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Harry Buhrman, CWI and University of Amsterdam
Title: Position-based cryptography
Abstract: On 20 July 1969, millions of people held their breath as they watched, live on television, Neil Armstrong
set foot on the Moon. Yet Fox Television has reported that a staggering 20% of Americans have had doubts
about the Apollo 11 mission. Could it have been a hoax staged by Hollywood studios here on Earth? Position
based cryptography may offer a solution. This kind of cryptography uses the geographic position of a party as
its sole credential. Normally digital keys or biometric features are used.

A central building block in position-based cryptography is that of position-verification. The goal is to prove to
a set of verifier that one is at a certain geographical location. Protocols typically assume that messages can not
travel faster than the speed of light. By responding to a verifier in a timely manner one can guarantee that
one is within a certain distance of that verifier. Quite recently it was shown that position-verification protocols
only based on this relativistic principle can be broken by attackers who simulate being at a the claimed position
while physically residing elsewhere in space.

Because of the no-cloning property of quantum information (qubits) it was believed that with the use of quan-
tum messages one could devise protocols that were resistant to such collaborative attacks. Several schemes
were proposed that later turned out to be insecure. Finally it was shown that also in the quantum case no
unconditionally secure scheme is possible. We will review the field of position-based quantum cryptography
and highlight some of the research currently going on in order to develop, using reasonable assumptions on the
capabilities of the attackers, protocols that are secure in practice.

John Calsamiglia, Universitat Autònoma Barcelona
Title: Probabilitic metrology: precision bounds and equivalence to macroscopic cloning
Abstract: Quantum metrology studies the fundamental limits in the estimation precision given a certain amount
of resources (e.g. the number of probe systems) and restrictions (e.g. limited interaction time, or coping with
unavoidable presence of noise). Here we show that, even in the presence of noise, probabilistic measurement
strategies (which have a certain probability of failure or abstention) can provide, upon a heralded successful
outcome, estimates with a precision that improves the deterministic bounds. We develop analytical tools to
obtain the asymptotic behavior of the precision and required rate of abstention. The second part of the talk
concerns the relation probabilistic metrology to probabilistic cloning or replication. We demonstrate that the
improvements in these two tasks match exactly in the macroscopic limit where the number of clones grows
to infinity, preserving the equivalence between asymptotic cloning and estimation for arbitrary values of the
success probability. Remarkably, the cloning fidelity depends critically on the number of rationally independent
eigenvalues of the clock Hamiltonian.

Gerardo Adesso, University of Nottingham
Title: The interferometric power of bipartite quantum states
Abstract: Quantum metrology exploits quantum mechanical laws to improve the precision in estimating tech-
nologically relevant parameters such as phase, frequency, or magnetic fields. Probe states are usually tailored
on the particular dynamics whose parameters are being estimated. We introduce the interferometric power
of a bipartite quantum state as a figure of merit which quantifies the precision, measured by quantum Fisher
information, that such a state enables for the estimation of a parameter embedded in a unitary dynamics applied
to one subsystem only, in the worst-case scenario where a full knowledge of the generator of the dynamics is
not available a priori. This quantity is proven to be a faithful and computable measure of quantum correlations
beyond entanglement, both for finite-dimensional and infinite-dimensional systems. Quantum correlations of the
“discord” type are thus identified as resources equivalent to coherence in all local bases. We discuss qualitative
and quantitative results both for qubit-based metrology, and for optical interferometry with Gaussian probes.
We investigate theoretically and experimentally the power of general quantum correlations even under high
levels of noise, assessing their potential for real-world quantum technology.

Anna Sanpera, Universitat Autònoma Barcelona
Title: Quantum metrology for optimal thermometry
Abstract: The unknown temperature of a sample may be estimated with minimal disturbance by putting it
in thermal contact with an individual quantum probe. If the interaction time is sufficiently long so that the
probe thermalizes, the temperature can be read out directly from its steady state. Here we prove that the



2

optimal quantum probe, acting as a thermometer with maximal thermal sensitivity, is an effective two-level
atom with a maximally degenerate excited state. When the total interaction time is insufficient to produce
full thermalization, we optimize the estimation protocol by breaking it down into sequential stages of probe
preparation, thermal contact and measurement.

