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Dynamics and localization of one-dimensional lattice gases
with power-law interactions
Luis Santos
University of Hannover, Germany
Power-law interactions play an important role in a large variety of physical
systems, ranging from magnetic atoms and polar molecules to Rydberg atoms, NV
centers, and trapped ions. Lattice gases of particles with power-law interactions
present peculiar transport properties both in what concerns Hubbard and spin
dynamics.
We first comment on 1D spin models. In these systems, spin excitations move
amongst otherwise pinned particles via exchange mediated by power-law interactions.
We show that in the presence of disorder and quasi-disorder single spin excitations
present intriguing localization properties [1,2]. We then discuss many-body
localization in the case of a gas of spin excitations, which present an intriguing
algebraic growth of the entanglement entropy [3].
In a second part I discuss the Hubbard dynamics of polar lattice gases [4], of
particular interest for on-going experiments with magnetic atoms. I will show that
such dynamics is severely constrained by the interplay between dipolar interactions,
energy conservation, and finite bandwidth. In particular, in the absence of disorder,
quasi-localization via dimer clusterization may occur even for surprisingly low
densities and moderate dipole strengths. Furthermore, even weak dipoles allow for the
formation of self-bound superfluid lattice droplets.
References:
[1] X. Deng et al., Phys. Rev. Lett. 120, 110602 (2018).
[2] X. Deng et al., Phys. Rev. Lett. 123, 025301 (2019).
[3] X. Deng et al., in preparation
[3] W. Li et al., arXiv:1901.09762
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Supersolid phenomena in spin-orbit coupled cold atoms
Xiaofei Zhang
National Time Service Center,China
Supersolid is a long-sought exotic phase of matter, which is characterized by the
coexistence of a diagonal long-range order of solid and an off-diagonal long-range
order of superfluid. The search for supersolid phase has a long history since 1969, and
has been intensified during the debate of its possible observation in 4He. The recent
theoretical and experimental progress, involving Rydberg dressing and synthetic
spin-orbit coupling, in ultracold atomic Bose-Einstein condensates provide new
possibilities for the realization of this exotic phase. In this talk, I will discuss some
possible exotic supersolid phenomena in spin-orbit-coupled ultracold atomic systems.
In particular, it will be demonstrated that an SU(3) spin-orbit coupling can induce a
lattice phase with supersolid properties, which possesses a spontaneous translation
symmetry breaking in two directions. This is in stark contrast to the stripe phase
observed by Wolfgang Ketterle in 2017, where the translation symmetry breaking
emerges only in one direction. I will also show that the combined effects of Rashba
spin-orbit coupling and Rydberg dressing can induce an exotic supersolid phase in
which the chiral symmetry is broken with spontaneous emergence of circulating
particle current. All these findings provide new perspectives on the quantum
hydrodynamics.

Three-mode nonlinear interferometry with effective time
reversed dynamics
Lingna Wu
Max Planck Institute， Germany
Entanglement is central to studies in foundations of quantum mechanics, quantum
information, and precision measurement.
Among the variety of multipartite
entangled states, Dicke states form an important class, and their realizations attract
widespread interest. Most of the Dicke states produced
to date are limited to
pseudospin-1/2 (two-level) particles. We report the generation of balanced Dicke
states comprising spin-1 (three-level) atoms and the subsequent demonstration of
enhanced interferometric sensitivity over the standard quantum limit facilitated by
them.
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Nonlocality test of energy-time entanglement via nonlocal
dispersion cancellation with nonlocal detection
Ruifang Dong1,2‡, Baihong Li1,2,3†, Feiyan Hou1,2*, Runai Quan1,2, Lixing You4,5, Hao
Li4,5, Xiao Xiang1,2, Tao Liu1,2, and Shougang Zhang1,2
Key Laboratory of Time and Frequency Primary Standards, National Time Service
Center, Chinese Academy of Science, Xi'an 710600, China
2
School of Astronomy and Space Science, University of Chinese Academy of
Sciences, Beijing, 100049, China
3
College of Sciences, Xi'an University of Science and Technology, Xi'an, 710054,
China
4
State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of
Microsystem and Information Technology, Chinese Academy of Sciences, Shanghai
200050, China
5
Center for Excellence in Superconducting Electronics (CENSE), Chinese Academy
of Sciences (CAS), Shanghai, 200050, China
1

Energy-time entangled biphoton source plays a great role in quantum
communication, quantum metrology [1-3] and quantum cryptography [4-5] due to its
strong temporal correlation and capability of nonlocal dispersion cancellation [6]. As
a quantum effect of the energy-time entangled biphotons, nonlocal dispersion
cancellation is further proposed an alternative way for nonlocality test of continuous
variable entanglement via the violation of Bell-like inequality proposed by Wasak et
al. [7]. However, to date there is no experimental report either on the inequality
violation or on a nonlocal detection with single-photon detectors at long-distance
transmission channel, which is key for a true nonlocality test. In this paper, we report
an experimental realization of a violation of the inequality after 62km optical fiber
transmission at telecom wavelength with a nonlocal detection based on event timers
and cross-correlation algorithm, which indicates a successful nonlocal test of
energy-time entanglement [9]. This work provides a new feasibility for the strict test
of the nonlocality for continuous variables in both long-distance communication
fiber channel and free space.
References:
[1] V. Giovannetti, S. Lloyd, and L. Maccone, Nature 412, 417 (2001).
[2] M. J. Fitch and J. D. Franson, Phys. Rev. A 65, 053809 (2002).
[3] Valencia A, Scarcelli G, and Shih Y H, Appl. Phys. Lett., 85, 2655 (2004).
[4] J. Mower, Z. Zhang, P. Desjardins, C. Lee, J. H. Shapiro, and D. Englund, Phys. Rev. A 87,
062322 (2013).
[5] C. Lee, Z. Zhang, G. R. Steinbrecher, H. Zhou, J. Mower, T. Zhong, L. Wang, X. Hu, R. D.
Horansky, V. B. Verma, A. E. Lita, R. P. Mirin, F. Marsili, M. D. Shaw, S. W. Nam, G. W. Wornell,
F. N. C. Wong, J. H. Shapiro, and D. Englund, Phys. Rev. A 90, 062331 (2014).
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[6] J. D. Franson, Phys. Rev. A 45, 3126 (1992).
[7] T. Wasak, P. Szankowski, W. Wasilewski, and K. Banaszek, Phys. Rev. A 82, 052120 (2010).
[8] Runai Quan, Ruifang Dong, Feiyan Hou, Xiao Xiang, Yiwei Zhai, Tao Liu, Shougang Zhang,
Eprint arXiv:1907.08925[quant-ph]
[9] Baihong Li, Feiyan Hou, Runai Quan, Lixing You, Hao Li, Ruifang Dong, Xiao Xiang, Tao
Liu, and Shougang Zhang, Eprint arXiv:1906.03769[quant-ph]

