Kihwan Kim (Tshinghua Univ.) 

Title: Modular Quantum Computation and Tomography of Phonons in a Trapped Ion System
Abstract :  In this talk, I will discuss two experimental demonstrations using vibrational degrees of freedom in our trapped ion system. The first is the modular quantum computation with trapped ions. Modern computation relies crucially on modular architectures, breaking a complex algorithm into self-contained subroutines. A client can then call upon a remote server to implement parts of the computation independently via an application programming interface (API). Present APIs relay only classical information. Here we implement a quantum API that enables a client to estimate the absolute value of the trace of a server-provided unitary operation U. We demonstrate that the algorithm functions correctly irrespective of what unitary U the server implements or how the server specifically realizes U. Our experiment involves pioneering techniques to coherently swap qubits encoded within the vibrational states of a trapped 171Yb+ ion, controlled on its hyperfine state. This constitutes the first demonstration of modular computation in the quantum regime, providing a step towards scalable, parallelization of quantum computation.

The second is tomography of phonons. Boson tomography is a fundamental physical problem which has a capacity to show the power of quantum computation. While it has been considered mostly for linear optical systems with photons, phonons for trapped ions are also a good candidate to realize the full tomography of their quantum states. A recent proposal by L. Banchi et al. (PRL 121, 250402 (2018)) shows that with ancilla vacuum modes, the number of measurement settings required for the experiment can be reduced. Here, we demonstrate that a full phonon tomography of a two-mode number-restricted input phonon state with a beam splitter operation and projective measurements. Then we use up to two ancilla vacuum modes to realize the reduction of settings for the tomography of this two-mode input state. Our experiment demonstrates a new way to realize boson tomography with minimal resources for a trapped ion system which can be generalized to other physical systems.

These demonstrations would provide a way of increasing Hilbert space for the quantum computation and quantum information science. 
------------------------------------------

Stephen Crain (Duke) : 

Title : Progress Towards a 171Yb+-Based Trapped Ion Quantum Computer
Abstract : Trapped atomic ions have proven to be a highly effective platform for quantum computing, but advances in the system technologies are necessary to continue the improvement in performance and stability. In this talk I will present the various ways we are addressing the engineering challenges at Duke University to develop a scalable, high-performance trapped ion quantum system. In current experiments, single qubit gates are driven by Raman transitions using a pair of tightly focused co-propagating beams, and these beams are steered across the qubits using microelectromechanical system (MEMS) tilting mirrors. Two qubit gates on arbitrary pairs of qubits are implemented as Mølmer-Sørensen gates. High-fidelity gates have been characterized using quantum gate set tomography and randomized benchmarking. In order to increase the stability of our experimental system, we have developed a new framework for designing and constructing optical assemblies. I will also present our work on a novel cryogenic ion trapping system with a low-vibration cryostat and custom trap packaging, and our development of a new framework for high stability optical assemblies.
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Dzmitry MATSUKEVICH (CQT) : 

Title : Quantum information processing with continuous variables in the ion trap
Abstract : Motional states of trapped ions are well approximated by a set of harmonic oscillators and can provide large Hilbert space for quantum computations or quantum simulations. However, strong and deterministic nonlinear interactions between the modes of motion is required for these applications. In this talk, I discuss two ways to induce nonlinear interaction between the motional modes. I report nonlinear couplings between two and three normal modes of motion in the system of trapped ions that arises due to anharmonicity of the Coulomb interaction between the ions and demonstrate several applications of these interactions, including implementation of a quantum absorption refrigerator. I also describe a hybrid quantum gate where quantum states of motional modes modes are swapped conditioned on the spin state of the ion. I demonstrate a few simple algorithms involving this gate, and discuss how this approach can enable universal quantum computation with continuous variables. 
-------------------------------

Mile Gu (NTU):

Title: Quantum Plug n' Play: Modular Quantum Algorithms and their realisation on trapped ions.
Abstract:   When Google upgrades their hardware, applications that make use of Google services continue to function without needing to update. This modular architecture allows a client, Alice, to leverage computations done on a remote server, without knowing any details regarding how these computations were executed. Modularity is enabled by an interface { an established set of rules that specify how Alice delivers input to the server, and how the server returns relevant output to Alice. Once agreed, Alice can design technology that makes use of the server's functions as subroutines, while remaining blissfully ignorant of their implementation. Such interfaces are now industry standard. Known as APIs,their adoption is almost universal. 
 
