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V.S. Bagnato

Instituo de Fisica de Sao Carlos – University of S. Paulo, Brazil
Investigation of turbulence and fragmentation in a Bose-Einstein condensate

In this presentation we cover the topic of quantum turbulence and fragmentation of a Bose-Einstein condensate of Rubidium atom submitted to an external oscillating field or through modulation of the scattering length.  As a function of the amplitude of oscillation of the external magnetic field we observe several different behaviors of the condensate cloud allowing the construction of a diagram for stable structures. For small amplitudes the condensate oscillates its axis in a banding mode.  Increasing the amplitude we observe the formation of one, two, three or more vortices in the cloud. Above certain amplitude of oscillation we observe uncountable vortices in every direction , producing a tangled vortices  configuration which can be considered as the emergence of  a turbulent regime in the cloud.  Finally in extremes conditions of oscillations, a fragmentation of the cloud is observed.  Analysis involving the fragmentation of the quantum atomic fluid due to the presence of oscillations is presented through an analogy involving time oscillation and random spatial field. We analyze the turbulent cloud with respect to its hydrodynamics as well as density correlation. Work supported by FAPESP and CNPq. This work has as collaborators: E. Henn, J. Seman, K. Magalhaes, G. Roati, R. Shiozaki, F. Jackson, M. Caracanhas and E. Ramos 

Janos Bergou

Department of Physics and Astronomy, CUNY Hunter College, USA
Entanglement, a critical overview

I’ll give a critical overview of the concept of entanglement, attempting to give a physical foundation. Entanglement measures, tests and conditions of entanglement, and possible measurements will be discussed as well.

Igor Jex

Czech Technical University, Prague, Czech Republic
Quantum networks and random unitary interactions

J. Novotny, G. Alber, I. Jex

We analyze the asymptotic dynamics of quantum systems resulting from large numbers of iterations of random unitary operations. Although, in general, these quantum operations cannot be diagonalized it is shown that their resulting asymptotic dynamics is described by a diagonalizable superoperator. We prove that this asymptotic dynamics takes place in a typically low dimensional attractor space which is independent of the probability distribution of the unitary operations applied. This vector space is spanned by all eigenvectors of the unitary operations involved which are associated with eigenvalues of unit modulus. Implications for possible asymptotic dynamics of iterated random unitary operations are presented and exemplified in an example involving random controlled-not operations acting on two qubits.

Robin Kaiser

Institut Non Linéaire de Nice, DR2 at CNRS, France

Cooperative Scattering and Disorder


The problem of collective spontaneous emission has recently received growing interest with the study of single photon superradiance from N two-level atoms prepared by the absorption of one photon of wave vector k0. Considering the decay of atoms prepared in the 'timed Dicke state' strong forward emission is expected for extended systems, with a cooperative decay rate proportional to N and inversely proportional to the size of the atomic cloud. A description closer to an experimental situation with laser cooled atoms requires to take into account the incident laser field, detuned from the atomic line. This leads us to study a steady state regime, where a 'driven timed Dicke state' is a convenient description. Going beyond the mere consideration of the light emission by an atomic ensemble, we will revisit the phenomenon of radiation pressure in a regime where scattering is dominated by cooperative effects. Cooperative spontaneous emission of a single photon from a cloud of N atoms can substantially modify the radiation pressure exerted by a laser beam exciting an extended cloud of atoms. On one hand, the force induced by photon absorption depends on the collective decay rate of the excited atomic state. On the other hand, directional spontaneous emission counteracts the recoil induced by the absorption. We derive an analytical expression for the radiation pressure in steady-state. For a smooth extended atomic distribution we show that the radiation pressure depends on the atom number via cooperative scattering and that it can be either suppressed or enhanced. We will discuss the validity of the expression of the modified radiation pressure force as derived for a continuous density distribution of atoms and introduce the importance of disorder. We will also present first experimental data showing how the radiation pressure force is affected by cooperativity and disorder.

