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Preface

The XXI International Symposium on Lepton

and Photon Interactions at High Energies marked

the return of the Symposium to Fermilab at the start

of the Run II collider era of the Tevatron. As of 11-

16th August 2003, the Tevatron has delivered an in-

tegrated luminosity surpassing that of the previous

collider run. Whereas the IX Symposium, held at

Fermilab in 1979, marked the start of construction

of what was then called the “Energy Saver/Doubler”,

this one saw the newest accelerator at Fermilab – the

Main Injector – in full operation for both protons

and antiprotons. With the Main Injector the instan-

taneous luminosity of the Tevatron collider is a fac-

tor ∼ 50 higher than the original design luminosity

presented in 1979 for the “Energy Saver/Doubler”.

Soon to join the presently running MiniBooNE ex-

periment will be a new neutrino program at Fermilab

powered by the intense proton beams provided by

the Main Injector. This summer saw the completion

of the MINOS far detector and the NUMI neutrino

beamline will soon be completed.

At the IX Symposium the first evidence for glu-

ons was shown and QCD emerged as the theory that

could describe what was known about hadrons. It

was hoped that QCD would soon be near to gain-

ing the stature of QED. At this Symposium a ma-

jor breakthrough was presented. Lattice QCD has

reached a new level of precision, where errors on cal-

culated quantities can at last be reliably quantified at

the several % level. Soon, instead of testing Lattice

QCD we will be using it to help us determine more

precisely the parameters of the Standard Model and

to look for New Physics. Other highlights for this

Symposium included the vast amount of new data

from the B-factories with the tantalizing possibility

of non-Standard Model CP-violation in φK0
S , and

the discovery of a new, as yet unexplained, parti-

cle, the X(3872). The remarkable progress in neu-

trino physics was again evident with the last pieces

of the solar neutrino problem falling into place and

settling on the LMA-1 solution. However we were re-

minded how much we still need to understand by the

talks on Dark Matter and Dark Energy. The talks

also showed the synergy between the different areas

of particle physics and between particle physics, as-

troparticle physics and cosmology, especially in the

search for New Physics at the TeV energy scale.

While still following the traditional program of

review talks, for this edition of the Symposium a

real effort was made to increase active participa-

tion throughout the Symposium. This was partly

achieved by holding breakout discussion sessions be-

tween the formal plenary talks. There, the speak-

ers from several sessions were available for an ex-

tended “Question and Answer” session. These new

sessions were enormously successful, and the only re-

gret maybe is that we do not have a written record of

these discussions. However this probably allowed for

a more informal and relaxed atmosphere. Additional

participation was also generated by another new in-

troduction to the Symposium, a “Physics Posters”

session. There were 66 physics posters presented

with obvious enthusiasm by young physicists. These

poster presentations were split over two days and in-

cluded results from 20 different experiments as well

as posters on theory, analytical techniques, and de-

tector development. A “Laboratory Posters” day

was again held with the participation of 15 laborato-

ries, based in eight different countries. In addition,

one evening was devoted to a special session on the

Computational Data GRID, comprising an interest-

ing program with both talks and posters.

Another aim for this Symposium was to increase

the participation of younger scientists, who are the

future of the field. As well as having some excel-

lent young speakers and holding the new “Physics

Posters” session, younger scientists were recruited to

help throughout the Symposium. Included in this

were the local organizing committee, the Scientific

Secretaries, and one of the editors can still be con-

sidered young!

A major effort at this Symposium was public

outreach. Members of the press held special discus-

sion sessions with scientists on various physics top-

ics; there was also a special press conference with the

Laboratory Directors. The outreach effort included

interaction with the public during several hours in

the Field Museum in Chicago, which was covered by

the press. There were also excellent “Plain English”

articles written on seven different particle physics

and cosmology topics made available via the Sympo-

sium website. At a public lecture on the last evening
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of the Symposium, Fermilab director, Mike With-

erell, gave an inspiring talk on “New Questions about

Matter, Space and Time” to a packed auditorium of

the local public. Capping off these outreach efforts

was the launch of Interactions.org, a multinational

website designed as a central resource for communi-

cators of particle physics.

Following the excellent efforts of LP2001 on

keeping a good record of the Symposium, we have

tried to provide as good a record as possible via the

website and through a DVDROM included with the

hardcopy of the proceedings. These will provide a

lasting record of the live webcast streaming video for

each talk, the talk slides, the writeups of each talk,

the public lecture, and the physics and laboratory

posters.

