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I want to say a few words about the potential implications of quantum information
theory for the future of physics. I feel that quantum information has earned a lasting and
prominent place at the foundations of computer science. But at present it seems rather
isolated from most of the rest of physics. I would like to see that change in the future.
How might it change?

So I am selling a vision of the future in which quantum information secures it central
position at the foundations of computer science, but also erects bridges that connect with
precision measurement, condensed matter physics, quantum gravity, and other fields that
we can only guess at today. And I advocate in particular a program to carry out a rich
classification of the phases that can be exhibited by highly entangled many-body systems.
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Quantum information and physics: some future directions
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(Recetved 7 April 1999)

Abstract. I consider some promising future directions for quantum infor-
mation theory that could influence the development of 21st century physics.
Advances in the theory of the distinguishability of superoperators may lead to
new strategies for improving the precision of quantum-limited measurements.
A better grasp of the properties of multi-partite quantum entanglement may
lead to deeper understanding of strongly-coupled dynamics in quantum many-
body systems, quantum field theory, and quantum gravity.
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2. Quantum information theory and precision measurement

The connections between quantum information and precision measurement are
explored in a separate article [6], which I will only summarize here.

My own interest in the quantum limitations on preciston measurement has
been spurred in part by Caltech’s heavy involvement in the LIGO project, the
Laser Interferometer Gravitational-Wave Observatory [7]. LIGO is scheduled to
begin collecting data in 2002, and a major upgrade is planned for two years later,
which will boost the optical power in the interferometer and improve the
sensitivity. In its most sensitive frequency band, the LIGO II observatory will
actually be operating at the standard quantum limit (SQL) for detection of a weak
classical force by monitoring a free mass. (In this case, the SQL corresponds to a
force that nudges an 11kg mass by about 10~!7 cm at a frequency of 100 Hz.)

Then within another 4 years (by 2008), another upgrade is expected, which will
boost the sensitivity in the most critical frequency band beyond the SQL.. Even an
improvement by a factor of two can have a very significant pay-off, for a factor of
two in sensitivity means a factor of 8 in event rate. But the design of the LIGO III
detection system is still largely undecided—clever innovations will be needed. So
Big Science will meet quantum measurement in the first decade of the new
century, and ideas from quantum information theory may steer the subsequent
developments in detection of gravitational waves and other weak forces.|
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- L1 observed
- H1 observed (shifted, inverted)
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