Patrick Navez

Universitaet Duisburg-Essen, Germany
Gap and screening in a Bose condensed gas

Abstract – We analyse different spectroscopic methods to explore the nature of the thermal excitations of a trapped Bose condensed gas. We apply these methods to address specifically the energy spectrum and the scattering amplitude of these excitations in a transition between two hyperfine levels of the gas atoms. In particular, we exemplify the potential offered by these proposed techniques by contrasting the spectrum expected from the non-conserving Bogoliubov approximation, valid for weak depletion, to the spectrum of the finite temperature extensions like the conserving generalized random phase approximation (GRPA). Both predict the existence of the Bogoliubov collective excitations but the GRPA approximation distinguishes them from the single-atom excitations with a gapped and parabolic dispersion relation and accounts for the dynamical screening of any external perturbation applied to the gas. The possibility to realize these experiments is discussed, in particular under the advantageous condition of absence of gravity.

Marlan O. Scully

Texas A&M University and Princeton University, USA
The LASER-BEC Analogy

The study of fluctuations of a Bose-Einstein condensate (BEC) is a subtle problem with many pitfalls and surprises.
 For example, a simple analytical treatment of fluctuations near the critical temperature has only recently been achieved.
 In particular, we find that a master equation approach, having much in common with the quantum theory of the laser, yields an accurate and physically transparent picture of  BEC fluctuations. 

A. Bonaccorso a), G. Blanchon a,b)*, D.M. Brink c), N. Vinh Mau d)

a) INFN, Sez. di Pisa, L. Pontecorvo 3, Italy.

b) Scuola di Dottorato Galileo Galilei, Università di Pisa, Italy.

c) Rudolf Peierls Centre for Theoretical Physics, University of Oxford, U.K.

d) Institut de Physique Nuclèaire, IN2P3-CNRS, France. 
Unbound Nuclei Studied by Projectile Fragmentation

This talk is concerned with the structure and reactions of the two-neutron halo systems 11Li and 14Be. Our main goal is to establish the single particle shell ordering in a series of cases through the use of pp-RPA structure calculations, appropriate reaction mechanism models and comparison with existing data. A formalism is presented which allows to deal with the projectile fragmentation type of experiment [1]. The goal of our work is to establish the form and parameters of the interaction potentials necessary to reproduce the shell ordering deduced from experimental spectra. It will be shown that the potentials found are strongly angular momentum dependent trough a surface term coming from particle-vibration couplings.

We present a simple time dependent model for the excitation of a nucleon from a bound state to a continuum resonant state in a neutron-core complex potential, which acts as a final state interaction. It is shown that, due to the reaction mechanism, the neutron-core free particle phase shifts are modified, in the exit channel, by an additional phase. As an example the population of the low energy resonances of 11Be and of the unbound 13Be [1] and 10Li [2] are discussed. It is also suggested that the excitation energy spectra of an unbound nucleus might reflect the structure of the parent nucleus from whose fragmentation they are obtained.

The nuclear structure of halo nuclei is studied by applying the particle-particle Random Phase Formalism [3] in which the one- and two-body densities of the valence neutrons of halo nuclei in the can be derived [4]. These densities can be used to calculate quantities such as rms, transition rates or average distance between the neutrons of the halo. Results obtained with our method are compared with available experimental data with success. The level ordering in 13Be is established on a firm basis [4,5].
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Christian Forssén

Fundamental Physics, Chalmers University of Technology, Sweden
The ab-initio No-Core Shell Model and Light Nuclei 


The ab initio no-core shell model (NCSM) is a well-established theoretical framework aimed at an exact description of nuclear structure starting from high precision interactions between the nucleons [1,2]. In the NCSM we consider a system of A point-like, non-relativistic nucleons that interact by realistic inter-nucleon interactions. We consider two-nucleon interactions that can fit nucleon-nucleon phase shifts with high precision up to certain energy, typically up to 350 MeV. We can also include NNN interactions. These interactions include both semi-phenomenological potentials as well as modern chiral interactions. The performance of the NCSM within nuclear physics will be examplified by showing results from studies of light nuclei. Major challenges in the future development of the method to better describe open quantum states will be outlined.


 

[1] P. Navratil, J. P. Vary, and B. R. Barrett, Phys. Rev. Lett. 84 (2000) 5728.
[2] P. Navratil, J. P. Vary, and B. R. Barrett, Phys. Rev. C 62 (2000) 054311.