The synergy between different areas of particle

physics and cosmology that was so evident at LP2003

can be viewed as a broad attack to dispel the veil at

the TeV energy scale. This effort will continue to

pull at this veil and foreshadows the bursting forth

of New Physics that will overwhelm, delight, excite,

and inspire us. We hope that LP2005 will bring us

a glimpse of this future era.

Harry W. K. Cheung

and

Tracey S. Pratt

Proceedings Editors
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Cover: Broken Symmetry

The tri-span sculpture, called “Broken Symme-

try”, rises 50 feet above the road at Fermilab’s Pine

Street entrance. It exemplifies the notions of symme-

try and symmetry-breaking that are so important in

the physics of elementary particles. Although asym-

metric from most angles, when viewed from directly

above or below the apex, the structure appears per-

fectly symmetric. This 21 ton “gateway” was con-

structed in 1978 from the steel armor plates of the

U. S. Navy aircraft carrier, Princeton, which was de-

commissioned in May, 1956. The steel from this and

other surplus decommissioned U. S. Navy battleships

is used at Fermilab for radiation shielding.

Front Endpaper: Aerial View of the Fermilab Accelerator Complex

The large ring on the left in the aerial view of the

Fermilab accelerator complex indicates the location

of the Main Injector, Fermilab’s newest accelerator.

The larger four mile ring on the right shows the loca-

tion of the Tevatron. Robert Rathbun Wilson Hall,

the “Highrise”, is clearly visible in the center. This

is named after Fermilab’s founding director.

Back Endpaper: View over Prairie, of Wilson Hall and Lederman Science Center

A look over an open tallgrass prairie which is

part of Fermilab’s Prairie Reconstruction Project.

This is an effort to recreate some of the awesome

beauty of the old prairies, as well as the biodiversity

of native grassland ecosystems. Wilson Hall can be

seen in the background on the right, and on the left

is the Lederman Science Center, named after Nobel

Laureate and former Fermilab Director, Leon M. Le-

derman. This visitor center is very popular with the

public and surrounding schools for gaining hands-on

experience to explore how Fermilab physicists under-

stand nature’s secrets.
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WELCOMING REMARKS TO LEPTON PHOTON 2003

THE 21st INTERNATIONAL SYMPOSIUM ON LEPTON AND PHOTON

INTERACTIONS AT HIGH ENERGIES

S. PETER ROSEN

Office of Science, U. S. Department of Energy

E-mail: Peter.Rosen@science.doe.gov

Ladies and Gentlemen, on behalf of the United

States Department of Energy, Secretary Spencer

Abraham and Director of the Office of Science, Ray-

mond L. Orbach, it is my pleasure to welcome

you to Fermilab and to Lepton-Photon 2003. Mi-

nasama, Fermilab narabini Lepton-Photon 2003 he

Youkoso irassyaimashita. Meine Damen und Herren,

willkommen zum Nationalen Fermi-Beschleuniger-

Forschungszentrum. Mesdames et Messieurs, bien-

venue au Laboratoire National d’Accélératures de

Fermi. Signore e Signori, benvenuti al Laborato-

rio Nazionale Fermilab. Damy i Gospoda, dobro

po¼alovat~ v Fermilab. Damas y Caballeros, bi-

envenidos al Laboratorio Nacional Fermilab. Please

forgive me if I have omitted your own language, but

you are equally welcome.

I like to think of Fermilab as the home of the

third family of quarks and leptons: the b quark was

discovered here, and the first observations of the top

quark and tau neutrino were made here. It is also

the home of the Tevatron, presently the world’s high-

est energy hadron collider and it will remain so until

the LHC comes on-line in 2007. We all look for-

ward to the first results from Run II to be presented

at this meeting, and to the exciting physics it will

produce in the next five years. The discoveries made

here and the lessons learned about extracting physics

from hadronic collisions at the current energy fron-

tier will lay the groundwork for exciting and success-

ful hadronic collision programs at the future energy

frontier at the LHC. They may also provide hints

about the physics we may encounter at a future lin-

ear electron-positron collider.

While allowing for the precautions which the

United States Government believes to be necessary

for security reasons, the spirit of Fermilab, like the

spirits of its sister laboratories at Brookhaven and

Stanford, and at high energy physics laboratories in

Asia and Europe, is that of an international research

center. You can see outside the main entrance to

Wilson Hall the flags of all the nations from which

physicists come to perform their experiments. About

one half of the 1100 or so users at Fermilab are from

foreign countries, and the same is true of the users at

RHIC and at SLAC. We welcome this participation

by our colleagues from abroad, just as we appreciate

the welcome given to U. S. scientists at facilities in

other parts of the world.

