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Seth Lloyd is Professor of Mechanical Engineering at the Massachusetts Insitute of Technology. He is the

director of the WM Keck Center for Extreme Quantum Information Theory at MIT, the director of the

Program in Quantum Information at the Institute for Scientific Interchange, and Miller Fellow at the Santa

Fe Institute. Lloyd earned his A.B. degree in Physics from Harvard University, his Masters of Advanced

Study in Mathematics and M.Phil. in History and Philosophy of Science from Cambridge University, and his

Ph.D. in Physics from Rockefeller University. After postdoctoral fellowships at Caltech and at Los Alamos,

he joined the MIT faculty in 1994. Professor Lloyd teaches and performs research in quantum information

theory and complex systems.

Professor Lloyd’s research focuses on the role of information in physical and mechanical systems, with

an emphasis on quantum mechanical systems. He was the first to propose a technologically feasible design

for a quantum computer, and has worked with groups at MIT and other institutions around the world to

construct and operate quantum computers using quantum optics, nuclear magnetic resonance, quantum dots,

and superconducting systems. Quantum computers are devices that store and process information at the level

of individual atoms and elementary particles. At the quantum level, the wave nature of quantum mechanics

allows information to be processed in ways that are not accessible to conventional computers that operate

using classical logic. Professor Lloyd’s collaborations resulted in the first experimental demonstrations of

quantum algorithms (using NMR), the first demonstration of a quantum optical logic gate, and the first

demonstration of superconducting quantum bits, and the first demonstration of coherent quantum feedback

control.

As the fundamental theory of the way physical systems behave in extreme conditions, quantum mechan-

ics sets the bound for the accuracy of sensing devices. Professor Lloyd’s group has derived the fundamental

limits to the accuracy of quantum sensors, detectors, and imagers, and has colloborated with experimental-

ists to attain some of these limits. Professor Lloyd is a co-discoverer of the theorem on the limits of channels

to perform quantum communication. His group has derived a variety of bounds on the capacity of quantum

channels, including the bound on the capacity of the ubiquitous lossy bosonic channel that underlies fiber

optic and free space communications. He has proposed a variety of quantum techniques for enhancing sens-

ing and imaging, notaby the use of entanglement to enhance sensing in highly lossy conditions, the process

termed quantum illumination.

Professor Lloyd’s research includes work on the characterization of complex systems, including problems

of design and control of such systems. Recently, he has worked on the role of quantum coherence in living

systems, participating in the demonstration that quantum coherence plays a crucial role in guaranteeing the

efficiency of energy transport in photosynthesis.

Professor Lloyd is the author of over 150 papers in refereed journals, and of a book, ‘Programming the

Universe,’ as well as of numberous contributions to refereed proceedings, articles in Science, Nature, and
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Scientific American. He has mentored numerous graduate students and postdocs, many of whom currently

hold faculty position in academia, including MIT, USC, University of Washington, Bristol University, Im-

perial College, Leeds University, University of Pavia, Dartmouth, Scuola Normale Superiore Pisa, National

University of Singapore.

Professor Lloyd has received awards for research and teaching, including the Lindbergh and Edgerton

prizes. He is a fellow of the American Physical Society and Miller Fellow at the Santa Fe Institute.
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Professor of Mechanical Engineering

Director, WM Keck Center in Extreme Quantum Information Theory

Massachusetts Institute of Technology

Education:

School Degree Date

Harvard University AB 1982

Cambridge University M.Adv.Stud.Math. 1983

Cambridge University M.Phil. 1984

MIT Appointments:

Rank Beginning Ending

Assistant Professor December 1994 June 1998

Finmeccanica Career Development Professorship September 1996 present

Associate Professor (without tenure) July 1998 June 2001

Associate Professor (with tenure) June 2001 June 2002

Professor June 2002 Present

Professional Service:

Activity Beginning Ending

Reviewer, Physical Review September 1988 present

Reviewer, Physical Review Letters September 1988 present

Co-chair, Information and Complexity Program, September 1992 present

The Santa Fe Institute

Reviewer, Nature April 1994 present

Co-organizer, CEPI, Santa Fe Institute May 1994

Reviewer, Science May 1994 present

Organizer, AAAS Symposium on Quantum Computing February 1996

Organizer, Experimental Realizations August 1996

of Quantum Logic, Harvard

Scientific Committee, International Conference on June 1997 January 1998

Unconventional Methods for Computing, Auckland

Program Chair, Thermodynamics and Complexity, September 1998 April 1999

Gordon Conference, Castelvecchio

International Scientific Committee, September 1998 July 1999

WSES International Conference, Mathematics and Computers in Mechanical Engineering

Co-organizer, Nuclear Magnetic Resonance February 1999

Quantum Computing, ARO Workshop, MIT/Harvard

Organizer, Complexity in Engineering November 1999

MIT/Santa Fe Institute, Cambridge

Scientific Committee, International Conference on September 1999 December 2000

Unconventional Methods for Computing, Auckland

Co-Organizer, Mechanical Engineering in April 2000

the Information Age, MIT
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Scientific Committee, Quantum Information and July 2000

Measurement

Organizer, Innovations in Nanotechnology, MIT September 2000

Organizer, Quantum Computing, Snowbird January 2001

Co-Organizer, Quantum Information, Torino June 2001

Organizer, Quantum Control, SIAM 2001 August 2001

Organizer, Biannual Cambridge/MIT QCI Meetings 2001-2006

Organizer, Quantum Computation, NEC/MIT August 2005

Co-Organizer, Noise and Instability, ICTP October 2005

Co-Organizer, Keenan Symposium, MIT October 2007

Co-Organizer, Quantum Computation, NEC/MIT November 2007

Co-Organizer, Difficult Problems in Quantum Information November 2008

Co-Organizer, Quantum Computation, NEC/MIT January 2009

Co-Organizer, QuEBS, Lisbon August 2009

Co-Organizer, QuEBS, Harvard August 2010

Organizer, Quantum Biology, Novara July 2010

Organizer, Quantum Life, Santa Fe February 2011

Awards Received:

Award Date

Sargent Prize (Harvard) 1981

Marshall Scholarship 1982

Dirac Prize (Erice) 1985

Lindbergh Fellowship 1994

Finmeccanica Career Development Professorship 1996

Edgerton Prize 2001

Fellow of American Physical Society 2007
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Publications of Seth Lloyd

Professor Lloyd is sole or co-author on more than 150 peer-reviewed journal publications. He has written

a book, Programming the Universe, as well as numerous popular articles.

