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We explore.  What path to explore is important, 
as well as what we notice along the path.   

And there are always unturned stones  
along even well-trod paths.   

Discovery awaits those who spot and take the 
trouble to turn the stones. 

 
-- Charles H. Townes 
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October 6, 2005 
 
Dear AMAZING LIGHT Attendee, 
 
Welcome to AMAZING LIGHT: VISIONS FOR DISCOVERY, the symposium being held in honor of the 90th 
birthday year of Charles Hard Townes. We are delighted that you are able to join our hosts, committee 
members, chairs, speakers, panelists, competition finalists, and organizers for this exciting event, made 
possible by the John Templeton Foundation and our partnering sponsors.*

 
This symposium brings together a large number of distinguished physicists, astrophysicists, astronomers, 
cosmologists, and other scientists and thinkers who are concerned with the most fundamental questions in 
physics and astronomy, as well as with some of the big— and very important— questions beyond the usual 
realm of the physical sciences. Over the course of the next three days, you will hear presentations and 
discussions from an eminent group of people. We are proud and honored that they are with us to celebrate 
the life, work, and leadership of Professor Charles Townes.†

 
Three major themes inspired by Professor Townes and derived from some of his ideas and questions 
provide the structure for the topics to be explored over the next three days of the symposium: 
 
 Thursday, October 6: The Ocean of Truth — Exploring the Great Unknowns in Physics and Cosmology 

 Friday, October 7: New Windows to Discovery — Exploring Possibilities for Innovative Technologies 

 Saturday, October 8: The “Big Picture” — Exploring Questions on the Boundaries of Science 

 
The symposium presentations will investigate key areas of particular interest to Professor Townes and that 
are linked with his accomplishments in discovering surprising new aspects of the quantum-mechanical 
behavior of light. The primary goals are to explore the persistence of deep questions and great unknowns in 
physics, astrophysics, and cosmology; to emphasize the continuing potential and excitement of science and 
technology aimed at understanding our universe; to consider promising and ambitious domains for future 
research; and to explore issues and questions on the boundaries of science and technology through an 
interdisciplinary exchanges of ideas.  
 
Following Charles Townes’ example, AMAZING LIGHT will emphasize the role of technological innovations 
that accelerate scientific creativity and benefit human life. It will emphasize the creative edges of the 
experimental (observational) aspects of physics, astrophysics, and cosmology that may lead to new 
discoveries—and especially to powerful new scientific instruments—that may transform human capabilities 
to explore physical reality. The goal of developing cutting-edge tools will be considered in the context of 
advancing the scientific quest for a fundamental, integrated understanding of the universe. A pre-eminent 
example is the fascinating and rich innovation made possible through the study of light so successfully 
pioneered by Charles Townes.  
 
We believe you will find every plenary lecture and panel discussion to be highly stimulating, engaging, and 
thought-provoking.‡ The program also has several highlights. To end the first day, on Thursday evening we 
have a special plenary session with John Heilbron, Professor of History and Vice Chancellor Emeritus, 
University of California, Berkeley, who will illuminate us about the fascinating history of light. 
 
In addition to bringing together an outstanding, select group of research leaders and scholars for the main 
presentations, the program also draws together a group of promising young scientists emerging as the 

                                                 
* Please consult the Sponsors section of this program book.  
 
† Please consult the Biographies section of this program book. Charles H. Townes received the 1964 Nobel Prize in Physics “for 
fundamental work in quantum electronics which has led to the construction of oscillators and amplifiers based on the maser-laser 
principle.” See <http://nobelprize.org/physics/laureates/1964>. 
 
‡ Please consult the Program Agenda and Presentation Abstracts section of this program book. 
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research innovators of the future. The 18 finalists (under the age of 40) will present their research in the 
“Young Scholars Competition” on Friday morning. Substantial prizes will be awarded to the winners for 
excellence in conceptualizing and presenting fresh approaches in physics and cosmology. 
 
Also, we have a special public event on Friday evening with three of the most innovative scientists working 
in astronomy and astrophysics today. Other Worlds: from Imagination to Image 
<http://www.otherworldslecture.org/> brings together Geoffrey Marcy of UC Berkeley, Reinhard Genzel of the Max 
Planck Institute for Extraterrestrial Physics, and Antoine Labeyrie of the Observatory of Calern at Caussols to 
explain how new space- and ground-based technologies are expanding the vision of modern science and of 
our place in the cosmos. They will describe how optical/infrared interferometers and very large telescopes 
of the next generation are helping scientists to search for and image “Earth-like” exoplanets, investigate the 
environment of black holes and cores of galaxies, and explore regions where new planets might be formed. 
 
The formal sessions end early Saturday evening, followed by a Gala in honor of Charles Townes hosted by 
popular science writer and documentary-maker Timothy Ferris. The winners of the “Young Scholars 
Competition” will be announced at the banquet that evening, as will the winner of the “Laser Website 
Challenge.”§  
 
This event also provides the public launch of a new initiative in physics research, Foundational Questions 
in Physics and Cosmology (FQX). This program, directed by two physicists, aims to create an international 
network for highly innovative, risk-taking research focused on “really big questions” in physics and 
cosmology with the goal of promoting breakthrough research.**

 
Following the symposium, we will be publishing an academic volume through a major university press that 
will incorporate expanded versions of the presentations you will be hearing over the next three days.†† Our 
goal is to create a lasting impact on the scientific and academic community by advancing the symposium 
themes through the book. For updates on this and other future program-related matters, please check the 
project website <http://www.foundationalquestions.net/townes>. 
 
On behalf of our hosts, the University of California, Berkeley; our organizing committees; the Metanexus 
Institute and our entire AMAZING LIGHT administrative staff, thank you for joining us.‡‡  
 
Warm regards, 
 
Raymond Y. Chiao, University of California, Berkeley  

William D. Phillips, National Institute of Standards and Technology, Gaithersburg 

AMAZING LIGHT Co-Chairs 

& 

Charles L. Harper, Jr., John Templeton Foundation, Philadelphia 

AMAZING LIGHT Convenor 

                                                 
§ Please consult the respective sections in this program book. 
 
** Please consult the FQX section in this program book. For more information, contact Max Tegmark, Massachusetts Institute of 
Technology <tegmark@mit.edu>, and Anthony Aguirre, University of California, Santa Cruz <aguirre@scipp.ucsc.edu>. 
 
†† For an analogous book in honor of John Archibald Wheeler, see <http://www.metanexus.net/ultimate_reality/bookrelease.htm> and 
<http://www.cambridge.org/catalogue/catalogue.asp?isbn=052183113X>. 
 
‡‡ Please consult the Conference Supporters and Organizers section of this program book. 
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Conference Supporters and Organizers 

The Amazing Light Symposium was made possible through the generous support of 
the following organizations and individuals. 
 

SPONSORS 
  
INSTITUTIONS 
  
University of California, Berkeley 
John Templeton Foundation 
Research Corporation 
Peter Gruber Foundation 
General Motors 
Photonics Spectra 
Gordon and Betty Moore Foundation 
Coherent 
Thorlabs 
Lucent Technologies 
Aesthetic Technologies 
Lawrence Livermore National Laboratory 
ESI 
Needham & Company, LLC 
Newport Corporation/Spectra Physics 
Hamamatsu 
Isle of Aves Camp, Bohemian Club 
First Congregational Church of Berkeley 
  
INDIVIDUALS 
  
Charles Townes 
Franklin W. Dabby 
William Grassie 
Irene Keenleyside 
Hiroshi Takuma 
Robert French 
Robert Sandstrom 
Eric Robert Wollman 
 
AND SPECIAL THANKS TO  
  
Dr. T. D. Singh, Bhaktivedanta Institute, Kolkata, India 
  
PRODUCED BY Metanexus Institute 
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PROGRAM ORGANIZERS AND COMMITTEE MEMBERS 
 
HOSTS 
  
Robert C. Dynes, President 
University of California 
  
Robert J. Birgeneau, Chancellor 
University of California, Berkeley 
  
Mark Richards, Dean, Physical Sciences 
University of California, Berkeley 
  
Marjorie D. Shapiro, Chair, Department of Physics  
University of California, Berkeley 
  
CO-CHAIRS AND CO-EDITORS 
 
Raymond Y. Chiao,  
University of California, Berkeley 
  
William D. Phillips,  
National Institute of Standards and Technology 
  
CONVENOR AND CO-EDITOR 
 
Charles L. Harper, Jr., Executive Director & Senior Vice President 
John Templeton Foundation 
  
ADMINISTRATIVE DIRECTOR 
 
William Grassie, Executive Director 
Metanexus Institute 
  
EXECUTIVE PROGRAM COMMITTEE 
 
Raymond Y. Chiao, University of California, Berkeley 
William D. Phillips, National Institute of Standards and Technology 
Charles L. Harper, Jr., John Templeton Foundation  
Steven Chu, Lawrence Berkeley National Laboratory 
Peter L. Galison, Harvard University 
Owen Gingerich, Harvard Smithsonian Center for Astrophysics and Harvard University 
Theodor W. Hänsch, Max Planck Institute for Quantum Optics 
Anthony J. Leggett, University of Illinois, Urbana-Champaign 
Saul Perlmutter, University of California, Berkeley 
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Conference Supporters and Organizers 

EXECUTIVE PROGRAM COMMITTEE (cont’d) 
 
Donald York, University of Chicago 
Anton Zeilinger, University of Vienna 
Ahmed H. Zewail, California Institute of Technology 
  
HONORARY COMMITTEE 
  
Yakir Aharonov, Tel Aviv University and University of South Carolina 
Nicolaas Bloembergen, Harvard University 
Steven Chu, Lawrence Berkeley National Laboratories 
Claude Cohen-Tannoudji, Ecole Normale Supérieure and Collège de France 
Sidney Drell, Stanford Linear Accelerator 
Freeman Dyson, Institute for Advanced Study 
Russell A. Hulse, Princeton University 
Wolfgang Ketterle, Massachusetts Institute of Technology 
David M. Lee, Cornell University 
Sang-Soo Lee, Korea Advanced Institute of Science and Technology 
Tsung-Dao Lee, Columbia University 
Anthony J. Leggett, University of Illinois, Urbana-Champaign 
Douglas D. Osheroff, Stanford University 
Arno Penzias, New Enterprise Associates 
John Polkinghorne, University of Cambridge 
Norman F. Ramsey, Harvard University 
Martin Rees, University of Cambridge 
Koichi Shimoda, University of Tokyo 
Boris Stoicheff, University of Toronto 
Horst L. Störmer, Columbia University 
Daniel C. Tsui, Princeton University 
Frank Wilczek, Massachusetts Institute of Technology 
Ahmed H. Zewail, California Institute of Technology 
  
ADVISORY COMMITTEE 
  
Raphael Bousso, University of California, Berkeley 
Hyung S. Choi, Metanexus Institute and University of Cambridge 
Marvin L. Cohen, University of California, Berkeley 
Paul C.W. Davies, Macquarie University 
George F.R. Ellis, University of Cape Town 
Gerald Gabrielse, Harvard University 
Peter L. Galison, Harvard University 
Reinhard Genzel, Max Planck Institute for Astrophysics 
Owen Gingerich, Harvard Smithsonian Center for Astrophysics and Harvard University 
Joseph A. Giordmaine, Princeton University 
Nicholas Gisin, Université de Genève 
Theodor W. Hänsch, Max Planck Institute for Quantum Optics 
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ADVISORY COMMITTEE (cont’d) 
 
Serge Haroche, Ecole Normale Supérieure 
Geoffrey W. Marcy, University of California, Berkeley 
Fotini Markopoulou, Perimeter Institute of Theoretical Physics 
Christopher F. McKee, University of California, Berkeley 
Saul Perlmutter, University of California, Berkeley 
Vera C. Rubin, Carnegie Institute of Washington 
Robert J. Russell, Center for Theology and the Natural Sciences 
Marlan Scully, Texas A & M University 
Marjorie D. Shapiro, University of California, Berkeley 
Herbert Walther, Max Planck Institute for Quantum Optics 
Donald York, University of Chicago 
Anton Zeilinger, University of Vienna 
 
PROGRAM DEVELOPMENT SUBCOMMITTEE DAY 1 
Co-Chairs:  Raymond Y. Chiao and William D. Phillips 
Steven Chu, Lawrence Berkeley National Laboratories 
Anthony J. Leggett, University of Illinois, Urbana-Champaign 
Saul Perlmutter, University of California, Berkeley 
Anton Zeilinger, University of Vienna 
 
PROGRAM DEVELOPMENT SUBCOMMITTEE DAY 2 
Chair:  Theodor W. Hänsch 
Peter L. Galison, Harvard University 
Ahmed H. Zewail, California Institute of Technology 
 
PROGRAM DEVELOPMENT SUBCOMMITTEE DAY 3 
Chair:  Charles L. Harper, Jr. 
George F.R. Ellis, University of Cape Town 
Robert J. Russell, Center for Theology and the Natural Sciences 
 
YOUNG SCHOLARS COMPETITION SUBCOMMITTEE 
Chair:  Owen Gingerich 
Raphael Bousso, University of California, Berkeley 
Fotini Markopoulou, Perimeter Institute of Theoretical Physics 
Donald York, University of Chicago 
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Conference Supporters and Organizers 

ADMINISTRATIVE COMMITTEE 
 
William Grassie 
Executive Director, Metanexus Institute 
  
Marcia Carle 
Development Director, Metanexus Institute 
  
Hyung Choi 
Director for Research and Programs in the Natural Sciences, Metanexus Institute 
  
Pamela Contractor 
Developmental Editor and Director, Ellipsis Enterprises 
 
Brenda Hackett 
CFO and HRO, Metanexus Institute 
  
Gregory Hansell 
Managing Editor, Metanexus Online 
  
Julia Loving 
Director of Communications and Special Programs, Metanexus Institute 
  
Bridget Palombo 
Program Associate, Metanexus Institute 
  
Andrew Rick-Miller 
Local Societies Initiative Outreach Coordinator, Metanexus Institute 
 
SPECIAL THANKS TO THE FOLLOWING INDIVIDUALS WITHOUT WHOM THIS EVENT WOULD NOT 
HAVE BEEN POSSIBLE. 
 
Mary Almestad   Elizabeth Arscott Anne Bade 
Jo Ann Bell Steve Birndorf Parker Blackman 
Jason Blum Aaron Chawla James Coleman 
Chuck Cooper Michael Cunningham Shareesa Frink 
Margarette Golding Tom Hansen  Nicki Harper 
Eric Hintz Benjamin Hubbard Michael Jaffe 
Nelda Johnson Linda Kelly Karen Keser 
Cindy King Catherine Kitz Donald Lehr 
Joshua Lewis Timothy Lynch Clio Mallin 
Annette Marteeney Sue Matteis Luciano Nonino 
Virginia Rapp Jennafer Ross Pamela Thompson 
Paul Tuffery Brandy Turner Erica Vinskie 
Bob Walker Midge Waltherhouse Megan Warzeniak 
Richard Watson Heather Webster John Witcoski 
Kristy Ziomek 
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Sponsors 

 
Meet Your Conference Sponsors 

 
AMAZING LIGHT: Visions for Discovery is made possible with the generous support of our 
sponsors and contributors.  Their investments in the symposium and gala honor the legacy of 
Charles Townes and demonstrate their support of scientific research and education as essential 
to the future of humankind.  Laser technology, the inspiration for this conference, is central to 
the work of many of our sponsors. 
 
Several sponsors will have displays on the Mezzanine level of Zellerbach Auditorium on 
October 7 and 8.  Please take time to visit them to learn more about their work and 
opportunities. Some have also provided handouts that are included in your registration packet.  
All sponsors have links on the Amazing Light Web site at 
www.foundationalquestions.net/townes/sponsors . This Web site will remain active indefinitely 
as a resource available to all.  
 
Two major conference sponsors—Research Corporation and the Peter Gruber Foundation—
each support scholars and research through their own distinguished programs and competitions.  
Please visit their Web sites to learn more about these opportunities. 
 
We thank the University of California, Berkeley, for their indispensable role as host to the 
conference and for their generous support of the project through the efforts of administrators 
and staff. 
 
And finally, it is through the generous seed money provided by the John Templeton 
Foundation that this project was launched and sustained through the planning and development 
of all activities. The John Templeton Foundation is committed to the pursuit of new insights 
through rigorous and empirically focused methodologies. 
 
Research Corporation, www.rescorp.org  
Peter Gruber Foundation, www.petergruberfoundation.org
General Motors, www.gm.com  
Coherent, www.coherent.com  
Gordon and Betty Moore Foundation, www.moore.org  
Photonics Spectra, www.photonics.com  
Lucent Technologies, www.lucent.com  
ThorLabs, www.thorlabs.com  
Aesthetic Technologies, www.mmizone.com  
Lawrence Livermore National Laboratory, www.llnl.gov  
Electro Scientific Industries (ESI), www.esi.com  
Needham & Co., www.needhamco.com  
Hamamatsu, www.hamamatsu.com    
Spectra-Physics, a division of Newport Corp., www.spectra-physics.com  
The John Templeton Foundation, www.templeton.org  
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Charles Townes 
has been an inspiration 

to numerous colleagues, students, 
scientists, and friends. The purpose of

 the Amazing Light symposium and Charles Townes’
work resonate with the goals of the Peter Gruber 
Cosmology Prize, which encourages exploration 
in a fi eld that shapes the way we perceive and

comprehend our universe. In doing so, we 
seek to extend the pioneering legacy of, 

among others, Plato and Aristotle,
Ptolemy and Copernicus; 
Brahe, Kepler, and Galileo;

Newton and Halley; 
Einstein and Hubble. 
And Charles Townes.

The Peter Gruber Foundation
awarding prizes in cosmology, genetics, 
neuroscience, justice and women’s rights

www.petergruberfoundation.org 

The Peter Gruber Foundation 
is pleased to honor the legacy of 

Charles Townes 
by sponsoring 

Other Worlds: From Imagination to Image, 
a free public lecture presented as part of 

the Amazing Light: Visions for Discovery symposium. 

















We salute key creators of the laser 
technology industry who are our clients

ADE Corporation
Applied Materials, Inc.

AXT, Inc.
BIOLASE Technology, Inc.

Camtek Limited
Candela Corporation
Cognex Corporation

Cymer, Inc.
Cynosure, Inc.

DuPont Photomasks, Inc. 
(now Toppan  Photomasks, Inc.) 

Newport Corporation
Nova Measuring Instruments, Ltd

Photon Dynamics, Inc.
Photronics, Inc.

Surgical Laser Technologies, Inc. 
(now PhotoMedex, Inc.)

Therma-Wave, Inc.
Thermo Electron Corporation

Veeco Instruments, Inc.
Visx, Inc. 

(now Advanced Medical Optics, Inc.) 
Zygo Corporation

The leading investment bank serving laser technology companies

New York
212-371-8300

Boston
617-457-0910

Menlo Park
650-854-9111

San Francisco
415-262-4860

Needham & Company, LLC

Electro Scientific Industries, Inc.
EMCORE Corporation

Etec Systems, Inc. 
(now Applied Materials, Inc.)

FEI Company
Finisar Corporation

GSI Lumonics (now GSI Group, Inc.)
KLA-Tencor Corporation

KVH Industries, Inc.
Metrologic Instruments, Inc.
Nanometrics Incorporated

www.needhamco.com





3624 Market Street, Suite 301, Philadelphia, PA 19104, USA
Voice: 215.789.2200 FAX: 215.789.2222
email: info@metanexus.net   web: www.metanexus.net

The Metanexus Institute advances research, education and

outreach on the constructive engagement of science and

religion. Metanexus is a leader in a growing network of

individuals and groups exploring the dynamic interface

between cosmos, nature, and culture in communities and

on campuses throughout the world. Metanexus sponsors

dialogue groups, lectures, workshops, research, courses,

grants, and publications. Metanexus leads and facilitates

over 300 projects in 37 countries. Projects include the

Local Societies Initiative, the Templeton Research Lectures,

and topical interdisciplinary research projects such as the

Spiritual Transformation Scientific Research Project, Spiritual

Capital, Religion and Health, Religion and Human Flourishing,

Foundational Questions in Physics and Cosmology, and

other endeavors. A membership organization, Metanexus

hosts an online journal with over 140,000 monthly page

views and 8000 subscribers in 57 countries.

THE BOARD, STAFF, AND AFFILIATES OF THE METANEXUS INSTITUTE 

Join in honoring our friend Charles Townes for 
his long career of service and discovery.

CHARLIE, YOU ARE AN AMAZING LIGHT! 

THANK YOU
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Agenda 

 
 

AMAZING LIGHT:  VISIONS FOR DISCOVERY 
An International Symposium in honor of the 90th Birth Year of Charles H. Townes 

 
October 6-8, 2005 

University of California, Berkeley 
 

The Ocean of Truth – Exploring the Great Unknowns in Physics and Cosmology 
 
THURSDAY, OCTOBER 6, 2005 
 
TIME EVENT LOCATION 
 
7:45 – 8:30 AM Breakfast (ticketed access only) Pauley 
 
8:30 – 9:00 AM Welcome and Opening Addresses Pauley  
  

Master of Ceremonies:  Mark Richards 
Hosts:  Robert Dynes and Robert Birgeneau 
Chairs:  Raymond Chiao and William Phillips 
Convenor:  Charles Harper  
FQX Directors: Max Tegmark and Anthony Aguirre 
 

9:00 – 10:20 AM The Great Unknowns in Physics Pauley 
 Session Chair: Marjorie Shapiro 
 
 David Gross 
 “Major Unknowns in Fundamental Physics” 
 
 Anthony Leggett 
 “Major Unknowns in Quantum Mechanics” 
 
10:20 – 10:40 AM Break  
 
10:40 AM – 12:00 PM The Great Unknowns in Physics (cont’d) Pauley 
 Session Chair: Marjorie Shapiro 
 
 Raphael Bousso  
 “The Interface Between Quantum Mechanics and General Relativity” 
 
 Ignacio Cirac 
 “Quantum Information” 
 
12:00 – 1:30 PM Lunch (ticketed access only) 
 
1:30 – 3:30 PM The Great Unknowns in Astronomy Pauley 
 Session Chair:  Donald Backer 
 
 Saul Perlmutter 
 “Dark Matter and Dark Energy, Observation” 
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THURSDAY, OCTOBER 6, 2005 (cont’d) 
 
1:30 – 3:30 PM Marc Kamionkowski Pauley 
 “Dark Matter and Dark Energy, Theory” 
 
 Adrian Lee 

“Dark Matter and Dark Energy, Experiment: The Microwave Background – A 
Cosmic time Machine” 

 
3:30 – 4:00 PM Break 
 
4:00 – 5:30 PM Special Panel Discussion:  Day 1 Themes Pauley 
 Session Chair:  Arno Penzias 
 
 Panelists: 
 Raymond Chiao 
 Claude Cohen-Tannoudji 
 William Phillips 
 Marjorie Shapiro 
 Boris Stoicheff 
 Max Tegmark 
   
5:30 – 7:30 PM Dinner (ticketed access only) 
 
8:00 –10:00 PM Celebrating Light Pauley 
 Session Chair:  Owen Gingerich 
 
 John Heilbron 
 “The History of Light” 
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AMAZING LIGHT:  VISIONS FOR DISCOVERY 
An International Symposium in honor of the 90th Birth Year of Charles H. Townes 

 
October 6-8, 2005 

University of California, Berkeley 
 

New Windows of Discovery – Exploring Possibilities for Innovative Technologies 
 
FRIDAY, OCTOBER 7, 2005 
 
TIME EVENT LOCATION 
 
7:45 – 8:30 AM Breakfast (ticketed access only)  
 
8:30 – 9:15 AM Special Plenary Lecture Zellerbach 
 Session Chair:  Freeman Dyson 
 
 Peter Galison 
 “Innovation and Invention” 
 
9:15 – 9:20 AM Young Scholars Competition Zellerbach 
 (Sponsored in part by Research Corporation) 
 Session Chair and Introduction:  Owen Gingerich 
 
9:20 – 9:40 AM Break 
 
9:40 AM – 12:00 PM Young Scholars Competition:  Quantum Physics Pauley East 
  
 Boris Blinov, University of Michigan 
 “Closing Old Loopholes and Opening New Possibilities with Long-Distance  
 Entanglement of Trapped Ions” 
 
 Brian L. DeMarco, University of Michigan 
 “Quantum Simulation Using Ultracold Atoms” 
 
 Steven S. Gubser, Princeton University 
 “Hairy Black Holes, Phase Transitions, and AdS/CFT” 
 
 Bruce O. Knuteson, Massachusetts Institute of Technology 
 “Exploring the Energy Frontier” 
 
 Keith C. Schwab, National Security Agency 
 “Quantum Effects in Small Mechanical Structures” 
 
 Wolf von Klitzing, Institute of Electronic Structure & Laser (IESL) 
 “Guided Mater-Wave Interferometry” 
  
 Young Scholars Competition:  Astrophysics Pauley West 
  
 Doug P. Finkbeiner, Princeton University 
 “The Milky Way as a Laboratory for Dark Matter Annihilation” 
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FRIDAY, OCTOBER 7, 2005 (cont’d) 
 
9:40 AM – 12:00 PM Seth A. Hoedl, University of Washington Pauley West 
 “A Torsion Pendulum Axion Search” 
 
 Brian G. Keating, University of California 
 “An Ultra-Sonic Image of the Embryonic Universe” 
 
 Marc J. Kuchner, Goddard Space Flight Center 
 “Band-Limited Image Masks: New Tasks for High Contrast Astronomy and Finding 

Extrasolar Earths” 
 
 Priyamvada Natarajan, Yale University 
 “Probing the Nature of Dark Matter” 
 
 Adam G. Riess, Space Telescope Science Institute 
 “Determining the Nature of Dark Energy Now with HST and SNe Ia at z>1” 
 
 Young Scholars Competition: Technological Innovation  Zellerbach 
  
 Randy A. Bartels, Colorado State University 
 “Controlling the Dynamics of Complex Quantum Mechanical Systems” 
 
 Maurice Garcia-Sciveres, Lawrence Berkeley National Laboratory 
 “The Development of Silicon Hybrid Pixel Detectors for Particle Physics” 
 
 Paul Kwiat, University of Illinois at Urbana-Champaign 
 “The Entanglement Revolution” 
 
 Marin Soljačić, Massachusetts Institute of Technology 
 “Wireless Non-Radiative Energy Transfer” 
 
 Joseph Thywissen, University of Toronto 
 “Micro-Electromagnets: An Enabling Technology for Ultracold Atom Research and 

Practical Applications” 
 
 Jun Ye, University of Colorado 
 “Optical Phase Control from 10-15s To 15: Precision Measurement Meets Ultrafast 

Science” 
 
12:00 – 1:30 PM Lunch (ticketed access only)  
 
1:30 – 3:30 PM New Technologies – Nano- and Femtosecond Technology, Zellerbach 
 Artificial Intelligence, and Biophysics 
 Session Chair:  Marlan Scully 
 
 Theodor Hänsch 
 “A Passion for Precision” 
 
 Ahmed Zewail 
 “Exploring the Fourth Dimension – From Physics to Biology” 
 
 Steven Chu 
 “Is Life Based on the Laws of Physics?” 
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FRIDAY, OCTOBER 7, 2005 (cont’d) 
 
3:30 – 3:50 PM Break 
 
3:50 – 4:30 PM New Technologies – Nano- and Femtosecond Technology, Zellerbach 
 Artificial Intelligence, and Biophysics (cont’d) 
 Session Chair:  Marlan Scully 
   

Wolfgang Ketterle 
“New Forms of Quantum Matter Near Absolute Zero Temperature” 
 

4:30 – 5:30 PM Special Panel Discussion:  Day 2 Themes Zellerbach 
 Session Chair:  Marvin Cohen 
 
 Panelists:  
 Nicolaas Bloembergen 
 Donald Glaser 
 Roy Glauber 
 Douglas Osheroff 
 Norman Ramsey 
 
5:30 – 7:30 PM Dinner (ticketed access only) 
 
8:00 – 10:00 PM Other Worlds – From Imagination to Image: Zellerbach 
 The Challenge of Building Supertelescopes in Search of Extraterrestrial Life 
 Session Chair:  Geoffrey Marcy 
 “Planets, Fringes, and Intelligent Life Near and Far” 
 
 Reinhard Genzel 

 “Inward Bound: High-Resolution Astronomy and the Quest for Black Holes and 
Extrasolar Planets” 
 

 Antoine Labeyrie 
 “Imaging Extrasolar Planets and their Vegetation Patterns with a 100 km 

Hypertelescope” 
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Agenda 

AMAZING LIGHT:  VISIONS FOR DISCOVERY 
An International Symposium in honor of the 90th Birth Year of Charles H. Townes 

 
October 6-8, 2005 

University of California, Berkeley 
 

The “Big Picture” – Exploring Questions on the Boundaries of Science 
 

SATURDAY, OCTOBER 8, 2005 
 
TIME EVENT LOCATION 
 
7:45 – 8:30 AM Breakfast (ticketed access only)  
 
8:30 – 9:15 AM Special Plenary Lecture Zellerbach 
 Session Chair:  David Gross 
 
 Freeman Dyson 
 “The Future of Science” 
 
 9:15 – 9:55 AM Special Plenary Lecture  Zellerbach 
 Session Chair:  Charles Harper 
 
 Vaclav Smil 
 “Science, Energy, Ethics, and Civilization: Non-Random Thoughts on the Dilemma 

of Power” 
 
 9:55 – 10:10 AM Break 
 
10:10 AM – 12:00 PM Consciousness and Free Will: Zellerbach 
 Special Interdisciplinary Panel Discussion 
 Session Chair:  Charles Harper 
 
 Philosophy 
 Chair:  John Searle 
 Panelists: 
 Robert Bishop 
 “Free Will and the Causal Closure of Physics” 
 
 Nancy Cartwright 
 “Free Will and the Dominion of Physics” 
 
 Nancey Murphy 
 “Free Will and Downward Causation” 
 
 Neuroscience 
 Chair:  William Newsome 
 Panelists: 
 Gerald Edelman 
 “Naturalizing Consciousness:  Consciousness, Mental Causation, and Free Will” 
 
 Christof Koch 
 ”The Quest for Consciousness: A Neurobiological Approach” 
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SATURDAY, OCTOBER 8, 2005 (cont’d) 
 
10:10 AM – 12:00 PM Physics 
 Chair:  George Ellis 
 “Contextual Introduction to Consciousness and Free Will for Physics Subpanel” 
 Panelists: 
 Hans Halvorson 
 “Quantum Mechanics, Determinism, and Freedom” 
  
 Anton Zeilinger 
 “The Experimentalist’s Free Will in Quantum Entanglement Experiments” 
 
12:00 – 1:30 PM Lunch (ticketed access only) 
 
1:30 – 3:30 PM Beyond Physics Zellerbach 
 Session Chair:  William Phillips 
 
 Michio Kaku 
 “The Future Vision: Artificial Intelligence and Extraterrestrial Life” 
 
 Paul Davies 
 “Multiverse Cosmological Models and Anthropic Selection” 
 
 Robert Russell 
 “The Science of Light and the Light of Science: An Appreciative Theological 

Reflection on the Life and Work of Charles H. Townes” 
 
 3:30 – 3:50 PM Break 
 
 3:50 – 5:00 PM 3-M Panel Discussion: Mind, Matter, Mathematics –  

The Nature of Ultimate Reality Zellerbach 
 Session Chair:  George Ellis 
 “Introduction: 3-M Panel Discussion” 
 Panelists: 
 Gerald Gabrielse 
 
 Eleanore Stump 
 “Persons, Patterns, and Trinity” 
 
 Leonard Susskind 
 “Pocket Universes” 
 
 Max Tegmark 
 “Mathematics => Matter => Mind” 
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YOUNG SCHOLARS COMPETITION 

 
The Young Scholars Competition part of the Amazing Light: Visions for Discovery offers more than 
$100,000 in cash awards to "young" physics researchers under age 40 who are creating innovations in 
physics, inventing powerful new instruments for probing the nature of reality, developing new insights 
and inventions, and formulating bold and innovative ideas in physics.  
 
The competition is focused on exploring and advancing the future of innovative research in physics. The 
major themes were inspired by and derived from Professor Townes' ideas and questions explored 
through his lifetime of research. In particular, the program will focus on the challenge of producing 
powerful new technologies that – like the laser for which Charles Townes won the Nobel Prize – may 
generate opportunities to open up whole new domains of advancement in experimental physics.  
 
The review panel, led by Owen Gingerich of the Harvard Smithsonian Center for Astrophysics and 
Harvard University, includes distinguished research leaders from around the world whose work is 
focused on the challenges of exploring the deep structure of reality and the technological potentialities 
for investigating nature in the coming decades.  

 
Eighteen finalists have been invited to the symposium for presentation of their research on Friday, 
October 7, 2005.  Nine will receive cash awards-three 1st prizes at $20,000, three 2nd prizes at $10,000, 
and three 3rd prizes at $5,000 according to the three topical areas.  Awards will be announced on 
Saturday evening, October 8 at the Amazing Light Gala closing banquet. 
 
The three topical areas are: 
 
1. Research yielding powerful new insights and innovative concepts based primarily on quantum 
mechanics 
  
2. Research yielding profound new insights and perspectives toward answering "really big questions" in 
astrophysics, cosmology, and physics-related interdisciplinary research areas engaging with biophysics, 
physical chemistry, electronics, quantum computing, etc.  
 
3. Technological innovation linked with new deep physical insights generating powerful, innovative new 
physics-related technologies and specific inventions  
 
Young Scholars Competition prizes are sponsored by the John Templeton Foundation of Philadelphia, 
PA and Research Corporation of Tucson, Arizona. 
 
For more information: www.foundationalquestions.net/townes/ysc . 
 