Gaute Hagen

Oak Ridge National Laboratory, USA
Coupled-Cluster theory for medium mass and neutron rich nuclei


We use ab-initio coupled-cluster theory to study the saturation properties of 
modern nucleon-nucleon forces in medium mass and neutron rich nuclei. 
The coupled-cluster wave function factorizes into an intrinsic part times a Gaussian 
for the center of mass motion and a simple scheme is outlined for the elimination of 
center of mass spuriosity in nuclear structure calculations.  We find that chiral interactions 
give rather good saturation properties, and our Lambda-CCSD(T) ground state energies for 
Oxygen and Calcium isotopes miss about 400keV/A in binding energy to experiment. 
We use Particle-Equation-of-Motion coupled-cluster theory starting from a Gamow-Hartree-Fock basis to calculate low-lying states in the oxygen and fluorine isotopes. We present the first ab-initio calculations of the 3/2+ resonances in 17-F and 17-O and the 1/2+ proton halo in 17-F starting from 'bare" chiral interactions.  We find that continuum coupling can have significant effect on single-particle states close to particle emission thresholds, and we conclude that continuum coupling must be treated properly in studying the shell evolution in nuclei towards the neutron dripline. 

H. Lenske

Institut für Theoretische Physik, U. Giessen, Germany

Continuum Dynamics of Nuclei 

A new type of dynamics is encountered in neutron- or proton-rich nuclei. Such exotic nuclei with an unusual charge-to –mass ratio are located far from the valley of beta-stability but they are still particle-stable. However, the isospin-dependence of nuclear interactions drives these systems into regions of unusual low separation energies, typically reduced by factors of 10 to 100 compared to stable nuclei. The closeness of the bound state region to the continuum is changing the binding mechanisms from mean-field dominance to a new type of correlation dynamics. The latter is dominated by collisional processes with a considerable amount of continuum mixing. Correlation dynamics is especially enhanced in exotic nuclei close to the neutron or proton driplines because of the drastic reduction of energy scales. 

Continuum effects in dripline nuclei and their contribution to binding energies are investigated be microscopic methods of nuclear many-body theory. A powerful approach is provided by ab initio methods, deriving interactions and their densitiy and isopin dependence from first principles. Nuclear density functional theory provides the appropriate frame work to develop methods suitable for large scale investigations over extended regions of the nuclear chart. Special emphasis is taken on pairing in weakly and unbound nuclei, the role of dynamical core polarization in dripline nuclei and the appearance of new modes of nuclear excitations. Applications are discussed for the Li-isotopes, the neutron-rich carbon and oxygen nuclei and neutron-rich skin nuclei in the Sn-mass region. 

Nigel Orr

LPC-Caen, ENSICAEN, IN2P3-CNRS et Université de Caen, France
Single-Neutron Unbound States of Light Nuclei – An Experimental Perspective

on Structure beyond the Dripline
The light nuclei provide a fertile testing ground for understanding nuclear structure. Experimentally this is the only region for which nuclei lying at and beyond the neutron dripline are presently accessible. From a theoretical perspective a wide range of models are now capable of providing realistic predictions. In addition, the structure of unbound systems, such as 10Li, is key to constructing three-body descriptions of two-neutron halo and related nuclei.

One of the approaches well adapted to the study of nuclei far from stability is that of “knockout” or breakup of a high-energy radioactive beam. Following a description of the principle features of the technique and a brief comparison with other techniques, work undertaken to investigate the low-lying level structures of 9He, 10,12Li and 13Be will be presented.

As will be shown, the well-known 1/2+ – 1/2- ground-state level inversion in 11Be appears to persist in the more exotic N=7 isotone 10Li, whilst the situation concerning 9He is less clear, with experiments suggesting threshold s-wave strength characterised by a scattering length of only a few fermis. For the N=9 isotones, 12Li shows good evidence for a low-lying s-wave scattering state. In contrast, the situation regarding 13Be is less clear. It will be demonstrated that previous studies claiming a very low-lying s-wave scattering state appear to be an artefact arising from a sequential decay process leading to the 12Be+n system. 

The presentation will conclude with a discussion of the limitations of the present work

(most notably the simplistic character of the interpretation of the spectra) together with a number of more general issues concerning the description and characterisation of continuum states and their relationship to the fragment plus neutron systems formed in reactions.
H. Simon

GSI Helmholtzzentrum für Schwerionenforschung GmbH, Germany
Correlations in Light Exotic Systems at relativistic velocities.