1. Books:

1. Programming the Universe, Random House, March 2006.

2. Papers in Refereed Journals:

1. Lloyd, S., “Difficulty in Detecting Deviations From Wave-Function Collapse,” Physical Review A 38,

3161-3165, 1988.

2. Lloyd, S. and H. Pagels, “Complexity as Thermodynamic Depth,” Annals of Physics 188, 186-213,

1988.

3. Lloyd, S., “Use of Mutual Information to Decrease Entropy: Implications for the Second Law of Ther-

modynamics,” Physical Review A 39, 5378-5386, 1989.

4. Lloyd, S., “The Calculus of Intricacy,” The Sciences 30, 38-44, 1990.

5. Lloyd, S., and W.H. Zurek, “Algorithmic Treatment of the Spin-Echo Effect,” Journal of Statistical

Physics 62, 819-140, 1991.

6. Lloyd, S., “Any Nonlinear Gate, with Linear Gates, Suffices for Computation,” Physics Letters A 167,

255-260, 1992.

7. Lloyd, S., “Quantum Computers and Uncomputability,” Physical Review Letters 71, 943-946, 1993.

8. Lloyd, S., “A Potentially Realizable Quantum Computer,” Science 261, 1569-1571, 1993.

9. Lloyd, S., “Review of Quantum Computation,” Vistas in Astronomy 37, 291-295, 1993.

10. Lloyd, S., “Necessary and Sufficient Conditions for Quantum Computation,” Journal of Modern Optics

41, 2503-2520, 1994.

11. Lloyd, S., “Envisioning a Quantum Supercomputer,” Science 263, 695, 1994.

12. Lloyd, S., “Almost Any Quantum Logic Gate is Universal,” Physical Review Letters 75, 346-349, 1995.

13. Lloyd, S., “Quantum Mechanical Computers,” Scientific American 273, 140-145, October, 1995.

14. Lloyd, S., and M. Gell-Mann, “Information Measures, Effective Complexity, and Total Information,”

Complexity 2/1, 44-52, 1996.

15. Lloyd, S., “Universal Quantum Simulators,” Science 273, 1073-1078, 1996.

16. Lloyd, S., and J.J.E. Slotine, “Information Theoretic Tools for Stable Adapatation and Learning,”

International Journal of Adaptive Control and Signal Processing 10, 499-530, 1996.

17. Lloyd, S., “Capacity of the Noisy Quantum Channel,” Physical Review A 55, R1613-1622, 1997.

18. Lloyd, S., “Universe as Quantum Computer,” Complexity, 3/1, 32-35, 1997.

19. Abrams, D. and S. Lloyd, “Simulation of Many-Body Fermi Systems on a Universal Quantum Com-

puter,” Physical Review Letters 79, 2586-2589, 1997.**

20. Lloyd, S., “Quantum-Mechanical Maxwell’s Demon,” Physical Review A 56, 3374-3382, 1997.

21. Lloyd, S., “Microscopic Analogs of the Greenberger-Horne-Zeilinger Experiment,” Physical Review A

57 R1473-1476, 1998.

22. Lloyd, S., and J.J.-E. Slotine, “Analog Quantum Error Correction,” Physical Review Letters, 80, 4088-

4091, 1998.

23. Chuang, I.L., and L.M.K. Vandersypen, X. Zhou, D.W. Leung, S. Lloyd, “Experimental Realization of

a Quantum Algorithm,” Nature 393, 143-146, 1998.

24. Viola, L., and S. Lloyd “Dynamical Suppression of Decoherence in Two-State Quantum Systems,”

Physical Review A 58, 2733-2744, 1998.∗∗

** Outgrowth of supervised student research
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25. Lloyd, S., and N. Forbes, “Quantum Computing: Stepping Closer to Reality,” Computers in Physics

12, No. 1, 8-11, 1998.

26. Abrams, D., and S. Lloyd “Nonlinear Quantum Mechanics Implies the Polynomial-Time Solution of

NP-Complete and # P Problems,” Physical Review Letters, 81, 3992-3995, 1998.∗∗

27. Brassard, G., and I.L. Chuang, S. Lloyd, C. Monroe, “Quantum Computing,” Proceedings of the National

Academy of Sciences USA 95: (19) 11032-11033, 1998.

28. Lloyd, S. “Universal Quantum Simulators: addendum,” Science 279, 1117-1117, 1998.

29. Lloyd, S., and S. Braunstein, “Quantum Computation over Continuous Variables,” Physical Review

Letters, 82, 1784-1787, 1999.