Present APIs relay only classical information. Here I will introduce how we discuss how this formalism generalised to the quantum regime, and illustrate how the unique properties of quantum mechanics may add extra obstacles in achieving modular architectures and methods to circumvent such issues. I will then present a proof-of-principle quantum API that enables a client to estimate the absolute value of the trace of a server-provided unitary U and outline its experimental realisation using trapped ions. Our experiment involves pioneering techniques to coherently swap qubits encoded within the motional states of a trapped 171Yb+ ion, controlled on its hyper fine state and demonstrates the power of modular architectures in returning the correct outcome irrespective of what unitary U the server implements or the specific actions are used to synthesise U. 
 
References:
· New Journal of Physics 20. 1, 013004
· arXiv:1907.12171, 2019 [To appear in Nature Communications]
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Isaac Kim (PsiQuantum)

Title : Noise-resilient quantum circuits
Abstract :  A noisy quantum computer can simulate any noiseless quantum computation with an overhead that scales very modestly with the size of the computation, in the asymptotic limit in which the size of the computation becomes large. However, the overhead in practice is still too large even for state-of-the-art quantum computing devices. In order to circumvent this problem, we propose a specialized algorithm that remains robust in the presence of error even without error correction. Even though the size of the circuit increases with the problem size, the accumulated error on the answer is stabilized at a level comparable to the physical noise rate. This is possible because the errors introduced at earlier times are judiciously diluted more by the design of the circuit. This algorithm can dramatically speed up the existing (classical) computational methods to study strongly interacting quantum many-body systems. One may thus optimistically hope to accurately predict the properties of such systems with a noisy quantum computer, provided that the noise rate in these devices continues to get lower.
-----------------------

Michael Hanks (NII)

Title : The Many Faces of Quantum Device Design
Abstract : Quantum physics represents one of the most baffling discoveries of the last century. The realization that this discovery can be exploited for significant applications like field sensing, secure communication, and the solution of difficult computational problems motivates a challenging, yet exciting, global engineering effort.
 At the Quantum Information Science Theory (QIST) Group, at the National Institute of Informatics (NII), Japan, our members are interested in a diverse set of problems. From modelling complex physical phenomena with an eye to their eventual exploitation, to the more abstract analyses of encoding methods specific to quantum information, we seek to bring together the many necessarily-interrelated facets of any eventual quantum information processing device. In this presentation, I will give a brief tour of our recent result at QIST-NII, explaining their significance and providing an introduction to the principal investigators. I will also briefly discuss some of the open problems with which we are presently entangled.
-----------------------------------------

Runyao DUAN (Baidu Research/UTS)

Title: Quantum Architecture
 
Abstract: Quantum Architecture aims to provide a platform to transform “Quantum infrastructure as a Service (QaaS)” into reality. It plays a crucial role in connecting classical programming and quantum hardware, and will actually implement quantum algorithms and quantum AI applications. With the recent progresses on quantum algorithms and technologies in experimental quantum computing, the need of researching quantum architecture has become very urgent. In this talk, we will outline key challenges in this field from the following five topics：Unified programming interface, Quantum hardware interface, Distributed information processing, Quantum network and internet, and Quantum & post-quantum crypto. Then we will briefly introduce Baidu Quantum Program (BQP) to show our strategies in tackling these challenges. In particular, we will introduce “Quanlse”, a quantum pulse computing system (https://quanlse.baidu.com/) which can efficiently translate a unitary description into a sequence of pulses for quantum hardware control.
---------------------

Kavan Modi (Monash Univ.)

Title: Quantum stochastic processes: A complete theory for non-Markovian quantum phenomena
Abstract: In science, we often want to characterise dynamical processes to identify the underlying physics, predict the future states, or exercise control over the system. If the state of the system at any time depends only on the state of the system at the previous time-step and some predetermined rule then the dynamics are characterised with relative ease. For instance, the dynamics of quantum mechanical systems in isolation is described in this way. However, when a quantum system repeatedly interacts with an environment, the environment often ’remembers’ information about the system's past. This leads to non-Markovian processes, which depend nontrivially on the state of the system at all times during the evolution. Such dynamics are not, in general, be easily characterised using conventional techniques. Indeed, since the early days of quantum mechanics, it has been a challenge to fully describe non-Markovian processes. Here we will show, using operational tools from quantum information theory, how to fully characterise any non-Markovian process [1]. This newly developed framework allows us to build an unambiguous criteria for quantum Markov processes [2]; extend the notion of Markov order to quantum systems [3,4,5]; cast master equations in terms of operational elements, i.e., CPTP and higher-order maps [6]; and show that our framework constitutes the theory for quantum causal modelling [7]. Finally, using these tools we expose non-Markovianity in IBM's five-qubit computer [8,9].
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