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Preface

Recent progress in nanoscale technologies enables the preparation of well defined artifi-
cial structures composed of atoms (molecules) in the number range of between several and
hundreds and to measure many characteristics of such systems of nanoscale sizes. At the same
time, advances of measurement techniques open the possibility to investigate not only these
artificial structures, but also structures of similar nanoscale size occurring in nature, as for
example complex molecules, molecular motors in living cells, prions and viruses.

There is thus a growing demand for an understanding of the laws which govern the behav-
ior of these systems. To find these laws is an challenging task, due to the complexity of these
systems, their diversity, and the fact that these systems are on the borderline between different
disciplines (i.e. physics, chemistry and biology) where the diverse dynamic behavior of these
systems and corresponding various methods of their description (individual and statistical,
microscopic and macroscopic, classical and quantum) meet.

In general, the conference will address quantum physics and non-equilibrium quantum
statistical physics. The systems considered will be mainly of nanoscale size. The main task
of the conference is to contribute to the uncovering of possible phenomenological ("quantum
thermodynamical”) laws governing the behavior of nanoscale systems, providing a better un-
derstanding and insight into the problems and interpretations of quantum physics based upon
the methods of condensed matter physics and quantum optics.

FQMT’08 is a follow-up to the previous, successful Prague conference “Frontiers of
Quantum and Mesoscopic Thermodynamics 2004” (FQMT’04). As in FQMT’ 04, the aim of
FQMT’08 is to create a bridge between the fields of modern condensed matter physics, quan-
tum optics and statistical physics and the quickly developing field of foundations of quantum
physics, as have been covered by a number of recent conferences and workshops (Hot top-
ics in Quantum Statistical Physics: g-thermodynamics, gq-decoherence and g-motors, Leiden
2003; Non-equilibrium Green’s Functions I-III conferences, Rostock 1999, Dresden 2002,
Kiel 2005; Conferences on the Second Law of Thermodynamics and Quantum Physics, San
Diego 2002, 2006; Beyond the Quantum, Leiden 2006; and Vaxjo meetings on Quantum The-
ory: Reconsideration of Foundations, Vaxjo 2001, 2003, 2005, 2007), which the organizers of
the present meeting took an essential part in.

The conference is intended to bring together a unique combination of scientists across
a disciplinary spectrum ranging from foundations of quantum physics to emerging statisti-
cal physics approaches to the study of non-equilibrium quantum systems (i.e., those who are
studying various mesoscopic systems, either of artificial or biological origin, both from the
theoretical and experimental point of view). The interdisciplinary character of the conference
is supported by choice of key speakers who, apart from their specializations, are not only able
to report specific results within their fields, but are also able to discuss the state of the art
of their fields from the standpoint of broader perspective of overlap with other fields. It is
intended that this arrangement of the scientific program of the conference will significantly
contribute to the formulation of challenging questions and problems, as well as their related



answers that are nowadays essential to improve the understanding of the foundations of quan-
tum physics and the physics of nanoscale systems, and further will motivate new collaboration
and intensive discussions between experts from different fields.

The organizers tried to this end to create a program which covers all topics of the confer-
ence. They realized it could be extremely helpful to reach equilibrium” between theoretically
and experimentally orientated talks to stimulate the discussion between the experimentalists
and the theorists as much as possible.

The conference will run from Monday morning, July 28, till Saturday noon, August 2 in
the hotel Pyramida. Every morning or afternoon session will be devoted to a specific topic.

Dear colleague, we welcome you to the FQMT’ 08 conference and we hope you will enjoy
your stay in Prague.

On behalf of the organizers

Vaclav Spiéka, Peter D. Keefe, and Theo M. Nieuwenhuizen
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Important information

Contact address

FQMT’08

Dr. Viclav Spitka

Institute of Physics, v. v. i., Academy of Sciences of the Czech Republic
Cukrovarnicka 10, 162 00 Praha 6, Czech Republic

E-mail: fgqmt08 @fzu.cz

Phone: (+420) 220 318 446

Mobile: (+420) 776 127 134

FAX: (+420) 233 343 184

WWW: http://www.fzu.cz/activities/conferences/fqmt0O8

Emergency phone numbers (free calls):

Police: 158

Ambulance: 155

Fire Department: 150
Unified Emergency Call: 112

Conference Sites
The FQMT’08 conference will take place at the following site:

Pyramida hotel
address: Bélohorska 24, Praha 6, phone: (+420) 233 102 111

Conference welcome party will take place at:
Wallenstein Palace Garden
address: Valdstejnské namésti 4, Praha 1

One of the public lectures and classical concert will take place at:
St. Simon and Juda church
address: Dusni ulice, Praha 1 - Staré Mésto

The FQMT’08 conference dinner will take place at:

Bfevnov monastery
address: Markétska ulice 28/1, Praha 6 - Brevnov

Entrance to and stay inside the Wallenstein Palace

There are some limitations related to the Wallenstein Palace due to the two facts:
1. the Wallenstein Palace is the seat of the Senate of the Czech Republic
2. the Wallenstein Palace is a historical building.



Please, read carefully the following text to know about these limitations:

The entrance to the Wallenstein Palace: it is a little more complicated because of the security
reasons (the Palace is the seat of the Senate of the Czech Republic) - all participants need to
pass the metal detection frame and their things have to be screened by x-rays similarly as at
airports.