Lorenzo Maccone, University of Pavia
Title: Entanglement and complementarity
Abstract: We show that states that have more correlations among complementary observables must be entangled.
The reverse is false: general entangled states do not have more correlations on complementary observables than
separable ones. We either prove or conjecture that this is true for different measures of correlation: the mutual
information, the sum of conditional probabilities and the Pearson correlation coefficient. We also show that
states with nonzero discord typically have less correlation than classically correlated states.

Qiongyi He, School of Physics, Peking University
Title: Multipartite Einstein-Podolsky-Rosen steering for continuous variables
Abstract: We develop the concept of genuine N -partite Einstein- Podolsky-Rosen (EPR) steering. This nonlo-
cality is the natural multipartite extension of the original EPR paradox. Useful properties emerge that are not
guaranteed for multipartite entangled states. In particular, there is a close link with the task of one-sided device
independent quantum secret sharing. We show that it is possible to obtain genuine and collective multipartite
EPR steering in very different sorts of systems to those so far predicted for multipartite entanglement. Here, I
will talk about how to verify N -partite steering for continuous variable Gaussian systems both in optical systems
and in multimode hybrid optomechanical systems, giving efficiency bounds to do so conclusively.

Man-Hong Yung, IIIS, Tsinghua University
Title: From algorithmic quantum cooling to demonized second law of thermodynamics
Abstract: The ability of cooling physical systems to low-temperature states is essential for exploring quantum
effects in many-body problems. In the context of quantum simulation with a quantum computer, it means
that one has to be able to prepare quantum states that are dominated by states with smaller eigenvalues. In
this talk, I will discuss a cooling method that can achieve the goal of cooling for any given Hamiltonian for
quantum simulation. This method relies on the result of a POVM measurements by an external agent that acts
like Maxwell’s demon. Motivated by the cooling method, we further discuss how to describe the second law of
thermodynamics in the presence of Maxwell’s demon in a general setting.

Xiongfeng Ma, IIIS, Tsinghua University
Title: Measurement-device independent entanglement witnesses
Abstract: In practice, conventional entanglement witness methods, relying on an idealized implementation of
measurements, could wrongly conclude a separable state to be entangled due to imperfect detections. Inspired
by the idea of a time-shift attack, we construct an attack on the conventional entanglement witness process and
demonstrate that a separable state can be falsely identified to be entangled. To close such detection loopholes,
based on a recently proposed measurement-device-independent entanglement witness method, we design and
experimentally demonstrate a measurement-device-independent entanglement witness for a variety of two-qubit
states. By the new scheme, we show that an entanglement witness can be realized without detection loopholes.

Yuxiang Yang, IIIS, Tsinghua University
Title: Quantum replication and the ultimate limits of quantum metrology
Abstract: Quantum metrology is a rapid developing branch of quantum information, aimed at improving the
performances of parameter estimation using quantum resources. In this talk we discuss a link between the
precision limits of quantum metrology and the task of quantum state replication, where the goal is to replicate
long sequences of identically prepared quantum states. We will consider both the case of deterministic and
probabilistic replication processes, showing that in these two cases the maximum rate of replication is determined
by the standard quantum limit and the Heisenberg limit, respectively.

Andreas Winter, Universitat Autònoma Barcelona
Title: Weak locking capacity of quantum channels can be much larger than private capacity
Abstract: We show that it is possible for the so-called weak locking capacity of a quantum channel [Guha et
al., PRX 4:011016, 2014] to be much larger than its private capacity. Both reflect different ways of capturing
the notion of reliable communication via a quantum system while leaking almost no information to an eaves-
dropper; the difference is that the latter imposes an intrinsically quantum security criterion whereas the former
requires only a weaker, classical condition. The channels for which this separation is most straightforward to
establish are the complementary channels of classical-quantum (cq-)channels, and hence a subclass of Hadamard
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channels. We also prove that certain symmetric channels (related to photon number splitting) have positive
weak locking capacity in the presence of a vanishingly small pre-shared secret, whereas their private capacity
is zero. These findings are powerful illustrations of the difference between two apparently natural notions of
privacy in quantum systems, relevant also to quantum key distribution (QKD): the older, naive one based on
accessible information, contrasting with the new, composable one embracing the quantum nature of the eaves-
dropper’s information. Assuming an additivity conjecture for constrained minimum output Renyi entropies, the
techniques of the first part demonstrate a single-letter formula for the weak locking capacity of complements
to cq-channels, coinciding with a general upper bound of Guha et al. for these channels. Furthermore, still
assuming this additivity conjecture, this upper bound is given an operational interpretation for general channels
as the maximum weak locking capacity of the channel activated by a suitable noiseless channel. Reference for
this work: arXiv:1403.6361.