This international, or rather global nature of our

field has grown strong roots in the world high energy

physics community and it serves as a model for other

scientific fields, especially those that require large,

global-scale facilities. The high energy community

has been a pioneer in the development of major fa-

cilities, for example super-scale detectors like CMS

and ATLAS. The next steps that I believe it needs to

pioneer are planning on a global scale, and the for-

mation of a laboratory for the next frontier facility,

which has to be global from its inception, through

construction and into its operating phase.

Turning to the physics at this meeting, we look

forward to the results to be extracted from the wealth

of data accumulated by the B-factories at KEK and

SLAC, something like 100 inverse femtobarns apiece.

Will they reveal new sources of CP-violation be-

yond the Standard Model, or give hints of other new

physics through precision measurements of exclusive

decay modes? Neutrino physics has been extremely

exciting in the past five years: what new insights

will we learn about the number of neutrinos, the

masses and mixing angles? What hints will we hear

from the Tevatron about Supersymmetry and extra

dimensions? Will new light shine on Dark Matter

and Dark Energy? Obviously there is an abundance

of exciting questions which will make for an excit-

ing conference, and so with no more ado, I bid you

welcome and good physicking!
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FLAVOR PHYSICS: RARE AND BEYOND

STANDARD MODEL DECAYS
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BRIGHT STARS, DARK ENERGY

R. KIRSHNER

Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, MA 02138, USA

E-mail: rkirshner@cfa.harvard.edu

NO CONTRIBUTION RECEIVED
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NEUTRINO MASSES FROM DOUBLE-β DECAY AND KINEMATICS EXPERIMENTS

G. GRATTA

Stanford University, Dept. of Physics, Stanford, CA 94305, USA

E-mail: gratta@hep.stanford.edu
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RESULTS AND STATUS OF CURRENT ACCELERATOR NEUTRINO EXPERIMENTS

K. NISHIKAWA

Kyoto University, Dept. of Physics, Kitashirakawa-Oiwakecho, Sakyo-ku, Kyoto 606-8502, Japan

E-mail: nishikaw@scphys.kyoto-u.ac.jp
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Symposium Program

Monday 11th August 2003

OPENING REMARKS

8:30am Welcome

Michael Witherell, Director of Fermi National Accelerator Laboratory

8:35am Welcome

S. Peter Rosen, Office of Science, U. S. Department of Energy

Session 1 - COLLIDER AND ELECTROWEAK

Session Chair: Richard Keeler, Victoria

8:45am Top Quark Measurements at the Tevatron

Patrizia Azzi, Padova

9:20am Electroweak Measurements at the Tevatron

Terry Wyatt, University of Manchester

9:55am Precision Electroweak Physics from Low to High Energies

Paolo Gambino, CERN

Session 2 - COLLIDER SEARCHES

Session Chair: Rohini Godbole, Bangalore

11:00am Higgs and Supersymmetry

Michael Schmitt, Northwestern University

11:35am Exotic Searches at Colliders

Emmanuelle Perez, Saclay

12:10pm Theoretical Predictions for Collider Searches

Gian Giudice, CERN

Session 3 - QCD AND LATTICE

Session Chair: Dong-Sheng Du, Beijing, IHEP

2:15pm QCD Theoretical Developments

Thomas Gehrmann, Zurich

2:50pm Hard QCD at Colliders

Robert Hirosky, Virginia

3:25pm Lattice Gauge Theory

Peter Lepage, Cornell

Session 4 - RARE B AND K DECAYS

Session Chair: Robert Tschirhart, FNAL

4:30pm Rare Kaon Decay Physics

Augusto Ceccucci, CERN

5:15pm Beyond the Standard Model Sensitivity in K and B Physics

Yuval Grossman, Technion
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Monday 11th August 2003

6:00pm Reception, Physics Poster Session, Jazz by Chicago Hot Six

8:00pm Special Session: Young Particle Physicists Town Meeting

Tuesday 12th August 2003

Session 5 - WEAK MIXING PHASES

Session Chair: Ikaros Bigi, Notre Dame

8:45am CKM Phases (β/φ1)

Tom Browder, Hawaii

9:20am CKM Phases (α, γ/φ2, φ3)

Hassan Jawahery, Maryland

9:55am Mixings, Lifetimes, Spectroscopy and Production of B-quarks

Kevin Pitts, Illinois

Session 6 - CKM MAGNITUDES AND QCD OF HEAVY HADRON DECAYS

Session Chair: Michael Danilov, ITEP

11:00am CKM Matrix Element Magnitudes

Klaus Schubert, Dresden

11:45am QCD and Heavy Hadron Decays

Gerhard Buchalla, Munich

1:00–2:00pm Informal Breakout Session I Session 1 and 2 Moderator: Rohini Godbole, Bangalore

