally use ultrafast pulsed homodyne detection and quantum tomography to
completely investigate the character of the resulting states.
By applying inverse sequences of annihilation and creation operators on thermal light states
we show that the resulting states are completely different, and thus demonstrate the non-
commutativity of such operators, at the heart of the quantum behavior of light [5].
Furthermore, the application of the annihilation operator to different quantum light states is
shown to produce peculiar effects on the photon number distributions and mean photon
numbers depending on the statistics of the original states.

Besides the fundamental importance of these results, the experimental implementation
of such basic quantum operations and of their sequences has strong implications for future
quantum applications, being the first step towards a full-scale engineering of a quantum light
state.
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The temperature-dependent analysis of the quantum limited noise figure for two-level
optical fiber amplifiers
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berkdemir@erciyes.edu.tr

The analysis of noise figure in optical fiber amplifiers is a sufficiently complex procedure
that can be characterized by a thorough quantum optical regime. The ratio of the input signal-
to-noise ratio (SNRj,) to the output signal-to-noise ratio (SNR,y) which called the noise
figure (NF) is defined as [1];

1
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TG G
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where G is the total gain of optical fiber amplifier and n,, is the spontaneous emission factor.
In the two-level amplification system, the ng, is expressed as [2],
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where N; and N, denote the carrier populations of the lower and upper states, respectively,
S(A) is the ratio of the absorption and emission cross-sections at the signal and pump
wavelengths, P, is the pump power and Pp’h is the pump threshold power. For optical fiber
amplifiers with large gain (G > 10 dB), the minimum NF is about 3 dB, as ng > 1.0. It has
long been known that the noise figure of a high-gain optical fiber amplifier cannot be smaller
than 3 dB [3]. The value of 3 dB is known as the quantum limited noise figure. This limit
means that the SNR,,; always degrades to less than half of the SNR;, before amplification.
Thus, the 3-dB quantum limited noise figure of the optical amplifier has been still a matter of
optical amplification.

In this study, to investigate the variation of quantum limited noise figure with temperature
of two-level optical fiber amplifiers, we select a silica-based erbium-doped fiber amplifier
(EDFA). For pumping configurations of EDFAs, there are two types of pump wavelength
applications; 980 nm and 1480 nm. The latter characterizes a two-level amplification system.
Our aim is to re-analyse the quantum limited noise figure for a two-level silica-based EDFA
by using a simple temperature-dependent rate equation model. According to the model, the
population distributions of the upper state (‘I;3,) of amplifier are relocated obeying the
occupancy rule of Boltzmann's law. The energy difference between the sub-levels of the I 132
state is assumed to be 200 cm™ for simplicity. Moreover, the changes in cross-sections with
temperature are also taken into account. It is seen that in the conventional wavelength band,
the noise figure for typical gain values of about 30 dB can be very close to the quantum limit,
and fluctuates around this limit for the temperature range from -30 °C to 50 °C.
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The Dynamics of Jaynes-Cummings Model in Nanostructures
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The Jaynes-Cummings model (JCM) is the prototype model in quantum optics. It
exhibits interesting nontrivial quantum features, despite its conceptual simplicity. The
remarkable fact that these have been observed experimentally in cavity quantum
electrodynamics experiments [1]. We emphasize the JCM because we can often describe in
detail the essential outline f the interaction of atom with single mode quantized field.
However, this model is realistic only in cavity region, since in free space all modes may be
contributed to the quantized field. It therefore seems appropriate to seek for an enlargement
of the range of investigations in order to include more general types of problems, which are
frequently met in practice. We consider in this work a particular cavity, namely a two infinite
planar parallel perfectly conducting plates separated by a distance L in vacuum [2].

The motivation for such a structure reside essentially in the fact that this structure
exhibits a the possibilities of enhanced and inhibited decay rates. The cavity modes will be
fundamentally quantized, to allow the position-dependent spontaneous emission rate to be
evaluated. The purpose of this work is to investigate the dynamics of JCM in uch a structure.
We first quantize the single mode field. Then we explore the variations of JCM dynamics
with the nanostructure parameters, and we call special attention to the quantum interference
enhancement in terms of the distance between the plates. The principal interest in such an
investigation arises from the theoretical difficulty in resolving the system of coupled
differential equations, which is related to the JCM. This difficulty can be overcome using a
new separation approach of coupled differential equations [3].

Using this new technique, the JCM can be solved exactly for both two and three level
atoms, and various physical quantities are investigated.

References

[1] B. M. Shore and P. L. Knight, J. Mod. Opt., 7, 1195(1993).

[2] Al-Awfi S. and Babiker M., Phys Rev. A 58, 2274 (1998).

[3] Smail Bougouffa, Saud Al Awfi, J. Mod. Opt., 55,No. 3, 473(2008).



11

Bozi¢ Mirjana 2) Poster

Photon behavior in the Mach-Zehnder interferometer with removable output beam
splitter
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Photon behavior at a beam splitting interface can be described using a diffraction
grating as a model [1,2]. This approach allows quantitative interpretation of photon dynamics
in many systems that employ this kind of interface, which then can be regarded as a
transformer of an incident photon field to a field that has narrow maxima at the points
along and in close vicinity of two particular lines, and negligible values at all other points.
Employing a Mach Zehnder interferometer with removable output beam splitter, Jacques et
al. [3] reported the experiment with linearly polarized single photons in the two-path
interferometer. The choice between open and closed configurations was realized with the
electro-optical modulator which could be switched between two different configurations
within 40 ns. Closing or opening was relativistically separated from the entry of the photon
into the interferometer. The authors interpreted the results by referring to the Wheeler's
delayed-choice gedanken experiment [4].

Our interpretation of the experiment [3] is in the following way. Photon acquires
randomly the new momentum at the first beam splitter (modeled by a grating). This
momentum directs the photon to one of two paths along which it continues to move. Two
mirrors placed along these two paths change the direction of each path by 90°. Note that a
single photon, moving along one of the paths has the information about the existence of the
other path, as a neutron in the neutron interferometer [5]. This information exists due to the
wholeness of the photon field along and in between the two paths [1,6,7]. Photon field
behind the output beam splitter, when it is on, is very different from the field when it is off.
We determine the form of the field in these two cases, using the same incident field. Our
explanation of the experimental result [3] follows from these two forms of the field at the exit
from the interferometer. When the output beam splitter is on, it detects the structure of the
incident photon field and modifies this structure in the appropriate way. The probability that a
photon chooses one or the other direction is changed accordingly. When the beam splitter is
off, the incident photon field, and photon as well, propagate freely.

Our explanation differs essentially from the explanation of Jacques et al., based on the
reasoning introduced by Wheeler [4] who proposed and named delayed-choice experiment.
They conclude using Wheeler’s words: “we have a strange inversion of the normal order of
time,” since the behavior of the photon at the first beam splitter depends on the choice of the
observable that is measured behind the output beam splitter, even when that choice is made
at a position and a time such that it is separated from the entrance of the photon into the
interferometer by a space-like interval.
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The descriptions of the quantum realm and the macroscopic classical world differ
significantly not only in their mathematical formulations but also in their foundational
concepts. When and how physical systems stop to behave quantumly and begin to behave
classically is still heavily debated in the physics community. We have developed a novel
approach to understand this transition, which neither needs to refer to the environment of a
system (decoherence) nor to change the quantum laws itself (collapse models) but puts the
stress on the limits of observability of quantum phenomena due to our measurement
apparatuses.

We have demonstrated that under realistic conditions in every-day life, where we are
only able to perform coarse-grained measurements, macroscopic realism and the classical
Newtonian laws emerge out of the full quantum laws: the system’s time evolution governed
by the Schrodinger equation and the state projection induced by measurements [1]. We find
the sufficient condition for these classical evolutions. Then we demonstrate that nevertheless
there exist “non-classical” Hamiltonians which are in conflict with macroscopic realism even
under the coarse-grained measurements. Such Hamiltonians normally build up Schrédinger-
cat state superpositions. We argue that these Hamiltonians are unlikely to be realized in
nature because of their high computational complexity [2].
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Thermodynamics of atoms in nontrivial environments

Stefan Yoshi Buhmann, Stefan Scheel
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s.buhmann@imperial.ac.uk

Macroscopic quantum electrodynamics in linear, causal media describes the structure

of the quantum-electromagnetic field in the presence of dispersing and absorbing bodies,
which can substantially differ from the free-space case. The principles of this field
quantization and the coupling of the field to atoms are reviewed [1]. Special emphasis is
placed on thermal fields, whose spectrum obeys the uctuation {dissipation theorem.
The dynamics of an atom coupled to a thermal field is solved and found to be governed by
environment-dependent heating and cooling rates. Examples are given for the ground-state
heating rates of polar molecules near a surface. Next, the time-dependent Casimir-Polder
force [2] between an atom and a body at finite temperature is studied, where two cases need
to be distinguished: For an initial non-equilibrium preparation of a ground-state atom in a
finite temperature environment, resonant force components due to thermal-photon absorption
are present. After the atom has reached thermal equilibrium with its environment, these
components vanish and the force is given by a Matsubara sum.
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parametric amplification at low frequency pumping
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We study quantum properties of a process of nondegenerate parametric amplification
at low-frequency pumping which can be implemented in coupled nonlinear optical
interactions in an aperiodical nonlinear photonic crystal. Such crystal may be created by the
method of the superposition of the modulation of the second-order susceptibility. It allows us
to implement simultaneously several quasi-phase matched nonlinear processes. We consider
the process of the parametric amplification of two waves with frequencies m; and ®; in the
field of the intense pumping wave with frequency o, so that @, = ®; + ®,. In the field of the
same pumping wave the following three-frequency interactions occur: ®, + ®; = ®3, ®, + ®2
= m4. As a result the intensities of waves with frequencies higher than the pumping wave
frequency can monotonically increase with the interaction length as in the case of the
traditional process of parametric amplification at high-frequency pumping [1]. The possibility
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to realize the process under consideration, performed on the example of aperiodical nonlinear
photonic crystal of lithium niobate, is shown.

The photon statistics and photon correlations between different frequencies are
studied. We calculated the second, third and fourth Glauber correlation functions and
established that correlations have essentially nonclassical character under small interaction
lengths. To analyze the entanglement property of the generated four-frequency field, we
applied the separability criterion based on the partial scaling transform of the covariance
matrix for continuous variables [2]. Analysis includes examination of behavior of the
principal minors of the matrix depending on scaling parameters. It is found that the four-
frequency field is in the entangled state. A scheme for teleportation of unknown two-
frequency entangled state using the four-frequency entangled state is also proposed.
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Partial restoration of a cascade three-level atom interacting with an off-resonant single
mode cavity field
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Actually, in quantum physics a considerable attention has been devoted to the resonance
interaction between one atom and the quantized field. This type of interaction was frequently
used in classical physics for transmission or manipulation in time of information and remains
attractive in quantum description of such effects. The quantum collapse and revival
realization of two radiators is an interested problem due to the possibilities of restoration of
initially separated states of atom and electromagnetic field after interaction. There are a lot of
works in the literature devoted to the restoration of initial states in the process of interaction.
One of this is the quantum trapping effect described in paper [1] in which the reversibility of
a three-level system is realized as a consequence of the stationary solution of Schrodinger
equation and optical reversible phenomenon [2, 3], where during the interaction time, two
quantum subsystems pass through a collapse and restore their initial states. In this paper we
analytically analyze the possibility of states restoration of two quantum oscillators in
interaction which are off resonance each other. Taking into account that in according with
uncertainty principle the energy and time of these subsystems in interaction must be larger
than Planck constant, the time separability between such subsystems is more realistic in the
case when the energy fluctuations of the system have large values.

The off resonance effect and its influence on the reversibility between two quantum
subsystems (single mod cavity field and a three-level in cascade configuration) in interaction
is studied. It is found the partial reversible condition for which these quantum subsystems can
restore their diagonal moments, while the non diagonals remain correlated after the
interaction process.
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The effects of lossless dielectric media, described by a real susceptibility, on an
applied electric field have been studied at length both classically and in the framework of
quantum optics. However, it can be shown that any causal response function, such as the
susceptibility, is necessarily complex, with the real and imaginary parts related by the
Kramer-Kronig relations. Hence absorption, which is associated with the imaginary part of
the susceptibility, is an unavoidable effect in causal dielectrics. The inclusion of absorption
into a quantum description of matter assisted electromagnetic fields provides a rich area for
new phenomena. A quantum field theory approach to linear optics in absorbing media has
been known for sometime and involves expanding the electric field in terms of the classical
Green's tensor and fundamental bosonic fields [1]. This approach has proved successful in
describing many linear optical processes. More recently attempts have been made to extend
this approach to non-linear media [2,3]. Here were present current work relating to further
developments in the calculation of effective Hamiltonians for two-photon non-linear
processes in absorbing media.
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Attosecond streaking experiments [1], which provide a tool to measure attosecond pulses
[2], have recently been carried out on a solid surface [3], which demonstrate the feasibility of
this experimental method in condensed matter. The interpretation of the photoelectron spectra
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needs new models for the dynamics of the photoelectrons, which take into account several
important effects from the many phenomena around a solid surface. We report on some steps
in this direction, using analytical and numerical methods.
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Toward real NOON-state sources
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NOON states are the main ingredient of many quantum information and quantum imaging
protocols (see, e.g., [1-4]).

The conditional generation of NOON states strongly relies on photon-counters, aiming to
detect either vacuum [5] or single photons [6].

We study both the reliability and the signal-to-noise ratio of real NOON-state sources by
quantifying the effect detection losses have on the desired NOON state. Furthermore, we
compare the resources required to implement both protocols. Our results come out to be in
favour of NOON-state sources based on non-detection. Finally, we propose and analyze a
modified scheme to improve the performances of NOON-state sources based on single-
photon detection.
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Quantum communication channels use quantum systems to transfer quantum
information. In fact, we may want to transfer an unknown quantum state between different
units of a quantum system, for instance of a quantum computer, or to distribute entanglement
between communicating parties. The fundamental question is what is the maximum rate of
quantum information that can be faithfully transmitted. Quantum capacity, defined as the
maximum number of qubits that can be reliably transmitted per channel use, provide the
answer to this question. Quantum channels with memory are the natural theoretical
framework for the study of any noisy quantum communication system where correlation
times are longer than time between consecutive uses. This scenario applies to optical fibers
which may show a birefringence fluctuating with characteristic time longer than the
separation between successive light pulses or to solid state implementations of quantum
hardware, where memory effects due to low-frequency impurity noise produce substantial
dephasing. We focus on dephasing channels, which are relevant for systems in which
relaxation is much slower than dephasing. Then we study a dephasing channel with memory,
modeled by a Markov chain or a multimode environment of oscillators. We analyze the
channel aptitude to reliably transmit quantum information. We find that the coherent
information transmitted down the channel is maximized by separable input states: for the first
model a maximally mixed input state achieves the maximum, while in the second model is
convenient to exploit the presence of a decoherence-protected subspace generated by memory
effects. We explicitly compute the quantum channel capacity for the first model, while
numerical simulations suggest a lower bound for the latter: in both cases memory effects
enhance the coherent information [1].

This issue is relevant also for the performance of Quantum Error-Correcting Codes
(QECCs). Since quantum capacity is the maximum rate of reliable quantum information
transmission, it puts an upper bound to the asymptotic rate achievable by any QECC. On the
other hand, realistic QECCs necessarily work on a finite number of channel uses. We show
that in case of small dephasing, even if the quantum capacity is weakly affected by memory,
small amount of memory is sufficient to have a significantly detrimental impact on few qubits
quantum error correcting schemes designed for uncorrelated errors. We also discuss an
alternative scheme that takes advantage of memory effects to protect quantum information

[2].
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Are theories different than quantum mechanics conceivable which share with it some
of the basic features, or any change in its structure necessarily leads to inconsistencies? We
introduce a full hierarchy of theories that describe (two-level) systems with fundamentally
limited information resources. The limit gives rise to the generic feature of the theories: the
existence of a set of mutually complementary measurements. A complete knowledge of the
future outcome in one of the measurements is at the expense of complete uncertainty in
others. The theories are ordered according to the number of mutually complementary
measurements and their computational abilities. The classification includes classical physics
with no complementary observables and quantum physics with three of them for a qubit.
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The possibility to perform quantum interference experiments with low-intensity beams of
one per one photon [1-3] or a material particle [4,5] have intensified the theoretical search of
the topology of photon paths [6,7] and particle trajectories [8-11], respectively, that describe
the process behind the interference grating. The aim of all the proposed approaches is to
simulate the appearance of the interference pattern by accumulation of single particle events.

In Bohmian mechanics one may simulate this process for material particles. Bohmian
trajectories follow the lines of the quantum mechanical probability current density, and
therefore reproduce exactly the quantum mechanical particle space distribution in the far and
near fields [8,9]. Alternatively, the emergence of the interference pattern in the far field has
also been simulated by sets of rectilinear trajectories characterized by the momentum
distribution associated with the particle wave function [10]. In the far field, the distribution of
momentum components along Bohmian trajectories is consistent with this distribution [11].

In this communication, we show how to determine electromagnetic (EM) energy flow
lines behind an interference grating, where the components of the magnetic and electric
vector fields satisfy Maxwell’s equations. These fields are expressed in terms of a function
which explicitly takes into account the boundary conditions imposed by the grating [10,11].
Then, the energy flow lines are determined after numerically solving the path equation that
arises from the Pointing energy flow vector. Here we will show flow lines behind gratings
with different number of slits. These sets of lines supplement those presented by Prosser [6]
for both a semi-infinite plane and gratings with one and two slits. The EM energy flow lines
show that the energy redistribution behind a multiple slit grating corresponds with a Talbot
pattern in the near field and with a Fraunhofer interference pattern in the far field.

It is tempting to conclude from the results obtained that the motion of an eventual photon
wave packet thus represents an energy flow along a group of flow lines. This conclusion is
supported also by the fact that the path equation for the EM energy flow lines has the same
form as the equation for the quantum flow associated with material particles. This explains
why there is a complete similarity in interference phenomena with photons and material
particles. Experimentally, the final interference patterns as well as the processes of their
emergence are analogous [1-5].
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Brain photons will be analyzed using linearized photon Hamiltonian.
It is known [1-3] that a photon Hamiltonian is on the form:

H=tc\|pl+p’+p? (1)

After linearization of quadratic impulse operators, linearized photon Hamiltonian is obtained
in the form of the product of components of photon impulse and corresponding spin
components:

A 20 A A oA

H = 7(1%5’ 40,8, +p.S)) (2
Based on (2), it can be concluded that photon behavior is equally determined by its
translation characteristics (impulse components) and its rotation characteristics expressed by

way of spin operators [4]. After substitution of a single photon Hamiltonian becomes:

H=hck_(A+ A7)+
+hc(k, —ik )A™P+he(k, +ik,)P" A+ he(k, —ik,)AP + (3)
+hc(k, +ik )ATPT +hcP " P(A+ A7)

During further analysis, we shall use the approximate second quantization method (ASQ
method) of Bogoljubov and Tyablikov [2,5]:
H=Ma'b"+M*b"a+Mab+M"a’b"* 4

Brain photon features are equally determined by means of their translation characteristics
(photon impulse) and rotation characteristics (photon spin). The analysis has been made with
double coherent Hamiltonian of a single photon.

In such found Hamiltonian, it can be concluded that brain photons are hybrid excitations
of vacuum photons and spin excitations. The main characteristics of the obtained hybrids are
dependence of energy on the direction of movement and damping (life times of hybrid
excitations are final). The system of brain photons has rather a high internal energy because
their real parts of dispersion law are rather low.
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Quantum entangled states in a system of trapped three-level ion interacting with two
laser beams in A (Lambda) configuration is investigated. We have characterized many
different initial conditions for their potential to generate quantum entanglement. It is found
that entangled qudits, specifially qutrits and quadrits, can be constructed. Analytical results,
describing the quantum entangled state explicity, are presented. The amount of quantum
entanglement is quantified directly by calculating the generalized concurrence for arbitrary
qudits. It is shown that higher dimensional entanglement can be established in a single step,
with a tunable dimensionality and duration via the Lamb-Dicke parameter.
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Quantum mechanics is the most puzzling chapter of modern physics since it introduces
concepts whose understanding is difficult for a classically trained mind. The principle of
complementary is a prominent example. Students often accept it as a rule without the deep
conviction that it describes real physical phenomena. Here we address the question of how
information generated in the past can affect our interpretation of data in the present. So-called
two-path-which-way interference experiments with photons are well suited for a discussion
of this topic. The answer to the question “which path has the photon taken?” is not trivial [1].
Any attempt to put an individual label on the photon in each path leads to destruction of the
interference pattern. Interference can arise only if we assume that the photon can take both
paths simultaneously and that the paths are indistinguishable. Putting labels on the paths
destroys the interference, which can, however, be restored by erasing the labels prior to the
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detection of the photon, a phenomenon called quantum erasing. One can thus realize a
situation in which the paths of the photon trough the apparatus were distinguishable by a
specific label and that prior distinguishability can be erased by acting on the photon long after
it has left the apparatus. In this sense a present action may influence a past event.

We present a lecture demonstration of quantum erasing based on a Mach-Zehnder
interferometer (MZI). The MZI is composed by a beamsplitter separating light from a green
laser pointer, two mirrors reflecting the two beams and a recombining beamsplitter.
Compared to a double slit experiment the spatial separation of the interfering beams in the
MZI has some methodological advantages and facilitates the manipulation of the light in the
two paths. The experiment allows demonstrations both with strong laser light and on a
photon-by-photon basis using appropriate attenuating filters before the MZI [2].