The finalists according to topical area follow.  Young Scholar biographies can be found in the biography 
section of this program book and Young Scholar abstracts can be found in the abstract section of this 
program book.   
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TOPICAL AREA 1:  QUANTUM PHYSICS 
 
Boris Blinov – University of Michigan, Randall Lab of Physics, Ann Arbor, Michigan, USA;  
“Entangled States of Trapped Ions and Single Photons for Quantum Computation and Communication” 
 
Brian L. DeMarco – University of Michigan, Randall Lab of Physics, Ann Arbor, Michigan, USA;  
“Quantum Simulation using Ultra-cold Atoms” 
 
Steven S. Gubser – Princeton University, Joseph Henry Laboratories, Princeton, New Jersey, USA; 
“Hairy black holes, phase transitions, and AdS/CFT” 
 
Bruce O. Knuteson – Massachusetts Institute of Technology, Cambridge, Massachusetts, USA;  
“Systematic Analysis of Data Collected at the Energy Frontier” 
 
Keith C. Schwab – National Security Agency, Laboratory for Physical Sciences, College Park, 
Maryland, USA;  “Quantum Effects in Small Mechanical Structures” 
 
Wolf von Klitzing – Institute of Electronic Structure & Laser (IESL), Cretan Matter-Waves Group, 
Heraklion, Crete, Greece;  “Guided Mater-Wave Interferometry” 
 
 
TOPICAL AREA 2:  ASTROPHYSICS, COSMOLOGY, AND PHYSICS RELATED TO INTERDISCIPLINARY 
WORK 
 
 
Doug P. Finkbeiner – Princeton University, Henry Norris Russel Fellow, Princeton, New Jersey, USA; 
born March 31, 1971; “The Milky Way as a Laboratory for Dark Matter Annihilation” 
 
Seth A. Hoedl – University of Washington, Seattle, Washington, USA;  “A Torsion Pendulum Axion 
Search” 
 
Brian G. Keating – University of California, Center for Astrophysics & Space Sciences, La Jolla, 
California, USA;  “An Ultra-Sonic Image of the Embryonic Universe” 
 
Marc J. Kuchner – Goddard Space Flight Center, Exoplanets Laboratory, Greenbelt, Maryland, USA; 
“Band-Limited Image Masks: New Tasks for High Contrast Astronomy and Finding Extrasolar Earths” 
 
Priyamvada Natarajan – Yale University, Astronomy Department, New Haven, Connecticut, USA; 
“Probing the Nature of Dark Matter” 
 
Adam G. Riess – Space Telescope Science Institute, STScI, Baltimore, Maryland, USA;  “Determining 
the Nature of Dark Energy Now with HST and SNe Ia at z>1” 
 
 
TOPICAL AREA 3:  TECHNOLOGICAL INNOVATION 
 
Randy A. Bartels – Colorado State University, Randall Lab of Physics, Fort Collins, CO USA;  
“Controlling the Dynamics of Complex Quantum Mechanical Systems” 
 
Maurice Garcia-Sciveres – Lawrence Berkeley National Laboratory, Berkeley, California, USA;  “The 
Development of Silicon Hybrid Pixel Detectors for Particle Physics” 
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Paul Kwiat – University of Illinois at Urbana-Champaign, Urbana- Champaign, Illinois, USA;  “The 
Entanglement Revolution” 
 
Marin Soljačić– Massachusetts Institute of Technology, Cambridge, Massachusetts, USA;  “Wireless 
Non-Radiative Energy Transfer” 
 
Joseph Thywissen – University of Toronto, Toronto, Ontario, Canada;  “Micro-electromagnets: an 
enabling technology for ultra-cold atom research and practical applications” 
 
Jun Ye – University of Colorado, JILA and NIST, Boulder, Colorado, USA;  “Optical phase control 
from 10-15s to 15: Precision measurement meets Ultrafast Science” 
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AMAZING LIGHT LASER CHALLENGE WEBSITE COMPETITION 

 
 
In celebration of scientific achievement, past, present, and future, the Amazing Light Laser 
Challenge Website Competition sought submission of multimedia Web sites that exhibited 
excellence in creativity and innovation in the context of laser technology. Applicants could 
choose to focus on the laser itself, or to use the theme of the laser as an exemplar of creative 
discoveries and their impact on society. The winner of the $35,000 prize is Alexander 
Karpovich and his team at GRTOV Studio, Perm, Russia. The winning site is:  
 
 

 
 
 

http://www.populaser.com  
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The most incomprehensible thing 
about the world is that it is 
comprehensible 
  -A. Einstein  
 
Foundational Questions in 
Physics and Cosmology 
 
 What are the basic building blocks of matter?  How do complex phenomena arise through inter-
actions between them? What is the geometry of space, and how does it relate to time? What are the 
building blocks of life, or heredity, and of evolution? What is the nature of the observable universe: How 
old is it?  How did it evolve?  How do stars and galaxies form? 
 All of these questions at the foundations of our understanding of the world were once dismissed 
as speculative, metaphysical, or unanswerable.  Yet all have progressively entered the purview of sci-
ence, and we have developed coherent, durable, and often elegant answers to them.  Matter is made of 
quarks and leptons, interacting through four fundamental forces.  Space and time are components of 
spacetime, which is curved in a way that gives rise to gravity.  The structure of living beings is deter-
mined by DNA, the mechanism of heredity and evolution.  And our observable universe began in a 
nearly uniform “big-bang” about 14 billion years ago, and has evolved into the complex dance of galax-
ies, stars, planets and nebulae through complicated but largely-understood physical processes. 
 While our understanding has deepened enormously, many fundamental questions remain – 
some arising from the scientific progress we have achieved, and some even predating science. For ex-
ample: 

• What, if anything, happened before the big-bang, and determined the characteristics of the universe? 
Is our observed universe all that exists, or is it just one of many, a mere part in a much bigger picture  
in which we misinterpret local conditions as fundamental laws?  What does the distant future have in 
store – will dark energy recollapse or rip apart our universe, and will all particles and black holes ulti-
mately decay away?  

• What are the fantastically effective but intuitively baffling laws of quantum mechanics telling us about 
reality?  How do quantum measurements occur – are there really “many worlds”, and if not how do 
quantum possibilities collapse into a single observed reality? Can we find a self-consistent theory of 
nature unifying gravity with quantum mechanics? 

• What distinguishes the future from the past, if the world is governed by physical laws that make no 
such distinction? How does duration as we experience it relate to the time described by physics? 

• What is the relation between mathematics, information, and physics? How ‘real’ is the world of mathe-
matics – and how ‘real’ is the world of matter?  

• How does the universe organize itself into such complexity from such initial simplicity? How does mat-
ter give rise to mind – or does it?  

 
 These questions, and many others like them, lie at the 
frontiers of science, and at the same time at the foundations of 
our understanding of the world.  They intimately connect with and 
inform not just scientific fields, but also philosophical, religious, 
and spiritual belief systems. Their answers will have profound 
intellectual, spiritual, and practical implications important to 
anyone interested in comprehending the world’s true nature. 
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The Foundational Questions 
Consortium 
   
The Foundational Questions Consortium is a group of 
visionaries and pioneering  researchers in physics, cosmology, 
and related fields from a wide range of institutions around the 
world seeking to further understanding of foundational questions in
physics and cosmology.  

 

 
At the core of the consortium is the Foundational Questions 
Institute (FQXi), an independent, international, privately-
supported organization. Seeded by a donation from the John 
Templeton Foundation, FQXi has the sole mission and agenda of 
providing monetary, organizational, and intellectual support to the 

study of foundational questions in physics and cosmology.  During its initial four-year phase, the insti-
tute’s program will consist of four basic components: 

• More than 5 millions dollars will be made available as grants to theorists and experimenters in 
physics, cosmology, and related fields, to support personnel, equipment, travel, workshops, 
and experiments.  These grants will be awarded in two phases through a competitive peer-
review process. To maximize their impact, these grants will be targeted toward proposed re-
search that is unlikely to be supported by much larger but more risk-averse and application-
oriented conventional funding sources. 

• Each year, a large number of minigrants with a simple and streamlined application process will be 
offered for travel, lecture programs, workshops or other small projects initiated by members of 
the FQX consortium. 

• Several times per year, the institute will sponsor essay contests on a variety of subjects, to stimu-
late interesting and innovative thinking on foundational questions, and to identify and support 
pioneering thinkers. 

• Two large international conferences will be organized and supported to bring together FQX schol-
ars, share results, and help disseminate the supported research to the wider community of 
scholars and the interested public. 

 
How do I get involved? 
 
As a scientist:  

• All qualified researchers with a deep interest in foundational questions are encouraged to apply for 
FQX grants, and participate in the essay contests.  Watch for the announcements of these op-
portunities at the FQX website www.foundationalquestions.net. 

• Grant and essay contest winners (and select applicants) are automatically 
given membership in the FQX consortium. This allows them to participate 
in FQX in a number of ways, such as applying for minigrants and 
recommending new FQX initiatives. Membership can also be requested 
by qualified and interested researchers and granted at the discretion of 
FQXi. 

• We anticipate that in addition to the FQX-organized symposia, there will also 
be a number of smaller workshops and conferences sponsored. These 
will provide an excellent opportunity for the scientific community to 
participate in, and contribute to, foundational questions research. 
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As a member of the interested public: 
• The FQX website will serve as a central access point to both technical and non-technical talks and 

articles on foundational questions, and will host a number of discussion forums. 
• The institute will make a strong effort to disseminate sponsored research to the public through 

popular-press articles, and sponsorship of public lectures. 
 
As a philanthropist: 
 The Foundational Questions initiative is a new concept in philanthropically funded research into 
questions of wide and deep interest to humanity.  Its continued success and viability depend on the gen-
erosity of financial donors with a deep interest in foundational issues who recognize that existing funding 
is mostly limited to relatively less risky, more conventional and more immediately applicable research, so 
that modest philanthropic support can have a very large impact.  Anyone interested in supporting FQX at 
any level, or that has ideas for creating new FQX initiatives, is encouraged to contact the FQXi manage-
ment. 
 

Who is FQXi? 
 
Director: Max Tegmark, Associate Professor, MIT 
 
A native of Sweden, Tegmark earned his Ph.D. in physics at Berkeley 
in1994. He then worked  as a research associate at the Max-Planck-Institut 
für Physik in Munich, as a Hubble Fellow and member of the Institute for 
Advanced Study in Princeton, and as faculty at the University of 
Pennsylvania before joining  MIT in 2004 as an Associate Professor. 
Tegmark’s research has focused on cosmology theory and phenomenology, 
but has also included diverse topics such as interpretations of quantum 
mechanics, predictions of inflation, and parallel universes. 
 
Associate Director: Anthony Aguirre, Assistant Professor,  
UC Santa Cruz 
 
Aguirre received his Ph.D. in Astronomy in 2000 from Harvard University.  
He then spent three years as a member of the Institute for Advanced Study 
in Princeton (narrowly missing Tegmark) before accepting an Assistant 
Professorship at the physics department of the University of California at 
Santa Cruz. Aguirre has worked on a wide variety of topics in theoretical 
cosmology, ranging from intergalactic dust to galaxy formation to gravity 
physics to the large-scale structure of inflationary universes and the arrow of 
time. 
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Honoree   
 
Charles Hard Townes 
 
Charles Hard Townes was born in Greenville, South Carolina on 
July 28, 1915. He graduated summa cum laude from Furman 
University in Greenville in 1935 with a B.S. in physics and a B.A. 
in modern languages. Physics had fascinated him since his first 
course in the subject during his sophomore year in college because 
of its “beautifully logical structure.” He was also interested in 
natural history while at Furman, serving as curator of the museum 
and working during the summers as collector for Furman’s biology 
camp. Dr. Townes received his M.A. in physics from Duke 
University in 1936 and his Ph.D. in 1939 from the California 
Institute of Technology with a thesis on isotope separation and 
nuclear spins. 
 
As a member of the technical staff of Bell Laboratories from 1933 to 1947, Dr. Townes worked 
extensively during World War II in designing radar-bombing systems. He now holds a number of patents 
in related technology. He then turned his attention to applying the microwave technique of wartime radar 
research to spectroscopy, which he foresaw as providing a powerful new tool for the study of the 
structure of atoms and molecules and as a potential new basis for controlling electromagnetic waves.  
 
At Columbia University, whose faculty he joined as associate professor in 1948, he continued research in 
microwave physics, particularly studying the interactions between microwaves and molecules and using 
microwave spectra for the study of the structure of molecules, atoms, and nuclei. In 1951, Dr. Townes 
and his associates began working on a device using ammonia gas as the active medium. In early 1954, 
this led to the first amplification and generation of electromagnetic waves by stimulated emission. He 
and his students coined the word “maser” for this device, an acronym for “microwave amplification by 
stimulated emission of radiation.” In 1958, Dr. Townes and his brother-in-law, Dr. A. L. Schawlow, 
showed theoretically that masers could be made to operate in the optical and infrared region and 
proposed how this could be accomplished in particular systems. This work resulted in their joint paper on 
optical and infrared masers, or lasers (“light amplification by stimulated emission of radiation”). Other 
research has been in the fields of astronomy and nonlinear optics. He discovered the first complex 
molecules in space and detected and determined the mass of the large black hole in the center of our 
galaxy. 
 
In 1950, Dr. Townes became full professor in Columbia University’s physics department. He also served 
as executive director of the Columbia Radiation Laboratory from 1950 - 1952 and was chairman of the 
physics department from 1952 - 1955. From 1959 - 1961, he was on leave of absence from Columbia to 
serve as vice president and director of research of the Institute for Defense Analyses in Washington, 
D.C., a nonprofit organization operated by eleven universities. 
  
In 1961, Dr. Townes was appointed provost and professor of physics at the Massachusetts Institute of 
Technology (MIT). In 1964, he shared the Nobel Prize in Physics with Nicolay Gennadiyevich Basov 
and Aleksandr Mikhailovich Prokhorov of the Lebedev Institute for Physics, Moscow, “for fundamental 
work in quantum electronics which has led to the construction of oscillators and amplifiers based on the 
maser-laser principle.” (See: <http://nobelprize.org/physics/laureates/1964>). In 1966, he became 
Institute Professor at MIT. Later in the same year, he resigned from the position of provost to return to  

 49

http://nobelprize.org/physics/laureates/1964


AMAZING LIGHT:  Visions for Discovery 

more intensive research, particularly in the fields of quantum electronics and astronomy. He was 
appointed University Professor at the University of California in 1967. 
 
During 1955 and 1956, Dr. Townes was a Guggenheim Fellow and a Fulbright Lecturer, first at the 
University of Paris and then at the University of Tokyo. He was National Lecturer for Sigma Xi, taught 
during summer sessions at the University of Michigan and at the Enrico Fermi International School of 
Physics in Italy, and was Scott Lecturer at the University of Toronto. 
 
Dr. Townes has served as a member of the Scientific Advisory Board of the United States Air Force and 
as chairman of the Strategic Weapons Panel of the Department of Defense. He has served as chairman of 
the Science and Technology Advisory Committee for Manned Space Flight of the National Aeronautics 
and Space Administration and as a member of the President’s Science Advisory Committee. Dr. Townes 
has served the American Physical Society in various capacities and is currently vice president. He is also 
a Trustee of the Salk Institute for Biological Studies, the Carnegie Institution of Washington, and the 
RAND Corporation. His scientific writings have been published in many technical journals. 
  
In addition to the Nobel Prize for Physics, Dr. Townes’ honors and awards include the Research 
Corporation Annual Award; the IRE Morris N. Liebmann Memorial Prize; the Comstock Award, 
National Academy of Sciences; the Stuart Ballantine Medal, Franklin Institute; the Exceptional Service 
Award, US Air Force; the Rumford Premium, American Academy of Arts and Sciences; the AIEE David 
Sarnoff Award; the John J. Carty Medal, National Academy of Sciences; the Thomas Young Medal and 
Prize, the Institute of Physics and the Physical Society (England); the John Scott Award, City of 
Philadelphia; and the Joseph Priestley Award of Dickinson College. He received the IEEE Medal of 
Honor in 1967 “for his significant contributions in the field of quantum electronics which have led to the 
maser and the laser.” He received the Lomonosov Medal of the Russian Academy of Sciences, the 
Rabindranath Tagore Award of India, and the Karl Schwarzschild Medal of German-speaking countries. 
He has also received numerous honorary degrees from universities in the US and abroad. 
 
Dr. Townes is a member of the advisory board of the John Templeton Foundation and a member and 
Fellow of the American Physical Society, the Optical Society of America, and the Institute of Electrical 
and Electronics Engineers. He is a member of the Société Francaise de Physique, the National Academy 
of Sciences, the American Academy of Arts and Sciences, the American Philosophical Society, the 
National Academy of Engineers, the Royal Society of London, the American Physical Society, and the 
American Astronomical Society. 
  
Dr. Townes continues to do research at the University of California, Berkeley, where his work at present 
involves very high angular resolution astronomy in the mid-infrared (10 micron wavelength region) 
through use of interferometric techniques. Current projects include demonstration that old stars throw off 
substantial material episodically on time scales of 10-100 years, discovery of a recent episode in which 
Betelgeuse suddenly emitted a large amount of gas, and measurement of Betelgeuse’s diameter. 
  
Charles Townes was married in 1941 to the former Frances H. Brown of Berlin, New Hampshire. They 
live in Berkeley, California and have four daughters—Linda, Ellen, Carla, and Holly. 
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Anthony Aguirre  FQX Director 
 
Anthony Aguirre received his Ph.D. in Astronomy in 2000 from Harvard University.  He then spent three 
years as a Keck Fellow and member of the Institute for Advanced Study in Princeton before accepting an 
Assistant Professorship at the physics department of the University of California at Santa Cruz.  Aguirre 
has worked on a wide variety of topics in theoretical cosmology, ranging from intergalactic dust to 
galaxy formation to gravity physics to the large-scale structure of inflationary universes and the arrow of 
time. 
 
Yakir Aharanov  Honorary Committee 
 
Yakir Aharonov, the twenty-fifth Van Vleck Lecturer, holds a joint appointment as professor of physics 
at Tel Aviv University in Israel and as chair in theoretical physics at the University of South Carolina 
where he was honored with "The Distinguished Scientist Governor Award of South Carolina" in 1993. 
Professor Aharonov is a theoretical condensed matter physicist studying non-local and topological 
effects in quantum mechanics, relativistic quantum field theories and interpretations of quantum 
mechanics.  Aharonov was a co-recipient of the 1998 Wolf Prize for the discovery of the Aharonov-
Bohm Effect. Aharonov and the late David Bohm proposed in 1959 that the form of the quantum-
mechanical coupling of electromagnetic fields to electrons had some very counterintuitive implications 
for the behavior of electrons. The controversial AB effect has been observed and, in fact, has become an 
experimental tool in the domain of mesoscopic physics. Aharonov has also been recognized for this work 
in the 1995 Hewlett-Packard Europhysics Prize. 
 
Donald Backer  Additional Speaker 
 
Donald Backer is Professor of Astronomy, Chairman of the Astronomy Department, and Research 
Astronomer in the Radio Astronomy Laboratory at the University of California, Berkeley, where he has 
been since 1975. He was born in 1943 in Plainfield, New Jersey.  He received his undergraduate degree 
in engineering physics from Cornell University in 1966, an M.S. degree in radio astronomy from 
Manchester University in 1968, and a Ph.D. in astronomy from Cornell University in 1971. He spent two 
years as a postdoc at NRAO in Charlottesville and two years as an NRC Research Associate at 
NASA/GSFC in Greenbelt, Maryland.  
  
His research interests include the death of stars with particular attention to pulsars, the interstellar 
medium with a focus on small-scale plasma turbulence, and active galactic nuclei that harbor massive 
black holes. An ongoing research program is the timing of an array of millisecond pulsars for use as 
celestial clocks. The prototype millisecond pulsar, B1937+21, was discovered in 1982 at the Arecibo 
Observatory, and remains the fastest spin period for any neutron star. The long-term goal of the timing 
array program is the detection of a stochastic background of gravitational radiation that results from the 
coalescence of massive black hole binaries in distant galaxies. Models of the origin and evolution of the 
massive black holes suggest that detection of the background gravitational radiation via pulsar timing is a 
tantalizing factor of five below our current measurement sensitivity. Another collaborative activity is 
focused on a deeper understanding of an enigmatic object in our Galactic Center-Sgr A*-that may be an 
emission from the atmosphere of a massive black hole. Recently, he and colleagues at NRAO/UVA have 
initiated an experiment to detect the hydrogen gas surrounding the first stars in the early Universe via the 
emission of hyperfine quantum (21cm rest wavelength) radiation, which is excited by UV from these 
first stars. 
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Randy A. Bartels  Young Scholars Competition 
 
Bartels’s research focuses on coherently controlling the dynamic evolution of  quantum systems by using 
light from a laser whose amplitude and spectrum as a function of time are carefully “sculpted” to drive 
systems to a desired outcome. As a graduate student, Bartels helped usher in the era of attophysics (the 
study and control of dynamics on a sub-femtosecond, or attosecond (10-18s) time-scale). This work has 
already influenced top researchers and led to a number of new developments in attophysics. In this 
groundbreaking experiment, Bartels manipulated the dynamics of electronic wave functions with a sub-
20 attosecond precision (~ 3 orders of magnitude faster than previous control experiments).  In these 
experiments published in Nature in 2000 (with 153 citations as of November 2004), Bartels used an 
automated learning control approach to find optimally shaped light pulse for controlling the quantum 
system. The learning algorithm automatically tests potential pulse shapes and measures the results 
through an observable, allowing the system to determine the optimal pulse shape. This breakthrough 
demonstrated that learning control is a powerful approach for discovering new science and for unraveling 
the physics of the control mechanism. Aside from a demonstration of control over matter with shaped 
light pulses on an unprecedented time-scale, Bartels discovered a new phase-matching mechanism for 
nonlinear optics based on the interaction of a single atom and a light field. Additionally, Bartels 
discovered non-transform-limited pulses can be optimal for nonlinear frequency conversion in systems 
with a finite response. For this work, Bartels received the OSA New Focus Research Award, the most 
prestigious award presented to a graduate student working in an optics related field. In subsequent related 
work published in Science in 2002, Bartels developed the first table-top EUV laser with full spatial 
coherence and captured holographic images of objects with 50 eV photon laser radiation and fs temporal 
resolution. During the demonstration of spatial coherence of HHG EUV radiation, Bartels revisited 
Young’s 200-year-old double-slit experiment and developed an elegant way of determining the spectrum 
and spatial coherence of a light source directly from the double slit interferogram. Following that, 
Bartels worked on the development of a quasi phase matching technique for HHG, permitting phase 
matching at shorter wavelengths than previously possible.  This work was also published in Nature. With 
further development, this source is expected to have a significant impact on diverse fields such as surface 
science, catalytic chemistry, table-top nmscale biological imaging, core-level spectroscopy, and other 
areas. 
 
In parallel to Bartels’s extensive work in control of extreme nonlinear optics, he applied learning control 
of quantum systems to the control over the ro-vibrational motion of ensembles of molecules. Bartels 
applied learning control to coherently manipulate quantum interferences in polyatomic molecules in 
order to selectively control (or heat) specific Raman modes in multimode molecules with shaped light 
pulses. Significantly, Bartels demonstrated the coherent excitation of vibrational overtones in molecules 
– an important step towards mode-selective chemistry with room temperature, atmospheric pressure 
gases. With such a laser-catalyst, it may be possible to synthesize important molecules that are not 
possible due to constraints of thermal equilibrium chemical dynamics. In subsequent work, Bartels 
extended the possibility of nonresonant molecular coherent control with shaped light pulses to all 
molecules by employing a nonlinear pulse shaping mechanism to excite very high-frequency Raman 
vibrational modes. Following that, Bartels has pioneered the use of controlled molecular coherences for 
the direct manipulation of ultrafast optical pulses – enabling numerous new applications and opening 
new directions in a research across many interdisciplinary fields. In one experiment, light-controlled 
molecular rotational wave packets were used as fs time-scale light modulators to substantially broaden 
the spectrum of a probe pulse in a way that allowed the pulse to be time-compressed by an order of 
magnitude with a simple transparent window. Most recently, Bartels demonstrated another 
fundamentally new phase matching mechanism in molecular gases that exploits the transient 
birefringence imposed on a gas by an optical alignment pulse. 
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Taken as a whole, Bartels’s research has made seminal contributions to a range of scientific disciplines, 
including nonlinear optics, atomic physics, quantum and molecular dynamics, attophysics, chemical 
physics, and ultrafast optical physics, among others. These contributions have been recognized by the 
Optical Society of America by awarding Prof. Bartels (29 years old) with the Adolph Lomb Medal 
awarded to an individual who has made substantial contributions to optics before age 35.  
 
Robert J. Birgeneau  Hosting Committee 
 
Robert J. Birgeneau became the ninth chancellor of the University of California, Berkeley, in September 
2004. An internationally distinguished physicist, he is a leader in higher education and is well known for 
his commitment to diversity and equity in the academic community.  Before coming to Berkeley, 
Birgeneau served four years as president of the University of Toronto. Previously, he was dean of the 
School of Science at the Massachusetts Institute of Technology, where he spent 25 years on the faculty. 
He is a foreign associate of the National Academy of Sciences, has received many awards for teaching 
and research, and is one of the most cited physicists in the world for his work on the fundamental 
properties of materials.  A Toronto native, Birgeneau received his B.Sc. in mathematics from the 
University of Toronto in 1963 and his Ph.D. in physics from Yale University in 1966. He served on the 
faculty of Yale for one year, spent one year at Oxford University, and was a member of the technical 
staff at Bell Laboratories from 1968 to 1975. He joined the physics faculty at MIT in 1975 and was 
named chair of the physics department in 1988 and dean of science in 1991. He became the 14th 
president of the University of Toronto on July 1, 2000.  At Berkeley, Birgeneau holds a faculty 
appointment in the department of physics in addition to serving as chancellor. 
 
Robert C. Bishop  Additional Speaker 
 
Robert C. Bishop is currently a Junior Lecturer in Philosophy of Physics and a Fellow of Wolfson 
College, Oxford University. Born in 1961, studied physics and philosophy at the University of Texas in 
Austin, Texas (USA), receiving a Bachelors degree in physics in 1984 as well as a Masters in physics in 
1986. His Masters thesis was on action-at-a-distance electrodynamics. After working as a research 
scientist in industry, he studied philosophy at the University of Texas, receiving a Ph.D. in 1999 for his 
dissertation on chaotic dynamics, indeterminacy and free will. From 1983 to 1985, Dr. Bishop was a 
research assistant with the Center for Theoretical Physics at The University of Texas at Austin under the 
direction of Dr. John A. Wheeler. Subsequently he worked as a research scientist for the Applied Plasma 
Physics and Technology Division, Science Applications International Corporation from 1985 to 1989, 
then for Austin Research Associates from 1989 to 1991. Dr. Bishop was a National Aeronautics and 
Space Administration Office of Space Science and Applications Graduate Fellow from 1990 to 1992. 
While pursuing his Ph.D. in philosophy, he worked as a database and internet programmer for various 
companies. Since February of 2000,  Dr. Bishop has been with the Theory and Data Analysis 
Department of IGPP as a research postdoc. He has given colloquia at the University of Texas, the Center 
for Philosophy of Science at the University of Pittsburgh, the University of Freiburg, the Max Planck 
Institute Für Extraterrestrische Physik, Garching, Germany, the Institute for the History and Foundations 
of Mathematics and the Natural Sciences, Utrecht University as well, as given presentations at several 
scientific and philosophy meetings, and published in journals. His current areas of research are 
philosophy of science, conceptual foundations of physics, philosophy of mind and philosophy of social 
science. His works include: Between Chance and Choice: Interdisciplinary Perspectives on 
Determinism, edited with Harald Atmanspacher. 
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Boris Blinov  Young Scholars Competition 
 
Boris Blinov was born on the 26th of February, 1972 in the village of Krasnoye, Kirov Region, Russia.  
He received a Diploma degree (M.S. equivalent) from Moscow State University (Russia) in December of 
1995 in the area of experimental accelerator physics.  
 
He received his Ph.D. from the University of Michigan in May of 2000, working on acceleration of 
polarized particle beams. At the same time, he was involved in the construction and testing of a major 
polarized atomic hydrogen beam apparatus (Michigan Ultracold Polarized Hydrogen Jet Target), as well 
as a hydrogen maser. Through this research he became very intrigued by and interested in atomic 
physics, which lead him to switching fields for his postdoctoral research. 
 
In June of 2001, he joined the group of Christopher Monroe at the University of Michigan, working on 
the experimental quantum computing with trapped ions. In the last two years, his research focused on 
coherent coupling of trapped ions and single photons created via spontaneous emission. They 
demonstrated and characterized a high-fidelity entangled state of the trapped ion spins and the 
polarization of the emitted photons, and are now working towards entangling two remote atoms.  
 
In September of 2005, he will be joining the faculty of the Department of Physics and Astronomy at the 
University of Washington as an Assistant Professor. There, he will establish a new experimental research 
group investigating novel approaches to quantum computation and communication with trapped ions and 
single photons. 
 
Nicolaas Bloembergen  Honorary Committee 
 
Nicolaas Bloembergen is Gerhard Gade University Professor Emeritus at Harvard University. In 1991, 
he served as president of the American Physical Society. He was awarded the Nobel Prize in Physics in 
1981 for his contributions to the development of laser spectroscopy (shared with Arthur L. Schavlow and 
Kai M. Siegbahn).  He is also the recipient the Lorentz Medal of the Royal Dutch Academy of Sciences 
in 1978, the National Medal of Science, awarded by the President of the United States in 1974, the 
Medal of Honor of the Institute of Electrical and Electronic Engineers, and the Frederick Ives Medal of 
the Optical Society of America. He is a member of various academies in the United States and abroad. In 
addition to his service on the Faculty of Arts and Sciences at Harvard University for four decades, he 
was also a visiting professor in Paris, Leiden, Bangalore, Munich, Berkeley, and Pasadena. Furthermore, 
he has served on numerous advisory committees of the U.S. government agencies and of industrial and 
academic institutions. He is the author of two monographs, Nuclear Magnetic Relaxation and Nonlinear 
Optics and has published over 300 papers in various scientific journals. Since 2001, he is a professor of 
optical sciences at the University of Arizona. Professor Bloembergen’s research has included nuclear and 
electronic magnetic resonance, solid-state masers and lasers, and especially nonlinear optics and 
spectroscopy. Together with his co-workers, he developed a rigorous theory of nonlinear polarizability, 
the extension of Maxwell’s equations to include source terms and the interaction of multiple waves in the 
bulk and at the boundaries of nonlinear media. This latter work led to the extension of the laws of 
reflection and refraction. 
 
Raphael Bousso  Advisory Committee 
 
Raphael Bousso is assistant professor in the Department of Physics of the University of California, 
Berkeley. He is a theoretical physicist working on cosmology, black holes, and string theory.  His 
contributions include a general formulation of the holographic principle, which describes the information 
content of the universe, and an approach to understanding the dark energy of the universe.  Raphael 
Bousso received his Ph.D. from Cambridge University in 1998 and went on to become a post-doc at 
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Stanford University. He also worked at the Kavli Institute for Theoretical Physics in Santa Barbara. In 
2002-2003, he was a fellow at the Harvard University physics department and the Radcliffe Institute for 
Advanced Study. In July 2003, he joined the physics department at UC Berkeley. 
 
Nancy L. Cartwright  Additional Speaker 
 
Nancy L. Cartwright is the chair of the Centre for Philosophy of Natural and Social Science and 
professor of philosophy in the Department of Philosophy, Logic and Scientific Method at the London 
School of Economics. She is also professor of philosophy at the University of California, San Diego. Her 
principal interests are philosophy and history of science (especially physics and economics), causal 
inference, and objectivity in science. Her publications include How the Laws of Physics Lie (1983), 
Nature's Capacities and their Measurement (1989), Otto Neurath: Philosophy between Science and 
Politics [co-author] (1995), and The Dappled World: A Study of the Boundaries of Science 
(1999). Professor Cartwright is a Fellow of the British Academy and a member of the American 
Philosophical Society and the American Academy of Arts and Sciences. She is a recipient of a 
MacArthur Fellowship and a member of the German Academy of Sciences Leopoldina. 
 
Raymond Y. Chiao  Co-Chair 
 
Raymond Y. Chiao is a professor in the Department of Physics at the University of California, Berkeley. 
He received his B.A. from Princeton University in 1961 and his Ph.D. from the Massachusetts Institute 
of Technology in 1965. Chiao taught at MIT for two years before joining the department at UC Berkeley 
in 1967. His research is in the area of experimental and theoretical studies in nonlinear and quantum 
optics, and more recently, in the interaction of matter waves with gravity waves. He discovered the 
stimulated Brillouin effect, and predicted the self trapping of light in a nonlinear optical medium as the 
"sech" soliton. He predicted and observed a Berry phase for a photon propagating in helical optical 
fibers, which arises from the helicity of the photon. He discovered that photons tunnel superluminally 
through photonic tunnel barriers. He is the author of numerous professional papers and was the editor of 
Amazing Light a book honoring Charles Townes on his 80th birthday. He was an Alfred P. Sloan Fellow 
from 1967-1973, is presently a fellow of both the American Physical Society the Optical Society of 
America, and is a member of the Royal Society of Norway. 
 