Session 3 Moderator: Kirill Melnikov, Hawaii

Session 7 - RARE DECAYS AND PENGUINS

Session Chair: Marina Artuso, Syracuse

2:15pm Rare Hadronic B Decays

John Fry, University of Liverpool

3:05pm Radiative and Electroweak Rare B Decays

Mikihiko Nakao, KEK

Session 8 - CHARM AND QUARKONIUM PHYSICS

Session Chair: Steve Olsen, Hawaii

4:30pm Experimental Limits on New Physics from Charm Decay

Bruce Yabsley, Virginia Tech

5:05pm Heavy Quarkonium, Production and Spectroscopy

Tomasz Skwarnicki, Syracuse

5:40pm Lessons from Standard Charm Decays

Jussara de Miranda, CBPF

Wednesday 13th August 2003 Free Day

6:30pm Reception, Crystal Garden, Navy Pier

7:30pm Banquet, Crystal Garden, Navy Pier
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Thursday 14th August 2003

Session 9 - ASTROPARTICLE PHYSICS

Session Chair: Roberto Peccei, UCLA

8:45am Cosmic Microwave Background Experiments

Licia Verde, Princeton

9:20am Dark Matter and Energy

Robert Kirshner, Harvard

9:55am Astroparticle Theory

Esteban Roulet, Bariloche

Session 10 - NEUTRINO PHYSICS I

Session Chair: Stanley Wojcicki, Stanford

11:00am Dark Matter Experiments

Maryvonne de Jesus, Lyon

11:35am Double-Beta Decay and Tritium Decay Experiments

Giorgio Gratta, Stanford

12:10pm Results and Status of Current Accelerator Neutrino Experiments

Koichiro Nishikawa, Kyoto

1:00–2:00pm Informal Breakout Session II Session 4, 5, 6, 7 and 8 Moderator: Fred Gilman, CMU

Session 9 Moderator: Roberto Peccei, UCLA

Session 11 - NEUTRINO PHYSICS II

Session Chair: William Louis, LANL

2:15pm Reactor Neutrino Experiments

Kunio Inoue, Tohoku

3:00pm Solar Neutrino Experiments

Alain Bellerive, Carleton

Session 12 - NEUTRINO PHYSICS III

Session Chair: Enrique Fernandez, Barcelona

4:30pm Neutrino Physics: Open Theoretical Questions

Alexei Smirnov, Moscow and ICTP

5:15pm Future Experiments with Neutrino Superbeams, Betabeams and Factories

Deborah Harris, FNAL

Special Session - EXTREME COMPUTING: THE DATA GRID AND THE FUTURE OF

DISTRIBUTED COMPUTING

Session Chairs: Vicky White and Ruth Pordes, FNAL

7:30pm Introduction and Overview of the Grid: Current Status of U. S. Grid R&D and Deployment

Ian Foster, Argonne and Chicago

8:00pm Grids in Europe and the LCG Project

Ian Bird, CERN, LCG

8:30pm Network Research Infrastructures: Back to the Future

Bob Aiken, Cisco
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Thursday 14th August 2003

8:50pm Break

9:05pm All Grid, All the Time

Stephen Perrenod, SUN

9:25pm Grid Services and Web Services: Harmonic Convergence

David Martin, IBM

9:45pm TeraGrid and High-End Computing: Lessons and Futures

Daniel Reed, UIUC, NCSA, TeraGrid

Friday 15th August 2003

Session 13 - HADRON STRUCTURE I

Session Chair: Albrecht Wagner, DESY

8:45am Deep Inelastic Scattering

Paul Newman, University of Birmingham

9:20am Parton Distribution Function

Robert Thorne, Cambridge University

9:55am Measurements with Polarized Hadrons

Toshi-Aki Shibata, Tokyp Inst. Tech.