30. Viola, L., and E. Knill, S. Lloyd, “Dynamical Decoupling of Open Quantum Systems,” Physical Review

Letters, 82, 2417-2421, 1999.∗∗

31. Mooij, J.E., and T.P. Orlando, L. Levitov, Lin Tian, Caspar H. van der Wal, S. Lloyd “Josephson

Persistent-Current Qubit,” Science 285, 1036-1039, 1999.∗∗

32. Lloyd, S., “Quantum Search Without Entanglement,” Physical Review A 6001, 010301, 1999.

33. Viola, L., and E. Knill, S. Lloyd, “Universal Control of Decoupled Quantum Systems,”Physical Review

Letters 83 4888-4891, 1999.∗∗

34. Mooij, J.E., and T.P. Orlando, L. Tian, C.H. van der Wal, L. Levitov, S. Lloyd, J. Mazo, “Josephson

Persistent-Current Qubit,” Physical Review B 60, 15398-15413, 1999.**

35. Abrams, D., and S. Lloyd “Computational Complexity and Physical Law,” Lecture Notes on Computer

Science 1509, 167-173, 1999.∗∗

36. Nelson, R.J., and D.G. Cory, S. Lloyd, “Experimental Demonstration of Greenberger-Horne-Zeilinger

Correlations Using Nuclear Magnetic Resonance,” Physical Review A 61, 022106-1-5, 2000.∗∗

37. Abrams, D., and S. Lloyd “A quantum algorithm providing exponential speed increase for finding

eigenvalues and eigenvectors,” Physical Review Letters 83, 5162-5165, 2000.∗∗

38. Touchette, H., and S. Lloyd, “Information-Theoretic Limits of Control,” Physical Review Letters 84,

1156-1159, 2000.∗∗

39. Lloyd, S., and J.-J.E. Slotine, “Quantum Feedback with Weak Measurement,” Physical Review A 6201,

2307, 2000.

40. Viola, L., and E.M. Fortunato, S. Lloyd, C.H. Tseng, D.G. Cory, “Stochastic Resonance and Nonlinear

Response by NMR Spectroscopy,” Physical Review Letters 84, 5466-5469, 2000.∗∗

41. Lloyd, S., “Coherent Quantum Feedback” Physical Review A 6202, 2108, 2000.

42. Lloyd, S., “Ultimate Physical Limits to Computation,” Nature 406, 1047-1054, 2000.

43. Tian, L., and S. Lloyd, “Resonant Cancellation of Off-Resonant Effects in a Multilevel Qubit,” Physical

Review A 6205, 0301, 2000.∗∗

44. Nelson, R.J., and Y. Weinstein, D. Cory, S. Lloyd, “Demonstration of Coherent Quantum Feedback,”

Physical Review Letters 85, 3045-3048, 2000 .∗∗

45. Viola, L., and E. Knill, S. Lloyd, “Dynamical Generation of Noiseless Quantum Subsystems,” Physical

Review Letters 85, 3520-3523, 2000.∗∗

46. van der Wal, C.H., and A.C.J. ter Haar, F.K. Wilhelm, R.N. Schouten, C.J.P.M. Harmans, T.P. Orlando,

S. Lloyd, J.E. Mooij, “Quantum Superposition of Macroscopic Persistent-Current States,” Science 290,

773-777, 2000 .

47. Cory D.G., and R. Laflamme, E. Knill, L. Viola, T.F. Havel, N. Boulant, G. Boutis, E. Fortunato, S.

Lloyd, R. Martinez, C. Negrevergne, M. Pravia, Y. Sharf, G. Teklemariam, Y.S. Weinstein, W.H. Zurek,

“NMR based quantum information processing: Achievements and prospects” Fortschritte der Physik

48, 875-907, 2000.

** Outgrowth of supervised student research
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48. Weinstein, Y., and S. Lloyd, M.A. Pravia, E.M. Fortunato, D.G. Cory, “Implementation of the Quantum

Fourier Transform,” Physical Review Letters 86, 1889-1891, 2001.∗∗

49. Lloyd, S., ‘Computation From Geometry,’ Science 292, 1669, 2001.

50. Giovannetti, V., and S. Lloyd, L. Maccone ‘Quantum Enhanced Positioning and Clock Synchronization,’

Nature 412, 417-419, 2001.∗∗

51. Giovannetti, V., and S. Lloyd, L. Maccone, N.C. Wong, ‘Clock Synchronization with Dispersion Can-

cellation,’ Physical Review Letters, 87 (11): art. no. 117902, 2001

52. Shahriar, S.M., P.R. Hemmer, S. Lloyd, J.H. Shapiro, ‘Long distance, unconditional teleportation of

atomic states via complete Bell state measurements,’ Physical Review Letters 87 (16): art. no. 167903,

2001.

53. Tsallis C, S. Lloyd, M. Baranger. ‘Peres criterion for separability through nonextensive entropy,’ Physical

Review A 63 (4): art. no. 042104, 2001.

54. Lloyd, S., ‘Measures of complexity: A nonexhaustive list,’ IEEE Contr. Syst. Mag. 21 (4): 7-8, 2001.

55. Giovannetti, V., and S. Lloyd, L. Maccone, ‘Positioning and Clock Synchronization via Entanglement,’

Physical Review A, 65 (2): art. no. 022309, 2002.∗∗

56. Lloyd, S., and J.H. Shapiro, N.C. Wong, “Quantum Magic Bullets,” J. Opt. Soc. Am. B 19 (2):

312-318, 2002.

57. Viola, L., and S. Lloyd, ‘Engineering quantum dynamics,’ Physical Review A 65 (1): art. no. 010101,

2002.

58. Havel, T.F., and D.G. Cory , S. Lloyd, et al. ‘Quantum information processing by nuclear magnetic

spectroscopy,’ Am. J. Phys. 70 (3): 345-362, 2002.

60. Orlando T.P., and L. Tian, D.S. Crankshaw, S. Lloyd, et al. ‘Engineering the quantum measurement

process for the persistent current qubit,’ Physica C 368 (1-4): 294-299, 2002. ∗∗

61. Tian L, and S. Lloyd, T.P. Orlando, ‘Decoherence and relaxation of a superconducting quantum bit

during measurement,’ Physical Review B 65 (14): art. no. 144516, 2002. ∗∗

62. Lloyd, S., ‘Computational capacity of the universe,’ Physical Review Letters 88 (23): art. no. 237901,

2002.

63. Giovannetti, V., and S. Lloyd, L. Maccone, S. M. Shahriar, ‘Limits to clock synchronization induced by

completely dephasing communication channels,’ Phys. Rev. A 65 062319, 2002.