Hyung S. Choi  Advisory Committee 
 
Hyung S. Choi is Director for Research and Programs in the Natural Sciences at the Metanexus Institute. 
He is also a Visiting Fellow at St. Edmund's College, Cambridge University. Prior to coming to 
Metanexus in 2003, Choi was the director of the Canyon Institute for Advanced Studies in Phoenix, 
Arizona. He was also a Witherspoon Fellow at the Center for Theology and the Natural Sciences in 
Berkeley from 1994-1996. Dr. Choi is a recipient of many honors and awards for his research and 
teaching. His areas of expertise include foundational issues in quantum physics, quantum theory of light, 
philosophy of science, and the interdisciplinary area between science and religion.  Dr. Choi received 
both his M.Phil. and Ph.D. in theoretical physics from the Graduate Center of CUNY and his M.Div. 
from Princeton Theological Seminary. Before he came to the United States in 1979, he studied 
undergraduate physics at Kyung Hee University and theoretical particle physics at Seoul National 
University in South Korea. 
 
Steven Chu  Honorary Committee 
 
Steven Chu is the director of the Lawrence Berkeley National Laboratory and a professor of physics and 
cellular and molecular biology of the University of California, Berkeley. Professor Chu's research is in 
atomic physics, polymer and biophysics. His thesis and postdoctoral work at Berkeley (1970-1978) was 
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the observation of parity non-conservation in atomic transitions, one of the earliest confirmations of the 
Weinberg-Salam-Glashow theory that unifies the weak and electromagnetic forces. While at Bell 
Laboratories he and A. Mills did the first laser spectroscopy of positronium and muonium. Chu and his 
group showed how to first cool and then trap atoms with light. The optical trap was also used to trap 
microscopic particles in water and is now widely used in biology. Since joining Stanford in 1987, Chu 
and co-workers developed the accepted theory of laser cooling (also done independently by Claude 
Cohen-Tannoudji and Jean Dalibard), constructed the first atomic fountain clock that led to the current 
time standard, and have introduced the most precise atom interferometers to date.  Chu invented methods 
to simultaneously visualize and manipulate single bio-molecules in 1990 and in 1997 received the Nobel 
Prize in Physics with Claude Cohen Tannoudji and William D. Phillips for developing methods to cool 
and trap atoms with laser light. His group has also applied methods such as fluorescence energy transfer, 
optical tweezers and atomic force microscope methods to study biology at the level of a single molecule. 
 
J. Ignacio Cirac  Additional Speaker 
 
J. Ignacio Cirac has been director of the Theory Division at the Max-Planck Institute for Quantum Optics 
since December 2001. His main areas of research are the theoretical description of atomic systems 
interacting with light, as well as the development of a theory of Quantum Information. In those fields, he 
has proposed several ways of constructing quantum computers, quantum simulators and quantum 
repeaters using ions, atoms and photons. Dr. Cirac was originally trained in Theoretical Physics at the 
University Complutense of Madrid (B.S. 1988) and obtained his PhD in Theoretical Quantum Optics in 
1991 at the same university. He was Professor Titular at the University of Castilla-La Mancha (Spain) 
from 1991 to 1996, and carried out a postdoc at the same time at the Joint Institute for Laboratory 
Astrophysics (University of Colorado). He then moved to the University of Innsbruck (Austria) as a 
professor of theoretical physics. He is also honorary professor at the Technical University of Munich 
(Germany). Dr. Cirac is associate editor of Review of Modern Physics, and a founding managing editor 
of Quantum Information and Computation. His scientific publications include more than two hundred 
research articles in scientific journals, including Nature, Science, and Physical Review Letters. Dr. Cirac 
is a correspondent member of the Spanish and Austrian Academies of Science, and Fellow of the 
American Physical Society. He also holds the Felix Kuschnitz Prize 2001 of the Austrian Academy of 
Sciences, and the National Prize for Young Investigators (1993) and the Medal (2003) of the Spanish 
Royal Physical Society. 
 
Marvin L. Cohen  Advisory Committee 
 
Marvin L. Cohen is University Professor in the Department of Physics at the University of California, 
Berkeley. Born in Montréal, Canada, he received his Ph.D. from the University of Chicago. He was a 
member of the technical staff at Bell Laboratories, Murray Hill, New Jersey, from 1963-64 before 
joining the faculty of the University of California, Berkeley. Professor Cohen is a preeminent figure in 
the field of theoretical condensed matter physics. Most recently, he has been at the forefront of the nano 
revolution, having successfully predicted a semi-conducting boron nitride nanotube that was 
subsequently synthesized. He is a founding scientist of Nanomix, Inc. and also serves as a Senior 
Scientist at the Lawrence Berkeley Laboratory. In a career that has seen him accurately predict the 
properties of numerous semiconductors and superconductors, what happens to materials under intense 
pressure, and the possibility of a carbon nitride compound that is harder than diamond – for which he 
was awarded a patent – Marvin Cohen's single most important contribution might well be his 
"pseudopotential" model. This model enables theorists to put atoms in different arrangements and predict 
which will be the most stable based on the resulting energies. He is the author of many scientific papers 
as well as a textbook on solid-state theory and has been formally recognized as the most cited condensed 
matter theorist of the past 30 years. Professor Cohen is a member of the National Academy of Sciences, 
the American Academy of Arts and Sciences, the American Philosophical Society, a Fellow of the 
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American Association for the Advancement of Science, and co-president of the American Physical 
Society. The recipient of numerous scientific awards, he received the National Medal of Science from 
President Bush in 2002 and the Foresight Institute Feynman Prize (2003).  
 
Claude Cohen-Tannoudji  Honorary Committee 
 
Claude Cohen-Tannoudji is professor of physics at École Normale Supérieure. He shared the Nobel Prize 
in Physics in 1997 with Steven Chu and William D. Phillips for their development of techniques that use 
laser light to cool atoms to extremely low temperatures. At such temperatures, atoms move slowly 
enough to be examined in detail. Cohen-Tannoudji was educated at the École Normale Supérieure 
(ENS), Paris, receiving his doctorate in 1962. After graduating, he continued to work as a research 
scientist in the department of physics at ENS, while also teaching at the University of Paris VI from 1964 
to 1973 and at the Collège de France from 1973. Cohen-Tannoudji and his colleagues at ENS expanded 
on the work of Chu and Phillips, successfully explaining a seeming discrepancy in theory and devising 
new mechanisms for cooling and trapping atoms with laser light. In 1995, they cooled helium atoms to 
within eighteen-millionths of a degree above absolute zero (-273.15 C, or -459.67 F), with a 
corresponding speed of about two centimeters per second. Their work, and that of Chu and Phillips, 
furthered scientists' understanding of how light and matter interact. Among other practical applications, 
the techniques they developed can be used to construct atomic clocks and other instruments capable of an 
extremely high degree of precision. 
 
Paul C. W. Davies  Advisory Committee 
 
Paul C. W. Davies is professor of natural philosophy in the Australian Centre for Astrobiology at 
Macquarie University, Sydney. He is an internationally acclaimed physicist, writer and broadcaster. He 
has held previous academic appointments at the Universities of Cambridge, London, Newcastle upon 
Tyne and Adelaide. His research interests are in the fields of cosmology, quantum field theory, and 
astrobiology. He is the author of over twenty-five books, including The Mind of God, Other Worlds, God 
and the New Physics, The Edge of Infinity, The Cosmic Blueprint, Are We Alone?, The Fifth Miracle, The 
Last Three Minutes, About Time, and How to Build a Time Machine. He also writes regularly for 
newspapers, journals and magazines in several countries including The Economist, The Guardian, The 
New York Times, and New Scientist. Davies’s talent as a communicator of science has been recognized in 
Australia by an Advance Australia Award and two Eureka Prizes, and in the UK by the 2001 Kelvin 
Medal and Prize by the Institute of Physics, and the 2002 Faraday Prize by The Royal Society. For his 
contributions to the deeper implications of science, Davies received the Templeton Prize in 1995. 
 
Brian DeMarco  Young Scholars Competition 
 
Dr. Brian DeMarco received his B.A. degree in Physics from the State University of New York at 
Geneseo in 1996 and his Ph.D. in Physics from the University of Colorado at Boulder in 2001. For his 
graduate work at the University of Colorado, DeMarco assembled one of the first experiments to cool 
40K atoms into the ultra-cold regime and subsequently produced the first Fermi gas of atoms. DeMarco 
and his thesis advisor Deborah Jin were able to create this novel state of matter two years in advance of 
competing efforts despite starting several years behind other experiments. Their achievement was 
selected as one of the top ten scientific breakthroughs of 1999 by Science magazine. For his work with 
Fermi gases, including several foundational experimental and theoretical papers, DeMarco was awarded 
the first JILA Scientific Achievement Award in 2002 and the American Physical Society’s Division of 
Atomic, Molecular, and Optical Physics (DAMOP) Outstanding Doctoral Thesis Award in 2002.  
 
From 2001–2003, DeMarco held a National Research Council Fellowship at NIST, where he worked on 
quantum information experiments using trapped atomic ions with David Wineland. DeMarco’s work 
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with the NIST Ion Storage Group resulted in some of the first experiments demonstrating that scalable 
quantum computing is possible in the trapped ion system. In recognition of his graduate and post-
doctoral work with neutral and charged ultra-cold trapped atoms, DeMarco was awarded the Michelson 
Post-doctoral Lectureship Prize from Case Western Reserve University in 2003.  
 
In 2003, DeMarco joined the Physics Department at the University of Illinois at Urbana-Champaign 
(UIUC) as an assistant professor. Combining his expertise in ultra-cold atom gas experiments and 
quantum state control of trapped ions, DeMarco has started a new effort at UIUC aimed at realizing 
quantum simulation using atoms trapped in an optical lattice.  
 
Sidney D. Drell  Honorary Committee 
 
Sidney D. Drell is professor of theoretical physics and deputy director emeritus of the Stanford Linear 
Accelerator Center, Stanford University, and Senior Fellow (by courtesy) of the Hoover Institute.  A 
physicist and arms control specialist, he has been active since 1960 in providing technical advice to the 
government on national security issues, most recently as a member of the President’s Foreign 
Intelligence Advisory Board.  He currently serves as an adviser to the Los Alamos National Lab and is 
an active member of JASON, a group of academic scientists who act as government consultants.  Drell 
earned his B.A. degree from Princeton University, and his M.A. and Ph.D. degrees from the University 
of Illinois.  He has been a faculty member of Stanford University since 1956. He retired as deputy 
director of SLAC in 1998. Among many honors, Drell received a MacArthur Foundation prize 
fellowship, the Enrico Fermi Award, and the Heinz R. Pagels Human Rights of Scientists Award.  In 
2001 he was presented the National Intelligence Distinguished Service Medal, the highest award 
bestowed by the U.S. Intelligence Community.  He is also one of 10 scientists honored by the U.S. 
National Reconnaissance Office as “founders of national reconnaissance as a space discipline.” Drell is a 
member of the National Academy of Sciences, the American Academy of Arts and Sciences, and of the 
American Philosophical Society.  He is a fellow of the American Physical Society and was its president 
in 1986.  His most recent book The Gravest Danger: Nuclear Weapons, co-authored with Ambassador 
James Goodby, was published by the Hoover Institute Press in 2003. 
 
Robert C. Dynes  Hosting Committee 
 
Robert C. Dynes, a physicist and an expert on semiconductors and superconductors, is the eighth 
president of the University of California, having assumed those responsibilities in October 2003. Since 
1996, he had served as chancellor of UC’s San Diego campus. Dynes came to UC San Diego in 1991 
after a 22-year career at AT&T Bell Laboratories, where he served as department head of semiconductor 
and material physics research and director of chemical physics research. His numerous scientific honors 
include the 1990 Fritz London Award in Low Temperature Physics and his 2001 election to the Council 
of the National Academy of Sciences, a society to which he was originally elected in 1989. Joining UC 
San Diego as professor of physics, Dynes founded an interdisciplinary laboratory where chemists, 
electrical engineers, and private industry researchers investigate the properties of metals, 
semiconductors, and superconductors. He subsequently became chairman of the physics department and 
then senior vice chancellor for academic affairs. Along with his duties as chancellor and his ongoing 
physics research, Robert Dynes was active in the national scientific arena and in San Diego civic 
organizations. He was vice-chair of the University of California President's Council on the National 
Laboratories, a member of the National Security Panel, and Councilor of the National Academy of 
Sciences. His San Diego community affiliations included membership on the San Diego Regional 
Economic Development Corporation Board, the San Diego Science Alliance Board, the San Diego 
Performing Arts League Advisory Council, and the Children's Hospital and Health Center Board. A 
native of the city of London in Ontario, Canada, and a naturalized United States citizen, Dynes holds a 
bachelor's degree in mathematics and physics from the University of Western Ontario and master's and 

 58 



Biographies 

doctorate degrees in physics and an honorary doctor of science degree from McMaster University. He is 
a Fellow of the American Physical Society, the Canadian Institute of Advanced Research, and the 
American Academy of Arts and Sciences.  President Dynes is married to Frances Dynes Hellman, a 
professor of physics at UC Berkeley.   
 
Freeman Dyson  Honorary Committee 
 
Freeman Dyson is now retired, having been for most of his life a professor of physics at the Institute for 
Advanced Study in Princeton, NJ. He was born in England and worked as a civilian scientist for the 
Royal Air Force in World War II. He graduated from Cambridge University in 1945 with a B.A. degree 
in mathematics before going on to Cornell University in 1947, where he worked with Hans Bethe and 
Richard Feynman. His greatest contribution to science was the unification of the three versions of 
quantum electrodynamics invented by Feynman, Schwinger and Tomonaga. Cornell University made 
him a professor in 1950 despite his lacking a Ph.D. He subsequently worked on nuclear reactors, 
solidstate physics, ferromagnetism, astrophysics and biology, looking for problems where elegant 
mathematics could be usefully applied. He has written a number of books about science for the general 
public. Disturbing the Universe (1974) is a portrait-gallery of people he has known during his career as a 
scientist. Weapons of Hope (1984) is a study of ethical problems of war and peace. Infinite in all 
Directions (1988) is a philosophical meditation based on Dyson's Gifford Lectures on Natural Theology 
given at the University of Aberdeen in Scotland. Origins of Life (1986, second edition 1999) is a study of 
one of the major unsolved problems of science. The Sun, the Genome and the Internet (1999) discusses 
the question of whether modern technology could be used to narrow the gap between rich and poor rather 
than widen it. Other books include Imagined Worlds (1997) and Gamma: Exploring Euler’s Constant 
(2003).  Dyson is a fellow of the American Physical Society, a member of the US National Academy of 
Sciences, and a fellow of the Royal Society of London. In 2000, he was awarded the Templeton Prize for 
Progress in Religion. 
 
Gerald Edelman  Additional Speaker 
 
Dr. Edelman is Director of The Neurosciences Institute and President of Neurosciences Research 
Foundation, a publicly supported not-for-profit organization that is the Institute’s parent. Separately, he 
is Professor at The Scripps Research Institute and Chairman of the Department of Neurobiology at that 
institution.  His early studies focused on the structure and diversity of antibodies. In 1972, he received 
the Nobel Prize in Physiology or Medicine for his work on the structure and function of antibodies. His 
subsequent work led to the discovery of cell adhesion molecules (CAMs), which have been found to 
guide the fundamental processes by which an animal achieves its shape and form, and by which nervous 
systems are built.  Dr. Edelman has formulated a detailed theory to explain the development and 
organization of higher brain functions. This theory was presented in his 1987 volume Neural Darwinism 
and elaborated in a theory of consciousness presented in his books, The Remembered Present and Wider 
than the Sky.   
 
George F. R. Ellis  Advisory Committee 
 
George F. R. Ellis is professor of applied mathematics at the University of Cape Town. After completing 
his Ph.D. at Cambridge University with Dennis Sciama as supervisor, he lectured at Cambridge and has 
been visiting professor at University of Texas, the University of Chicago, Hamburg University, Boston 
University, the University of Alberta, and Queen Mary College (London University). He has written 
many papers on relativity theory and cosmology, among them The Large Scale Structure of Space Time, 
co-authored with Stephen Hawking (Cambridge University Press, 1973); Before the Beginning: 
Cosmology Explained (Merion Boyars, 1993); Is the Universe Open or Closed? The Density of Matter in 
the Universe, with Peter Coles (Cambridge University Press, 1997); and Dynamical Systems in 
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Cosmology, with John Wainwright. He has also written on science policy and developmental issues, 
science education, and science and religion issues. He is co-author with Nancey Murphy of On the Moral 
Nature of the Universe (Fortress Press, 1996) and editor of The Far-flung Universe: Eschatology from a 
Cosmic Perspective (Templeton Foundation Press, 2002). He is past president of the International 
Society of General Relativity and Gravitation and of the Royal Society of South Africa and fellow of the 
Royal Astronomical Society and the Institute of Mathematics and its Applications. Among the prizes and 
honorary degrees he has received are the Claude Harris Leon Foundation Achievement Award, the Gold 
Medal of the South African Association for the Advancement of Science, and the Star of South Africa 
Medal, which was presented to him in 1999 by President Nelson Mandela, and the 2004 Templeton 
Prize. 
 
Timothy Ferris  Additional Speaker 
 
Timothy Ferris is an acclaimed science writer. He is the author of eleven books including Seeing in the 
Dark, The Whole Shebang, and Coming of Age in the Milky Way, which have been translated into fifteen 
languages and were named by The New York Times as among the leading books published in the 
twentieth century. A former newspaper reporter and editor of Rolling Stone magazine, he is a frequent 
contributor to The New Yorker and The New York Review of Books. His articles and essays have appeared 
in over 50 periodicals, among them the Chronicle of Higher Education, Forbes, Harper's, Life, National 
Geographic, Natural History, Nature, Newsweek, Time, Readers' Digest, Scientific American, The 
Nation, The New Republic, and The New York Times. 
 
Ferris wrote and narrated two television specials – “The Creation of the Universe,” which has aired in 
network prime time annually for the past 15 years, and “Life Beyond Earth,” which premiered on PBS 
Nov. 10, 1999. He produced the Voyager phonograph record, an artifact of human civilization containing 
music, sounds of Earth and encoded photographs launched aboard the Voyager interstellar spacecraft.  
He was among the journalists selected as candidates to fly aboard the Space Shuttle in 1986. Ferris has 
received the American Institute of Physics prize, the American Association for the Advancement of 
Science prize, and a Guggenheim Fellowship. His books have been nominated for the National Book 
Award and the Pulitzer Prize. Professor Ferris has taught in five disciplines at four universities. He is 
currently emeritus professor at the University of California, Berkeley. 
 
Douglas Finkbeiner  Young Scholars Competition  
 
Douglas Finkbeiner was born March 31, 1971.  He received his Ph.D. in Physics from the University of 
California at Berkeley in 1999 (Uhl Thesis Award).  He has held positions such as Hubble Fellow 
(through 6/03) and Russell-Cotsen Fellow (starting 7/03) as well as (NASA ADP) and Hubble Fellow, 
(7/00 - 6/01) at the University of California, Berkeley.  He is currently a member of the Department of 
Astrophysical Sciences at Princeton University.  Starting July 2006, he will be Assistant Professor at the 
Harvard-Smithsonian Center for Astrophysics, Harvard University. 
 
His research interests include observable consequences of dark matter annihilation, interstellar dust and 
ionized gas as CMB foregrounds, galactic evolution, cosmic infrared background and large-scale 
structure, and deep redshift surveys (SDSS, DEEP2). 
 
Finkbeiner has extensive experience with WMAP, COBE (DIRBE, FIRAS, DMR) and IRAS data and 
optical photometry (30 nights at Lick, 8 nights at CTIO).  He also has worked on radio continuum 
observations (9 days, Green Bank 140 foot; 48 hours GBT) and was a member of DEEP2 survey and 
SDSS.  He has received funding for research to explore the ISM with MAP: “The Microwave Emission 
from Spinning Dust" from NASA/LTSA and to study “Dust Emission as Measured by DIRBE and 
IRAS" NASA/ADP NAG5-7833 (Co-I with Marc Davis).   
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His awards have included the Cotsen Fellowship in 2003 from the Princeton Society of Fellows; the 
Henry Norris Russell Fellowship, also in 2003; Hubble Postdoctoral Fellowship, 2000-03; Uhl Award 
(UC Berkeley for his Ph.D. Thesis research in 1999); a NSF Graduate Fellowship, 1994-97; and a Thesis 
Award from the University of Michigan German Department in 1994 for his Senior Honors Thesis. 
 
Gerald Gabrielse  Advisory Committee 
 
Gerald Gabrielse is George Vasmer Leverett Professor of Physics at Harvard were he has been since 
1987. Currently Prof. Gabrielse leads the international ATRAP Collaboration whose goal is accurate 
laser spectroscopy with trapped antihydrogen atoms.  A graduate of Calvin College in 1973, he received 
a faculty research scholarship and served as a teaching assistant working under the supervision of 
Vernon Ehlers. He also built an apparatus to measure the density and fermi levels of high reactive liquid 
alkaline earth metals, working under the supervision of John Van Zytveld, which led to his first physics 
publication. Awarded a Danforth Graduate Fellowship to pursue graduate studies at a university of his 
choice, he received both his M.S. and Ph.D. from the University of Chicago. His thesis focused on the 
production of hydrogen as fast protons traversed thin targets and on the use of time reversal symmetry to 
classify hydrogenic observables. He was awarded an Argonne Graduate Fellowship and did postdoctoral 
research at the University of Washington in 1978 under the supervision of Hans Dehmelt. Gabrielse was 
later awarded a Chaim Weizmann Postdoctoral Fellowship. Gabrielse joined the faculty of the University 
of Washington in 1985, leaving in 1987 for Harvard University.  Professor Gabrielse has taught and 
served as the Scientist in Residence at a local high school, and is currently a member of the board of 
trustees of Calvin College. He has served on the executive committees of both APS DAMOP and the 
APS Topical Group on Precision Measurement. He has given many invited talks and is the author of 
more than 100 scientific publications. He and particle theorist Lowell Brown have published a number of 
theoretical papers, including a major review that still serves as the standard reference work on particle 
trapping. He was awarded the Levenson Teaching Award for a senior faculty member at Harvard for his 
"Reality Physics" course for non-science students, and was awarded the 2002 Davisson-Germer Prize by 
the American Physical Society "for pioneering work in trapping, cooling, and precision measurements of 
the properties of matter and antimatter in ion traps."  
 
Peter L. Galison  Advisory Committee 
 
Peter L. Galison is Mallinckrodt Professor of the History of Science and of Physics at Harvard 
University. In 1997, he was named a John D. and Catherine T. MacArthur Foundation Fellow; and in 
1999, he was a winner of the Max Planck Prize given by the Max Planck Gesellschaft and Humboldt 
Stiftung. Professor Galison is interested in the intersection of philosophical and historical questions, such 
as: What, at a given time, convinces people that an experiment is correct? How do scientific subcultures 
form interlanguages of theory and things at their borders? More broadly, his main work explores the 
complex interaction between the three principal subcultures of twentieth-century physics—
experimentation, instrumentation, and theory. The volume on experiment, How Experiments End (1987), 
and that on instruments, Image and Logic: A Material Culture of Microphysics (1997), are to be followed 
by the final volume, Theory Machines, still under construction. Einstein’s Clocks, Poincaré’s Maps 
(2003) begins the study of theory by focusing on the ways in which the theory of relativity stood at the 
crossroads of technology, philosophy, and physics. Image and Logic won the Pfizer Award from the 
History of Science Society in October 1998. 
 
Maurice A. Garcia-Sciveres  Young Scholars Competition 
 
Maurice Garcia-Sciveres began his independent experimental research in college with a fellowship to 
study chaotic behavior of driven waves in liquids (unpublished).  His Ph.D. thesis topic was the 
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measurement of the weak coupling of charm to bottom quarks (Vcb) at the CLEO experiment on the 
Cornell Electron-positron Storage Ring. This measurement exploited new theoretical advances known as 
Heavy Quark Effective Theory. Submitted for publication in 1994, it remained the world’s best 
measurement for a few years.  As a Postdoc, he joined the CDF experiment at the Tevatron accelerator 
just in time for the discovery of the top quark. At this time, he turned attention to the development of 
silicon detector hardware, concentrating on the readout electronics for a new silicon vertex detector for 
the CDF experiment.  This detector, known as SVX-II, was built and is still today in operation at CDF. 
Garcia-Sciveres led the production, testing and assembly of the readout electronics for this detector at 
LBNL.  After the CDF SVX-II upgrade was completed, he continued working in the area of silicon 
detectors, developing new readout electronics for potential further upgrades (SVX4 chip, soon to be used 
by the D0 and Phoenix experiments), before focusing attention on the ATLAS Pixel Detector.  He 
assumed responsibility for coordination of the world-wide design, construction and testing of the ATLAS 
pixel modules. This effort is now nearing completion. 
 
Reinhard Genzel  Advisory Committee 
 
Reinhard Genzel has been Scientific Director at the Max Planck Institute for Extraterrestrial Physics in 
Garching, Germany since 1986. He is also an Honorary Professor of Physics at the Ludwig-Maximilians 
University in Munich. Since 1999, he has also been Professor of Physics at the University of California, 
Berkeley. His research interests currently include massive black holes and star formation in galaxies, the 
physics of galactic nuclei, galaxy formation and evolution, infrared/submillimeter/mm spectroscopy, and 
high-resolution imaging and spatial interferometry. In 2002, Professor Genzel and his team showed, 
beyond any reasonable doubt, that Sagittarius A*, a compact radio source at the center of the galaxy, is a 
massive black hole of about three million times the mass of the sun. The galactic center thus is the 
strongest case astrophysicists now have that the dark mass concentrations observed in many nearby 
galaxies are indeed the mysterious black holes predicted by Einstein’s theory of general relativity. 
Professor Genzel received his Ph.D. in Physics from the University of Bonn (1978) and was a Harvard-
Smithsonian Center for Astrophysics Postdoctoral Fellow in Cambridge, Massachusetts (until 1980). He 
received the Otto Hahn Medal of the Max Planck Society for the year 1978 and the Miller Fellowship at 
the University of California, Berkeley (both in 1980). Professor Genzel was a recipient of the Newton 
Lacy Pierce Prize of the American Astronomical Society (1986), the Leibniz Prize of the German 
Science Foundation (1990), and the Janssen Prize of the French Astronomical Society (2000). He 
received the Balzan International Prize for Infrared Astronomy, Switzerland/Italy (2003) and the Stern-
Gerlach Medal of the German Physical Society (also in 2003), as well as the Petrie Prize of the Canadian 
Astronomical Society (2005). Professor Genzel is a foreign member of the US National Academy of 
Sciences and the French Academy of Sciences, as well as member of the Bavarian and Leopoldina 
Academies in Germany. 
 
Owen Gingerich  Advisory Committee 
 
Owen Gingerich is a senior astronomer emeritus at the Smithsonian Astrophysical Observatory and 
research professor of astronomy and of the history of science at Harvard University.  He is co-author of 
two successive standard models for the solar atmosphere, and the first to take into account rocket and 
satellite observations.  He has been vice president of the American Philosophical Society and he has 
served as chairman of the US National Committee of the International Astronomical Union. Professor 
Gingerich is a leading authority on Johannes Kepler and on Nicholas Copernicus.  His annotated census 
of Copernicus' De revolutionibus was published in 2002 followed by a memoir of his Copernican 
adventures, The Book Nobody Read.  He has written nearly 600 technical or educational articles and 
reviews.  Two anthologies of his essays have appeared, The Great Copernicus Chase and Other 
Adventures in Astronomical History, and The Eye of Heaven: Ptolemy, Copernicus, Kepler. He was 
awarded the Polish government's Order of Merit in 1981, and more recently an asteroid has been named 
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in his honor.  He won the annual education prize of the American Astronomical Society in 2004. His 
lecture "Modern Cosmogony and Biblical Creation" has been presented in more than 40 venues, and he 
has given two Advent sermons at the U.S. National Cathedral. 
 
Joseph A. Giordmaine  Advisory Committee 
 
Joseph A. Giordmaine is senior vice president emeritus at NEC Laboratories America in Princeton, NJ. 
Dr. Giordmaine received his B.A. and Ph.D. from the University of Toronto and Columbia University 
respectively. At Bell Laboratories from 1961 to 1988 he was a member of the technical staff and also 
served as Director of Solid State Electronics Research and other R&D laboratories.  From 1988 to 1998 
he was responsible for the startup and organization of physical sciences research at the NEC Research 
Institute; this period was marked by the institute’s growth as a leading center for fundamental research in 
the physical and computer sciences. From 1998 to the present, he has also held faculty and research 
positions at Princeton and Texas A&M Universities, where he has applied new nonlinear optical 
techniques to soliton generation and to real-time detection of atmospheric contaminants. Earlier work of 
Dr. Giordmaine and his collaborators included the first demonstration of the optical parametric oscillator, 
first use of phase matching in nonlinear optics, new techniques for ultrafast light pulse generation and 
measurement, discovery of the nonlinear optical properties of chiral liquids, first use of low-noise maser 
detection in radio astronomy, and characterization of molecular beam formation by tubular flow. His 
awards include the R. W. Wood Prize of the Optical Society of America and the Distinguished Lecturer 
Award of the IEEE MTT Society. He is a Fellow of the APS, IEEE, ASA, AAAS, and NYAS. He has 
served on numerous academic, government and professional society committees. He has published 
extensively in scientific and engineering journals.  
 
Nicolas Gisin  Advisory Committee 
 
Nicolas Gisin is head of the optics section of the group of applied physics at the University of Geneva 
where he has been since 1988. He was born in 1952 in Geneva, Switzerland. After a master’s in physics 
and a degree in mathematics, he received his Ph.D. in physics from the University of Geneva in 1981 for 
his dissertation in quantum and statistical physics. The “Fondation Louis de Broglie” recognized this 
work with an award.  After a post-doc at the University of Rochester, NY, he joined a start-up company, 
Alphatronix, dedicated to fiber instrumentation for the telecommunication industry.  At the University of 
Geneva, the optics section under Gisin’s leadership has developed three research directions: telecom, 
optical sensors and quantum optics. The telecom and the sensing activities led to many patents and 
technological transfers to Swiss and international industries. Several products met with commercial 
success. The quantum optics activities are orientated more towards fundamental research. The main 
themes, quantum cryptography and long distance quantum entanglement, received great attention from 
the international scientific community as well as from the mass media. In February 2003, this was 
recognized by the MIT Technology Review, which selected this work as one of the 10 technologies that 
should “change the world.” 
 
Donald A. Glaser  Additional Speaker 
 
Donald A. Glaser holds joint appointments as professor in the physics and molecular biology 
departments at the University of California, Berkeley where he has taught since 1959. After graduating 
from Case Institute of Technology in Cleveland in 1946, Glaser attended California Institute of 
Technology in Pasadena, where he received his Ph.D. in physics in 1949. He then began teaching at the 
University of Michigan, where he was professor of physics until 1959. While there he conceived the idea 
for the bubble chamber, which has become a widely used instrument because it allows precise 
measurement of the paths of subatomic particles. Glaser was awarded a Nobel Prize in 1960 for this  

 63



AMAZING LIGHT:  Visions for Discovery 

invention. His current research interests are in the construction of computational models of the human 
visual system, which explain its performance in terms of its physiology and anatomy. 
 
Roy Glauber  Additional Speaker 
 
Roy Glauber has been the Mallinckrodt Professor of Physics at Harvard University since 1976. He 
received his BS in 1946 and his Ph.D. in 1949 from Harvard University. He worked as a staff member on 
the Manhattan Project and did postdoctoral work for the Institute for Advanced Study at Princeton and at 
the Swiss Federal Polytechnic Institute in Zurich. He has served as a member of the editorial Board of 
several technical journals including Nuclear Physics B and the Journal of Mathematical Physics. He has 
been a visiting scientist and professor at CERN, the University of Leiden, NORDITA in Copenhagen and 
the College de France in Paris. Glauber has been a member of the Advisory Board for the Program for 
Science and Technology for International Security at M.I.T. since 1983. He has received numerous 
honors and prizes including the A. A. Michelson Medal from the Franklin Institute in Philadelphia 
(1985), the Max Born Award from the American Optical Society (1985) and the A. von Humboldt 
Research Award (1989). 
 
William J. Grassie  Administrative Director 
 
William “Billy” Grassie, Ph.D. is founder and executive director of the Metanexus Institute.  Metanexus 
currently runs some 300 projects at universities in 36 countries.  Grassie also serves as executive editor 
of the Institute’s online magazine and discussion forum with over 140,000 monthly page views and over 
6,000 regular subscribers in 57 different countries.  He has taught a variety of positions at Temple 
University, Swarthmore College and the University of Pennsylvania.  Grassie received his doctorate in 
religion from Temple University in 1994 and his B.A. from Middlebury College in 1979.  Prior to 
graduate school, Grassie worked for ten years in religiously-based social service and advocacy 
organizations in Washington, D.C.; Jerusalem, Israel; Berlin, Germany; and Philadelphia, PA.  He is the 
recipient of a number of academic awards and grants from the American Friends Service Committee, the 
Roothbert Fellowship, and the John Templeton Foundation.  He is a member of the Religious Society 
Friends (Quakers).  
 