Masahito Hayashi, University of Nagoya
Title: Tight asymptotic bounds on local hypothesis testing between a pure bipartite state and the white noise
state
Abstract: We consider asymptotic hypothesis testing (or state discrimination with asymmetric treatment of
errors) between an arbitrary fixed bipartite pure state |Ψ〉 and the completely mixed state under one-way LOCC,
two-way LOCC, and separable POVMs. As a result, we derive the Hoeffding bounds under two-way LOCC
POVMs and separable POVMs. Further, we derive a Stein’s lemma type of optimal error exponents under one-
way LOCC, two-way LOCC, and separable POVMs up to the third order, which clarifies the difference between
one-way and two-way LOCC POVM. Our study gives a very rare example in which the optimal performance
under the infinite-round two-way LOCC is also equal to the one under separable operations, and can be attained
with two-round communication, but cannot be attained with the one-way LOCC. Reference for this work:
arXiv:1409.3897

Bob Coecke, University of Oxford
Title: From quantum foundations via natural language meaning to a theory of everything
Abstract: First we show how many concepts developed within a compositional framework for quantum foun-
dations have natural interpretations when modelling meaning in natural language. The fact that meaning in
natural language, depending on the subject domain, encompasses discussions within any scientific discipline, we
obtain a template for theories such as animal behaviour, social interaction, and many others.

Shunlong Luo, Academy of Mathematics and Systems Science, CAS
Title: Quantum non-Markovianities
Abstract: In the study of open quantum systems, memory effects are usually ignored, and this leads to dynamical
semi-groups and Markovian dynamics. However, in practice, non-Markovian dynamics is the rule rather than
exception. With the recent emergence of quantum information theory, there is a flurry of investigations of
non-Markovian dynamics, and several significant measures for non-Markovianity are introduced from various
perspectives such as deviation from divisibility, information exchange between a system and its environment,
or entanglement with the environment. In this talk, by exploiting the correlations-flow between a system and
an arbitrary ancillary, we study a considerably intuitive measure for non-Markovianity by use of correlations as
quantified by the quantum mutual information. The fundamental properties, physical significance, and difference
and relations with existing measures for non-Markovianity are illustrated through explicit examples of random
unitary qubit dynamics.

Runyao Duan, University of Technology Sydney
Title: Sending classical information unambiguously via noisy quantum channels
Abstract: We study the possibility of communicating classical information unambiguously with noisy quantum
channels where the receiver can either correctly recover the classical message sent by the sender or simply claim an
uncertain outcome. A notion of unambiguous capacity is introduced to characterize the optimal communication
rates one can achieve under unambiguous decoding strategies. We provide a necessary and sufficient condition for
the feasibility of unambiguous communication by establishing a connection to the extendibility of Kraus operator
space of quantum channels. Consequently, we show that unambiguous capacity can be super-activated: there are
two quantum channels both having zero unambiguous capacity can be used jointly to send classical information
unambiguously. Finally, we find auxiliary resources such as shared entanglement, classical feedback, or quantum
feedback, can considerably improve the unambiguous capacity to achieve the ordinary (small-error) capacity.

Giulio Chiribella, IIIS, Tsinghua University
Title: Super-activation of quantum reference frames
Abstract: Quantum particles with spin are the most elementary gyroscopes existing in nature. Can two such
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gyroscopes help two distant observers find out their relative orientation in space? Here we show that a single
pair of gyroscopes in an EPR state gives little clue about the relative orientation, but when two or more EPR
pairs are used in parallel, suddenly a common reference frame emerges, with an error that drops quickly with
the size of the system, beating than the best classical scaling already for small number of copies. This activation
phenomenon indicates the presence of a latent resource hidden into EPR correlations, which can be unlocked
and turned into advantage when multiple copies are available.