So, participants are Kindly asked to come to the Wallenstein Palace not at the last mo-
ment just before the beginning of guided tours.

When entering and moving inside the Wallenstein Palace, all participants are requested
to have with them their badges which they will receive during the registration; badges
will also serve as the identity card for the security guards in the Wallenstein palace.

Rooms and facilities available for the participants

Hotel Pyramida

e Pyramida Congress Hall (ground floor): all lectures will be presented there.

e Lobby of Pyramida Congress Hall (ground floor): it will serve as a coffee room; tea and
coffee will be available there all time.

e Lounge 1 (first floor): it will serve as a discussion room.
e Lounge 2 (first floor): it will serve as a study room (e.g. to prepare lectures); two

computers with internet connection will be available there.

Posters

Poster session will be held on Tuesday (July 29). Posters can be fixed from 10:00 on Tuesday
on the first floor (corridors) of the Pyramida Hotel and can be exhibited till Wednesday 14:00.

Social Events

e Tour of the Wallenstein Palace: Wallenstein Palace, Monday July 28.
e Welcome party: Wallenstein Palace Garden, Monday July 28.

e First evening lecture: St. Simon and Juda Church, Wednesday July 28.
This evening lecture will be given by Marlan O. Scully.

e (lassical music concert: St. Simon and Juda Church, Wednesday July 28.

e Second evening lecture: Cinema Hall of the Pyramida Hotel, Thursday July 29.
This evening lecture will be given by Georgy V. Shlyapnikov.

e Jazz concert: Cinema Hall of the Pyramida Hotel, Thursday July 29.

e Conference dinner: Bfevnov Monastery, Friday August 1.
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Exact times of the events can be found in the conference program.

Food

Lunches:

All participants can either

e buy, during their registration on Sunday or Monday, tickets for lunches in the restaurant
just in the Pyramida hotel;
the price of one lunch will be 15 Eur (or 370 CZK)

or

e go for lunch to restaurants which are situated in the vicinity of the Pyramida Hotel.

Dinners:

e Monday: Welcome party in the Wallenstein Palace Garden.

e Tuesday: Buffet during the poster session in the Pyramida Hotel, free evening during
which participants can go for the dinner to various restaurants in the vicinity of the
Hotel or in the center of Prague.

e Wednesday: Refreshment before the public lecture of Marlan Scully will be served in
the Kozicka Bar in the Old Town, not far from the St. Simon and Juda Church (address
Praha 1, Kozi 1 - see map St. Simon and Juda Church neighborhood). It is also possible
to go for dinner to numerous restaurants in the Old Town area.

e Thursday: There will be enough time to go for dinner before the public lecture of
Georgy Shlyapnikov, either in the Pyramida Hotel or to various restaurants in the
vicinity of the Pyramida Hotel. Small refreshment will be served before the lecture.

e Friday: Conference dinner in the restaurant of the Brevnov Monastery.
Price: 50 Eur per person - tickets for this dinner will be available during the registration.
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Registration

Opening addresses

Location: Pyramida Hotel Lecture Hall

1 session: Quantum and mesoscopic thermodynamics

Location: Pyramida Hotel Lecture Hall

Guenter Mahler:
Udo Seifert:

Reinhard Lipowsky:

Coffee break

Quantum thermodynamic processes

Stochastic thermodynamics: Theory and ex-
periments

Multiscale motility of molecular motors

2 session: Quantum and mesoscopic thermodynamics

Location: Pyramida Hotel Lecture Hall

Gershon Kurizki:

Martin Plenio:

Gert-Ludwig Ingold:

Peter Talkner:

Lunch

Control of non-Markovian quantum thermo-
dynamics

Entanglement theory, thermodynamics and
the 2nd law

Quantum Brownian motion and the third law
of thermodynamics

Quantum fluctuation theorems



13:00 14:40 3 session: Foundations of quantum mechanics
Location: Pyramida Hotel Lecture Hall
13:00 13:30  Andrei Khrennikov: OM as approximative probabilistic model
13:30 14:00 Ana Maria Cetto: Quantization as an emergent property of a
matter-field system in permanent interaction
14:00 14:20 Hans De Raedt: Even-by-event simulation of quantum phe-
nomena
14:20 14:40 Yuval Gefen: Weak values in solid state
14:40 15:00 Coffee break
15:00 16:40 4 session: Quantum dissipation, decoherence and noise
Location: Pyramida Hotel Lecture Hall
15:00 15:30  Ulrich Weiss: Decoherence and relaxation of coupled
qubits
15:30 16:00 Amir O. Caldeira: Dissipative dynamics of a two-level system
resonantly coupled to a harmonic mode.
16:00 16:20  Sigmund Kohler: Dissipative Landau-Zener tunneling in cir-
cuit QED and nanomagnets
16:20 16:40 Thomas Vojta: Effects of dissipation on quantum critical
points with disorder
16:40 18:00 Free time and transfer to Wallenstein Palace
18:00 19:30 Guided tour through the Wallenstein Palace
Location: Wallenstein Palace
19:30 23:00 Welcome party in the Wallenstein Palace Garden
Tuesday, 29 July 2008
08:00 10:00 1 session: Mesoscopic and nano-electromechanical systems
Location: Pyramida Hotel Lecture Hall
08:00 08:30 Hermann Grabert: Decay of metastable states driven by non-

Gaussian noise
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Branislav K. Nikolic:

Coffee break

Effect of pair-breaking on mesoscopic per-
sistent currents far above the superconduct-
ing Tc.

