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URA Serves
University
Scientists

URA IS “an entity in and by
means of which universities and
other research organizations may
cooperate with one another, with
the Government of the United
States, and with other organiza-
tions, toward the support and use
of laboratories, machines, and other
research facilities, and toward the
development of knowledge in the
physical and biological sciences.”
It was created “...for research,
development and education in the
physical and biological sciences,
including all aspects of the field
of high-energy physics, nuclear
energy, and their engineering and
other applications; and to educate
and train technical, research and

student personnel in said sciences.”

Physicists from 34 states and

25 countries use particle accelerators

at Fermi National Accelerator Laboratory
in Illinois for forefront research in
particle physics.

In this aerial view of Fermilab, the
16-story Wilson Hall stands on the
Mlinois prairie adjacent to the 4-mile
Tevatron accelerator ring (right),
with the 2-mile Main Injector in

the foreground.
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2000-2001 Annual Report

Message from the URA President
Member Universities

Fermilab

Pierre Auger Observatory Project
Future URA Enterprises

History 1965-2000

Council of Presidents
Organization

Corporate Structure

Boards

External Committees

Finances

URA is a private not-for-profit corporation. A consortium of research universities, it serves
as a contractor to the federal government for the operation of major scientific facilities.
This volume—updated annually with new financial and organizational data—provides the
historical context for URA’s structure and mission, as well as highlights of its contributions

to science, technology, industry and education.
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Member Universities

Christine Jefferson, a student in
Fermilab’s Graduate Engineering for
Minorities (GEM) program, working
on the development of state-of-the-art
scientific equipment.

ALABAMA
University of Alabama-
Tuscaloosa

ARIZONA
Arizona State University
University of Arizona

CALIFORNIA

California Institute of
Technology

University of California-
Berkeley

University of California-Davis

University of California-
Irvine

University of California-
Los Angeles

University of California-
Riverside

University of California-
San Diego

University of California-
Santa Barbara

San Francisco State
University*

Stanford University

COLORADO
University of Colorado-
Boulder

CONNECTICUT
Yale University

FLORIDA
Florida State University
University of Florida

HAWAII
University of Hawaii-Manoa

ILLINOIS

University of Chicago

University of Illinois-
Champaign/Urbana

Northern Illinois University

Northwestern University

INDIANA

Indiana University
University of Notre Dame
Purdue University

IO0WA
lowa State University
University of Iowa

KANSAS
Kansas State University
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LOUISIANA

Louisiana State University
Tulane University

MARYLAND

Johns Hopkins University

University of Maryland-
College Park

MASSACHUSETTS

Boston University

Harvard University

Massachusetts Institute of
Technology

University of Massachusetts-
Ambherst

Northeastern University

Tufts University

MICHIGAN

Michigan State University
University of Michigan
Wayne State University

MINNESOTA
University of Minnesota

MISSOURI
Washington University

NEBRASKA
University of Nebraska-
Lincoln

NEW JERSEY
Princeton University
Rutgers University

NEW MEXICO
New Mexico State University
University of New Mexico

NEW YORK
Columbia University
Cornell University
University of Rochester
Rockefeller University
State University of

New York-Buffalo
State University of

New York-Stony Brook
Syracuse University

NORTH CAROLINA

Duke University

University of North Carolina-
Chapel Hill

OHIO

Case Western Reserve
University

Ohio State University

OKLAHOMA
University of Oklahoma

OREGON
University of Oregon

PENNSYLVANIA
Carnegie Mellon University
Pennsylvania State University
University of Pennsylvania
University of Pittsburgh

RHODE ISLAND
Brown University

SOUTH CAROLINA
University of South Carolina

TENNESSEE

University of Tennessee-
Knoxville

Vanderbilt University

TEXAS

University of Houston

University of North Texas

Prairie View A&M
University*

Rice University

Southern Methodist
University™

Texas A&M University

Texas Tech University

University of Texas-Arlington

University of Texas-Austin

University of Texas-Dallas

UTAH
University of Utah

VIRGINIA

Virginia Polytechnic Institute
University of Virginia
College of William and Mary