The which-way information is labelled by orthogonal (horizontal/vertical) linear
polarizers inserted in the two paths. This path labelling destroys the interference as is well
seen with strong light projected on a screen. A third (linear) polarizer placed after the exit of
the MZI serves as quantum eraser. By rotating the erasing polarizer from 0° (horizontal) to
45° interference fringes with a smoothly increasing contrast appear. Conversely, the contrast
decreases by rotating the eraser from 45° to 90° (vertical). The interference disappears for the
horizontal/vertical orientations of the polarizer, since in that case the which-way information
could be retrieved.

Besides their projection on a screen the interference fringes can be shown by modulating
the path length difference in the MZI using a piezo-mounted mirror and an oscilloscope
display of the light intensity detected by a photodiode (PD) or a photomultiplier (PM). The
dependence of the degree of erasing on the polarizer orientation is visualized by the contrast
of the interference fringes, seen as smooth traces with strong light and PD detection, or
density of pulses with very weak light and PM detection. A smooth transition from the
quantum to the classical case can be shown in real-time by varying the incident light intensity
and averaging the PM signal.

This versatile apparatus allows demonstrations of the wave-particle nature of light and of
specific implications such as quantum erasing.
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This is a report on a progress in studies of the so-called Dynamical Casimir Effect
(generation of photons from vacuum in cavities with moving boundaries), in connection with
an experiment which is under preparation in the University of Padua [1]. The main idea of
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this experiment is to simulate periodical displacements of the cavity wall by periodical strong
changes of conductivity of a thin semiconductor slab illuminated by picosecond laser pulses.
The theoretical grounds were discussed in [2,3] and presented at the CEWQO-06 in Vienna.

The emphasis in this talk is made on the calculation of the shift of resonance
frequency of an electromagnetic cavity due to strong variations of dielectric properties in a
thin layer near an ideally conducting wall. The magnitudes of real and imaginary parts of this
shift are crucial for a feasibility of the experiment. We derive simple analytical formulas for
the frequency shifts in different configurations and compare them with exact analytical
solutions (which can be obtained for simple geometrical shapes), numerical calculations and
experimental data. We also analyze the dependence of the photon generation rate on different
parameters, such as the mobility of carriers, absorption coefficient of laser radiation, energy
and shape of laser pulses, thickness of the slab and geometry of the cavity. Our evaluations
show that under realistic experimental conditions, several thousands of quanta of EM field
(““Casimir photons™) could be produced from the initial vacuum state in a so-called reentrant
cavity with the resonance frequency about 2.5 GHz.
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A proof will be given [1] that in the symmetric subspace of an N qubit system the
only nonentangled states are the coherent ones. All states in the orthogonal complement of
the symmetric subspace are globally entangled.
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With the fast development of nanoscience and nanotechnologies, increasing attention has
been devoted to the confinement of light near material nanostructures, as well as the
confinement of atomic systems in nanometric spaces. The confinement of atoms inside a
nano-sized space strongly alters the internal properties of the atomic system and its response
to external excitation, e.g. light irradiation. In addition to surface-induced energy level shifts
and spontaneous emission enhancement/inhibition, there is atomic symmetry break due to the
anisotropy of the surface near-field, inducing energy level mixing, population transfer,
forbidden transitions and selective surface-enhancement of forbidden lines [1]. These studies
have potential applications in various research and technology fields like scanning near-field
optical microscopy or cavity QED.

In this talk, we will review the recent work performed by our group in this area. This
includes the present state of laser spectroscopy of gas nanocells and the monitoring of the
surface van der Waals interaction in the nanometric range [2], the physics of excited atoms in
interaction with dielectric (or metallic) surfaces or nanostructures (surface shifts and
broadening, symmetry breaking, influence of surface waves, temperature effects [3]...), the
influence of the sub-wavelength curvature of light fields near nanobodies on
allowed/forbidden atomic transitions [4], with the potential applications to new types of light
detectors. Connection with the physics of the so-called “spiral beams” (Laguerre-Gauss light
beams) and their interactions with atomic systems, when these beams are strongly focused,
will be discussed [5].
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We study the exact dynamics of a spin star system composed by two uncoupled central
spins ‘52 interacting with N identical spins 2 surrounding them [1,2]. Starting from
appropriate initial conditions for the central system as well as for its environment, we find
that the time evolution of the entanglement established between the two uncoupled spins is
dominated by collapses and revivals phenomena. The spin star system we use is of interest in
many physical situations such as quantum dots [3], cavity QED [4], two-dimensional electron
gases [5] and optical lattices [6].
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The quantum random walk search algorithm by Shenvi, Kempe and Whaley (SKW
algo- rithm) yields a measurement probability of the marked element close to 1/2 [1].
Therefore, although the scaling of the search time is OGN ) which is the same as that of the
Grover search, many repetitions of the algorithm might be necessary to find the marked
element. This feature of the SKW algorithm can be prohibitive when the cost of preparing the
initial state is high. In the talk we propose several alternative modifications to the original
algorithm, allowing for the recovery of the marked element with almost certain probability in
one or two repetitions.
All modifications are based on the complementarity behaviour of the two orthogonal
subspaces spanned by the even and odd parity elements, and all conserve the original O(\/N )
scaling.
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In this talk we will discuss the interaction of an atom subject to an intense driving laser
field with its own radiation field. Taking advantage of ideas from quantum optics and
quantum electrodynamics and using the formalism of the generalized quantum dynamics [1],
we will analyze the Lamb shift and the natural broadening of energy levels of laser-dressed
states. It will be shown that, in contrast to bare atoms, in laser-dressed atoms the energy
levels of states with the same values of the total angular momentum, its projection, and parity
may overlap. We will present an equation which determines the natural broadening of
spectral line profiles corresponding to transition from overlapping laser-dressed sates. The
analysis of the interaction of an atom in such states with its own radiation field gives rise to
the surprising finding that in describing the overlapping laser-dressed states QED faces the
problem of unrenormalizable ultraviolet divergences. This may be an explicit manifestation
of nonlocality of the electromagnetic interaction which in other cases is hidden in the
regularization and renormalization procedures. This conclusion is confirmed by the fact that,
as has been shown in Ref. [2], effects of nonlocality in time of interaction governing the
dynamics of an atom can be very significant. Finally, we will discuss an experimental scheme
to measure spectral observables in which the nonlocality of electromagnetic interaction may
manifest itself.
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The talk present results of experiments on BEC of Rb atoms in a magnetic trap
conducted in the Polish National Laboratory for Atomic, Molecular and Optical Physics [1].
We will briefly describe the experimental setup, diagnostics methods and main properties of
the investigated atomic samples. Particular attention will be devoted to the hydrodynamic
properties and dynamics of an ultra-cold atomic gas near the critical temperature. By
applying a controlled perturbation we study the aspect ratio of an expending atomic cloud
which reflects its hydrodynamic properties. On the other hand, by varying the temperature of
the sample we are able to analyze dynamics of the collective atomic evolution as a function
of the ratio between number of atoms in the thermal and condensed fractions. Such
experiments allow studying of interaction between coherent and incoherent cold matter.
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Alternative hypothetic mechanisms to give rise to intrinsic optical bistability are studied
theoretically as the field-controlled switching between different spectral patterns of the probe
beam absorption and fluorescent light. The spectra are calculated both analytically and
numerically for the entire hysteresis loop of atomic excitation. The specroscopic analysis is
likely to provide graphic distinction between alternative models describing similar hysteresis
behaviours. The master equation and equations to find the spectral properties of the non-
linear optical response are derived from the Bogolubov-Born-Green-Kirkwood-Yvon
hierarchy for reduced single particle density matrices of two-level atoms and quantized field
modes and their correlation operators. The hierarchy is treated in the limit of the polarization
approximation to make a correct account for radiative relaxation of an atom in the
surrounding medium.
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Bose-Einstein condensates (BEC) featuring weak attractive interactions between
atoms, i.e., a negative scattering length, support robust solitons in nearly one-dimensional
(1D) prolate, alias "cigar-shaped", magnetic and/or optical traps. In the mean-field
approximation, effective 1D equations for the condensate trapped in the prolate trap were
derived, by means of various approximations, from the underlying 3D Gross-Pitaevskii
equation. Only the 1D model based on the Schrodinger equation with the nonpolynomial on-
site nonlinearity [1,2] admits a possibility of collapse, which corresponds to the possibility of
the collapse in the self-attractive BEC confined in tight traps.

We derived a 1D model for a cigar-shaped BEC in the limit of a deep optical lattice,
in the form of discrete nonlinear Schrllodinger equation with nonpolynomial nonlinearity
(DNPSE). Our main interest was the generation and dynamics of localized modes in this
model. Two families of unstaggered discrete solitons, stable and unstable, which include,
respectively, broad and narrow solitons, and exactly comply with the Vakhitov-Kolokolov
stability criterion are found. It is shown that the unstable on-site solitons either decay or
transform themselves into robust breathers while the inter-site unstaggered solitons are
unstable to collapse. However, the last may be stabilized by the application of a suficiently
strong kick, which turns them into stable moving localized mode. The motion of localized
modes was studied applying the concept of the Peierls-Nabarro (PN) barrier which was
interpreted in the context of the free-energy and mapping analysis [3]. We showed that
moving localized modes can be created by the application of a "kick" to a stable on-site
soliton and corresponding unstable inter-site soliton with the same power and close free
energy. In addition, we confirmed that the DNPSE model with self-repulsive intrinsic
nonpolynomial nonlinearity can support the creation of the staggered solitons, which are
counterparts of gap solitons in the continuum medium. We showed that the on-site staggered
solitons are stable while the inter-site solitons are characterized by the appearance of small
instability region. The main conclusion concerning the staggered solitons is their immobility.
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QED theory of radiation emission and absorption lines for plasma atoms,
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A consistent QED approach [1,2] is applied to studying the interaction of the atoms
and ions of plasma with an intense electromagnetic (laser) field. Method bases on description
of atom in a field by the k- photon emission and absorption lines. The lines are described by
the QED moments of different orders, which can be calculated with the use of the Gell-Mann
and Low S-matrix adiabatic formalism (T=0). In relativistic version the Gell-Mann and Low
formulae expresses an imaginary part of the energy shift Im E{a} through the QED scattering
matrix, including interaction of atom with electromagnetic field and field of the photon
vacuum. We present QED S-matrix energy formalism (T not equal 0) for calculation of the
spectral lines shape in dense plasma. For any atomic level we calculate Im E{a}(w) as
function of the laser pulse central frequency w (resonant curve). We calculate the moments
for resonance, connected with concrete atomic a-p transition (a,p-discrete levels; k photons is
absorbed). To calculate the moments we need to get the expansion of E{a} into the
perturbation theory series. Numerical modelling carried out for H, Cs, Ar atoms and H-, Ne-
and Ar-like plasma. QED approach to description of radiation atomic lines for atoms and ions
in plasma is generalized on a case of the confined atomic systems, including a case of the
Debye approximation.

We present the uniform energy approach, formally based on the QED perturbation
theory [2,3] for the calculation of electron collision strengths and rate coefficients in a plasma
of multicharged ions. The aim is to study, in a uniform manner, elementary processes
responsible for emission-line formation in a plasmas. The electron collision excitation cross-
sections and rate coefficients for some plasma Ne-like multicharged ions are calculated. To
test the results of calculations we compare them with other authors’ calculations and with
available experimental data. The inclusion of Na-like states, accounting for diffusion-like
processes, can increase the population inversion for the "lasing candidates" by at least a factor
of two for a wide range of plasma conditions. Besides, we are calculating the functions,
which describe the population distribution within each Rydberg series dependent on the
Rydberg electron energy. These functions bear diagnostic information. Detailed calculations
will be done for the homogeneous steady-state Maxwellian plasma. Modeling nuclear
ensembles in a super strong laser field provides opening the field of nuclear quantum optics
and is carried out in our work too. The Stark effect for nuclei is described within the operator
perturbation theory [1].
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Optical properties of globular photonic crystals — artificial opals, consisting from
monosized silica globules, have been investigated. Sizes of globules depended on conditions
of 3D-photonic crystals growth and were 200-400 nm. Pores occupied 26 percent of total
volume of photonic crystal. Such pores were filled by some liquids (ethanol, water, glycerin,
acetone, nitrobenzene), solid dielectrics (stilbene, sulfur, ZrO,), ferroelectrics (sodium
nitrite), magnetics (ferrite), carbon (graphite) and metals (Ag, Au and Hg). Some samples
were annealed at high temperature (up to 1200 C). As a result of high temperature annealing
or some dielectrics filling the samples became almost transparent for visible region.
Transmission and reflectance spectra of prepared samples of 3D-photonic crystals in visible
region have been investigated. Halogen lamp has been used as a source of light in these cases.
Transmission and reflectance spectra have been obtained with the help of fiber optic
technique and have been recorded by minispectrometer. Experimental results on the
secondary emission (photoluminescence) spectra properties of globular photonic crystals,
filled by different dielectrics and metals, have been obtained. Parameters of dispersion laws
were calculated from the secondary emission, transmission and reflectance spectra, revealing
the forbidden zone in visible region. An approximation of one-dimensional photonic crystal
dispersion law has been used. Such approximation described the dispersion law for [111]
direction of three dimensional photonic crystal. As a result of such approximation three
allowed and two forbidden photonic bands dispersion laws have been studied. The second
allowed band corresponded to electromagnetic waves, with opposite directions of phase and
group velocities. It is known, that in this case negative refraction index takes place. The
analytical description of photonic bands dispersion law for small wave vector value and for
the edges of the allowed zone has been proposed. The influence of dielectrics or metal
presence inside porous of photonic crystals has been established. The dependencies of group
velocity and effective photonic mass from wave vector and the frequency value of
electromagnetic waves have been calculated. In this approximation photons become massive
quasiparticles, propagating inside photonic crystal with velocity essentially less velocity of
light in vacuum. Effective mass of photons, propagating inside photonic crystal, may be
positive, negative or close to zero. For the second photonic band, corresponding to visible or
ultraviolet region in our photonic crystals, the refraction index becomes negative; besides, for
this band the effective mass of photons is negative at small impulse value and positive with
impulse increase. At some impulse value photon velocity (group velocity of electromagnetic
wave) becomes very small. Properties of photons, corresponding to electromagnetic waves
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with negative refraction index have been discussed. With using of these properties new types
of optical devices may be worked out: visible super lens, super spectrograph, super
microscope and super focusator. We have analyzed the conditions for bound photonic states
[1] realizing inside 3D-photonic crystals. In this case very slow massive photons are excited
with using of light, frequency of which is close to the edges of the second or third allowed
photonic zones. Tensor-type bound two-photonic states have scalar component. Such
component is inactive for one photonic emission or absorption processes. Elementary
excitations, corresponding to this type of electromagnetic waves, were named darktons [1].
Main property of darktons is the absence of their interaction with charge particles.
Accordingly dielectrics and metals should be transparent for this type of particles.
Experiments for darkton emission realizing with the help of photonic crystals have been
proposed. This work was supported by Russian Foundation for Basic Research. Project
Numbers: 07-02-00106, 07-02-12027 and 08-02-00114.
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Cobalt ferrite (CoxFesxO4) is a cubic ferrite with an inverse and spinelic
nanostructure, its particles being very special ones due their magnetically interesting
properties. Cobalt ferrite nanopowders were produced using two methods: hydrothermal and
chemical coprecipitation.

Nanocrystalline powders of cobalt ferrite with different morphology and particle size
of a few nm, were prepared by hydrothermal method. Particle size, morphology and
properties of the cobalt ferritic nanostructures were investigated by X-ray diffraction (XRD)
and scanning electron microscopy (SEM). The results are compared with cobalt ferritic
nanopowders obtained in chemical coprecipitation. It was found that hydrothermal processing
results in formation of low dimensional dispersion of cobalt ferrite nanoparticles, a higher
degree of crystallinity and much pronounced magnetic properties. In hydrothermal method,
although the synthesis temperature is low, up to 200°C, it is possible to obtain clean
nanoparticles of CoxFe;<O4 with high degree of crystallinity, desirable form and size. The
most important attribute consists in reduction of particle agglomeration attended to narrow
size distribution. For exemple, by chemical coprecipitation method , although is an
economical synthesis way for ultrafine CoxFe; O, of different compositions (x = 0.25, 0.4,
0.5, 0.8) and sizes (6-10nm) at low synthesis temperature 50-95°C, the powder is not very
well crystallized, as results from small diffraction peaks in diffraction pattern.

The main advantage of hydrothermal synthesis method consists in dimensional
control of particle form and dimensions according to desired magnetic properties.
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Outstanding that particle’s size represents the substance performance critical factor in
monodisperse nanoparticles magnetic activity.
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We use optical Bloch equations in order to calculate spontaneous emission and
Zeeman coherences of the probe laser beam in coaxial pump-probe configuration [1] in
rubidium vapor. The ¥Rb D1 line F, =2—F. =1 transition is open so solving time-dependent
equations was necessary. Also due to the nature of room temperature Rb vapor we performed
averaging over different atomic velocities according to Maxwell-Boltzmann distribution and
over different directions of atoms propagation through pump and probe laser beams. Time
dependent diagonal and non diagonal density matrix elements for atom are presented and
discussed.
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All successful experiments on macromolecule interferometry so far used thermal
effusive beam sources [2]. In order to apply quantum interference to molecules of biological
interest it is necessary to implement a soft volatilization method as well as an improved
velocity selection of the molecular beam.

A pulsed laser desorption source now allows us to generate intense beams biomolecules [1].
We were recently able to extend our scheme to large neutral amino acid clusters, such as for
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instance CaTrpso, with masses exceeding 6000 amu: the addition of alkaline Earth salts in the
desorption process leads to the inclusion of at least one metal atom per complex and is
important for the catalysis and stabilization of the cluster formation process.

The pulsed desorption allows us to achieve a velocity resolution of below 1%, which
is required and sufficient for interesting applications in molecule metrology in the gas phase.
We present new ideas how to combine the laser desorption source with Talbot-Lau
interferometry (TLI) for various measurements on neutral molecules: This includes the
proposal to employ TLI as a mass spectrometer for neutral molecules as well as the
combination with Stark deflectometry to determine electric susceptibilities of large molecules
in the gas phase.
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Quantum computation is limited by decoherence from technical noise and coupling of
the qubits to the environment. However, certain states were shown to be protected from
decoherence due to their symmetry. These states form a decoherence-free subspace (DFS) of
the Hilbert space. Using logical qubits from this subspace as a robust computational space
could help to realize large scale quantum computing [1]. In this talk we show the first
realization of a universal set of gate operations in such logical basis with ion strings. We use

trapped “’ Ca ions and store quantum information in the ion’s electronic states S,,, and D;,, .
A DFS is formed by the two states | SD> and | DS > which are used as logical qubits |0 L> and

|11 L>. In the logical basis, single-qubit rotations are realized using a Melmer-Serensen gate
between the two ions of the logical qubit. For two-qubit operations between logical qubits a
o, -type geometric phase gate is applied to neighbouring ions of two adjacent logical qubits

[2]. We obtain fidelities of around 94% for a single qubit 77/2-rotation and around 75% for a
CNOT gate between two logical qubits.
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We extend continuous-variable cloning of quantum information into the atomic
memories. The proposed method allows us to achieve optimal asymmetric cloning of
information carried by the complementary quadratures. It requires only a single passage of
light through the memories without any non-classical pre-processing of the initial atomic
state. The asymmetric scheme enables us to control amount information contained in
particular clones. Further, the cloning between quantum memories utilizing of squeezed light
is proposed. Under the same conditions, the optimal cloning can be approached if a
sufficiently high squeezing of light is used.
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The basic question to be solved concerning theoretical research of the spatially strongly
bounded structures is inability of applying the standard mathematical tools: differential
equations and Fourier analysis. In this paper is shown how the Green’s functions method [1]
also can be efficiently applied on the crystalline samples so constrained that the quantum size
effects [2] play significant role upon them. For the purpose of exemplification of this method
appliance we shall consider molecular crystal of the simple cubic structure: spatially
unbounded (bulk) and strongly bounded alongside one direction (ultrathin film).

Starting point in our theoretical analysis will be the standard exciton Hamiltonian [3]:

H=Hy+ Y AP P+ ) XonBi B+ ) Yin P B Py O]

along with definition expression of the commutator paulion Green’s function with equation of

motion:
Ca0)=((R0]2:0) =0 () [2.().2:0] )

2
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In this paper is thereafter represented in detail the defining procedure of Green’s functions,
calculated from the system of diference equations

G, + PG, +G, 1 =KGS, 5 p= hT’T]A +2(cosak, +cosak,) 3)

and by means of these equations the dispersion law and exciton states distribution is obtained
and the relative permittivity for ultrathin films [4] is defined. These results are calculated
numerically and tabular and graphically presented.

In addition to the basic task to adapt the Green’s functions method to quantum systems, it
is shown in this paper that the energy spectra of excitons in thin films are predominantly
discrete inside the bulk boundaries. Different from bulk structures, where the continual
absorption zone appears in the definite frequency band of externally radiation, the resonant
peaks with film structures exist only on some resonant frequencies. As the observed film is
thicker, the differences between its properties and the corresponding bulk structure become
drastically smaller. All this indicates the existence, and represents the result of the quantum
size effect.
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Materials suitable for light pulse propagation control are investigated in this paper. Many
of recent papers reported the results of optical properties measurement in broad wavelength
ranges for newly developed materials as well as thin films of more or less known materials
[1] [2]. After the refractive indices are measured for set of wavelengths they are fitted
usually by four-parameter Sellmeier equation, on the basis of which the phase matching
curves for second-harmonic generation are calculated. In this paper further analyses of
Sellmeier equation for various materials of interest in nonlinear optics are performed.

