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              A commonly researched method of quantum cryptography is quantum key distribution (QKD). In this method, quantum states are used to generate secret keys which can then be used for secure communication between two users. Due to the fundamental principles of quantum mechanics, the QKD protocols produce keys that can be guaranteed as secure from eavesdroppers, thus also ensuring the security of the subsequent communication using the secret keys.
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              SoftwareQ, a company founded by Dr. Michele Mosca, IQC faculty member and professor in the Department of Combinatorics and Optimization at the University of Waterloo, and Dr. Vlad Gheorghiu, IQC affiliate member and alumnus, has been awarded up to $419,200 in funding for a new collaboration with Nu Quantum, a leading quantum networking company in the United Kingdom.
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              En francais


Four University of Waterloo researchers, including Dr. Michael Reimer, a faculty member at the Institute for Quantum Computing and a professor in the Department of Electrical and Computer Engineering, were awarded funding earlier this month from the Ontario government for innovative research that ranges from cleaning up arsenic-laden mine waste, treating potential virus outbreaks, and using artificial intelligence to protect valuable financial data.
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              Overparameterization and Expressivity of Realistic Quantum Systems


Quantum-Nano Centre, 200 University Ave West, Room QNC 1201 Waterloo, ON CA N2L 3G1


Quantum computing devices require exceptional control of their experimental parameters to prepare quantum states and simulate other quantum systems, in particular while subject to noise. Of interest here are notions of trainability, how difficult is it to classically optimize parameterized, realistic quantum systems to represent target states or operators of interest, and expressivity, how much of a desired set of these targets is our parameterized ansatze even capable of representing? We observe that overparameterization phenomena, where systems are adequately parameterized, are resilient in noisy settings at short times and optimization can converge exponentially with circuit depth. However fidelities decay to zero past a critical depth due to accumulation of either quantum or classical noise. To help explain these noise-induced phenomena, we introduce the notion of expressivity of non-unitary, trace preserving operations, and highlight differences in average behaviours of unitary versus non-unitary ensembles. We rigorously prove that highly-expressive noisy quantum circuits will suffer from barren plateaus, thus generalizing reasons behind noise-induced phenomena. Our results demonstrate that appropriately parameterized ansatze can mitigate entropic effects from their environment, and care must be taken when selecting ansatze of channels.
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Quantum-Nano Centre, 200 University Ave West, Room QNC 0101 Waterloo, ON CA N2L 3G1


Quantum many-body scars (QMBS) consist of a few low-entropy eigenstates in an otherwise chaotic many-body spectrum and can weakly break ergodicity resulting in robust oscillatory dynamics. The notion of QMBS follows the original single-particle scars introduced within the context of quantum billiards, where scarring manifests in the form of a quantum eigenstate concentrating around an underlying classical unstable periodic orbit. A direct connection between these notions remains an outstanding question. Here, I will first show that a spinor condensate, owing to its collective interactions, is amenable to the diagnostics of scars. We characterize this system's rich dynamics, spectrum, and phase space, consisting of both regular and chaotic states. The former are low in entropy, violate the Eigenstate Thermalization Hypothesis, and can be traced back to integrable effective Hamiltonians, whereas most of the latter are scarred by the underlying classical unstable periodic orbits, while satisfying Eigenstate Thermalization Hypothesis. I will exhibit evidence on how the existing QMBS in the literature are akin to the regular states, rather than the quantum scars. Then I will move on to introduce a spatially many-body model with a mean-field limit by decreasing the range of the interactions. Remarkably, we find that unstable periodic orbits affect the early-time many-body dynamics giving rise to a new type of QMBS. I will classify the QMBS in two main classes, discuss their distinct properties, and show how both QMBS states show up in our model in different parameter regimes. This talk aims (i) to clarify the connection of QMBS to quantum scars and regular eigenstates, and (ii) illustrate the fundamental principle of classical-quantum correspondence in a many-body system, and its current limitations.
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              IQC Seminar - Zohreh Davoudi, University of Maryland


Quantum-Nano Centre, 200 University Ave West, Room QNC 1201 Waterloo, ON CA N2L 3G1


Quantum computing gauge theories of relevance to Nature requires a range of theoretical and algorithmic developments to make simulations amenable in the near and far terms. With a focus on the SU(2) lattice gauge theory with matter, I will motivate the need for efficient theoretical formulations, introduce general quantum algorithms that can simulate them efficiently, and discuss strategies for analyzing the required quantum resources accurately. These considerations will be of relevance to simulating other gauge theories of increasing complexity, including quantum chromodynamics.
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