64. Weinstein, Y.S., and S. Lloyd, J.V. Emerson, D.G. Cory, ‘Experimental Implementation of the Quantum

Baker’s Map,’ Physical Review Letters 89 157902, 2002. ∗∗

65. Weinstein, Y.S., and S. Lloyd, C. Tsallis, ‘Border between regular and chaotic quantum dynamics,’

Phys. Rev. Lett. 89 214101, 2002. ∗∗

66. Emerson, J., and Y.S. Weinstein, S. Lloyd, D.G. Cory, Fidelity Decay as an Efficient Indicator of

Quantum Chaos Phys. Rev. Lett. 89, 284102 (2002). ∗∗

67. Giovannetti, V., Lloyd, S., Maccone, L., et al. ‘Clock synchronization and dispersion’ J. Optics B4

S415-S417 (2002).

68. Giovannetti, V., Lloyd, S., Maccone, L., ‘Quantum cryptographic ranging,’ J. Optics B4 S413-S414

(2002).

69. Orlando, T.P., Lloyd, S., Levitov, L.S., et al., ‘Flux-based superconducting qubits for quantum compu-

tation,’ Physica C 372, 194-200 (2002).∗∗

70. Shahriar, M.S., Hemmer, P.R, Lloyd, S., et al. ‘Solid-state quantum computing using spectral holes,’

Phys. Rev. A 66, Art. No. 032301 (2002).∗∗

71. Lloyd, S., ‘Power of entanglement in quantum communication,’ Phys. Rev. Lett. 90, Art. No. 167902

(2003).
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72. Segall, K., Crankshaw, D., Nakada, D., Lloyd, S., et al., ‘Impact of time-ordered measurements of the

two states in a niobium superconducting qubit structure,’ Phys. Rev. B67, Art. No. 220506 (2003).∗∗

73. Giovannetti, V., and S. Lloyd, L. Maccone, ‘The role of entanglement in dynamical evolution,’ Europhys.

Lett. 62 615, 2003.

74. Zanardi, P., and S. Lloyd, ‘Topological Protection and Quantum Noiseless Subsystems,’ Phys. Rev.

Lett. 90 067902, 2003.

75. Giovannetti, V., and S. Lloyd, L. Maccone, ‘Quantum limits to dynamical evolution,’ Phys. Rev. A 67

052109, 2003.

76. Giovannetti, V., and S. Lloyd, L. Maccone, P.W. Shor, ‘Entanglement assisted capacity of the broadband

lossy channel,’ Phys. Rev. Lett. 91 047901, 2003.

77. Tian, L., and S. Lloyd, T. P. Orlando ‘Projective Measurement Scheme for Solid-State Qubits,’ Phys.

Rev. B. 67 R220505, 2003. ∗∗

78. Emerson J., Y.S. Weinstein, M. Saraceno, S. Lloyd, D. Cory, ‘Pseudo-random unitary operators for

quantum information processing’ Science 302 (5653): 2098-2100, 2003. ∗∗

79. Giorda, P., and S. Lloyd, P. Zanardi, ‘Universal quantum control in irreducible state-space sectors:

application t o bosonic and spin-boson systems,’ Physical Review A 68 (6): Art. No. 062320, 2003. ∗∗

80. Giovannetti, V., and S. Lloyd, L. Maccone, P.W. Shor, ‘Broadband channel capacities,’ Phys. Rev. A

68 (6): Art. No. 062323 2004.

81. Giovannetti, V., and S. Guha, S. Lloyd, L. Maccone, J.H. Shapiro, H.P. Yuen, ‘Classical capacity of the

lossy bosonic channel: the exact solution,’ Physical Review letters 92 (2): Art. No. 027902 (2004).

82. Lidar, D., and P. Zanardi, S. Lloyd ‘Quantum tensor product structures are observable induced,’ Physical

Review Letters 92 (6): Art. No. 060402 (2004).

83. Lloyd, S., and A.J. Landahl, J.-J.E. Slotine, ‘Universal quantum interfaces,’ Phys. Rev. A 69 (1): Art.

No. 012305, 2004.

84. Touchette, H., and S. Lloyd, ‘Information-theoretic approach to the study of control systems,’ Physica

A 331 140-172, 2004.

85. Zanardi, P., and S. Lloyd ‘Universal control of quantum subspaces and subsystems,’ Phys. Rev. A 69

(2): Art. No. 022313, 2004.

86. Giovannetti V., S. Lloyd, L. Maccone, et al. ‘Information rate of a waveguide,’ Phys. Rev. A 69 (5):

Art. No. 052310, 2004

87. Emerson J., S. Lloyd, D. Poulin, et al. ‘Estimation of the local density of states on a quantum computer,’

Phys. Rev. A 69 (5): Art. No. 050305, 2004.∗∗

88. Giovannetti V., S. Lloyd. ‘Additivity properties of a Gaussian channel,’ Phys. Rev. A 69 (6): Art. No.

062307, 2004.

89. Lloyd S., ‘Going into reverse,’ Nature430, 971, 2004.

90. Giovannetti V., S. Lloyd, L. Maccone, ‘Capacity of nonlinear bosonic systems,’ Phys. Rev. A 70(1):

Art. No. 012307, 2004.

91. Giovannetti V., S. Lloyd, L. Maccone, et al., ‘Minimum Renyi and Wehrl entropies at the output of

bosonic channels,’ Phys. Rev. A 70(2): Art. No. 022328, 2004.

92. Lloyd S., V. Giovannetti, L. Maccone, ‘Physical limits to communication,’ Phys. Rev. Lett. 93(10):

Art. No. 100501, 2004.