Min-Hsiu Hsieh, University of Technology Sydney
Title: The learnability of unknown quantum measurements
Abstract: Quantum machine learning has received significant attention in recent years and promising progress
has been made in the development of quantum algorithms to speed up traditional machine learning tasks. In
this work, however, we focus on the study of the information-theoretic upper bounds of sample complexity—how
many training samples are sufficient to predict the future behaviour of an unknown target function. This kind
of problem is, arguably, one of the most fundamental problems in statistical learning theory and the bounds for
practical settings can be completely characterised by a simple measure of complexity. Our main result in the
paper is that, for learning an unknown quantum measurement, the upper bound, given by the fat-shattering
dimension, is linearly proportional to the dimension of the underlying Hilbert space. Learning an unknown
quantum state becomes a dual problem to ours, and as a byproduct, we can recover Aaronson’s famous result
solely using a classical machine learning technique. In addition, we are able to connect measures of sample
complexity with various areas such as quantum state/measurement tomography, quantum state discrimination
and quantum random access codes, which may be of independent interest. Lastly, with the assistance of gen-
eral Bloch-sphere representation, we show that learning quantum measurements/states can be mathematically
formulated as a neural network. Consequently, classical ML algorithms can be applied to efficiently accomplish
the learning tasks.

Masanao Ozawa, University of Nagoya
Title: Quantum measurement theory and the uncertainty principle
Abstract: Heisenberg’s uncertainty principle was originally formulated in 1927 as a quantitative relation be-
tween the “mean error” of a measurement of one observable and the “discontinuous change” (or the distur-
bance) thereby caused on another observable, typically explained through the gamma ray microscope thought
experiment. Heisenberg derived this relation under an additional assumption on quantum measurements that is
consistent with the so-called repeatability hypothesis, which was postulated in von Neumann’s axioms of quan-
tum mechanics and supported by Schroedinger and their contemporaries. However, the repeatability hypothesis
has been abandoned in the modern quantum measurement theory, originated by Davies and Lewis in the 1970s.
Later, the universal validity of Heisenberg’s uncertainty principle was questioned typically in a debate on the
sensitivity limit to gravitational-wave detectors in the 1980s. A universally valid form of the error-disturbance
relation was derived in the modern framework for general quantum measurements by the present speaker in
2003. Since then we have experienced a considerable progress in theoretical and experimental studies of uni-
versally valid reformulation of Heisenberg’s uncertainty principle. This talk will give an up-to-date survey on
the historical background and the recent progress and in particular discuss debates on the quantum mechanical
generalizations of the notion of root-mean-square error and disturbance.

Mingsheng Ying, University of Technology Sydney and Tsinghua University
Title: Quantum Recursion and Second Quantisation
Abstract: This talk introduces a new notion of quantum recursion of which the control flow of the computation
is quantum rather than classical as in the notions of recursion considered in the previous studies of quantum
programming. A typical example is recursive quantum walks, which are obtained by slightly modifying the
construction of the ordinary quantum walks. The operational and denotational semantics of quantum recursions
are defined by employing the second quantisation method, and they are proved to be equivalent.

Mio Murao, University of Tokyo
Title: Entanglement as a resource for deterministically simulating acausal classical correlations
Abstract: We propose a new approach to analyze globalness of separable maps to distinguish them from local
operations and classical communications (LOCC) and non-separable maps. In this approach, all quantum
operations are restricted in the local spaces, but classical communication connecting different times (super
communicatio) described by fictitious acausal classical correlations without globally causal structure can be
used as additional resources relaxing LOCC constraints on time. We define a map described by local operations
and super communication (LOSC) and prove that the intersection of the set of LOSC and the set of completely
positive trace preserving (CPTP) maps is equivalent to the set of separable maps. We show that LOSC is closely
related to the framework of the process matrix introduced by Oreshkov et al for analyzing quantum correlations
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with no causal order. We also investigate the gap between separable maps and LOCC by analyzing the amount
of entanglement required in entanglement assisted LOCC implementations of separable maps for the orthogonal
basis state discrimination problems. Combining these two approaches, the globalness of separable maps can be
interpreted as a correspondence between the space and time related resources, namely, entanglement and acausal
classical correlations. Therefore, entanglement can be regarded as a resource for deterministically simulating
acausal classical correlations in this case.

Simon Perdrix, LORIA, Nancy
Title: Quantum Circuits for the Unitary Permutation Problem
Abstract: We consider the Unitary Permutation problem which consists, given n unitary gates U1, . . . , Un and
a permutation σ of {1, . . . , n}, in applying the unitary gates in the order specified by σ, i.e. in performing
Uσ(n) ◦ · · · ◦ Uσ(1). This problem has been introduced and investigated by Colnaghi et al where two models of
computations are considered. This first is the (standard) model of query complexity: the complexity measure is
the number of calls to any of the unitary gates Ui in a quantum circuit which solves the problem. The second
model provides quantum switches and treats unitary transformations as inputs of second order. In that case the
complexity measure is the number of quantum switches. In their paper, Colnaghi et al. have shown that the
problem can be solved within n2 calls in the query model and n(n− 1)/2 quantum switches in the new model.
We refine these results by proving that n log2(n) + Θ(n) quantum switches are necessary and sufficient to solve
this problem, whereas n2 − 2n + 4 calls are sufficient to solve this problem in the standard quantum circuit
model. We prove, with an additional assumption on the family of gates used in the circuits, that n2o(n7/4 + ε)
queries are required, for any ε > 0. The upper and lower bounds for the standard quantum circuit model are
established by pointing out connections with the permutation as substring problem introduced by Karp.