Session 14 - HADRON STRUCTURE II AND DETECTOR R&D

Session Chair: Halina Abramowicz, Tel Aviv

11:00am Diffraction and Vector Meson Production

Yuji Yamazaki, KEK

11:35am Heavy-Ion Collisions

David Hardtke, LBNL

12:10pm Detector R&D

Ties Behnke, DESY

Laboratory Poster Session/Fermilab Tours

1:30–4:30pm Fermilab Tours

2:15–6:00pm Lab Poster session

2:00–3:00pm Informal Breakout Session III Session 10, 11 and 12 Moderator: William Louis, LANL

Session 13 and 14 Moderator: Halina Abramowicz, Tel Aviv

3:00–4:00pm Detector R&D Moderator: Robert Kephart, FNAL

8:00pm Public lecture, “Windows on the Universe: New Questions about Matter, Space and Time”

Michael Witherell, FNAL
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Saturday 16th August 2003

Session 15 - NEW ACCELERATORS

Session Chair: David Miller, UC, London

8:45am Report from the Young Physicists

Veronique Boisvert, CERN

9:00am LHC

Luciano Maiani, CERN

9:35am Physics of the Linear Collider

Francois Richard, Orsay

10:10am Report from the Chair of ICFA

Jonathan Dorfan, ICFA and SLAC

10:25am Report from the Chair of C11

Vera Luth, IUPAP-C11

Session 16 - FUTURE DIRECTIONS

Session Chair: Hirotaka Sugawara, KEK

11:00am Linear Collider Options: Status of the R&D and Plans for Technology Selection

Maury Tigner, ILCSC and Cornell

11:45am Supersymmetry and Other Scenarios

Edward Witten, IAS-Princeton

Session 17 - OUTLOOK

Session Chair: Cathy Newman-Holmes, FNAL

2:00pm Outlook: The Next Twenty Years

Hitoshi Murayama, UC, Berkeley
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Physics Posters

Armstrong, Stephen . . . . . . . . . . . . . . . . . . . . . . . . .

CERN

The Physics Selection Strategy of the ATLAS High Level

Trigger

Bachacou, Henri . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

University of California, Berkeley

Measurement of the tt̄ Production Cross Section at the

Tevatron CDF Experiment using b-tagging

Black, Kevin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Boston University

Design of the Silicon Track Trigger at D0

Bocian, Dariusz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Institute of Nuclear Physics, Cracow

Luminosity Measurement with the Two-photon

pp→ pp+ e+e− Process

Boisvert, Veronique . . . . . . . . . . . . . . . . . . . . . . . . . .

CERN

Study of the q2-dependence of B → π`ν and B → ρ(ω)`ν

Decays and Extraction of Vub

Brubaker, Erik . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

University of California Berkeley

Measurement of the Mass of the Top Quark at CDF using

b-tagging in the Lepton + Jets Channel

Canelli, Florencia and Estrada, Juan . . . . . . . . .

University of Rochester

Optimal use of Information to Measure Top Properties

Chou, Aaron. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fermi National Accelerator Laboratory

A New Algorithm for Computing the Aperture of the Auger

Surface Detector

Coca, Mircea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

University of Rochester

Run II CDF Results in the tt̄ Dilepton Channel

Del Re, Daniele . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

University of California, San Diego

Measurements of Semileptonic B Decays with BABAR

Deryuzhkova, Oksana . . . . . . . . . . . . . . . . . . . . . . . .

Gomel State University

Low-energy Electromagnetic Characteristics of π-mesons in

the Covariant Lagrangian Approach

Dorjkhaidav, Orlokh . . . . . . . . . . . . . . . . . . . . . . . . .

Syracuse University

The BTeV Ring Imaging Cherenkov Detector

Erbacher, Robin

FNAL

and Thomson, Evelyn . . . . . . .

Ohio State Univ.

Kinematic Top Cross Section Measurement

Fang, Hung-Chung. . . . . . . . . . . . . . . . . . . . . . . . . . .

University of California, Berkeley

Study of Hadronic Moments in Semileptonic B Decays

Farbin, Amir. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

University of Maryland

Measurements of Time dependent CP-asymmetries in

Charmless Two-body B Meson Decays

Farrington, Sinéad M.. . . . . . . . . . . . . . . . . . . . . . . .

University of Glasgow

Measurement of the Bs Lifetime from Semileptonic Decays:

Bs → Ds`νX

Feligioni, Lorenzo

Boston Univ.

and Beauceron, Stephanie. .

FNAL

Wbb̄ Production at the D0 Experiment

Formaggio, Joseph . . . . . . . . . . . . . . . . . . . . . . . . . . .

University of Washington

MOON: A Next Generation Double Beta Decay and Solar

Neutrino Experiment

Fu, Shaohua . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Columbia University

Search for First Generation Leptoquarks in the Dielectron +

Dijet Channel with the D0 Detector

Gao, Mingcheng . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Columbia University

Direct Search for Extra Neutral Gauge Bosons in the

Dielectron Channel with the D0 Detector
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