David J. Gross  Additional Speaker 
 
David J. Gross is Frederick W. Gluck Professor of Theoretical Physics at the University of California, 
Santa Barbara, as well as Director of UCSB’s Kavli Institute for Theoretical Physics, which he joined in 
January 1997. He received his Ph.D. from the University of California, Berkeley in 1966 and was then a 
Junior Fellow at Harvard. In 1969, he went to Princeton, where he was appointed Professor of Physics in 
1972, and later Eugene Higgins Professor of Physics and then Thomas Jones Professor of Mathematical 
Physics. Professor Gross was an Alfred P. Sloan Foundation Fellow from 1970 to 1974. He was elected 
Fellow of the American Academy of Arts and Sciences in 1985, Member of the National Academy of 
Sciences in 1986, and Fellow of the American Association for the Advancement of Science in 1987. 
Professor Gross is the recipient of the J. J. Sakurai Prize of the American Physical Society in 1986, a 
Macarthur Foundation Fellowship Prize in 1987, the Dirac Medal in 1988, the Oscar Klein Medal in 
2000, and the Harvey Prize of the Technion in 2000. He has received two honorary degrees. In 2004, 
Professor Gross was selected to receive France’s highest scientific honor, the Grande Médaille D’Or, for 
his contributions to the understanding of fundamental physical reality. For solving, in 1973, the last great 
remaining problem of what has come to be called the “Standard Model” of the quantum mechanical 
picture of reality, he received the 2004 Nobel Prize in Physics with co-recipients Frank Wilczek and H. 
David Politzer “for the discovery of asymptotic freedom in the theory of the strong interaction” in the 
atomic nucleus.  
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Steven S. Gubser  Young Scholars Competition 
 
Gubser was born on May 4, 1972 in Tulsa, Oklahoma. He grew up in Aspen, Colorado, until age 14. Then 
he attended Cherry Creek High School in Denver, Princeton University (A.B. ’94), Cambridge University 
(certificate of advanced study, ’95), and again Princeton University (M.A. ’96, Ph.D. ’98). After receiving 
his Ph.D. in theoretical physics, he continued his research in the following positions: Junior Fellow in the 
Harvard Society of Fellows, 1998-1999; Assistant Professor of Physics, Princeton University, 2000; 
Professor of Theoretical Physics, Caltech, 2001; and Associate Professor of Physics, Princeton University, 
2001-2005.  Gubser is currently a Professor of Physics at Princeton University.  He was recipient of a 
Sloan Fellowship in 2003; prize-winner at the Young Researchers Competition in honor of John 
Archibald Wheeler in 2002; and recipient of the European Physical Society’s 2001 Gribov Medal. This 
prize is awarded every other year, and it is described as “the highest award of the European Physical 
Society for Theoretical Work in the field of High Energy Particle Physics for a young scientist in the 
field.”  He was named Outstanding Junior Investigator Award from the Department of Energy, 2000.  
Gubser was Hertz Fellow from 1995-1998, Fulbright Scholar from 1994-1995 and winner of the 
American Physical Society’s 1994 Apker Award for distinguished research as an undergraduate.  He was 
Valedictorian of his 1994 Princeton class.  He was also winner of the 20th International Physics 
Olympiad, held in Warsaw in 1989.   
 
Gubser is author or co-author of over sixty articles on theoretical physics. A complete list of them, 
including downloadable PDF versions, can be found at the following URL: 
http://www.slac.stanford.edu/spires/find/hep/www?rawcmd=FIND+AUTHOR+GUBSER  
 
He has been invited to over eighty lectures to date and is a General Member and Scientific Secretary of 
the Aspen Center for Physics.  He also holds a lifetime membership of the American Physical Society.  
He is currently Associate Editor of Nuclear Physics B. 
 
Gubser’s research has focused on string theory. He is recognized as one of the pioneers of a 
correspondence, known as AdS/CFT, which connects gravitational physics in five and ten dimensions to 
quantum field theory in four dimensions. With I. Klebanov and A. Polyakov, he provided the quantitative 
map between gravity and gauge theory which lies at the heart of AdS/CFT. He has utilized this 
correspondence to study aspects of renormalization group flow and quark confinement.  Gubser has also 
been prominent in the study of black holes in string theory. He helped provide the string theory account of 
classical absorption, Hawking radiation, and Bekenstein-Hawking entropy for black holes constructed 
from coincident or intersecting D-branes. He has helped elucidate instabilities of black branes that 
spontaneously break translation invariance. He also worked on applications of string theory to cosmology. 
 
Hans Halvorson  Additional Speaker 
 
Hans Halvorson is Associate Professor of Philosophy at Princeton University. He graduated in 1995 
from Calvin College with a degree in philosophy, followed by earning Master’s degrees in philosophy 
and mathematics from the University of Pittsburgh in 1997 and 1998, respectively, and a Ph.D. in 
philosophy from the University of Pittsburgh in 2001. He became Assistant Professor of Philosophy at 
Princeton in 2001 and received tenure in 2005. At Princeton, Professor Halvorson teaches primarily in 
philosophical logic and philosophy of science; he also advises independent work in metaphysics, 
philosophy of science, and philosophy of religion. Professor Halvorson’s research focuses on the 
conceptual and mathematical foundations of contemporary physics, especially quantum field theory and 
quantum information theory. His articles have appeared in many journals, including British Journal for 
Philosophy of Science, Foundations of Physics, Journal of Mathematical Physics, Journal of 
Philosophical Logic, Quantum Information and Computation, Physical Review, Letters in Mathematical 
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Physics, Philosophy of Science, and Studies in History and Philosophy of Modern Physics. In both 2001 
and 2002, Professor Halvorson’s articles were chosen by the Philosopher’s Annual as among the “ten 
best philosophy articles of the year”; and in 2002 another one of his articles was named “the best article 
of the year by a recent Ph.D.” by the Philosophy of Science Association. In 2004, Professor Halvorson 
was awarded the first annual Cushing Memorial Prize in the History and Philosophy of Physics. 
 
Theodor W. Hänsch  Advisory Committee 
 
Theodor W. Hänsch has been a professor of physics at the Ludwig-Maximilians-University in Munich 
and a director at the Max Planck Institute for Quantum Optics in Garching, Germany, since 1986. He 
received his Ph.D. from the University of Heidelberg, Germany, in 1969. In 1970, he came to the U.S. to 
work as a postdoc with Arthur L. Schawlow at Stanford University. Two years later he joined the 
Stanford physics faculty, first as an associate professor, and since 1975 as a full professor. His current 
research interests include the quantum physics of ultra-cold atoms and the exploration of novel 
techniques for ultra-precise laser spectroscopy. His early work includes the first narrowband tunable dye 
laser, the invention of commonly used techniques of Doppler-free spectroscopy, precise laser 
spectroscopy of the hydrogen atom for accurate measurements of fundamental constants, and the first 
proposal for laser cooling of atomic gases. Professor Hänsch is a member or fellow of many scientific 
societies and academies, including the American Academy of Arts and Sciences (1983-), the Bavarian 
Academy of Science (1991-), the U.S. National Academy of Science (2001-), and the Accademia 
Nazionale die Lincei, Italy (2002-). His numerous prizes and awards include the Cyrus B. Comstock 
Prize (U.S. National Academy of Science, 1983), the Arthur L. Schawlow Prize for Laser Science 
(American Physical Society, 1996) and the Stern-Gerlach Medal (German Physical Society, 2000). He 
has authored and co-authored more than 450 papers in scientific journals including Nature and Physical 
Review Letters, and he holds more than 20 patents. 
 
Serge Haroche  Advisory Committee 
 
Serge Haroche is professor of quantum physics at the Collège de France where he has been since 2001.  
He also directs the group of electrodynamics of simple systems within the Kastler Brossel Laboratory of 
the department of physics of the ENS (École Normales Superieure), where he was originally a student. 
He was a researcher at CNRS, lecturer at the Polytechnic School, professor at the University Paris VI 
and member of Insitut Universitaire of France. He taught during several years at Yale University and 
visited, as researcher or invited professor, several other universities including Stanford, Harvard, MIT 
and the Federal University of Rio de Janeiro. He directed the department of physics of the ENS for a 
five-year term.  Dr. Haroche is a specialist in atomic physics and quantum optics. After a thesis carried 
out (1967-71) under the direction of Claude Cohen-Tannoudji, he later developed new methods of laser 
spectroscopy based on the study of quantum beats and superradiance.  
 
Charles L. Harper, Jr.   Convenor 
 
Charles L. Harper, Jr. has been Executive Director and Senior Vice President of the John Templeton 
Foundation since July 1996. His primary responsibilities are in the areas of strategic planning, program 
design and development, vision casting, and worldwide talent scouting in areas relevant to the 
foundation’s activities. Dr. Harper has worked to transform philanthropy by developing innovative 
entrepreneurial practices in grant making. He has created more than $100 million in new grant programs 
ranging widely from the study of forgiveness and reconciliation to projects on foundational questions in 
physics and cosmology, topics in chemistry, neuroscience, evolutionary biology, medicine, and the 
philosophy of science. Dr. Harper was originally trained in engineering at Princeton University (B.S.E. 
1980) and obtained his D.Phil. in planetary science from the University of Oxford for a thesis on the 
nature of time in cosmology (1988). He also holds the Diploma in Theology from Oxford (1988) and a 
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Certificate of Special Studies in Management and Administration from Harvard University (1997). Dr. 
Harper was a National Research Council fellow at the NASA Johnson Space Center from 1988 to 1991. 
He also was a research scientist in the department of earth and planetary sciences at Harvard University. 
Dr. Harper is co-editor of Science & Ultimate Reality: Quantum Theory, Cosmology and Complexity 
(Cambridge University Press, 2004). His scientific publications include more than fifty research articles 
in scientific journals, including Nature, Science, and the Astrophysical Journal.  
 
John L. Heilbron  Additional Speaker 
 
John L. Heilbron is Professor of History and The Vice Chancellor Emeritus at the University of 
California, Berkeley. Currently, he is also Senior Research Associate at the Museum of the History of 
Science at Oxford University. His most recent books are Geometry Civilized: History, Culture, and 
Technique (1998); The Sun in the Church: Cathedrals as Solar Observatories (1999); Rutherford and the 
Explosion of Atoms (2003); and, as editor in chief, The Oxford Companion to the History of Modern 
Science (2003). His current research interests include relations between science and religion in the 17th 
and 18th centuries, physics and its institutions in the 20th century, and the use of history of science in the 
teaching of science.  He is a member of the American Academy of Arts and Sciences, the American 
Philosophical Society, and the Royal Swedish Academy of Sciences. 
 
Seth Hoedl   Young Scholars Competition 
 
Seth Hoedl was born on September 2, 1979 and was raised in Seattle, Washington. From a very early age 
he has been involved in original and often, independent research.  Between the years 1991 and 1993, he 
developed his electrical and mechanical skills by assisting a group of graduate students at the University 
of Washington in the construction and instrumentation of a proof-of-principle satellite radiator, which 
was launched on the Space Shuttle Endeavor in September, 1993.  During his undergraduate study at 
Seattle University, 1994 to 1996, he honed his computer analysis skills by working with a Medieval 
History Professor, Arthur Fisher, on the development of an algorithm to identify potential mathematical 
relationships in 19th

 
century French impressionist paintings. While completing a physics degree, with 

honors and distinction, at Stanford, 1996-1998, he applied his analytical and computer skills to an 
astrophysics project with Prof. Jeff Willick. For this research, he calculated the luminosity function of 
three nearby galaxy clusters. The research challenge involved the correct and automatic classification of 
non-galactic objects, such as stars and cosmic rays, from multiple CCD image fields.  
 
His graduate studies at Princeton, 1998-2003, were focused on further developing his innovative 
experimental skills by developing, characterizing and modeling electron and proton detectors for the 
purposes of studying neutron decay with Prof. Albert Young. As a member of the UCNA collaboration 
aiming to improve a measurement of the neutron beta-decay electron asymmetry by a factor of 10, he 
designed and tested a first prototype plastic scintillator beta detector, elements of which have been 
incorporated into the operating design. He assisted with the construction and tests of one of the world’s 
first super-thermal sources of ultra-cold neutrons (PRL v. 89, 272501, 2002).  He designed, built, and 
operated equipment used for the first modern measurement of low energy electron backscatter at Caltech 
and JPL (PRC v. 68, 055503, 2003). As support for this effort, he undertook a thorough study of electron 
backscatter literature, and tested a variety of Monte-Carlo models.  He presented this research in an 
invited talk at the Second PENELOPE conference. The principle focus of his dissertation was the 
invention of a new proton detector which will enable the UCNA beta-decay spectrometer to work as both 
a proton and electron detector, and thus mitigate the dominate systematic error in this experiment: the 
neutron polarization (pre-print: http://faculty.washington.edu/sethh/shoedl_pdet_paper.pdf). To test this 
invention, he built, from scratch, a “table-top” proton accelerator capable of providing 10kHz of 50keV 
protons. To understand the potential use of his invention, he completed a thorough Monte-Carlo study of 
the proton detectors performance in a variety of neutron decay experiments. (refer to his thesis: 
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http://faculty.washington.edu/sethh/shoedl_thesis.pdf). This research has been presented at numerous 
invited seminars.  
 
Although he continues to be involved in nuclear physics experiments at laboratories worldwide as a 
postdoctoral fellow at the University of Washington, his focus has now shifted to the very exciting 
search for the axion with Prof. Eric Adelberger and Prof. Blayne Heckel. Hoedl’s axion search is the 
subject of multiple invited presentations. Please refer to his webpage 
(http://faculty.washington.edu/sethh/) for downloads of his thesis, pre-prints, and a recent axion talk.  
 
Russell A. Hulse  Honorary Committee 
 
Russell A. Hulse is a visiting professor at The University of Texas at Dallas and a Principal Research 
Physicist and Distinguished Research Fellow at Princeton University's Plasma Physics Laboratory. In 
1993, he and Joseph H. Taylor, Jr. received the Nobel Prize in Physics for the first binary pulsar, a 
discovery of great significance for astrophysics and gravitational physics research. A binary pulsar is a 
small and dense neutron star with two heavy bodies that rotate around each other at high speed and emit 
regular pulses of polarized radiation. The significance of this discovery is that the behavior of these two 
bodies deviates greatly from what classical Newtonian mechanics predicts. The behavior of this system 
has been studied closely and used to verify Einstein's general theory of relativity, especially the existence 
of gravitational radiation.  Since receiving the Nobel Prize, he has made a strong commitment to 
improving science education. Through an ongoing collaboration with The College of New Jersey's 
School of Education, he is working to improve the science education skills of pre-service teachers and 
develop new educational approaches for use in the K-12 classroom. Another partnership with the 
Plainsboro Public Library has resulted in the creation of "Contact Science" - an initiative to create 
traveling science center exhibits with associated hands-on projects and mentoring programs in public 
libraries.  Hulse has also been honored as a Fellow at both the American Physical Society and the 
Institute of Physics. He received an honorary Doctor of Science degree from the University of 
Massachusetts and the Gano Dunn Alumni Award for Achievement in Science from The Cooper Union. 
In addition, Hulse is a member of the American Astronomical Society, American Physical Society, 
American Association for the Advancement of Science, the Institute of Physics and the IEEE Computer 
Society.  Hulse was born in the Bronx, New York and graduated from the Bronx High School of Science 
in 1966. He received his B.S. degree in physics in 1970 from The Cooper Union. He received is Ph.D. in 
physics from the University of Massachusetts, Amherst in 1975. 
 
Michio Kaku  Additional Speaker 
 
Michio Kaku is Henry Semat Professor of Theoretical Physics at the City College of New York. Dr. 
Kaku is an internationally recognized authority in theoretical physics and environmental issues. His most 
popular and best selling books include Hyperspace: A Scientific Odyssey through Parallel Universes, 
Time Warps and the Tenth Dimension and Visions: How Science Will Revolutionize the 21st Century, 
which have been widely translated in different languages. He has also written numerous Ph.D. level 
textbooks which have become required reading at many of the top physics laboratories. Over 70 articles 
have been published in physics journals by Dr. Kaku. The topics are as varied as his expertise, of which 
include superstring theory, supergravity, supersymmetry, and hadronic physics. One of the first papers 
on conformal supergravity and the breakdown of supersymmetry at high temperatures was also published 
by Dr. Kaku. He hosts Explorations, a weekly radio program on science, which is carried on many 
stations across the country. 
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Marc Kamionkowski  Additional Speaker 
 
Marc Kamionkowski is professor of theoretical physics and astrophysics at the California Institute of 
Technology. He received his B.S. degree from Washington University in Saint Louis and his Ph.D. from 
the University of Chicago. His interests include the origin of the large-scale distribution of mass in the 
universe, particle dark matter, galaxy formation, dark energy, formation of the first stars and 
cosmological reionization, and gravitational microlensing. He received the 1998 Warner Prize for his 
contributions to theoretical astronomy. 
 
Brian Keating  Young Scholars Competition 
 
Brian G. Keating is assistant professor in the Department of Physics, University of California, San 
Diego. He received his B.S. degree in physics from Case Western Reserve University in 1993 and a 
Ph.D. in physics from Brown University in 2000. Professor Keating builds astronomical instrumentation 
covering four orders-of-magnitude in wavelength, from 1 cm to 1 micron. On the long wavelength side, 
he is a lead investigator on a cosmic microwave background observatory, located at the South Pole, from 
which he and his colleagues will measure the polarization of the cosmic microwave background radiation 
beginning in December 2005. This observatory will probe for a cosmic background of primordial 
gravitational waves, hypothesized to be generated during the epoch of inflation.  Professor Keating 
specializes in low-noise, low-temperature detectors, electronics, and millimeterwave optics. 
 
Professor Keating also studies the cosmic near-infrared background. In 2008, he and his colleagues will 
launch a suborbital sounding rocket carrying a camera and spectrometer from NASA’s White Sands 
Missile Range. The 10 minute flight will probe the spectrum and anisotropy of the near infrared 
background and will provide clues to the origins of the first luminous objects in the universe. As a 
graduate student at Brown University, Professor Keating received a Rhode Island Space Grant 
Fellowship, and later, a NASA Graduate Student Researcher Program Fellowship. In 2001, he received 
an NSF Astronomy and Astrophysics Postdoctoral Fellowship, which he held until joining the faculty of 
UCSD in 2004. 
 
Wolfgang Ketterle  Honorary Committee 
 
Wolfgang Ketterle has been the John D. MacArthur Professor of Physics at the Massachusetts Institute of 
Technology since 1998. He leads a research group exploring the properties of ultracold gases. Professor 
Ketterle’s research is in the field of atomic physics and laser spectroscopy and includes laser cooling and 
trapping, atom optics and atom interferometry, and studies of Bose-Einstein condensation and Fermi 
degeneracy. A major focus of his research is the exploration of new forms of matter, particularly novel 
aspects of superfluidity, coherence, and correlations in many-body systems. Professor Ketterle received a 
diploma (equivalent to master’s degree) from the Technical University of Munich (1982) and a Ph.D. in 
physics from the University of Munich (1986). He did postdoctoral work at the Max Planck Institute for 
Quantum Optics in Garching and at the University of Heidelberg in molecular spectroscopy and 
combustion diagnostics. In 1990, Professor Ketterle came to MIT as a postdoctoral student and joined 
the physics faculty in 1993. He holds memberships in several Academies of Science, and his honors 
include the Rabi Prize of the American Physical Society (1997); the Gustav-Hertz Prize of the German 
Physical Society (1997); the Fritz London Prize in Low Temperature Physics (1999); the Dannie-
Heineman Prize of the Academy of Sciences, Göttingen, Germany (1999); the Benjamin Franklin Medal 
in Physics (2000); the Knight Commander’s Cross (Badge and Star) of the Order of Merit of the Federal 
Republic of Germany (2002); and the MIT Killian Award (2004). His observation of Bose-Einstein 
condensation in a gas in 1995 and the first realization of an atom laser in 1997 were recognized with the 
Nobel Prize in Physics in 2001 (together with E.A. Cornell and C.E. Wieman).  
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Bruce Knuteson  Young Scholars Competition 
 
Bruce Knuteson graduated summa cum laude from Rice University with a B.A. in Physics and 
Mathematics in 1997. He received a Physics Ph.D. from the University of California, Berkeley in 2000 
for research performed on the DØ experiment at Fermi National Accelerator Laboratory, where he was 
supported as a Berkeley Department of Physics Fellow and a Department of Defense National Defense 
Science and Engineering Graduate Fellow. He has been a Fermi/McCormick Postdoctoral Fellow at the 
Enrico Fermi Institute, University of Chicago, working on the CDF experiment, and an NSF 
International Research Fellow at the Conseil Européen pour la Recherche Nucléaire in Geneva, 
Switzerland. Knuteson has been recognized with the American Physical Society's Mitsuyoshi Tanaka 
Dissertation Award in Experimental Particle Physics, and election to Phi Beta Kappa, Sigma Pi Sigma, 
and Sigma Xi. 
 
Christof Koch  Additional Speaker 
 
Christof Koch is the Lois and Victor Troendle Professor of Cognitive and Behavioral Biology at the 
California Institute of Technology, running the K-Lab as well as serving as the Executive Officer of the 
Computation and Neural Systems program. Having studied physics and philosophy at the University of 
Tübingen, Germany, he was awarded a Master of Physics in 1980. In 1982, he was awarded his Ph.D. in 
biophysics for a thesis on nonlinear information processing in dendritic trees of arbitrary geometry from 
the Max Planck Institute for Biological Cybernetics in Tübingen. After spending four years as a 
postdoctoral fellow at the Artificial Intelligence Laboratory and at the Department of Psychology at the 
Massachusetts Institute of Technology, Professor Koch joined Caltech’s newly started CNS program in 
1986. The author of close to three hundred scientific papers and journal articles and several books, he 
studies the biophysics of computation and the neuronal basis of visual perception, attention, and 
consciousness. His major research interests include finding out how consciousness arises out of the brain 
with a long-term goal to discover and characterize the neuronal correlates of consciousness (NCC). 
Together with the late Francis Crick, Professor Koch is one of the pioneers of the neurobiological 
approach to consciousness and collaborated for 16 years in this endeavor with Crick at the Salk Institute. 
This research made its way into a book for a general scientific audience, The Quest for Consciousness: A 
Neurobiological Approach (Roberts & Company, 2004), which discusses the Crick-Koch framework for 
how consciousness, the subjective mind, arises out of the flickering interactions within the neurons of the 
cerebral cortex and related structures. 
 
Mark J. Kuchner  Young Scholars Competition 
 
Marc Jason Kuchner was born in Montreal, Canada thinking he would be a physicist. He studied physics 
and took Gerald Gabrielse’s graduate quantum mechanics class as a Harvard undergraduate. He 
developed an interest in astronomy when he started attending talks at the Harvard-Smithsonian Center 
for Astrophysics, and he wrote an undergraduate thesis on supernovae, working with Robert Kirshner. 
Then the Superconducting Super-Collider was cancelled—and Kuchner decided to enter astronomy 
graduate school at Caltech. 
 
More and more frustrated with the pale outlook for jobs in physical science at the time, Kuchner left 
graduate school in 2001 to work in a recording studio in Los Angeles. He returned to Caltech the 
following year vowing only to work on research that could excite him as much as rock and roll music, 
and joined the growing wave of researchers working on extrasolar planets. He wrote his Ph.D. thesis on 
exozodiacal dust, the extrasolar analog of zodiacal dust, describing a string of failed attempts to observe 
extrasolar planets and exozodiacal dust with coronographs and speckle techniques. As a side project, he 
made the first direct observations of Cepheid angular size variability with the Palomar Testbed 
Interferometer, a cousin of Townes’s ISI.   
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Kuchner returned to the Harvard-Smithsonian Center for Astronomy as a Michelson Postdoctoral fellow, 
and began working with Wes Traub on optical interferometry. Traub returned excited from a meeting at 
Ball Aerospace with a team working on the terrestrial planet finder and set Kuchner to work thinking up 
novel optical concepts. Based on his controversial coronagraph design ideas, Kuchner was invited to join 
the Terrestrial Planet Finder science working group in 2001 as the team’s only postdoc. 
 
Extrasolar planets often have orbits much more eccentric than the planets in the solar system have. 
Besides studying coronagraph technology, as a postdoc, Kuchner studied how planets on eccentric orbits 
shape dusty debris disks like the one around the star Vega, and developed a key based on the geometry of 
the eccentric restricted three-body problem relating the appearances of dust clouds to the masses and 
orbits of the planets within them. This key should enable the discovery of extrasolar Neptune analogs 
orbiting too far from their host stars to be detectable by any other means. 
 
Kuchner is now a Hubble Fellow at Princeton leading a search for extrasolar planets around white 
dwarfs, and fleshing out ideas about the range of possible extrasolar planets future missions might find. 
He wrote the first papers introducing the possibilities of exotic planets made mostly of water and planets 
made mostly of silicon carbide and diamond. This week, Kuchner is working on a script for a 
planetarium show about Star Wars and Extrasolar Planets for the Boston Museum of Science, to be 
narrated by the actor who plays C-3PO in the Star Wars movies. In July, Kuchner will assume a 
permanent post as “Exoplanet Scientist” at the Goddard Space Flight Center, in the Center’s new 
Laboratory of Exoplanets and Stellar Astrophysics. 
 
Paul Kwiat  Young Scholars Competition 
 
Paul G. Kwiat received his B.S. at MIT (where his thesis involved characterizing electro-optic 
modulators for LIGO). He then studied quantum optics under Professor Raymond Chiao at U.C., 
Berkeley, where his dissertation included the first observation of quantum erasure, violation of Bell’s 
inequality based on energy-time correlations, demonstration of single-photon Berry’s phase, and the use 
of entangled photons to precisely calibrate single-photon detectors.  Kwiat then spent two years at the 
University of Innsbruck as a Lise Meitner Fellow in the group of Anton Zeilinger. In addition to 
performing seminal experiments on interaction-free measurement, he developed the first true source of 
polarization-entangled photon pairs (previous attempts required post-selection to achieve entanglement). 
This source has been an enabling technology for quantum information protocols: it has been used for 
quantum super-dense coding, teleportation, entanglement-swapping, ultra-high resolution metrology, 
various quantum logic gates, and most recently, a demonstration of cluster-state computation. (As one 
qualitative indicator of its significance, the source paper has been cited ~450 times, including some 88 
papers in PRL, Science, and Nature [with 14 of those already cited over 100 times each]).  Next Kwiat 
spent six years at LANL, the first three as an Oppenheimer Fellow. In this time, he implemented the first 
quantum algorithm using photons, a vastly improved method for interaction-free measurements using the 
quantum Zeno effect, and a modified technique to allow interaction-free “imaging” of an opaque object. 
He also realized a superior source of polarization-entangled photons, which greatly increased the number 
of highly entangled pairs produced, as well as the range of preparable quantum states. This source (thus 
far cited over 100 times) was then applied to such diverse problems as quantum cryptography, 
entanglement distillation, novel tests of non-locality, and studies of decoherence-free subspaces (which 
may enable fault-tolerant quantum computation). For his research on optical quantum information, Kwiat 
won the 1998 LANL Fellow’s Prize. 
 
In 2001, he joined UIUC as the Bardeen Chair in Physics. He and his research group continue to explore 
the fundamental characteristics of entanglement, such as the maximum possible entanglement for a given 
amount mixture, the inherent robustness of certain entangled states, the optimally efficient method to 
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detect and quantify entanglement, and its application in quantum information protocols, e.g., 
entanglement concentration, remote state preparation, characterization of quantum processes, and, most 
recently, quantum “orienteering”.  Currently the Kwiat research group is developing and enhancing 
photonic resources for optical quantum information, including single-photon, entangled-photon and 
hyper-entangled sources, quantum memories, high-efficiency detectors, quantum “transducers”, and 
quantum random number generators [patent pending]. The overall goal is to advance these technologies 
to the point where they meet the extremely stringent requirements for quantum computing, 
communication and metrology.   
 
Antoine Labeyrie  Additional Speaker 
 
Antoine Labeyrie is Professor of Observational Astrophysics at the Collège de France in Paris and 
Research Astronomer at the Observatoire de Calern à Caussols, CERGA (Centre de Recherche en 
Géodynamique et Astrométrie), part of the Observatoire de la Côte d’Azur. He was also Director of the 
Haute-Provence Observatory when the first extrasolar planet was discovered there in 1995 by Michel 
Mayor and Didier Queloz. Professor Labeyrie’s research has focused on improving astronomical 
observation to image the surface details of stars and their planets, which are possible nests for life. To 
overcome the image degradation caused by the atmosphere in large telescopes, he developed “speckle 
interferometry” (1970), which improved (by a factor of 50) the sharpness of images obtained with the 
200-inch Hale telescope at Palomar Observatory, then the largest in existence. Using the method with his 
collaborators, Professor Labeyrie discovered the C companion of the eclipsing binary star Algol; a strong 
color-dependence in the diameter of the variable stars Mira and R Leonis; and numerous close binary 
stars for which masses could then be determined accurately. To further increase the resolution beyond 
that achievable with the largest telescopes, Professor Labeyrie extended the interferometry scheme of the 
great pioneer A. A. Michelson by using separate telescopes. His demonstration of interference with two 
small telescopes (1974) paved the way for creation of the giant multi-telescope systems now operating in 
Hawaii, in Chile, as well as at other sites. Professor Labeyrie has also proposed using free-flying 
telescopes in space as elements of much larger interferometers, a development path currently being 
explored by the space agencies. As NASA began its design work on the Hubble Space Telescope (HST), 
he proposed attaching a coronagraphic camera, together with a method for observing extrasolar planets 
(1975). This could be implemented only partially with HST, and he proposed enhanced versions for the 
forthcoming James Webb Space Telescope and NASA’s “Terrestrial Planet Finder-C,” a dedicated 
coronagraphic telescope having highly accurate and sophisticated optics for imaging Earth-like 
exoplanets. Professor Labeyrie’s recent work has focused on his concept of “hypertelescopes,” multi-
mirror interferometers capable of producing direct snapshot images of complicated objects. For obtaining 
images of “exo-Earths” with sufficient detail to detect green spots such as the Amazon basin, he 
conceived the Exo-Earth Imager, a space hypertelescope containing 150 mirrors 3 m in size flying 
together in a formation spanning 100 km. Professor Labeyrie has also described “laser-trapped mirrors” 
intended for space telescopes and for laser-driven interstellar travel; to this end, he currently initiates 
laboratory work on the trapping of nanospheres. Professor Labeyrie is a member of the French Académie 
des Sciences. He was awarded the prize of the International Commission for Optics (1982), the Rank 
Prize (1989), the American Astronomical Society’s Beatrice Tinsley Prize (1990), and a Benjamin 
Franklin Medal (2000).  
 
Adrian Lee  Additional Speaker 
 
Adrian Lee is associate professor in the Department of Physics at University of California, Berkeley 
where he has been since July 2000. He is also a faculty scientist at the Physics Division of Lawrence 
Berkeley National Laboratory.  He received his B.A. in physics from Columbia University in 1986 and 
his Ph.D. from Stanford University in 1993. At Stanford, he worked with Blas Cabrera on the early 
development of an experiment to detect non-baryonic dark matter. Following graduate school, Lee 
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became a post-doctoral fellow at Stanford Medical School, where he worked on mapping functions in the 
human brain using magnetic resonance imaging. Subsequently, from 1994 to 2000, he did post-doctoral 
work at U.C. Berkeley with Paul Richards measuring spatial anisotropy in the 2.7 K cosmic microwave 
background. 
 
David M. Lee  Honorary Committee 
 
David M. Lee has spent 46 years on the physics faculty of Cornell University where he is now the James 
Gilbert White Distinguished Professor of the Physical Sciences. He received his early education in the 
public schools of Rye, New York followed by three and one half years at Harvard University where he 
earned a B.A. degree cum laude in 1952. Following two years of military service, he enrolled in graduate 
work in physics. He obtained an M.S. degree at the University of Connecticut and a Ph.D. in physics at 
Yale in 1959. As a graduate student at Yale, he was a Dupont Fellow. His research has been in 
experimental low temperature physics, with emphasis on liquid and solid helium, spin polarized 
hydrogen gas, superconductivity, and matrix trapping of free radicals. His most important scientific 
achievement has been the discovery of superfluid helium-3 with colleagues Douglas D. Osheroff and 
Robert C. Richardson. On the basis of this work, Osheroff, Richardson, and Lee were awarded the 1996 
Nobel Prize in Physics as well as the Simon Prize of the British Institute of Physics and the Oliver 
Buckley Prize in Condensed Matter Physics of the American Physical Society. Professor Lee, along with 
his colleagues and students, also made the first observation of spin waves in spin polarized hydrogen gas 
and the tricritical point of liquid helium-3 helium-4 solutions. He is a member of the National Academy 
of Sciences and a fellow of the American Academy of Arts and Sciences, the American Physical Society 
and the American Association for the Advancement of Science. He has recently been elected foreign 
member of the Russian Academy of Science. Professor Lee has published well over 100 articles in 
several journals, including the Physical Review, Physical Review Letters, the Journal of Low 
Temperature Physics, Physica and Reviews of Modern Physics.  
 
Sang-Soo Lee  Honorary Committee 
 
Sang-Soo Lee is professor emeritus of the Korea Advanced Institute of Science and Technology 
(KAIST) and a prominent member of the Korean Academy of Sciences. He is a fellow of TWAS (now 
known as “The Academy of Sciences for the Developing World”), Trieste, and president emeritus of the 
Optical Society of Korea. Professor Lee was the founding president of KAIST, and director of the 
Nuclear Research Institute. He was also president of both the Korean Physical Society and Optical 
Society of Korea. For his contribution to scientific advances – including developments of various lasers, 
holography, and other quantum electronics – Professor Lee has received a number of national medals and 
honors. He is a graduate of Seoul National University and has studied at the Imperial College of London. 
He received his doctoral degree from the University of London and was a research fellow at Harvard 
University. Professor Lee has authored a number of books related to optics, lasers and holograms, and 
more than 227 research papers mainly in the areas of optics, lasers and quantum electronics.  
 
