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Executive Summary

In the last several years, the international high energy physics community has come to a
consensus that the next large project should be a TeV-scale linear collider. In the U.S.
this is evidenced by the consensus reached at the Snowmass 2001 workshop and the
subsequent statement by HEPAP:

We recommend that the highest priority of the U.S. program be a
high-energy, high-luminosity, electron-positron linear collider,
wherever it is built in the world. This facility is the next major step in
the field and should be designed, built and operated as a fully
international effort.

We also recommend that the United States take a leadership
position in forming the international collaboration needed to develop
a final design, build and operate this machine. The U.S.
participation should be undertaken as a partnership between DOE
and NSF, with the full involvement of the entire particle physics
community...."

This document is part of an effort to pursue a large-scale, national program of research
and development leading to the design of the International Linear Collider. It has been
written by groups from a large number of universities in collaboration with national and
industrial laboratories as well as foreign institutions. The proposed research is intended to
extend the ongoing work being done at labs and universities around the world.

The large participation and spontaneous assembly of many groups to form this research
program expresses both the high level of interest in the university community to
participate in this work and the desire to work together in a coordinated fashion to
accomplish a common, important goal.

The Department of Energy and the National Science Foundation are supportive of
university participation in accelerator and detector projects for the ILC. From this
document, which describes a coherent national research program in a fashion independent
of funding source, are derived the proposals submitted to the agencies in 2002, 2003, and
2005.

The authors have worked closely with the American Linear Collider Physics Working
Groups and the laboratories doing accelerator research to ensure that the most important
issues were addressed.

Nearly half the proposed work is related to advancing accelerator technology. Thisis a
change from the recent past when the vast majority of high energy physics R&D work

performed at universities concerned detector development. In general, the critical path
accelerator research needed for the International Linear Collider is already underway at

“DOE/NSF High Energy Physics Advisory Panel Subpanel On Long Range Planning For U.S. High Energy
Physics, january 2002. Their report is available at http://doe-hep.hep.net/Irp_panel/.
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the national laboratories. Some of the work proposed here supports these critical path
items. However, most of the proposed projects concentrate on the next level of
development: issues that must be resolved in order to build the ILC in a timely fashion,
based on a solid design and reliable cost estimates.

There has been ongoing Linear Collider research and development work at laboratories
and universities for the last twenty years. As the accelerator nears construction, more
resources will be needed to finalize its design. The work proposed here will not only
accomplish the short-term goals described above, but will also will train new scientists
and engineers, contributing to the pool of talent and expertise that will be needed to
accomplish the large task of building the International Linear Collider accelerator and
detector.
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Introduction

A worldwide consensus that the next large facility in particle physics should be an
international high energy electron-positron collider has emerged in the last several years.
The strong recommendation from the U.S. High Energy Physics Advisory Panel that a
high energy, high-luminosity, electron-positron linear collider be the highest priority of
the U. S. program was paralleled in Europe and Asia. Each region recognized the central
importance of the physics to be studied, as well as the maturity of accelerator designs
being simultaneously advanced (and proposed) at laboratories in the United States,
Germany, and Japan, and the necessity for international cooperation.

Response to this consensus has been swift. Regional Steering Committees, charged with
organizing and coordinating Linear Collider activities in Asia, Europe, and the Americas,
have been formed, as has their international counterpart, the International Linear Collider
Steering Committee. Under the auspices of the ILCSC, technical reviews of the two
competing collider technologies have been completed and an International Technology
Recommendation Panel recommended the development of the superconducting design.
At the national level, the U.S. Department of Energy announced inclusion of the Linear
Collider in its 20 year plan for new facilities, according it highest priority among the mid-
term projects under consideration.

The response from the U.S. High Energy Physics community has been equally swift. In
early 2002, physicists from U.S. universities and laboratories organized a series of
workshops at Chicago, Fermilab, Cornell, SLAC, and U.C. Santa Cruz aimed at
understanding fruitful directions for research and collaboration towards the Linear
Collider. The hundreds of technical issues involved in the design and construction of the
accelerator and detector emerged as an organizing theme. The University Consortium for
Linear Collider R&D (UCLC) organized itself to consider these issues in the context of
NSF support, and the Linear Collider Research and Development Working Group
(LCRD) did likewise in the context of DOE support. The two groups are naturally
intermingled with each other, and with the preexisting American Linear Collider Physics
Group (ALCPG). All concerned are working together to coordinate their activities to the
single task of building the linear collider.