WASHINGTON
University of Washington

WISCONSIN
University of Wisconsin-
Madison

CANADA
McGill University
University of Toronto

ITALY
University of Pisa

JAPAN
Waseda University

*Associate member institution



Fermilab users from around

the world work with the
Laboratory’s employees to
advance the frontiers of

particle physics.
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Fermilab Director, Michael Witherell
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FERMI NATIONAL ACCELERATOR LABORATORY,
30 miles west of Chicago, is a Department
of Energy national laboratory with the
primary mission of advancing the under-
standing of the fundamental nature of
matter and energy.

Fermilab is the home of the Tevatron,
the world’s highest-energy particle
accelerator. Particle beams circle through
rings of magnets four miles in circumfer-
ence to generate experimental conditions
equivalent to those that existed in the first
quadrillionth of a second after the birth of
the universe. This capability to recreate
the energy levels of the Big Bang places
Fermilab at the frontier of global particle
physics research, providing leadership and
resources for qualified experimenters to
conduct basic research at the leading
edge of high-energy physics and related
disciplines.

Fermilab currently provides research
facilities for about 2,500 particle physicists,
from 204 institutions in 34 states and
25 foreign countries. Typically, the U.S.
scientists” research is supported by DOE
and the National Science Foundation, and
in some cases by university funds.

Fermilab began operations in the early
1970s with a single beam of protons
directed at a fixed target and has upgraded
its capabilities over the years to take
successive steps into the interior of the
atomic nucleus. The Laboratory’s first
major upgrade was the development of the
Tevatron, the world’s first superconduct-
ing synchrotron, with beam energies of
approximately one TeV or one trillion
electron volts. It operated initially in 1983,
and in 1989 the National Medal of
Technology was awarded to the leaders of
its design and construction team. Another

vital upgrade enabled the Tevatron to
become a collider, accelerating antiprotons
as well as protons to TeV energies, in
beams traveling in opposite directions, to
produce collisions at selected interaction
regions. The first proton-antiproton colli-
sions were achieved in 1985, and now two
5,000-ton detectors, CDF and DZero,
track and record the subatomic particles
that emerge from proton-antiproton colli-
sions. The collaborations that use these
detectors announced in March 1995 the
discovery of the top quark, a fundamental
particle with an electric charge two-thirds
that of the electron, and a mass nearly
equal to that of an entire atom of gold.
In late 1997, the Laboratory ended
Tevatron Collider Run I in order to make
major improvements to the Fermilab
accelerator complex and the two big
collider detectors. Meanwhile, the last run
of the Tevatron fixed-target program was
completed in early 2000.

During 2000, experiment collabora-
tions continued to analyze data and
uncover new scientific results from
preceding collider and fixed target runs,
and the Laboratory made progress on
important accelerator-related projects and
detector upgrades to produce new physics
in the next Tevatron run. Construction
continued for new neutrino experiments,
as did R&D on options for future acceler-
ators. In addition, the Laboratory moved
ahead in its collaborations in three non-
accelerator projects at the forefront of
research in astrophysics. In March 2001,
Collider Run II began at Fermilab, and
scientists from U.S. universities and others
around the world resumed probing the
smallest dimensions that humans have
ever examined.



Fermilab’s Wilson Hall is a landmark for both

L

NE'=gmm

UNIVERSITIES RESEARCH ASSOCIATION 7



Stan Johnson of Fermilabs Beams
Division in the Main Control Room
for the Laboratory’s accelerator complex.
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The Fermilab program is

addressing important issues

with new experiments

THE FERMILAB PROGRAM AND
THE FIELD OF PARTICLE PHYSICS

The remarkable progress of particle
physics over the past few decades is well
known and widely celebrated. The good
news about the future is that the prospects
for new fundamental discoveries in the
next decade are as great as at any time in
the history of the field. New experiments
will be able to answer questions that
have been central to the field for some
twenty years:

1. What sets the magic energy scale
of about 200 GeV that determines so
many fundamental
of matter?

2. Is there a new set of supersymmetric
particles, one partner for every particle
already observed, as one fundamental
theory (string theory) predicts? Are
there effects of extra space-time dimen-
sions at this scale?