Tsung-Dao Lee  Honorary Committee 
 
Tsung-Dao Lee is university professor in the department of physics at Columbia University. He and 
Chen Ning Yang received the Nobel Prize in Physics in 1957 for their work in discovering violations of 
the principle of parity conservation (the quality of space reflection symmetry of subatomic particle 
interactions), thus bringing about major refinements in particle physics theory.   Lee immigrated to the 
United States in 1946 and, although he had no undergraduate degree, entered the graduate school in 
physics at the University of Chicago, where he began his collaboration with Yang. After working briefly 
at the University of California at Berkeley, and for two years with Yang at the Institute for Advanced 
Study in Princeton, New Jersey, Lee was appointed assistant professor of physics at Columbia University 
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in 1953.   In 1956 Lee and Yang concluded that the theta-meson and tau-meson, previously thought to be 
different because they decay by modes of differing parity, are in fact the same particle (now called the K-
meson). Because the law of parity conservation prohibits a single particle from having decay modes 
exhibiting opposite parity, the only possible conclusion was that for weak interactions, at least, parity is 
not conserved. They suggested experiments to test their hypothesis, and in 1957 Wu Chien-Hsiung, 
working at Columbia University, experimentally confirmed their theoretical conclusions.  In 1960, Lee 
was appointed professor of physics at the Institute for Advanced Study, and three years later he returned 
to Columbia to assume the first Enrico Fermi Professorship in Physics. From 1964 he made important 
contributions to the explanation of violations of time-reversal invariance, which occur during certain 
weak interactions. In 1997, he was honored by Mayor Giuliani with an Excellence in Science and 
Technology Award for his groundbreaking work in high-energy physics, statistical mechanics, 
nonconservation of parity and high temperature superconductivity. 
 
Anthony J. Leggett  Honorary Committee 
 
Anthony J. Leggett is John D. and Catherine T. MacArthur Professor and Center for Advanced Study 
Professor of Physics at the University of Illinois at Urbana-Champaign. He attended Balliol College, 
Oxford, where he majored in Literae Humaniores (classical languages and literature, philosophy, and 
Greco-Roman history) and thereafter Merton College, Oxford, where he took a second undergraduate 
degree in physics. He completed a D.Phil. (Ph.D.) degree in theoretical physics under the supervision of 
D. ter Haar.  After postdoctoral research in Urbana, Kyoto, and elsewhere, he joined the faculty of the 
University of Sussex (UK) in 1967; he was promoted to Reader in 1971 and to Professor in 1978. In 
1983, he joined the faculty of the University of Illinois. His principal research interests lie in the areas of 
condensed-matter physics, particularly high-temperature superconductivity, glasses and ultra-cold atomic 
gases, and the foundations of quantum mechanics. He is a member of the National Academy of Sciences, 
the American Philosophical Society, the American Academy of Arts and Sciences, and the Russian 
Academy of Sciences (foreign member), and he is a Fellow of the Royal Society (UK), the American 
Physical Society, and the American Institute of Physics. He is an Honorary Fellow of the Institute of 
Physics (UK). In 2003, he shared the Nobel Prize in Physics with Alexei A. Abrikosov and Vitaly L. 
Ginzburg for pioneering contributions to the theory of superconductors and superfluids.   
 
 
Geoffrey W. Marcy  Advisory Committee 
 
Geoffrey W. Marcy has been Professor of Astronomy and Adjunct Professor of Physics and Astronomy 
at the University of California, Berkeley and at San Francisco State University, respectively, since 1999. 
He is also Director of UC Berkeley’s Center for Integrative Planetary Science, which is designed to 
study the formation, geophysics, chemistry, and evolution of planets. Professor Marcy's research has 
focused on the detection of extrasolar planets and brown dwarfs. With R. Paul Butler, he directs the 
pioneering team at the Lick and Keck Observatories that has found the majority of known planets outside 
our solar system—70 out of the first 100 “exoplanets” to be discovered after 1996—as well as several 
dozen extrasolar planets that have allowed study of their masses, radii, and orbits. Professor Marcy also 
confirmed Michel Mayor and Didier Queloz’s discovery of the extrasolar planet 51 Pegasi b in 1995. His 
team discovered the first multiple-planet system around a sun-like star (Upsilon Andromedae), the first 
planet to block light from its star (HD 209458), and the first exoplanet to orbit more than 5 AU from its 
star (55 Cancri), as does our Jupiter. The team also discovered the first Neptune-sized planets and 
recently found the smallest known exoplanet, with a mass of 7.5 Earth-masses.  Professor Marcy’s 
ongoing research interests include discovering and characterizing systems of planets, discovering 
“Jupiters” at 5 AU and whether their orbits are circular or elliptical, and using space interferometry 
(NASA's SIM & TPF) to discover small planets. Professor Marcy received his Ph.D. in Astronomy and 
Astrophysics from the University of California, Santa Cruz (1982). Subsequently, he was a Fellow at the 
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Carnegie Institution in Washington, D.C. (1982-1984). Before joining the UC Berkeley faculty in 1999, 
he was Associate-Full Professor of Physics and Astronomy (1984-1996) and then Distinguished 
University Professor (1997 to 1999) at SFSU. Professor Marcy was elected to the National Academy of 
Sciences (2002) and was awarded the prestigious Henry Draper Medal (2001), given every four years to 
individuals who have made a significant contribution to astronomical physics. He also received the Carl 
Sagan Award from the American Astronautical Society / Planetary Society and the American 
Astronomical Society’s Beatrice Tinsley Prize (both in 2002). Professor Marcy was named California 
Scientist of the Year (2000) and Discover Magazine’s Space Scientist of the Year (2003). He was 
awarded the NASA Medal for Exceptional Scientific Achievement (2003) and recently received the 
Shaw Prize in Astronomy (2005). 
 
Fotini Markopoulou  Advisory Committee 
 
Fotini Markopoulou is as adjunct professor in the physics department at the University of Waterloo, 
Canada.  A native of Greece, she is considered one of the world's most promising young physicists.  
Markopoulou is trying to unite Einstein's theory of general relativity with quantum theory, in an attempt 
to explain the nature of space and time. According to her “causal spin networks theory,” the universe is 
like a giant quantum computer.  This could forever change the way we think about the structure of space. 
Her foundational work in quantum physics has been compared to Cantor's foundational work on the 
theory of the continuum. Markopoulou was recognized for a new formulation of quantum cosmology in 
which quantum theory is applied to a system that contains its own observers, such as the whole universe. 
She has also explored the role of causality in the quantum theory of gravity and developed methods to 
study the relationship between the quantum and classical theories of gravity.  In her paper "The Internal 
Description of a Causal Set: What the Universe Looks Like from the Inside," Markopoulou instantiates 
some abstract terms from mathematical category theory to develop straightforward models of space-time. 
It proposes simple quantum models of space-time based on category-theoretic notions of a topos and its 
subobject classifier (which has a Heyting algebra structure, but not necessarily a Boolean algebra 
structure). The diagrams in Markopoulou's papers are straightforward presentations of possible models of 
space-time. They are intended as meaningful and provocative, not just for specialists but also for 
newcomers. 
 
Christopher F. McKee  Advisory Committee 
 
Christopher F. McKee is a professor of physics and astronomy at the University of California, Berkeley. 
He received the Ph.D. in physics at Berkeley under the supervision of George Field in 1970.  After a 
brief stay at Lawrence Livermore National Laboratory, he spent a year as a postdoctoral fellow in 
theoretical astrophysics at Caltech. He was an assistant professor of astronomy at Harvard from 1971-
1974 before returning to Berkeley in 1974. At Berkeley, he helped to establish the Theoretical 
Astrophysics Center, and served as the director of the Space Sciences Laboratory from 1985-1998. He 
chaired the physics department from 2000-2004 and co-chaired the 2000 Astronomy and Astrophysics 
Survey Committee, which conducted the most recent decadal survey in astronomy and astrophysics.  
Much of his research focuses on the theory of physical processes in the interstellar medium, the diffused 
gas between the stars.  He and Jerry Ostriker developed the three-phase model of the interstellar medium, 
which has been widely used to organize and interpret observations of the diffuse interstellar medium. 
With his colleagues and students, he has worked on the theory of the evaporation of clouds by both hot 
gas and ionizing radiation, the evolution of supernova remnants and stellar wind bubbles, the structure 
and emission spectrum of interstellar shocks, the evolution of interstellar dust grains, the structure of 
molecular clouds, and the theory of photoionization-regulated star formation. Some of his research has 
focused on active galactic nuclei, particularly the study of reverberation mapping and of Compton-heated 
coronae and winds above accretion disks.  With Richard Klein, he established the Berkeley  
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Astrophysical Fluid Dynamics Group to develop the technique of adaptive mesh refinement for 
numerical simulations of astrophysical fluid dynamics. 
 
Nancey Murphy  Additional Speaker 
 
Nancey Murphy, Ph.D., Th.D. is professor of Christian philosophy at Fuller Theological Seminary. She 
joined the Fuller faculty in 1989. She is highly sought as a speaker at international conferences on the 
relationship between theology and science. Murphy also serves on the boards of the Center for Theology 
and the Natural Sciences at Berkeley, and is a member of the Planning Committee for conferences on 
science and theology, sponsored by the Vatican Observatory. Also a prolific writer, her book, written 
with Warren Brown and Newt Malony, Whatever Happened to the Soul? was awarded the 1999 Prize for 
Outstanding Books in Theology and the Natural Sciences from the Templeton Foundation. Her 1990 
book Theology in the Age of Scientific Reasoning received awards from the Templeton Foundation and 
the American Academy of Religion. Murphy also serves as a corresponding editor for Christianity Today 
and is an ordained minister in the Church of the Brethren. Her areas of interest and research are theology 
and science, Anglo-American postmodern philosophy, and divine action. 
 
Priyamvada Natarajan  Young Scholars Competition 
 
Advances in observational cosmology are providing rapidly improving knowledge of the cosmological 
parameters, while posing challenging new theoretical questions about the formation and structure of 
galaxies and clusters.  Priyamvada Natarajan’s interests cover a broad range of problems in astrophysical 
cosmology, incorporating observations to constrain the resulting physically motivated theoretical models.  
Significant results to date include the first measurement of the mass function of dark matter substructure, 
the properties of galactic halos within galaxy clusters, novel constraints on the nature of dark matter from 
cluster lensing, the prediction of the effect of intrinsic galaxy spin correlations on weak lensing surveys, 
and the use of gamma-ray bursts as probes of star formation at high redshift.  Future research directions 
include: ongoing theoretical and observational studies of lensing by galaxy clusters, study of the growth 
and accretion physics of black holes in galactic nuclei, and building models of the role of feedback in 
galaxy formation. 
 
Natarajan has worked on many problems in astrophysics since graduating from Cambridge in 1998.  Her 
thesis work tackled several important problems on the relation with the dark matter and the baryonic 
component in the universe.  After graduating while a post-doc at CITA and a research fellow at Trinity 
College, Cambridge she continued to pursue her interests in gravitational lensing and its application and 
also began a research program on accretion disks and the interaction of accretion disks with black holes. 
 
The results of her research work on mapping dark mater in clusters has received much attention in the 
last several years due to the constraints that can be provided on the nature of dark matter from this 
analysis.  In particular, the ability to rule out fluid-like dark matter models entirely using a combination 
of lensing and dynamics is very powerful.  Most recently, she and her collaborator, Dr. Volker Springel, 
have demonstrated the excellent agreement of the observational data with high resolution cosmological 
N-body simulation of collision-less cold dark matter.  The strength and novelty of the approach adopted 
by Natarajan and her collaborators rests in utilizing lensing data to map the spatial distribution of dark 
matter and explore its relation to the baryonic matter in clusters and combining that to the dynamics of 
galaxies in cluster to probe the nature of dark matter. 
 
Another line of research that has proved to be particularly fruitful is the work on the evolution of 
massive, binary black holes embedded in viscous accretion disks.  These black holes merge and at the 
final state produce a burst of as yet undetected gravitational waves.  There are several experiments, 
current and proposed that aim to detect this radiation.  The calculation of the merger process is therefore 
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crucial to understanding the viability and precise expected signatures for these events.  Natarajan and her 
collaborator Armitage, find that these black coalesce rapidly giving a burst of gravitational waves along 
with other electro-magnetic counter-parts that will enable easier detection. 
 
Natarajan has a joint appointment in the Physics and Astronomy Departments at Yale.  She is also an 
Associate of the Yale Center for Astronomy & Astrophysics.  She is leading the cosmology effort at Yale 
and is developing the lensing program for the One Degree Imager (ODI), a camera planned for the 
WIYN telescope.   
 
Natarajan was born and grew up in New Delhi, India where her parents are academics, her father 
Venkatesa Natarajan is an eminent educationist and mother, Lalitha Natarajan, a sociologist.  She won a 
scholarship to study at the Massachusetts Institute of Technology.  Torn between mathematics and 
physics, she obtained two undergraduate degrees and a minor in philosophy.  Before commencing 
graduate studies in Astrophysics at Cambridge, for which she was awarded the Isaac Newton 
Studentship, she enrolled in the doctoral program at the Program in Science, Technology and Society 
(STS) at MIT.  There she was interested in the Philosophy of Science and worked on the role of 
computer simulations in the creation of knowledge in modern cosmology.  After two years at MIT STS, 
she moved to Cambridge, U.K. and worked under the supervision of Prof. Martin Rees for her Ph.D. in 
cosmology.  She is involved in many activities that promote scientific awareness of the public.  She is 
also interested n the interfaces between philosophy, religion, and science.  She is a published poet and an 
avid reader and writer of fiction. 
 
William Newsome  Additional Speaker 
 
William Newsome is an Investigator of the Howard Hughes Medical Institute and Professor of 
Neurobiology at the Stanford University School of Medicine. He received a B.S. degree, summa cum 
laude, in physics from Stetson University and a Ph.D. in biology from the California Institute of 
Technology. Dr. Newsome served on the faculty of the Department of Neurobiology and Behavior at 
SUNY Stony Brook before moving to Stanford in 1988. Dr. Newsome is a leading investigator in the 
fields of sensory and cognitive neuroscience. He has made fundamental contributions to our 
understanding of the neural mechanisms underlying visual perception and simple forms of decision 
making. Among his honors are the Rank Prize in Optoelectronics, the Spencer Award for highly original 
contributions to research in neurobiology, the Distinguished Scientific Contribution Award of the 
American Psychological Association, and most recently, the Dan David Prize in 2004. He delivered the 
13th Annual Marr Lecture at the University of Cambridge and the King Solomon Lectures in 
Mechanisms of Animal Behavior at Hebrew University in Jerusalem. In 2000, he was elected to 
membership in the National Academy of Sciences. 
 
Douglas D. Osheroff  Honorary Committee 
 
Douglas D. Osheroff is the G. Jackson and C.J. Wood Professor of Physics and Applied Physics at 
Stanford University. He was awarded the 1996 Nobel Prize in Physics, which he shares with Robert C. 
Richardson and David M. Lee, for their discovery of superfluidity in helium-3.  Dr. Osheroff received his 
B.S. from the California Institute of Technology and his Ph.D. from Cornell. Dr. Osheroff was a member 
of the technical staff at the Department of Solid State and Low Temperature Research at Bell 
Laboratories in the 1970s.  It was as a graduate student at Cornell that Osheroff and his thesis advisors, 
David M. Lee and Robert C. Richardson, discovered the first of three superfluid phases of liquid helium-
3, at a temperature only about two-thousandths of a degree above absolute zero. Osheroff is a leader in 
the study of superfluidity and of the properties of thin superconducting films. He served as chairman of 
the physics department from 1993 until August 1996. The Nobel Prize caps a long list of awards 
Osheroff has received. A member of the National Academy of Sciences, he has won the Simon Memorial 

 77



AMAZING LIGHT:  Visions for Discovery 

Prize, the Oliver Buckley Prize, and was named a MacArthur Fellow. Osheroff also won a Walter J. 
Gores Award for Excellence in Teaching.  
 
Arno Penzias  Honorary Committee 
 
Arno Penzias is currently a venture partner with New Enterprise Associates, which he joined in 1997 
from Bell Labs where he headed its research organization and served as its chief scientist. At Bell Labs, 
he also served as a Senior Technology advisor of Lucent Technologies, Bell Labs Innovations and as 
Vice President and Director. Born in 1933 in Munich, he and his family moved to England and then to 
New York City in 1940.  He received his Ph.D. from Columbia University where he studied with Charles 
Townes. He began his scientific career in 1961 when he first joined Bell Laboratories as a member of the 
technical staff. He conducted research in radio communication and took part in the pioneering Echo and 
Telstar communications satellite experiments. As a scientist, he is best known for his work in radio 
astronomy, winning a Nobel Prize in 1978 with his colleague Robert Wilson for their discovery of the 
cosmic microwave background radiation of the Big Bang. He retired from Lucent/Bell Labs in May 
1998.   
 
Saul Perlmutter  Advisory Committee 
 
Saul Perlmutter is Professor of Physics at the University of California, Berkeley and Senior Scientist at 
the Lawrence Berkeley National Laboratory. He is also the leader of the Supernova Cosmology Project, 
an international collaboration of research teams from seven countries measuring the expansion history of 
the universe, as well as leader of the proposed Supernova Acceleration Probe, a space telescope satellite 
project. Professor Perlmutter received his A.B. from Harvard University in 1981 and his Ph.D. in physics 
from UC Berkeley in 1986. He has been honored by the American Association for the Advancement of 
Science, which named the measurements indicating an accelerating universe “Science Magazine’s 1998 
Breakthrough of the Year.” He is an elected member of the National Academy of Sciences, a fellow of 
the American Physical Society and the American Association for the Advancement of Science, and has 
received the E.O. Lawrence Award in Physics and the American Astronomical Society’s Henri Chrétien 
Award.  Professor Perlmutter is the author of more than 100 papers in the fields of physics, astrophysics, 
and cosmology, in which he has addressed such topics as the cosmological constant, dark energy, 
supernovae, pulsars, gravitational lenses, massive compact halo objects, and advanced detector systems 
for astrophysics. He has written numerous articles for both academic and popular publications, is a 
frequently invited lecturer and author, and has appeared in PBS and BBC cosmology documentaries. 
 
William D. Phillips  Co-Chair 
 
William D. Phillips, a leading researcher in laser cooling of atoms at the National Institute of Standards 
and Technology, was elected to the National Academy of Sciences on in 1997. The NAS was established 
in 1863 by a congressional act of incorporation, signed by Abraham Lincoln that calls on the academy to 
act upon request as an official advisor to the federal government in any matter of science or technology.  
Phillips, a resident of Gaithersburg and a NIST Fellow since 1996, is internationally known for 
advancing basic knowledge and new techniques to chill atoms to extremely low temperatures. The 
cooling and trapping of atoms, a discipline that emerged in the mid-1970s with the advent of laboratory 
lasers, has allowed scientists to observe and measure quantum phenomena in atoms that seem to defy the 
physical principles governing our tangible room-temperature realm.  After earning his Ph.D. in physics 
and completing post-doctoral research at the Massachusetts Institute of Technology, Phillips came to 
NIST (then the National Bureau of Standards) in 1978 to work in the Electricity Division. While at MIT, 
Phillips had completed two thesis experiments, one in the well-established area of magnetic resonance 
and the other with newly available tunable laboratory lasers.  His official duties at NBS were originally 
related to his first thesis experiment, involving precision electrical measurements. However, he explains, 
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he was allowed to use "stolen moments to dabble in laser-cooling" with lab equipment he brought from 
MIT. With encouragement from NBS management, he continued experiments and demonstrated that a 
beam of neutral atoms could be slowed and cooled with radiation pressure from a laser.  NIST's 
accomplished and internationally recognized laser cooling and trapped atom research program grew out 
of these early experiments. Phillips and the team he built have made numerous pivotal contributions to 
the field.  Their work has paved the way for scientists seeking to create Bose-Einstein condensation, an 
exotic new form of matter in which atoms all fall into their lowest energy levels and merge into a single 
quantum state.  Phillips and his team are continuing to study ultra-cold trapped atoms with spin-off 
applications for improved accuracy in atomic clocks and in fabrication of nanostructures. For the latter, 
Phillips envisions using light to focus an atom laser to create what might be the basis of a next generation 
of ultra-small structures for electronic circuits.  
 
John Polkinghorne  Honorary Committee 
 
John Polkinghorne is a Fellow of Queen’s College, Cambridge and Canon Theologian of Liverpool.  He 
did his undergraduate and postgraduate work at Trinity College, Cambridge, taking the Ph.D. degree in 
1955.  For 25 years, Polkinghorne worked as a theoretical physicist, focusing on theories of elementary 
particle physics.  From 1968 to 1979 he was professor of mathematical physics at Cambridge, and was 
elected a Fellow of the Royal Society in 1974.  He then resigned his chair and studied for the ministry of 
the Church of England at Westcott House, receiving ordination in 1982.  After a few years in parochial 
ministry, Polkinghorne returned to Cambridge to be Dean of Chapel at Trinity Hall, 1986-89.  He then 
became the President of Queens’ College, Cambridge, a position from which he retired in 1996.  In 1997 
he was made a Knight of the British Empire.  In addition to two technical monographs on particle theory, 
John Polkinghorne has written five books on science for the general reader and fifteen books on aspects 
of the relationship between science and religion.  The latter include Science and Christian Belief 
(SPCK/Fortress 1994), Belief in God in an Age of Science (Yale University Press 1998), The God of 
Hope and the End of the World (SPCK/Yale 2002), and most recently, Science and the Trinity 
(SPCK/Yale 2004).  He has also edited two books of essays on similar themes.  Polkinghorne has been a 
member of the BMA Medical Ethics Committee, the General Synod of the Church of England, the 
Doctrine Commission, and the UK Human Genetics Commission.  He has given the Gifford Lectures at 
Edinburgh, the Terry Lectures at Yale and the Warfield Lectures at Princeton Seminary.  In 2002, he was 
awarded the Templeton Prize. 
 
Norman F. Ramsey  Honorary Committee 
 
Norman F. Ramsey is Higgins Professor of Physics Emeritus at Harvard University and President 
Emeritus of University Research Association, which constructed and managed Fermilab.  He was born in 
Washington, DC in 1915 and received A.B., M.A., and Ph.D. degrees from Columbia University and 
B.A., M.A. and D.Sc. degrees from Cambridge and Oxford as well as many honorary degrees.  His 
research has ranged from low energy atomic to high-energy particle physics.  He wrote the first Ph.D. 
thesis using magnetic resonance, is co-discoverer of the deuteron quadrupole moment and the nucleon 
tensor force.  With his students he has measured many nuclear, atomic and molecular properties.  He is 
the inventor of the separated oscillatory field resonance method for spectroscopy and atomic clocks and 
is the co-inventor of the atomic hydrogen maser.  He is the author of more than 400 scientific papers and 
books including Nuclear Moments, Molecular Beams and Spectroscopy with Coherent Radiation.  He 
has won many honors including the 1989 Nobel Prize in Physics. 
 
Martin Rees  Honorary Committee 
 
Martin Rees is professor of cosmology and astrophysics and master of Trinity College at the University 
of Cambridge. He holds the honorary title of Astronomer Royal and also Visiting Professor at Imperial 
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College London and at Leicester University. After studying at the University of Cambridge, he held post-
doctoral positions in the UK and the USA, before becoming a professor at Sussex University. In 1973, he 
became a fellow of King's College and Plumian Professor of Astronomy and Experimental Philosophy at 
Cambridge (continuing in the latter post until 1991) and served for ten years as director of Cambridge's 
Institute of Astronomy. From 1992 to 2003, he was a Royal Society Research Professor.  He is a foreign 
associate of the National Academy of Sciences, the American Philosophical Society, and the American 
Academy of Arts and Sciences, and is an honorary member of the Russian Academy of Sciences, the 
Pontifical Academy, and several other foreign academies. His awards include the Gold Medal of the 
Royal Astronomical Society, the Balzan International Prize, the Bruce Medal of the Astronomical 
Society of the Pacific, the Heineman Prize for Astrophysics (AAS/AIP), the Bower Award for Science of 
the Franklin Institute, the Cosmology Prize of the Peter Gruber Foundation and the Einstein Award of 
the World Cultural Council. He has been president of the British Association for the Advancement of 
Science (1994-95) and the Royal Astronomical Society (1992-94) and a trustee of the British Museum, 
NESTA and the Princeton Institute for Advanced Study. He is currently on the Board of Trustees of the 
Kennedy Memorial Trust, the National Museum of Science and Industry, and the Institute for Public 
Policy Research, and has served on many bodies connected with education, space research, arms control 
and international collaboration in science.  He is the author or co-author of about 500 research papers, 
mainly on astrophysics and cosmology, as well as seven books (five for general readership), and 
numerous magazine and newspaper articles on scientific and general subjects. He has broadcast and 
lectured widely and held various visiting professorships.  His main current research interests include high 
energy astrophysics – especially gamma ray bursts, galactic nuclei, black hole formation and radiative 
processes (including gravitational waves), cosmic structure formation, and general cosmological issues. 
 
Mark Richards  Hosting Committee 
 
Mark Richards is professor and former chair of earth and planetary science at the University of 
California, Berkeley. His research involves convection in the earth's mantle, the hot, viscous region 
below the crust but above the molten iron core. He has studied how convection in the mantle affects 
numerous properties of the earth, from its rotation and gravity to the size and shape of tectonic plates that 
cover the planet’s surface.  Richards is a fellow of the American Geophysical Union, and in 1990 
received the prestigious Presidential (now National Science Foundation) Young Investigator Award. He 
was on the editorial board of the journal Geology from 1994 to 1997, and served as associate editor of 
Geophysical Research Letters from 1988 to 1991. 
 
Adam G. Riess  Young Scholars Competition 
 
Dr. Adam G. Riess is a Professor of Astronomy and Physics at the Johns Hopkins University and an 
Astronomer at Space Telescope Science Institute, both in Baltimore, MD. Dr. Riess received his B.S. in 
physics from the Massachusetts Institute of Technology in 1992 where he was inducted into the Phi Beta 
Kappa Society. He received his Ph.D. from Harvard University in 1996. Between 1996 and 1999, Dr. 
Riess was a Miller Fellow at the University of California at Berkeley. He joined the faculty of Space 
Telescope Science Institute in 1999. 
 
In 1998, Dr. Riess published the first evidence that the expansion of the Universe was accelerating and 
was filled with Dark Energy, a result which was called the “Breakthrough Discovery of the Year” by 
Science magazine in 1998. In 2004, Dr. Riess extended this work with the Hubble Space Telescope by 
detecting the preceding, decelerating epoch of the Universe and by beginning to characterize the time-
dependent nature of dark energy. This work has been identified by NASA as the number one 
Achievement of the Hubble Space Telescope's Top Ten Achievements  to date (see 
http://oposite.stsci.edu/pubinfo/pr/2005/12/pdf.pdf). 
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In 1999, Dr. Riess received the Robert J. Trumpler Award from the Astronomical Society of the Pacific 
for the doctoral thesis with the greatest impact in astrophysics. In 2000, Time magazine named Dr. Riess 
one of one hundred "Innovators of the Future" and one of six in the Sciences. In 2002-2003, Dr. Riess 
received the Bok Prize from Harvard University, the AURA Science Award from STScI, and the Helen 
B. Warner Prize from the American Astronomical Society. In 2004, Dr. Riess received the Sackler Prize 
in the Physical Sciences from Tel Aviv University. Dr. Riess has presented his work as a participant on 
the Jim Lehrer News Hour, CNN, NOVA, NPR, and the BBC. 
 
Vera C. Rubin  Advisory Committee 
 
Vera C. Rubin is an observational astronomer in the Department of Terrestrial Magnetism at the 
Carnegie Institute. She has studied the motions of gas and stars in galaxies and motions of galaxies in the 
universe.  Her work was influential in discovering that most of the matter in the universe is dark. She is a 
graduate of Vassar College, Cornell University and Georgetown University; George Gamow was her 
thesis professor. She is a member of the US National Academy of Sciences and the Pontifical Academy 
of Sciences.  President Clinton awarded her the National Medal of Science in 1993. She has received the 
Weizmann Women and Science Award, the Bruce Medal of the Astronomical Society of the Pacific, the 
Gruber International Cosmology Prize, the Watson Medal of the National Academy of Sciences, and the 
Gold Medal of the Royal Astronomical Society (London); the previous award of this prize to a woman 
was to Caroline Herschel in 1828. She is active in encouraging and supporting women in science. Her 
husband and their four children are all Ph.D. scientists. 
 
Robert J. Russell  Advisory Committee 
 
Robert J. Russell is founder and director of CTNS (Center for Theology and the Natural Sciences) and 
professor of theology and science in residence at the Graduate Theological Union. He is a leading 
researcher and spokesperson for the growing international body of theologians and scientists committed 
to a positive dialogue and creative mutual interaction between these fields. Dr. Russell has authored 
numerous articles and has co-edited a five volume CTNS/Vatican Observatory series on science and 
divine action. The most recent title from this series is Quantum Mechanics: Scientific Perspectives on 
Divine Action (distributed in the USA by the University of Notre Dame Press, 2001). His latest edition 
is: Fifty Years in Science and Religion: Ian G. Barbour and His Legacy (Ashgate 12/2004).   Dr. Russell 
is the winner of a PCRS/Templeton Grant for Research and Writing on the Constructive Engagement of 
Religions and Science for his proposed book, Time in Eternity: Theology and Science in Mutual 
Interaction. Dr. Russell is an ordained minister the United Church of Christ. He received a Ph.D. in 
physics from the University of California at Santa Cruz and an M.A. in theology and an M. Div. from the 
Pacific School of Religion. He taught physics at Carleton College and science and religion with Ian 
Barbour for several years before coming to the GTU in 1981.  
 
Keith Schwab  Young Scholars Competition 
 
Keith Schwab was born in St. Louis Missouri. He was adopted as an infant with his twin sister by 
Dorothy and James Schwab and raised in suburban St. Louis. There he had access to tools and developed 
a natural interest in science. Keith attended St. Louis University High School, a highly ranked Jesuit high 
school in the state of Missouri. During these years Keith earned the rank of Eagle Scout in the Boy 
Scouts of America and earned many of the science merit badges including Atomic Energy Merit Badge.  
 
Keith attended college at the University of Chicago and graduated in 1990 with a BA degree in physics. 
Keith worked with Prof. Albert Liebchaber on 2-dimensional crystal growth and pattern formation which 
resulted in his first publication (Nature 1990). Keith proceeded directly to the University of California at 
Berkeley where he studied the superfluid properties of both 3-He and 4-He at ultra-low temperatures, 
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with Prof. Richard Packard and Seamus Davis. Keith’s thesis resulted in the demonstration of a micro-
fabricated superfluid gyroscope which relies on the quantum properties of superfluid 4-He, a proposal 
which was pursued for over 25 years in various research laboratories around the world without success 
until 1996 (Nature 1997).  
 
Keith was then awarded the Sherman Fairchild Distinguished Postdoctoral Prize Fellowship at the 
California Institute of Technology where he was a postdoctoral fellow with Prof. Michael Roukes from 
1997-2000. There he pursued the demonstration of “the first quantum effect in a mechanical device” by 
studying the energy transport through a suspended nanostructure at millikelvin temperatures. This work 
established the maximum energy transport through a discreet quantum channel, the quantum of thermal 
conductance (Nature 2000). In 2000, Keith was awarded the Michelson Postdoctral Prize Lectureship by 
Case-Western Reserve University.  
 
In 2000, Keith joined the National Security Agency as a Senior Physicist and began construction of his 
laboratory at the Laboratory for Physical Sciences in College Park Maryland. He leads a group of seven 
graduate students and two postdocs and his laboratory has become one of the leading efforts to 
demonstrate quantum mechanical effects in nano-electro-mechanical devices. The group’s recent work 
culminated in the closest approach to the uncertainty principle for continuous position detection and the 
closest approach the quantum ground-state for a mechanical structure (Science 2004).  
 
Keith has been recognized as a young leader in the scientific community by MIT’s Technology Review 
(2001), Fortune magazine (2002), and Details magazine (2002). In 2004, Keith was invited to become a 
member of the Young Global Leaders (YGL) which is a partner organization to the World Economic 
Forum (WEF). Keith has participated in the WEF-Davos and the YGL-Zermatt in 2005, and is 
cultivating himself for a role in scientific leadership and advising later in his career.  
 
Keith has accepted a position as an associate professor in the department of physics at Cornell University 
where he is currently supervising the construction of an ultra-low temperature laboratory. He will 
relocate to Ithaca, NY with his wife in June 2006.  
 
Marlan O. Scully  Advisory Committee 
 
Marlan O. Scully holds joint appointments as distinguished professor of physics and in the electrical 
engineering department in the Dwight Look College of Engineering at Texas A&M University.  He is 
also director of Texas A&M's Center for Theoretical Physics. Scully has been at Texas A&M since 1992 
after serving on faculties of the Massachusetts Institute of Technology, University of Arizona and 
University of New Mexico. He has served as co-director of the Texas Laser Laboratory at the Houston 
Advanced Research Center in The Woodlands. His major research interests include quantum optics, laser 
physics, foundations of quantum mechanics, non-equilibrium statistical mechanics and bioengineering. 
He is the author of more than 300 research articles, the standard text in laser physics and a book on 
quantum optics. He is known as the "Quantum Cowboy" for his innovations in quantum physics and his 
Franklin Society prize-winning research into beef cattle production. Scully has received the OSA Adolph 
E. Lomb Medal, the Elliott Cresson Medal of The Franklin Institute, and the EG&G Medal of the Society 
for Optical and Quantum Electronics. He has earned Sloan and Guggenheim Fellowships and a 
Humboldt Distinguished Senior Faculty Award. He is a Fellow of the American Physical Society, the 
Optical Society of America, the American Association for the Advancement of Science and a member of 
the Max Planck Society, the German equivalent of the National Academy of Science. Scully earned the 
Ph.D. and master's degrees in physics from Yale University. He holds the B.S. degree in engineering 
physics from the University of Wyoming. 
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John Searle  Additional Speaker 
 
John Searle is Mills Professor of the Philosophy of Mind and Language at UC Berkeley. He took his 
Ph.D. in philosophy at Oxford, where he studied under John Austin and later became Lecturer in 
Philosophy at Christ Church from 1957-1959. Subsequently, he went to UC Berkeley, where he became 
Professor of Philosophy. Searle's early work was in speech act theory, culminating in Speech Acts: An 
Essay in the Philosophy of Language (1969) and Expression and Meaning: Studies in the Theory of 
Speech Acts (1979). He is credited with having elaborated the theory of speech acts associated with 
Austin, and with having introduced into the theory original elements of his own, most notably regarding 
the role played by speakers' and receivers' intentions in constituting the meaning of speech acts. 
Consistent with the focus on intentionality, his interest turned to philosophy of mind, where his major 
work can be seen as consisting in three main efforts: a critique of computationalism and strong Artificial 
Intelligence (AI); the development of a theory of intentionality; and the formulation of a naturalized 
theory of consciousness. He has written many books including Rediscovery of the Mind (1992). 
 