Decoherence in quantum devices due to low-
[frequency noise of environment: Role of non-
Gaussian effects

Decoherence due to contacts in ballistic
nanostructures

Shot noise probing of spin decoherence
in quantum transport through spintronic
nanostructures

2 session: Mesoscopic and nano-electromechanical systems

Location: Pyramida Hotel Lecture Hall

Miles Blencowe:

Robert H. Blick:

Andrew Armour:

Christoph Bruder:

Lunch

Damping and decoherence dynamics of
nanomechanical resonators

Self-excitation in nano-electromechanical
systems

Quantum dynamics of a resonator driven by
a superconducting single electron transistor:
A solid state analogue of the micromaser
Position and momentum detection in nano-
electromechanical systems

3 session - A parallel: Mesoscopic and nano-electromechanical

systems

Location: Pyramida Hotel Lecture Hall A

Jan von Delft:

Alexander Altland:
Andreas Wacker:

Igor Lerner:

Phase-coherent transport through quantum
dots

A many particle Landau Zener problem
Nonegquilibrium transport in quantum dot
systems

Quantum wire hybridized with a side-
attached impurity
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Vladimir Falko:

Percolation through electron-hole puddles:
Model for transport in strongly inhomoge-
neous graphene

3 session - B parallel: Foundations of quantum physics

Location: Pyramida Hotel Lecture Hall B

Mark Davidson:

Luis de la Pena:

Kristel Michielsen:

Bahar Mehmani:

Gennaro Auletta:

Coffee break

The quark-gluon plasma and the stochastic
interpretation of quantum mechanics

Signs of electron diffraction obtained by nu-
merical simulation of a diffracted zero-point
radiation field

Event-based  computer  simulation  of
Wheeler’s delayed choice experiment with
photons

Work as tracer of the force that generates the
geometric phase

Quantum-mechanical measurement process
as a general framework for information ac-
quiring

4 session - A parallel: Quantum dissipation, decoherence and

noise

Location: Pyramida Hotel Lecture Hall A

Wolfgang Belzig:

Yaroslav M. Blanter:

Jochen Gemmer:

Tobias Brandes:

Tom4s Novotny:
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Positive operator valued measure formu-
lation of time-resolved electron counting
statistics

Current and noise in a single-electron tran-
sistor coupled to an oscillator

Projection operator approach to transport
and relaxation in closed quantum systems
Waiting times and noise in single particle
transport

Counting statistics of non-Markovian quan-
tum stochastic processes



15:00 16:40 4 session - B parallel: Quantum optics
Location: Pyramida Hotel Lecture Hall B
15:00 15:20 Valentina Brosco: Phase diffusion in single qubit lasers
15:20 15:40 Francesco Petruccione: Density matrice and their parametrization
15:40 16:00 Norbert Kro6: Nonlinear and quantum plasmonics
16:00 16:20 George R. Welch: Toward XUV Raman superradiance: break-
ing of adiabaticity
16:20 16:40 Raymond Ooi: How do pulsed lasers affect photon correla-
tion and entanglement?
16:40 17:00 Free time
17:00 20:00 Poster session
Location: Pyramida Hotel - first floor
Wednesday, 30 July 2008
08:00 10:00 1 session: Physics of quantum measurement
Location: Pyramida Hotel Lecture Hall
08:00 08:30 Nicolas Gisin: Towards understanding quantum correla-
tions: New Bell tests and simulating partial
entanglement with nonlocal boxes
08:30 09:00 Denis Vion: Continuous measurement of a driven quan-
tum electrical circuit
09:00 09:20 Andrew Jordan: Weak values and the Leggett-Garg inequality
in solid-state qubits
09:20 09:40 Fritz Haake: Quantum measurement without Schrodinger
cat states
09:40 10:00 Roger Balian: Simultaneous measurement of non commut-
ing observables
10:00 10:20 Coffee break
10:20 12:00 2 session: Physics of quantum computing and information
Location: Pyramida Hotel Lecture Hall
10:20 10:50 Wolfgang Hinsel: Advances in ion trap quantum computation
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Dirk Bouwmeester: Solid-state cavity QED and optomechanical

structures

David Vitali: Entanglement in  mesoscopic  opto-
mechanical systems

Mark Fox: Coherent quantum control of excitons and
spins in quantum dots

Lunch

3 session: Physics of quantum computing and information
Location: Pyramida Hotel Lecture Hall

Wolfgang Tittel: Combining quantum memory with state ma-
nipulation

Howard Brandt: Differential geometry of quantum computa-
tion

Barry Sanders: Simulating Hamiltonian evolution on a
quantum computer

Elisabetta Paladino: Coherent nanodevices as detectors of struc-
tured solid-state noise sources

Free time and transfer to St. Simon and Juda Church

Refreshment

Location: Kozicka Bar - Kozi street
Evening session: Public lecture of Marlan Scully and concert
Location: St. Simon and Juda Church
Music introduction and opening address by Peter Keefe