Entanglement, quantum enhanced interferometry, and
macroscopic

superposition states in a spinor Bose-Einstein
condensate
Polina Feldmann

Institut f¨ur Theoretische Physik, Leibniz Universit¨at Hannover, Appelstr. 2,
DE-30167 Hannover, Germany
Entanglement, quantum-enhanced interferometry, and macroscopic superposition
states are highly desirable for quantum technologies. We show that all of them are
present in the ground state of a ferromagnetic spin-1 Bose-Einstein condensate (BEC).
The BEC features three different quantum phases at different values of the effective
quadratic Zeeman effect q. We focus on the central broken axisymmetry (CBA) state
at q=0. We find that the CBA state is highly entangled, and that this entanglement can
be readily used for quantum-enhanced interferometry. Furthermore, we observe that
measuring the particle number in one of the three magnetic modes with high
probability prepares a macroscopic superposition state in the other two modes. The
CBA state is connected via an adiabatic quantum phase transition to an
experimentally well accessible coherent state. However, the experimental
implementation of such a transition raises multiple issues. Remarkably, our simulation
and recent experiments suggest that all named quantum advantages are accessible
under realistic conditions, including imperfect adiabaticity, particle loss, and detection
uncertainty. Our simulation involves 200 particles, and we expect a rather favourable
scaling with the particle number.
References:
[1] Interferometric sensitivity and entanglement by scanning through quantum phase transitions
in spinor Bose-Einstein condensates, P. Feldmann et al., Phys. Rev. A 97, 032339
[2] Heralded Generation of Macroscopic Superposition States in a Spinor Bose-Einstein
Condensate, L. Pezzè et al., arXiv:1712.03864
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Precise and accurate gravity measurements with
NIM-AGRb-1
Shaokai Wang
National Institute of Metrology, China
A mobile atomic absolute gravimeter NIM- AGRb-1 based on light-pulse atom
interferometer has been built, evaluated in the National Institute of Metrology (NIM)
China. NIM- AGRb-1 participated in the pilot study of the International comparison
of absolute gravimeters (CCM.G-K2.2017) held at NIM Changping Beijing
in October 2017, and achieved an Degree of Equivlence (DoE) of -2.4(4.6) μGal (1
μGal=10-8 m/s2≈10-9 g). The sensitivity of the gravimeter is about 30 μGal/Hz1/2and its
instability reaches as small as 0.2 μGal when averaged over 30000 s. NIM-AGRb-1
also demonstrated continuous operation over a period of more than 500 hours.

Ytterbium ultracold-atom ensembles and its lattice clock
Lingxiang He
Wuhan institute of physics and mathematics
Several progress based on ytterbium cold atom ensembles in WIPM is presented.
With optical evaporative cooling in the far-off-resonance trap(FORT) at 532 nm, we
have observed phase transition occurs at the critical temperature at 520 nK. And we
have also observed photoassociation(PA) spectra of ultracold 174Yb atoms at the 1 0–3
1 intercombination line in a crossed far-off-resonance trap. Based on ultracold
fermionic ensembles, we have realized the closed-loop operation of 171Yb lattice clock,
which is a platform to measure the gravitational redshift governed by Einstein general
relativity with unprecedented accuracy and also a good opportunity to verify the local
position invariance(LPI) by clock comparison.
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Full Phase-Control Of Chip-Scale Infrared Frequency Combs
Paolo De Natale1*, Francesco Cappelli 1, Luigi Consolino1, Saverio Bartalini1,2
1

CNR-INO – Istituto Nazionale di Ottica, Largo Enrico Fermi 6, 50125 Firenze FI,
Italy & LENS – European Laboratory for Non-Linear Spectroscopy, Via Nello
Carrara 1, 50019 Sesto Fiorentino FI, Italy
ppqSense Srl, Via Gattinella 20, 50013 Campi Bisenzio, FI, Italy

