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Bulk Spin-Resonance Quantum
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Ensemble quantum computing by NMR spectroscopy

(NMR /quantum computing/DNA computing /nondeterministic polynomial-time complete)

DAVID G. CorY%, AMR F. FAHMYS, AND TiIMOTHY F. HAVELST

#Department of Nuclear Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139; and §Biolog__gical Chemistry and Molecular Pharmacology,
Harvard Medical School, Boston, MA 02115
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Experimental realization of Shor’s
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using nuclear magnetic resonance

Lieven M. K. Vandersypen* 7, Matthias Steffen* T, Gregory Breyta*,

Costantino S. Yannoni*, Mark H. Sherwood* & Isaac L. Chuang*
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NMR techniques for quantum control and computation

L. M. K. Vandersypen*
Kavli Institute of NanoScience, Delft University of Technology, 2628 CJ Delft, The

Netherlands

. L. Chuang®

Center for Bits and Atoms and Department of Physics, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139, USA

(Published 12 January 2005)

Fifty years of developments in nuclear magnetic resonance (NMR) have resulted in an unrivaled
degree of control of the dynamics of coupled two-level quantum systems. This coherent control of
nuclear spin dynamics has recently been taken to a new level. motivated by the interest in quantum
information processing. NMR has been the workhorse for the experimental implementation of
quantum protocols, allowing exquisite control of systems up to seven qubits in size. This article
surveys and summarizes a broad variety of pulse control and tomographic techniques which have been
developed for, and used in, NMR quantum computation. Many of these will be useful in other
quantum systems now being considered for the implementation of quantum information processing

tasks.

Rev. Mod Phys. 76, 1037 (2004) Vandersypen & Chuang
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Coherence time of decoupled nuclear spins in silicon
All-Silicon Quantum Computer
T. D. Ladd,* D. Maryenko,” and Y. Yamamoto?
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Coherent control of
macroscopic quantum states
in a single-Cooper-pair box

Y. Nakamura*, Yu. A. Pashkint & J. S. Tsai*

* NEC Fundamental Research Laboratories, Tsukuba, Ibaraki 305-8051, Japan
T CREST, Japan Science and Technology Corporation (JST), Kawaguchi,
Saitama 332-0012, Japan

A nanometre-scale superconducting electrode connected to a :

reservoir via a Josephson junction constitutes an artificial two- ‘

level electronic system: a single-Cooper-pair box. The two levels

consist of charge states (differing by 2e, where e is the electronic i
charge) that are coupled by tunnelling of Cooper pairs through

the junction. Although the two-level system is macroscopic,
containing a large number of electrons, the two charge states
can be coherently superposed' ™. The Cooper-pair box has there-
fore been suggested®” as a candidate for a quantum bit or

‘qubit’—the basic component of a quantum computer. Here we 1um Ise M

A

o

Nature 398, 786 (1999) Nakamura et al.
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Drug design on quantum computers

Raffacle Santagati,"* Alan Aspuru-Guzik,? Ryan Babbush,® Matthias Degroote,! Leticia Gonzalez,*
Elica Kyoseva,'» T Nikolaj Moll,! Markus Oppel,* Robert M. Parrish,> Nicholas C. Rubin.? Michael
Streif,! Christofer S. Tautermann,® " Horst Weiss,® Nathan Wiebe,? and Clemens Utschig-Utschig!
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2 Department of Computer Science, University of Toronto, Canada
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" Department of General, Inorganic and Theoretical Chemistry, University of Innsbruck, 6020 Innsbruck, Austria
8Neat Generation Computing in Global Digitalization, BASF SE,
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The state of quantum computing applications
in health and medicine

Frederik F. Flother

IBM Quantum, IBM Research, Rischlikon, Switzerland and QuantumBasel, uptownBasel Infinity Corp., Arlesheim,
Switzerland
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