93. Weinstein Y.S., T.F. Havel, J. Emerson, S. Lloyd, et al., ‘Quantum process tomography of the quantum

Fourier transform,’ J. Chem. Phys. 121(13): 6117-6133, 2004.∗∗

94. Fernandez, J.M., S. Lloyd, T. Mor, V. Roychowdhury, ‘Algorithmic Cooling of Spins: A Practicable

Method for Increasing Polarization,’ Int. J. Quant. Inf.2 461-467 (2004); quant-ph/0401135.∗∗

8



95. Giovannetti, V., S. Lloyd, ‘Additivity properties of a Gaussian Channel,’ Phys. Rev. A 69, 062307

(2004); quant-ph/0403075.

96. Giovannetti, V., Lloyd, S., Maccone, L., Shapiro, J.H., Yen, B.J., ‘Minimum Renyi and Wehrl entropies

at the output of bosonic channels,’ Phys. Rev. A70, 022328 (2004); quant-ph/0404037. ∗∗

97. Giovannetti, V., S. Guha, S. Lloyd, L. Maccone, J.H. Shapiro, ‘Minimum output entropy of bosonic

channels: a conjecture,’ Phys. Rev. A 70, 032315 (2004); quant-ph/0404005.∗∗

98. D. Aharonov, W. van Dam, J. Kempe, Z. Landau, S. Lloyd, O. Regev, ‘Adiabatic Quantum Computation

is Equivalent to Standard Quantum Computation,’ Proceedings of the 45th Annual IEEE Symposium

on Foundations of Computer Science (FOCS’04), 42-51 (2004); quant-ph/0405098.

99. Giovannetti, V., S. Lloyd, L. Maccone, J.H. Shapiro, N.C. Wong, ‘Conveyor belt clock synchronization,’

Phys. Rev. A70, 043808 (2004); quant-ph/0405154.∗∗

100. Lloyd, S., J.H. Shapiro, N.C. Wong, et al., ‘Infrastructure for the quantum Internet,’ Comp. Com.

Rev.34, 9-20 (2004). ∗∗

101. Giovannetti, V., S. Guha, S. Lloyd, et al. ‘Classical capacity of free-space optical communication,’

Quant. Inf. Comp. 4, 489-499 (2004). ∗∗

102. Giovannetti, V., S. Lloyd, L. Maccone, ‘The speed limit of quantum unitary evolution,’ J. Opt. B 6,

S807-S810 (2004).

103. Weinstein, Y.S., T.F. Havel, J. Emerson, N. Boulant, M. Saraceno, S. Lloyd, D.G. Cory, ‘Quantum

Process Tomography of the Quantum Fourier Transform,’ J. Chem. Phys. 121(13), 6117-6133 (2004);

quant-ph/0406239.∗∗

104. Giovannetti, V., S. Lloyd, L. Maccone, ‘Quantum-enhanced measurements: beating the standard quan-

tum limit,’ Science306, 1330 (2004); quant-ph/0412078.

105. Lloyd, S., Y.J. Ng, ‘Black Hole Quantum Computers,’ Scientific American, November (2004).

106. Crankshaw, D.S., K. Segall, D. Nakada, S. Lloyd, et al., ‘DC measurements of macroscopic quantum

levels in a superconducting qubit structure with a time-ordered meter,’ Phys. Rev. B 69, Art. No.

144518 (2004).∗∗

107. Gutmann, H., F.K. Wilhelm, W.M. Kaminsky, S. Lloyd, et al., ‘Compensation of decoherence from

telegraph noise by means of an open-loop quantum-control technique,’ Phys. Rev. A 71, Art. No.

020302 (2005).

108. Emerson, J., E. Livine, S. Lloyd, ‘Convergence Conditions for Random Quantum Circuits,’ Phys. Rev.

A72, 060302 (2005); quant-ph/0503210.

109. Cappellaro, P., J. Emerson, N. Boulant, C. Ramanathan, S. Lloyd, D.G. Cory, ‘Entanglement Assisted

Metrology,’ Phys. Rev. Lett. 94, 020502 (2005); quant-ph/0411128.∗∗

110. Giovannetti, V., S. Lloyd, M.B. Ruskai, ‘Conditions for the multiplicativity of maximal lp-norms of

channels for fixed integer p,’ J. Math. Phys.46, 042105 (2005); quant-ph/0408103.

111. Fan, H., S. Lloyd, ‘Entanglement of eta-pairing state with off-diagonal long-range order,’ J. Phys. A38,

5285 (2005); quant-ph/0405130.

112. Giovannetti, V., L. Maccone, S. Guha, S. Lloyd, et al. ‘Minimum output entropy of a Gaussian Bosonic

channel,’ Int. J. Quant. Inf. 3, 153-158 (2005).

113. Lloyd, S, ‘Almost Certain Escape from Black Holes in Final State Projection Models,’ Phys. Rev. Lett.

96 061302 (2006); quant-ph/0406205.

114. Bennett, C.H., A.W. Harrow, S. Lloyd, ‘Universal quantum data compression via gentle tomography,’

Phys. Rev. A 73, 032336 (2006); quant-ph/0403078.

115. Kaminsky, W.M., S. Lloyd, T.P. Orlando, ‘Scalable superconducting architecture for adiabatic quantum

computation,’ submitted to Phys. Rev. Lett., quant-ph/0403090.
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116. Lloyd, S., ‘A theory of quantum gravity based on quantum computation,’ submitted to Class. Quant.

Grav., quant-ph/0501135.

117. Giovannetti, V., S. Lloyd, S., L. Maccone, ‘Quantum metrology,’ Phys. Rev. Lett. 96, 010401 (2006).

quant-ph/0509179.

118. Pirandola, S., D. Vitali, P. Tombesi, S. Lloyd, ‘Macroscopic entanglement by entanglement swapping,’

Phys. Rev. Lett., 97, 150403 (2006); quant-ph/0509119.

119. Lloyd, S., ‘Quantum limits to the measurement of spacetime geometry,’ submitted to Phys. Rev. Lett.,

quant-ph/0505064.