Marjorie D. Shapiro  Advisory and Hosting Committees 
 
Marjorie D. Shapiro holds joint appointments as professor and chair of the Department of Physics, 
University of California, Berkeley, and, as a research scientist at Lawrence Berkeley National 
Laboratory. She received her Ph.D. from the University of California, Berkeley in 1984.  After a 
postdoctoral fellowship and Assistant Professorship at Harvard, she joined the Berkeley faculty in 1990. 
Shapiro is an experimental particle physicist whose interests lie in probing the most basic interactions in 
nature. In her research she addresses such questions as: what is the physics that generates quark and 
lepton masses? What determines the size of the Fermi constant? What is the mechanism responsible for 
the CP noninvariance observed in nature? She is currently a collaborator on two collider experiments: the 
Collider Detector at Fermilab (CDF) and the Atlas experiment at CERN both of which have substantial 
Lawrence Berkeley National Laboratory involvement.  The author of a number of journal articles, she 
was a Presidential Young Investigator 1989-94. She is a Fellow of the American Physical Society. 
 
Koichi Shimoda  Honorary Committee 
 
Koichi Shimoda is professor emeritus of the University of Tokyo and a trustee of the Toray Science 
Foundation. He was president of the Laser Society of Japan and contributed greatly to the advancement 
of laser technology. As a colleague of Charles Townes, Professor Shimoda was one of the earliest 
developers of masers and lasers, including work on laser accelerators, high-speed laser photography, 
laser frequency stabilization, and other quantum optics and quantum electronics. His earlier work 
focused on ammonia masers at Columbia University and noise properties of the maser amplifiers for the 
Army Signal Corps. He has been a leading promoter and educator of laser science to the general public 
as well as a research leader of the Japanese laser science community for the last several decades.   
 
Vaclav Smil  Additional Speaker 
 
Vaclav Smil, FRSC is a Distinguished Professor at the University of Manitoba. His interdisciplinary 
research encompasses a broad area of environmental, energy, food, population, economic and public 
policy studies, ranging from quantifications and modeling of global biogeochemical cycles to long-range 
appraisals of energy and environmental options. He has been also applying these approaches to energy, 
food and environmental affairs of China. Selected works include Creating the Twentieth Century: 
Technical Innovations of 1867-1914 and Their Lasting Impact (Oxford, 2005); China's Past, China's 
Future: Energy, Food, Environment (RoutledgeCurzon, 2004); Energy at the Crossroads: Global 
Perspectives and Uncertainties (MIT, 2003); The Earth's Biosphere: Evolution, Dynamics and Change 
(MIT, 2002), Enriching the Earth: Fritz Haber, Carl Bosch and the Transformation of World Food 
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Production (MIT, 2001); Cycles of Life: Civilization and the Biosphere (Scientific American Library, 
2000); Feeding the World: A Challenge for the Twenty-First Century (MIT, 2000); Energies: An 
Illustrated Guide to the Biosphere and Civilization (MIT, 1998); Cycles of Life: Civilization and the 
Biosphere (Scientific American Library, 1997), and General Energetics: Energy in the Biosphere and 
Civilization (John Wiley & Sons, 1991). 
 
Marin Soljačić  Young Scholars Competition 
 
Marin Soljačić is Assistant Professor of Physics at the Massachcusetts Institute of Technology.   Prior to 
this appointment, he was Principal Research Scientist at the Research Laboratory of Electronics from 
2003-05 and Pappalardo Postdoctoral Research Fellow, 2000-03 at MIT.  Soljačić received his B.S.E. in 
physics from the Massachusetts Institute of Technology in 1996 where he was inducted into the Phi Beta 
Kappa Society followed by his Ph.D. from Princeton University in 2000.   Most recently, in 2005, he was 
chosen as the recipient of the “Adolph Lomb Medal” of the Optical Society of America.  He has also 
been awarded the “First Year Merit Fellowship in Science & Engineering” from Princeton University 
and the Orloff research award from MIT.  In 2003, Soljačić gained experience through part-time 
involvement in MIT’s spin-off OmniGuide Inc., which aimed at developing an azimuthally symmetric 
photonic crystal fiber for applications in medicine, telecommunications, high-power delivery, etc.  The 
first product has been introduced at CLEO (USA) 2003.  He has been involved with OmniGuide since 
soon after its inception, leading the development of non-linear in-fiber devices, which resulted in a few 
patents, and also in an NSF-funded SBIR grant.  He has also been a part of large and diverse research 
groups at MIT and Princeton and participated in projects coordinating with many different groups 
involving physicists, mathematicians, electrical engineers, computer scientists and material scientists.  
He currently has two publicized book sections: “Integer and Fractional Angular Momentum Borne on 
Self-Trapped Necklace-ring Beams” in Optical Angular Momentum and “Photonic Crystals” in 
Encyclopedia of Nonlinear Science.  
 
Boris P. Stoicheff  Honorary Committee 
 
Boris P. Stoicheff is an emeritus university professor of physics at the University of Toronto, a past 
president of the Optical Society of America in 1976 (the first non-American to be President), and of the 
Canadian Association of Physicists in 1984, as well as the founding Executive-Director of Photonics 
Research Ontario (an Ontario Center of Excellence). He received a B.A.Sc. in engineering physics in 
1947 and Ph.D. in molecular physics in 1950, University of Toronto. He was a Research Officer of the 
National Research Council (NRC) in Ottawa, 1951-64 and then joined the University of Toronto as 
professor of physics. In the 1950s, he developed techniques for high-resolution Raman spectroscopy of 
gases, and determined the structures of many molecules, from hydrogen to benzene. He built Canada's 
first lasers in 1960, and continued his research interests in quantum optics and nonlinear optics with 
contributions in stimulated Raman and Brillouin scattering, 2-photon spectroscopy, generation of tunable 
far-ultraviolet radiation (to ~70 nm), its use in spectroscopy of rare-gas dimers, the dissociation of 
molecular hydrogen, and gain and electro-magnetically induced transparency of atomic hydrogen. He has 
supervised the research of students in 22 MSc and 24 PhD degrees, and published over 190 technical 
papers, as well as Gerhard Herzberg; An Illustrious Life in Science a biography of the 1971 Nobel 
Laureate in chemistry. His service on national and international committees is extensive, including the 
Board of NRC, Quantum-Electronics Council, Council of Professional Engineers of Ontario, Ontario 
Nuclear Safety Review Committee, International Union of Pure and Applied Physics, the Royal Society 
of Canada, and Canadian Institute for Advanced Research. He was appointed University Professor in 
1977, Officer of the Order of Canada in 1982, and elected fellow of numerous societies including the 
Royal Society of London, Royal Society of Canada, American Physical Society, and Optical Society of 
America, and Foreign Honorary Fellow of the American Academy of Arts and Sciences, Macedonian 
Academy of Sciences and Arts, and Indian Academy of Sciences. Among his awards are the William F. 
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Meggers Award, Frederic Ives Medal, Distinguished Service Award of the Optical Society of America, 
Gold Medal of the Canadian Association of Physicists, and Henry Marshall Tory Medal of The Royal 
Society of Canada, as well as several honorary degrees.  
 
Horst L. Störmer  Honorary Committee 
 
Horst L. Störmer has been professor of physics and professor of applied physics and applied mathematics 
at Columbia University and adjunct physics vice president at Bell Labs, Lucent Technologies since 1997. 
Störmer received his Ph.D. in 1977 from the University of Stuttgart, joined Bell Labs as a post-doc 
shortly afterward, and became a member of the technical staff at Bell Labs in 1978.  From 1983 to 1992 
he headed the Semiconductor Physics Research Department and was the Director of the Physical 
Research Laboratory of AT&T Bell Labs from 1992 until 1997. While working at Bell Labs, he and 
Daniel Tsui discovered the fractional quantum Hall effect in 1982.  For this work, he shared the 1998 
Nobel Prize in Physics with Tsui and Robert B. Laughlin for discovering that electrons acting together in 
strong magnetic fields can form new types of "particles," with charges that are fractions of electron 
charges—a new form of quantum fluid with fractionally charged excitations.  In addition to his teaching 
at Columbia, he performs research in condensed matter physics, and is one of the Scientific Directors of 
the Columbia NSF Nano Center. Störmer has worked extensively on the properties of lower-dimensional 
electron systems.  
 
Eleonore Stump  Additional Speaker 
 
Dr. Eleonore Stump is the Robert J. Henle Professor of Philosophy at Saint Louis University, where she 
has taught since 1992.  She received a Ph.D. in medieval studies and medieval philosophy from Cornell 
University in 1975.  Dr. Stump is editor-in-chief of the Yale Library of Medieval Philosophy and was 
section editor for the philosophy of religion for the new Routledge Encyclopedia of Philosophy.  Among 
other honors, she is past president of the Society of Christian Philosophers and of the American Catholic 
Philosophical Association and presented the 2003 Gifford Lectures in Aberdeen, Scotland.  She also 
received the Robert Foster Cherry Award for Great Teaching from Baylor University in 2004.  She was 
Vice-President of the Central Division of the American Philosophical Association in 2004-2005 and is 
President in 2005-2006.  She has been named the Wilde lecturer for the 2005 – 2006 academic year.  She 
is the author or editor of 15 books and anthologies including:  Reasoned Faith (1993); Philosophy of 
Religion:  The Big Questions (1998); the Cambridge Companion to Augustine (1999); and Aquinas in the 
series “Arguments of the Philosophers” (2003).  Her Gifford lectures, entitled Wandering in Darkness:  
Narrative and the Problem of Suffering, are forthcoming from Oxford University Press. 
 
Leonard Susskind  Additional Speaker 
 
Leonard Susskind, Ph.D. is Felix Bloch Professor of Physics at Stanford University. He did his 
undergraduate work at City University of New York and received his Ph.D. from Cornell University in 
1965. He was a National Science Foundation Postdoctoral Fellow at Cornell from 1965-66. He has been 
a professor of physics at the Belfer Graduate School of Science, Yeshiva University, and at the 
University of Tel Aviv. He came to Stanford as a full professor in 1979. He was Loeb Lecturer at 
Harvard University in 1976. Professor Susskind received the Pregel Award from the New York 
Academy of Science in 1975 and the J. J. Sakurai Prize in Theoretical Physics in 1997. He is a member 
of the National Academy of Sciences and the American Academy of Arts and Sciences. His current 
research is involved with black holes, quantum gravity, string theory and their connection with 
cosmology. 
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Max Tegmark  FQX Director and Additional Speaker 
 
Max Tegmark is associate professor of physics at the Massachusetts Institute of Technology. A native of 
Stockholm, Tegmark left Sweden in 1990 after receiving his B.Sc. in Physics from the Royal Institute of 
Technology, having earned a B.A. in economics the previous year at the Stockholm School of 
Economics. He received both his M.A. and Ph.D. in physics from the University of California, Berkeley 
in 1992 and 1994 respectively. After an appointment as a research associate with the Max-Planck-Institut 
für Physik in Munich, Tegmark returned to the U.S. as a Hubble Fellow and member of the Institute for 
Advanced Study, Princeton. He became assistant professor at the University of Pennsylvania, where he 
received tenure in 2003. In 2004, he joined the faculty of MIT. 
 
Professor Tegmark has received numerous awards for his research, including a Packard Fellowship 
(2001-06), Cottrell Scholar Award (2002-07), and an NSF Career grant (2002-07). His work with the 
SDSS collaboration on galaxy clustering shared the first prize in Science magazine's "Breakthrough of 
the Year: 2003." His research is focused on precision cosmology, e.g., combining theoretical work with 
new measurements to place sharp constraints on cosmological models and their free parameters. He is 
particularly enthusiastic about the prospects of comparing and combining current and upcoming data on 
CMB, LSS, galaxy clusters, lensing, LyA forest clustering, SN 1, etc. to raise the ambition level beyond 
the current cosmological parameter game, testing rather than assuming the underlying physics. 
 
Patrick Thaddeus  Additional Speaker 
 
Patrick Thaddeus is Robert Wheeler Willson Professor of Applied Astronomy and professor of applied 
physics at Harvard University. He is also Senior Space Scientist at the Smithsonian Astrophysical 
Observatory. 
 
Joseph H. Thywissen  Young Scholars Competition 
 
Joseph Thywissen is currently Assistant Professor of Physics at the University of Toronto, Canada.  He 
received his B.S. in Physics and Engineering from the Harvey Mudd College, Claremont, USA.  He then 
went on to receive his M.S. in Applied Physics from Harvard University in 1997 followed by his Ph.D. 
in 2000.  In 2004, he received the Premier’s Research Excellence Award and was acknowledged as 
Senior Fellow at Massey College from 2004 until present.  He also currently holds position as Canada 
Research Chair, Tier II since 2003.  Thywissen is presently building a research group at the University of 
Toronto in ultra-cold atoms.  He was also a member of Alain Aspect’s group where he worked with a 
BEC in an iron-core electromagnet on Atom lasers, 1D phase fluctuations and thermodynamics of a 
BEC.   
 
Daniel Chee Tsui  Honorary Committee 
 
Daniel Chee Tsui is the Arthur LeGrand Doty Professor of Electrical Engineering at Princeton 
University. Born in the Henan province of China, Dr. Tsui was educated in Hong Kong, where he 
graduated from Pui Ching Middle School. In 1958 he immigrated to the United States to attend 
Augustana College, and then went to graduate school at the University of Chicago, receiving his Ph.D. in 
Physics in 1967. He worked at Bell Laboratories in Murray Hill, N.J. until 1982, when he joined the 
Department of Electrical Engineering at Princeton University.  In an experiment in 1982, he discovered 
with Horst Störmer that, at low temperatures and in strong magnetic fields, electrons confined to move 
along the interface between two different semiconductors could form new kinds of quasi-particles with 
charges that are only fractions of the normal electron charge. Within a year of the discovery, Robert 
Laughlin contributed the theoretical analysis. These three were subsequently awarded the Nobel Prize in 
Physics in 1998 “for the discovery of a new form of quantum fluid with fractionally charged 
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excitations.” Professor Tsui also received the 1984 Buckley Condensed Matter Physics Prize from the 
American Physical Society and the 1998 Benjamin Franklin Medal in Physics.  He is a member of the 
National Academy of Sciences, the National Academy of Engineering, the American Academy of Arts 
and Sciences, the Third World Academy of Sciences, and the Academia Sinica.  He is a fellow of the 
American Physical Society and the American Association for the Advancement of Science, and a foreign 
member of the Chinese Academy of Sciences. Professor Tsui has continued to explore the collective 
behaviors of electrons in solid-state materials. His ongoing research continues to yield provocative 
phenomena, which have enabled theorists to develop more profound insight into the inner structure and 
dynamics of matter.  
 
Wolfgang von Klitzing  Young Scholars Competition 
 
Wolfgang von Klitzing was born in 1969 in Cologne, Germany. In 1989, he started his undergraduate 
studies at the University of Munich. He finished his Vordiplom with grade ‘good’ in a Bavarian record 
time of only two semesters, with the local average being 4 semesters. However, due to rather rigid rules, 
he would have been prevented from doing proper research for another three years, which is why he went 
to Cambridge University (UK) to start a Master and later a PhD degree in CO2-laser spectroscopy. His 
main interest at the time lay in improving the resolution of laser-spectrometers beyond the fundamental 
transit time broadening limit. The success in this was acknowledged by ‘a mention of the high quality of 
his thesis’ given to about the top 5% of the PhD theses. 
 
During his time at the Cavendish Laboratory, his interest in fundamental issues of quantum-mechanics 
was kindled by lunch-time discussions with Sir Nevill Mott and by the Sigma-Club, a series of seminars 
on the foundations of quantum mechanics held jointly by Imperial College London, Oxford and 
Cambridge. He is particularly interested in the emergence of the classical world from the quantum 
mechanical world. 
 
Throughout his research career, he has focused on the emergence of coherence and its counterpart 
decoherence. 
 
After his PhD, he joined the group of Prof. Haroche and Prof. Raimond at the École Normale Supérieure 
in Paris to work on silica micro resonators.  This resulted in the IR-VIS upconversion laser with a 
threshold two orders of magnitude lower than any other, and the first tuning device for micro-spheres.  
After a short research stay at Prof. De Martini in Rome, von Klitzing then went at the end of 2001 to 
Amsterdam (NL) to lead the experimental BEC team at AMOLF. As an experimentalist in the field, he 
had paid remarkably little attention to the nucleation and growth of Bose-Einstein condensates. The 
question of how the macroscopic phase coherence of a BEC builds up had previously not been addressed 
experimentally.  In certain collisional regimes, the condensate can form faster than the slow trapping 
frequency. In this case a macroscopic coherence cannot build up quickly enough.  For this experiment, 
they developed condensate focusing as a new method of measuring the coherence length of a BEC. In 
this context they also studied in detail the hydrodynamic properties of thermal clouds just above the 
condensation point. 
 
At the same time von Klitzing became aware of the fact that the normal magnetic traps had more degrees 
of freedom than used so far. Together with his diploma student, he found that one could produce a 
double-TOP-trap in a standard Ioffe-Pritchard trap. They demonstrated BEC in this double well structure 
and later used it as a linear accelerator for neutral atoms in a quantum-interferometric determination of 
the s- and d-wave scattering length of Rubidium. They also demonstrated for the first time Boltzmans 
prediction that a purely collisionless thermal cloud as well as a purely hydrodynamic thermal cloud 
should not experience any damping of its shape-oscillations. They also verified theoretical predictions 
for the crossover regime. 
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Since the beginning of 2005, he has been a project leader at IESL-FORTH on Crete in Greece. The first 
aim of their group is to construct a prototype of the matter-wave Sagnac interferometer. The European 
Union has recognized the quality of his project in the form of a Marie-Curie Excellence Grant of 1.7 M€. 
 
Herbert Walther  Advisory Committee 
 
Herbert Walther is professor emeritus in the department of physics at the University of Munich 
continuing his research in a special arrangement with the Max Planck Society at the Max Planck Institute. 
He received his undergraduate and graduate education at the University of Heidelberg where he was 
awarded the diploma in physics in 1960 and the Dr. Rer. Nat. (doctorate in natural sciences) in 1962. He 
did postdoctoral work at the Universities of Heidelberg and Hannover, and became a lecturer at the 
University of Hannover in 1968. After guest appointments in France and in the US he became professor 
of physics at the University of Bonn in 1971. That year he also accepted a chair in the Physics 
Department of Cologne University. In 1975, he became chair of the Department of Physics at the 
University of Munich. He also served as director of the Max Planck Institute for Quantum Optics in 
Garching since its foundation in 1981. Since March 2003, he has been professor emeritus. Among the 
many awards he has received for his contributions to atomic physics, quantum optics and optics are the 
Charles Hard Townes Award and the Frederic Ives Medal/James W. Quint Endowment of the Optical 
Society of America, the Max Born Prize of the Institute of Physics and the German Physical Society, the 
Michelson Medal of the Franklin Institute, the Stern Gerlach Medal of the German Physical Society, and 
the EPS Quantum Electronics and Optics Prize. 
  
Frank Wilczek  Honorary Committee 
 
Frank Wilczek is Herman Feshbach Professor of Physics at the Massachusetts Institute of Technology. 
He is considered one of the world's most eminent theoretical physicists. He is known, among other 
things, for the discovery of asymptotic freedom, the development of quantum chromodynamics, the 
invention of axions, and the discovery and exploitation of new forms of quantum statistics (anyons). 
When only 21 years old and a graduate student at Princeton University, while working with David Gross, 
he defined the properties of color gluons, which hold atomic nuclei together.  Professor Wilczek received 
his B.S. degree from the University of Chicago and his Ph.D. from Princeton University. He taught at 
Princeton from 1974 to 1981. From 1981 to 1988, he was the Chancellor Robert Huttenback Professor of 
Physics at the University of California at Santa Barbara, and the first permanent member of the National 
Science Foundation's Institute for Theoretical Physics. In the fall of 2000, he moved from the Institute 
for Advanced Study, where he was the J.R. Oppenheimer Professor, to the Massachusetts Institute of 
Technology.  Professor Wilczek was a Sloan Foundation Fellow (1975–77) and a MacArthur Foundation 
Fellow (1982–87). He has received UNESCO's Dirac Medal, the American Physical Society's Sakurai 
Prize, the Michelson Prize from Case Western University, and the Lorentz Medal of the Netherlands 
Academy for his contributions to the development of theoretical physics. He is a member of the National 
Academy of Sciences, the Netherlands Academy of Sciences, and the American Academy of Arts and 
Sciences, and is a Trustee of the University of Chicago. He contributes regularly to Physics Today and 
Nature, explaining topics at the frontiers of physics to wider scientific audiences. 
 
Jun Ye  Young Scholars Competition 
 
Jun Ye is currently a Fellow at the National Institute of Standards and Technology and Associate 
Professor Adjunct of the Department of Physics at the University of Colorado, both since 2004.  Born in 
Shanghai, China in 1967, he received his B.S. in Applied Physics from the Jiao Tong University in 
Shanghai in 1989.  Ye then went on to pursue his M.S. in Physics from the University in New Mexico in 
1991 followed by his Ph.D. in Physics from the University of Colorado in 1997.  Most recently he 

 88 



Biographies 

received the Arthur S. Flemming Award (Scientific Category, US Federal Government) and was Elected 
Fellow of the American Physical Society both in 2005.  He has also been elected fellow of NIST by the 
U.S. Department of Commerce and was a Visiting Professor at the Institut für Experimentalphysik, 
Universität Innsbruck, Austria, both in 2004.  Since 2004, he has also been a Guest Professor at East 
China Normal University, Shanghai, China and is a member of the Optical Society of America.  His 
professional career has included such positions as Co-Chair of the Symposium on “Laser frequency 
stabilization, standards, measurement, and applications,” 2001 Photonics West – SPIE meeting; Co-
organizer – Special session on precision measurement, 2002 American Physical Society Division of 
Atomic, Molecular and Optical Physics Annual Meeting; and Principle Investigator of“Optical atomic 
clock,” Multidisciplinary Research Program of the University Research Initiative (MURI), Office of 
Naval Research, 2003 – present.  He has also been a program Subcommittee member, Conference on 
Lasers and Electro-Optics (CLEO) 2004-2007 and a review panel member for NSF and NASA, 2000 – 
present. 
 
Donald York  Advisory Committee 
 
Donald York is the Horace B. Horton Professor in Astronomy & Astrophysics at the University of 
Chicago. In addition to conducting research on interstellar gas, York is the project director for the Sloan 
Digital Sky Survey, an ambitious project scheduled to get underway later this year, which will map one 
quarter of the nearby universe. He is also Director of the Apache Point Observatory in Sunspot, N.M., 
where the Sloan survey telescope is under construction. The observatory is home to the world's first 
remote-controlled ground-based telescope, a 3.5-meter telescope operated by the Astrophysical Research 
Consortium (of which the university is a member). York was instrumental in building both the 
observatory and the telescope.  The Sloan Digital Sky Survey -- the brainchild of York, Richard Kron, 
Director of Yerkes Observatory and professor in astronomy & astrophysics, and James Gunn, an 
astrophysicist at Princeton University -- is one of the most ambitious collaborative projects ever 
undertaken by astronomers. York said directing the project is akin to "herding cats," because astronomers 
are used to working independently. The project currently involves more than 100 scientists and has been 
six years in the making. Once underway, it is expected to take five years to produce a road map of the 
heavens.  York's activities range far beyond the walls of the astronomy building. He takes an active 
interest in the local public schools, and is a key figure in the Chicago Public Schools/University of 
Chicago Internet Project, which is bringing the Internet to all 24 schools in the university's immediate 
neighborhood.  He received his B.S. in 1966 from MIT and his Ph.D. from Chicago in 1971. He has been 
a Chicago faculty member since 1982. 
 
Anton Zeilinger  Advisory Committee 
 
Anton Zeilinger is Professor of Physics and Institute Director at the Experimental Physics Department of 
the University of Vienna and of the Vienna Branch of the Austrian Academy of Science’s Institute for 
Quantum Optics and Quantum Information. His research focus lies in the fields of quantum 
communication, which exploits the fundamental insights of quantum physics for new technologies such 
as quantum teleportation, quantum cryptography and quantum computation, and quantum experiments of 
macromolecules with the goal of expanding the boundary of quantum phenomena. Professor Zeilinger’s 
group’s most important recent research achievements include the world’s first quantum teleportation, the 
first transmission of real information using entangled-state quantum cryptography, and the observation of 
quantum interference for clusters of seventy carbon atoms, the most massive and complex objects 
worldwide to date. Among his numerous awards and prizes are an honorary professorship at the 
University of Science and Technology of China, memberships in the German Order Pour le Mérite and 
in the Academia Scientiarum et Artium Europaea, the Senior Humboldt Fellow Prize of the Alexander 
von Humboldt-Stiftung, and the 2005 King Faisal Prize in Science (together with Federico Carpasso of 
Harvard University and Frank Wilczek of the Massachusetts Institute of Technology). Professor 
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Zeilinger studied at the University of Vienna, where he earned a Ph.D. in physics and mathematics in 
1971. He has held positions at the Technical University of Vienna, MIT, the University of Innsbruck, the 
University of Melbourne, the Technical University of Munich, the Collège de France, and Hampshire 
College in Amherst, Massachusetts. Professor Zeilinger has published more than 350 articles in scientific 
journals to date, many of them classics of scientific citations.  
 
Ahmed H. Zewail  Honorary Committee 
 
Ahmed H. Zewail is the Linus Pauling Professor of Chemistry and professor of physics, and the Director 
of the NSF Laboratory for Molecular Sciences (LMS) at the California Institute of Technology (Caltech).  
He was awarded the 1999 Nobel Prize in Chemistry for his studies of the transition states of chemical 
reactions using femtosecond spectroscopy.  Dr. Zewail was educated in Egypt, received his B.S. (with 
First Class honors) and M.S. from Alexandria University, and his Ph.D. from the University of 
Pennsylvania.  He is the recipient of honors and awards from around the world. From Egypt, he received 
the Grand Collar of the Nile, the highest state honor; postage stamps were issued to honor his 
contributions to science and humanity.  His other honors include the Robert A. Welsh Prize, The Wolf 
Prize, The King Faisal Prize, and the Benjamin Franklin Medal.  He holds twenty-five honorary degrees 
in science, literature, medicine, philosophy, law, and arts, and is an elected member of national and 
international academies and societies, including the National Academy of Sciences, the American 
Philosophical Society, the American Academy of Achievement, the Pontifical Academy of Sciences, the 
European Academy of Arts, Sciences, and Humanities, the Royal Society of London, the Russian 
Academy of Sciences, and the Swedish Academy of Sciences.  Dr. Zewail’s current research interests are 
directed towards the development of new methodology for understanding the physics of life molecules 
and their biological behavior. 
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THURSDAY, OCTOBER 6, 2005 9:00 AM – 12:00 PM PAULEY 
 
THE GREAT UNKNOWNS IN PHYSICS 
Session Chair: Marjorie Shapiro 
 
David Gross 
Major Unknowns in Fundamental Physics  
 
I shall discuss the major questions facing fundamental physics and addressed by particle physics, 
string theory, and cosmology. The list of questions is large, ranging from the mass spectrum of quarks 
and leptons to the nature of space and time.    
 
Anthony Leggett 
Major Unknowns in Quantum Mechanics  
 
Quantum mechanics (QM) has a beautiful internal consistency, and there is really only one “major 
unknown” about it: namely, whether it is—at least in principle—the whole truth about the physical 
world. In the year 2005, there is no direct experimental evidence whatever that it is not; wherever 
they can be explicitly tested, the predictions of QM appear to be correct, and any prima facie 
discrepancies can be explained as the result of ignorance of some of the additional information 
required to do quantitative calculations. Precisely the same statement could have been safely made 
about classical physics in 1875, the year that Gibbs first published his famous paradox concerning the 
entropy of mixing gases of identical atoms. Yet with hindsight, we can see that had that paradox been 
taken more seriously than it actually was by Gibbs and his contemporaries, it should have signaled 
quite unambiguously not, to be sure, the nature of the breakdown of classical physics that would 
occur at the atomic level, but certainly that such a breakdown must exist.  
 
A similar situation holds (I believe) in 2005 with respect to QM, with the role of the Gibbs paradox 
being played by the problem of realization of definite outcomes at the macroscopic level (often called 
the “quantum measurement paradox”). This problem is sufficiently severe that it should induce us to 
take seriously the hypothesis that QM is not, even “in principle,” the whole truth about the 
macroscopic world—in other words, that a complete solution of the 10^23-particle Schrödinger 
equation for (say) an ice cube, supplemented by the appropriate boundary conditions, were this 
achievable, would not under certain circumstances give the right answer. It is important to appreciate 
that this hypothesis is quite different from, and much more radical than, the currently much-discussed 
notion of “emergence.” 
  
However, any theory that hopes to replace QM at some level between that of the atom and our own 
consciousness must satisfy a number of highly nontrivial constraints. Some of these relate to existing 
experiments on mesoscopic or quasi-macroscopic systems such as SQUIDs (superconducting 
quantum interference devices), which already constrain the level at which such a failure of QM could 
occur. Others have to do with the EPR (Einstein-Podolsky-Rosen)-Bell setup; here, however, the 
conceptual situation is less clear-cut, in part precisely because of the ambiguity, in the standard 
interpretation of the formalism, as to the precise stage at which a “definite outcome” is realized. I 
point out that most current discussion of the problem takes for granted conventional ideas about the 
“arrow of time” and speculate that any worldview that may eventually replace QM will force an 
equally radical revision of our ideas concerning this “arrow.” I also comment briefly on whether the 
transition from a classical to a thoroughly quantum-mechanical description of the world, or from the 
latter to some third currently unknown picture, is likely to have any implications for the old problem 
of “free will versus determinism.” 
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Raphael Bousso 
The Interface Between Quantum Mechanics and General Relativity 
 
Abstract not available at press time. 
 
Ignacio Cirac 
Quantum Information 
 
Quantum information science is a multidisciplinary field of research whose goal is to use some of the 
intriguing properties of quantum mechanics in order to process and transmit information in a very 
efficient way. In particular, by using superposition states, it is possible to build cryptography systems 
that are completely secure against eavesdropping, as well as to implement very efficient 
communication protocols. Apart from that, it should be possible to build quantum computers that 
could perform certain tasks that are not possible with standard computers. All this may lead to a 
technological revolution in the twenty-first century. 
 
The power of quantum information science is related to the existence of superposition and entangled 
states in quantum mechanics. According to that theory, the physical properties of a given object may 
not be well-defined until we observe it. Furthermore, in the case of several objects, the superposition 
principle gives rise to entangled states, where some of the properties of those objects are highly 
correlated. For example, the spin of an electron can be in a superposition of two states, “up” and 
“down,” and only when we measure it does the spin becomes well-defined (“up” or “down” along the 
direction we measure). The spins of two electrons can be in an entangled state; e.g., the superposition 
of being both “up” and both “down.” Now when we observe one of the electrons, then the spin of 
both electrons become instantaneously defined. If we have N spins, we can have a superposition of 
two to the power N states (all combinations of “up” and “down” for each spin) which, in a sense, are 
running in parallel in “different” universes. A quantum computer uses this parallelism to carry out 
certain algorithms in a very efficient way.  
 
For the moment, there are very few systems on which one can test the main ideas of quantum 
computing, perhaps the most important application in this field. On the one hand, we have quantum 
optical systems, typically atoms or ions, that interact with laser fields and are trapped by 
electromagnetic forces. On the other, we have solid-state devices (quantum dots or superconductor 
devices, for example) that can be electronically controlled. During the last few years, there has been a 
spectacular experimental progress in those fields, and it is now possible to carry out simple quantum 
computations with up to 5-10 systems. 
 
In this talk, I will first review the basic concepts in quantum information science, as well as its main 
applications. Then I will also review the experimental situation and will give my personal predictions 
about the evolution of the field. I will concentrate on the impact that quantum information may have 
in other fields, such as condensed matter physics and particle physics, where the methods and ideas 
developed to describe many-body (entangled) systems may find important applications. 
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THE GREAT UNKNOWNS IN ASTRONOMY 
Session Chair: Donald Backer 
 
Saul Perlmutter 
Dark Matter and Dark Energy, Observation  
 
Cosmology’s first forays into the realm of precision measurement have led us to new and 
fundamental physics mysteries. These new topics—such as the identity of the “dark energy” that 
apparently accelerates the universe’s expansion—are of course grist for great theoretical speculation. 
However, the next major insights here are more likely to come from further yet more accurate 
measurements of, for example, the expansion history. A relatively small number of techniques for 
these measurements have been proposed, but of these even a smaller handful look promising given 
the systematic, limited nature of the extremely high-precision measurements required to differentiate 
alternative cosmological models. Moreover, as we consider the full range of current cosmological 
theories and remove the simplifying assumptions, we are likely to find that every available technique 
will be needed if we are to find meaningful constraints on the parameter space. In short, we appear to 
be living in halcyon days for experimental and observational cosmologists! 
 