3. Does the “Standard Model” of particle
physics predict all manifestations of
charge-parity (CP) violation, the asym-
metry between matter and antimatter?

4. Does the evidence for very small
neutrino masses signal some new phys-
ical phenomenon at a very high mass
scale, beyond that directly accessible in
accelerator-based experiments?

5. Is there dark matter in the universe
made of some new type of particle?
Might that be the supersymmetric
particles?

The Fermilab program is addressing all

of these important issues with new experi-

ments. The addition to the accelerator
complex of the Main Injector has revital-
ized the experimental program; and, over
the next several years, the Tevatron

Collider will be the center of the search for

new physics at the highest energy available

at any accelerator facility. For example,
discovery of the predicted, but as yet
unobserved, Higgs boson would lead to

characteristics

an understanding of what determines the
masses of the elementary particles.
Fermilab is also developing a superb
neutrino program that will contribute
essential information on the puzzling
question of neutrino masses and oscilla-
tions. In addition, the Laboratory is the
center of U.S. activity in preparing for
the scientific program at the Large
Hadron Collider (LHC), now under con-
struction and at CERN, the European
Laboratory for Particle Physics in Geneva,
Switzerland. The LHC is currently sched-
uled to begin operations in 2007, and at
that time, the high-energy frontier in
particle physics will shift to Europe.

HIGHLIGHTS OF 2000-2001

Fermilab has been in a period of
intense construction activity as the
Laboratory prepares for the next phase in
the evolution of its science program. Much
of the Laboratory’s effort has been focused
on the Tevatron Collider program. The
Laboratory has been able to keep to the
schedule published in September 1999
that included a March 1, 2001 startup date
for operation of the new Collider complex.

On September 14, 2000, CERN
announced that it was extending the last
scheduled run of LEP, its electron-
positron collider, by one month in
response to the hint of a signal for
the Higgs boson with a mass of about
115 GeV. With the risk of a costly delay in
the LHC project, and weighing the fact
that it would take yet another year of run-
ning to clarify the Higgs picture, CERN
management decided to end the LEP run
on November 2, 2000. Thus, Fermilab’s
Tevatron Collider now stands alone at the
energy frontier for the next six years, and
the CDF and DZero collider detector col-
laborations have an excellent opportunity
to discover the Higgs boson if its mass is in
fact in the region of 115 GeV. However,



such a discovery will require an aggressive
program of further upgrades to the accel-
erator complex and the collider detectors
over the next few years.

Although most of the Laboratory
effort in the past year went into con-
structing new experiments and preparing
the accelerator complex for Collider
Run II, the various collaborations of
experimenters at Fermilab produced a
total of 63 new publications based on
results from the final 800 GeV fixed-target
run and from further analysis of data from
Collider Run I. In addition, 53 Ph.D.
candidates completed theses based on
research they carried out at Fermilab.

On July 21, 2000, the DONUT
detector collaboration announced the first
direct observation of the tau neutrino, the
last of the twelve fundamental con-
stituents, that is quarks and leptons, of the
Standard Model of particle physics. The
CDF and DZero detector collaborations
continued to report more precise
measurements, both in support of leading
theories and in the search for new
phenomena beyond the current Standard
Model. DZero has developed a web-based
computer tool to allow physicists world-
wide to search the collaboration’s data for
evidence of new physics.

Scientists install an advanced silicon
vertex detector into the center of the
upgraded CDF detector in preparation
for Tevatron Collider Run II.