At the borderlines of nuclear stability, correlation studies provide valuable information on the appearance of loosely bound nuclei or nuclear systems in the continuum. Nuclei close to the drip-lines show typically the borromean property where pairing between the valence nucleons and their weak binding to the core results in unbound binary subsystems. In my talk I will present reaction studies carried out using relativistic halo nuclei as projectiles in inverse kinematics. I will try to give an overview how, starting from exploratory studies where the unknown two neutron correlations only added to the uncertainties in the interpretation of experimental findings, we evolved in close contact with our theorist colleagues to our present measurements where we can use them as rich source of information.

Martin Štefaňák

CTU in Prague University, Prague, Czech Republic
Quantum walks - localization and recurrences

Recurrence of a random walk is characterized by the so-called Pólya number which denotes the probability that the particle returns to the origin at least once during the whole time evolution. We extend the concept of recurrence from classical random walks to quantum walks. First, we discuss that the recurrence is influenced by the additional degrees of freedom offered by quantum mechanics. Second, we show that recurrence of a quantum walk is more stable to a bias. Finally, we discuss the possibility of stationary solutions and full state revivals in quantum walks. 

Winfried Leidemann

Dipartimento di Fisica, Universit`a di Trento and INFN, Italy
Calculation of Continuum Reactions without Continuum Wave Functions
The Lorentz integral transform (LIT) method is discussed. It is shown how the LIT approach makes a calculation of continuum observables possible without that continuum wavefunctions need to be computed. Some selected results are shown, among them a recent calculation of the 4He inelastic longitudinal (e,e') response function with realistic NN and NNN forces.
Nicolas Michel

Department of Physics, University of Jyväskylä, Finland
Description of weakly bound and resonant nuclei with Gamow Shell Model and
Gamow/HFB


Nuclei far from the valley of stability present unusual properties such as halos or the appearance of particle-emitting ground states. Standard methods, such as standard shell model and reaction theory, cannot properly describe them. In standard shell model, a discrete basis of harmonic oscillator states is used, so that all many-body states are well bound, while in standard reaction theory, the structure of nuclear states is usually very simple and thus neglects internucleon correlations. It is thus necessary to devise nuclear models which take into account coupling to the continuum and nuclear correlations at the same time.
M. Zaccanti1, B. Deissler1, C. D’Errico1, M. Fattori1,2, M. Jona-Lasinio1, S. Müller3, G. Roati1, M. Inguscio1, & G. Modugno1
1 LENS and Physics Department, Università di Firenze, and INFM-CNR, Via Nello Carrara 1, Sesto Fiorentino  50019  , Italy

2 Museo Storico della Fisica e Centro Studi e Ricerche “E. Fermi”, Roma 00184, Italy

3 5. Physikalisches Institut, Universität Stuttgart, Stuttgart 70550, Germany

Exploring Efimov physics with an ultracold gas of 39K atoms
In 1970 the Russian physicist V. Efimov predicted a puzzling quantum-mechanical effect that is still of great interest today. He found that three particles subjected to a resonant pairwise interaction can join into an infinite number of loosely bound states even though each particle pair cannot bind. Interestingly, the properties of these aggregates, such as the peculiar geometric scaling of their energy spectrum, are universal, i.e. independent of the microscopic details of their components. Despite an extensive search in many different physical systems, including nuclei, atoms and molecules, Efimov spectra still elude observation. Here we report on the first discovery of two bound trimer states of potassium atoms very close to the Efimov scenario, which we reveal by studying three-particle collisions in an ultracold gas with tunable interaction. Our observation provides the first evidence of an Efimov spectrum and allows a direct test of its scaling behaviour, shedding new light onto the physics of few-body universal systems.

Dmitri Fedorov
IFA, Aarhus University, Denmark
Universality in few-body systems. 

In quantum physics, the universality, or model independence, is a regime, in a system of particles with short-range interactions, where certain properties of the system do not depend on the details of the interactions. The regime is characterized by the separation of scales, where the typical length scale for the observable of interest is much larger than the range of the interaction. In particular, low-energy scattering, weakly bound states, and low-energy reactions in few-body systems are often model independent. In the presentation I shall discuss a number of such universal phenomena (Efimov effect, Phillips line, Feshbach resonance, recombination reactions etc.) in two and three dimensions.

