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Overview

The development of new technologies at scales approaching the quantum regime is driving new
theoretical and experimental research on control in quantum systems. Quantum control finds an
ideal application in quantum information processing (QIP), which promises to radically improve the
acquisition, transmission, and processing of information. The Quantum Engineering Group explores
methods to control physical systems that can deliver QIP devices (not only quantum computers but
also simulators, measuring and communication devices, etc.), which exceed the capacities of the
corresponding classical devices. These ideas are explored experimentally with a hybrid approach
that combines ideas from quantum optics, mesoscopic physics, and magnetic resonance.
Theoretical efforts focus on investigation of the coherent control of open quantum systems and
decoherence avoidance.

1. Quantum Control of Spins in Diamonds

In a recently renovated laboratory we have begun the construction of a new apparatus that can
simultaneously initialize and detect the state of single electronic spins, and manipulate their state as
well as the state of nearby nuclear spins. The setup consists of a home-built scanning confocal
microscope, able to excite electronic spins associated with the Nitrogen-Vacancy center in diamond
[1] via green laser excitation at 532nm and to detect the fluorescence emitted by the color center in
the range of 650-800nm.

The optical excitation provides a way to initialize the electronic spin into the ms=0 state of the
ground state triplet (separated from the ms=+1 states by a zero-field splitting of 2.87GHz) via spin-
non conserving optical transitions. At the same time, differences in fluorescence intensity enable
state readout, distinguishing between the ms=0 and ms=% 1 states.

Microwave and RF control over a wide range of magnetic fields and frequencies is achieved via an
arbitrary waveform generator (AWG) and broadband electronic components. This flexibility will allow
us to explore control in different scenarios that impact the coherence properties of the system.
Phase and amplitude control of the fields enable precise pulse shaping and high fidelity operations.
The experimental setup will be used to develop precise control for quantum information processing,
both as a test-bed to study control strategies and decoherence mitigations, and as a promising
system candidate for scalable quantum computation [2].
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Figure 1. (a) Our newly-created research lab space. (b) The confocal microscopy setup.

2. Magnetometry

The Nitrogen Vacancy (NV) center in diamond can be used not only for quantum information
processing, but as well as a sensitive magnetic field sensor [3]. The advantage of such a solid-state
sensor is its ability to combine high sensitivity with high spatial resolution, since the sensor can be
confined in a small region of space and brought close to the magnetic field source. Another benefit is
that it can be operated at room temperature, thus enabling in vivo magnetic sensing.

We explored strategies to improve the magnetometer sensitivities by exploiting either collective
properties of an ensemble of NV centers (via the creation of a spin-squeezed state) or the presence
of a Nitrogen spin bath in diamond nano-crystal. In both cases, the creation of entangled states,
robust against decoherence, could enable magnetic field detection at the Heisenberg limit.

We further analyzed protocols for the detection of magnetic fields arising from ensemble of nuclear
spins, for example in biological samples. Specifically, we showed how to extract spectroscopic
information about the nuclear spins by measuring the time-correlation thanks to the long coherence
time of the NV electronic spin.
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3. Simulations and Decoherence in Many-Spin Systems

Another major area will be the study of many-body quantum physics via magnetic resonance. Due to
their long coherence times, nuclear spins in the solid state are an excellent platform to study many-
body effects, such as the growth of quantum coherences and their decay due to the environment.
Thanks to the good control achieved by nuclear magnetic resonance (NMR) techniques, it is as well
possible to use this system to simulate other quantum systems of relevance for quantum information
and condensed matter physics [4].
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Figure 2. Confocal image of a target, showing the Figure 3. Confocal image of single NV centers.
resolution achieved by the setup.
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