Alioscia Hamma, IIIS, Tsinghua University
Title: A toy model for quantum space-time
Abstract: Space-time is, to some extent, a causal structure. The most basic ingredients for such a structure are
a notion of signalling and a graph. A quantum space-time then should be the superposition of such structures.
We present a toy model which features evolution of quantum space times by means of a simple local Hamiltonian
that is defined in a pre-geometric way (the Hamiltonian being local in the sense that only has few-body terms).
In this model, some degrees of freedom end up being “space” and some others “matter”. The interaction between
the two is such that the space tells matter how to move, and matter tells space how to change shape, in the
spirit of general relativity. The model features a maximum speed for signalling and other interesting quirks,
that can be of interest in the understanding of a quantum mechanical theory of gravity.

Francesco Buscemi, University of Nagoya
Title: Conservation of information as the underpinning of Markovianity
Abstract: The crucial feature of a Markov chain lies in its memoryless-ness. This, in particular, implies that
any information about the state of a physical system, whose evolution is governed by a Markov chain, can only
decrease as the system evolves. What about the reverse implication, namely, are all information-decreasing
processes automatically Markovian In this talk I will show how the mere assumption of a ”data-processing
principle” can (at least in two cases) lead to quite general conclusions.

Xiang-Bin Wang, Department of Physics, Tsinghua University
Title: Non-Markovian dynamics for quantum open systems without rotating wave approximation
Abstract: We study the non-Markovian dynamics of a damped oscillator coupled with a reservoir. With the
rotating-wave approximation(RWA) the prior art results have shown the existence of non-Markovian feature
if the coupling strong enough. We show the existence of an upper bound value for the interaction strength
between the system and reservoir, otherwise the total Hamiltonian is unphysical if we consider the original
Hamiltonian without RWA. We present exact expressions for the oscillator’s evolution directly from the BCH
formula by series expansion with neither Markovian nor rotatingwave approximation. Based on these, we show
the existence of the non-Markovian feature of the system evolution. By numerical simulation we find that the
non-Markovian feature exists within a wide range of the coupling strength, even though the coupling strength
is very small.

Paolo Perinotti, University of Pavia
Title: Fermionic cellular automata and free quantum fields
Abstract: We introduce Fermionic quantum cellular automata and describe the emergence of different space-time
geometries from their topological structure, under the assumptions of linearity, unitarity, locality, homogeneity
and isotropy. The unitarity principle leads to a set of quadratic equaitons that the automaton transition matrices
must satisfy. The homogeneity requirement, on the other hand, allows one to associate the Fermionic modes



6

with elements of a group of translations on a lattice. After discussing the main open problems in the case where
the lattice is non-Abelian, we focus on the Abelian case, and show how the further requirement of minimality
singles out a finite class of solutions for the unitarity equations. We analyze these solutions, showing that in an
appropriate limit their evolution obeys Weyl’s equation. We then study the evolution of a pair of coupled Weyl
automata, which can either obey Dirac’s equation, or Maxwell’s. Finally, we discuss space-time symmetries of
the above automata in the one-dimensional case, which consist in a non-linear representation of the Lorentz
group, thus equipping the emergent spacetime with a deformed Minkowskian geometry.

Ross Duncan, University of Strathclyde
Title: Causality and Determinism in measurement-based quantum computation
Abstract: The 1-way model is a quantum computer that works by performing single-qubit measurements on a
large entangled state, the graph state. In order to perform deterministic computations the later measurements
must depend on earlier measurements, and the dependence depends on the geometry of the state. I will present
a more abstract view of this model, formalised in ZX-calculus, and examine how causality and determinism
interact.