Public lecture of Marlan Scully

Marlan Scully: The demon and the quantum: From thermo-
dynamics to quantum mechanics and beyond
Discussion after the lecture of Marlan Scully

Break
Concert - First part

Break
Concert - Second part
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1 session: Quantum optics

Location: Pyramida Hotel Lecture Hall

Julien Laurat:

Linda Elizabeth Reichl:

H. J. Carmichael:

Timothy Ralph:
M. Suhail Zubairy:

Coffee break

Quantum networking with atomic ensembles
in the single excitation regime

Quantum control of atomic and molecular
systems

Open quantum systems, entanglement, and
the laser quantum state

Entanglement in curved space time
Optical sub-wavelength lithography: With
and without entanglement

2 session: Physics of biological systems

Location: Pyramida Hotel Lecture Hall

H. Frauenfelder:
Felix Ritort:

Marlan Scully:

Allen Hermann:

Lunch

Protein dynamics

Mechanical manipulation of nucleic acids at
1kT energy resolution

Using quantum mechanics to detect anthrax

New nanoscale materials and devices

3 session - A parallel:
and decoherence

Quantum thermodynamics, dissipation

Location: Pyramida Hotel Lecture Hall

Frank Willem Hekking:

Juan Pablo Paz:

Joachim Ankerhold:

Jiri J. Mares:
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Normal metal - superconductor tunnel junc-
tion as a Brownian refrigerator

Dynamics of the entanglement between two
oscillators in the same environment
Semiclassical dynamics of non-Markovian
quantum Brownian motion

Temperature transformation and Mosengeil-
Ott’s antinomy
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15:30
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16:40

17:00

18:30

Peter Keefe:

The second law of thermodynamics and
quantum heat engines: Is the law strictly en-
forced?

3 session - B parallel: Mesoscopic and non-electromechanical

systems

Location: Pyramida Hotel Cinema Hall

Jerzy Luczka:

Doron Cohen:

Andrei Zaikin:

Gloria Platero:

Marta Prada:

Coffee break

Negative conductances in Josephson junc-
tions

The conductance of small mesoscopic disor-
dered rings

Zero temperature decoherence of interacting
electrons: The end of the story?

Spin transport in double quantum dots: role
of hyperfine interaction

Quantum computation with silicon: ultra-
long decoherence and relaxation times in
quantum systems

4 session: Non-equilibrium quantum statistical physics

Location: Pyramida Hotel Lecture Hall

John Barker:
Pawel Danielewicz:

Karsten Balzer:
Viclav Spicka:

Bedrtich Velicky:

Free time
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Quantum phase space distribution functions
for non-equilibrium transport

Towards quantum transport for nuclear re-
actions

Quantum kinetic theory for artificial atoms
Dynamics of mesoscopic systems: Non-
equilibrium Green’s functions approach
Single molecule bridge in transient regime as
a testing ground for using NGF outside of the
steady current regime



Evening session: Public lecture of Georgy Shlyapnikov and jazz

18:30 24:00
concert
Location: Pyramida Hotel Cinema Hall
18:30 18:40 Opening address by Theo Nieuwenhuizen
18:40 20:00 Public lecture of Georgy Shlyapnikov
18:40 19:40 Georgy Shlyapnikov: Novel physics with ultracold fermions
19:40 20:00 Discussion after the lecture of Georgy Shlyapnikov
20:00 20:30 Break
20:30 24:00 Jazz concert
Friday, 1 August 2008
08:00 10:00 1 session: Spins systems and their dynamics
Location: Pyramida Hotel Lecture Hall
08:00 08:30 Dietrich Belitz: Electronic properties of helimagnets
08:30 09:00 Avraham Schiller: Quantum impurity systems out of equilib-
rium: Real-time dynamics
09:00 09:20 Amnon Aharony: Spin selection by mesoscopic systems with
spin-orbit interactions
09:20 09:40 Ora Entin-Wohlman: Spin Hall effect
09:40 10:00 Pascal Simon: Nuclear spin ordering in interacting 2D and
1D electron liquids
10:00 10:20 Coffee break
10:20 12:00 2 session: Macroscopic quantum behaviour
Location: Pyramida Hotel Lecture Hall
10:20 10:50 Stephanie M. Reimann: From quantum dots to cold atoms in traps -
interaction blockade and vortices
10:50 11:20 Tacopo Carusotto: The non-equilibrium Bose-Einstein conden-
sation phase transition in microcavity po-
lariton systems
11:20 11:40 Giacomo Roati: An ideal Bose-Einstein condensate: from
precision measurements to Anderson local-
ization
11:40 12:00 Matthias Vojta: Valence-bond supersolids in cuprates
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12:00 13:00 Lunch
13:00 15:00 3 session: Non-equilibrium quantum statistical physics
Location: Pyramida Hotel Lecture Hall

13:00 13:30 James Freericks: Nonegquilibrium dynamical mean-field the-
ory

13:30 14:00 Jens Eisert: Looking relaxed: Apparent local equili-
bration in closed non-equilibrium quantum
many-body dynamics

14:00 14:30  Giuseppe Falci: Dynamics of Weyl quasiparticles in the pres-
ence of quantum noise

14:30 15:00 Eugene Sukhorukov: Dephasing in the electronic Mach-Zehnder
interferometers

15:00 16:30 Free time and transfer to Bfevnov Monastery

16:30 24:00 Conference dinner and organ concert

Location: Brevnov Monastery

16:30 17:00 Welcome in the atrium of the Bfevnov Monastery

17:00 18:00 Guided tour through Bfevnov Monastery

18:00 21:00 First part of the conference dinner

21:00 21:50 Organ concert

21:50 24:00 Second part of the conference dinner

Saturday, 2 August 2008
08:00 10:00 1 session
Location: Pyramida Hotel Lecture Hall

08:00 08:30 Fernando Sols: Nonadiabatic pumping of heat in electron
systems

08:30 09:00 Hans Briegel: Entanglement in quantum many-body sys-
tems far away from equilibrium: Are there
non-trivial quantum effects in biology?