First, group velocity dispersions are calculated and wavelength regions of specific types of
pulse propagation are distincted: regions of constant pulse width around the zero group
velocity dispersion, regions of pulse compression possibilities with negative group velocity
dispersion and regions of pulse broadening which though usually unwanted can be used for
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introducing a good quality chirp suitable fore effective pulse compression [3]. Temperature
dependences of refractive indices also reported are taken into account [4] [5].

On the other hand, generalized Sellmeier equation which consists of several oscillator
terms involve in its parameters more direct information about material such as electronic
transitions or resonance wavelengths and average oscillator strengths i.e. oscillators volume
concentrations and transition probabilities [6]. Therefore, four parameter Sellmeier equations
are transformed by fitting into one-term (or one-oscillator) in order to get more useful
information about a material. The necessity of second term introduction indicated by bad
fitting are detected for some materials. The conditions for the second term parameters
required for negative group velocity dispersion (as it is appropriate in pulse compression) are
determined. Finally, correlation of the parameters of Sellmeier equation and some non-
optical material properties, including mechanical and thermal, are considered.

The materials chosen for the analyses are rare earth oxides, borates, chalcopyrite crystals
some laser host materials and some crystals such as langasite, langanite and langataite [7].
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In the framework of the theory of open systems based on completely positive
quantum dynamical semigroups, we analyze the possibility of generating the quantum
entanglement in a bipartite system during its interaction with an environment. We solve the
master equation for two independent harmonic oscillators interacting with the environment
and give a description of the induced continuous-variable entanglement in terms of the
covariance matrix of the considered subsystem for an arbitrary Gaussian input state. Using
Peres-Simon necessary and sufficient criterion for separability of two-mode Gaussian states,
we show that for certain classes of environments the initial state evolves asymptotically to an
entangled equilibrium bipartite state, while for other values of the coefficients describing the
environment, the asymptotic state is separable. We calculate also the logarithmic negativity
characterizing the degree of entanglement of the asymptotic state.
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Generation of novel nonclassical states of light attracts great interest in quantum
optics and quantum information. One of the typical sources of nonclassical radiation is
Parametric Down-Conversion (PDC). There are two extreme regimes of this process: two-
photon light in the case of low parametric gain, and squeezed light in the case of high gain. In
this last case, light does not only contain photon pairs, but all even-photon numbers. Signal
and idle beams have perfectly correlated intensity fluctuations and are usually called twin
beams.

In our work we trace the transition between these two regimes. Our simplest
experimental scheme was based on collinear type-II PDC in a BBO crystal pumped by the 3™
harmonic of a Nd:YAG laser with pulse duration 5 ns and repetition rate 10 kHz. Signal and
idler modes were registered by two APDs operating in the Geiger mode and two different
values were measured: normalized second-order Glauber’s correlation function, g and the
variance of the photocount-number difference, AN_. One can show that while the normalized

Glauber’s correlation function decreases with the parametric gain, the photocount-number
difference remains constant and is below than the shot-noise limit (equal in this case to the
sum of the averaged photocount numbers in the signal and idler modes). Because the degree
of squeezing is only determined by the losses in the channels it can be used for the absolute
measurement of the detectors’ quantum efficiency [1]. In our case, the quantum efficiency
was confirmed independently using the Klyshko absolute calibration method. This possibility
of absolute measuring quantum efficiency from the variance of photocount-number
difference is important for the calibration of analog detectors.

In a more general scheme, one can use two type-I crystals pumped by the same beam
[2] and oriented with their optic axes at +45° and -45° to the polarization of the pump. In this
geometry, the state of light in the low-gain regime is given by the superposition

1

5 2,0>+ V1i—-oc’e"

n, m> denotes a state with n photons in the +45° polarization mode and m photons

|‘P>: (o

0,2)),

where

in the

-45° polarization mode, and ¢, o are the relative phase and amplitude, controlled by
polarization elements in the pump beam. By varying @,c one can obtain, in the low-gain
regime, a nearly complete set of biphoton qutrits [3]. In the high-gain regime, the state
manifests the most general form of squeezing. In particular, this scheme enables one to
observe squeezing in any of the two Stokes parameters S|, S, .
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Nanocomposite materials comprised of gold nanoparticles and various polymer matrices
(polystyrene, NH,-terminated polystyrene, polymethylmethacrylate, NH, terminated
polymethylmethacrylate, COOH terminated polymethylmethacrylate, and polymer blend of
PS-NH; and PMMA-COOH), were prepared by pulsed laser deposition (PLD).

The obtained materials were light blue to purple in color indicating the formation of nano-
sized gold strucures. Resulting nanocomposites were investigated by structural and optical
methods. Transmission electron microscopy showed that the nanoparticles were well
dispersed in polymer matrices with the average size of 10 nm, while the electron diffraction
pattern of the nanocomposite confirmed the presence of cubic Fm3m crystal phase of gold.
UV-VIS absorption spectroscopy revealed a presence of characteristic surface plasmon band
of nanostructured gold that changed its position and shape with the change of matrix
employed.

Using Maxwell-Garnett effective medium theory for the absorption of light of the
composite materials, it was shown that these changes originate from the differences in spatial
distributions of gold nanoparticles inside the matrices proving that functional groups in
terminated polymers act as centers of nucleation and modify the growth of the deposited gold
in direction parallel to the substrate.
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The interaction of ultra-short powerful infrared laser pulses (femtosecond and in some

cases even picosecond laser pulses) with transparent optical glasses, has attracted much
attentions theoretically and experimentally [1-2].
In this paper, interaction of focused 200 femtosecond infrared laser pulses at 1 kHz repetition
rate with bulk borosilicate glass is investigated. Effect of incident pulse energy and laser
shout number on laser-induced optical properties modification, length and area size, are
investigated. The interplay between self-focusing and filamentation of the laser pulses on
laser-induced optical properties modification beginning position inside glass sample is
analyzed for different incident pulse energies.

The laser pulse energy accumulation model [3] is applied to explain the evaluation of
modification sizes with incident pulse energy and shout number. The moving focus model for
self-focusing of laser beam [4] is also applied to explain the experimental result of the laser-
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induced modifications length. The experimental results and theoretical models in both cases,
modification position and area size, are in good agreement.
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Mechanism of the macromolecules conformation changes (transitions) is an open
issue of significant importance for the foundations of bio- physics and chemistry, as well as
for certain fields of modern technology (e.g. nanotechnology) [1, 2, 3, 4, 5, 6]. Here, we
employ the recently developed decoherence-based model [7, 8, 9] as an extension of the
standard quantum chemistry model [10] of molecule. Particularly, we introduce and analyze a
model of the conformation changes that follow from the optically-induced transitions in the
molecule electron-system. Our conclusion is that this model describes the comparatively slow
changes of conformation, in qualitative agreement with some experimental results [6].
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The dynamics of a single localized electron spin in solid structure, such as electrons
bound to phosphorus donors in silicon, NV centers in diamond or semiconductor quantum
dots has attracted in the last years the attention of many physicists both from a theoretical and
experimental point of view. These systems are often modelled by disordered spin star
systems when a single spin interacts with different coupling constants with N uncoupled
identical spins[1-2]. In this talk I present the exact dynamics of such a system based on the
resolution of the time-dependent Schrodinger equation starting from arbitrary initial spin
configuration[3-5]. Some applications corresponding to specific initial conditions are
discussed.
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The effect of hydrostatic pressure at room temperature on the emission spectra and
fluorescence lifetime tr; of the R1 line in tiospinel (a-ZnAl,S4 ) crystal has been studied.
Research was carried out in the interval between 0 and 70 kbar. On the basis of the position
of the R1 line (ZE —>4A2 transition) in the emission spectrum, we have concluded that
pressure induces red-shift AAg;. The significant change in tr; with the change of pressure has
also been noticed. The change of AAr; and tg; induced by pressure was explained by a
simple model. A good correlation between theoretical and experimental values of AAr; and
1) Wwithin the pressure interval in question has been achieved.
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It is well known that cavity QED offers powerful possibilities for generation and
processing of nonclassical states of light. In particular, strong interaction of the
electromagnetic field with the radiating object achieved in high-Q cavities provides high
eficiency of single-photon Fock state generation on demand. Quantum control over single-
photon emission is of prime importance in quantum information science. In this contribution
we study the quantum state of the radiation emitted by a single atom in a high-Q cavity
including the regime where the emitted photon belongs to a wave packet that simultaneously
covers the areas inside and outside the cavity.

Within the framework of exact QED in dispersing and absorbing media [1], we study
the resonant interaction of an atom in a high-Q cavity with the -cavity-assisted
electromagnetic field. Considering a one-dimensional cavity bounded by a perfectly reecting
and a fractionally transparent mirrors and using source-quantity representation of the
electromagnetic field we treat the field as an entity without regarding the fields inside and
outside the cavity as representing independent degrees of freedom. Applying the rotating-
wave approximation to the atom-field interaction, we examine the mode structure of the
outgoing field for both continuing and shortterm atom-field interaction. In the regime of
strong atom-field coupling we find the Wigner function of the quantum state of the excited
outgoing mode as well as the spatio-temporal shape of the corresponding wave packet.

In the case of continuing atom-field interaction the effciency of the excited outgoing
mode to carry a one-photon Fock state is time-dependent and follows the Rabi oscillations of
the atom-field coupling. This reects the fact, that the corresponding wave packet covers the
regions both inside and outside the cavity a therefore can be reabsorbed by the atom. The part
of the excited outgoing mode that is entirely localized outside the cavity determines the
probability of registering the emitted photon by a photodetector placed outside the cavity|a
quantity which monotonously increases with time.

In the case of short-term atom-field interaction, where the atom leaves the cavity at
some time, the eficiency of the excited outgoing mode being prepared in a one-photon Fock
state is constant for later times. In particular, if the atom leaves the cavity when it is the first
time in the ground state, then the field can be regarded as a single-peak pulse, the trailing
edge of which covers the areas inside and outside the cavity. Moreover, when the interaction
time is sufficiently short, the pulse can be approximated by its trailing edge, the part of which
that entirely located outside the cavity matches the field determined by the relevant mode
appearing in the formalism of the input-output relations [2].
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and relativistic calculating the hyperfine structure parameters
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Relativistic calculation of the spectra hyperfine structure parameters for heavy
elements is carried out. Calculation scheme is based on gauge-invariant QED perturbation
theory with using the optimized one-quasiparticle representation at first in the theory of the
hyperfine structure for relativistic atomic systems [1,2]. Within the new method it is carried
out calculating the energies and constants of the hyperfine structure for valent states of
cesium 133Cs, Cs—like ion Ba, isotopes of 201Hg, 223Ra, 22Cf are defined. The contribution
due to inter electron correlations to the hyperfine structure constants is about 120-1200 MHz
for different states, contribution due to the finite size of a nucleus and radiative contribution
is till 2 dozens MHz. Otained data for hyperfine structute parameters are used in further in
laser photoionization detecting the isotopes in a beam and the buffer gas for systematic
studying the short-lived isotopes and nuclear isomers.

We propose a new approach to construction of the optimal schemes of the laser
photoionization method for further applying to problem of the nuclear reactions products
detecting. It’s studied the reaction of spontaneous **°Cf isotope fission on non-symmetric
fragments, one of that is the cesium nucleus. The corresponding experiment on detecting the
reactions products is as follows [1]. The heavy fragment of the Cf nucleus fission created in
the ionized track 10° electrons which are collected on the collector during 2 mks. The
collector is charged negatively 40mks later after nuclear decay and 10mks before the laser
pulse action. The photo electrons, arised due to the selective two-stepped photoionization are
drafted into the proportional counter for their detecting. Usually a resonant excitation of Cs is
realized by the dye laser pulse, the spectrum of which includes the wavelengths of two
transitions 6°S;,-7°P3 (4555A) and 6°S1,-7°P1 )2 (4593A). This pulse also realizes non-
resonant photoionization of the Cs excited atoms. The disadvantages of the standard scheme
are connected with non-optimality of laser photoionization one, effects of impact lines
broadening due to the using the buffer gas, the isotopic shift and hyperfine structure masking
etc. We proposed new laser photoionization scheme, which is based on a selective resonance
excitation of the Cs atoms by laser radiation into states near ionization boundary and further
autoionization decay of excited states under action of external electric field [2]. The
corresponding optimal parameters of laser and electric fields, atomic transitions, states, decay
parameters etc are presented.



43

References

[1] A.V.Glushkov, JETP Lett. 55, 97 (1992); A.V.Glushkov, L.N. Ivanov, Phys. Lett. A. 170,
33 Preprint of Institute for spectroscopy of Russian Academy of Sciences, ISAN, N AS-1-3,
Troitsk, (1992) ; E.P. Ivanova, L.N.Ivanov, A.V.Glushkov , A.Kramida, Phys.Scripta, 32,
512 (1985).

[2]. A.V.Glushkov, O.Yu.Khetselius etal, Nucl.Phys.A. 734, €21 (2004); J.Phys.CS. 35, 420
(2005); Recent Advances in Theory of Phys. and Chem. Systems (Springer). 15, 285 (2006);
[3] A.V.Glushkov, S.V.Malinovskaya, O.Yu.Khetselius, Europ.Phys.Journ. in print (2008) ;
A.V.Glushkov, O.Yu.Khetselius, Recent Advances in Theory of Phys. and Chem. Systems
18, 301 (2008);

Khveshchenko Dmitry 7 Talk

Many-body effects in multi-qubit arrays
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We present a novel, condensed matter theory-based, approach to the problem of
understanding of the nature and means of controling coherence and transfer of quantum
entanglement in interacting multi-qubit arrays, also in the presence of dissipative
environments and/or static disorder in the distribution of the qubits' parameters.

Specifically, we study the dynamics of entanglement and decoherence of propagating
spin-1/2 excitations in generic (non-integrable and/or disordered) spin chains. Our findings
have important implications for the recently proposed “all-spin” implementations of quantum
information processing where such excitations can be utilized in the capacity of flying qubits.
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Recurrence Properties and Polya Number of Quantum Walks
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tkiss@szfki.hu

The Polya number characterizes the recurrence of a random walk. We apply the
generalization of this concept to quantum walks [1]. The Polya number of a quantum walk
depends in general on the choice of the coin operator and the initial coin state, in contrast to
classical random walks where the lattice dimension uniquely determines it. We analyze
several examples to depict the variety of possible recurrence properties.

First, we show that for the class of quantum walks driven by independent coins for all
spatial dimensions the Polya numbers are independent of the initial conditions and the actual
coin operators, thus resembling the property of the classical walks. We provide an analytical
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estimation of the Polya numbers for this class of quantum walks. Second, we examine the 2-
D Grover walk, which exhibits localisation and thus is recurrent, except for a particular initial
state for which the walk is transient. We generalize the Grover walk to show that one can
construct in arbitrary dimensions a quantum walk which is recurrent. This is in great contrast
with the classical walks which are recurrent only for the dimensions d = 1, 2. Finally, we
analyze the recurrence of the 2-D Fourier walk. This quantum walk is recurrent except for a
two-dimensional subspace of the initial state. We provide an analytical formula of the Polya
number in its dependence on the initial state.

References
[1] M. Stefanak, I. Jex and T. Kiss, Phys. Rev. Lett. 100, 020501 (2008).

Klimov Vasily (€)) Talk
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We show that a new type of photon detector, sensitive to the gradients of
electromagnetic fields, should be a useful tool to characterize the quantum properties of
spatially-dependent optical fields. As a simple detector of such a kind, we propose using
magnetic dipole or electric quadrupole transitions in atoms or molecules and apply it to the
detection of spiral photons in Laguerre-Gauss (LG) beams. We show that LG beams are not
true hollow beams, due to the presence of magnetic fields and gradients of electric fields on
beam axis. This approach paves the way to an analysis at the quantum level of the spatial
structure and angular momentum properties of singular light beams. More complicated
detectors made of chiral nanoparticles are also discussed.

VK is grateful to the Russian Foundation for Basic Research (grants 05-02-19647, 07-
02-01328) for financial support of this work and University Paris13 for hospitality. DB MD
and JRRL thank French Brazilian CAPES-COFECUB (#456/04) cooperation support.
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Two-photon Jaynes-Cummings model of a pair of indistinguishable two-level atoms
interacting with squeezed vacuum
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The interaction between the pair of indistinguishable two-level atoms and the single-mode
cavity field is investigated. This problem generalizes the two-photon Jaynes-Cummings
model of a single two-level atom interacting with the squeezed vacuum [1]. The model of the
pair of indistinguishable two-level atoms is equivalent to the problem of the equidistant three-
level radiator with equal dipole moment matrix transition elements between the adjacent
energy levels. In this situation the quantum states of the atomic pair can be represented in the
three-level states representation by the following: in the ground state both two-level atoms in
the pair are in the ground state, in the first excited state the first atom is in the ground state
and the second one is excited and vice versa, in the second excited state both two-level atoms
are excited.

In should be noted that in the present model the interaction Hamiltonian is similar with the
Hamiltonian for the pair of cold atoms interacting with the quantized field via intensity-
dependent coupling [2]. However, the realizations of the SU(1,1) symmetry group generators
in these two models are substantially different. In contrast with the model with the intensity-
dependent coupling the realization of the SU(1,1) symmetry group generators in the present
model corresponds to the squeezed vacuum state with the Gaussian wave-function.

We suggest that at the initial moment the atomic pair is in the first excited state. In this
situation the exact analytical solution for the atom-field state-vector is obtained with the help
of the Schrodinger equation. By using this solution we examine the time-dependent
behaviour of such important physical quantities as the mean photon number, their
fluctuations and the atomic population inversion. It is found that for certain values of the
initial average photon number takes place the Sub-Poissonian photon statistics, which has the
tendency towards oscillations. Much attention is also devoted to the squeezing properties of
the radiation field. The obtained results are compared with those for the single two-level atom
model. It is found that in the equidistant three-level model the exact periodicity of the
squeezing revivals is violated by the analogy with the single two-level atom one.
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We address different aspects of long-distance quantum communication using infinitely-
dimensional, continuous-variable quantum systems. With examples of several schemes, we
discuss the physics underlying entanglement distribution over large distances, tailoring of
quantum systems for this purpose and address a quest for experimentally feasibility.

First, we discuss entanglement concentration scheme for infinite-dimensional quantum
systems based on non-linear cross-Kerr coupling of the one part of two-mode squeezed
vacuum and an ancillary coherent state. We then show how the whole family of such
entanglement concentration protocols can be derived using the framework and concept of
weak quantum measurement. Next, we modify this scheme for the quantum state engineering
purposes. Both schemes can be implemented in the same experimental setting. We propose
an experiment that employs the cross-Kerr effect to create highly non-classical non-Gaussian
states of light via interaction of two coherent beams in an atomic medium exhibiting
electromagnetically-induced transparency, subsequent measurement on one beam and feed-
forward on the other. The resultant states are highly non-classical states of electromagnetic
field and exhibit negativity of their Wigner function, sub-Poissonian photon statistics, and
amplitude squeezing. Furthermore, the Wigner function has a distinctly pronounced
““crescent" shape specific for the Kerr-type interactions, which so far was not demonstrated
experimentally. We show that creating and detecting such states should be possible with the
present technology using electromagnetically induced transparency in a four-level atomic
system in N-configuration.

Finally, we address the question of quantum information distribution in general. As a
development from the earlier work of Cubitt et al for qubits [1], we demonstrate the
possibility to distribute entanglement without sending entanglement in infinite-dimensional
systems. Remarkably, for mixed quantum states one can entangle two distant modes by
sending a separable mode. This can be done using experimentally feasible Gaussian states
and operations involving single-mode squeezed states, correlated displacements and beam
splitters, dispensing with the CNOT gates of the qubit case. The distributed entanglement is
distillable and therefore can be used for quantum communication.

The proposed schemes prepare the ground for better understanding and engineering of
optical quantum networks, continuous-variable cryptography and other entanglement-based
communication protocols using light modes and/or atomic ensembles.
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Quantum theory (QT) provides statistical predictions for various physical phenomena. To
verify these predictions a considerable amount of data has been accumulated in the
“measurements” performed on the ensembles of identically prepared physical systems or in
the repeated “measurements” on some trapped “individual physical systems”. The outcomes
of these measurements are in general some numerical time-series registered by some
macroscopic instruments. The various empirical probability distributions extracted from these
time-series were shown to be consistent with the probabilistic predictions of QT.

More than 70 years ago the claim was made that the QT provided the most complete
description of the individual physical systems and when the measurement was performed on
an “individual” physical system then the outcome of this measurement was obtained in
intrinsically random way. This purely random behavior of “individual” physical systems in
the moment of the measurement would made impossible the explanation of the existence of
the long range correlations in the EPR type experiments without violation of locality. Spin
polarization correlation experiments (SPCE), performed to test the validity of Bell
inequalities, clearly demonstrated the existence of such long range correlations and confirmed
that the beams hitting the far away detectors preserve somehow the memory of their common
origin and therefore the individual detector counts cannot not be purely random.

It is now quite well understood that the contextual and local description of sub-phenomena
in SPCE experiments may violate Bell inequalities and reproduce QT predictions.

Moreover the probabilities describe the random experiments and they are not the
“attributes” of “individual” physical systems taking part in these experiments. Therefore the
old claim that QT provides a complete description of “individual” physical systems seems to
be unjustified.