UNIVERSITIES RESEARCH ASSOCIATION 9
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Fermilab’s two collider detectors have
reinvented themselves for the new,
higher event rate environment of Collider Run li

Of great interest are recent results
from the CDF and KTeV collaborations
on the very small asymmetry in the
behavior of matter in certain particle inter-
actions, namely meson decays that violate
what is called charge-parity or time
reversal symmetry. This phenomenon is
key to understanding how matter came to
predominate over antimatter in our
universe, because without it, there would
be no stable aggregations of matter in the
form of stars, planets and, ultimately, life.
In addition, a collaboration studying the
states of “charmonium” (particles com-
posed of a charm and an anticharm quark)
completed taking data in the antiproton
accumulator in 2000.

ACCELERATOR AND DETECTOR
UPGRADES

The Main Injector is the
120 GeV accelerator that serves as an
injector to the Tevatron and the driver for
the production of the antiprotons collect-
ed by the Antiproton Source. Due to its
increased beam intensity, the Main
Injector allows Fermilab to increase the
rate of antiproton production. The
Laboratory will run future fixed-target
programs with 120 GeV protons from the
Main Injector. The Recycler is a storage
ring that will recapture most of the
antiprotons that have heretofore been
thrown away at the end of each collider
store, to increase further the number of
antiprotons available for colliding beams.
All of the accelerator improvements com-
bined will provide a proton-antiproton
collision rate ten times that of Run I, the
previous collider run at Fermilab.

new

mbers of the international DZero collaboration,
h the massive detector (background) installed
the Tevatron beamline in preparation for

llider Run II.

The $260 million Main Injector was
completed in 1999 on time and under
budget, and then began its commissioning
phase in support of the 1999 Tevatron
fixed-target run. During the past year,
Recycler commissioning also progressed,
while improvements have continued in the
rest of the accelerator complex, including
improved performance of the Tevatron
and completion of a major rebuild of the
Antiproton Source. Technical modifica-
tions have been made to the Tevatron to
allow 36 bunches of protons and antipro-
tons to collide, rather than the six bunches
of the last collider run.

In addition, construction work was
completed for a new experimental hall at
the Tevatron’s CZero interaction region.
It is planned to use the new hall for BTeV,
an experiment dedicated to the physics of
the B meson, including an exploration rel-
evant to the matter-antimatter asymmetry
in the universe.

Fermilab’s two collider detectors have
reinvented themselves for the new, higher
event rate environment of Collider
Run II. The CDF and DZero collabora-
tions began to tear apart their respective
detectors after the end of Collider Run I,
and then proceeded with a major rebuild-
ing program. Foremost among the
challenging schedule issues for both col-
laborations was delivery of silicon sensors
and readout chips for particle tracking.
For the start of Collider Run II in 2001,
these more sophisticated, more agile and
more powerful detectors are now ready
for the barrage of high-energy collisions
created by the Tevatron, which will
produce data at the rate of a petabyte
(10" bytes) per year. (It would take a
billion floppy disks to hold a petabyte of
data.) The Run I data total of 40 terabytes
(4x10" bytes) per detector will be
dwarfed by this prodigious new techno-
logical achievement.

Scientists Naba K. Mondal and Tom Diehl
working on DZero detector electronics.

UNIVERSITIES RESEARCH ASSOCIATION 11
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Fermilab experiments will explore the

question whether neutrinos are massless,

or actually have a small mass.

THE LARGE HADRON COLLIDER

As Fermilab prepares for its next col-
lider run, the Laboratory also has a signif-
icant role in building the collider that will
eventually overtake the Tevatron at the
energy frontier. Through DOE and NSEF,
the United States is investing $531 mil-
lion over eight years in the LHC at CERN
and two of its associated detectors. The
U.S. is one of several non-CERN-member
states, including Canada, Japan, India and
Russia, contributing to the LHC.

agreed. The collaboration made excellent
progress in the past year, and the
U.S. CMS construction project continues
to be on schedule and on budget.
Fermilab has also been chosen to be
the major U.S. CMS regional computing
center, one of the few such centers around
the world.