Ray Lal, University of Oxford
Title: Theory-independent limits on correlations from generalised Bayesian networks
Abstract: Quantum correlations which violate Bell inequalities cannot be recovered using classical random
variables that are assigned to a certain background causal structure. Moreover, Tsirelson’s bound demonstrates a
separation between quantum correlations and those achievable by an arbitrary no-signalling theory. However, one
can consider causal structures other than that of the usual Bell setup. We investigate quantum correlations from
this more general perspective, particularly in relation to Pearl’s influential work on causality and probabilistic
reasoning, which uses the formalism of Bayesian networks. We extend this formalism to the setting of generalised
probabilistic theories, and show that the classical d-separation theorem extends to our setting. We also explore
how classical, quantum and general probabilistic theories separate for other causal structures; and also when all
three sets coincide.

Christian Majenz, University of Copehagen
Title: Quantum Causal Structures
Abstract: Until a few decades ago there was a dogma in statistics and machine learning: Statistical data cannot
have rigorous implications about causal relations. Nowadays we know that this is not true: There are checkable
conditions for certain causal structures to serve as a model for observed statistical data. One of the methods
employed to derive such conditions uses entropic measures of correlation. This talk shows how to use that
approach if the causes are quantum states instead of classical random variables. The fact that the source
and the target system of a quantum operation do not coexist is a fundamental difference to the classical case.
Applications of the new framework include the natural appearance and the strengthening of the information
causality principle and the characterization of correlations that arise from few-body interaction. In the last case
it is also shown that in the case of general non-signalling resources the causal structure has entropic corollaries,
too.

Yu-xi Liu, Institute of Microelectronics, Tsinghua University
Title: Linear and nonlinear response of superconducting flux quantum circuits
Abstract: In my report, I will first show our recent study on the linear response of the driven three-level a
superconducting flux quantum circuit (SFQC) to a weak probe field. When the bias magnetic flux is at the
optimal point, the SFQC responds to the probe field like natural atomic systems with ladder-type transitions.
However, when the bias magnetic flux deviates from the optimal point, the three-level SFQC has a cyclic
transition, thus it responds to the probe field like a combination of natural atoms with ladder-type transitions and
natural atoms with Λ-type transitions. In particular, we give detailed discussions on the conditions for realizing
electromagnetically induced transparency and Autler-Townes splitting in three-level SFQCs. We further show
that second-order nonlinear processes can occur in a three-level SFQC when the inversion symmetry of the
potential energy is broken. In particular, we show that difference- and sum-frequencies (and second harmonics)
can be generated in the microwave regime in a controllable manner by using a single three-level SFQC. For our
proposed parameters, the frequency tunability of this circuit can be achieved in the range of about 17 GHz for
the sum-frequency generation, and around 42 GHz (or 26 GHz) for the difference-frequency generation. Our
proposal provides a simple method to generate second-order nonlinear processes within current experimental
parameters of SFQCs.

References:
[1] Optical selection rules and phase-dependent adiabatic state control in a superconducting quantum circuit,
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Yu-xi Liu, J. Q. You, L. F. Wei, C. P. Sun, Franco Nori, Phys. Rev. Lett. 95, 087001 (2005).
[2] Electromagnetically induced transparency and Autler-Townes splitting in superconducting flux quantum
circuits, Hui-Chen Sun, Yu-xi Liu, J. Q. You, E. Il’ichev, and F. Nori, Phys. Rev. A 89, 063822 (2014)
[3] Controllable microwave three-wave mixing via a single three-level superconducting quantum circuit, Yu-xi
Liu, Hui-Chen Sun, Z. H. Peng, Adam Miranowicz, J. S. Tsai, Franco Nori, arXiv:1308.6409.

Yingdan Wang, Institute of Theoretical Physics, CAS
Title: Entanglement generation in three-mode optomechanical systems
Abstract: A mechanical resonator could serve as an ideal system for transferring quantum states and mediating
interactions between very different kinds of photons. To this end, recent experiments have realized three-mode
optomechanical systems, where a single mechanical resonator simultaneously interacts with both an optical
and a microwave cavity. In this talk I will discuss different strategies which use reservoir engineering in such
a system as a powerful tool to generate robust, stationary entanglement between the two cavity fields. By
manipulating the mechanical resonator to effectively cool delocalized Bogoliubov modes, we find that large
intracavity entanglement can be achieved, at a level which is well above the maximum achievable via a coherent
two-modeinteraction. We have also analyzed the entanglement of the output fields of the two cavities. While
there are significant differences from the intra-cavity fields, we again find that with proper parameter choices,
large amounts of entanglement can be achieved. While the emphasis is on optomechanics, our results can also
be applied directly to other 3-mode bosonic systems (e.g., as could be realized with superconducting microwave
circuits).