In order to completely elucidate this issue we propose a different approach. We point out
that in spite of a huge number of data the predictable completeness of QT has not been tested
carefully enough. Namely the time- series of experimental data were analyzed in terms of
empirical probability distributions which could average out any stochastic fine structure of
these time-series not predicted by QT.

There exist simple statistical tests, which could be used to search for fine structure in these
time- series and which could provide a decisive answer to the title question of this
contribution. In particular we advocate nonparametric compatibility tests and tests of time-
series based on the Box-Jenkins methodology.
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We show that it is possible to employ reservoir engineering to turn two distant and
relatively bad cavities into one good cavity with a tunable decay rate. As a result, quantum
computing schemes that otherwise require the shuttling of atoms in and out of an optical
cavity can be applied to quantum dot systems. To illustrate this we transform a recent
proposal by Metz et al. [1], and show that it is possible to entangle distant semiconductor
quantum dots with electron-spin qubits via the observation of macroscopic fluorescence
signals [2]. This neither requires the coherent control of qubit-qubit interactions nor the
detection of single photons. Moreover, the scheme is relatively robust against spin-bath
couplings, parameter fluctuations, and the spontaneous emission of photons.
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Entanglement is one of the basic features of quantum physics and it is a resource for
quantum information science [1]. Thus, detection of entanglement belongs to the mainstream
of this field [2]. Today, the most widely used and experimentally feasible detectors of this
resource are entanglement witnesses [3]. They are linked with positive but not completely
positive maps [4], which are the most universal entanglement identifiers.

We shall present an alternative approach to entanglement detection. It is based on a
very simple geometrical fact, used for example in [5] to derive a powerful series of Bell
inequalities: if one has two vectors 5§ and ¢, and their scalar products satisfy s-e<eée-e,
then s # e . This can be utilized to find fruitful relations between separable and entangled
states (for the first attempt see [6]). As a result we introduce a new family of entanglement
identifiers. In their simplest form, the identifiers are defined in terms of the values of the
correlation functions [7]. This makes them friendly to experiments, as only local
measurements on individual subsystems are required. The generalized criterion is both
necessary and suficient for entanglement, and the family of our entanglement identifiers is
richer than the family of the witnesses.
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We study the evolution of a class of entangled coherent states of two quantized
electromagnetic fields under dissipation. Under certain conditions the dynamics may be
conveniently studied in a finite dimensional time dependent orthogonal basis. That is the case
of superposing coherent states of real amplitudes on the line. In a more general case of
complex amplitudes the dynamics can be studied in a higher dimensional time dependent
orthogonal basis. Asymptotic decays as well as finite time disentanglement can be found
depending on the initial condition and phase space distances among the components of each
mode.
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Investigation of the reflection coefficient and the distributions of Wigner's reaction
matrix for irregular graphs with absorption
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We present results of experimental and numerical study of distributions of the reflection
coefficient P(R) and of the imaginary part P(v) of Wigner’s reaction K matrix for irregular
fully connected hexagon microwave and quantum graphs in the presence of strong
absorption. The distributions P(R) and P(v) were obtained from the measurements and
numerical calculations of the scattering matrix S. Experimentally, absorption was introduced
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by attaching attenuators to the networks. In the numerical calculations absorption was
included by introducing optical potentials. We show that the experimental and numerical
results are in good agreement with the theoretical predictions [1].

Acknowledgement: This work was partially supported by the Ministry of Science and
Higher Education grant No. N202 099 31/0746.
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We analyse the problem of a time dependent Tavis-Cummings Hamiltonian in the
adiabatic limit. Instead of the usual constant coupling between a single mode cavity and a
pair of atoms, we utilize the spatial profile of the interaction by using time dependent
coupling functions. In considering the adiabatic limit, we were able to demonstrate an energy
crossing in the vicinity of a local degeneracy. Furthermore, we show that conditional
entanglement between the cavity and the atoms can be achieved or a maximally entangled
state of the two atoms can be generated. Using the fidelity for particular entangled states, and
the concurrence for bipartite and tripartite systems, we derive the properties of entanglement
between all three systems. We also study the effect that cavity losses or atomic spontaneous
emission have on the system.

Lemr Karel (10) Talk
Preparation of entangled states of two photons in several spatial modes
Karel Lemr, Jaromir Fiurasek
Department of Optics, Palacky University, 17. listopadu 50,

77200 Olomouc, Czech Republic
lemr@orgchem.upol.cz

We describe a protocol capable of preparing an arbitrary state of two photons in
several spatial modes using pairs of photons generated by spontaneous parametric down-
conversion, linear optical elements and single-photon detectors or post-selection. The
protocol involves unitary and non-unitary transformations realizable by beam splitters and
phase shifters. Non-unitary transformations are implemented by attenuation filters. The
protocol contains several optimization capabilities with the goal of improving overall
probability of its success. We also show how entangled two-photon states required for
quantum computing with linear optics can be prepared using a very simple and feasible
scheme.
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May two lone parties, that remain causally disconnected from each other, become
entangled? A treasure trove of related questions can be found in the literature subsequent to
the two atom Fermi [1] problem. The entanglement between both parties has been analyzed
in terms of algebraic [2] and standard [3] quantum field theory, and vacuum entanglement
[4]. We studied this question [5] for the case of an isolated pair of two-level atoms 4 and B,
separated by a distance /. Starting from an initial product state with zero photons, both parties
are allowed to interact during a short time ¢. The resulting correlations and entanglement
measures are obtained perturbatively, to order «,, and in the dipole approximation, for //¢

smaller, equal, and larger than 1. We analyzed how the state of the electromagnetic field
determines the properties of these correlations.

In this talk we focus on the case where the final state contains two photons. They could be
emitted by the same atom, either 4 or B, or one by each atom. We analyze the emergence of
entanglement swapping and source indistinguishability when the state of the final photons is
measured. The analysis is made in terms of the inter-atomic separation / and the interaction
time ¢, exploring the region (//ct)=1.
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Entanglement dynamics in systems of qubits
with Markov environments
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Entanglement dynamics in representative examples of Markov open quantum systems
with qualitatively different dynamics is studied. Rings of qubits with thermal or dephasing
local environment are used to study the qualitative properties of the entanglement dynamics
in dependance of the inter-qubit interaction, type of the environment and the initial state. It is
demonstrated that the effect of the local environment is manifested as exponential decrease of
the entanglement superimposed on the entanglement dynamics in the isolated system.

Macovei Mihai “4) Talk
Phase dependent quantum dynamics induced by ultrashort laser pulses

Mihai Macovei, Xiao-Tao Xie, Martin Kiffner, and Christoph H. Keitel
Max-Planck Institute for Nuclear Physics, Saupfercheckweg 1,D-69117 Heidelberg,
Germany
mihai.macovei@mpi-hd.mpg.de

It is shown that optical few-cycle pulses with adjustable carrier-envelope phase are an
efficient tool to manipulate the quantum dynamics of few-level systems. In particular, we
consider a two-level system and study the phase dependence of the population dynamics
induced by an ultrashort laser pulse. It is found that quantum interference leads to a strong
dependence of the upper state population on the carrier envelope phase if the system is
initially prepared in a coherent superposition of its ground and excited state. We demonstrate
that this effect can be employed to determine the absolute phase of a laser that prepares the
initial state.

Man’ko Margarita (10) Invited talk
Probabilistic characteristics of classical and quantum waves
Margarita A. Man'ko

Lebedev Physical Institute, Moscow, Russia
mmanko@sci.lebedev.ru

Tomographic maps of solutions of classical and quantum dynamical equations onto
probability-distribution functions are considered. The maps include symplectic tomography
and Fresnel tomography of analytic signal realized by electromagnetic waves in waveguiding
media structures like optical fibers or probability waves realized, for example, as matter
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waves. The probabilistic characteristics of the wave's tomograms including entropies
(Shannon entropy, Renyi entropy), highest momenta, especially, means, variances and
covariances, as well as mutual information and mutual conditional information are discussed.
The known and new inequalities like subadditivity and strong subadditivity relations for wave
tomograms are studied. The discrete variable (qubits, qudits, qulbits) and the corresponding
tomographic entropy inequalities are presented.

Man’ko Olga €)) Talk
Star-product quantization; symplectic and spin tomographies
Olga V. Man'ko

Lebedev Physical Institute, Moscow, Russia
omanko@sci.lebedev.ru

Tomographic representation is constructed for operators depending on continuous
photon-quadrature components and operators depending on spin degrees of freedom. The
relation between the tomographic schemes and star-product quantization procedure is
discussed. The duality symmetry of star-product approach in the case of symplectic
tomography is reviewed.

Man’ko Vladimir ) Invited talk

Quantum correlations in the probability representation
of quantum states

Viadimir 1. Man'ko*, Giuseppe Marmo®, E.C. George Sudarshan’
'Lebedev Physical Institute, Moscow, Russia
*University “Federico II” Naples, Italy
3 University of Texas, Austin, USA
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Quantum states of multimode systems described by probability distributions (used
instead of wave functions and density matrices) are analyzed in the context of correlations
between different modes. Properties of the state joint probability distributions and their
evolution in time corresponding to master equations for the system density operators are
discussed. The fidelity is obtained in terms of nonlocal expressions like integrals or sums of
the probability distributions. The examples of qubit correlations and photon quadrature
correlations for the probability distributions of different states are given.
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The present work parallels the previous papers [1] in studying the nonclassicality of
one-mode Gaussian states using an important "distance" with recognized distinguishability
virtues, the recently discovered quantum Chernoff bound [2]. The quantum Chernoff bound is
defined as the asymptotic exponent of optimal error probability in symmetric quantum
hypothesis testing: &, =lim,__ {—(log P, )/n}. Here n is the number of copies of a

quantum system prepared in the same quantum state, either the state p or another state o . It
was proved in [2] that the quantum Chernoff bound has the explicit expression
Socs =—logO(p, o), where

Q(p,0)=minTr{p'c""}. (1)

In view of its outstanding distinguishability properties, we introduce here a Chernoff-
bound degree of nonclassicality and apply it to a single-mode Gaussian state p,. Especially

useful in experiments, the Gaussian states are defined by the exponential form of their density
operators. We find it important to stress that our option to study the nonclassicality of
Gaussian states has pragmatic reasons concerning the application of a distance-type degree of
nonclassicality. Ideally, such a degree is defined as a distance between the given nonclassical
state and the set of all classical states. Replacing this set by its subset C, of the classical one-

mode Gaussian states, which is simply parametrized, we evaluate here a Gaussian degree of
nonclassicality, just as in Ref. [1]:

D (p) = min(1 - 0(pg- L))

=1-max O(p;, pg)- 2)

Pc €L

We found that the calculation of the maximal quantum Chernoff bound in Eq.(2) can
be performed only numerically even in the case of one-mode Gaussian states, for which an
analytical treatment is at hand when employing the Bures distance. However, its numerical
evaluation by saddle-point methods is straightforward and can be performed with great
accuracy. The general properties of the quantum Chernoff bound and its relation to the
Uhlmann fidelity are interestingly displayed by our approach. We thus give a first example of
discriminating between a state and a set of states by use of the quantum Chernoff bound.
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An experimental study of the excited electronic levels of N,O molecule by electron
energy loss spectroscopy and vacuum ultraviolet absorption
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The nitrous oxide molecule is important in many areas of science and technology
including; its role in depletion of the ozone layer; its use as an electron scavenger in radiation
chemistry, and its applications in medicine as an anesthetic. Nitrous oxide, as the main
natural source of nitric oxides, is also a major greenhouse gas with substantial impact on
global warming.

The vacuum ultraviolet absorption spectrum of nitrous oxide (N,O) molecule has been
recorded between 4.13 eV (300 nm) and 11.3 eV (110 nm) and absolute photoabsorption
cross sections measured. The electronic excited states of the molecule have also been probed
using High Resolution Electron Energy Loss Spectroscopy (HREELS), recorded under
electric—dipole conditions. The HREELS data has confirmed the magnitude of the
photoabsorption cross section values and extended the optical oscillator strength values up to
14 eV. Measurements at several scattering angles have allowed the angular behavior of
differential cross section ratios for some features in the 5-7.1 eV region to be measured,
which in turn have helped in the assignments of electronic states to each of the observed
absorption bands.

We have alo measured absolute electron differential cross section (DCS) values for the
excitation of the 2 'E" and 'IT states of N,O [1] and such electron energy-loss data [2] have
been used to derive the Apparent Differential Oscillator-strength (ADOS) distribution for
N,O. Our ADOS data may be compared with the electron impact energy loss spectrum of
Jones [3], very good agreement has been found.

Optical spectra were obtained using the Seya monochromator on beam-line 3.1 at the
Daresbury Laboratory synchrotron radiation source. The transmitted radiation was
normalized to a constant ring current before data analysis using the Beer—Lambert
expression. The spectra obtained were compared with the electronic spectra of Chan et al [4]
who determined associated optical oscillator strengths using low resolution (e, e)
spectroscopy and with the absolute photoabsorption cross sections by Shaw et al [5].
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Kossel-lines [1] are diffraction patterns of a mono crystal sample created by spherical
radiation from an atomic sized point source embedded in the crystal, while standing waves
are diffraction patterns of a mono crystal sample caused by plane wave and atomic sized
point detector put inside the sample. Kossel lines and standing waves (collectively called K-
lines) can be calculated using the model of inside source and inside detector method of
atomic resolution holography respectively. Although both type of holography is demonstrated
for electron, X-ray and neutron radiation, nobody has observed neutron standing waves and
neutron Kossel-lines either, except a single publication [2] where a very weak pattern of
Kossel-lines was reported. In the present talk is shown that sharpness and the width of the K-
lines are inversely proportional to the coherent length of the radiation used. Moreover, typical
neutron scattering instruments use mosaic monochromator crystals, where the inverse of the
coherent length of a neutron scattered on one crystalline of the mosaic monochromator is
much smaller than the width of the resolution of the instrument in the k-space. As a
consequence, the K-lines are much narrower than the apparative function, so the asymmetric
part of the K-line will disappear, and the symmetric part will be decreased. At last, I is
proposed a special measurement for detecting both type of K-lines.
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Protected subspaces against charge noise
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The realization of coupled qubit setups is a fundamental step towards implementation
of universal quantum computing architectures [1]. Solid state nanodevices, despite being very
promising from the point of view of scalability and integration, are strongly affected by noise
from various sources. Especially in Josephson qubits, the charge impurities are the most
detrimental against system dynamics [2]. They can be described as two-level fluctuators,
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characterized by a switching rate y. Compared to the operating frequency of the system Q, the
set of slow fluctuators (y<<Q) gives a 1/f power spectrum, whereas at high frequencies ( y>
Q) the power spectrum is white, or ohmic [2,3]. The noise effects are minimized tuning the
device to an optimal point where its sensivity to charge fluctuations is minimal.

In this work we perform a full analysis of the noise effects on the dynamics of two
qubits in a fixed coupling scheme implementation [4] by means of both analytical and
numerical methods. The fixed capacitive coupling of two charge-phase qubits at the optimal
point is described by a purely transverse term, and two subspaces result fully decoupled. In
this perspective, one can implement an i-SWAP gate by free evolution from a chosen state in
only one subspace, which we term as SWAP one (the other is termed as Z subspace).

Firstly, stability conditions against charge fluctuations are identified. The SWAP
subspace is well protected against charge noise, compared to the Z subspace and to a single
qubit. In particular, the signal decay rate is minimized when the coupling is of the order of
the variance of the fluctuations [5].

The time evolution is evaluated in the analytical case performing a two-stage
elimination, separating the fast and slow noise components [6]. The reduced density matrix is
determined in the Master Equation approach by considering the slow noise component as a
classical field. The final density matrix is hence determined by a path integration over the
slow noise variables. The numerical solution is obtained by performing an average time
evolution of the solution of a stochastic Schrodinger equation over many noise realizations.
The results in the time domain confirm the improved protection of the SWAP subspace with
an additional exponential decay due to the fast noise, which turns out to be of the same order
in the white and ohmic noise cases, for comparable values of their power spectra.
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In full analogy with the case of a three-state system [1], the nontrivial geometry of the
15-dimensional parametric space of density matrices for a four-state quantum system is
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documented and illustrated with the help of three-dimensional cross sections, determined by
extensive calculations based on the Monte Carlo sampling method, for all 44 types of three-
parameter density matrices recently established in [2]. This provides insight into the intricate
and complex structure of the space of density matrices for a four-state system [3-5].
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We derive the master equation of a system of two coupled qubits by taking into
account their interaction with two independent bosonic baths.
Important features of the dynamics are brought to light, such as the stationary state at general
temperatures and the behaviour of the entanglement at zero temperature, presenting the
phenomena of sudden death and sudden birth as well as the presence of stationary
entanglement for long times.
The model presented is quite versatile and can be of interest in the study of Josephson
junction architectures and of cavity-QED.
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Time dependent variational principle and coherent states orbits
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Quantum state engineering has drawn a considerable interest in the last two decades.
This is a consequence of both testing quantum fundamental concepts such as non-locality, as
well as implementing various applications, such as quantum information processing (QIP) or
studies of quantum integrability and quantum chaos. This paper focuses on the study of
quantum dynamics for systems with dynamical symmetry, such as ions confined in
electromagnetic traps. The coherent states orbits are introduced as sub-manifolds of the
quantum states space, with a Kéhler structure induced by the transition probability. The
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coherent states formalism, introduced in [1, 2] and developed in [3] is used and the time
dependent variational principle [4].
The variational principle results from the definition of an action integral S =.[L(1//)dt,

where the real Lagrange function is defined as

L(l//)=<l//+l//>{<t//\H\t//>—3rn<%—V;W>} (1)

where 7H is the quantum Hamiltonian of the system. In (1), ¥ is a vector in the Hilbert
space H for any moment of time ¢, which belongs to the domain of the self-adjoint
quasienergy operator K(¢)= H —i0/0t . By minimizing the action, 65 =0, it can be shown
that the Schrodinger equation is rigurously obtained from the variational principle. The
natural symplectic structure induced by the transition probability between states for unitary
transformations, enable approaching quantum mechanics issues through the formalism of the
classical mechanics on symplectic manifolds, in particular K&hler manifolds. The variational

principle was applied to a manifold M of test vectors, parametrized by the points of a finite
2n dimensional phase space M, with a Kédhler manifold structure. The matrix of the

symplectic structure Q= ( aj;z* In{y(z")] 1//(2)))131_ .., can be introduced, using a system of
local complex coordinates. The Poisson paranthesis for the f,geC” (M ) functions, smooth

on M , can be defined as:
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The expression of the action integral modifies, while the equations of motion can be

expressed as:
(w(z")1H 1y (2))
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dz . dz
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The group of the linear canonical transformations of a dynamical system system with n
degrees of freedom, is the symplectic group Sp(Zn,R). In case of dynamical symmetry

groups, the Schrodinger equation solutions associated to linear Hamiltonians are given by
coherent vectors multiplied by geometrical phase factors. The associated -classical
Hamiltonians result from the expected values of the quantum Hamiltonians on coherent
symplectic states. Thus spectral information is coded into the phase portrait. The formalism
used allows to explicitly construct bases and systems of symplectic coherent states for the
study of trapped ion systems.
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The last decades have shown an ever increasing interest towards studying and
explaining harmonic oscillators with time-dependent frequencies or time dependent masses
(or both simultaneously) [1]. These studies have applicability in fields such as quantum
transport [2], quantum optics [3] and quantum information [4]. This paper presents a
formalism for dealing with non-relativistic time-dependent quantum Hamiltonians. The
starting point is the well-known Lewis and Riesenfeld idea [5] which involves the
construction of an invariant operator /(#) which defines both the dynamics of the physical
system and the canonical formalism that has to be used in order to obtain a consistent
theoretical framework.

We consider the Hamiltonian which characterizes the dynamics of an ion confined in

a Paul trap, along a coordinate axis : H =5 p’ +ﬁa)(t)2q2 , where M is the ion mass and
o represents a time periodical function, of period 7. A time dependent invariant [/, is a
differentiable application ¢ — [ (t) which associates to each moment of time ¢ the self-

adjoint operator / (t) , so that :

dl ol 1
—=—+—|1,H|[=0. 1
i o ih[ H] W)
We search the existence of a time dependent invariant such as :

1
I(t):a[a(t)qz+ﬂ(t)p2+7/(t)(pq+qp)], (2)

unde «,B,y are functions of class C’. From eq. (1) it follows that:
a =ﬁw27,ﬁ’=—ﬁ7,y=ﬁ(ﬂa)2—a). We denote o =+/8,620, p=c""o, where ¢ is a

positive constant. From (2) we infer :

11 . N2 . 1
I=—|=¢ +(pp-Mpq) |\M’p+o’p=— 3)
2l p p
The canonical annihilation and creation operators can be defined as:
1 |1 1 |1
a=—=|—q+i(pp-Mpq ,a*=—{—q—i pP—Mpq } 4)
| e ilor=mpa) o' =l Lamion-at o

Then (4) can be expressed as [ :%(aTa +%) We can introduce the vectors f, with
n=0,1,..., defined as

7, =%[a*)"fo,afo ~0,(f,1/,)=1. (5)

n!
The solution of the Schrodinger equation for an ion in a Paul trap, for the Hamiltonian H
given above is :

¢ = ;ZO cn¢n’ ¢n = exp(ian) nd an (t) = an (tO)_ﬁ(n +%j J.:) %dt’ (6)
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unde ¢, are the quasienergy vectors and an/(n+1/ 2) stands for the generalized canonical

coordinate associated to the invariant 7/, considered as a generalized canonical impulse.
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Mijailovi¢ Marina ) Poster
Narrowing of Hanle CPT resonances using ring shaped laser beam
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e-mail: lekic@phy.bg.ac.yu

We demonstrate experimentally and verified theoretically that by using the ring
shaped laser beam we can censurably narrow CPT (Coherent Population Trapping)
resonances in respect to resonances when we use Gaussian beam laser of the same diameter
as the outer diameter of the ring. The CPT resonance is observed using laser light locked to
Fy=2 — F.=1 transition of DI line in 8Rb. We detect the laser light behind the Rb vacuum
cell placing the photo detector along the axis of the Rb cell, i.e., the axis of the of ring shaped
laser beam. The outside diameter of the laser is the same as the cell diameter (1/2°"). We
present results using laser beam with different inner diameters. Our set-up thus allows for
creation of atomic coherence while atom is in the ring of the laser beam, and subsequent
probing of the coherence by the laser light which passes the cell along the cell’s axis. The
origin of the laser light traversing the sell near the cell axis and reaching the photo detector is
multiple reflection of the ring shaped laser beam of the cell windows. This efficient
narrowing of the CPT by a simple modification of the laser profile can be of interest for
applications of CPT for magnetometers and atomic frequency standards.