When the LHC begins operating A protolyge
; . - 2 superconducting
sometime in 2007, it will reach an eoergy e
seven times the energy of Fermilab’s magnet for the
Tevatron. The LHC will provide a unique Hia o,
i ; being assembled
and affordable opportunity for U.S. scien- at Fermilab.

tists to continue to work at the energy
frontier, and it will allow Fermilab to
develop the technologies for building the
accelerators that will someday surpass the
LHC’s capabilities.

U.S. participation in the LHC has
important consequences for Fermilab.
The Technical Division’s Jim Strait is the
project manager for the U.S. contribution
to the accelerator, leading a collaboration
that includes Fermilab and the
Brookhaven and Lawrence Berkeley
National Laboratories. Most of the R&D
for the advanced superconducting
quadrupole magnets for the LHC’s inter-
action regions has been done at Fermilab,
and most of the fabrication of these
magnets is also taking place at Fermilab.

DOE and NSF have asked Fermilab
to oversee project management for the
U.S. contribution to the CMS detector,
one of the LHC’s two major detectors.
Several years ago, the U.S. CMS collabo-
ration asked Fermilab to serve both as one
of its collaborating institutions and as its
host laboratory, and Fermilab and URA

NEUTRINO EXPERIMENTS

In project NuMI (Neutrinos at the
Main Injector), Fermilab will provide a
high-intensity neutrino beam for experi-
ments that will explore the question of
whether neutrinos are, in fact, massless or
actually have a small mass. Fermilab will
use the Main Injector to create a beam of
muon neutrinos aimed through the earth
to the MINOS experiment, a detector
deep underground at the Soudan
Underground Laboratory, in a former iron
mine in northern Minnesota. If MINOS
should reveal that some of the muon
neutrinos have changed “flavor” to
become tau neutrinos during their
730-kilometer journey from Fermilab to
Minnesota, that change would confirm
that neutrinos do indeed have mass. If they

ns Gattuso and Dave Johnson of
rmilabs Beams Division inspecting the
cycler in the Main Injector Tunnel.

do, the implications of such a result will be

UNIVERSITIES RESEARCH ASSOCIATION 13
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Fermilab’s Main Injector has

produced greater than expected

distribution of beam to users.

profound. Design and engineering work
for the beamline began in late 1997. Civil
construction activities began in 1999,
both on the Fermilab site and at Soudan.

In late 2000, Fermilab managers and
NuMI collaborators faced increased
project costs and schedule delays, due pri-
marily to challenges associated with beam-
line technical components and with under-
ground excavation on the Laboratory site.
An expert DOE review panel met at
Fermilab in November 2000 and May
2001 to consider the Laboratory’s
proposed “rebaselining,” or redefining, of
the project’s cost and schedule. Over the
last two years Fermilab has made the
preparations for the start of Collider
Run IT the Laboratory’s highest priority,
leaving limited resources for other proj-
ects, such as NuMI. With the punctual
start of Run II in March 2001, the
Laboratory has assigned additional man-
power and expertise to the NuMI project.
In addition, the Laboratory has reorgan-
ized NuMI/MINOS management to
address critical areas of the project. A
DOE review of the refined cost, schedule
and management for NuMI is to be held
in September 2001. The Laboratory and
the MINOS collaboration now expect
that the experiment will begin operating
in 2004.

A separate, complementary neutrino
experiment, MiniBooNE, will use beam
from Fermilab’s 8 GeV Booster. The
MiniBooNE collaboration will search for
the flavor change of muon antineutrinos
to electron antineutrinos, and will provide
a definitive answer to questions raised by
evidence for such neutrino oscillations in
an experiment based at Los Alamos
National Laboratory. Construction of the
MiniBooNE experiment began in October
1999. Civil construction for the new

8 GeV proton beam facility began in 2000.
The Laboratory is scheduled to deliver
proton beam to the detector for commis-
sioning by late 2001, and the MiniBooNE
collaboration is scheduled to begin taking
data in April 2002.

The front end of a tunnel boring machine seen at work
during underground construction for the NuMI project.