2

In the last twenty years, the workhorse for frequency metrology, the Frequency
Comb synthesizer (FC), has undergone many transformations, aiming to cover new
spectral ranges, as well as to miniaturize this broadband though highly-coherent
source (for a detailed description see, e.g., ref. 1). Quantum Cascade Lasers appeared
as ideal candidates to cover the huge infrared spectral window, from around 2 to few
hundred m (i.e. THz frequency range) wavelength. In addition, these devices promise
to deliver an all-in-one (i.e. a single, miniature, active device) frequency comb with a
mm-scale overall size and with the unique possibility to tailor their spectral emission
by band structure engineering. Following the first proposal to use QCLs as FC
amplifiers (3), a practical realization of a multi-frequency directly emitting QCL was
achieved only in 2012 (4). However, a full characterization of the emission properties
of QCLs had to wait several more years, with several intermediate steps (see, e.g., ref.
5,6). Indeed, a genuine FC emission not only requires equally spaced frequencies but
also a high degree of phase-coherence throughout the entire comb emission band.
Very recently, we have proposed a novel technique, that we named FACE
(Fourier-transform Analysis of Comb Emission), for simultaneous phase
characterization, that makes use of a Fourier transform analysis of the QCL comb
emission (7). With this technique, full phase stabilization and independent control of
the two degrees of freedom (offset and mode spacing) of a quantum cascade laser
frequency comb (QCL-FC), by combining driving current modulation and
radio-frequency (RF) injection, was finally achieved (8). This result enables the most
challenging applications in a number of areas, in a spectral region as wide as the
Infrared range itself.
References:
[1] Maddaloni, P., Bellini, M., De Natale, P.: “Laser-Based Measurements for Time and Frequency
Domain Applications: A Handbook”,1st Edition ISBN 9781439841518 CRC Press (2013).
[2] P. De Natale “Frequency Metrology with Quantum Cascade Lasers”, IQCLSW Workshop and
School, Monte Verita-Ascona (Switzerland) (2008).
[3] Hugi, A. et al., Nature 492, 229 (2012).
[4] Burghoff, D. et al., Opt. Express 23, 1190–1202 (2015).
[5] Cappelli, F. et al., Laser Photonics Rev. 10, 623–630 (2016).
[6] Cappelli, F. et al. Nature Photonics https://doi.org/10.1038/s41566-019-0451-1(2019).
[7] Consolino, L. et al., Nature Communications 10, 2938 (2019).
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Certifying quantum light under non-ideal conditions
Martin Bohmann
QSTAR and INO-CNR, Largo Enrico Fermi 2, 50125 Firenze, Italy
The certification of nonclassical quantum states and the verification of quantum
correlations are fundamental tasks in quantum science. The faithful detection of such
genuine quantum features is not only of importance for the basic understanding of
quantum physics but also provides the foundation for quantum-technological
applications. Unfortunately, in many realistic scenarios, the verification of quantum
properties is hindered due to various kinds of imperfections such as low detection
efficiencies, finite detector resolution, or background noise. Therefore, it is crucial to
develop efficient and robust theoretical and experimental tools for the certification of
quantum features under realistic, non-idealized conditions.
In this contribution, we present efficient methods of the verification of quantum
light under various kinds of imperfections. First, we consider the possibility of
extending quantum optical experiments to the mid-infrared region. In particular, we
are interested in certifying quantum correlations of light emitted from quantum
cascade lasers. In the mid-infrared region, only detectors with rather low detection
efficiency exist which makes it very hard to certify quantum features, such as
squeezing, by traditional measurement schemes (balanced homodyne detection). We
propose to implement different kinds of correlation measurement, such as homodyne
correlation measurements, which overcome the problem of low detection efficiencies
and may pave the way for quantum optical experiments in the mid-infrared spectral
region. Second, we study the case of detecting light in the few photon regime with
click-counting multiplexing devices. Such detection systems split the incoming light
into several detection modes and each mode is detected with an on-off detector. These
provide only a limited information about the recorded light and, in particular, does not
provide photon-number resolution and may be further affected by detection losses and
dark-count noise. We motivate, derive, and apply different kinds of nonclassicality
conditions which allow for the faithful certification of quantum light directly from the
measured data under such non-ideal detection. This includes correlation conditions,
phase-sensitive detection, the sampling of generalized phase-space functions, and
detection-device independent nonclassicality criteria.The characterization of EPR steering
and its applications.
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Quantum light state and mode engineering
Marco Bellini
Istituto Nazionale di Ottica CNR-INO, Italy
Light is a perfect candidate for exploring and exploiting the quantum properties
of nature. It can be used to test fundamental quantum rules and beat conventional
classical limits in measurement, communication, and computation. To do so, one
needs to produce, manipulate, and characterize nonclassical light states with
single-photon-level accuracies in well-defined spectral and temporal modes.
I will illustrate some of the experiments recently carried out at CNR-INO, based
on the controlled addition and subtraction of single photons on arbitrary modes. I will
present advanced applications of these basic quantum tools and of their different
combinations to a variety of nonclassical light states, with illustrations of some of the
most fundamental concepts of quantum mechanics at play in the lab.

Distribution of Gaussian Einstein-Podolsky-Rosen
steering
Xiaolong Su1,2*
State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of
Opto-Electronics, Shanxi University, Taiyuan 030006, China
2
Collaborative Innovation Center of Extreme Optics, Shanxi University, Taiyuan,
030006, China

1

Einstein-Podolsky-Rosen (EPR) steering is an intermediate type of quantum
correalation between entanglement and Bell nonlocality, where local measurements
on one subsystem can apparently adjust (steer) the state of another distant subsystem.
Distribution of quantum correlations among remote users is a key precedure for
quantum information processing. We experimentally demonstrate distribution of
Gaussian four-mode cluster state in a lossy channel and verify monogamy relations
for Gaussian EPR steering [1].
Besides distribution of EPR steering directly, another feasible method for
distribution of EPR steering is proposed, in which EPR steering is distributed by
separable states [2]. All the proposed steering distribution protocols can be
implemented with squeezed states, beam splitters and displacements. The presented
protocols demonstrate that one can switch multipartite states between different
15

steerability classes by operations on parts of the states. We experimentally
demonstrate distribution of two-mode and three-mode EPR steering from a cloud
server to users by separable states. Notably, all the modes used for the distribution are
separable from the users, so the eavesdropper cannot decipher any useful information
from the channel, making the protocol robust against loss and leakage in long distance
transmissions.
References:
[1] Xiaowei Deng, Yu Xiang, Caixing Tian et. al. Demonstration of monogamy relations for
Einstein-Podolsky-Rosen steering in Gaussian cluster states, Phys. Rev. Lett. 118, 230501 (2017).
[2] Y. Xiang, X. Su, L. Mi_sta, Jr. G. Adesso, and Q. He, Multipartite Einstein-Podolsky-Rosen
steering sharing with separable states, Phys. Rev. A 99, 010104(R) (2019).