09:00 09:30 Hagen Kleinert: Third quantization

09:30 10:00 Arkady Plotnitsky: Physical and mathematical causality in
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Cofee break

2 session

Location: Pyramida Hotel Lecture Hall

Raymond Chiao: Experiments at the interface of quantum me-
chanics and general relativity: Transduction
between electromagnetic and gravitational
waves via pairs of charged superconductors

Theo M. Nieuwenhuizen: Supermassive black holes as giant Bose-
Einstein condensates

Coffee break

Round table
Location: Pyramida Hotel Lecture Hall

Closing address

Location: Pyramida Hotel Lecture Hall

Lunch
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L1

Spin selection by mesoscopic systems with spin-orbit interactions

Amnon Ahaurony1 , Ora Entin—Wohlman1 , and Yasuhiro Tokura2

1 Ben Gurion University, Department of Physics, P. O. Box 653, Beer Sheva 84105, Israel
2NTT Basic Research Laboratories, Atsugi-shi, Kanagawa 243-0198, Japan

One of the aims of spintronics is to have devices which polarize the spins of electrons, which
enter unpolarized. This talk will present a simple quasi-one-dimensional quantum network
(made of quantum wires or by an array of quantum dots), which can serve as such spin filters.
The main idea is to combine spin-orbit interactions, whose strength can be tuned by external
gate voltages, and the Aharonov-Bohm flux, which can be tuned by an external magnetic
field. For broad ranges of these fields, quantum interference allows only one propagating
wave function, which has a unique spin state (tunable by the fields). All the other wave
functions are evanescent, i.e. they decay as the electron moves in the device.

21



L2

A many particle Landau Zener problem
Alexander Altland

Cologne University, Ziilpicher str. 77, 50937, Germany

We will discuss the behaviour of a strongly interacting many particle system under slow ex-
ternal driving - a many body generalization of the Landau Zener problem. The structure of
our model system is motivated by the phenomenon of BEC-BCS crossover physics in cold
atom systems. By a spectrum of different methods we will show that the many body sys-
tem behaves strikingly different form driven single particle systems. Notably, it is extremely
difficult to stay close to the adiabatic ground state, and strong quantum fluctuations render
the distributions of particle occupancies very broad. The structure of the theory suggests that
these observations reflect more general phenomena in the physics of driven many particle
systems.
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L3

Semiclassical dynamics of non-Markovian quantum Brownian motion

2 1

Joachim Ankerhold1 , Frank Grossmann<, Werner Kochz, and Jiirgen Stockburger

! Institute for Theoretical Physics, University of Ulm, Albert-Einstein-Allee 11, 89069 Ulm,
Germany

2 Institute for Theoretical Physics, Technical University Dresden, 01062 Dresden, Germany

Quantum Brownian motion can be formulated within the path integral approach or equiva-
lently within stochastic Schrodinger equations [1]. For explicit numerical calculations the
latter one is particularly suited for the challenging regime of low temperatures and weak cou-
pling, where the reduced dynamics becomes non-Markovian. The full quantum mechanical
implementation, however, is plagued by convergence problems for long times. Very recently
we have shown [2] that this problem can be circumvented when the quantum propagators are
represented within the time-dependent semiclassical initial value formalism. The approach
allows for the first time to study the non-Markovian low temperature quantum dynamics of
anharmonic systems up to times where equilibration is reached.

[1] J.T. Stockburger and H. Grabert, Phys. Rev. Lett. 88, 170407 (2002).

[2] W. Koch, F. Grossmann, J.T. Stockburger, and J. Ankerhold, Phys. Rev. Lett. 100, 230402
(2008).
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L4

Quantum dynamics of a resonator driven by a superconducting single
electron transistor: a solid state analogue of the micromaser

Andrew Armour

University of Nottingham, University Park, Nottingham, UK

I will discuss the dynamics of a resonator coupled to a mesoscopic conductor known as a
superconducting single electron transistor (SSET), focusing on the regime where the SSET is
operated in the vicinity of the Josephson quasiparticle resonance. Recent experiments have re-
alized this system with two very different types of resonator, namely a mechanical resonator
consisting of a suspended beam with a fundamental frequency of 20MHz [Naik et al., Na-
ture 443, 193 (2006)] and a superconducting stripline resonator with a frequency of 10GHz
[Astafiev et al., Nature 449, 588]. For an appropriate choice of operating point, the SSET
can be used to pump the resonator, and the dynamics is similar in many ways to that found
in a quantum optical systems such as the micromaser. Coupling to the SSET can drive the
resonator into non-classical states of self-sustained oscillation via either continuous or dis-
continuous transitions. Increasing the coupling further leads to a sequence of transitions and
regions of multistability. The current and epsecially the current noise of the SSET contain
important signatures of the resonator’s dynamics.

