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An emerging discipline at the intersection of physics and computer science, quantum information science is likely to revolutionize science and technology in the same way that lasers, electronics, and computers did in the 20th century. By encoding information into quantum states of matter, one can, in theory, exploit the seemingly strange behavior of quantum systems to enable phenomenal increases in information storage and processing capability, as well as communication channels with high levels of security. Although many of the necessary physical manipulations of quantum states have been demonstrated experimentally, scaling these up to enable fully capable quantum computers remains a grand challenge. We engage in (a) theoretical studies to understand the power of quantum computing, (b) collaborative efforts with the multi-laboratory experimental quantum science program at NIST to characterize and benchmark specific physical implementations of quantum information processing, and (c) the demonstration and assessment of technologies for quantum communication.



One-Time Programs Using Isolated Qubits
Yi-Kai Liu
A one-time program is a type of trusted computing hardware that performs a pre-programmed computation exactly once, and then self-destructs. One-time programs can be used to perform actions that should not be repeated, such as spending a set amount of money, or casting a vote in an election. They can also be used to protect mobile devices, such as smartphones or autonomous drones, from being stolen and reverse-engineered by an adversary.
We are continuing to develop constructions for one-time programs based on isolated qubits. These are qubits that can be accessed individually, but cannot be entangled. Solid-state quantum systems, such as nuclear spins, are one possible approach to experimental realization of isolated qubits.
On the theoretical side, we are investigating ways of proving that these one-time programs can be composed securely. In particular, we are trying to show that these devices will remain secure when they are accessed sequentially or in parallel, as part of a larger system. We are investigating how techniques involving program obfuscation can be applied here. In addition, we are studying quantum protocols for password-based identification, which might also be achievable in the isolated qubits model.
On the experimental side, we are studying possible implementations of isolated qubits, using solid-state nuclear spins, quantum dots, and trapped ions. While a full-scale implementation of a one-time program would be quite challenging, in the near term it may be possible to do a more limited demonstration. For instance, one may be able to observe a quantum effect called “nonlocality without entanglement,” or “quantum data hiding,” using a system of 5-10 trapped ions, with individual control of each ion.
Phase Retrieval and Quantum Tomography
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Phase retrieval is the task of learning an unknown n-dimensional vector x from measurements of the form 

where the vectors  are chosen by the observer. Such measurements arise in a variety of applications, including optical imaging (where one measures the intensity of the light field, but not the phase), and quantum tomography (where one measures the probability, but not the complex amplitude, of the wave function).
We have studied the performance of PhaseLift, a well-known algorithm for phase retrieval that is based on convex relaxation, using different kinds of structured measurements, i.e., different choices for the vectors . In particular, we studied two kinds of measurements: so-called Bernoulli random vectors sampled from the hypercube , and random vectors sampled from spherical and unitary 2-designs. 
In both of these cases, there exist vectors x that cannot be recovered uniquely, given these measurements. However, we showed that these failures are rare, and there exist large classes of vectors that can be recovered successfully using PhaseLift [1][2]. 
Measurements using spherical and unitary 2-designs are of interest for quantum tomography, as they can be implemented easily in many experimental setups, by using stabilizer states and Clifford operations. Using this connection, we showed a method for quantum process tomography that combines ideas from randomized benchmarking and compressed sensing [2]. This method is robust to state preparation and measurement errors, and it is quadratically faster than conventional tomography for processes that are generic (Haar-random) unitaries. We are currently trying to give a more precise theoretical analysis of this method, by making use of recent results that show that random stabilizer states and Clifford operations are “almost” 4-designs.
Finally, in collaboration with the superconducting qubits group at Yale, we investigated the optimal design of tomographic measurements for continuous-variable quantum systems using photon-number-resolving detectors [3].
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