
                              Chapter 37.  Quantum Information and Quantum Computation 
 

  37-1   

Quantum Information and Quantum Computation 
 
Academic and Research Staff 
Professor Seth Lloyd, Professor Leonid Levitov, Professor Terry Orlando, Professor Jeffrey H. 
Shapiro,  Dr. N.C. Wong 
 
Visiting Scientists and Research Affiliates 
Dr. Vittorio Giovanetti,1 Dr. Lorenzo Maccone,2 Professor J.E. Mooij3 
 
Graduate Students 
William Kaminsky, Si Hui Tan 
 
Technical and Support Staff 
Suzanne Williamson 
 
 
Introduction 
 
Quantum computers and communication systems are devices that store and process information 
on quantum systems such as atoms, photons, superconducting systems, etc.  Quantum 
information processing differs from classical information processing in that information is stored 
and processed in a way that preserves quantum coherence.  The Quantum Information Group is 
investigating methods for constructing quantum computers and quantum communication systems 
using atomic physics,quantum optics, and superconducting systems.  In addition, the group is 
investigating applications of quantum information processing including novel quantum algorithms 
and communication protocols. 
 
 
 
1. Quantum Communication 
 
Sponsors 
Army Research Office (MURI) DAAD19-00-1-0177  
 
Project Staff 
Professor Seth Lloyd, Professor Jeffrey  H. Shapiro, Dr. N.C. Wong, Dr. Vittorio Giovanetti, Dr. 
Lorenzo Maccone, Si Hui Tan 
 
The problem of maintaining the coherence of quantum information as it is moved from atoms to 
photons, transported through space, and moved back from photons to atoms, is a difficult one.  
Exactly because quantum information provides additional opportunities for storing and processing 
information, it also provides additional opportunities for errors, loss, and the corruption of that 
information.   We are investigating the capacities of noisy quantum channels. 
 
We have shown how quantum channel capacity can be enhanced using entanglement.  We have 
derived limits on the capacities of broadband quantum channels with and without entanglement 
assistance.   Finally, we are investigating the ultimate physical limits to the accuracy of sensing 
and measurement. 
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2. Superconducting Quantum Computers 
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Army Research Office, DAAG55-98-1-0369, DURINT F49620-01-1-1351 
 
Project Staff 
Professor Seth Lloyd, Professor Leonid Levitov, Professor Terry Orlando, Professor J.E. Mooij, 
Lin Tian, William Kaminsky  
 
Superconducting systems present a variety of opportunities for quantum information processing.  
In collaboration with Delft Institute of Technology, we demonstrated the first macroscopic 
quantum superposition of circulating supercurrents, and have designed devices in which such 
systems function as quantum bits in a quantum computer.  We are  currently collaborating with 
Delft and NEC to investigate mechanisms of errors and decoherence in superconducting 
quantum bits and are designing experiments to demonstrate quantum logic operations, quantum 
algorithms and quantum entanglement using superconducting systems.  We have presented 
novel designs for quantum computers that compute while remaining in their ground state.  We 
have shown how adiabatic methods can be used to perform coherent quantum computation.l 
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