24



L5

Quantum-mechanical measurement process as a general framework for
information acquiring

Gennaro Auletta

Pontifical Gregorian Unoversity, Piazza della Pilotta, 4, Rome, Italy

There are three general aspects or steps in any information—acquisition process.

e Firstly, a processor is necessary, as a source of possible variety. The processor is the
component that gives the input so that information can be acquired. It is not necessary
that such a processor be random. What is necessary is that the algorithm producing the
input be unknown. Otherwise, the acquired information would be valueless.

e The next component is represented by a regulator, that is, a system able to work as the
interface between the processor and the final detection event. In other words, the regu-
lator provides the necessary coupling, without which we could not speak of information
acquiring. I shall return to this point, but let me add here that we never have direct
access to any source of variation, we only access its (delayed) effects. This is already
true from a relativistic point of view.

e Finally, we need a decider, that is, a device that, given a certain coupling, is able to give
rise to a decision among a given set (in the simplest case, between two alternatives). In
principle, this decision event can have no relation with the initial processor. It is only
the coupling (second step) that guarantees that the final event says something about the
state of the processor. In this way, we say that the decider has selected some information
from among the different possibilities to which the processor gives rise.

The three steps are represented by: preparation, premeasurement, and measurement.

[1] Auletta, G., in Auletta, G.(Ed.), Proceedings of the I Workshop onthe Relationships Be-
tween Science and Philosophy (VaticanCity, Libreria Editrice Vaticana, 2006), pp. 109-
127.

[2] Auletta, G., Fortunato, M., and Parisi, G., Quantum Mechanics: A Modern Perspective
Cambridge, UniversityPress (2006).

[3] Bennett, Charles H., Logical Reversibility of Computation, IBM Journal Res. Dev. 17
(1973) 525-32.

[4] Bennett, Charles H., The Thermodynamics of Computation. A Review, International Jour-
nal of TheoreticalPhysics 21 (1982) 905-940.

[5S] de Muynck, W. M., Stoffels, W. W., and Martens,H., Joint Measurement of Interference
and Path Observables in Optics and Neutron Interferometry, Physica B175 (1991) 127-32.

[6] Landauer, Rolf, Minimal Energy Requirements in Communication, Science 272 (1996)
1914-19.
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L6

Simultaneous measurement of non commuting observables

1 2 3

Armen E. Allahverdyan", Roger Balian“, and Theo M. Nieuwenhuizen

1 Yerevan Physics Institute, Alikhanian Brothers Street 2, Yerevan 375036, Armenia
2 Institut de Physique Théorique, Centre de Saclay, 91191 Gif sur Yvette Cx, France

3 nstitute for Theoretical Physics, University of Amsterdam, Valckenierstraat 65, 1018 XE
Amsterdam, The Netherlands

The following model of quantum measurement is considered. The x— and z—components of
a spin 1/2, the tested system S, are coupled with two apparatuses, respectively. Each appa-
ratus simulates an Ising magnetic dot; the total magnetization is the pointer variable, and a
phonon bath keeps the temperature of the dot below the Curie point. Initially in a metastable
paramagnetic state, each apparatus may be switched towards either one of its two stable fer-
romagnetic states under the effect of its coupling with the tested spin S. The full setting thus
has 4 possible outcomes. The hamiltonian dynamical equations are solved, and several time
scales are exhibited. The process is not an ideal measurement, but a simultaneous unsharp
measurement: if for instance S is initially polarized along +z, its final state is modified, and
all four outcomes for the pointers may occur. However, full information about both x— and
z—components of the initial polarization of S can be gained through statistical analysis of
repeated experiments. Indeed there is a one-to-one mapping of the quantum non-commuting
information on S onto the counting rates of the apparatuses. Due to their necessarily large
size, the pointers behave classically, so that violation of Bell’s inequalities for two spins is not
directly seen on the pointers of this setting.

A similar model involving only the measurement of the z—component of S has been in-
troduced and solved in:

Armen E. Allahverdyan, Roger Balian and Theo M. Nieuwenhuizen, Curie-Weiss model of
the quantum measurement process, Europhys. Lett. 61, (2003), pp 452.

Armen E. Allahverdyan, Roger Balian and Theo M. Nieuwenhuizen, The quantum measure-
ment process: Lessons from an exactly solvable model, in "Beyond the Quantum”, eds. Th.M.
Nieuwenhuizen, V. Spicka, B. Mehmani, M. Jafar-Aghdami, and A. Yu. Khrennikov (World
Scientific, 2007, pp 53).
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L7

Quantum Kkinetic theory for artificial atoms

Karsten Balzer, Michael Bonitz, Alexei Filinov, and Patrick Ludwig

Institut fiir Theoretische Physik und Astrophysik, Christian-Albrechts-Universitdt Kiel,
Leibnizstrasse 15, 24098 Kiel, Germany

Charged particles in confinement potentials tend to resemble the electronic structure of atoms
including ring/shell structures which vary with the system’s dimensionality. Such “artificial
atoms” have a number of interesting features missing in real atoms: the formation of weakly
coupled (gas/liquid-like) as well as strongly coupled (crystal/solid-like) Wigner states [1] can
be externally controlled by the confinement strength. A theoretical description of these states
requires to properly take into account many-body, quantum and spin effects as well as the
confinement and a possible time-dependent external excitation. To this end we develop a
nonequilibrium Green’s function approach [2,3] which allows us to compute the equilibrium
properties (at zero and finite temperatures) and the nonequilibrium behavior of the artificial
atom on the same, correlated and self-consistent footing.