120. Lloyd, S., ‘Decoherent histories and generalized measurements,’ to appear in Phys. Rev. A 2007;

quant-ph/0504155.

121. Giovannetti, V., S. Lloyd, L. Maccone, ‘Interferometric tunability of the absorption,’ Optics Express

14/19, 8622-8629 (2006). quant-ph/0602110.

122. Pirandola, S., S. Mancini, S. Lloyd, S.L. Braunstein, ‘Continuous variable quantum cryptography using

two-way quantum communication,’ Nature Physics 4, 726-730 (2008); quant-ph/0611167.

123. Niskanen, A.O., K. Harrabi, F. Yoshihara, Y. Nakamura, S. Lloyd, J. S. Tsai, ‘Quantum Coherent

Tunable Coupling of Superconducting Qubits,’ Science 316, 723-726 (2007).

124. Lloyd, S., Y.Ng, ‘Black Hole Computers,’ Scientific American, Special Edition (2007).

125. Yuan, H., S. Lloyd, ‘Controllability of the coupled spin half harmonic oscillator system,’ Phys. Rev. A

75, 052331 (2007); arXiv:0705.1055.

126. Giovannetti, V., S. Lloyd, L. Maccone, ‘Quantum random access memory,’ Phys. Rev. Lett. 100,

160501 (2008); arXiv:0708.1879.

127. Giovannetti, V., S. Lloyd, L. Maccone, ‘Quantum private queries,’ Phys. Rev. Lett. 100, 230502 (2008);

arXiv:0708.2992.

128. Horodecki, M., S. Lloyd, A. Winter, ‘Quantum coding theorem from privacy and indistinguishability,’

Op. Sys. Inf. Dyn. 15, 47-69 (2008); arXiv:quant-ph/0702006.

129. S. Lloyd, ‘Quantum Information Matters’ Science 319 (5867): 1209 (2008).

130. S. Lloyd, ‘Enhanced photodetection via quantum illumination,’ Science 321, 1463-1465, (2008); arXiv:0803.2022.

131. S. Pirandola, S. Braunstein, S. Mancini, S. Lloyd, ‘Quantum direct communication with continuous

variables,’ Europhys. Lett. 84, 20013 (2008); arXiv:0802.0656.

132. M. Tsang, J. H. Shapiro, Seth Lloyd ‘Quantum theory of optical temporal phase and instantaneous

frequency,’ Phys. Rev. A 78, 053820 (2008); arXiv:0804.0463.

133. V. Giovannetti, S. Lloyd, L. Maccone, J.H. Shapiro, ‘Sub-Rayleigh-diffraction-bound Quantum Imaging,’

Phys. Rev. A 79, 039901 (2009); arXiv:0804.2875.

134. M. Mohseni, P. Rebentrost, S. Lloyd, A. Aspuru-Guzik, ‘Environment-Assisted Quantum Walks in

Energy Transfer of Photosynthetic Complexes,’ J. Chem. Phys. 129, 174106 (2008); arXiv:0805.2741.

135. S. Lloyd, ‘Robustness of Adiabatic Quantum Computing,’ arXiv:0805.2757.

136. S. Pirandola, S. Lloyd, ‘Computable bounds for the discrimination of Gaussian states,’ Phys. Rev. A

78, 012331 (2008). arXiv:0806.1625.

137. S. Pirandola, S.L. Braunstein, S. Lloyd, ‘Characterization of collective Gaussian attacks and security of

coherent-state quantum cryptography,’ Phys. Rev. Lett. 101, 200504 (2008); arXiv:0806.4207.

138. J. Johansson, M.H.S. Amin, A.J. Berkley, P. Bunyk, V. Choi, R. Harris, M.W. Johnson, T.M. Lanting,

Seth Lloyd, G. Rose, ‘Landau-Zener Transitions in an Adiabatic Quantum Computer,’ Phys. Rev. B

80, 012507 (2009); arXiv:0807.0797.

139. P. Rebentrost, M. Mohseni, I. Kassal, S. Lloyd, A. Aspuru-Guzik, ‘Environment-Assisted Quantum

Transport,’ New J. Phys. 11, 033003 (2009); arXiv:0807.0929.

10



140. S. Pirandola, S. Mancini, S. Lloyd, S.L. Braunstein, ‘Security of two-way quantum cryptography against

asymmetric Gaussian attacks,’ Proc. SPIE 7092, 709215 (2008); arXiv:0807.1937.

141. V. Giovannetti, S. Lloyd, L. Maccone, ‘Architectures for a quantum random access memory,’ Phys. Rev.

A 78, 052310 (2008); arXiv:0807.4994.

142. R. Garcia-Patron, S. Pirandola, S. Lloyd, J.H. Shapiro, ‘Reverse coherent information,’ Phys. Rev. Lett.

102, 210501 (2009); arXiv:0808.0210.

143. V. Giovannetti, S. Lloyd, L. Maccone, ‘Quantum private queries: security analysis,’ arXiv: 0809.1934.

144. S. Pirandola, R. Garcia-Patron, S.L. Braunstein, S. Lloyd, ‘Direct and reverse secret-key capacities of

a quantum channel,’ Phys. Rev. Lett. 102, 050503 (2009); arXiv:0809.3273.

145. S.-H. Tan, B.I. Erkmen, V. Giovannetti, S. Guha, S. Lloyd, L. Maccone, S. Pirandola, J.H. Shapiro,

‘Quantum illumination with Gaussian states,’ Phys. Rev. Lett. 101, 253601 (2008); arXiv:0810.0534.

146. A.W. Harrow, A. Hassidim, S. Lloyd, ‘Quantum algorithm for solving linear sets of equations,’ Phys.

Rev. Lett. 103, 150502 (2009); arXiv:0811.3171.