Minagar Golnaz 1 Talk

Controlling the dispersion and the absorption in a single-channel four-level system

M. Sahrai', M. Mahmoudi*, and G. Minagar2
'Research Institute for Applied Physics, University of Tabriz, Tabriz, Iran

* Department of Physics, Zanjan University, P.O.Box 45195-313, Zanjan, Iran
gol mi@yahoo.com

We propose a four-level scheme for control the dispersion and the absorption by
employing as ingle absorption (and spontaneous emission) channel. The upper state is
coupled to two long lived nearly hyperfine doublet structure by two laser fields. This scheme
provides a controllable way for the equivalent realization of a two-channel system and thus is
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easier to implement. It is shown that the slope of dispersion can be changed with the intensity
of driving fields, so the group velocity of probe field can be controlled as it passes through
the medium. To show the attenuation of the weak probe field, the absorption properties of the
medium are also discussed.

Miranowicz Adam 10) Talk

Entanglement manipulation via a pure state can cause a greater
entanglement loss than that via a mixed state

Adam Mimnowiczj, Satoshi Ishizaka® and Bohdan Horst'

'Faculty of Physics, Adam Mickiewicz University, 61-614 Poznan, Poland
*Nanoelectronics Research Labs., NEC Corporation 34, Miyukigaoka Tsukuba, Ibaraki 305-
8501, Japan
miran@amu.edu.pl

In quantifying quantum entanglement of two-qubit mixed states the following
measures are commonly applied: the relative entropy of entanglement (REE) - a measure of a
“distance” of an entangled state from the set of disentangled states, the (logarithmic)
negativity - a measure of entanglement cost under operations preserving the positivity of
partial transpose (PPT), the concurrence - a measure of the entanglement of formation, and
the entanglement of distillation (ED) - a measure of the entanglement as the fraction of Bell
states that can be distilled using the optimal purification protocol.

It is well known that the upper bounds of the REE for a given concurrence and of the
negativity for a given concurrence are reached by pure states. So, one could conjecture that
pure states have also the highest REE for a given negativity.

By contrast, we demonstrate that there are mixed states for which the REE and the ED
for a given negativity (< 0.5) are higher than those for pure states. The point is that the
(logarithmic) negativity is equal to a PPT entanglement cost for an exact preparation, REE is
equal to a PPT distillable entanglement for pure states, and ED is a lower bound of a PPT
distillable entanglement. So, our findings provide an explicit example of the PPT operations
that, even though the entanglement cost for an exact preparation is the same, ED of a mixed
state can exceed that of pure states. In other words, the entanglement manipulation via a pure
state can result in a larger entanglement loss than that via a mixed state.
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Quantum analysis of beam splitter having third-order nonlinearity
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A linear beam splitter mixes two input modes having annihilation operators a and b and
generate two output modes having annihilation operators ¢ and d which are linear in a and

b and may be written as C=ta +irb and d =tb+ird, where t and r are the real coefficients
of transmission and reflection, respectively, with r* + t* =1. We include third order
nonlinearity and as a result we find input/output relations for such a nonlinear beam splitter.
If two coherent beams are mixed through such a beam splitter having third order nonlinearity,

squeezing and sub-Poissonian photon statistics is seen to be exhibited by output mixed beam.
Mista Ladislav 1 Talk
Localizable entanglement for continuous variables
Ladislav Mista, and Jaromir Fiurdsek

Department of Optics,Palacky University,Olomouc,Czech Republic
mista@optics.upol.cz

We investigate how much entanglement can be localized between a pair of modes of a
multimode Gaussian state by local Gaussian measurements on remaining modes and classical
communication. We show that for pure states and mixed bisymmetric states maximum
entanglement is localized by homodyne detections, i.e. projections onto infinitely squeezed
states. Further, we find a mixed Gaussian state for which maximum entanglement is localized
by projection onto a finitely squeezed state. Finally, we show that non-Gaussian
measurements outperform the Gaussian ones.
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Information Theory and Quantum Mechanics
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Quantum information (QI) theory has stimulated the creation of powerful and ingenious
algorithms (without classical counterpart) as well as error correction methods, and has also
inspired the realization of innovative state of the art experimental setups that produced novel
and amazing results. The formal structure that supports QI theory is based on the well
founded concepts and postulates of quantum mechanics. In the present contribution I am
inverting the usual approach, beginning with the postulates of Boole algebra together with the
realization of bits states (fundamental units of information) as basis vectors in a Hilbert
space, | derive a map corresponding to the classical dynamical evolution of the bit states.
Going one step further, I extend the bit state to a superposition of bit states, called a qubit
(still an element of Hilbert space) and impose two conditions: (1) the map must be invertible,
and (2) the qubit is necessarily carried by a massive particle. This procedure leads to the well
known dynamical Schrodinger-Pauli equation (SPE) of quantum mechanics, where the bit
concept is associated to a spin 2 — the particle internal degree of freedom. Within this
approach, one may interpret the particle dynamics (which is classical) as being “enslaved” by
the spin dynamics. In other words, the spin evolution precedes in status the particle space
evolution and engraves on it its signature, being at the root of the quantum character of the
standard Schrodinger equation, even when spin and spatial degrees of freedom are decoupled.
Going further with the formalism, one finds that whereas the SPE equation evolves a single
massive qubit, the Dirac equation is represented by a massive carrier that needs two bits.

Moi Luigi A3) Invited talk

Photoinduced effects on atoms and clusters embedded
in polymer films and nanoporous silica

L. Moi’, A. Burchianti’, C. Marinelli’, A. Bogi' and E. Mariotti’
'CNISM and Physics Department, University of Siena, I-53100 Siena, Italy
moi(@unisi.it

The interaction of atoms with the walls of the confining cell plays an important role in
many experiments. Optical pumping is a clear demonstration of it. No signal was in fact
observed until the cell walls have been coated with special organic films that minimize the
adsorption energy. Cell coating improves, for the same reason, CPT signals. When an atom
hits a surface it can make an elastic bounce or can make chemical reaction and remain
trapped forever. In between these two limit cases there is a large variety of conditions leading
to new and unexpected effects that we have observed and studied during the last years.
Important applications are in the improvement of trapping efficiency of radioactive atoms.
Few years ago, A. Gozzini et al. [1] observed at room temperature a bright sodium
fluorescence due to the sodium atoms desorbed by resonant yellow light from a siloxane film.
Meucci et al. [2] reported a similar observation in a siloxane coated cell containing rubidium
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atoms. In this case the density increase was produced by weak noncoherent light. Since then a
lot of experimental work has been done using a wide variety of organic coatings loaded with
alkali metal atoms [3-6]. This effect, named LIAD (Light Induced Atomic Desorption), has
been used for efficient loading of a standard Rb magneto-optical trap [7] and a photonic band
gap fiber [8].

Atomic photodesorption is also observed from bare glass but, in this case, high laser
intensities are required to get a reasonable number of atoms. We have increased the number
of desorbed atoms by using nanoporous silica samples properly loaded with alkali atoms [9].
In this case, the sample surface illuminated by light is quite large and a huge number of atoms
is detached from the silica walls. A small fraction of these desorbed atoms flows out of the
sample, whereas the others, trapped in the matrix, change the alkali metal phase equilibrium
inside the nanopores. Atomic photodesorption and confinement produce either formation or
evaporation of nanoclusters [10]. These processes depend on light frequency and intensity
making controllable by light the porous silica transparency. We have demonstrated that
porous silica loaded with Rb can be used as a support to record a light pulse for a long time as
well as to remember the order of light colors in an illumination sequence [11].
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Optimal protocol for quantum state reconstruction

E.V. Moreval, S.P.Kulikz, L Tikhonov’
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’M.V. Lomonosov Moscow State University , Moscow, Russia
ekaterina.moreva@gmail.com

In recent years, multi-dimensional quantum states (qudits) of an optical field have

been the subject of theoretical and experimental investigations. Directions of these
researches are defined by problems of quantum cryptography and calculations, quantum
teleportation, check of Bell-type inequalities. In applications like these, it is necessary to
implement the complete control over the state preparation, transfer and measurement.
Quality assurance of preparation and transformation requires a complete characterization of
these states, which can be accomplished through a procedure known as quantum process
tomography. Although tomographic procedure is used in many experiments as an “applied
problem”, there are a lot of questions related with simple and optimal choice of protocols.
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In this paper we address the experimental problem of implementing the optimal state

reconstruction of ququarts by using the protocol of quantum tomography suggested earlier
[1]. The method is based on an optimal choice of the measuring scheme’s parameters that
provides better quality of reconstruction at the fixed set of statistical data.
The experiment was aimed at reconstructing ququart states (optical state with dimension
D=4) based on collinear frequency non-degenerate regime of biphoton field. At present, the
only realistic way to register biphoton field is using the Brown-Twiss scheme. We supplied
this scheme with two wave plates and polarization elements. To measure the quantum state
one needs to perform a set of projective measurements on the state and then to apply some
computation procedure to the data. The minimal number of projective measurements required
for the reconstruction is given by the dimensionality of the Hilbert space. This procedure is
mathematically expressed as the system of independent linear equations relating
combinations of fourth order moments of the field and the number of detected events. The
linear transformation of the state vector is described by a certain matrix depending on
thicknesses and angles of the wave plates. The amount of singular numbers of this matrix
specifies quantity of linearly independent equations.

In our work we introduce parameter R which is defined as the ratio of the minimal

singular number to maximal. For optimal choice of the measuring scheme’s parameters (for
example wave plate thickness) this parameter should be maximal.
In our experiment, we have chosen two sets of wave plates with different thicknesses
(optimal and nonoptimal) and made the reconstruction procedure at the fixed set of statistical
data for each set. We have tested three states. Fidelity for all states in the first case (optimal)
was above 99%, in the second case (nonoptimal) fidelity was much less 95%. A high
accuracy of the reconstruction of the states indicates that the parameter proposed for optimal
reconstructing the quantum state is adequate.
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Relativistic and QED treatment of long-range resonant
interactions between like atoms

Wojciech Skomorowski, Tatiana Korona, and Robert Moszynski
Department of Chemistry, University of Warsaw, Poland
robert.moszynski@tiger.chem.uw.edu.pl

Theory of long-range relativistic interactions between identical atoms in their ground
and excited states is formulated with a special emphasis on the spin-orbit interactions. It is
shown that the relativistic resonant interaction between like atoms, one in the ground 'S state
and the other in an excited °L state, shows an R"®**! behavior. Other contributions to the
resonant relativistic potential are also considered and a complete treatment of the Casimir-
Polder retardation effects within the long-wavelength quantum electrodynamics formalism is
reported. Numerical results illustrating these theoretical developments are presented on the
example of the calcium and strontium diatomic molecules. The accuracy of the results is
proven by comparison of the computed and measured lifetimes for the electronically excited
states of these atoms, and of the computed and measured transition frequencies in the high-
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resolution photoassociation spectra. The transition frequencies in the ultracold regime, from
the rovibrational continuum of the ground electronic state to the long-range rovibrational
levels of the excited electronic states corresponding to the 'S+°P dissociation, and bound by
spin-orbit interactions, represent a very stringent test for the present theoretical
developments.

Napoli Anna @) Invited talk
A new measure of multipartite entanglement

A. Napoli, D. Teresi, A. Messina
Dipartimento di Scienze Fisiche ed Astronomiche dell’Universita di Palermo
Via Archirafi 36, 90123 Palermo
napoli@fisica.unipa.it

Since the beginning of quantum mechanics, entanglement revealed to be a key
concept for the understanding of the nature. Its link with the foundations of physics was
immediately recognized, in particular in connection with the property of nonlocality of
quantum theory. The last few years moreover have witnessed the possibility of generating
entangled states in different physical systems promoting at the same time their role as
applicative resources in emerging areas of physics such as teleportation, dense coding,
quantum cryptography, computation and information.

In the last decade, in particular, the fundamental question to quantify entanglement
has received a lot of attention. In this context different measures of entanglement have been
proposed with respect, in particular, to bipartite system. On the contrary entanglement in
multipartite systems remains an open and debated problem. In an axiomatic approach to
quantify entanglement the monotonicity condition is certainly one of the inalienable property
that a good measure must satisfy.

Consider a multipartite system composed by N not necessarily identical subsystems
eachone living in a finite dimensional Hilbert space. In this talk I present a new measure of
entanglement for such systems in pure states. The quantity I propose, called General
Entanglement (GE), provides a measure of the entanglement present in the system
independently on how it is distributed among the finitely many possible subsystems.
Moreover the GE has a clear physical meaning and it is characterized by many appealing
properties making it very attractive both from a conceptual and an experimental point of
view. Finally I show that the GE reveals itself easily valuable and reduces to Meyer and
Wallach's Global Entanglement when qubit systems are considered.
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Detailed theoretical and experimental study of the atom-field interaction starting from
first principles was made possible by the realization of the single-atom micromaser. The
situation realized in a micromaser is very close to the ideal case of a single two-level atom
interacting with a single quantized mode of a superconducting cavity. This system's ability to
coherently transfer quantum states between atoms and photons made it relevant in the context
of quantum computation as well. Although considerable work, both theoretical and
experimental, has been devoted to this system, with a few exceptions, most cases involved
only incoherent pumping. As a result, the density matrix describing the field remained always
diagonal, preventing the appearance of coherences, which are central to quantum information
processing.

We present here a comprehensive study of the coherently pumped micromaser: We
introduce a model which includes coherent and non-coherent, as well as resonant and off-
resonant, pumping. We provide an understanding of the large scale structure of the field
density matrix of the coherently pumped micromaser formed under general conditions (the
connections between the trapping states, the tangent and cotangent states and the steady state
of the coherently pumped lossy micromaser formed in the non-decaying partition of the field
density matrix). We introduce an analytic method we developed to obtain the steady state
solution of the master equation governing the time evolution of the cavity field, and show the
surprising results for the photon distribution and for the purity of the steady state of the
coherently pumped micromaser we obtained using this method.

It is quite clear that the strong coherence present in this system also calls for an under-
standing of its features in terms of quantum phase. Therefore, we present a consistent
quantum theory of the steady-state phase properties of the coherently pumped micromaser.
This remarkable system allows us a detailed study of the connection between the classical
phase and its closest quantum mechanical counterpart from first principles. We go beyond
existing results in several ways. We apply recent advances in the treatment of the phase to
represent the quantum phase observables as normalized positive operator measures and draw
new conclusions regarding the phase of the coherently pumped micromaser. In particular, the
effect of various detunings is incorporated, we show that the atom-cavity detuning governs
branch selection in the injected coherence induced bifurcations of the phase density function,
and we show first order phase transition-like discontinuities induced by atomic inversion. In
the case of resonant pumping we provide an analytic theory of the phase locking of the
resonantly pumped micromaser to the phase of the pumping atoms, and the interpretation of
the phase shift of the non-resonantly pumped micromaser using the analogy with a simple
classical model.

These features underline the significance of the study of the coherently pumped
micromaser. The system exhibits a plethora of classical and quantum features and can serve
as a theoretical paradigm for further investigations of the phase.
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Photonic density of states in the vicinity of finite-length single-wall carbon nanotube
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Electromagnetic density of states (DOS) is a fundamental physical quantity which
defines such physical effects as the Casimir effect [1], the Purcell effect [2], the thermal
radiation [3], etc. The DOS structure depends on the geometry and material properties of the
system under the consideration. Nowadays, the most effective systems for DOS manipulation
are microcavities, photonic crystals and systems supporting the surface waves propagation
[2,3]. A very promising system in this case is a single-wall carbon nanotube (CNT) as it can
support propagation of a strongly slowed down surface plasmons [4]. Moreover, the drastic
enhancement (5-6 orders of magnitude) of the spontaneous decay rate of an atom placed in
the vicinity of the infinite-length CNT in comparison with free-space atom predicted in [2]
has revealed a strong influence of CNTs on DOS structure. But the model of infinite-length
CNT does not allow studying the influence of CNT edges on the DOS distribution. In this
report we present the model of a finite-length CNT and show that CNT edges drastically
change the DOS structure in the CNT vicinity.

The photonic DOS p(r,®) in nonmagnetic CNT is defined through the electric-field

Green dyadic as follows [3]:

p(r,0) = ol (zc*) In{Tr[G(x,,1,,a) + (c/0)’V, xG(r,,1,,0)-V, x]} .

The Green dyadic is the solution of the equation

(V, xV, x—(alc)’)G(rx,,1,,w) =471 5(r, —r1,) imposed to the effective boundary conditions
on the CNT surface [4], I is the unit dyadic. Contrary to the infinite-length CNT case,

considered in Ref. [2], these equations can not be solved analytically for the finite-length
CNT. Thus, we have transformed the system of differential equations to integral Dyson
equation for finite-length CNT Green tensor which then has been solved numerically by the
method of the quadrature approximation for integral operators with the subsequent transition
to the finite-order matrix equation [5].

To present our numerical results we have calculated the energy of thermal
electromagnetic field at the equilibrium with CNT
U(r,w) = p(r,w)hao/(Exp(haolk,T)—1), where T is the CNT temperature. In particular, we

are interested in this quantity because its measurement could give us information about DOS
structure in the CNT vicinity. Our analysis shows significant modification of the thermal
radiation spectrum (and thus photonic DOS) as compared with the black-body thermal
radiation. Particularly, resonances in the thermal radiation spectra of metallic CNTs are
predicted in IR and terahertz ranges, dependently on the CNT length. These resonances are
due to geometrical resonances of low-frequency surface plasmon-polaritons propagating in
CNTs. As different from metallic CNTs, semiconductor ones do not reveal such resonances
because of strong attenuation of surface waves in this case.
Thus our analysis shows that the edge effects in CNTs affect critically on DOS structure. The
resonant behavior of DOS could lead to the nontrivial behavior of quantum vacuum related
effects, in particular Casimir forces, in metallic CNTs.

The research was partially supported by the INTAS (Grants No. 05-1000008-7801).
A. M. N. acknowledges PhD fellowship INTAS grant No. 05-109-4595.
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Spin Squeezing on the Caesium Clock Transition
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Non-classical quantum states of either light or matter are central to quantum optics. In
quantum information science these states lie at the heart of secret sharing communication
protocols and computational algorithms that are projected to vastly outperform their classical
counterparts. In spectroscopy non-classical quantum states harbour the potential to overcome
the limits to the precision of measurements that is imposed by the quantum uncertainty. An
important illustration of the limiting nature of classical quantum states is provided by the
current frequency standard measurements, which are done on the microwave hyperfine
transition between the two so called clock levels in the Caesium atom. In state-of-the-art
experiments with microwave clocks it is the quantum uncertainty of the utilised coherent
atomic states embodied by the atomic projection noise, which at present prevents any further
improvements of the measurement precision. Using a (non-classical) squeezed atomic state
that has a reduced uncertainty of the relevant quantum variable it is possible to overcome the
standard quantum limitations to the precision of atomic clocks in a fashion that would apply
equally well to current microwave clocks as to future clocks relying on optical transitions.

Non-classical quantum states do, however, require some effort to prepare and in the
case of squeezed atomic states there are various options. In our experiment we explore the
possibility of squeezing a quantum state by means of a quantum non-demolotion (QND)
measurement of an appropriate quantum variable. Since the QND measurement yields
information about the initial quantum state without disturbing it, the measurement result
implicitly reduces the uncertainty of the quantum state in the measured variable, thus
producing a squeezed state [1].

In our experimental realisation, the QND measurement is performed by an
interferometric measurement on a sample of cold Caesium atoms trapped in an dipole-force
trap [2]. As in microwave clocks we prepare the atoms in a superposition of the two
magnetically insensitive Zeeman sub-levels of the two hyperfine ground states (clock-levels).
This two-level system is conveniently described in the Bloch-vector formalism where the z-
component corresponds to the population number difference while the x & y components
relate to the coherences between the two levels. Two laser beams of infrared light, each near
resonant with the transition between one of the ground states and some excited states, are
used to probe the ground state populations. The dispersive interaction between light and
atoms will cause the phase of either light beam to be shifted according to the population of
the ground level that it is close to resonance with. This phase-shift is then measured in a
white-light aligned and actively stabilised Mach-Zehnder interferometer, where the atomic
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sample is located in one arm of the interferometer [3]. Using the information that can be
gained from the phase-shift of each probe beam we effectively measure the population
number difference of the clock-levels corresponding to the z-projection of the Bloch-vector
[1]. At the same time, the probe light is suficiently far detuned that the the initial atomic state
is not destroyed by scattering events which lead to spontaneous emission [4].