After outlining some computational details and reviewing the equilibrium states [4] we, in
the third part of the talk, present results for the laser induced nonequilibrium electron dynam-
ics. In particular, we will focus on the normal, Kohn (sloshing) [5] and breathing, modes and
look at the one-particle orbital occupation numbers the time-dependence of which depend
on temperature, field and coupling strength. Finally, as an extension, we investigate other
quantum systems such as charged bosons and electron-hole bilayers in trapping potentials. In
the latter a rich variety of phases is due to the possibility to tune the pair interaction and the
effective spin statistics: while at large layer separation the system consists of Coulomb inter-
acting fermions, a transition to composite bosons with nearly dipole interaction is observed at
smaller distances [6].

[1] A. Filinov, M. Bonitz, and Yu.E. Lozovik, Phys. Rev. Lett. 86, 3851 (2001).

[2] Nonequilibrium Green’s functions approach to artificial atoms, K. Balzer, Diploma thesis,
Kiel University (2007).

[3] Introduction to Computational Methods in Many Body Physics, M. Bonitz, D. Semkat
(Eds.), Rinton Press, Princeton (2006).

[4] Introduction to Computational Methods in Many Body Physics, M. Bonitz, D. Semkat
(Eds.), Rinton Press, Princeton (2006).

[5] M. Bonitz, K. Balzer, and R. van Leeuwen, Phys. Rev. B 76, 045341 (2007).
[6] P. Ludwig, K. Balzer, A. Filinov, H. Stolz, and M. Bonitz, New J. Phys. (2008).
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L8

Quantum phase space distribution functions for non-equilibrium
transport

John Barker

University of Glasgow, Department of Electronics and Electrical Engineering, Oakfield
Avenue, Glasgow G12 SLT, UK
jbarker@elec.gla.ac.uk

Very recently the practical use of self-consistent non-equilibrium Green functions (NEGF
formalism computed in the double-time, double space representation G(x,x’,t,t'): based
on the Keldysh, Kadanoff-Baym picture) in the 3D modelling of nano-transistors has shown
that quantum effects dominate the behaviour of sub-10 nm devices. In principle, the NEGF
formalism should provide a rigorous basis for deriving a more phenomenological picture to
provide a simpler, faster framework for device modelling. Semi-classical device modelling
is underpinned by the Boltzmann transport equation coupled to Poisson’s equation (usually
implemented by ensemble Monte Carlo). Here, the phase-space distribution functions provide
both physical insight and a route (via projection) to drift-diffusion models and hydrodynamic
models that are sufficiently compact for fast numerical simulation as required by industry.
At first sight the Kadanoff-Baym equations provide a similar basis through the phase space
Green functions G(X, P; T, ). However, there is a major difficulty because the phase space
Green functions are basically Wigner functions and do not have compact support: the func-
tions exist in regions of phase space where no matter is present. In essence, X = (x + x')/2;
T =t + t'/2 are centre of “mass” type variables and the momentum and energy variables P
and FE are Fourier variables derived from the Fourier transform over the relative coordinates
x —x’, t —t'. Mathematically this is not an issue but it is a problem for numerical calculations
where very fine structure occurs in the phase space and of course it complicates considerably
the derivation of simpler hydrodynamic pictures or the transition to Boltzmann transport. The
work of Berry in the 1970s shows formidable structure in the Wigner function as the classical
limit is approached. Many formalisms have sought to overcome these problems by coarse
graining the quantum phase space (Husimi functions are an example) or by exploiting ther-
mal broadening but they do not sustain comparison with Green function studies in the double
time, double space picture. The present paper reviews these issues and then shows that it is
possible to obtain real-valued quantum phase space distributions with compact support that
reduce sensibly to the classical limit. The equations of motion differ from Wigner theory or
Kadanoff-Baym theory. The new picture is obtained via a pseudo-spinor approach and it is
discussed for simple exactly solvable examples including the harmonic oscillator and anhar-
monic oscillator in pure states and thermal mixtures. The extension to many-body quantum
statistical mechanics and Green function theory is outlined. Finally, the classical limit is ex-
amined.
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L9

Electronic properties of helimagnets
Dietrich Belitz! and Ted Kirkpatrick2

1 University of Oregon, Department of Physics, Eugene, OR, 97403, USA
2 University of Maryland, College Park, MD, 20742

Helimagnets are magnetically ordered materials in which the spin-orbit interaction leads to
a spiral structure of the magnetization. I will review the phenomenology of MnSi as the
prototypical and best studied helimagnet, in particular various phases or suspected phases
identified by neutron scattering and other techniques. The most interesting features include a
tricritical point in zero magnetic field, a quantum critical point that can be reached by applying
an external magnetic field, and a pronounced TG/2) pehavior of the resistivity in a large
region of parameter space. I will then review theoretical efforts to understand the observed
effects. The nature of the ordered phase is well understood, and interesting analogies with
liquid crystals allow for an understanding of the structure of the phase diagram. The critical
behavior at the quantum critical point has been determined exactly. The transport properties
are still largely mysterious, however.
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L10

