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The objective of the project is to develop a general framework for the understanding and ma-
q|,m nagement of noise effects in quantum information technologies, paying particular attention to
o the previously unexplored area of correlated noise errors in space and/or time. Such errors arise
= in many systems, especially in large scale operations. The project reaches beyond the restricted
— y sy p y qg p
nw models that are currently used, which are often inapplicable to real physical systems.

This project will address a variety of problems, including questions about the general properties
of quantum communication channels, encoding and decoding methods, and the quantum esti-
mation of correlated noise and environments with memory. The final results of the project, obta-
ined through a concerted theoretical and experimental effort, should pave the way towards im-
plementing quantum information processing and communication in realistic physical platforms.
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Questions & Answers

What are the carriers of quantum information?
Quantum information is stored in (or carried by) the
physical states of a quantum-mechanical system,
e.g. in the polarization states of a photon, the spin
states of an electron, etc.

Can you give an example of a quantum information
source and a quantum channel?

A prototypical example of a quantum information
source is a highly attenuated laser that emits indi-
vidual monochromatic photons. The corresponding
quantum channel could be an optical fibre.

Why is data compression possible?

Data compression is possible because an informa-
tion source typically emits some signals (i.e., mes-
sages) more frequently than others. In other words,
there is redundancy in the information produced
by the source, and this can be exploited to achieve
data compression.

How can one combat noise in a communication
channel?

The basic idea of encoding is to introduce redundan-
cy in the message, so that upon decoding the rece-
ived message, the receiver can retrieve the original
message with a low probability of error, even if part
of the message is distorted due to the effect of the
noise in the channel.

What properties of light can be used for quantum
information processing?

Optical fields are characterized by their wavelength
(i.e. colour), propagation direction, and polarization
of the field vector. In principle the encoding of qu-
antum information can be accomplished in each of
these properties and they may be used simultane-
ously. The quantum character of a single light beam
arises from the fact that the energy of light fields
can only exhibit discrete levels with a finite mini-
mal energy level difference. This energy difference
defines a single photon. Quantum information in
optical carriers can be understood as the informa-
tion that is encoded onto a single photon.

What is quantum process estimation?

A quantum process can be described as a transfor-
mation of input quantum states into output quan-
tum states. For process estimation one prepares an
ensemble of known input states and reconstructs
the process (e.g. the transmission of the signal
through an optical fibre) by analysing the corre-
sponding output states.

Why do correlations between different degrees of
freedom of photonic states play an important role
for practical systems?

Noise effects are very likely to couple different pro-
perties with each other, and these changes cannot
be easily separated at the output.

Quantum theory has been the bedrock of the digital information revolution, making possible the
development of the laser and the transistor. However, it is now becoming clear that quantum
physics could provide us with even more powerful forms of information processing than had
previously been envisaged. This quantum information revolution could in principle lead to vastly
improved forms of computation and secret communication, enhanced precision measurements,
and a greater ability to model and understand exotic materials such as superconductors. The
progress of the quantum information revolution, however, is facing one major obstacle: quantum

systems tend to be very susceptible to ‘noise’ - unwanted and uncontrolled disturbances from
their environment. To make further advances we need to either fight this ‘quantum noise’ ef-
fectively, or design efficient schemes that can tolerate or perhaps even be assisted by the noise

present.
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