The characterization of EPR steering and its applications
Qiongyi He
Pekinging University, Beijing, China
Einstein-Podolsky-Rosen (EPR) steering was put forward by Schr dinger to
describe the “spooky action-at-a-distance” debated in the original EPR paradox,
which allows one observer to adjust the state of another remote observer by local
measurements. Steering enables verification of shared entanglement even when one
party s measurements are untrusted, which makes it an essential resource for
one-sided device-independent quantum cryptography. In this talk, I will introduce our
recent progress in developing the methods to classify, quantify, and distribute both
bipartite and multipartite EPR steering, as well as its utilization for the applications in
quantum information processing.
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Generation and application of continuous variable entangled states
Xiaojun Jia
State Key Laboratory of Quantum Optics Quantum Optics Devices,
Institute of Opto-Electronics, Shanxi University, Taiyuan, China
Continuous variables entangled state of light is one of the essential quantum
resources in quantum information science and technology because the correlation
variance of some quadratures are below the corresponding standard quantum limit.
Based on the generation of different kinds of entangled states in continuous variable
region, several works are realized in our group recently: 1. Quantum secret sharing
among four players; 2. Deterministic quantum teleportation through fiber-channel.

The nonequilibrium dynamics of the strongly interacting Fermi gases
Haibin Wu
State Key Laboratory of Precision Spectroscopy, East China Normal University,
Shanghai 200062, China
Ultracold fermionic atoms allow the study of strongly interacting matter, relevant
for many different fields of physics, such as strongly interacting electrons in metals,
neutron matter in the crust of neutron stars, and the quark-gluon plasma of the early
universe. Especially, understanding the nonequilibrium dynamics of such complex
quantum systems is more challenging in the presence of strong correlations between
particles. In this talk, I will present our recent study on the dynamics of a scale
invariant trapped unitary Fermi gas, including novel expansion and finite-time
quantum thermodynamics. The far-from-equilibrium dynamics of quantum devices
can be tailored by using the symmetry to suppress quantum friction. The ability to
implement such manipulation in a unitary Fermi gas offers new avenues in quantum
control for strongly-coupled many-body systems. It can be harnessed for the
experimental test of predicted quantum anomalies in quantum gases confined to
two-dimensions and quantum supremacy of many-particle thermal machines.
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Formation of two-species quantum droplets in a bosonic mixture
Alessia Burchianti1,2, C.D Errico1,2, M.Prevedelli3, L.Salasnich1,4, F.Ancilotto4,5,
M.Modugno6,7, F.Minardi1,2,3, and C.Fort1,2
Istituto Nazionale di Ottica, CNR-INO, Sesto Fiorentino, Italy
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LENS and Dipartimento di Fisica e Astronomia, Università di Firenze, Sesto
Fiorentino, Italy
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Dipartimento di Fisica e Astronomia, Università di Bologna, Bologna, Italy

3

Dipartimento di Fisica e Astronomia 'Galileo Galilei' and CNISM, Università di
Padova, Padova, Italy

4

CNR-IOM Democritos, Trieste, Italy
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Depto. de Fisíca Teriórica e Hist. de la Ciencia, Universidad del Pais Vasco
UPV/EHU, Bilbao, Spain
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IKERBASQUE, Basque Foundation for Science, Bilbao, Spain

Quantum fluctuations, even at zero temperature, can produce macroscopic effects
in superfluids. In ultracold atomic gases, for instance, quantum fluctuations may
stabilize liquid-like droplet states, as predicted by D. Petrov, and recently observed in
dipolar gases and spin mixtures of 39K. The stabilization mechanism relies on the
competition between the attractive mean-field (MF) energy and the repulsive
Lee-Huang-Yang (LHY) term, including quantum fluctuations.
Here, we report on the experimental realization of heteronuclear quantum
droplets in a 41K-87Rb mixture with attractive intra and repulsive interspecies
interactions [1]. We exploit Feshbach resonances for properly tuning the intraspecies
scattering length. In the strongly attractive regime, beyond the MF threshold for
collapse, we find that the mixture does not expand in free space for several tens of
milliseconds, indicating the transition to a liquid-like droplet state. We study the
formation and dynamics of such states both in free space and in an optical waveguide.
The experimental results are well reproduced by numerical simulations performed by
using two coupled generalized Gross-Pitaevskii (GP) equations, including the LHY
correction for heteronuclear mixtures [2, 3]. Our findings open new perspectives for
the study of quantum droplets and their superfluid properties.
References:
[1] C. D Errico, A. Burchianti, M. Prevedelli, L. Salasnich, F. Ancilotto, M. Modugno, F. Minardi
and C. Fort, “Observation of Quantum Droplets in a Heteronuclear Bosonic Mixture”, submitted
(2019)
[2] F. Ancilotto, M. Barranco, M. Guilleumas, and M. Pi, “Self-bound ultradilute Bose mixtures
within local density approximation”, Phys. Rev. A 98, 053623 (2018)
F. Minardi, F. Ancilotto, A. Burchianti, C. D'Errico, C. Fort, and M. Modugno, “Effective
expression of the Lee-Huang-Yang energy functional for heteronuclear mixtures”, submitted
(2019)
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De - and recoherences of charge migration
J rn Manz
Freie Universität Berlin, Germany
Quantum science and technology call for coherent quantum processes.
Decoherence is an inevitable enemy. Decoherence may be followed, however, by a
friend: (partial) recoherences. Our example is charge migration in small molecules [1].
It may be initiated by an ultrashort laser pulse which generates a superposition of
interfering non-degenerate electronic states, in the attosecond (as) time domain.
Constructive interferences depend, however, on good overlap of the associated
nuclear wave functions. If the nuclear wave functions in different electronic states run
away from each other, their overlap decays, and this causes decoherence of charge
migration, on typical time scales of few fs. Nuclear motions may, however, cause
(partial) revivals of the overlaps on much longer time scales, typically several
hundred fs. As a consequence, this induces recoherences of charge migration. The
new phenomenon is demonstrated by quantum dynamics simulations of the concerted
time evolutions of the nuclear and electronic densities and fluxes in ionized
iodoacetylene; for the methods, see Refs. [1-3]. This (first!) application is for the
same system and for the same experimental scenario, documented by ultrafast
spectroscopy with time resolution of 100 as, which achieved the first joint
experimental and theoretical reconstruction of charge migration [4,5]. The purpose of
the talk is to stimulate discussions on analogous phenomena in other systems, and
applications in quantum science and technology.
References:
[1] D. Jia, J. Manz and Y. Yang, J. Phys. Chem. Lett. 10, 4273-4277 (2019).
[2] T. Bredtmann, D. J. Diestler, S.-D. Li, J. Manz, J. F. Pérez-Torres, W.-J. Tian, Y.-B. Wu, Y.
Yang and H.-J. Zhai, Phys.Chem.Chem.Phys. 17, 29421 (2015).
[3] H. Ding, D. Jia, J. Manz, Y. Yang, Mol. Phys. 115, 1813-1825 (2017).
[4] P.M. Kraus, B. Mignolet, D. Baykusheva, A. Rupenyan, L. Horný, E. F. Penka, G. Grassi, O.I.
Tolstikhin, J. Schneider, F. Jensen, L. B. Madsen, A. D. Bandrauk, F. Remacle and H. J. W rner,
Science 350, 790-795 (2015).
[5] H. J. W rner, C. A. Arrell, N. Banerji, A. Cannizzo, M. Chergui, A.K. Das, P. Hamm, U. Keller,
P. M. Kraus, E. Liberatore, P. Lopez-Tarifa, M. Lucchini, M. Meuwly, C. Milne, J.-E. Moser, U.
Rothlisberger, G. Smolentsev, J. Teuscher, J.A. van Bokhoven and O. Wenger, Struct. Dyn. 4,
061508 (2017).