ASTROPHYSICS

All of the proposals for extending the
domain of validity of the Standard Model
of particle interactions predict new parti-
cles. If these particles are stable, then large
numbers of them will have survived the
moment of creation and will still be
present. Should that be the case, they
could make up a significant fraction of
the mass of the universe. Searches for these
massive particles of “cold dark matter”
are underway. Fermilab is a member of the
collaboration of ten institutions in the
Cryogenic Dark Matter Search (CDMS).

ers of the international MINOS
oration stand in front of a slice
neutrino detector.

These collaborators have developed very

UNIVERSITIES RESEARCH ASSOCIATION 15



Fermilab is also engaged in a collaboration
that aims to find out how matter,
both dark and luminous, is distributed

The Sloan Digital Sky Survey
installation at the Apache Point
Observatory in Sunspot, New
Mexico. The surveys 2.5 meter
telescope is seen at the left.
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sensitive detectors that can detect the
recoils of germanium or silicon nuclei
it they collide with one of these massive
particles. The CDMS collaboration has
recently made public the most sensitive
limits on such dark matter on the basis of
the preliminary experiment at a shallow
underground site on the Stanford
University campus. Now Fermilab is
managing the project to build a larger and
more sensitive CDMS experiment in the
same Soudan Underground Laboratory
that will house the MINOS experiment.

Fermilab is also engaged in a collabo-
ration that aims to find out how matter,
both dark and luminous, is distributed.
This project, the Sloan Digital Sky Survey
(SDSS) will measure the location and red
shift of a million galaxies and a hundred
thousand quasars in the northern galactic
cap. Among Fermilab’s many contribu-

tions to this project is the construction of
the data acquisition system and the
software and hardware to process the
expected 10 to 20 terabytes of data that
will be accumulated during the roughly
five-year span of the survey. The SDSS
collaboration, comprising nine institu-
tions, has built a 2.5-meter telescope and
the associated instruments at Apache
Point, New Mexico. Fermilab Director
Emeritus John Peoples serves as the
Director of SDSS. Important scientific
results have already come from the
1999-2000 commissioning phase of the
survey; seventeen new high redshift
quasars have been discovered, and one of
these has the largest redshift ever
observed. A new result in early 2000 was
the discovery of two “methane dwarfs,”
objects with masses intermediate between
giant planets like Jupiter and the least
massive stars. Other new results include
the clear detection of gravitational lensing
of distant galaxy images by foreground
galaxies, the discovery of the most distant
quasars, and closer to home, a catalog of
asteroids with the potential to affect
Earth.

On June 5, 2001, SDSS announced
an “Early Data Release” (EDR) consisting
of images, spectra and measured parame-
ters obtained during the commissioning
phase and since the start of routine
observations on April 1, 2001. Fermilab
and the Space Telescope Science Institute
are providing the websites to distribute
the EDR to the astronomical community.

As a member of an international
collaboration of 19 countries, Fermilab is
also playing a major role in the Pierre
Auger Observatory Project, which will
explore the properties and mysterious
origins of very-high-energy cosmic rays.
(See Separate Section on Pierve Auger
Observatory Project.)



FUTURE ACCELERATORS AND COLLIDERS

While scientists await new discoveries
in the upcoming Collider Run II, they
must also plan how to advance the field.
The stated goal of the U.S. high-energy
physics community is to develop a collider
that will be at the energy frontier after the
LHC starts operating. Many in the com-
munity believe that Fermilab is the natural
site for such a collider. As the largest U.S.
laboratory for particle physics, Fermilab
would provide a strong base of talent and
infrastructure on which to build new facil-
ities both on and near the present site.
Future accelerator and collider concepts
currently under study include a 500-1000
GeV electron-positron linear collider,
a muon storage ring-based “neutrino
factory,” and a 175 TeV very large hadron
collider.