Holger Ahlers

Iqo Uni-Hannover, Germany
QUANTUS - Bose-Einstein Condensation in Microgravity


Microgravity is expected to be a decisive condition for the next leap in tests in fundamental physics of gravity, relativity, and theories beyond the standard model. Promising techniques for fundamental tests in the quantum domain are matter-wave sensors based on cold atoms or atom lasers, which use atoms as microscopic inertial test bodies or as frequency references. The benefit of Microgravity lies in extending evolution times in an environment unperturbed by trapping potentials and thus increasing the sensitivity of interferometers.

The project QUANTUS (QUANTen Gase Unter Schwerelosigkeit) is a feasibility study of a compact, robust and mobile experiment for the creation of a BEC experiment in such an environment at the droptower in Bremen (ZARM). The full experiment with all components (power supply, laser systems, control, etc.) is implemented in a drop-capsule with an
effective length of 215 cm and 60 cm diameter that has to withstand forces up to 50 g. With 187 Drops so far, it has allowed us to reach low trap frequencies and unprecedented free expansion times of up to 1 s. The current status and future plans are presented.

The QUANTUS project is supported by the German Space Agency DLR with funds provided by the Federal Ministry of Economics and Technology (BMWi) under grant number DLR 50WM0835-0839. 

M.V. Zhukov3 , J.S. Vaagen2 and S.N. Ershov1, L.V. Grigorenko1, 
1 Joint Institute for Nuclear Research, Dubna, Russia

2 Department of Physics and Technology, University of Bergen, Norway

3 Fundamental Physics, Chalmers University of Technology, Sweden

Halo formation and breakup: lessons and open questions

A quarter of a century’s concerted international work in halo physics has resulted in an extended nuclear paradigm encompassing the limits of existence of cold nuclei and also structures beyond - continuum structures of open (nuclear) quantum systems. Realistic working models, based on cluster constituents, have sprung out of the very nature of halo phenomena, in particular from the three-body Borromean property of two-neutron halos; the lack of low-lying binary breakup channels. This has provided transparency and possibility for insight into new quantum behaviour, also in continua beyond driplines - a focus of this status assessment. Breakup spectra and progressively exclusive correlation cross sections can be computed and show, where relevant data exist, that general agreement is encouraging, but also that some exclusive observables exhibit significant disagreement that has to be clarified. Progress in studies of two-proton emitters has provided another pathway beyond driplines, where again few-body theory appears promising.
Rodolfo Id Betan
Oak Ridge National Laboratory, USA
Calculation of alpha decay using complex energy basis

We are going to show results for the calculation of alpha-decay width and spectroscopic factor in a complex energy representation for nuclei in the region of 208Pb and 100Sn. We are going to show the influence of the continuum states in the formation amplitude function. We will compare the spectroscopic factor of alpha decay of 104Te and 212Po nuclei.  Finally we will show the trend of the spectroscopic factor in Tellurium isotopes.

Uwe Guenther

Forschungszentrum Dresden-Rossendorf, Germany
Two models of PT Quantum Mechanics and their behavior in the vicinity of spectral singularities

The last ten years witnessed a strong research activity into so called PT Quantum Mechanics (PTQM) --- a Quantum Mechanics whose Hamiltonians are allowed to be non-Hermitian but PT-symmetric. In general, PTQM has sectors of exact PT-symmetry with purely real energy spectrum as well as sectors of spontaneously broken PT-symmetry with pairwise complex conjugate energy branches. Sectors of exact PT-symmetry can be isomorphically mapped into models of conventional (von Neumann) Quantum Mechanics (possibly of highly nonlocal type).Sectors of spontaneously broken PT-symmetry might have realizations as certain effective quantum systems. Varying the coupling parameters of PTQM models the corresponding quantum system can undergo phase transitions from exact PT symmetry to spontaneously broken PT-symmetry. Such PT phase transitions are associated with branch points (exceptional points) of the energy spectrum --- so called spectral singularities.

