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Photons exhibit many interesting quantum features, such as
entanglement and bosonic indistinguishability, which
contradict our classical view. The nonclassicality of entangled
photons is best uncovered by Bell non-locality tests. In this talk,
| explain other nonclassicality tests, based on the notion of
contextuality, properly designed for witnessing each specific
feature of photons.

Circuit quantum electrodynamics (QED) is the study of the
interaction of nonlinear superconducting circuits, acting as
artificial atoms for quantum information processing, with
quantized electromagnetic fields in the microwave-frequency
domain. In recent decades, the emergence of quantum
information science has intensified research toward using these
circuits as qubits in quantum information processors. In this
presentation | will describe how it now plays an essential role
in current approaches to gate-based quantum computing with
superconducting circuits.
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Transformations on quantum states form a basic building block
of every quantum information system and quantum logic gates
are one of the basis optical elements for them. In this
presentation | will describe how it is possible to generate high
dimensional quantum states and their corresponding logic gats.
The created gates can be used in many applications such as
generating high dimensional quantum Bell States which are a
distinctive set of maximally entangled two-particle quantum
states. They form the foundation for many quantum protocols
such as teleportation, dense coding, and entanglement
swapping.
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Designing contextuality tests
for witnessing various
nonclassicalities of photons

gate-based quantum
computing with
superconducting circuits
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Quantum spectroscopy by
photons that have not touched
the object
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Quantum control and measurement of mechanical oscillators
have been achieved by coupling mechanical oscillators to
auxiliary degrees of freedom in the form of optical or
microwave cavities, allowing numerous advances such as
quantum state transfer or mechanical entanglement. An
enduring challenge in constructing such hybrid systems is the
dichotomy of engineered coupling to an auxiliary degree of
freedom, while being mechanically well isolated from the
environment, that is, low quantum decoherence — which
consists of both thermal decoherence and dephasing. We
overcome this challenge by introducing a superconducting
circuit optomechanical platform with a directly measured
thermal decoherence rate of 20.5 Hz (corresponding to 7.7
milli-second T1) as well as a pure dephasing rate of 0.09 Hz. This
enables us to reach to 0.07 quanta motional ground state
occupation (93% fidelity) and realize mechanical squeezing of -
2.7 dB below zero-point-fluctuation.
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Superconducting circuit
optomechanics: from milli-
second quantum decoherence
to topological lattices
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