The electron-positron linear collider
option is receiving the most focused effort
around the world. Its proponents see it as
a natural complement to the LHC in
exploring new physics at the TeV mass
scale. The ability to build such a collider
on or near the Fermilab site and the fact
that decisions could be reached relatively
soon have convinced the Laboratory to
become active in this effort. Fermilab is
now a member of the U.S. Next Linear
Collider (NLC) collaboration, which
includes Stanford Linear Accelerator
Center (SLAC) and the Lawrence
Berkeley and Lawrence Livermore
National Laboratories. The NLC collabo-
ration is formulating a 4-5 year R&D plan
that if brought to a successful completion
could support the construction of a linear
collider. Major components of the
Fermilab NLC R&D program include
structures fabrication, an engineering test
facility for the main linac, accelerator
physics, permanent magnets, and analysis
of nearby sites. In addition, Fermilab con-
tinues its collaboration with DESY, the

German high energy physics laboratory
near Hamburg, and other institutions on
R&D: for the “TeV Energy Super-
conducting Linear Accelerator” (TESLA).
Fermilab has contributed critical compo-
nents for the TESLA Test Facility, used to
develop and test new superconducting
accelerator technology.

Brad Claypool (left) and Steve Hays work on power supplies for future
colliders, which will have power demands of ten or more megawatts.

The muon collider option is an inter-
esting concept, but one that needs a long
R&D effort to see if it could lead to a new
instrument for exploring physics at high
energies. The collaboration analyzing this
option encompasses a number of labora-
tories and universities, with Fermilab and
the Brookhaven and Lawrence Berkeley
National Laboratories as lead laboratories.
The collaboration has recently become
convinced that a more modest neutrino

UNIVERSITIES RESEARCH
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As the largest U.S. laboratory for particle physics,

Fermilab would provide a strong base

John Konc of Fermilab’s Technical
Division with an advanced
superconducting magnet.

on which to build new facilities

facility, based on a muon storage ring, is
an appropriate first step along the path to
a muon collider, and the majority of the
effort of the collaboration since 1999 has
been refocused on a possible neutrino
factory. A design study for a proton accel-
erator for such a facility was completed
in January 2001.

The very large hadron collider
(VLHC) option, a proton-proton collider
with a center-of-mass energy of 175 TeV,
would provide a “mass reach” for explo-
ration more than ten times greater than
that of the LHC. Fermilab’s leadership in
developing superconducting magnets and
the unique advantages of an Illinois site
for such a machine make the Laboratory a
natural center for R&D toward a VLHC.
Fermilab is collaborating with the
Lawrence Berkeley and Brookhaven
National Laboratories on a VLHC
program focused on superconducting
magnet R&D,
staging scenarios, and tunneling and
geological investigations. Fermilab is cur-
rently pursuing R&D on two approaches
to reducing the cost of a VLHC, one
based on high-field (10-12 Tesla) super-
conducting magnets, and a second based
on low-field (2 Tesla) superconducting
magnets. The VLHC collaboration has
recently focused on a staged approach, in
which a 40 TeV machine is built first, and
subsequently upgraded to 175 TeV.

Fermilab is also collaborating with
several regional universities that have initi-
ated accelerator R&D efforts utilizing
both state and federal support. The
Illinois Consortium for Accelerator
Research (ICAR) consists of Illinois
Institute of Technology, Northern Illinois
University, Northwestern University,
University of Chicago and University of
Illinois, Urbana-Champaign. Supported

conceptualization of

of ICAR is to assist Fermilab with acceler-
ator R&D for future facilities. On
March 7, 2001, Speaker of the U.S.
House of Representatives Dennis Hastert
announced a Congressional appropriation
of $4.2 million to establish the Northern
Illinois Center for Accelerator and
Detector Development (NICADD). The
Center is expected to be operational by
2002 at Northern Illinois University’s
DeKalb campus. NICADD projects envi-
sioned for collaboration with Fermilab
include creation of a particle detector
research facility, establishment of a sepa-
rate facility for development of the next
generation of linear colliders, and joint
operation of the “AZero photoinjector,”
an experimental particle beamline facility
at Fermilab.