147. S. Lloyd, ‘A quantum of natural selection,’ Nature Phys. 5, 164-166 (2009).

148. S. Pirandola, S. Mancini, S. Lloyd, S.L. Braunstein, ‘Eavesdropping of two-way coherent-state quantum

cryptography via Gaussian quantum cloning machines,’ Proc. of ICQNM 2009 (IEEE, Los Alamitos,

California, 2009), pp. 38-41; arXiv:0901.3568.

149. D. Cherkashin, J. Doyne Farmer, S. Lloyd ‘The Reality Game,’ J. Eco. Dyn. Contr. 33, 1091-1105

(2009); arXiv:0902.0100.

150. J.H. Shapiro, S. Lloyd, ‘Quantum illumination versus coherent-state target detection,’ New. J. Phys.

11, 063045 (2009); arXiv:0902.0986.

151. S. Pirandola, A. Serafini, S. Lloyd ‘Correlation Matrices of Two-Mode Bosonic Systems,’ Phys. Rev. A

79, 052327 (2009); arXiv:0902.1502.

152. M. Tsang, J.H. Shapiro, S. Lloyd, ‘Quantum theory of optical temporal phase and instantaneous fre-

quency. II. Continuous time limit and state-variable approach to phase-locked loop design,’ Phys. Rev.

A 79, 053843 (2009); arXiv:0902.3034.

153. S. Pirandola, S.L. Braunstein, S. Lloyd, S. Mancini, ‘Confidential direct communications: a quantum

approach using continuous variables,’ IEEE J. Qu. Elect. 15/6, 1570-1580 (2009); arXiv:0903.0750.

154. A. Casaccino, S. Lloyd, S. Mancini, S. Severini, ‘Quantum state transfer through a qubit network with

energy shifts and fluctuations,’ International Journal of Quantum Information 7, 1417-1427 (2009);

arXiv:0904.4510.

155. H.D. Yuan, R. Zeier, N. Khaneja, S. Lloyd, ‘Constructing two-qubit gates with minimal couplings,’

Phys. Rev. A 79, 042309 (2009).

156. F. De Martini, V. Giovannetti, S. Lloyd, L. Maccone, E. Nagali, L. Sansoni, and F. Sciarrino, ‘Experi-

mental quantum private queries with linear optics,’ Phys. Rev. A80, 010302(R) (2009).

157. S. Lloyd, ‘Privacy and the quantum internet,’ Scientific American 301, 80 (2009).

158. V. Giovannetti, S. Lloyd, L. Maccone, et al., ‘Sub-Rayleigh-diffraction-bound quantum imaging,’ Phy.

Rev. A 79, 013827, (2009).

159. Alioscia Hamma, Fotini Markopoulou, Seth Lloyd, Francesco Caravelli, Simone Severini, Klas Mark-

strom, ‘A quantum Bose-Hubbard model with evolving graph as toy model for emergent spacetime,’

Phys. Rev. D 81, 104032 (2010); arXiv:0911.5075.

160. Seth Lloyd, Masoud Mohseni, ‘Symmetry-enhanced supertransfer of delocalized quantum states,’ New

J. Phys. 12, 075020 (2010); arXiv:1005.2579

161. Seth Lloyd, Lorenzo Maccone, Raul Garcia-Patron, Vittorio Giovannetti, Yutaka Shikano, Stefano Pi-

randola, Lee A. Rozema, Ardavan Darabi, Yasaman Soudagar, Lynden K. Shalm, Aephraim M. Stein-

berg, ‘Closed timelike curves via post-selection: theory and experimental demonstration,’ Phys. Rev.

11



Lett. 106, 040403 (2011). arXiv:1005.2219

162. Seth Lloyd, Lorenzo Maccone, Raul Garcia-Patron, Vittorio Giovannetti, Yutaka Shikano, ‘The quantum

mechanics of time travel through post-selected teleportation,’ arXiv:1007.2615. (Submitted to Phys.

Rev. A)

163. V. Giovannetti, S. Lloyd, L. Maccone, ‘Quantum Private Queries: Security Analysis,’ IEEE Trans. Inf.

Th. 56, 3465-3477 (2010).

164. Christian Weedbrook, Stefano Pirandola, Seth Lloyd, Timothy C. Ralph, ‘Quantum Cryptography

Approaching the Classical Limit,’ Phys. Rev. Lett. 105, 110501 (2010); arXiv:1004.3345

165. Vittorio Giovannetti, Seth Lloyd, Lorenzo Maccone, Achieving the Holevo bound via sequential measure-

ments, arXiv:1012.0386. (to be published in Proc. IEEE)

166. Seth Lloyd, Vittorio Giovannetti, Lorenzo Maccone, ‘Sequential projective measurements for channel

decoding,’ arXiv:1012.0106. (to be published in Phys. Rev. Lett.)

167. Cosmo Lupo, Vittorio Giovannetti, Stefano Pirandola, Stefano Mancini, Seth Lloyd, ‘Enhanced Quan-

tum Communication via Optical Refocusing,’ arXiv:1101.2649.

168. Vittorio Giovannetti, Seth Lloyd, Lorenzo Maccone, “Advances in quantum metrology,” Nature Photon.

5, 222 (2011); doi:10.1038/nphoton.2011.35.

∗∗ Outgrowth of supervised student research.

3. Proceedings of Refereed Conferences:

1. Lloyd, S., “Abstract and Practical Problems with Quantum Computers,” in Nanobiology, S. Rasmussen,

S. Hameroff, J. Tuszinski, P.A. Hanson, eds., MIT Press, Cambridge, 1994.

2. Lloyd, S., “Unconventional Quantum Computing Devices,” in Unconventional Models of Computation,

C.S. Calude, J. Casti, M.J. Dinneen, eds., Springer, Singapore, 1998.