19

Quantum Zeno effect in ultracold atoms
Francesco Saverio Cataliotti
European Laboratory for Non-Linear Spectroscopy (LENS),
University of Florence, via N. Carrara 1, 50019 Sesto F.no (FI), Italy and
QSTAR, Largo Enrico Fermi 2, 50125 Firenze, Italy.
In quantum mechanics the coherent evolution of a system can be influenced by
strongly coupling the system with neighbouring states or measuring devices. This
profound and counterintuitive phenomenon is known as Quantum Zeno Effect (QZE).
I will show how it is possible to exploit the back-action of frequent measurements and
strong coupling to dynamically disconnect different groups of quantum states and
constrain the dynamics of sub-regions of a Hilbert space [1]. The demonstration of
quantum Zeno dynamics can be a critical step forward to protect and control the
dynamics of quantum bits (qubits) and, broadly speaking, quantum information
processing. In this context, I will show that the dynamical quantum Zeno effect can
inhibit the formation of a geometric phase without altering the dynamical phase. This
can be used to extract the geometric Aharonov-Anandan phase from any
closed-trajectory evolution without requiring knowledge or control of the Hamiltonian
[2]
.
References:
[1] “Experimental realization of quantum zeno dynamics” F. Schaefer, I. Herrera, S. Cherukattil, C.
Lovecchio, F.S. Cataliotti, F. Caruso and A. Smerzi Nature Communications 5:3194 DOI:
10.1038/ncomms4194 (2014)
[2] “Measuring geometric phases with a dynamical quantum Zeno effect in a Bose-Einstein
condensate” H.-V. Do, M. Gessner, F.S. Cataliotti, A Smerzi arXiv preprint arXiv:1903.05122

Nonlinear Squeezing Parameter
Manuel Gessner
Istituto Nazionale di Ottica CNR-INO, Italy
The well-known squeezing coefficient efficiently quantifies the sensitivity and
entanglement of Gaussian states. However, this coefficient is insufficient to
characterize the much wider class of highly sensitive non-Gaussian quantum states. In
this talk, we present an extension of spin or quadrature squeezing based on reduced
variances of nonlinear observables. An optimization of the measurement observable
under experimental constraints further allows us to identify those observables that will
yield the highest achievable sensitivity and the strongest criterion for entanglement.
Our results can be used to identify optimal quantum-enhanced phase estimation
protocols and entanglement witnesses for increasingly complex quantum states.
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Geometry of bounded critical phenomena
Andrea Trombettoni

CNR-IOM, Trieste, Italy
We devise a geometric description of bounded systems at criticality in
any dimension d. This is achieved by altering the flat metric with a space dependent
scale factor γ(x), x belonging to a general bounded domain Ω. γ(x) is chosen in order
to have a scalar curvature to be constant and negative, the proper notion of curvature
being as called in the mathematics literature -- the fractional Q-curvature. The
equation for γ(x) is found to be the Fractional Yamabe Equation (to be solved in
Ω) that, in absence of anomalous dimension, reduces to the usual Yamabe Equation in
the same domain. From the scale factor γ(x) we obtain novel predictions for the
scaling form of one-point correlation functions. A (necessary) virtue of the proposed
approach is that it encodes and allows to naturally retrieve the purely geometric
content of two-dimensional boundary conformal field theory. From the critical
magnetization profile in presence of boundaries one can extract the scaling dimension
of the order parameter, Δϕ. For the 3D Ising model we find Δϕ=0.518142(8)
which favorably compares (at the fifth decimal place) with the
state-of-the-art estimate. A nontrivial prediction is the structure of
two-point correlators at criticality. They should depend on the fractional Q-hyperbolic
distance calculated from the metric, in turn depending only on the shape of the
bounded domain and on Δϕ. Numerical simulations of the 3D Ising model on a slab
geometry are found to be in agreement with such predictions.