Marc Kamionkowski 
Dark Matter and Dark Energy, Theory 
 
Presumably, in the beginning there was darkness; and then there was light. But darkness still rules the 
realm of the cosmos. Only about 15% of the gravitating mass in galaxies is composed of luminous 
matter; the rest is composed of some mysterious dark matter that neither absorbs nor emits light. 
Although we still lack empirical clues to the nature of this dark matter, there are several well-
motivated candidates from elementary-particle theory, many of which are now being pursued 
experimentally. Leading candidates include particles associated with new physics at the electroweak 
scale. If such particles constitute the dark matter, then they may be discovered at forthcoming 
experiments at the Large Hadron Collider. What is perhaps even more confounding is the mechanism 
that drives galaxies to fly apart at an ever increasing speed, in contradiction with our most cherished 
beliefs about the universally attractive nature of gravity. The most common (though not necessarily 
most satisfying) explanation invokes the existence of some sort of negative-pressure “dark energy.” 
Other explanations, however, modify general relativity on large distance scales and/or introduce 
additional new spatial dimensions. There are also anthropic arguments, some motivated by string 
theory, that postulate a wealth of possible universes, but only a limited set that would give rise to 
intelligent life. Other ideas lead to tantalizing new end fates for the universe. Theorists have now 
become comfortable discussing ideas that are crazy, but frustrated to not find any crazy enough. We 
are also still struggling to find other observable physical phenomena that might be associated with the 
new physics responsible for cosmic acceleration. Perhaps the biggest mystery is what roads will need 
to be traveled to make further progress toward answering these questions. 
 
Adrian Lee 
Dark Matter and Dark Energy, Experiment: The Microwave Background—A Cosmic Time 
Machine 
 
Observations of the 2.7-degree cosmic microwave background (CMB) have given us deep insights 
into the beginning, evolution, and contents of the universe. The frequency spectrum of the CMB is  
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that of a perfect blackbody, which strongly supports the Big Bang model. Observing tiny variations in 
temperature across the sky gives us a snapshot of the universe 400,000 years after the Big Bang. 
These variations represent the seeds, since grown by gravity, of the universe’s large-scale structure. 
Furthermore, by comparing the observed variations to cosmological models, we have been able to 
estimate parameters of the models such as the universe’s density in energy, matter, and dark energy. 
The most important result is the strong suggestion that the geometry of space-time is Euclidean; i.e., 
parallel lines neither converge nor diverge.  
 
The new frontier in CMB studies is the measurement of polarization variations across the sky. These 
signals are much smaller than even those of the temperature variations in the sky. The most exciting 
promise of polarization measurements is to probe back in time to the briefest instant after the Big 
Bang (10^-36 seconds) where the energy scale of the universe is ~10^16 GeV—the grand unification 
scale. This time is known as the inflationary epoch, when the universe is expanding exponentially 
fast. This rapid expansion produces gravity waves that produce a slight polarization of the CMB. 
Detection of this polarization would give strong support to the inflation model and allow us to 
discriminate between models of inflation. Measurements of CMB polarization are the best method we 
have to investigate what drove the universe just after the Big Bang.  
 
CMB polarization observations can also measure the time evolution of dark energy, which could give 
a crucial clue to its nature. Some of the CMB polarization variations are lensed by large-scale 
structure at a relatively high red-shift of one to two. If dark energy evolved early, then it fights against 
gravity, slowing the formation of structure. The early action of dark energy would be observable as a 
reduction of lensing of the CMB polarization.  
 
Discoveries in the CMB have been largely driven by advances in detector technology. The sensitivity 
of detectors for CMB measurements has grown steadily with a Moore’s-law-like growth rate. Another 
strong advance will be required for the next science step of measuring the CMB polarization. I will 
discuss the future of CMB detectors. 
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CELEBRATING LIGHT 
Session Chair: Owen Gingerich 
 
John Heilbron 
The History of Light 
 
The story of light began 13.7 x 109 or 6.009 x 103 years ago. In the interest of brevity, the lecturer has 
chosen the later date and a few illuminating episodes. Most of these concern natural light: rainbows, 
comets, lightning, and the starlight that informs us of our place in the universe. The information on 
the last, acquired in cathedral observatories during the seventeenth and eighteenth centuries, receives 
particular attention, not so much because of its importance, but because of the unusual and uplifting 
environment in which it was obtained. A little history of artificial light, incandescent and fluorescent, 
“mazing” and “lasing,” is also provided. Each of the episodes chosen contributed something 
important and unexpected to natural knowledge. The rainbow gave a decisive impulse to 
mathematical physics; the comet, to the discrediting of astrology; lightning, to a precocious 
application of science to technology; the sun in the church, to the progress of Copernican astronomy; 
electric lighting, to the invention of the quantum; the laser, to new sciences and technologies so 
numerous that the current handbook of applications runs to almost three thousand pages. 
 
Besides contributing something important to science, each of the episodes considered offered 
something inspiring to art. The rainbow appears in most media from paint to stained-glass windows; 
the comet, on frightening broadsheets and pastoral prints; lightning, over landscapes and cityscapes; 
artificial lighting in neon signs and museum art. The lecture will be illustrated. A few remarks about 
light and Enlightenment will also be offered.  
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FRIDAY, OCTOBER 7, 2005 8:30 AM – 9:15 AM ZELLERBACH 
 
SPECIAL PLENARY LECTURE 
Session Chair: Freeman Dyson 
 
Peter Galison 
Innovation and Invention 
 
The working, prevalent philosophy of science has repeatedly shaped the way we have seen innovation 
in science. For decades, a rigorous positivism held sway—a philosophy that emphasized observation 
above all else, held theory in relatively low regard, and was utterly dismissive of all that was not 
bolted securely to that which could be perceived directly. Ernst Mach may have been one of the 
leaders of the movement, but it was taken up long afterward by the logical positivists and their allies. 
Their credo: Observation accumulated incrementally and continually, and it was the motor of science. 
During the 1960s, that consensus inverted. Anti-positivism came to rule, and theoretical innovation 
became the undisputed power of innovative change in science—where theory changed (so the mantra 
went), so did observation and experiment. But both of these schemes that aim to find a single engine 
of change in science prepare us poorly to understand the shifts of the past—much less those under 
way now. In physics, we need a broader canvas, one that acknowledges the quasi-independence of 
theory, experimentation, and instrument-making; we need at least the possibility that in particular 
circumstances these different subcultures of physics are embedded differently in their worlds. And 
then, far from the anti-positivists’ enthusiasm for historical gestalt shifts as a model of change, we 
need to know how partial sharing between them binds parts together. Using examples from particle 
physics, relativity, and some of our most important technologies, we will have a chance to explore the 
ways in which these different traditions of scientific-technical work cross, without losing their distinct 
identities. 
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YOUNG SCHOLARS COMPETITION: QUANTUM PHYSICS  

 
Boris Blinov 
Closing Old Loopholes and Opening New Possibilities with Long-Distance Entanglement of 
Trapped Ions 
 
Quantum-optical systems possess all necessary features for implementing a quantum computer. 
Internal atomic states can be easily isolated and manipulated with optical and radiofrequency fields; 
coherence times of these states can be extremely long. Atomic ions can be trapped almost indefinitely 
in strong RF traps. This makes atoms ideal for quantum information storage and manipulation. 
Photons, on the other hand, are ideal quantum information carriers. Coupling atomic and photonic 
qubits would thus be an important step to building a scalable quantum computing network. 
 
We experimentally study the coherent coupling between the trapped cadmium ion qubits and the 
single photon qubits. In a pioneering experiment in this area, we have created and characterized the 
entanglement of Cd+ spins and polarization states of single photons. These entangled states were 
generated probabilistically via spontaneous emission of photons by the trapped Cd+ ions. While 
probabilistic, this process opens up possibilities for “heralded” and even deterministic entanglement 
of remote atomic qubits, scalable quantum networking, and quantum computing. 
 
Brian L. DeMarco 
Quantum Simulation Using Ultracold Atoms 
 
Many unsolved problems in physics involve collections of strongly interacting quantum particles. 
Outstanding challenges of this type are both fundamental in nature, such as quantum 
chromodynamics, and practical, such as understanding certain materials (e.g., high-temperature 
superconductors). Feynman, Benioff, and others suggested a novel solution to the quantum many-
body problem: a quantum computer. While present interest in quantum information focuses on 
applications to cryptography, the initial motivation behind quantum computation was to efficiently 
simulate many-body quantum mechanics. The potential impact of a quantum simulator on 
fundamental research and materials science is enormous, because simulations of physical systems that 
could never be completed on a classical computer are achievable. It is unlikely that classical or 
quantum computer technology will develop sufficiently during the next few decades to resolve many 
important questions related to many-body quantum mechanics. State-of-the-art quantum simulations 
using classical computers involve only a few tens of particles, and progress toward demonstrating a 
complete quantum computer continues to be hampered by technical challenges. However, useful 
quantum simulation is possible using the same types of resources required for quantum computing, 
but with a lesser degree of control.  
 
My research program concentrates on realizing quantum simulation by integrating existing techniques 
and new technologies into atomic gas Bose-Einstein condensation experiments. By employing 
ultracold atoms trapped in an optical lattice, we expect to use quantum simulation to study physics 
relevant to materials, technology, and fundamental science that cannot be completely understood 
using traditional computational techniques or available experimental methods. My research applies to 
topical areas 1, “research yielding new insights and innovative concepts based on quantum 
mechanics,” and 2, “research yielding profound new insights and perspectives toward answering 
‘really big questions,’” of the “Young Scholars Competition.” We are currently building our 
experimental apparatus and developing the tools necessary to achieve quantum simulation. 
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Steven S. Gubser 
Hairy Black Holes, Phase Transitions, and AdS/CFT 
 
I present a new class of black-hole solutions that evades the classic no-hair theorems and provides 
counter-examples to the correlated stability conjecture of Gubser and Mitra (JHEP, 08 2001). In 
addition to conserved quantities, these black holes are characterized by one or more order parameters, 
and they can pass through first- or second-order phase transitions. In the context of the AdS/CFT 
correspondence, critical behavior can be demonstrated, and it is likely that nontrivial critical 
exponents can be extracted using numerical solutions to ordinary differential equations. An 
examination of phase transitions of four-dimensional black holes suggests that one of the keys to 
black hole uniqueness is the renormalizability of the matter theory one couples to gravity.  
 
I will also spell out some new ideas about strings in anti-de Sitter space beyond the leading 
supergravity approximation. The results presented relate to Topical Area 1 of the “Young Scholars 
Competition,” focusing on the questions of what black holes are and how they relate to quantum 
mechanical systems with many degrees of freedom. Through the AdS/CFT correspondence, the latter 
question has become inextricably linked with the strong-coupling behavior of gauge theories, 
including four-dimensional ones related to quantum chromodynamics.  
 
Bruce O. Knuteson 
Exploring the Energy Frontier 
 
Compelling arguments suggest that phenomena beyond the Standard Model of particle physics will 
become manifest at an energy regime accessible to the Fermilab Tevatron or CERN's Large Hadron 
Collider. Predictions for the form that new physics will take are all over the map.  
 
The outstanding experiments in history are those whose results are surprising. These surprises shift 
paradigms and open eyes and minds to unanticipated science. The Tevatron and LHC are particularly 
special experiments in that our understanding of the Standard Model nearly guarantees them 
fundamental discoveries, and our ignorance of how the Standard Model should be extended 
guarantees that whatever is found will be surprising.  
 
This guaranteed surprise makes the current paradigm of one model per Ph.D. thesis unworkable. A 
global, systematic approach is required to maximally capitalize on the opportunities provided by the 
Tevatron before they turn on the LHC. 
 
Keith C. Schwab 
Quantum Effects in Small Mechanical Structures 
 
We are preparing a series of experiments to create an entangled state of a micro-mechanical structure. 
To accomplish this, we are exploiting the most advanced techniques and technology in 
nanofabrication, superconducting quantum devices, and ultra-low temperature techniques. On the way 
to this goal, we have recently succeeded in demonstrating the closest approach to the uncertainty 
principle for position detection of any kind, and the closest approach to the quantum ground state for 
a mechanical device. It appears that all the technological and engineering requirements are such that 
the coherent quantum dynamics of a mechanical structure is indeed possible to observe and 
manipulate, producing intrinsically quantum effects such as squeezing, entanglement, superpositions, 
and energy quantization. These are the basic quantum effects observed with the most studied simple  
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harmonic oscillator, the electro-magnetic field. We now are at the point where these effects appear 
possible in a micron-scale, material field. These experiments ask us if we really believe that quantum 
mechanics is a description of our world; does it fully describe the behavior of an object which is 
possible to see under an ordinary optical microscope? What is the nature of reality and what does it 
mean if an ordinary, micron size object could in fact be in two places at the same time? It is hoped 
that these mechanical experiments will force us to confront these foundational questions, and most 
directly address the subject of topical area 1. 
 
Wolf von Klitzing 
Guided Mater-Wave Interferometry 
 
In this paper I would like to present a ‘novel experimental concept’. Since it will be an important 
advance in the experimental exploitation of the most quantum of objects – the Bose-Einstein 
Condensate - I believe matches topical area 1. Lasers have been used in interferometers as part of 
some of the most important and precise measurements in physics. A few years ago, with the arrival of 
experimental Bose-Einstein condensation it has become possible to create coherent matter-waves. 
The potentially much shorter wavelength promises much increased sensitivity. Interactions on a 
single atom-atom bases open the prospect of a new class of quantum-optical experiments, e.g. to 
reach the Heisenberg limit where the sensitivity depends linearly on the number of atoms used. 
However, it has proven to be difficult to produce the matter-wave guides needed to fully exploit this 
enormous potential. Especially, coherent ring-shaped waveguides have yet to be demonstrated. I will 
present a ring-shaped matter-wave interferometer using a novel class of guides based on time-
averaged adiabatic potentials (TAAP). In one and the same experimental setup the TAAP can produce 
traps or waveguides that can be, for example, a ring of variable diameter or two cigar-shaped guides 
with variable distance to each other – depending only on the applied modulation fields. The potentials 
are perfectly smooth, thus guaranteeing coherent transport within the waveguides. I will concentrate 
on the ring-shaped trap and its application as a coherently matter-wave interferometer. 
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YOUNG SCHOLARS COMPETITION: ASTROPHYSICS  
 
Doug P. Finkbeiner 
The Milky Way as a Laboratory for Dark Matter Annihilation 
 
Synchrotron emission from a population of ultra-relativistic electrons in the inner Galaxy has been 
observed by the Wilkinson Microwave Anisotropy Probe (WMAP). After careful modeling of the 
microwave foreground signals from the Galactic interstellar medium (free-free, "ordinary" 
synchrotron, thermal dust, and spinning dust), a residual microwave signal is present within 10-20 
degrees of the Galactic center, uncorrelated with any known foreground template. The most likely 
explanation for this mysterious component is synchrotron emission from an unusually hot electron 
energy distribution. The source of these electrons is still uncertain, but the spatial distribution, 
inferred energy spectrum, and total number are consistent with their being positron-electron pairs 
produced by annihilation of particle dark matter. In my essay, I review the evidence for this hot 
electron component, and show that it may not only explain the mysterious microwaves, but excess 
gamma-rays observed by EGRET and Integral/SPI. I close by briefly discussing complementary 
observations that could confirm the interpretation of these data as indirect detection of WIMP 
(weakly interacting massive particle) dark matter annihilation. 
 
Seth A. Hoedl 
A Torsion Pendulum Axion Search 
 
The discovery of the axion, a hypothesized sub-atomic particle, would have a profound impact on 
physicists' understanding of the present composition of the universe and on the fundamental forces 
between elementary particles. First proposed to solve the “Strong- CP" problem, the existence of the 
axion would confirm the Peccei-Quinn symmetry of the QCD Lagrangian, and as such, would explain 
why time reversal symmetry is so well conserved by the strong force. In addition, the axion is a 
strongly favored dark matter candidate and could constitute 87% of the mass of the universe. Our 
group has embarked on a novel program of research to explore the existence of the axion using the 
torsion pendulum technique. Our research should be considered in Topical Area 2. Our experiment 
takes advantage of a unique axion property: in a virtual state, axions mediate a macroscopic, short 
range, parity and time violating force between polarized electrons in a fixed electromagnet and 
unpolarized nuclei in a germanium wafer suspended by a thin tungsten fiber. By suitably modulating 
the polarization of the electrons, and observing the twist of the wafer with a laser-read out system, we 
can explore, with unprecedented sensitivity, the existence of this new force, and thus, impose the first 
limits on axions with a mass between 100μeV and 1000μeV, a cosmologically favored range. A 
positive signal would dramatically improve the prospects that axions are the dark matter (subsequent 
direct confirmation would be required). We aim to improve on the present limits of such a force by 
nearly 18 orders of magnitude for an axion mass of 200μeV. Perhaps most intriguing, our instrument 
will explore a region of parameter space never before investigated, and thus, may reveal previously 
unknown phenomena. 
 
Brian G. Keating 
An Ultrasonic Image of the Embryonic Universe 
 
Professor Keating’s Background Imaging of Cosmic Extragalactic Polarization (BICEP) experiment 
attempts to answer one of the most important questions in cosmological physics (Topical Area 2): 
how did the universe begin? BICEP will be the first experiment of any kind to use the polarization of  
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the cosmic microwave background (CMB) to constrain the energy scale of inflation at scales typical 
of the Grand Unified Theory (GUT) scale. A convincing detection of primordial gravitational waves – 
essentially quantum noise in the early universe – will probe the universe ~10-38 seconds after the Big 
Bang; at energy scales one trillion-times higher than particle accelerators. BICEP is highly 
interdisciplinary, integrating fields as diverse as microfabrication and gravitational wave cosmology – 
using micron-scale detectors to study the universe on Gigaparsec-scales. The BICEP group has 
developed a two-phase plan using innovative technologies to extract new physics from the Big Bang. 
In November 2005, BICEP-I begins observing CMB polarization from the South Pole, mapping 1000 
square-degrees to Kμ1≈ per 1º-pixel. Assuming non-cosmological contaminants can be subtracted 
BICEP-I will then be sensitive to degree-scale polarization at the 100 nK level – unprecedented even 
among space missions flying within this decade – sufficient to detect the signature of gravitational 
waves if the energy scale of inflation is close to 1016 GeV. BICEP-I develops the scientific case for 
BICEP-II which shares many resources with its predecessor. However, by exploiting innovative 
microfabrication technologies BICEP-II will deploy five-times more detectors than BICEP-I. These 
upgrades represent the cutting-edge of millimeter-wave astronomy – one which will likely reveal the 
gravitational wave background if the inflationary energy scale is close to the GUT scale. This would 
provide the necessary evidence for inflation to join the “the standard model” of cosmology.  
 
Marc J. Kuchner 
Band-Limited Image Masks: New Tasks for High Contrast Astronomy and Finding 
Extrasolar Earths 
 
To determine whether the Earth is unique as life-forming planet, NASA and the European Space 
Agency (ESA) are both developing telescopes that can find small extrasolar planets like the Earth and 
take their spectra to search for atmospheric water and oxygen and other signs of a habitable 
environment. For a long time, direct imaging of extrasolar Earth analogs was thought to require a 
mid-infrared interferometer, inspiring the Infrared Stellar Interferometer (ISI), built by Charles 
Townes on Mt. Wilson. Recently, the tide has changed and the mission concepts have bifurcated into 
those based on mid-infrared interferometers and those based on visible-light coronagraphs. Now a 
coronagraphic mission stands first in line in the US program--the Terrestrial Planet Finder 
Coronagraph (TPFC), an eight-meter visible-light space telescope, is to be launched in 2015. The 
debate over the coronagraph and interferometer concepts divided the planet-finding community. My 
postdoctoral research brought these two ideas into harmony by describing coronagraphy and nulling 
interferometry using the same mathematical framework, exposing the relationships between the 
fundamental physical limits of these two techniques. The discovery of these principles led to the 
development of a series of inventions, including the “eighth-order bandlimited” image masks that 
now form the baseline design for the TPFC. In the limit of Fourier optics, these masks provide 
infinite dynamic range for a flat wavefront, and also suppress leakage caused by the dominant 
aberrations: tip-tilt, focus, astigmatism and coma, allowing TPFC to operate with pointing accuracy 
no better than that of the Hubble Space Telescope. The most recent experiments at the JPL high 
contrast imaging testbed with these masks have produced 9 orders of magnitude of dynamic range in 
laser light images. This research inherits Townes’ interests in astronomy and the propagation of light, 
and addresses topical areas 2 and 3.  
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Priyamvada Natarajan 
Probing the Nature of Dark Matter 
 
The nature of dark matter is one of the big unsolved questions in cosmology today. Aside from direct 
detection experiments many of which are underway, gravitational lensing offers a unique and 
powerful technique to map the presence of dark matter. The bending of light rays due to the presence 
of intervening masses is predicted by general relativity. The resultant distortions induced in the 
shaped of background galaxies can be used to map the foreground mass. However, we need to go 
beyond simply mapping the dark matter to unravel its nature and properties. We have devised a 
unique method that utilizes these maps in conjunction with our astrophysical understanding of 
clusters of galaxies to pin down key properties of dark matter. There is strong theoretical and 
observational motivation for postulating collisionless dark matter, and in fact, the current successful 
paradigm that explains the growth and evolution of structure in the Universe is built upon this 
premise. This cold dark matter model despite its successes suffers from a few critical problems, one 
of which is the persistent existence of copious amounts of substructure and its small-scale behavior. 
An alternate model, self-interacting dark matter was proposed to alleviate these crises. Utilizing our 
technique we are able to rule out the self-interacting dark matter and many of its variants 
conclusively. Besides, we have also demonstrated that there is in fact excellent agreement between 
the predicted and detected amount of substructure in clusters of galaxies. This is accompanied by 
directly comparing the spatial distribution and masses of substructures detected observationally from 
lensing techniques and with those that form in state-of-the-art high resolution cosmological N-body 
simulations. The implications of our work are profound, as we have established that many detailed 
properties of dark matter are consistent with it being collisionless and the cold dark matter paradigm 
is healthy, alive and robust. 
 
Adam G. Riess 
Determining the Nature of Dark Energy Now with HST and SNe Ia at z>1 
 
Type Ia supernovae (SNe Ia) have been used to map the expansion history of the Universe and 
currently provide the most direct evidence for an accelerating Universe, a result widely attributed to 
dark energy. Determining the nature of the dark energy is now one of the very biggest challenges 
facing modern cosmology. In this quest, all possible tools are being brought to bear. In ongoing work, 
our team, PANS, is using the Hubble Space Telescope (HST) to extend the Hubble diagram deeper 
into cosmic history. We have discovered and measured the highest-redshift SNe Ia known now 
including 25 SNe Ia at z > 1. To understand the nature of dark energy, we seek to measure its two 
most fundamental properties: its recent equation of state (i.e. P/ρc2 = w (z = 0)) and its evolution (i.e., 
dw/dz). SNe Ia at z > 1, beyond the reach of the ground but squarely within the reach of HST with the 
new Advanced Camera for Surveys (ACS), are crucial to break the degeneracy between these two 
aspects of dark energy inherent in SNe Ia observed at z < 1. The SNe Ia at z > 1 our team is finding 
with HST will more than double the precision of our knowledge of both properties. With continuing 
effort into the future, we anticipate increasing the sample of SNe Ia at z > 1 to > 100 SNe Ia over the 
next five years. These measurements, in concert with those obtained from the ground, should yield 
the first, approximate picture of the nature of dark energy. 
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YOUNG SCHOLARS COMPETITION: TECHNOLOGICAL INNOVATIONS  
 
Randy A. Bartels 
Controlling the Dynamics of Complex Quantum Mechanical Systems 
 
This submission to the Young Scholars Competition is an innovative application of controlled 
molecular dynamics to develop new scientific tools for problems of an interdisciplinary nature and 
the potential impact on studying molecules and their dynamics in living cells. An apparatus for full 
control of the complex quantum mechanical dynamics of molecular vibrations on the ground state is 
discussed. The complexity of this quantum dynamical system can easily be tailored by increasing the 
complexity of the molecule, providing an ideal testbed for studying the transition from quantum 
dynamics in simple, well-behaved systems to dynamics in extremely complex systems. This 
vibrational dynamical control may enable more detailed studies of the Hamiltonian of complex 
molecules. We demonstrate selective control of Raman-active vibrational states with shaped ultrafast 
laser pulse in room-temperature gas phase molecules. The construction of a shaped-pulse, phase-
stabilized mid-IR source for selective control over bright dipole-allowed vibrational states will also be 
reviewed. Finally, experiments demonstrating control over electron dynamics with attosecond 
precision with the shaped-laser pulse apparatus used for vibrational dynamics will be presented.  
 
Maurice Garcia-Sciveres 
The Development of Silicon Hybrid Pixel Detectors for Particle Physics 
 
A new type of detector for use in particle physics collider experiments is discussed. The 
instrumentation is designed to operate at the Large Hadron Collider to begin operation in 2007 in 
Geneva, Switzerland. The goals of the experiment are to discover new types of particles and 
interactions, such as, but not limited to, the Higgs field and Supersymmetry, that have been 
theoretically hypothesized (topical area 1). In certain models, the lowest mass supersymmetric 
particle is a candidate for the dark matter particle (topical area 2). The large area hybrid pixel detector 
device represents a technological advance in research instrumentation. Some of the devices and 
methods developed could be applied to other areas of research or technology, such as medical 
imaging (topical area 3). 
 
Paul Kwiat 
The Entanglement Revolution 
 
In the 1950's, Townes' research on the maser and laser started the era of modern optics. These 
discoveries provided society with the twin benefits of an unprecedented window into the quantum 
world, and technologies which would become critical to virtually every modern technical field. 
Today, a decade after inventing an entangled-photon source based on down-conversion, we are in a 
position that Professor Townes might find familiar: on the cusp of a technological revolution for 
which the foundations have already been laid. The early days of this revolution focused on creating 
entangled states, and continued work has led to dramatic increases in state brightness, quality, and 
tunability. Inseparable from this effort has been the task of precisely manipulating and quickly and 
accurately measuring those same states. These advances in turn have led to the current frontier of 
quantum information, in which our group, one among many that now use entangled states from down 
conversion, is entangling photons in every possible degree of freedom, preparing those photons in 
optimal spatial and temporal modes, transducing photons from useful wavelengths to easily detectable  
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ones, exploiting the non-local nature of entanglement to remotely prepare arbitrary states, and 
developing the single-photon sources which will be crucial for the next generation of quantum 
information technology. It is, however, our visions of a global network of quantum processors linked 
by entangled-photon sources, of quantum-enhanced metrologies exceeding classical limits on 
physical measurement, and of an entanglement informed understanding of reality, which have granted 
us the hubris to compare the potential of this technology to the legacy of Professor Townes. With this 
vision in mind, we hope that the judges will find this research applicable to Topical Area 3, with an 
eye towards both the technological feats that quantum photonics has already achieved and the 
potentially revolutionary applications still to come. 
 
Marin Soljačić 
Wireless Non-Radiative Energy Transfer 
 
The emerging vast acceptance of autonomous electronic devices (e.g. radios, cell-phones, laptops, 
robots), which are currently being powered by on-site conversion of chemical energy, justifies 
revisiting the old dream of the pioneers of electrical applications (e.g. Tesla, Edison): transporting 
electrical energy wirelessly; where for optimal practicality, the energy transfer should be independent 
of the details of the geometry of the space in which the scheme is being used (e.g. of the exact 
position of the drain with respect to the source, and whether there exists a direct line-of-sight between 
the drain and the source.) Of course it is well known that freely radiative modes satisfy this 
requirement (making them very suitable for information transfer), but they are not suitable for 
powering remote devices, since most of the power ends up being wasted into empty space. In the 
present paper, we investigate whether, and to what extent, the unique physical phenomenon of long 
lifetime resonant states can, with long-tailed bona-fide (non-radiative) modes, be used for efficient 
energy transfer. Intuitively, if both the drain and the source are resonant states of the same frequency 
with long lifetimes, they should be able to exchange energy very efficiently, while interaction with 
other environmental off-resonant objects could be negligible. Of course, intricacies of the real world 
make this simple picture significantly more complex. Nevertheless, via detailed theoretical and 
numerical analyses of typical real-world model-situations and realistic material parameters, we 
establish that such a non-radiative scheme could indeed be practical for middle-range wireless energy 
transfer (i.e. within a room, or a factory pavilion). Important novel applications are thus enabled. 
 
Joseph Thywissen 
Micro-Electromagnets: An Enabling Technology for Ultracold Atom Research and Practical 
Applications 
 
Both electronics and lasers owe their widespread commercial use to microfabrication. Similarly, the 
microfabrication of tools physicists use to manipulate atoms hold promise for the development of 
technical applications of cold and ultra-cold atoms. In this short paper, we discuss the power of 
“micro-electromagnets” in the context of cold quantum gas experiments. More detail is provided on 
several contributions, including the design of microscopic wave guides, and the observation of 
quantum degenerate fermions on a chip. 
 
Jun Ye 
Optical phase control from 10-15s to 15: Precision measurement meets Ultrafast Science 
 
Phase control of a single-frequency continuous-wave laser and the electric field of a mode-locked 
femtosecond laser has now reached the same level of precision, resulting in sub-optical-cycle phase  
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coherence being preserved over macroscopic observation times exceeding seconds. The subsequent 
merging of CW laser-based precision optical-frequency metrology and ultra-wide-bandwidth optical 
frequency combs has produced remarkable and unexpected progress in precision measurement and 
ultrafast science. A phase-stabilized optical frequency comb spanning an entire optical octave (> 300 
THz) establishes millions of marks on an optical frequency “ruler” that are stable and accurate at the 
Hz level. Accurate phase connections among different parts of electromagnetic spectrum, including 
optical to radio frequency, are implemented. These capabilities have profoundly changed the optical 
frequency metrology, resulting in recent demonstrations of absolute optical frequency measurement, 
optical atomic clocks, and optical frequency synthesis. Combined with the use of ultracold atoms, 
optical spectroscopy and frequency metrology at the highest level of precision and resolution are 
being accomplished at this time. The parallel developments in the time domain applications have been 
equally revolutionary, with precise control of the pulse repetition rate and the carrier-envelope phase 
offset both reaching the sub-femtosecond regime. These developments have led to recent 
demonstrations of coherent synthesis of optical pulses from independent lasers, coherent control in 
nonlinear spectroscopy, coherent pulse addition without any optical gain, and coherent generation of 
frequency combs in the VUV and XUV spectral regions. Indeed, we now have the ability to perform 
completely arbitrary, optical, waveform synthesis, complement and rival the similar technologies 
developed in the radio frequency domain. With this unified approach on time and frequency domain 
controls, it is now possible to pursue simultaneously coherent control of quantum dynamics in the 
time domain and high precision measurements of global atomic and molecular structure in the 
frequency domain. These coherent light-based precision measurement capabilities may be extended to 
the XUV spectral region, where new possibilities and challenges lie for precise tests of fundamental 
physical principles. 
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NEW TECHNOLOGIES – NANO- AND FEMTOSECOND TECHNOLOGY, 
ARTIFICIAL INTELLIGENCE, AND BIOPHYSICS 
Session Chair: Marlan Scully 
 
Theodor Hänsch 
A Passion for Precision 
 

Very high precision physics has always appealed to me. The steady improvement in 
technologies that afford higher and higher precision has been a regular source of excitement 
and challenge during my career. In science, as in most things, whenever one looks at 
something more closely, new aspects almost always come into play. … 

 
With these words from the book How the Laser Happened, Charles H. Townes expresses a passion 
for precision that is now shared by many scientists. Masers and lasers have become indispensable 
tools for precision measurements. During the past few years, the advent of femtosecond-laser 
frequency-comb synthesizers has revolutionized the art of directly comparing optical and microwave 
frequencies. Inspired by the needs of precision laser spectroscopy of the simple hydrogen atom, such 
frequency combs are now enabling ultra-precise spectroscopy over wide spectral ranges. Recent 
laboratory experiments are already setting stringent limits for possible slow variations of fundamental 
constants. Laser frequency combs also provide the long missing clockwork for optical atomic clocks 
that may ultimately reach a precision of parts in 1018 and beyond. Such tools will open intriguing new 
opportunities for fundamental experiments including new tests of special and general relativity. In the 
future, frequency-comb techniques may be extended into the extreme ultraviolet and soft x-ray 
regime, opening a vast new spectral territory to precision measurements. Frequency combs have also 
become a key tool for the emerging new field of attosecond science since they can control the electric 
field of ultrashort laser pulses on an unprecedented time scale. The biggest surprise in these 
endeavors would be if we found no surprise. 
 
Ahmed Zewail 
Exploring the Fourth Dimension—From Physics to Biology 
 
Space-time energy landscapes are complex; but, remarkably, they describe a simple ordered function, 
from inflation in cosmology to nanoscale “thinking machines” in the molecular universe. A protein 
molecule with thousands of atoms statistically requires the age of the universe to fold into one unique 
and functional structure, but the same protein has one (or a few) well-defined function(s). The unique 
nature of space and time for such transformations remains undiscovered despite a myriad of studies in 
a century of developments in physics, chemistry, and biology. 
 
At the turn of the twentieth century, beginning with x-rays, diffraction techniques have allowed 
determination of equilibrium (time-averaged) 3D structures with atomic-scale resolution in systems 
ranging from diatoms (NaCl) to DNA, proteins, and complex assemblies such as viruses. Electron 
diffraction has equally made major strides in the determination of structures, and in fact the first 
membrane protein (water insoluble) structure of bacteriorhodopsin was determined using electron 
diffraction/microscopy of crystals only ca. 10 nm thick. However, for all studies, mechanisms of 
function have not yet been fully elucidated as the understanding of the function requires knowledge 
of the dynamics. 
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Over the past two decades, it has become possible to observe atomic motions with femtosecond 
resolution (femtochemistry) during the course of the change. The development would not have been 
possible without the “amazing light,” the laser. Conceptually, it was critical to introduce coherence of 
light and matter to address the “dogma” surrounding the uncertainty principle, an issue that Charlie 
Townes had to deal with in the development of masers and lasers. With time-resolved spectroscopy 
(wavelength longer than atomic spacings), the spatial architecture or structure is dark. A major 
challenge is to resolve the three-dimensional (3D) molecular structures, but at different times during 
the change. Such direct determination of molecular structures in space and time define what we 
termed 4D diffraction and microscopy.  
 