3. Abrams, D., and S. Lloyd, “Computational Complexity and Physical Law,” Proceedings of the NASA

Conference on Quantum Computation and Quantum Coherence, Palm Springs, February, 1998. Springer,

Singapore, 1998.∗∗

4. Barrow, J., and P. Hemmer, S. Lloyd, S.M. Shahriar, “Quantum Computation via Spectral Hole Burn-

ing,” Proceedings of the NASA Conference on Quantum Computation and Quantum Coherence, Palm

Springs, February, 1998. Springer, Singapore, 1998.∗∗

5. Nelson, R.J., and Y. Weinstein, D. Cory, S. Lloyd, “Experimental Demonstration of Coherent Quan-

tum Feedback,” Proceedings of QCM98, Fourth International Conference on Quantum Communication,

Measurement, and Computing, Evanston, Ill., August, 1998.∗∗

6. Viola, L., and S. Lloyd, “Decoherence Control in Quantum Information Processing: Simple Models,”

Proceedings of QCM98, Fourth International Conference on Quantum Communication, Measurement,

and Computing, P. Kumar, Evanston, Ill., August, 1998.∗∗

7. Tian, L., and L. S. Levitov, Caspar van der Wal, J. E. Mooij, T. P. Orlando, S. Lloyd, C. J. P. M.

Harmans and J. J. Mazo, “Decoherence of the Superconducting Persistent Current Qubit,” proceedings

of the NATO ASI, Quantum Phenomena and Mesoscopic Devices in Microelectronics, (Ankara, Turkey,

August, 1999).**

8. Lloyd, S., “Ultimate Limits to Computation,” proceedings of QCMC 2000 (Capri, 2000).

9. Giovannetti, V., and S. Lloyd, L. Maccone, “Positioning and Clock Synchronization via Entanglement,”

proceedings of ICSSUR 2001, (Boston, 2001).∗∗

10. Giovannetti, V., and S. Lloyd, L. Maccone, “Positioning and Clock Synchronization via Entanglement,”

proceedings of Quantum Information and Computation 2001, (Rochester, 2001).∗∗

** Outgrowth of supervised student research

12



11. Giovannetti, V., and S. Lloyd, L. Maccone, ‘The quantum speed limit,’ in Fluctuations and Noise in

Photonics and Quantum Optics. Edited by Abbott, Derek; Shapiro, Jeffrey H.; Yamamoto, Yoshihisa.

Proceedings of the SPIE, Volume 5111, pp. 1-6 (2003).

12. Kaminsky, W.M., and S. Lloyd, ‘Scalable Architecture for Adiabatic Quantum Computing of NP-Hard

Problems,’ Quantum Computing and Quantum Bits in Mesoscopic Systems (Kluwer Academic 2003).

13. S. Pirandola, S.L. Braunstein, S. Lloyd, ‘On the security and degradability of Gaussian channels,’

Proceeding of TQC2009, 4th Workshop on Theory of Quantum Computation, Communication, and

Cryptography, Waterloo, Canada, 11-13 May 2009; arXiv:0903.3441.

14. M. Mohseni, P. Rebentrost, S. Lloyd, ‘Environment-assisted coherent energy transfer in photosynthetic

complexes,’ 236th National Meeting of the American-Chemical-Society, 17-21 Aug 2008; Philadelphia,

PA.

15. M. Tsang, J.H. Shapiro, S. Lloyd, ‘Quantum Theory of Optical Temporal Phase in the Continuous

Time Limit,’ Quantum communication, measurement, computing (QCMC), AIP Conference Proceedings

1110, 29-32 (2009).

16. R. Garcia-Patron, S. Pirandola, S. Lloyd et al, ‘Reverse coherent information,’ Quantum communication,

measurement, computing (QCMC), AIP Conference Proceedings 1110, 67-70 (2009).

17. V. Giovannetti, S. Lloyd, L. Maccone, ‘Improved resolution in imaging through quantum post-selection,’

Quantum communication, measurement, computing (QCMC), AIP Conference Proceedings 1110, 433-

436 (2009).

4. Other Major Publications:

1. Lloyd, S., “Parables and Paradigms,” Harvard Review 1, 1986.

2. Lloyd, S., “Valuable Information,” in Complexity, Entropy, and the Physics of Information, W.H. Zurek,

ed., Addison Wesley, Redwood City, 1990.

3. Lloyd, S., “Physical Measures of Complexity,” in 1989 Lectures on Complex Systems, E. Jen, ed.,

Addison Wesley, Redwood City, 1990.

4. Lloyd, S., “Uncomputability, Intractibility and the Efficiency of Heat Engines,” in Elementary Particles

and the Universe, J.H. Schwarz, ed., Cambridge University Press, Cambridge, 1991.

5. Lloyd, S., “Causality and Information Flow,” in Information Dynamics, H.A. Atmanspacher and H.

Scheingraber, eds., Plenum, New York, 1992.

6. Lloyd, S., “Programming Pulse-Driven Quantum Computers,” Los Alamos Preprint, 1992. Quant-ph

9912086.

7. Lloyd, S., “Causality and Statistics,” in The Physical Origins of Time Asymmetry, J.J. Halliwell, J.

Perez-Mercader, W.H. Zurek, eds., Cambridge University Press, Cambridge, 1993.

8. Lloyd, S., “Quantum Computation,” Encyclopedia of Computer Science and Technology, 1999.

9. Lloyd, S., “Quantum Computers,” Microsoft Encarta Encyclopedia, 1999.

10. Lloyd, S., “Quantum computation and quantum information,” Nature 416 6876, 2002.

11. Lloyd, S., “Almost certain escape from a black hole,’ Phys. World 19, 20-22 (2006).

12. Lloyd, S.,“Quantum Thermodynamics: Excuse our ignorance,” Nature Physics 2, 727-728 (2006).

13. Lloyd, S., “A quantum less quirky,’ Nature 450, 1157 (2007).

14. Lloyd, S., “Quantum Information Processing,” Springer Encyclopedia, 2008.

15. Lloyd, S., Journal Club, Nature 453, 1147 (2008).

16. Lloyd, S., ‘The digital universe,’ Phys. World 21, 30-36 (2008).

13