We demonstrate that we can measure the quantum projection noise of the initially
prepared coherent state and that we can estimate the outcome of a subsequent measurement
with less uncertainty than that given by the quantum projection noise. Additionally, we gauge
the degree of destruction of the initial atomic state by the measurement in order to verify that
the final atomic state is indeed squeezed in the z-projection of the Bloch-sphere vector.
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The collective and single-electron amplification regimes of a non-collinear free
electron laser (FEL) are studied within the framework of dispersion equations. In the limit of
small-signal gain the growth rates of spatial amplification and the conditions for self-
amplified excitations are found for the collective (Raman) and single-electron (Thompson)
regimes. Taking into account the spatial scantiness of beams the estimations of amplification
as a function of electron beam width is obtained. For FELWI application the threshold of the
laser radiation power, for which the mechanism of transverse velocity selection of electrons
in the drift region is possible, is obtained.

Okulov Alexey 6) Talk
Vortex-antivortex labyrinth wavefunction

A. Yu.Okulov

A.M.Prokhorov General Physics Institute of Russian Academy of Sciences
Vavilova str. 38, 119991, Moscow, Russia
okulov@kapella.gpi.ru

We analyze the pinning of quantized matter wave vortices by optical vortices in
specially arranged optical dipole labyrinth traps [1]. Using previously obtained results for
asymmetric elongated traps [2] and longitudinally modulated traps [3] we use the fact that
3D Gross-Pitaevsky equation[4]:
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and «a(w) is atomic polarizability[5], admits the application of the standard method of

separation of variables in pancake geometry[6].The equations for longitudinal and transversal
parts of macroscopic wavefunction:

Y(F, 0= (z0)¥ (7.,1) 3)

are solved separately[1]. The first equation for 1D harmonic oscillator is solved exactly. The
transversal two dimensional GPE is solved numerically by means of split-step FFT transform
method on 512x512 computational mesh[7]. The vortex-antivortex "antiferromagnet"-like
optical lattice of rectangular symmetry is found to support vortex-antivortex
"antiferromagnet-like" matter waves.

In contrast to rotating "bucket" trap [8] and rotating "busket" trap [9], where
superfluid vortex lattices rotate as a rigid body, our solution [1] is static. The superfluid
vortices in our "basket" trap[1] are pinned at the nodes (i.e. zeros of amplitude or phase
singularities) of optical interference pattern. The argument of arg(¥ )versus transverse

coordinates 7, shows clearly the loci of rectangularily spaced vortices with alternating

circulations. The field of classical velocities obtained via Madelung transform is shown to
form labyrinth pattern.
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We show how two-photon correlation of a two-level amplifier in small signal regime
depends on the atomic populations and the propagation length. We predict that inverted
population associated with negative temperature gives a very long correlation time even in
the presence of decoherence. This finding would be a useful asset for quantum
communication. The correlation vanishes for very dilute atomic gas. Analytical solutions for
the field operators obtained by Fourier transform and Laplace transform (with initial
condition) of the time variable appear very different but yield identical numerical results
except for certain parameters. Physical explanation behind the deviation is given. The
presence of thermal photons is found to reduce the correlation time.

Two-level laser amplifier was studied many years ago in the interest of pulse
propagation. When the inversion is created by sweeping through a delta function pulse, it
produces a gain-swept medium with superradiant emission with unrestricted gain [1]. The
gain-swept concept is recently proposed for stand-off detection of impurities in the
atmosphere [2]. Here, we take a new look on the system in the interest of two-photon
correlation. As in previous works [3], [4] we use the Heisenberg-Langevin equations coupled
to the Maxwell's equations for quantized macroscopic field, which incorporates quantum
noise or vacuum fluctuations in a full quantum electrodynamical theory. We consider a
medium with length L and radius w where the Fresnel number F ~1. Small signal regime
gives a set of linearized equations that can be solved either by Fourier-Laplace transform or
double-Laplace transform of the time-space variables. We obtain an analytical solution that
generalizes the result of ref. [2] by including the quantum noise operator.

We study how the populations, optical density and thermal photons affect Glauber’s
two-photon correlation function. When the populations are mostly in the ground level n,
=pua - pr» < 0, the coherence time between photons reduces with amplifier length. On the
other hand, the coherence time increases significantly with the length for inverted (n,, > 0)
case. This shows that a gain medium can sustain quantum correlation against decoherence,
another magical effect of negative temperature [5]. This effect could be a key mechanism for
producing correlated photon pairs with long time delay for quantum communication
protocols.

It is remarkable that the results for inverted case obtained using the Fourier transform
method coincide very well with that obtained using the Laplace transform. However, for non-
inverted case and large optical density, the result by Laplace transform shows a peculiar dip
in the correlation. This feature is due to the oscillatory behavior and not found in the solution
by Fourier transform. This reflects the limitation of Fourier transform method for solving the
time dependent problem, and the breakdown of linear approximation in neglecting excitation
of the ground population by the macroscopic field.
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The efficiency of erbium-doped fiber amplifiers (EDFA’s) depends strongly on erbium-
ion concentrations [1-2]. For a low-erbium-doping concentration, the EDF length always
exceeds several meters. This is not desired for all practical designs of amplifiers. At present,
significantly shorter erbium-doped amplifiers, with erbium concentrations exceeding 10> Er-
ions/m’, are needed for optical integration. In these amplifiers, it is necessary to incorporate
high erbium doping concentrations to compensate for the long amplifier length, but the pair-
induced quenching of active ions considerably reduces the amplification and lasing
performance of these amplifiers [3]. Thus, the length and doping concentration of the
amplifiers are optimized in order to obtain better gain performance [4-5]. For this
optimization, both cooperative up-conversion and pair-induced quenching effects are taken
into account.

We numerically investigate the effects of cooperative up-conversion and pair-induced
quenching (PIQ) on the gain performance of EDFAs with high doping concentration. We use
a two-level model to describe both the pairs and the ions themselves, assuming one ion per
pair completely quenched. Using the numerical solution and analysis of the rate and power
propagation equations, the optimal erbium doping concentrations are suggested to obtain
higher gain per unit length in silica-based fiber amplifiers. The dependence of the calculated
gain on the percentage of ion pair is compared for severel pump powers. Results are
discussed to achieve a desired gain performance.
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Coherent nanodevices are inevitably exposed to fluctuations due to the solid-state
environment. Well studied examples are charged impurities and stray flux tubes which are
sources of telegraphic noise in a wide class of metallic devices. Large amplitude low-
frequency (mostly 1/f) noise, ubiquitous in amorphous materials, is also routinely measured
in single-electron-tunneling devices. Noise sources are sets of impurities located in the oxides
and in the substrate, each producing a bistable stray polarization. Recent experiments on
Josephson qubits indicated that charged impurities may also be responsible for noise
exhibiting an ohmic power spectrum at GHz-frequencies. In addition, in superconducting
qubits operating in the different implementations there has been experimental evidence of the
presence of impurities entangled with the device, the first observations being reported in Ref.
[1].

Solid-state noise also determines dephasing. This issue has attracted a great deal of
interest in recent years since it has been recognized as a severe hindrance for the
implementation of quantum hardware in the solid state. Slow noise explains the non-
exponential suppression of coherent oscillations observed when repeated measurements are
performed [2]. In addition fluctuations active during time evolution represent an unavoidable
limitation even when a single-shot measurement scheme or dynamical decoupling protocols
are available [3].

In this work we investigate qubit dephasing during time evolution due to coupling to a
coherent impurity [4]. We introduce an effective impurity description in terms of a tunable
spin-boson environment and solve the dynamics for the qubit coherences in the regime where
qubit relaxation processes are absent. We show how the coherent and non-linear dynamics of
the impurity is reflected in the qubit behavior. We identify regimes characterized by strong
qubit-impurity back-action. Specifically, we discuss dependence on the impurity preparation
and beating phenomena. Our analysis by changing temperature, impurity energy and qubit-
impurity coupling strength, may provide valuable insights to realistic scenarios where a wide
distribution of the parameters has to be considered. These non-Gaussian and quantum back-
action effects may represent a ultimate limitation for solid state qubits even when single shot
measurement schemes are available.

Finally, an alternative interpretation with the qubit acting as a measurement device for
the impurity is proposed at the end of the presentation. Remarkably, the qubit acts as a
detector despite the “dispersive”™, quantum non-demolition measurement regime for the
qubit. Detection is feasible due to the qubit back-action on the damped impurity.
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Entanglement is one of the most intriguing features of quantum mechanics. It is
widely used in quantum communication and information processing and plays a key role in
quantum computation. At the same time, entanglement is not fully understood. It is deeply
rooted into the linearity of quantum theory and in the superposition principle and (for pure
states) is essentially and intuitively related to the impossibility of factorizing the state of the
total system in terms of states of its constituents.

The characterization and quantification of entanglement is an open and challenging
problem. It is possible to give a good definition of bipartite entanglement [1] in terms of the
von Neumann entropy and the entanglement of formation. The problem of defining
multipartite entanglement is more diffcult and no unique definition exists [2].

I introduce the notion of maximally multipartite entangled states (MMES) [3] of n
qubits as a generalization of the bipartite case. Their bipartite entanglement does not depend
on the bipartition and is maximal for all possible bipartitions. Some examples of MMES for
small n are investigated, both analytically and numerically. These states are the solutions of
an optimization problem, that can be recast in terms of statistical mechanics [4].
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The mathematics of the early twentieth century was concerned with the question whether a
complete and consistent set of axioms for all of mathematics is conceivable [1]. In 1931
Godel showed that this is fundamentally impossible. In every consistent axiomatic system
that is capable of expressing elementary arithmetic there are propositions which can neither
be proved nor disproved within the system, i.e. they are undecidable. It was argued that
mathematical undecidability arises whenever a proposition to be proved and the axioms
contain together more information than the set of axioms itself [2]. We propose a new link
between mathematical undecidability and quantum physics. We demonstrate that the states of
elementary quantum systems are capable of encoding mathematical axioms. Quantum
mechanics imposes an upper limit on how much information can be encoded in a quantum
state [3,4], thus limiting the information content of the set of axioms. We show that quantum
measurements are capable of revealing whether a given proposition is decidable or not within
this set. This allows for an experimental test of mathematical undecidability by realizing the
actual quantum states and operations required in the laboratory. We demonstrate
experimentally both the encoding of axioms, using polarization states of photons, and that the
decidability of propositions can be checked by performing suitable quantum measurements.
We theoretically find and experimentally confirm that whenever a mathematical proposition
is undecidable within the system of axioms encoded in the state, the measurement associated
to the proposition gives random outcomes. Our results support the view that quantum
randomness is irreducible and, in the line of statistical and algorithmic tests of quantum
randomness [5], a manifestation of mathematical undecidability.
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We introduce the fidelity approach to study both quantum and thermal phase
transitions. Within the field of quantum information, the function widely used to quantify the
distinguishability between two quantum states p, and p, is fidelity, given by the expression:

F(p,p,)=Tr \/;1[)2\/;1, which in the case of pure states [)1=|y/1><1//1| and

0, = 1,//2><1,//2 |, reduces to
F( 1//1><1//1 |, 1//2><1,u2 )= <1,y1 | l//2> | In this study, we are interested in macroscopic features of

matter that define its thermodynamical phase. As in the case of general quantum states, here
as well, fidelity can be used as a function whose behavior can mark the regions of criticality
in the system’s parameter space (and therefore the phase transitions).The basic logic behind
this idea is strikingly simple — two quantum states defining different macroscopic phases are
expected to have enhanced distinguishability that would quantitatively exceed that taken
between states from the same phase. Yet, it isprecisely the simplicity where one of the
advantages of this approach lies: being rooted on a basic notion such as state
distinguishability, the fidelity study provides a general approach to phase transitions.

In the case of quantum phase transitions, which occur at zero temperature and are
driven by purely quantum fluctuations, we analyze the fidelity between two global ground
states of the system, given for two close values of the parameter(s) (i.e. coupling constants,
external fields, etc.). On the examples of the Dicke and the XY models we show that
approaching the regions of criticality the fidelity between two neighboring ground states
exhibits a dramatic drop [1].

We also study general thermal phase transitions [2]. On the examples of the Stoner-
Hubbard itinerant electron model of magnetism and the BCS theory of superconductivity, we
show that the sudden drop of the mixed state fidelity between two neighboring global thermal
states marks the line of the phase transition. We conduct a detailed analysis of the general
case of systems given by mutually commuting Hamiltonians, where the non-analyticity of the
fidelity is directly related to the non-analyticity of therelevant response functions
(susceptibility and heat capacity), for the case of symmetry-breaking transitions. Further, on
the case of BCS theory of superconductivity, given by mutually non-commuting
Hamiltonians, we analyze the structure of the system’seigenvectors in the vicinity of the line
of the phase transition showing that their sudden change is quantified by the emergence of a
generically non-trivial Uhlmann mixed state geometric phase, the mixed-state generalization
of the Berry geometric phase.

Finally, we introduce a partial state fidelity approach to quantum phase transitions [3].
We consider a superconducting lattice with a magnetic impurity inserted at its centre, and
look at the fidelity between partial (either one-site or two-site) quantum states. In the vicinity
of the point of the quantum phase transition, we observe a sudden drop of the fidelity
between two one-site partial states corresponding either to the impurity location or its close
vicinity. This enables us to identify the on-site magnetization as the order parameter for the
phase transition studied. In the case of two-site states, the fidelity reveals the transition point
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as long as one of the two electron sites is located at the impurity, while the other lies
elsewhere in the lattice.

References

[1] P. Zanardi and N. Paunkovi¢, Phys. Rev. E 74, 031123 (2006).

[2] N. Paunkovi¢ and V. R. Vieira, Phys. Rev. E 77, 011129 (2008).

[3] N. Paunkovi¢, P. D. Sacramento, P. Nogueira, V. R. Vieira and V. K. Dugaev, accepted
for publication in PRA, arXiv:0708.3494v1 [quant-ph].

Perina Jan 2) Talk
Generation of entangled photon pairs from nonlinear layered structures

Jan Perina, Jr.', Marco Centini’, Concita Sibilia’, Mario Bertolotti’, Michael Scalora’®
'Joint Laboratory of Optics, Palacky University and Institute of Physics of AS CR, Olomouc,
Czech Republic
*Dipartimento di Energietica, Universita La sapienza di Roma, Italy
3Charles M. Bowden Research Center, RD & EC, Alabama, USA
perinaj@prfnw.upol.cz

Vectorial quantum model of spontaneous parametric down-conversion in nonlinear
layered media considering both cw and pulsed pump fields will be discussed [1]. Relation
between transmissivity of a nonlinear structure and ability to generate eficiently entangled
photon pairs will be elucidated using several structures made of GaN/AIN and operating in
visible spectral range. Also transverse intensity profiles of the down-converted fields and
correlation areas of the signal and idler beams will be mentioned. Generation of photon pairs
at a boundary of two dielectrics and its contribution to photon-pair generation rate will be
discussed. As special cases, emission of photon pairs from random 1D structures and
emission of entan-gled photon pairs anti-symmetric in frequencies will be discussed [2].
Temporal anti-bunching and anti-coalescence on a beam splitter are typical properties of
states anti-symmetric in frequencies.
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We examine the problem of a source atom radiating into a dielectric. The change in
propagation velocity occurs also in the case where the electromagneticfield is in the state with
at most one photon. The atom is located at the centre of a dielectric sphere of a finite radius
according to [Berman (2007)]. A microscopic approach is adopted. For the medium to be
isotropic, four-level dielectric atoms in the configuration of inverted tripod are assumed
[Berman and Milloni (2004)]. The possibility of a continuum approximation is investigated.
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Deep and full enough understanding of interaction of atoms and clusters (building
elements of created materials) is required for purposeful creation of nanostructural materials
in a mode of "self-assembly". The most complex evolution of atoms and clusters occurs in
conditions of external fields by means of which it is possible to operate these processes. The
most complete and deep understanding of processes, which happen while clusters passing
from one metastable state to another, can be achieved only by using such ab initio theory
which allows calculating a set of different properties of material in the framework of unified
scheme. By using calculations based on an ab initio theory one can get a complete knowledge
about the properties of a matter which even is not yet synthesized.

For the description of the excited states of atoms and clusters, we have made
generalization of the idea offered in [1]. The given idea is based on refusal of boundary
conditions of wave function on the polar variable which are connected with "orbital"
excitations. On trying all the boundary conditions it is possible to select realizable excitation
with the minimum of total energy of the given system and to track the change of its spectral
characteristics caused by orbital transitions of electrons. The Hartree-Fock method was used
as the basic one for numerical realization. Note that, this eigenvalue problem is essentially
non-Hermitian, with complex values of energies. The problem was solved numerically in a
basis of Gaussian functions.

It is shown that, during the excitation of a beryllium atom in the X-ray energy range,
the following processes occur: 1) the splitting of the 2p states increases with increasing
excitation energy; 2) the probability of decay of the excited state of an atom drops starting
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from an excitation energy 6.7 Ry (i.e., the excited state is observed to be stabilized); and 3)
the 2s and 2p states are observed to mix at excitation energies of 10 and 14 Ry. In the optical
range of excitation energies, a condensed excited state of beryllium with a lifetime on the
order of 0.1 fs was revealed [2].

By the example of beryllium the basic opportunity of the method to predict existence of
long-living excitations is shown. It is shown, that except for experimentally observable stable
clusters with distances between atoms of the order of 4 Bohr radiuses, existence of long-
living excitations in beryllium clusters with distances between atoms of the order of 11 Bohr
radiuses is possible. Existence of condensed excited states in beryllium clusters with
distances between atoms of the order of 11 Bohr radiuses can be explained by strong
correlations of electrons in external fields.
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In the paper we have constructed and examined some properties (as well as non
classical statistics, correlation effects, Q- and P- functions) of pair-coherent states (pair-CSs)
for two non interacting subsystems (a and b) of pseudoharmonic oscillators (PHOs). The
PHO is an intermediate anharmonic oscillator situated (on an anharmonicity scale) nearly to
the harmonic oscillator (HO) than to other oscillators with stronger anharmonicity.

Moreover, the PHO obeys the SU(1,1) group symmetry which was extensively used
to study many problems in quantum optics. For the PHO quantum systems it is possible to
construct three kinds of CSs: Barut-Girardello (BG-CSs), Klauder-Perelomov (KP-CSs) and
Gazeau-Klauder (GK-CSs) [1], [2], [3]. Based on the properties of the CSs for an individual
system of PHOs, in the present paper we have examined the pair-BG-CSs for the PHO,
defined as:

KK | zkiq >=z| z3k;q >, (0
(K" K@) z3kig >= g | ziksq >, )
where K'%” are the SU(1,1) group generators of the subsystems a and b, z is the complex

variable which characterize the CSs, k is the Bargman index which labels the UIR and ¢ is a

constant representing the difference between the boson numbers in both modes.
Explicit development of the pair-BG-CSs in the Fock vector basis
|n,n+q;k >=|n;k >® | n+q;k > is of the following manner:

1 i "
JoF(2k,g +1,g + 2k 2 P) 5 p(nsksq)
where 0F3(;2k ,q+1,q+2k;| z |2) is the hypergeometric function and

| z;k;q >= |n,n+q;k >, (3)
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(2k +n)T(q+n+1)T(q + 2k +n) @)
r(2k) T(g+1) T(g+2k)
are the structure constants of the pair-BG-CSs (here I'(x) are the Euler’s Gamma functions).
We have examined the nonclassical properties of these pair-CSs, by calculating the
corresponding Mandel parameter and also by using the density operator formalism: both for
pure states (a pair-CSs projector) and for mixed (thermal) states. Generally, the CSs approach
not only greatly simplifies the calculations of various expectation values for the examined
quantum system, but also may be of potential use in developing the quantum information
theory. The pair-CSs are important in quantum information processing (as a quantum
transmission channel [4]) and also in the physics of nano systems (quantum dots, quantum
wells, nano tubes and nano wires [5]). These kinds of systems have been extensively used, in
the last decades, among others, also in solar photovoltaics.

p(nsksq) =T(n+1)-
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We present a rubidium resonant source of squeezed light pumped by a diode laser and

equipped with a computer controlled locking scheme. To produce squeezed light, we use the
proven technique of downconversion in a subthreshold OPO [1].
Compared to Ti:Sapphire laser systems, diode lasers are easy to operate, versatile and much
lower priced in acquisition and maintenance. However, the excess phase noise of the diode
laser limits its coherence length, and for a long time it was believed that squeezed light could
not be produced using diode lasers.

Our laser system consists of an external-cavity diode laser which is amplified by an
optical tapered amplifier and then frequency doubled in an LBO doubling cavity. The
complete system of diode laser, amplifier and doubling stage is commercially available. We
stabilized this system to the F=2 — F'=I transition of *'Rb by a standard FM locking
technique. The lock of the laser to the atomic sample takes effect via the piezo-electric
transducer of the laser external cavity and the speed of its response is limited by the response
of the piezo. The lock of the doubling cavity to the laser is much faster consisting of both a
slow response part acting on the cavity piezo and a fast response part acting on the current of
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the diode. The fast part of the lock affects the laser linewidth which can be set in the range
300-400 kHz.