S. E. A. Orrigoa and H. Lenskeb

a) Departamento de Física, FCTUC, Universidade de Coimbra, Portugal

b) Institut für Theoretische Physik, Universität Giessen, Giessen, Germany

Continuum Spectroscopy of Light Exotic Nuclei

The study of the exotic nuclei is a frontier of modern nuclear physics. The isotopic chains with separation energies around the particle emission threshold play a key role in understanding the interplay of nuclear interactions and many-body dynamics. The chain of lithium isotopes (especially 9Li-10Li-11Li) is among the best studied cases, but there are still open questions on the spectroscopy and the dynamical details of these nuclei. Of central importance is the neutron unbound nucleus 10Li. Experimentally, structures in the low energy continuum have been identified but their spectroscopic content is still unclear. Conceptually, particle unbound nuclei like 10Li require new approaches being able to account for the interaction of particle stable and particle unstable configurations. 

The proper description of the pairing problem in nuclear systems is one of the key questions of contemporary nuclear physics from infinite nuclear and neutron matter to finite nuclei. We describe 10Li in an extended mean-field approach including paring type correlations in continuum configurations [1]. This is achieved by formulating the pairing problem in terms of a set of coupled equations and solving the resulting Gorkov equations numerically without the conventional BCS approximation. The additional interactions gained from pairing produce resonances in the p-wave channels, in particular a 1/2– resonance at ER=400 keV and a 3/2– resonance at ER=850 keV. The structure results are used as input for transfer reaction calculations, which are well established probes for studying the single particle properties of stable and unstable nuclei [2-4]. We consider the population of continuum states in 10Li by a d(9Li,10Li)p reaction in inverse kinematics. The results are compared to the experimental cross sections measured in a recent REX-ISOLDE experiment [4] realized at Tlab=2.36 AMeV. The overall agreement is quite satisfactory. Our calculations predict as a new feature a coupled channels pairing resonance in the 3/2– continuum of the n+9Li system. 

In conclusion, for nuclei with weakly bound or unbound valence particles, paring effects may introduce pronounced structures and shifts in the low-energy continuum of all the channels, reflecting the coupling between the particle and hole components. Such structures occur in an energy region well below the core excitation spectrum which, e.g., for 10Li is starting at about the energy of the first excited state of the 9Li-core, Ex=2.691 MeV. The mechanism is similar to the dynamical core polarization one, where the coupling of closed and open channels leads to a new continuum excitation mode in exotic nuclei, the Fano resonances [5]. These are a particular class of states above the neutron emission threshold characterized by asymmetric line shapes.
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A.F. Sadreev 
Institute of Physics, Krasnoyarsk, Russia

Resonance induced by bound state in continuum in a two-level nonlinear Fano-Anderson model


We consider the transmission through a nonlinear media in the framework of a two-level nonlinear Fano-Anderson model. The model is realized in photonic crystal waveguide coupled with two off-channel defects with the instantaneous Kerr-type nonlinearity.
There might be various arrangements and types of the defects. In the vertical arrangement the bound states in continuum (BSC) exists even for the different defects that is fundamentally different from the linear case. Moreover we reveal a new resonance and argue that is a result of excitement of bound state in continuum (BSC) by transmitted wave. The
resonance induced by BSC is located at the energy of BSC with a width proportional to the amplitude of incident wave. If the position of the nonlinear off-channel defects is symmetrical relative to the waveguide transmission of electromagnetic flow through the waveguide might spontaneously break the symmetry.

The horizontal arrangement realizes a Fabry-Perot resonator (FPR). For the linear case  FPR can support bound states in the form of standing waves between the defects if a distance between them is quantized. For the nonlinear case the bound states appear for arbitrary distance between the defects if electromagnetic intensity is quantized. For transmission through the FPR we reveal additional resonances which are spaced at the eigen frequencies of bound states with a width proportional to the input amplitude [1].

References:
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Inertial and gravitational mass in Quantum Mechanics 

We show that in complete agreement with classical mechanics the dynamics of any quantum mechanical wave packet in a linear gravitational potential is solely governed by the ratio of the gravitational and the inertial mass. In contrast, the spatial modulation in the corresponding energy wave function, that is the wave vector, is determined by the third root of the product of the two masses. Only in the semiclassical limit and appropriately away from the turning point do we retrieve the equivalence principle, that is the velocity of the particle is governed by the ratio of the two masses. Moreover, the discrete energy spectrum of a particle constrained in its motion by a linear gravitational potential and an infinitely steep wall depends on the inertial as well as the gravitational mass with different powers.
� Adv. In Atom. Mol., and Opt. Phys., 53, 291 (2006).
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