Topological defect in the optical lattice
Xuefeng Zhang
Chongqing University, China
We analyzed the repulsive particles in the frustrated optical lattice. In the
triangular lattice, we find the incommensurate phase can be understood by introducing
the topological defect: bosonic domain well [1]. Similar phenomena can also be found
in the kagome optical lattice. When choosing cylindrical boundary condition, we
found a novel edge liquid phase with fractional charges (spinons) linked by quantum
strings (effective gauge field) [2]. In the strong coupling limit, we obtained the
effective lattice gauge field theory which shows easy-plane NCCP1 form. And it hints
the phase transition from valence bond solid to superfluid can be continuous one
which is beyond Ginzburg-Landau symmetry breaking diagram. Recently, such
21

topological phase transition is verified by utilizing large scale quantum Monte Carlo
simulations [3].
References:
[1] X.-F. Zhang, S.-J. Hu, A. Pelster, and S. Eggert, Phys. Rev. Lett. 117, 193201 (2016)
[2] X.-F. Zhang and S. Eggert, Phys. Rev. Lett. 111, 147201 (2013)
[3] X.-F. Zhang, Y.-C. He, S. Eggert, R. Moessner, and F. Pollmann, Phys. Rev. Lett. 120, 115702
(2018)

Multipartite entanglement in topologiocal quantum systems
Luca Pezzè
QSTAR, INO-CNR and LENS, Largo Enrico Fermi 2, 50125 Firenze, Italy.
We introduce a novel measure of entanglement with a measurable lower bound
given by the Fisher information [1] and associated to entanglement-enhanced
metrology. We study this lower bound in the ground state of many-body systems [2],
focusing in particular to the Kitaev wire [3], an important model showing topological
quantum phases. A super-extensive scaling of the Fisher information characterizes
non-trivial topological phases and phase transition of this model, showing that
multipartite entanglement detected by the Fisher information is an intrinsic property
of non-trivial topological phases. Finally, we show that this metrological multipartite
entanglement is not affected by local imperfections [4] and low temperature
fluctuations [5], paving the way to robust "topological quantum metrology".
References:
[1] A. Smerzi and L. Pezzè, in preparation.
[2] M. Gabrielli, L. Lepori, and L. Pezzè, NJP 21, 033039 (2019)
[3] L. Pezze', M. Gabbrielli, L. Lepori and A. Smerzi, PRL 119, 250401 (2017)
[4] L. Pezzè and L. Lepori, in preparation.
[5] M. Gabbirelli, A. Smerzi and L. Pezzè, SCI. REP 8, 15663 (2018)
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Quantum metrology via non-Gaussian entangled states of
ultracold atoms
Chaohong Li
Laboratory of Quantum Engineering and Quantum Metrology (LabQUEM),
School of Physics and Astronomy,
Sun Yat-Sen University (Zhuhai Campus)
In addition to Guassian entangled states such as spin coherent states and spin
squeezed states, non-Guaussian entangled states such as GHZ states and
macoroscopic cat states have been widely employed for implementing quantum
metrology. In this talk, I will discuss how to use spin cat states to achieve quantum
metrology beyond standard quantum limit. I will show how to prepare the
desired spin cat states and accomplish beam splitting/recombination via adiabatic
sweepting through quantum phase transitions, and how atomic losses and detector
impfections affect the measurement precisions, and how to realize our scheme via
Bose condensed atoms or ultracold ions.
[1] C. Lee, Adiabatic Mach-Zehnder interferometry on a quantized Bose-Josephson
junction, Phys. Rev. Lett. 97, 150402 (2006).
[2] Y. M. Hu, M. Feng, and C. Lee, Adiabatic Mach-Zehnder interferometer via an
array of trapped ions, Phys. Rev. A 85, 043604 (2012).
[3] J. Huang, S. Wu, H. Zhong, and C. Lee, Quantum metrology with cold atoms,
Chapter 7 of Annual Review of Cold Atoms and Molecules (Volume 2, 2014, World
Scientific).
[4] J. Huang, X. Qin, H. Zhong, Y. Ke, and C. Lee, Quantum metrology with spin cat
states under dissipation, Sci. Rep. 5, 17894 (2015).
[5] C. Luo, J. Huang, X. Zhang, and C. Lee, Heisenberg-limited Sagnac
Interferometer with Multi-particle States, Phys. Rev. A 95, 023608 (2017).
[6] J. Huang, M. Zhuang, and C. Lee, Non-Gaussian precision metrology via driving
through quantum phase transitions, Phys. Rev. A 97, 032116 (2018).
[7] J. Huang, M. Zhuang, B. Lu, Y. Ke, and C. Lee, Achieving Heisenberg-limited
metrology with spin cat states via interaction-based readout, Phys. Rev. A 98, 012129
(2018).
[8] M. Zhuang, J. Huang, and C. Lee, Multiparameter estimation with an ensemble of
Bose condensed spinor atoms, Phys. Rev. A 98, 033603 (2018).
[9] Y. Ke, J. Huang, M. Zhuang, B. Lu, and C. Lee, Compact gravimeter with an
ensemble of ultracold atoms in spin-dependent optical lattices, Phys. Rev. A 98,
053826 (2018).
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Organic Quantum Integrated Devices
C. Toninelli1
CNR-INO and LENS, Istituto Nazionale di Ottica, Via Carrara 1, 50019 Sesto F.no,
Italy

1

Organic molecules of polyaromatic hydrocarbons were the first system in the
solid state to show single photon emission [1,2]. However they are still
consideredunconventional sources of non-classical light. I will try to unveil part of the
mysterybehind such quantum emitters and show how they could effectively contribute
tointegrated quantum photonic platforms.
I will report on fluorescence coupling from a single molecule to a planar optical
antenna [3] and a single-mode dielectric waveguide [4] (Fig. 1, left), discuss the
integration of single quantum emitters into hybrid dielectric-plasmonic devices [5]
and the coupling with 2D materials [6]. I will present our recent results about the
fabrication of single-molecule doped nancrystals, preserving the optical properties of
the bulk system, i.e. negligible blinking and spectral diffusion [7] (Fig.1, right).
Eventually, I will report on ultrafast time-resolved transient spectroscopy on a single
molecule [8].