The output of the laser system is mode-matched to a doubly-resonant OPO cavity in
bow-tie configuration and 10mm long PPKTP as nonlinear material. Both the lock of the
laser to the atomic resonance and the lock of the OPO are performed via a PID control
programmed on a National Instruments FPGA card.

The power of the OPO pump is 45mW which leads to rather low gain of 3.
Consequently the squeezing obtained was gain limited but it was at the level -2.5dB at 2MHz
demodulation frequency which is consistent with the expected high escape efficiency and
moderate losses after the cavity. These losses include the homodyne efficiency, losses on
propagation and the detectors quantum efficiency and all together are 16%. This number is
obtained by comparing the theoretical degree of squeezing at the gain of 3 and the
experimental results we obtained.

The local oscillator excess phase noise results from two factors: the noise spectrum of
the diode itself and the delay introduced in the squeezed beam by different cavities. These
two sources of noise simultaneously increase the phase variance. We have performed a series
of measurement where a controllable delay was introduced in the path of the local oscillator.
During these measurements the linewidth of the laser was 400 kHz. These measurements
show a clear influence of the delay introduced in the local oscillator path on the degree of
squeezing.

With these measurements we have proven that it is possible to generate squeezing
light in downconversion in the OPO when the pump laser is a diode laser. Furthermore we
have shown the conditions in which this process is feasible having in mind the origin of the
excess phase noise.

References

[1] G. Hétet, O. Glockl, K.A. Pilypas, C.C. Harb, B.C. Buchler, H.-A. Bachor, P.K. Lam,
“Squeezed Light for Bandwidth-Limited Atom Optics Experiments at the Rubidium D1
Line” J. Phys. B: At. Mol. Opt. Phys. 40, 221 (2007)

Radonji¢ Milan ) Talk

Line-shapes and widths of CPT resonances - laser beam profile and atomic polarization
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This work is concerned with the line profiles, amplitudes and widths of the coherent
population trapping (CPT) resonances due to low frequency Zeeman coherences, in the Hanle
configuration, applied to Rb atoms in the vacuum cell. Detailed calculations of the
transmission of laser tuned to either open or closed Fy=2 to F.=1 transitions were done with
different transverse intensity profiles of the excitation laser beam. Calculations will be
reported as a function of the laser intensity. These analyses will extend previous calculations
of effects of the laser beam profile [1] and of the laser intensity [2] on line widths of the CPT
induced between hyperfine levels of the ground state of Rb.
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In this paper a more general expression that describes relationship between dwell time
and group delay is derived. This expression is valid for all kind of materials, including
negative index metamaterials (NIMs) [1]. An obstacle made of double negative NIMs (DN-
NIMs) and surrounded by a double-positive waveguide, was used as a model [2]. In cases
when the obstacle was made of left-handed materials and the surroundings was air, it has
been shown that dwell time and absorption have similar dependences of incident wave
frequency. On the other hand, group delay becomes negative in some cases. Numerical
results show that increasing of the length of the obstacle leads to saturation of dwell time and
absorption, which is in accordance with the phenomenon known as the Hartman effect [3].
Similar results are acquired for THz range of frequencies and for dispersive waveguide. In
this case, it is shown that there is a certain range of frequencies where group velocity is
positive, while phase velocity remains negative, i.e. peak of the output pulse appears before
the peak of the input pulse. Finally, the use of a model which considers an obstacle made of a
lossless, non-magnetic metamaterial, with background permittivity equal to 1 and a
dispersive waveguide, leads to appearance of a new delay, called self-interference time [4].
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Basic Quantum Irreversibility in Neutron Interference Experiments
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The quantum behavior of massive particles is well described by quantum mechanics
usually treated as fully reversible. A more complete quantum approach has to include small
terms which are often neglected in the formalism [1]. Such terms arise for instance from
unavoidable reflection processes when a particle enters an interaction region or when the



86

plane wave assumption is made, which contradicts in many aspects the spirit of quantum
mechanics. Situations existing in spin- and phase-echo experiments will be discussed, which
show that a complete retrieval of a quantum state is impossible in principle. It will also be
shown that in nearly all experiments there is much more information in the data sets as
extracted, which makes several conclusions more mystic than necessary. These phenomena
have been demonstrated in various post-selection experiments performed by means of
neutron interferometry. The EPR-situation and the quantum ZENO-effect will be discussed in
detail, because they show clearly that quantum phenomena have to be considered in phase
space rather than in ordinary space only. Non-locality of quantum theory seems to be
connected with the coupling in phase space. Recent experiments have demonstrated quantum
contextuality as an entanglement effect in a single particle system [2].
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Spatial confinement effects on quantum field theory using nonlinear coherent states
approach
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We study some basic quantum confinement effects through investigation a deformed
harmonic oscillator algebra. We show that spatial confinement effects on a quantum
harmonic oscillator can be represented by a deformation function within the framework of
nonlinear coherent states theory. Using the deformed algebra, we construct a quantum field
theory in confined space. In particular, we find that the confinement influences on some
physical properties of the electromagnetic field and it gives rise to nonlinear interaction.
Furthermore, we propose a physical scheme to generate the nonlinear coherent states
associated with the electromagnetic field in a confined region.
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Precision Time Measurement and Fundamental Physics

Christophe Salomon
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We will first describe the present status for the realization of the SI unit of time, the
second. Microwave frequency standards operating with laser cooled cesium and rubidium
atoms have advanced by two orders of magnitude in the last two decades. Cesium fountains
currently operate at the fundamental quantum noise limit with 10’ detected atoms and display
a relativefrequency stability of 1.5 107'° after 50 000 seconds of averaging time [1]. The SI
second is realized with an accuracy of 3 10™'® implying an error of less than a second over
100 million years.

In a second part, we will describe tests of fundamental physical laws using ultra-stable
clocks in space and on the ground. By comparing clocks of different nature new limits are
obtained for the time variation of the fundamental constants of physics such as the fine
structure constant alpha. The ability to compare microwave and optical clocks using the
newly developed frequency comb technique opens a wide range of possibilities in clock
comparisons.

By installing in space an ultra-stable cold atom clock (European ACES/PHARAO
project for flight in 2013), improved tests of general relativity will be performed, such as a
measurement of Einstein’s gravitational red-shift at the one part per million level [2]. A new
kind of relativistic geodesy based on the Einstein effect will provide information on the Earth
geoid. Finally prospects for laser cooled atomic clocks operating in the optical domain with
frequency stability in the 10™® range will be outlined.
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Left-handed materials have gained in importance during the last decade since their
fabrication has become feasible (e.g. [1]) and novel effects due the negative index of
refraction of such materials have been predicted [2,3]. Within the framework of macroscopic
quantum electrodynamics, we discuss the resonant van der Waals potential experienced by an
excited two-level atom near a planar magnetodielectric three-layer system which contains a
slab of left-handed material. It is shown that care should be taken when assuming an
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absolutely nonabsorbing medium, which leads to unphysical results with divergent values for
the potential away from the surface. Under appropriate conditions, the geometry is found to
exhibit a repulsive barrier near the surface which can be employed to levitate particles or
used as a trapping mechanism. This effect is governed by the magnetic properties of the
system rather than resulting from the lefthandedness [4].

Further, the spontaneous decay rate of an excited atom in the same system is studied
where drastic differences between the absolutely nonabsorbing case [3] and the case of a tiny
but nonvanishing absorption are pointed out. We find that doubling or strong reduction of the
spontaneous decay rate at particular atom-slab distances, which has been predicted for
lefthanded media, can also occur for right-handed (meta-) materials [4].
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Bohmian mechanics: A trajectory picture of quantum mechanics
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At least, up to date, quantum mechanics can be considered the most successful,
fundamental theory that we have to explain the Physical World around us. Nevertheless,
despite its success, it presents an important fundamental problem: independently of the
version considered (Heisenberg, Schrodigner or Feynman), its descriptions are purely
probabilistic-statistical. Quantum mechanics only provides probability distributions to
describe systems, but no clue on its particular dynamics to go from the initial state to the final
one, as happens in classical mechanics. This is not a problem, of course, if we only want to
explain the data patterns obtained from an experiment; their distributions are well described
by the corresponding quantum probability distributions. However, before observing such
results, there is a process in which such patterns are constructed by collecting single events.
Standard quantum mechanics cannot describe the dynamics displayed by these single events,
but only their ensemble statistics.

In order to explain and describe single-event dynamics, as well as to later interpret the
subsequent ensemble statistics, different trajectory-based approaches have been proposed in
the literature. One of these approaches is Bohmian mechanics [1-3]. This theory is a direct
and exact reformulation of standard or conventional quantum mechanics which arises after
rearranging conveniently the time-dependent Schrodiger equation. Within this theory it is
possible to follow the single-event dynamics at the same time that, collecting many of them
(as in a real experiment), one can reproduce the distributions rendered by the standard
quantum mechanics [4,5]. The interpretational power of Bohmian mechanics thus goes
beyond standard quantum mechanics and also classical trajectory formalisms, since the
dynamics displayed by (Bohmian) quantum trajectories is ruled by external classical
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potentials and also by a quantum potential. This makes the quantum motion to be very
different from the classical one and so the interpretations based on quantum and classical
grounds.

Here we will show the applicability and interest of Bohmian mechanics in different
problems related to the optics of material particles, such as slit diffraction and interference
[5,6], the Talbot effect [7] or waves in cavities [7,8]. This theory not only helps to understand
different theoretical and practical (numerical) aspects involved in this field, but also to
provide new insights into phenomena whose previous interpretations lied on classical and/or
semiclassical analysis.
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Experimental measurement of photonic bands gaps in holographic photonic crystals
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One and two dimensional photonic crystals are fabricated in a dichromate-sensitized
pullulan by holography. One — dimensional photonic crystals are created as volume reflection
holograms [1-2]. Two - dimensional photonic crystals are generated as surface relief
structures by double-exposure holographic method [3]. A single-frequency, diode pumped
Nd-YAG laser, at 532 nm, is used for exposure. Band gaps in the visible range are observed.
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Raman spectroscopy of anatase TiO, nanopowders doped
with various contents of La®"
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Anatase TiO, nanopowders doped with 1, 2, 3 and 4 wt. % of La’" are synthesized by sol-
gel method. Dependence of structural and morphological characteristics of anatase
nanopowders on La’" content is investigated by Raman spectroscopy method. In order to
estimate variation of nanocrystallite size with dopant content, shift and asymmetrical
broadening of the most intensive £, Raman mode of anatase are analyzed by phonon
confinement model [1, 2]. Obtained results are compared with the results of XRD
spectroscopy. Special attention is dedicated to the anharmonic behavior of all anatase Raman
modes observed in high temperature Raman spectra [3] of nanopowders synthesized with
different La®" content.

The influence of dopant content and synthesis conditions on the additional Raman modes
of extremely low intensity is also analyzed. These modes may be related to the presence of
small content of brookite amorphous phase [4] in nanopowders.
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Four Wave Mixing with femtosecond pulses
Hrvoje Skenderovi¢

Institute of Physics, Zagreb, Croatia
hrvoje@ifs.hr

Recent development of noncolinear optical parametric amplifiers (NOPA) equipped
many laboratories with the widely tunable, spectrally broad ultrashort laser pulses with
duration of 15 to 30 fs. Among other applications we find that this source has a very
important role in a fs time-resolved four-wave mixing experiments (FWM). In the various
FWM schemes in time domain, like coherent anti-Stokes Raman scattering (CARS),
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degenerate FWM (DFWM) and coherent Stokes Raman scattering (CSRS), the shape of the
transients and the embedded information depend crucially on the bandwidth of the pulses.

In the first part of the talk we present fs CARS and DFWM measurements in
hydrogen which can be used for temperature measurements. Time-resolved fs spectroscopy
on vibrational Q-branch transition [1] and on pure rotational Raman transitions [2] shows the
full potential of ultrashort pulse FWM.

The second part of the talk deals with sub-20 fs pulsed DFWM on high frequency
vibrational levels in all-trans-f carotene. Wave-packet motion on the electronic ground and
excited dark state was observed [3]. Moreover, we show that pump-DFWM in combination
with spectral detection can be applied to the study of complex molecular systems, where
optically dark electronic states are common.

In the third part of the talk the coherent control in an open loop is demonstrated with
FWM in all-trans-p carotene. The difference between resonant and non-resonant case clearly
shows enhancement of Raman modes in the resonant case [4].

References

[1] H. Skenderovi¢, T. Buckup, W. Wohlleben, and M. Motzkus, J. Raman Spectrosc. 33,
866 (2002).

[2] T. Hornung, H. Skenderovi¢, K-L. Kompa, and M. Motzkus, J. Raman Spectrosc. 35, 934
(2004).

[3] T. Hornung, H. Skenderovi¢, and M. Motzkus, Chem. Phys. Lett. 402 283 (2005).

[4] J. Hauer, H. Skenderovi¢, K-L. Kompa, and M. Motzkus, Chem. Phys. Lett. 421 523
(20006).

Solomon Allan €)) Talk
Quantum Entanglement and Braid Groups
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The objective of this talk is to show that the relation between Quantum Entanglement
and Topological Entanglement is more than one of linguistic analogy. We first explore the
problem of extending the Von Neumann entropy-type of entanglement measure to a tripartite
system, showing how a naive extension fails. We relate this case to the theory of links,
specifically the model of the Borromean rings, and on the basis of this analogy introduce the
theory of Braid Groups. We then discuss the relation between standard representations of
these groups (Burau representations) and unitary entanglement-producing operators in the
quantum case



92

Stef Marius ) Poster
Some dielectric and optical properties of PbF; and YbF3-doped CakF; crystals
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stef@quantum.physics.uvt.ro

The alkaline-earth fluorides crystals doped with rare-earth (RE) ions are good laser
materials. Trivalent RE ions in CaF, tend to form pairs of adjacent ions, for charge
compensation, even at low dopant concentrations. The extra positive charge is usually

compensated by interstitial F~ ions. The resultant dipolar complexes can reorient by “jumps”

of one of the charges to other lattice sites. Information on impurity-defect aggregates can be
obtained from spectroscopic and dielectric relaxation techniques, the last being sensitive to
aggregates with a dipole moment which can reorientate through migration of the anions. In
order to use the laser properties of the crystals it is necessary to study their defect properties.
Temperature and frequency dependence of the complex dielectric constant give information
about the relaxation processes and permits the determination of the activation energy and the
reciprocal frequency factor of the relaxation time [1, 2].

The objective of the paper is to analyze the effect of Yb*" and Pb2" ions on the optical
and dielectric spectra of CaF, crystals, to determine the activation energy of various structural
defects in doped crystals.

YbFs, PbF, doped CaF, crystals and (YbF; + PbF,) :CaF; crystals have been grown
using the vertical Bridgman method [3]. Transparent crystals of about 10mm diameter over 6-
7cm long were obtained in spectral pure graphite crucible in vacuum (= 10" Pa). The pulling
rate was 4mm/h. In order to obtain good-quality CaF, crystals, an addition of PbF; is
necessary as a scavenger of oxygen impurities. If the crystal growth process is not correctly
established the obtained crystals may contain some amount of undesired lead ions. This is the
reason why in this work we study the influence of Pb*" ions on the optical and dielectric
spectra of YbF3-doped CaF; crystals.

Room temperature optical absorption spectra were recorded by a Shimadzu 1650 PC.
The dielectric measurements were performed using a RLC Meter ZM 2355, over the
temperature range 150-300 K, at five audio-frequencies 1-100 kHz. The real part of the
dielectric constant, €;, has been calculated from the measured capacitance. The &, has been
then calculated from D =¢"/&". The activation energy and the reciprocal frequency factor
have been calculated in order to characterize the observed relaxations. The influence of the
Pb*" ions on the optical and dielectric spectra of YbF;:CaF, crystals were analyzed.

Acknowledgment. This work was supported by The Science Research Council, Romania,
grant CEEX, 72 /2006.
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The main goal of this work is the theoretical investigation of a perfect photon-atom
coupling in a free space. So far only 10% of coupling in experiment has been achieved. We
show that by strong focusing and tailoring polarization pattern of the beam this limit can be
overcome. Our experiment is in progress. This research also addresses spontaneous emission
in free space time reversibility for a single trapped ion. The time reversion of the unitary
process (evolution), although possible in principle, has never been demonstrated explicitly for
spontaneous emission.

Special attention will be paid to an issue of coupling between light and a single atom
(ion) in order to determine the probability of the time-inversed spontaneously emitted photon
to be re-absorbed.

Strong coupling between light and matter is also a milestone towards teleportation of
a state of an atom to a light beam; a protocol which has also never been realized
experimentally so far. It also addresses another hot topic in quantum information which is
coupling between ying and stationary qubit allowing quantum state transfer between distant
nodes. It can also find applications in quantum repeaters.

Svozilik Jiri 2) Poster
Periodically poled nonlinear crystals as a useful source of entangled photon pairs

Jiri Svozilik' and Jan Perina jr.”
-2 Joint Laboratory of Optics of Palacky University and Institute of Physics of Academy of
Sciences of the Czech Republic, 17. listopadu 50A, 772 00 Olomouc, Czech Republic
svozilik@optics.upol.cz

We describe properties of entangled photon pairs generated by spontaneous
parametric down-conversion in periodically poled nonlinear crystals [1]. These materials can
serve as a useful bright source of photon pairs which properties can be tailored on demand.
Especially photon pairs with broad spectra and sharp temporal characteristics can be
observed. Both uniform poling and chirped poling are considered. Spectral properties of the
generated photons, photon fluxes, coincidence-count patterns in a Hong-Ou-Mandel
interferometer [2], entropy of entanglement [3,4], as well as transverse profiles of intensities
of the generated photons are investigated in detail and discussed. Mathematical model
introduced in [5] is adopted in these calculations. We show that knowing spectra of both
photons entropy of entanglement and Schmidt number can be directly determined. Also
correlation area of two photons comprising a photon pair has been studied as it depends on
parameters of periodical poling.
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Recently, it has been demonstrated that certain modifications of the Stranski-
Krastanov growth sequence can change the morphology of lens-shaped InGaAs/GaAs
quantum dots into quantum rings. Inhomogeneous strain is present in the structure, which as
recently found, facilitates growth of rings in vertical stacks, similar to the case of smaller
quantum dots. In the present study, we employ the effective mass model to compute the
single-particle electron and hole states in stacks of these quantum rings, and compare the
energy spectra with the case of unstrained GaAs/AlGaAs quantum rings. In order to compute
the exciton states, we used an exact diagonalization approach, while the continuum
mechanical model was employed to compute the strain distribution in the InGaAs/GaAs
vertically coupled rings. We investigate variations of the exciton energy levels with the
spacer thickness and transitions between the lowest exciton states of different angular
momenta in a normal magnetic field. The variation of the oscillator strength for exciton
recombination was also explored. The essential differences between the two analyzed stacks
of nanorings with respect to the dependence on the spacer thickness were found. These
differences were attributed to strain. On the other hand, qualitatively similar variations of the
exciton states on the magnetic field were obtained in both cases. As a matter of fact, the
exciton energy levels were found to exhibit a few angular momentum transitions when the
magnetic field increases. These transitions indicate that the excifonic Aharonov-Bohm effect
is existant in three-dimensional (3D) rings. However, no oscillations in the dependence of the
oscillator strength for interband optical transitions were found. Therefore, we were not able to
reproduce the optical excitonic Aharonov-Bohm effect, which was previously strictly proved
to exist in concentric 1D rings.
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Two two-level atoms, or two qubits, interacting with a common reservoir of vacuum
modes of the electromagnetic field, behave collectively. The collective behaviour of the two
qubits in such a dissipative environment exhibits some unusual features. Depending on the
initial state of the system, entanglement can be created in the process of spontaneous
emission [1]. It turn out that initially entangled state of the two-qubit system can disentangle
in a finite time [2]. Yu and Eberly called this phenomenon the “sudden death” of
entanglement. It has been shown recently that after sudden death of entanglement it is
possible to observe the revival of entanglement [3].

We have recently discussed a process opposite to the sudden death of entanglement,
the delayed sudden birth of entanglement [4]. It has been shown that in the dissipative
process of spontaneous emission, initially unentangled qubits can be entangled after a finite
time despite the fact that the coherence between the qubits exist for all time. The threshold
time for creation of entanglement can be controlled by by the distance between the qubits and
the direction of the initial excitation relative to the interatomic axis. The dynamics of
entanglement of the two qubits is described by the Markovian master equation, and many
aspects, including sudden death and birth of entanglement, will be discussed.

References

[1] Z. Ficek, R. Tana$, J. Mod. Opt. 50, 2765 (2003); R. Tanas, Z. Ficek, J. Opt. B 6, 590
(2004); L. Jakdbezyk, A. Jamrdz, Phys. Lett. A 318, 318 (2003).

[2] T. Yu, J. Eberly, Phys. Rev. Lett. 93, 140404 (2004); L. Jakébczyk, A. Jamréz, Phys.
Lett. A 333, 35 (2004).

[3] Z. Ficek, R. Tana$, Phys. Rev. A 74, 024304 (2006).

[4] Z. Ficek, R. Tana$, arXiv:0802.4287vl [quant-ph] (Phys. Rev. A, accepted for
publication).