The result was the production of a joint UCLC/LCRD document, A University Program
of Accelerator and Detector Research for the Linear Collider, which collected the
combined NSF and DOE proposals into a single program for LC related R&D. The
Working Groups of the American Linear Collider Physics Group provided guidance,
coordination, and advice to the individual proponents of both detector and accelerator
R&D. They were joined by an ad hoc Accelerator Working Group that did the same for
the accelerator proposals. In all, 71 proposals were collected from 47 U.S. universities,
which addressed the full range of detector and machine/detector interface concerns, and
complemented existing accelerator R&D efforts. A group of UCLC and LCRD
organizers assembled a coherent document that was submitted for rigorous review to
separate Detector and Accelerator Review Panels which met at Fermilab in
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September, 2002. After allowing for minor changes in the sub-proposals in response to
comments from the reviewers, the UCLC /LCRD organizers assembled the final
document on October, 22, 2002, and then formally submitted it to the NSF and DOE.
DOE funded the highest ranked detector R&D sub-proposals in March, 2003, and, after
further internal review, the chosen accelerator proposals in May. Roughly $400k was
allotted to each of detector and accelerator R&D. The NSF began funding the UCLC
consortium with $150k in late Spring, with the understanding that the full proposal
should be resubmitted for reconsideration early in the FY04 budget process.

The following year, Volume Il of A University Program of Accelerator and Detector
Research for the Linear Collider, presented the continuation of the Linear Collider R&D
proposal process for FY04. As in year one, it described a nationally coordinated program
of university based linear collider research reaching across both funding agencies. Forty-
eight U.S. universities from 25 states, working with five national and industrial labs and
eleven foreign institutions, wrote 68 proposals in a broad coverage of the previously
identified R&D needs of the linear collider. Accelerator R&D maintained the prominent
role it took in Volume 1.

The present volume continues this program, describing the progress of projects that had
received multiple-year funding, as well as presenting new proposals to the funding
agencies. There are a variety of administrative differences in the proposal process this
year: most notably that DOE and NSF are going to share a common panel of reviewers in
order to increase the efficiency of the proposal process.

The agencies have asked that new proposals consider a three-year horizon. Within this
time frame, key detector and accelerator R&D issues critical to the success of the Linear
Collider will be addressed, and a growing community of high energy physicists will be
initiated into the study of physics at the Linear Collider.

Physics Goals at the International Linear Collider

The physics goals of the Linear Collider are ambitious and compelling. The Linear
Collider is needed to address the central issue in particle physics today, the origin of mass
and electroweak symmetry breaking. Over the past decade, a wide variety of experiments
has shown that elementary particle interactions at the TeV scale are dictated by an
SU(3)xSU(2)xU(1) gauge symmetry. The non-zero masses of the W and Z particles
imply, however, that the electroweak SU(2)xU(1) symmetry is broken spontaneously. We
do not know how the symmetry is broken, and we will not know until the agents of
electroweak symmetry are produced directly in the laboratory and, also, are studied in
precise detail. But we have every reason to believe that whatever is responsible for
electroweak symmetry breaking will be accessible at the Linear Collider.

Although we do not know the mechanism of electroweak symmetry breaking, we have
some good hypotheses. In the so-called Standard Model, one doublet of scalar fields
breaks the symmetry. This model has one physical Higgs particle, which is the window to
electroweak symmetry breaking. The global consistency of precision electroweak
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measurements gives this model credence, and suggests that the Higgs boson is relatively
light, my <200 GeV. However, we know this model does not work well beyond TeV
energies. A theoretically preferable scenario is based on supersymmetry (SUSY) at the
expense of a whole new spectrum of fundamental particles and at least five Higgs states.
But the lightest of these states looks much like the Standard Model Higgs, with nearly
standard model couplings and a mass less than 200 GeV or so. Nature may break
electroweak symmetry through some other mechanism, of course, but most realistic
mechanisms we have imagined result in a Higgs boson or some related phenomena
accessible to the Linear Collider.

The TeV scale is the natural place to look for the agents of electroweak symmetry
breaking. Thus, the ongoing Run 2 at Fermilab's Tevatron has a chance of getting the first
glimpses of these phenomena. Starting later in the decade, CERN's LHC, with seven
times the energy, will almost certainly observe the Higgs boson, and has a very good
chance of discovering something else. Most high-energy physicists believe, however, that
the LHC will not unravel the mysteries of symmetry breaking on its own.
Experimentation at a linear e*e” collider (LC) provides information that cannot be
obtained by other means. Let us just cite two examples. First, a series of cross section and
branching ratio measurements will trace out a detailed profile of the Higgs boson, in a
model-independent way, and incisively test whether its couplings are proportional to
mass. Second, if SUSY is at play, the LC can determine the lightest superpartners' masses
with exquisite precision. Since the LHC measures mass differences more precisely than
the masses themselves, one sees that a single LC measurement will sig