Figure 1: Left, concept for the device showing single molecule emission into an
integrated photonic waveguide. Right, optical characterization of DBT-doped
anthracene Nanocrystals.
References:
[1] W. E. Moerner and L. Kador, Phys. Rev. Lett. 62, 2535 (1989).
[2] M. Orrit and J. Bernard, Phys. Rev. Lett. 65, 2716 (1990).
[3] S. Checcucci et al., Light: Science and Applications 6, e16245 (2017)
[4] P. Lombardi et al., ACS Photonics 5, 1, 126-132 (2017)
[5] G. Kewes et al., Sci. Rep. 6, 28877 (2016).
[6] K. Schaedler et al., submitted
[7] S. Pazzagli et al., ACS Nano 12, 4295−4303 (2018)
[8] M. Liebel et al., Nat. Phot. 12, 45-49 (2017)
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Quantum Light Sources based on Atomic Ensembles
Jietai Jing
State Key Lab of Precision Spectroscopy, East China Normal University, Shanghai,
China
Generation of quantum light sources, such as quantum entanglement or quantum
correlations has been given broad attention due to its importance for fundamental
science, quantum information processing and quantum metrology. In this talk, I will
review our recent works on generation of quantum light sources based on atomic
ensemble. Several types of quantum light sources are generated from phase sensitive
or phase insensitive cascaded four-wave mixing processes in hot atomic ensembles.
Our studies and results have potential applications in quantum information and
quantum metrology.

The strontium optical lattice clock research at NIM
Yige Lin
National Institute of Metrology, China
Two strontium optical lattice clocks are being built at NIM. Sr1 was first
evaluated in 2015 and its absolute frequency was traced to the NIM5 cesium fountain
clock. A new clock laser system based on a 30 cm reference cavity has been built and
the short term stability of the clock was improved to 10-16 level. Sr2 is being
constructed on NIM s new campus. The close-loop operation of Sr2 was achieved
recently. A comparison of the two optical clocks is prepared in the near future.
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Quantum Communications: from non-classical light sources
to in-field demonstrations in fiber links
Alessandro Zavatta1,2
Consiglio Nazionale delle Ricerche - Istituto Nazionale di Ottica (CNR-INO),
N. Carrara 1, 50019 Sesto F.no, Firenze (Italy).

1

Via

LENS and Università di Firenze, Sesto F.no, Firenze (Italy).

2

Nonclassical states of light are crucial for both establishing new quantum
communications protocols and developing future quantum networks [1]. In this
direction, we mainly succeed in the generation and manipulations quantum states of
light such as multiphoton entangled states [2], squeezed light at telecom wavelengths
[3], and narrowband-entangled states from four wave mixing in atomic ensembles [4].
Recently, we realized in field trial tests of quantum key distribution protocols over a
metropolitan network [5]. Here we present a simple, practical and efficient QKD
scheme, performed over a 21 dB-losses fiber link installed in the metropolitan area of
Florence (Italy). Coexistence of quantum and weak classical communication is also
demonstrated by transmitting an optical synchronization signal through the same fiber
link.
References:
[1] D. Bouwmeester, A.K. Ekert, A. Zeilinger (Eds.), The Physics of Quantum Information:
Quantum Cryptography Quantum Teleportation, Quantum Computation, Springer, Berlin, 2000.
[2] N. Gisin, G. Ribordy, W. Tiffel and H. Zbinden, “Quantum cryptography”, Rev. Mod. Phys. 74,
145 (2002).
[3] N. Biagi, L. S. Costanzo, M. Bellini, and A. Zavatta, arXiv:1811.10466 (2018).
[4] F. Kaiser, B. Fedrici, A. Zavatta, V. D Auria, and S. Tanzilli, “A fully guided-wave squeezing
experiment for fiber quantum networks”, Optica 3, 362 (2016).
[5] A. Zavatta, M. Artoni and G. C. La Rocca, “Engineering of heralded narrowband
color-entangled states”, Phys. Rev. A 99, 031802 (2019).
[6] D. Bacco, I. Vagniluca, B. Da Lio, N. Biagi, A. Della Frera, D. Calonico, C. Toninelli, F. S.
Cataliotti, M. Bellini, L. K. Oxenløwe, A. Zavatta, “ Field trial of a finite-key quantum key
distribution system in the Florence metropolitan area”, arXiv:1903.12501 (2019).
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Newport 高性能混合阻尼 SmartTables 光学平台
宽度：1200—1500mm
厚度：203—457mm
长度：1800—4200mm
安装孔：M6
安装孔分布：25mm 网格
工作表面：400 系列铁磁不锈钢
表面平面度：±0.1 mm(>600mm²)
调谐阻尼：智能主动减震，两个精密调谐阻尼器

Velocity™ TLB-6700 系列可调谐激光器
最大调谐范围：100 nm
最大调谐速度：20 nm/s
保证整个范围内无跳模调谐
波长范围覆盖:407nm—2450nm
集成的永久光纤耦合（可选）

iXblue IXF-PZG-780-125 偏振光纤
工作波长：780nm
偏振宽带：＞50nm
消光率：＞30dB
最小弯曲直径：＞2cm
衰减：＜0.02dB/m
应用:全光纤偏振器，干涉仪，光纤延迟线等

北京泰和浩天科技有限公司
iXblue MPZ-LN 系列相位调制器
工作波长：1530nm—1625nm
带宽：12GHz—33GHz
驱动电压：3—6V
插入损耗 2.5dB
应用：边带调制铷原子物理，激光冷却，原子干涉仪

Toptica 激光器 可调谐半导体激光器
型号：CTL，DL pro，DL 100 等
波长范围：370—3500nm
典型调谐范围：2—120nm
典型输出功率：2—300mW
典型线宽（5μs）：0.01—5MHz
应用：生物光子学，工业计量学以及量子技术等苛刻领域