In this talk, I will highlight these recent developments in molecular and biological imaging, with joint 
spatial (picometer) and temporal (picosecond to femtosecond) resolutions. The applications in this 
new field of 4D ultrafast electron diffraction, crystallography, and microscopy span different areas, 
including studies of interfaces, self-assembly, bilayers, and phase transitions. I conclude by reporting 
the progress made in the direct imaging of biological cells and nano-to-micro structures and the 
potential for exploration in other areas of physics, chemistry, and biology. 
 
Steven Chu 
Is Life Based on the Laws of Physics? 
 
In 1944, Erwin Schrödinger posed this question in a series of lectures that was published in a short 
but influential monograph, What Is Life (Cambridge University Press, 1945). While a substantial part 
of his lectures discussed the hypothetical properties of an “aperiodic” molecular crystal structure 
responsible for heredity, he went on to say: 

  
From all we have learnt about the structure of living matter, we must be prepared to find it 
working in a manner that cannot be reduced to the ordinary laws of physics [not because] 
there is any new force, but because the construction is different from anything we have yet 
tested in the physical laboratory. 
 

I will briefly discuss how this prediction fared 60 years after these lectures were given. In the ensuing 
years, the development of molecular, structural, and single-molecule biology have allowed us to 
begin to see biological process in physical terms. In particular, I will discuss our growing mechanistic 
understanding of relatively simple biomolecular systems and how this understanding compares with 
macroscopic machines based on Newton’s laws. I will then speculate on how more complex 
biological systems may or may not work “in a manner that cannot be reduced to the ordinary laws of 
physics.” 
 
Wolfgang Ketterle 
New Forms of Quantum Matter Near Absolute Zero Temperature 

Why do physicists freeze matter to extremely low temperatures? Why is it worthwhile to cool to 
temperatures that are more than a million times lower than that of interstellar space? This lecture will 
discuss new forms of matter, which exist only at extremely low temperatures. Low temperatures open 
a new door to the quantum world where particles behave as waves and “march in lockstep.” In 1925, 
Einstein predicted such a new form of matter, the Bose-Einstein condensate, but it was realized only 
in 1995 in laboratories at Boulder and at MIT. More recently, Bose-Einstein condensates of 
molecules and fermion pairs have been created and may show behavior similar to electrons in 
superconducting materials. A new form of high-temperature superfluidity has been discovered. In the  
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future, we hope to use ultracold gases to create designer matter; i.e., to realize Hamiltonians that have 
been discussed as model systems for many-body phenomena, but have not been observed in nature. 
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OTHER WORLDS – FROM IMAGINATION TO IMAGE: THE CHALLENGE OF 
BUILDING SUPERTELESCOPES IN SEARCH OF EXTRATERRESTRIAL LIFE 
Session Chair: Geoffrey Marcy 
 
Geoffrey Marcy 
Planets, Fringes, and Intelligent Life Near and Far 
 
Is there life elsewhere in the universe? Are there other planetary systems like our own? How do 
planets come into being, and what qualities make them habitable? In the vast universe, our home 
planet is a lovely oasis of life. We live in a time marked by technological advances so brilliant that 
these philosophical questions can now be pursued not only with pure thought, but also with scientific 
observations. 
 
Reinhard Genzel 
Inward Bound: High-Resolution Astronomy and the Quest for Black Holes and Extrasolar 
Planets 
 
Abstract not available at press time. 
 
Antoine Labeyrie 
Imaging Extrasolar Planets and their Vegetation Patterns with a 100 km Hypertelescope 
 
The notion of “other worlds” discussed by Greek philosophers twenty-three centuries ago was 
supported by the discovery of alien planetary systems during the last decade. In most cases, their 
presence was inferred indirectly; but we are now attempting to obtain images of Earth-like planets 
that may be orbiting stars in the sun’s vicinity. Initially, such images will show no appreciable detail, 
and it will be difficult to know whether the planets support life. Within another decade, however, 
detailed images will in principle become obtainable with “multi-aperture imaging interferometers,” 
also called “hypertelescopes,” spanning 100 km in space. These will involve free-flying mirrors 3 m 
in size, typically numbering a hundred, constrained to an accurate formation flight. An Exo-Earth 
Imager of this kind can provide a snapshot image of an “Earth,” located 10 light-years away, where 
green spots such as the Amazon basin are directly noticeable. In addition to the search for life, such 
images may contribute to “optical SETI,” the already initiated “search for extra-terrestrial 
intelligence.” 
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SPECIAL PLENARY LECTURE 
 
Freeman Dyson 
The Future of Science 
 
This talk has four sections: (1) Optical SETI is the search for evidence of extraterrestrial intelligence 
in the sky, carried out with optical instruments. Charlie Townes is the founding father of optical 
SETI. He proposed it in 1961, only a year after he invented the laser. The search is flourishing today 
at Harvard and Princeton and various other places. Paul Horowitz has developed optical detectors that 
make the search for nanosecond pulses cheap and efficient and proof against spoofing. (2) The 
ancient Greek poet Archilochus divided people into hedgehogs and foxes. Foxes know many tricks, 
hedgehogs only one. Albert Einstein and Edwin Hubble were hedgehogs, Charlie Townes and Paul 
Horowitz are foxes. Science needs both kinds for its healthy growth. Hedgehogs were dominant in the 
early twentieth century, the age of Einstein and Hubble. Foxes were dominant in the later twentieth 
century, the age of Fermi and Townes. Nobody can predict who will be dominant in the twenty-first 
century, but we can safely predict that there will be plenty of work for foxes. (3) When John von 
Neumann led the development of electronic computers, he expected computers to remain always 
large and expensive. He totally failed to foresee the domestication of computers, or the social 
revolution that personal computers brought about. I am predicting that biotechnology, which is now 
the preserve of universities and pharmaceutical industries, will be similarly domesticated in the 
coming century. Personal biotech kits and games will cause a social revolution as profound as the 
personal computer revolution. (4) Carl Woese has written a provocative review with the title, “A New 
Biology for a New Century,” suggesting that the era of Darwinian evolution driven by competition 
between discrete species was only an interlude between two eras in which genetic information was 
more widely shared. We are now entering the post-Darwinian era in which species will no longer 
exist and evolution will again be communal. The reductionist physics and the reductionist biology of 
the twentieth century will continue to be important in the twenty-first century, but they will not be 
dominant. The big problems—the evolution of the universe as a whole, the origin of  
life, the nature of human consciousness, and the evolution of the earth’s climate—cannot be 
understood by reducing them to elementary particles and molecules. New ways of thinking and new 
ways of organizing large databases will be needed. 
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SPECIAL PLENARY LECTURE 
Session Chair: Charles L. Harper, Jr. 
 
Vaclav Smil 
Science, Energy, Ethics, and Civilization: Non-Random Thoughts on the Dilemma of Power 
 
The laser is a perfect example of doing more with less, and doing it more precisely and more 
affordably yet with reduced undesirable impacts. As such, it belongs to that remarkable class of 
inventions that have transformed our civilization in countless unforeseen ways—and at the same time 
reinforced and accelerated the fundamental historic trend toward higher per capita use of energy that 
can be seen as perhaps the most imperative quest of sapient humanity. For millennia, these gains were 
slow and relatively small; but the unprecedented post-1870 synergy of science, technical innovations, 
and commercial forces has created a high-energy civilization whose powers, individually and 
collectively, appear truly fabulous in comparison with any of its predecessors. 
 
Less than a sixth of all humanity enjoys the full benefits of the high-energy civilization, a third of it is 
now engaged in a frantic race to join that minority, and more than half of the world’s population has 
yet to begin this ascent. The potential need for more energy is thus enormous—and yet even now the 
environmental consequences of this high energy use appear to threaten the global future because of 
the possibly catastrophic rates of biospheric change. 
 
Technical fixes will not do as more efficient and more affordable solutions only stimulate future 
demand and as market forces give clearly inadequate signals to promote a more rational course. And 
yet a closer look at our high-energy civilization shows that its quest has entered a decidedly 
counterproductive stage as further increases of per capita energy use are not associated with any 
important gains in the physical quality of life or with greater security, probity, freedom, or happiness. 
We had plenty to gain as we were moving along the energy escalator; but now the affluent world is 
firmly within the realm of no, or grossly diminished, returns.  
 
There are no simple solutions to this dilemma of individual and collective power. But as a careful 
technical and engineering analysis shows, there is a very realistic possibility to convert this escalating 
trend into a universally adequate energy supply. This is fundamentally an enormous ethical challenge. 
Although we have the technical and economic means to meet it, we would have to abandon the course 
of maximized energy throughputs and thus reverse perhaps the greatest imperative of human 
evolution.  
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SPECIAL INTERDISCIPLINARY PANEL DISCUSSION: CONSCIOUSNESS AND 
FREE WILL 
Session Chair: Charles L. Harper, Jr. 
 
PHILOSOPHY 
Chair: John Searle 
 
Abstract not available at press time. 
 
Robert Bishop 
Free Will and the Causal Closure of Physics 
 
One way some have thought that physics is relevant to free-will issues is captured in the following 
dilemma for defenders of free will. Here’s the first horn: Suppose our best fundamental theories of 
physics are deterministic. The very idea of scientific experiments requires freedom of action in the 
material world as a constitutive presupposition. In other words, in experimental physics it is always 
assumed that experimentalists have freedom to prepare the apparatus, choose the initial conditions, 
and repeat their experiments at any particular instant. On the one hand, physical systems under 
experimental investigation are assumed to be governed by strictly deterministic (or probabilistic) 
laws. On the other hand, experimentalists are assumed to stand outside these deterministic laws. This 
latter assumption conflicts with the first, however, because the fundamental laws are presumed to 
govern all matter, including the material systems called experimentalists. Thus, we have a 
performative contradiction—experimentalists cannot carry out experimental physics if the 
fundamental laws are deterministic (Primas 2002, pp. 101-102). 
 
For the other horn of the dilemma, suppose our best fundamental theories of physics are 
indeterministic. This looks like jumping out of the frying pan into the fire since the indeterministic 
laws still presumably govern all matter, including the material systems called experimentalists. Now 
there is no guarantee that experimentalists’ choices will be actualized in the material world, nor 
seemingly any reason to think their actions are anything other than flukes resulting from 
indeterministic events in physics. 
             
Some responses to this dilemma involve defining freedom such that it is somehow ultimately 
compatible with either form of fundamental physics. Though interesting, I think none of these 
attempts are persuasive. Rather, I think we should call into question a package of assumptions buried 
within this dilemma: namely, the causal closure of physics (CoP) and the doctrine of physicalism. 
CoP maintains, roughly, that all physical effects are fully determined by fundamental laws and prior 
physical events. Physicalism, in the form of the causal argument for physicalism, roughly states that 
all physical effects are due to physical causes; hence, anything having physical effects must itself be 
physical (e.g., Papineau 2002, ch. 1). 
             
I will offer reasons to think that CoP, at best, amounts to a typicality condition—in the absence of 
nonphysical interventions, the physical event e(t1 ) and fundamental physical laws will produce the 
physical state e(t2) in the usual fashion (provided that the system in question is appropriately isolated 
during its evolution from t1 to t2). As such, the causal argument for physicalism doesn’t go through 
(Bishop 2005). 
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If this line of thinking is right, then the laws of physics do not globally determine what 
experimentalists can or cannot do, but rather provide limits on the space of possibilities for their 
choices and actions. 
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Nancy Cartwright 
Free Will and the Dominion of Physics 
 
Is there free will? One conception of this question requires an answer to a previous question: Can the 
actions of human agents cause outcomes in the natural world? And one conception of this question 
requires an answer to a still previous question: Is everything that happens in the natural world fixed 
by the laws of physics? 
 
These are empirical questions, not metaphysical ones. What, then, can philosophers contribute? Some 
important distinctions and a metaphysical alternative to the usual picture of a tidy world ordered 
under the dominion of physics—a plausible metaphysical alternative: that of a dappled world, rich in 
different things, with different natures, behaving in different ways, with pockets of systematic 
behavior precisely predictable, great swaths where we can predict what happens only for the most 
part, and much that may fit into no system at all. The image of the dappled world is Gerard Manley 
Hopkins: 
 

Glory be to God for dappled things – 
For skies of couple-colour as a brindled cow; 
For rose-moles all in stipple upon trout that swim; 
Fresh fire-coal chestnut-falls; finches’ wings; 
Landscape plotted and pieced – fold, fallow, and plough … 

 
The first distinction is between the truth of the laws of physics and their universal rule. The great 
achievements of physics at precise prediction and control—like the successful operation of a laser or 
a SQUID (superconducting quantum interference device)—speak strongly in favor of the truth of its 
laws. But these successes are a two-edged sword when it comes to the universal dominion of physics. 
 
The great successes of physics that speak for its truth are for the most part predictions for engineered 
environments, like lasers or laboratories or inside the casing of an flashlight battery, or for 
environments, like the planetary system, that share an important characteristic with these. These are 
environments where the causes at work are all describable by the very precise concepts that figure in 
the laws of physics. Not surprising: where we cannot describe the input, we cannot predict the output.  
 
This observation leads to a second distinction. It is common to suppose: 
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Self-closure of physics: All the effects in the domain of physics are fixed under the laws of physics by 
causes in the domain of physics. 
 
But the evidence, I maintain, the very evidence that speaks for the truth of the laws of physics, better 
supports a far weaker thesis: 
 
Narrow self-closure: Effects in the domain of physics are fixed under the laws of physics in situations 
where all the causes of those effects can be described under physics concepts. 
 
The two theses collapse if every cause of a physics effect can be described by the concepts of physics. 
But that is a claim with only the weakest empirical support and a good starting reason to doubt. 
Physics concepts are highly constrained, on the one hand by exacting measurement procedures and on 
the other by the tight web of mathematical laws that they must satisfy. That is what gives physics its 
power of prediction. But it also suggests strong limits on its power of description. The more highly 
constrained a category of concepts is in its rules of application, the narrower will be the possibilities 
for applying it. 
 
Consider: the success of the laser argues strongly for the truth of quantum physics. But to explain the 
functioning of a laser, quantum physics must be combined with huge amounts of classical physics, 
practical information, knowledge of materials and finally exceedingly careful and clever design, and 
none of this is described – or looks to be describable – in the language of quantum physics. 
 
The laser is typical. We succeed in predicting not by describing arbitrary situations in the language of 
physics. Rather we treat situations that we can describe, either because we build them that way or 
because that is how they come. Even then we combine very different kinds of knowledge before we 
can make precise predictions. This belies the tidy picture of one embracing physics theory that can 
explain even all that occurs in its own domain, let alone everything that happens. 
 
So when it comes to free will, we cannot begin with the assumption that physics fixes everything that 
happens in the natural world.1

______________ 
1 For further discussion see John Dupré, 2001, Human Nature and the Limits of Science, Oxford University Press, especially 
the last chapter, and Nancy Cartwright, 1999, The Dappled World: Essays on the Boundaries of Science, Cambridge 
University Press 
 
Nancey Murphy 
Free Will and Downward Causation 
 
You have already heard from Robert Bishop on limitations regarding the assumption of the causal 
closure of the physical and from Nancy Cartwright on the extent to which causation itself is much 
more complex and varied than one assumes in thinking of a single concept of causation. 
  
The added resource I want to put on the table is the concept of downward causation, or whole-part 
constraint. This is the idea that, in complex systems, the system as a whole acts so as to constrain the 
behavior of its parts and thereby becomes a causal player in its own right. Roger Sperry and Donald 
Campbell both used the term “downward causation” in the 1970s. Sperry often spoke of the 
properties of the higher-level entity or system overpowering the causal forces of the component 
entities.1 In contrast, Campbell’s account, illustrated by his example of the evolution of the termite 
jaw, emphasizes selection among lower-level entities and causal processes.2
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More recently, Robert Van Gulick has provided a more detailed philosophical theory emphasizing 
that the higher-level patterns that are the province of the special sciences often exercise a selective 
effect among the causal powers of constituent entities. He says that: 
 

A given physical constituent may have many causal powers, but only some subsets of them 
will be active in a given situation. The larger context (i.e. the pattern) of which it is a part 
may affect which of its causal powers get activated. . . . Thus the whole is not any simple 
function of its parts, since the whole at least partially determines what contributions are made 
by its parts.3

  
None of this involves either violation of the laws of physics or causal overdetermination because it all 
has to do with selecting and channeling physical processes, not interrupting or overriding them.  
The critic, however, will be interested in how such selection is made. Does not selection involve, for 
instance, causing some termites to die? And, if so, must that not be by means of the same causal 
forces known to physics? Thus, causation is bottom-up after all. Alicia Juarrero responds to criticisms 
of this sort. She emphasizes that the system constrains the behavior of its component processes. This 
is not by means of external forces, but by changing the prior probabilities of the components’ 
behavior. She gives the following example: 

 
Assume there are four aces in a fifty-two-card deck, which is dealt evenly around the table. 
Before the game starts each player has a 1/13 chance of receiving at least one ace. As the 
game proceeds, once players A, B, and C have already been dealt all four aces, the 
probability that player D has one automatically drops to 0. The change occurs because within 
the context of the game, player D's having an ace is not independent of what the other players 
have. Any prior probability in place before the game starts suddenly changes because, by 
establishing interrelationships among the players, the rules of the game impose second-order 
contextual constraints (and thus conditional probabilities). . . . [N]o external force was 
impressed on D to alter his situation. There was no forceful efficient cause separate and 
distinct from the effect. Once the individuals become card players, the conditional 
probabilities imposed by the rules and the course of the game itself alter the prior probability 
that D has an ace, not because one thing bumps into another but because each player is 
embedded in a web of interrelationships.4
  

Note that the recognition of downward control serves to rebut neurobiological reductionism and 
allows us to recognize that all complex organisms exert downward control over their own parts. But 
this does not yet amount to the establishment of free will, a capacity attributed only to humans 
beyond a certain stage of development. Thus, a conceptual analysis is called for, asking: What are the 
necessary and sufficient conditions for a person to act freely? I propose that a person who has the 
capacity to evaluate that which moves her to act in light of reasons, particularly moral reasons, is in 
possession of free will. This very complex cognitive capacity can be analyzed into a number of more 
elementary abilities, many of which are beginning to yield to neurobiological investigation. Progress 
in understanding these neural processes does not pose a threat to our freedom, as many have claimed; 
rather, it helps us better to understand the high-level cognitive capacities that create our freedom. 
______________ 
1Sperry, R. W. (1983). Science and Moral Priority: Merging Mind, Brain, and Human Values New York: Columbia University Press, 1983, 
p. 117. 

 
2Campbell, D. T. (1974). “Downward causation” in hierarchically organized biological systems. In Studies in the Philosophy of Biology: 
Reduction and Related Problems, ed. F. J. Ayala and T. Dobzhansky. Berkeley: University of California Press, pp. 179-86. 
 
3Van Gulick, R. (1993). “Who’s in charge here? And who’s doing all the work?” In Mental Causation, ed. J. Heil and A. Mele, pp. 233-56, 
quotation 251. New York: Oxford University Press. 
 
4Juarrero, A. (1999). Dynamics in Action: Intentional Behavior as a Complex System. Cambridge, MA: MIT Press, p. 146. 

 118 



Abstracts 

SATURDAY, OCTOBER 8, 2005 10:10 AM – 12:00 PM (cont’d) ZELLERBACH 
 
NEUROSCIENCE 
Chair: William Newsome 
 
Abstract not available at press time. 
 
Gerald Edelman 
Naturalizing Consciousness: Consciousness, Mental Causation, and Free Will 
 
Consciousness has a number of apparently disparate properties, some of which seem to be highly 
complex and even inaccessible to outside observation. To place these properties within a biological 
framework requires a theory based on a set of evolutionary and developmental principles. I will 
briefly outline such a theory and reflect on its implications for mental causation and the issue of free 
will. 
 
Christof Koch 
The Quest for Consciousness: A Neurobiological Approach 
 
Half a century ago, many did not think it was possible to understand the secret of life. Then two 
scientists, Jim Watson and Francis Crick, discovered the structure of DNA, forever changing biology 
and the way we view ourselves in the natural order of things. We are now once again facing a similar 
pursuit in determining the material basis of the conscious mind. Consciousness is one of the major 
unsolved problems in science today. How do the salty taste and crunchy texture of potato chips, the 
unmistakable smell of dogs after they have been in the rain, the awfulness of a throbbing tooth pain, 
or the sight of the summit illuminated by the setting sun, emerge from networks of neurons and their 
associated synaptic and molecular processes?  
 
I will talk about the current empirical approach toward this problem. I will outline a framework that I 
have developed with Francis Crick over the past twenty years to come to grips with the ancient mind-
body problem. At the heart of the framework is a sustained, empirical program to discover and 
characterize the neuronalcorrelates of consciousness, the minimal set of neural events that leads to 
conscious perception. This program assumes that consciousness is a distinct ontological entity, 
distinct from its physical correlates, and that it can be explained within the existing physical 
framework. However, these assumptions will need to be justified over the coming years.  
 
I will briefly summarize what is known about the biology and neurology of consciousness, outlines 
the limits to our knowledge, and discuss the experiments that will be needed to bring the quest to a 
successful conclusion.  
 
PHYSICS 
Chair: George Ellis 
Contextual Introduction to Consciousness and Free Will for Physics Subpanel 

The hierarchy of complexity for the mind is discussed in depth in Scott (1995). Higher-level 
properties emerge from the underlying physics and chemistry, characterized by effective higher-level 
laws of behavior. Two major issues arise: first, how does consciousness arise from this physical 
hierarchy? We do not know the answer; indeed we do not even know the questions to ask in terms of 
solving the “hard problem” of consciousness. Second, how do lower-level and higher-level causation 
work in this context? Higher-level emergent properties are based on bottom-up and top-down action  
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in the hierarchy. The issue is whether this truly allows autonomous higher-level mental activity that is 
meaningful in its own terms (for example, developing the theory of the laser), which appears to be the 
case, and whether it is made particularly clear by considering the mind in its cosmic context. Or is 
this all the blind working out of the lower-level forces, so that the mind is just an automaton, with 
consciousness and free will an illusion? The physics issue is whether there is causal closure due to the 
bottom-up action of fundamental physical forces alone, or whether there is the freedom to allow top-
down causation from higher-level entities to in fact determine the outcome. Is an understanding of 
new physics required to make this all compatible? Could the key possibly lie in a new understanding 
of quantum physics? 
 
The draft of the full presentation is available separately. 
 
Hans Halvorson 
Quantum Mechanics, Determinism, and Freedom 
 
I will briefly review the current state of the debate concerning the implications for quantum 
mechanics in reference to the question of indeterminism and derivatively concerning free will. While 
QM is often thought to entail indeterminism, in fact the theory is consistent with interpretations (e.g., 
Bohmian mechanics) that are completely deterministic (although the results of experiments remain, in 
theory, completely unpredictable). I will re-examine the question of indeterminism in the light of 
recent advances on fundamental interpretational questions—e.g., recent progress on Everett’s 
multiverse interpretation, the development of quantum information interpretations—as well as in the 
light of the recent “free will theorem” by Conway and Kochen. 
 
Anton Zeilinger 
The Experimentalist’s Free Will in Quantum Entanglement Experiments 
 
Quantum entanglement provides for instantaneous correlations between quantum systems over 
arbitrary distances. These instantaneous correlations are not in conflict with the Special Relativity 
Theory because of the randomness of an individual quantum measurement. This intrinsic randomness 
prohibits anyone from transmitting a message faster that the speed of light in, for example, a quantum 
teleportation experiment. Yet, if the sender’s decision about which information to send were not free 
but predetermined, such a prohibition would not be necessary. It is therefore suggested that the 
randomness of quantum measurement might be an indication of the existence of free will. Whether 
the decision mechanism in the human brain, or in any other brain for that matter, exploits quantum 
randomness is a different question. 
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BEYOND PHYSICS 
Session Chair: William D. Phillips 
 
Michio Kaku 
The Future Vision: Artificial Intelligence and Extraterrestrial Life 
 
I present some speculations, based on my book Visions: How Science Will Revolutionize the 21st 
Century, about artificial intelligence (AI) and the future of civilization, for the short term and for the 
long—and longest—term. 
 
In the short term: Progress in AI will be rapid but ultimately disappointing in the next few decades. 
Moore’s Law will collapse by 2020, the Age of Silicon will end, Silicon Valley will become a 
Rust Belt, and hence predictions that robots will soon replace humans are perhaps premature. And 
quantum computing is still just a dream. Furthermore, the human brain is not really a Turing machine 
at all, but a sophisticated neural network; so it is doubtful that Turing-like machines will duplicate 
human thought anytime soon. In the long term: Civilization may progress from Type I, II, III; i.e., 
harnessing planetary, stellar, and galactic energies, where each civilization is separated by a factor of 
10 billion times. (We are, by contrast, a Type 0 civilization.) A Type III civilization exploring the 
galaxy may use nanotechnology to merge carbon and silicon. Their robotic, living star ships, perhaps 
no larger than a marble, might exponentially proliferate through the galaxy, much like a single cold 
virus can colonize trillions of human cells within a week. One can calculate that the energy available 
to a Type III civilization is the Planck energy (1019 billion electron volts), the fabulous energy where 
space-time itself becomes unstable and disintegrates into a space-time foam. Perhaps wormholes, 
dimensional gateways, and baby universes inhabit the realm of the Planck energy. In the farthest 
future: The universe is dying, careening out of control, driven by a mysterious Dark Energy. The laws 
of physics are a death warrant to all intelligent life. But perhaps the laws of physics have a loophole. 
If we can somehow tame the quantum forces lurking at the Planck energy, perhaps future civilizations 
may be able to escape our dying universe and reach another, warmer universe. 
 
Paul C.W. Davies 
Multiverse Cosmological Models and Anthropic Selection 
 
An increasingly popular explanation for the surprising bio-friendliness of the universe is an appeal to 
an observer-selection effect: Our universe is posited to be an atypically habitable member of a vast 
ensemble of universes, or a multiverse. Support for the multiverse concept comes from string theory 
and inflationary cosmology, although it is a generic feature of broken symmetries in cosmological 
models that cool from a hot Big Bang. The multiverse is successful in accounting for some fine-
tuning of biophilic parameters, but it falls short of giving a self-contained explanation of physical 
existence. 
 
Robert J. Russell 
The Science of Light and the Light of Science: An Appreciative Theological Reflection on the 
Life and Work of Charles H. Townes 
 
In a culture in which science and religion seem either in conflict or totally irrelevant to each other, 
Charles Townes has argued for decades that they are, in fact, convergent ways of knowing the world. 
In his autobiography, Making Waves, he cites four ways in which science and religion share important  
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ideas and approaches. First, “faith is necessary for the scientist to even get started, and deep faith 
necessary for him to carry out his tougher tasks.” Next, scientific discoveries depend on intuition 
along with reason and evidence. In fact, the most important discoveries come about through a process 
which Townes views from his own experience on the maser/laser as “akin to revelation.” Third, 
contrary to popular belief, scientific theories can be disproven, but they can never be conclusively 
proven. Finally, scientific knowledge is often paradoxical and always tentative. In discussing each of 
these points, Townes points out the similarities between religious experience and scientific 
knowledge. 
 
In my lecture, I will reflect theologically on these four claims and then explore the ways in which 
Townes’ work on the maser/laser, and its underlying foundations in special relativity and quantum 
mechanics, lead to rich new insights and metaphors for our understanding of God’s relation to the 
world. 
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3-M PANEL DISCUSSION: MIND, MATTER, MATHEMATICS—THE NATURE 
OF ULTIMATE REALITY 
Session Chair: George Ellis 
Introduction to Mind, Matter, Mathematics—The Nature of Ultimate Reality—for 3-M Panel 
Discussion  
 
The issue for discussion is “the question of ultimate reality and the 3-M hermeneutical circle of mind, 
matter, and mathematics—considering issues of ultimate reality and causation from the perspectives 
of physics, cosmology, mathematics, philosophy, and theology.” In this brief introduction, I will flag 
issues that I see as arising under the following headings:  
 

1. Matter, Mind, Mathematics: What is the nature of their existence?  
2. An additional world—consisting of possibilities/laws—is needed for science to make 

sense 
3. What are the (deeply mysterious) relations between these different worlds?  
4. Completion needs the metaphysical 3Ms: the underlying fundamental causation for these 

aspects of existence (I suggest [1] that, in addition to the others, there is a metaphysical 
reality to ethical issues related to deeper aspects of meaning and [2] that the proposal of a 
physical multiverse does not solve the underlying metaphysical issues) 

5. Relations between the metacauses: Are there one or many? Is there a unity between them 
of some kind, perhaps an overarching purpose or telos? Or are they disjoint? 

6. Which kind of existence is the most fundamental? Logic may be the deepest reality, but 
its foundations are unclear 

 
The draft of the full presentation is available separately. 
 
Gerald Gabrielse 
 
Abstract not available at press time. 
 
Eleonore Stump 
Persons, Patterns, and Trinity 
 
It is common for contemporary philosophers of mind to suppose that a person is reducible to 
something else, for example, to the collection of elementary particles that compose his body in the 
course of his existence. Now the Christian doctrine of the Trinity says that there is one God in three 
persons. What makes the doctrine of the Trinity the doctrine it is is its insistence that neither the 
oneness of the Godhead nor the threeness of the persons are reducible to each other. In particular, the 
three persons are not reducible to the one God; they are not to be understood as modes of God or roles 
God has in relation to the world or anything else of the sort. So, if God is the irreducible ultimate 
foundation of reality, then persons are an irreducible part of the ultimate foundation of reality. So 
whether or not human persons are reducible to something non-personal, if there is a triune God, the 
point at which all reduction has to stop will include persons. In this paper, I ask what difference it 
makes to our understanding of the right methods for knowing our world if persons, rather than 
elementary particles and the laws of physics, are the foundation of everything there is. 
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Leonard Susskind 
Pocket Universes 
 
There is an undeniable appearance of “intelligent design” in the fine-tunings of the laws of physics 
and cosmology. Most physicists regard this as an illusion, but they are deeply split on the reason for 
the illusion. I will discuss the two main paradigms; namely, random accident and what in my opinion 
is far more likely—an enormous “landscape” of possibilities populated by a “megaverse” (or 
multiverse) of “pocket universes.” 
 
Max Tegmark 
Mathematics => Matter => Mind 
 
I argue that the resolution of the MMM-triangle is Mathematics => Matter => Mind.  
 
My view is that Mathematics is something we humans uncover rather than discover, so that there 
should be no Mind => Math link. In defense of the Matter => Mind link, I argue that consciousness is 
a phenomenon that arises in certain highly complex physical systems that process information. In 
defense of the Math=> Matter link, theories are considered successful if they make predictions that 
are subsequently verified. The view that the physical world is intrinsically mathematical has scored 
many successes of exactly this type, which in my opinion increase its credibility. After Galileo 
promulgated the idea, additional mathematical regularities beyond his wildest dreams were 
uncovered, ranging from the motions of planets to the properties of atoms. After Wigner had written 
his famous essay on the unreasonable effectiveness of mathematics, the standard model of particle 
physics revealed new “unreasonable” mathematical order in the microcosm of elementary particles, 
and my prediction is that history will repeat itself, again and again. A natural explanation for this 
trend is that the physical world really is completely mathematical, isomorphic to some mathematical 
structure.  
 
This hypothesis is that mathematical equations describe not merely some limited aspects of the 
physical world, but all aspects of it. It means that there is some mathematical structure that is what 
mathematicians call isomorphic (and hence equivalent) to our physical world, with each physical 
entity having a unique counterpart in the mathematical structure and vice versa.  
 
This Platonic idea that the physical world is a mathematical structure is quite subtle. First of all, a 
mathematical structure cannot change, being an abstract immutable entity existing outside of space 
and time. This means that if history were a movie, the mathematical structure would correspond not 
to a single frame of it, but to the entire videotape. The familiar frog perspective of a three-
dimensional space where events unfold over time corresponds, from the bird perspective of a 
mathematician, to a four-dimensional spacetime where all of history is contained. For example, back 
in the early days of Newtonian physics, many scientists believed that everything was made up of 
classical point-like particles moving around in three-dimensional space. In four-dimensional 
spacetime, these particle trajectories would resemble a tangle of spaghetti. A straight raw-looking 
spaghetti strand would correspond to a particle moving with constant velocity, whereas two spaghetti 
strands intertwined like a double helix would look like a pair of orbiting particles from the frog 
perspective, and a spinning propeller would resemble rotini. Spaghetti curvature would correspond to 
particle acceleration, so by carefully studying pasta geometry you could extract the equations 
governing the particle dynamics, the law of gravity, and so on.  
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In this Newtonian model (now known to be incorrect), a self-aware observer such as you would be a 
thick bundle of pasta winding its way though spacetime. Within it, a vast number of spaghetti strands 
would intertwine in a highly complex way, corresponding to a cluster of particles storing and 
processing information about their surroundings in the spirit of the mechanical computers envisioned 
by nineteenth-century pioneers such as Charles Babbage. At each position along the spaghetti bundle, 
these processes would give rise to the familiar but mysterious sensation of self-awareness. From its 
frog perspective, this self-aware entity would perceive the one-dimensional string of perceptions 
along the bundle as passage of time. 
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Individuals sometimes ask me whether a story 
such as that of the laser can happen in science today… 

Is there still room for individual  
discovery of importance? 

My answer is that every scientific discovery  
is different in detail, and essentially unpredictable,  

but that there will be many more.   
There is much that we don’t understand;  

in many cases we don’t understand that we don’t. 
 

-- Charles H. Townes 
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