Positive operator valued measure formulation of time-resolved electron
counting statistics

Wolfgang Belzig and Adam Bednorz

Department of Physics, University of Konstanz, Universitdtsstr. 10, 78457 Konstanz,
Germany

The core of quantum measurement theory is the projection postulate (PP). It provides a con-
sistent description of a sequence of measurements. Quantities represented by non-commuting
operators cannot be measured simultaneously. The corresponding projection operators have
to be time-ordered. For continuous variables the PP should be replaced by the positive oper-
ator valued measure (POVM). The idea of the POVM is that one does not measure the exact
value for a given operator but a finite accuracy is taken into account due to some interaction
with the detector and its internal dynamics.

We apply these ideas to the quantum measurement of electric current in mesoscopic con-
ductors. To this end, we propose a derivation of the full counting statistics of electronic current
based on a positive operator valued measure. Our approach justifies the Levitov-Lesovik for-
mula in the long time limit, but can be generalized to the detection of finite-frequency noise
correlations. The combined action of the projection postulate and the quantum formula for
current noise at high frequencies imply an additional white noise. Estimates for this addi-
tional noise are in accordance with known experiments. We propose an experimental test of
our conjecture by a simultaneous measurement of high- and low-frequency noise.
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L11

Current and noise in a single-electron transistor coupled to an oscillator

Yaroslav M. Blanter1 , Fabio Pistolesiz, and Ivar Martin3

I Kavli Institite of Nanoscience,, Delft University of Technology, Lorentzweg 1, Delft, The
Netherlands

2 CNRS Grenoble, France

3 Los Alamos National Laboratory

We investigate the effect of mechanical modes on the transport properties such as current and
noise of Coulomb blockade systems. NEMS are modeled by an SET device coupled to a
harmonic oscillator. We show that both at weak and strong coupling mechanical modes can

have a dramatic effect, strongly modifying the current and driving the current noise well over
Poisson value.
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L12

Damping and decoherence dynamics of nanomechanical resonators

Miles Blencowe, Meifang Chu, and Laura Gilbert

Dartmouth College, Department of Physics, 6127 Wilder Laboratory, Hanover, USA

Nanoscale to mesoscale mechanical resonators are finding increasing application both in fun-
damental investigations of the quantum-to-classical transition and in sensing applications,
such as mass or spin detection. Such applications are intimately connected with the dissipa-
tion and associated quantum decoherence mechanisms of, for example, the fundamental flex-
ural mode of the resonator. We present our recent investigations of low temperature damping
and decoherence dynamics of nanobeams due to the presence of tunneling two level system
defects, as well as investigations of damping at high temperatures through classical atomistic
simulations of the dynamics of silicon nanoresonators, initially excited in the fundamental
flexural mode.
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L13

Self-excitation in nano-electromechanical systems

Robert H. Blick, Hyun-Seok Kim I, Hyun-Seok Kim II, Chulki Kim, and Hua Qin

University of Wisconsin-Madison, Electrical and Computer Engineering, 1415 Engineering
Drive, Madison 53706, USA, blick@engr.wisc.edu

In this talk T want to give an overview of mechanically mediated electron transport in nano-
electromechanical systems (NEMS). One part will cover self-excitation in NEMS: self-excitation
is a mechanism, which is ubiquitous for electromechanical power devices such as electrical
generators. This is conventionally achieved by making use of the magnetic field component
in electrical generators, where a good example are the overall visible wind farm turbines. In
other words, a static force, like wind acting on the rotor blades, generates a resonant excitation

at a certain mechanical frequency. This mechanical resonance is then usually transformed into
electrical energy.

For nanomechanical systems such a self-excitation mechanism is highly desirable as well,
since it can generate mechanical oscillations at radio frequencies by simply applying a DC
bias voltage. This is of great importance for low-power signal communication devices and
detectors, as well as for computing devices based on nanomechanical switches [1]. For a par-
ticular nanomechanical system — the single electron shuttle — this effect was predicted some
time ago by & Gorelik et al. [2]. Here, we use a nano-electromechanical single electron tran-
sistor (NEMSET) to demonstrate first mechanical mixing and in a second step self-excitation
for both the soft and hard regime, respectively [3,4]. The ability to use self-excitation in
nanomechanical systems may enable the ultra-sensitive detection of radiation via rectification,
the discovery of quantum mechanical backaction effects in direct tunneling, and macroscopic
quantum tunneling in NEMS.

[1] Robert H. Blick, Hua Qin, Hyun-Seok Kim, and Robert Marsland, New J. Phys. 9, 241
(2007).

[2] L.Y. Gorelik, A. Isacsson, M.V. Voinova, B. Kasemo, R.I. Shekhter, and M. Jonson, Phys.
Rev. Lett. 80, 4526 (1998).

[3] H.-S. Kim, H. Qin, M.S. Westphall, L.M. Smith, and R.H. Blick, Applied Physics Letters
91, 143101(2007).

[4] H.-S. Kim, H. Qin, and R.H. Blick, s