Tomas Marin Slobodan (1 Poster
Surface enhanced van der Waals force
Marin-Slobodan Tomas

Rudjer Boskovi¢ Institute, Zagreb, Croatia
tomas@thphys.irb.hr

Recently, we have demonstrated that the (generalized) Sherkunov formula for the
interaction energy between an excited and a ground-state atom [1] implies a strong
enhancement of the van der Waals (atom*-atom) force near an interface between two media
under the circumstances of the resonant coupling of the excited atom to the surface polariton
mode of the system [2]. In the present work, we further explore this effect by considering the
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atom*-atom interaction across an interface between two media. We demonstrate that the
nonretarded interaction between the atoms is in this case the same as in an effective medium
described by the average dielectric function of the media in contact except for the different
local-field correction factor. The estimate performed for the vacuum-sapphire interface shows
that the nonretarded van der Waals (atom*-atom) force can be at the surface polariton
resonance enhanced by almost three orders of magnitude in comparison with its free-space
value. Owing to the the local-field effects in the present configuration this enhancement
factor is larger then previously estimated for atoms in front of the same medium [2] by
(almost) an order of magnitude.
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We present a new way of detecting molecular quantum interferograms and for
impressing nanolitographic structures on a silicon surface.

Our research is motivated by the challenge to detect high contrast quantum
interferograms of high-mass molecules in a Talbot-Lau-interferometer [1,2] with high
efficiency and thus to overcome the limitations of the established ionization detection
methods. We here discuss progress made with a detecting screen, i.e. an adsorbing surface,
which is then analyzed by a scanning tunneling microscope. The molecules are deposited and
immobilized on a Si(111) 7x7 surface [3] which is then transferred to a UHV scanning
tunneling microscope system, where we are able to actually “see” individual molecules. Such
a scheme is easily scalable to larger particles — as the detection is even facilitated for larger
objects. In principle this method will lend itself to future explorations of the molecular
Wigner function [4]. Moreover, our interferometer may eventually be used for the fabrication
of nanometer-scale molecular structures composed of individual molecules [5].
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Electromagnetic devices designed using coordinate transformations and based on
metamaterials can be used in order to control propagation of electromagnetic waves even in
an unexpected way. Some of the devices designed so far using this method are the
electromagnetic cloak [1], the omni-directional electromagnetic field concentrator [2],
metamaterial coatings for scatterer reshaping [3], and the electromagnetic field rotator [4].

The cloak, being both the firstly proposed and the most prominent among these devices,
has been shown to be an idealization requiring unphysical parameters for the metamaterial of
which it is comprised. We have discussed [5,6] that if realistic parameters are assumed, the
cloak could only reduce the scattering cross section by an order of magnitude.

The above mentioned devices change the electromagnetic field only in a bounded region
within the device and do not affect the field behaviour outside. Rahm et al. introduced a new
class of coordinate transformations in order to transfer changed electromagnetic field from
metamaterial devices to the outer space [7] thus significantly extending the scope and
applicability of the coordinate transformation design.

In this paper we propose a novel approach to the coordinate transformation design by
discussing 2D confined structures, i.e. structures in which the electromagnetic field is
confined in a domain by perfectly conducting boundary conditions. The previous approach is
naturally retained by placing the boundary conditions at infinity. For these confined
structures, we show that it is possible to change the direction in which the field propagates,
narrow down segments of the structure [8] and completely displace its parts without causing
any reflection or phase change. This is achieved by the use of appropriate metamaterial layers
while the perfectly conducting boundaries are shown to remain invariant under the
transformation. Our ideas are confirmed by results of full wave finite element simulations.
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Nanophosphor of ZnGa,Oy: Eu’" and Er’" were synthesized by hydrothermal method.
ZnGa,04 is an intrinsic blue light emitter, with a wavelength peak of approximately 450 nm
depending on the gallium ratio [1]. A green light emission can be obtained by doping
ZnGa,0, materials with Mn”" [2] while efficient red light emission is achieved by doping
with Cr*" or Eu®" [3] ions. The average size of the crystallites was about 20nm. The
luminescent analysis of the materials shows that the rare earth ions are localized in the defect
sites at the crystallite boundaries. The emission spectra of the europium doped samples are
characterized by an intense emission in red region due to the 5D0 - 7F1’ 5 transitions of Eu’
ions, whereas in the case of erbium doping the highest intensity corresponds to the green light
emission due to the 4113/2 - 411 s;p transitions of the Er’* ions.

The results of this work reveal the difficulties of the incorporation of rare earth ions in
the octahedral sites of the spinelic oxide crystalline lattices. These difficulties are caused by
the large radius of the RE ions, that prefer to be located in the sites with coordination number
bigger than six. These powders were analyzed by X-ray diffraction (XDR) and characterized
by scanning electron microscopy (SEM), energy dispersive spectroscopy (EDAX) and atomic
force microscopy (AFM). Photoluminescence (PL) and photoluminescence excitation (PLE)
measurements were obtained with a conventional lamp as an excitation source [4].
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Microlenses are produced by irradiation of tot’hema eosin sensitized gelatin (TESG) layer
with laser light (2™ Nd:YAG harmonic, 532 nm). After production microlenses are
chemically processed with various concentration of alum. All obtained microlenses are
concave with parabolic profile. Following imaging properties of microlenses are calculated
and analyzed: the RMS wave front aberration, the diffraction point spread function cross
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section and the spot diagram. All microlenses had very well, near diffraction limited,
performance for moderate field of view.
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In the present work we analyze how to engineer an effective Anti-Jaynes-Cumming
and a Jaynes-Cumming interaction between an atomic system and a single cavity mode and
how to employ it in reservoir engineering processes. To build this effective Hamiltonian we
have considered the interaction of an atomic system in a A configuration, driven by classical
fields, and a single cavity mode. With this interaction we firstly show how to generate a
decoherence-free displaced squeezed state for the cavity field. In our scheme an atomic beam
works as a reservoir for the radiation field trapped inside the cavity, as employed in Ref. [1]
for the generation of an Einstein-Podolsky-Rosen entangled radiation state [2] in high-Q
resonators. In our scheme, all the atoms have to be prepared in the ground state and, as in
reference [1], it does not require atomic detection nor precise interaction times between the
atoms and the cavity mode. Considering the same interaction we are also able to generate an
ideal squeezed reservoir for atomic systems [3]. For this purpose we have to assume, besides
the engineered atom-field interaction, a strong decay of the cavity field, i.e., the cavity decay
much bigger than the effective atom-field coupling. With this purpose some interesting
effects in the dynamics of an atom in a squeezed reservoir can be tested. Also in the context
of reservoir engineering, in the present work we extend current perspectives in engineering
reservoirs by producing a time-dependent master equation leading to a nonstationary
superposition equilibrium state that can be nonadiabatically controlled by the system-
reservoir parameters. Working with an atom trapped inside a nonindeal cavity we first
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engineer effective Hamiltonians that couple the electronic states of the atom with the cavity
mode. Subsequently, two classes of decoherence-free evolution of the superposition of the
ground and decaying excited levels are achieved: those with time-dependent azimuthal or
polar angle. As an application, we generalize the purpose of an earlier study [4], showing
how to observe the geometric phases acquired by the protected nonstationary states even
under a nonadiabatic evolution.
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In Quantum Optics the widely accepted definition of nonclassicality is based on the
P-function of Glauber and Sudarshan. When it fails to be interpreted as a classical
probability, the corresponding quantum state is said to be a nonclassical one. However, the P-
function may not only become negative, it also can be highly singular. Because of this fact, in
many cases the experimental determination of a nonclassical P-function is hardly possible.

Here we show that a nonclassical P-function can be reconstructed from the measured
data of a single-photon-added thermal state (SPATS) [1]. We obtain the characteristic
function of the P-function by balanced homodyne detection of an experimentally prepared
SPATS. From the set of data we derive the P-function, which clearly attains negative values.
This is the first direct proof of nonclassicality which is based on its original definition.

The first experimental demonstration of nonclassical radiation properties was
obtained in the pioneering photon-antibunching experiment by Kimble, Dagenais and
Mandel. In this case it was shown that the normal- and time-ordered second-order intensity
correlation function shows a positive initial slope. The nonclassicality of such a behaviour
was related to the violation of a Schwarz inequality, which is fulfilled for any radiation field
that can be described by a classical stochastic process. Only recently it could be demonstrated
how one can relate the photon antibunching to negativities attained by a P-functional, which
generalises the P-function to include space-time dependent correlation properties. On this
basis one may formulate a complete hierarchy of conditions for field correlation functions,
which gives full insight in the nonclassical effects described by correlation properties in a
manyfold of space-time points [2]. We obtian conditions in terms of correlation functions of
arbitrarily high orders in the intensity and field-strength operators.
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The detection of correlation functions of such a general type requires special methods
of correlation measurements. For this purpose we have proposed a balanced homodyne
correlation technique, which unifies the advantages of balanced homodyning with those of
correlation measurements [3]. The set of data is recorded by correlation measurements, after
superimposing the signal field with a strong local oscillator. A special combination of the
observed intensity correlation functions eventually allows one to determine the needed
correlation functions of high orders in the field-strength and intensity. In principle, in this
way the nonclassical correlation properties of radiation fields can be fully characterised.
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Atomic systems exposed to intense laser radiation emit continuum electrons whose
energiesmay correspond to the absorption of many more photons than necessary for
ionization. The energy spectrum of the ejected electrons (the above-threshold ionization
spectrum, ATI) shows regularly spaced peaks, in intervals of the photon energy. The
envelope of an ATI spectrum usually decreases in magnitude after the first few peaks, levels
off in a plateau which may extend up to high orders, and then drops to noise level. The low
energy electrons are ionized after multiphoton absorption without further interaction with the
parent ion. The high-energy electrons gain most of their energy from rescattering by the ionic
core under the inuence of the driving laser field, subsequent to which the rescattered electrons
are further accelerated by the field. Both, the low- and high-energy part of the ATI spectrum
may be strongly enhanced by series of multiphoton resonances between the ground state and
excited states Stark-shifted by the field. In many cases a same resonant state is responsible for
an enhancement of ATI in low orders, as well as in high orders. In our recent publications [1]
the relevant resonant dressed states of argon are fully identified by comparing the existing
high resolution ATI spectra for a laser of 800nm wavelength, to a newly compiled Floquet
quasienergy map. The most intense enhancements in low- as well as in the high-orders of
ATI spectrum below the intensity of 7x10" W c¢cm™ originate from Stark shift induced
resonances with overlapping dressed 4f and 5f states, from the intermediate part of atomic
energy spectrum. The structures and shifts which the two resonances induce in various-order
ATI peaks may be interpreted by the constructive interference between the recolliding wave
packets.

We apply here the Floquet method with complex discrete Sturmian basis expansion to
study the argon atom in a strong laser field. The method provides an accurate description of
resonant multiphoton transitions between bound states, giving thereby the precise position
and width of the resonant peaks in the spectrum. The densities of the probabilities concerning
parts of the ground-state wavepacket where N-photon absorption processes occur are
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analysed, as well as the corresponding average values of radius » and its inverse powers 1/r
and 1/, as well as of the kinetic energy operator. All of the quantities are averaged over one
optical cycle. A partial waves analysis of these quantities is made, and their dependence in
the total number N of photons absorbed by the atom and in the laser intensity is analysed. At
high intensity, both the ground and excited resonant wave functions are perturbed in a wide
region of N around the dominant resonant transition. The strong radiative coupling affects
even the large N density of the probability distribution, leading the partial wave with the
same angular momentum to be dominant as in the resonance. Further, the analogous
distributions of partial waves of the mean values of kinematical operators concerning the
ground and the resonant states, have almost the same shape for large N, meaning that both
states produce similar high-order photoionization yield. Since all the excited states in argon at
the intensities considered lie very far above and outside the potential barrier created by the
combined action of the nuclear Coulomb attraction and the laser field, they should have
similar properties as the analogous excited states of the hydrogen atom. Our calculations
show that this is indeed the case. The analysis of the mean values of kinematical operators
may be useful for making more complete diagnoses of the dressed states in ambiguous cases.
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Generation of non-classical correlations (entanglement) between atoms, photons, or
combinations thereof is at the heart of quantum information science [1-4]. Of particular
interest are material systems serving as quantum memories that can be interconnected
optically [1-7]. An ensemble of atoms can store a quantum state in the form of a quantized
collective spin excitation (magnon) that can be mapped onto a photon with high efficiency
[6]. We report the phase coherent transfer of a single magnon from one atomic ensemble to
another via an optical resonator serving as a quantum bus that in the ideal case is only
virtually populated. Partial transfer deterministically creates an entangled state with one
excitation jointly stored in the two ensembles. The entanglement is verified by mapping the
magnons onto photons, whose correlations can be directly measured [7].

While it is easiest to represent a photonic quantum bit in the \O> =|no photon >, |1> =|one

photon > basis, this encoding is not symmetric to photon loss, and it is preferable to use a

photon polarization basis. We also demonstrate the heralded storage of photon polarization
states in an atomic ensemble of laser-cooled cesium atoms. A heralding photon of fixed
polarization announces the polarization-preserving storage of a single photon of (potentially
unknown) polarization. The stored photon can then be later read out of the memory on
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demand with fidelities near 90% for all polarization states. Since the photon can be restored
with the same polarization and frequency characteristics very similar to the incoming photon,
this system can be viewed as a quantum non-demolition experiment for a single photon.
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Cavity quantum electrodynamics (QED) is a powerful experimental tool for investigating
the most fundamental aspects of coherence and decoherence in quantum mechanics [1]. Core
of each cavity QED experimental set-up is an open cavity made of two superconducting
niobium (Nb) mirrors facing each other [2]. Niobium is a superconducting transition element
with low critical temperature T, = 9.1 K and high critical magnetic field B,= 200 mT. High
critical magnetic field is necessary for achieving high quality factor cavities for particle
accelerators and cavity QED, as well as Josephson junctions for the circuit QED [3]. For
cavity QED application, the surface imperfection of Nb mirrors contribute to lowering
achievable cavity quality factor and therefore decreasing field energy damping time of cavity
[4]. For particle accelerator application, roughness and impurities in Nb cavity surface
contribute to lowering achievable accelerating field inside of cavity. Therefore, particular
attention must be devoted to the cavity surface preparation. Plasma based Nb surface
treatment provides an excellent opportunity to eliminate surface imperfections and increase
cavity quality factor in both application. Here we will present ongoing work on the disc
shaped Nb samples surface’s treatment using Cl, as reactive gas in microwave (mw) glow
discharge system [5]. Influence of plasma parameters such as input power, pressure, and
concentration of the reactive gas on etching rates and surface quality will be presented.
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Quantum and Semiclassical Calculations of Quasi-DC Current Excitation in Plasma
Created by Few-Cycle Laser Pulse

A.A. Silaev and N.V. Vvedenskii
Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod, Russia
vved@appl.sci-nnov.ru

The phenomenon of quasi-DC current excitation in dense plasma created by femtosecond
laser pulses is now actively investigated in connection with the problem of terahertz waves
generation [1-8]. The different physical mechanisms of photoelectrons acceleration for
realization of this phenomenon are known: (i) acceleration by nonlinear ponderomotive force
of laser pulses with very high intensity (~10'" =10 W/ecm?) [1, 2]; (ii) by external static or
microwave electric field in the presence of which one there is a photoionization [3, 4]; (iii) by
the field of second harmonic of laser pulse (so-called four-wave difference mixing process in
ionized air plasmas) [5, 6]; (iiii) directly by the electric field of ionizing few-cycle laser pulse
imparting a large constant velocity component (depending on the field phase) to the newly
born electrons [7, 8].

In this paper, we report on results of theoretical investigations of the last scheme (in which
one the quasi-DC current is excited by few-cycle laser pulse) on the basis of simple model of
hydrogen atoms ionization in the laser field of moderate optical intensity
(~10" -10'*W/cm?). We present the results of quantum mechanical calculations based on
numerical solution of a time-dependent Schrodinger equation for a hydrogen atom in a linear
polarized few-cycle laser field and the results of semiclassical calculations based on
numerical solution of classical equation for free-electron current density in non-steady-state
plasma with the equation for the time variation of the plasma density using given dependence
of the strong-field ionization rate on the laser electric field. We have found the normalized
density of the quasi-DC current (after passing of the laser pulse) as a function of the absolute
(carrier-envelope) phase, pulse duration, and the electric field intensity. For pulses with 14
optical cycles duration we have found optimum values of the carrier-envelope phase and the
electric field amplitude when normalized current density has maximum and the conversion
efficiency takes quite high value. We have performed a comparison between results given by
quantum mechanical and semiclassical models. The results obtained show the possibility of
high-efficiency conversion of few-cycle laser pulses into terahertz radiation and may be used
for solving an important problem of carrier-envelope phase control of few-cycle laser pulses.

This work was supported by the Russian Foundation for Basic Research under Grants Nos.
07-02-01265, 06-02-17496, and 07-02-01239.
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Multi-photon entanglement and the possibility to generate single-photons using room-
temperature ensembles of *’Rb atoms

Philip Waltherl, Mikhail D. Lukin®’ and Anton Zeilinger3’4
! Physics Department, Harvard University, 17 Oxford Street, Cambridge, MA 02138, USA’
? Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138, USA;
*Institute for Experimental Physics, University of Vienna, Boltzmanngasse 5, A-1090
Vienna;
“Institute for Quantum Optics and Quantum Information (IQOQI), Austrian Academy of
Sciences, Boltzmanngasse 3, A-1090 Vienna, Austria
pwalther@fas.harvard.edu

Photons are robust and efficient carriers of quantum information, while atoms are well-
suited for long-lived storage of quantum states. Recent results of several experimental
demonstrations using linear optics and spontaneous parametric down-conversion demonstrate
the high feasibility of photonic qubits. Depending on which sort of entangled photon-state
was created, different experiments concerning quantum metrology [1] and quantum
computing [2], including the recent progress towards deterministic linear optics quantum
computing by the implementation of active feed-forward in a one-way quantum computer [3],
could be demonstrated.

However, for the realization of a quantum network or efficient generation of multi-photon
states quantum repeaters, which utilize quantum memory to store and release single-photons,
are required [4]. Recent experiments demonstrating the generation of narrow-bandwidth
single photons using a room-temperature ensemble of *’Rb atoms and electromagnetically
induced transparency should emphasize the progress towards a quantum network [5,6].
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Multichannel atomic magnetometers

Antoine Weisl, Natascia Castagnal, Adrian Hoferl, Paul Knowlesl,
Georg Bison’, Gianni DiDomenico’, and Anatoly S. Pazgalev’
'Physics Department, University of Fribourg, Switzerland
*Biomagnetisches Zentrum, Universititsklinikum Jena, Germany
*Institut de Microtechnique, Neuchatel, Switzerland
*offe Physical Technical Institute,St. Petersburg, Russia
antoine.weis@unifr.ch

Magnetometers combining both resonant optical preparation and detection with magnetic
resonance in alkali vapors have been known for more than half a century. While conventional
magnetometers use filtered light from spectral discharge lamps, the advent of inexpensive
tunable lasers has given a new impetus to optical magnetometry [1]. Since the operation of a
magnetometer head requires less than 10 uW of laser radiation, a laser of moderate power
can be used to drive a large number of sensor heads. This allows the realization of spatially
distributed magnetometer arrays that can monitor the magnetic field and its higher order
gradients over a large volume.

Our research team develops such arrays for two specific applications:

1. Monitoring the temporal and spatial magnetic field fluctuations in the five-fold mu-
metal shield of a new experiment searching for an electric dipole moment of the neutron.
Specific requirements here are vacuum and high voltage compatibility and the opto-coupling
of the sensor heads to the processing electronics. The simultaneous operation of eight sensor
has been proven and an extension to several dozen sensors is foreseen.

2. Measuring maps of the cardiomagnetic field of human adults. In the past we have
shown that two sensors, operated in a first order gradiometer mode allow the recording of
magneto-cardiographic field maps in two hours [2]. In order to reduce the recording time to a
diagnostically affordable level of two minutes we plan a three-dimensional sensor array with
up to 100 sensors that permit suppression of first and second order time-varying gradients.

The magnetometers are operated either in the self-oscillating mode or in the phase-
stabilization mode [1]. In the past we have used both home-built analog electronics and
commercial phase detectors, none of which can be easily upscaled to a multi-sensor system.
We currently pursue a fully digital approach, based on FPGAs (field-programmable gate
arrays), for the operation and read-out of the magnetometers. Besides the miniaturization of
the electronics, the multi-sensor system poses other challenges, such as the design of
appropriate algorithms for the magnetometer operation in second-order gradiometry mode,
the design of compact sensor heads, the mass production of paraffin-coated Cs cells, and the
optical multiplexing of the laser beam. Recently we have made good progress along all of
those lines, among which we mention in particular the manufacture of 100 sensor cells with
an intrinsic sensitivity below 20 fT/Hz"%.

At CEWQO I will present details of the present status of those developments.

This research is financed by the Swiss National Science Foundation and the Velux
Foundation.
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Ziman Mario Invited talk
Discrimination of quantum observables

Mario Ziman
Research Center for Quantum Information, Institute of Physics
84511 Bratislava, Slovakia
ziman(@savba.sk

We shall introduce the framework for discrimination of quantum observables. In
particular, we shall analyze the perfect and unambiguous discriminability of qubit
observables.

Zipper Elzbieta 7 Talk
Entanglement of distant flux qubits by swapping
Elzbieta Zipper
Institute of Physics, University of Silesia

40-007 Katowice, Poland
elzbieta.zipper@us.edu.pl

The mechanism for entanglement of two flux qubits each interacting with a single
mode electromagnetic field created in separate quantum cavities is discussed. This interaction
leads to two independent entangled qubit-field states. The Bell State Measurement performed
on the electromagnetic field modes projects the qubits onto an entangled state depending on
the degree of entanglement of the composed subsystems. To quantify the entanglement we
calculate negativity. We discuss the results for two initial states and take into account the
influence of decoherence.
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