Caltech Establishes IQI: Institute for Quantum Information
by John Preskill

The Divisions of Physics, Mathematics, and Astronomy (PMA) and
Engineering and Applied Science have jointly established the Institute for
Quantum Information (IQI), supported by a five-year grant from the
National Science Foundation. The goal of the IQI is to advance the foundations of quantum information science (QIS), an emerging field that draws on
physics, mathematics, computer science, and engineering. Broadly speaking,
QIS addresses how the principles of quantum physics can be harnessed to
improve the acquisition, transmission, and processing of information.
QIS derives much of its intellectual vitality from three central ideas, all
of relatively recent vintage. The first important idea is quantum computation. We have learned that a computer that operates on quantum states
instead of classical bits can perform tasks that are beyond the capability of
Aside from its technological implications, QIS is an intellectually stimulating basic
research field. Fundamental questions such as What is the computational power of
N a t u re ?, Can measurement be reversed?, and How much information can we learn?
drive the field and inspire new research directions.

“As with any revolutionary scientific insight, the long-term implications [of QIS] cannot be clearly anticipated, but we are confident that they will be profound.
We also expect that the emergence of QIS will have an extensive eventual impact on how science is taught at the college and
secondary level, and will bring a
deeper understanding of quantum physics to a broad segment
of the lay public.”
—John Preskill, Professor of
Theoretical Physics

any conceivable classical computer. For example, finding the 200-digit prime
factors of a 400-digit composite number would take billions of years on
today’s supercomputers. But for a quantum computer it would be an easy
problem, not much harder than multiplying two numbers together to find
their product. The boundary between “hard” and “easy”—between problems
that someday will be solved and problems that never can be solved—is
essentially different in a quantum world than in a classical world.
The second important idea is quantum cryptography. You can communicate privately with another party over the Internet, but the security of that
communication is founded on assumptions about the computational
resources that are available to a potential adversary. In contrast, if you were
able to communicate by transmitting quantum states (like photon wave packets traveling in an optical fiber) instead of classical bits, you could achieve a
higher level of privacy founded on fundamental laws of physics. Quantum
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cryptography is based on the principle that it is
impossible to collect information about the state of a
quantum system without disturbing the state in a
detectable way.
The third important idea is quantum error correction, which has greatly boosted our confidence
that large-scale quantum computers really can be
built and operated someday. The power of a quantum

Graduate students (left to right) Andrew Landahl,
Jim Harrington, and Charlene Ahn discussing
the finer points of qubits.
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