Andor

EMCCD ixon ultra 系列
有效像素：512x512，1024x1024
像素尺寸：13x13μm，16x16μm
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高光谱影像等
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像素尺寸：13μmx13μm
传感器尺寸：13.3mm x13.3mm
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最大冷却温度：-100℃
帧率：4.4fps(全帧)
应用：BEC 影像，天文影像，半导体检测，生物晶片侦测等
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We provide solution to make your optical systems work better！

为量子光学 和 精密光谱科学研究提供一揽子解决方案，从元器件到系统！

美国 ATF (Advanced Thin Films) 公司：高精细度超稳腔
•
•

高精细度 f-p 超稳腔（Finesse>50 万 @1064nm）
各种超低损耗镀膜：AR coatings<0.1%
Reflectivity >99.999%；Absorption (1064 nm) ：<1 ppm

美国 SLS (Stable Laser Systems) 公司：亚赫兹稳频激光
系统 （线宽小于 1Hz！适于实验室和移动环境下使用）
•
•

提供超稳腔光学级别的固定，防震，温控，和隔噪的高稳定真
空室、温控器、PDH 锁频电子系统等
从 200nm 到 2500nm 各种波长，<1Hz 线宽的稳频激光系统

美国 IMRA 公司: 超高性价比 飞秒光梳和锁模激光器
•
•
•
•
•

掺铒光纤飞秒光梳
200MHz/250MHz/500MHz 重频
输出 530nm-2200nm，可扩展到紫外以及中红外波段
稳定性 10^-17
体积紧凑，尺寸小

为光梳研究提供：100MHz/200MHz/250MHz/500MHz 锁模激光器 780nm/1560nm；放大器； f-2f 模块；控制器等模块。

法国 MUQUANS 公司：专用于原子冷却和捕获的 780nm
光纤激光器/激光系统、倍频模块、分/合束器

法国 ALS 公司：单频高功率光纤激光器/放大器，9761120nm 及倍频波长

•
•
•

超低噪声，优异稳健性
输出功率 >1W@780nm
线宽<200kHz，锁定后频率漂移<10kHz (1 周以上)；

•
•

•

高稳定光纤分束器，光纤口数量可定制，每路分配可调

激光器系统的优异性能已经在 MUQUANS 的量子重力仪和
原子钟上得到验证！

•
•
•

488/515/532nm：2-10W；976nm/1030/1064nm：10-130W
更多波长：1083nm，20W；1013-1015nm, 10W；507nm,
2W; 512.5nm, 2W; 351nm，30mW；244nm, 500mW 等
线宽：< 50kHz（ALS seeder） / < 3kHz（第三方）
光束质量: M2<1.1
RMS: ≤ 0.05% 100Hz to 10MHz

美国 OEWAVES 公司：超窄线宽、超稳定半导体激光器

加拿大 LightMachinery 公司： 紧凑超小尺寸，低成本，高
分辨率光谱仪

通过回音壁微腔降低相位噪声的技术，实现激光器的超窄线宽，
是业内能够做到激光器直接出光的最窄线宽。
•
•
•
•

•
•
•
•

1um/1.5um/2um(6332200nm 可选)
线宽：up to 1Hz(10us)
功率：10-20mW
可调谐、可锁频

美国 ISOMET 公司：AOM 和射
频驱动器
•
•
•
•

波长 200nm-12um, 最短上升沿
6ns 的全系列 AOM
声光调制器、移频器、偏转器
和声光可调滤波器等
配置全系列 RF driver
各种定制设计

专为测量超精细光谱和微小的光谱偏移而设计
各种波长
1pm 分辨率、快速测量
紧凑小尺寸、低成本

德国 Lions 公司：EOM 和法拉第
隔离器（FI）

美国 Gamma Vacuum 公司：离子泵、吸气剂
泵、钛升华泵

• 波长 250nm 到接近 3um，1-12mm
孔径和多种功率输出
• 强度调制器、相位调制器、普克尔
盒以及法拉第隔离器
• 可配置脉冲放大器
• 德国原装，标准价格

• 抽 速 ： 3L 、 5L 、 10L 、 25L 、 45L 、 75L 、 100L 、
150L、200L、300L 等，至 1200L/S
• 丰富外观尺寸和法兰接口，体积小、重量轻
• 优异的性能、长期运行稳定可靠
• 性价比高

超高性价比！超高稳定性！！超低损耗！！！

英国 Edwards Vacuum 公司：涡旋干泵、分子
泵、检漏仪、真空计等

各种光学元器件：
•
•
•
•
•
•
•
•

各种镀膜：高反镜（HR>99.999%），高透镜片（R<0.01%），二分镜(一个波长/波段高反>99.99%，另一个波长/波段高透
（T>99.99%），滤波，偏光片等。
激光管：紫外到中红外波长，单模，多模，各种封装形式
光电探测器：紫外到中红外波长，大孔径高速探测器
标准具：紫外到中红外波长，各种材料，实心和空气间隙，固定和可调
光栅：各种尺寸，各种波长，衍射，透射
光纤分束器：各种分束比例
光纤噪音消除仪
PID 伺服器

英科光学技术公司
联系人： 李军锋 /13910621555 (微信号) / junfeng.li@insight-scientific.com
赵军/13601050544 (微信号) / jun.zhao@insight-scientific.com
公司电话：010- 5145 6920
网站：www.insight-scientific.com
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Main Products

Typical Application

领先的光学元件供应商
A Leading Manufacturer of Precision Optics, Crystal Components, Fiber Optics and Coating Service

福州逐日光电科技有限公司

FuzhouSunlight Technology.,Co Ltd

地址：福建省福州市仓山区首山路 19 号

No.19 Shoushan Road, Cangshan District,

电话：0591-83632002

Fuzhou, Fujian, 350007, China

传真：0591-83632002

Tel：0591-83632002

网址：www.sunlight-tec.com

Fax：0591-83632002

邮箱: sales@sunlight-tec.com

Email：sales@sunlight-tec.com