Luyan Sun, IIIS, Tsinghua University
Title: Quantum error correction with superconducting qubits
Abstract: Quantum error correction (QEC) is required for a practical quantum computer because of the fragile
nature of quantum information. A measurement-based QEC requires the measurement of error syndromes in a
quantum non-demolition (QND) way and at a rate which is faster than errors occur. In a 3D circuit quantum
electrodynamics architecture, we realize a parity measurement of a microwave field by mapping its parity onto
an ancilla qubit. The projective nature of the parity measurement onto a degenerate parity eigenspace, the
cat states, is confirmed by Wigner tomography after a single parity measurement, showing 83% fidelity to ideal
cats. The parity can therefore serve as an error syndrome for a recently proposed QEC scheme [Leghtas et.al.
PRL (2013)]. We then demonstrate a tracking of quantum jumps of this error syndrome by repeated parity
measurements. We conclude by showing our protocol to be 99.8% QND per measurement and to be highly
sensitive to parity jumps. Such levels of performance can already increase the lifetime of a quantum bit of
information, and thereby present a promising step towards realizing a viable QEC scheme [Sun et.al. Nature
511, 444 (2014)].

Michael Drewsen, University of Aarhus
Title: Tailoring properties of ion-strings
Abstract: Spatial and motional control of strings of ions is essential for large range of experiments with trapped
atomic and molecular ions. For instance, strings of atomic ions are being used for quantum information process-
ing, quantum simulations, quantum memories for light, exploration of energy transport in finite systems and as
starting point for studies of symmetry breaking in structural phase transitions. In addition, strings incorporat-
ing molecular ions have been exploited in investigations of molecular processes at the single particle level, and
in the near future, spectroscopy of highly charged ions are expected to significantly improve the measurement
precision through Coulomb crystallization into 1D structures.

In the talk, I will discuss partly new results regarding pinning of identical atomic ions in 1D-configurations within
the periodic potential wells of optical lattices, and partly the outcome of a series of experiments focused on sorting
two-species ion systems into specific ordered string structures. The latter, includes the nearly deterministically
preparation of perfectly interleaved 1D-string with every second ion being of one specific type, and the formation
of two parallel strings with each one composed exclusively of atomic and molecular ions, respectively.

Kihwan Kim, IIIS, Tsinghua University
Title: Implementation of the Susskind-Glogower phase operator in a trapped ion system
Abstract: Phase operator is a controversial topic in quantum optics, though the phase estimation is one of the
most important quantum techniques and widely performed in various systems. Among the disputes, there was
a phase operator proposed by Susskind-Glogower [1], where it has the form of infinite summations of addition
and subtraction operations for all the Fock states. In this talk, we report recent our experimental development
to realize the Susskind-Glogower phase operator, that is, the pure addition and subtraction of bosonic particles,
phonons in our trapped ion system. In quantum mechanics, when we create or annihilate phonons, the amplitude
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of the operation is modified by
√
n factor differently from classical addition or subtraction of a particle. We

erase such quantum nature of the factor
√
n by so called transitionless quantum driving [2] in the Anti-Jaynes-

Cumming interaction between the qubit-phonon coupling of the trapped ion system. Experimentally, we observe
such classical addition and subtraction operations also serve as the non-Gaussian operation. The Susskind-
Glogower phase operator would be realized by the superposition of the pure addition and subtraction operation.

References:
[1] L. Susskind and J. Glogower, Physics, 1, 49 (1964).
[2] M. V. Berry, J. Phys. A 42, 365303 (2009).

Stefano Chesi, Beijing Computational Science Research Center
Title: Single-spin manipulation in a double quantum dot in the field of a micromagnet
Abstract: We characterize a single-spin manipulation scheme realized through the singlet-triplet anticrossing
induced by a micromagnet slanting field in GaAs double dot setups. We discuss the optimization of single-spin
gates with suitable choices of detuning pulses and an improved geometry for the double-dot and micromagnet
configuration. We examine the effect on this scheme of the Overhauser field induced by nuclear spins and of
charge noise from the electric gates, and characterize the timescales and analytical forms of the resulting decay
of coherence. Our results suggest that this scheme is a promising approach for the realization of fast single-spin
operations.