During the past year, there have been
major planning efforts for the field.
Scientists from the U.S. high-energy
physics community, including Fermilab,
participated in Snowmass 2001, a
Summer Study on the Future of Particle
Physics. The community also eagerly
awaits the report of a DOE /NSF adviso-
ry panel on Long Range Planning for
U.S. High Energy Physics, due to be pub-
lished in Fall 2001.

EDUCATION, TRAINING AND
FELLOWSHIP PROGRAMS

Fermilab’s history of achievement in
science education and teacher training
programs is a tribute to physicists’ love of
learning and to students’ responsiveness
to real-world situations. Spearheaded by
Fermilab Director Emeritus and Nobel
laureate Leon Lederman, the education
program gives special emphasis through-
out to strengthening science education for
under-represented groups.

Fernanda Garcia (right) and Sabina
Aponte of Fermilab’s Particle Physics
Division inspecting photo multiplier
tubes for the MiniBooNE detector.

at $2.5 million per year, the purpose
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Fermilab has been designated a
National Environmental Research Park
by the Department of Energy

nearly one hundred public and private
landholders in the Chicago area
committed to careful and responsible
management of the remaining habitat in
the region.

In 2000, Fermilab received formal
validation from the Illinois Environmental
Protection Agency (IEPA) for the
Laboratory’s efforts to conclude an
assessment of identified solid waste man-
agement units located onsite. IEPA
approved the Laboratory’s methods for
administrating and monitoring these
units. Also in 2000, an aggressive recovery
and restoration plan to revitalize previous-
ly unusable experimental areas was initiat-
ed on the Laboratory site. The continuing
work involves disassembly and removal of
materials and equipment, followed by a
thorough lead decontamination effort.
The experimental areas involved are
scheduled to be ready for reuse by 2002,
primarily for storage of magnet tooling
equipment. There was substantial
progress in the past year on an EPA-
approved program to remediate PCB-
contaminated soil at transformer yards
located at service buildings around the
Tevatron ring; this project will be fully
completed in 2002.

Deep tunnel construction, such as
that for the NuMI project produces large
volumes of sediment-laden groundwater
that is pumped to the surface. Solids are
then removed, and ultimately the clean
water is discharged. By April 2000, it was
clear that meeting environmental permit
requirements for the amount of total
suspended solids in the discharge water
was going to be a difficult task. The mag-
nitude of sediment load from the tunnel
excavation, as well as the physical charac-
teristics of the sediment particles hindered
the effectiveness of sediment control.
After considerable analysis, new measures
were implemented in June 2001 and have
performed well since. The Laboratory
fully expects this trend to continue.

Planting trees during “Bring your Daugthers and Sons to Work Day (DASTOW)” at Fermilab.

TECHNOLOGY TRANSFER

While Fermilab is dedicated to basic
physics research, the Laboratory is eager
to share its science, technology and
know-how by working cooperatively with
U.S. industry to encourage economic
development. Fermilab has unique
capabilities in designing and operating
accelerators, managing very large cryo-
genic systems, developing and operating
fast electronics, creating hardware
architectures and software for massively
parallel computing systems and operating
industrial-scale applications of supercon-
ducting technology. Sometimes advances
in these technologies at the Laboratory
have applications beyond high-energy
physics research, and Fermilab can transfer
new technology to industry to foster
cconomic  development. Fermilab’s
Directorate-level Office of Research and
Technology  Applications  (ORTA)
facilitates the transfer of technologies
developed at the Laboratory.
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The Neutron Therapy Facility continues to
provide outstanding results in medical

benefit to patients worldwide.

ACCELERATORS IN MEDICINE
Between 1976 and 1985, the

National Cancer Institute funded clinical
trials at Fermilab to explore the effective-
ness of fast neutrons versus photon thera-
py in the management of radioresistant
tumors. Over 2,600 patients have received
treatment at Fermilab’s Neutron Therapy
Facility. About 25 percent of these

S

é/ Gt ®

Jackie Sullivan receives Micro Current Therapy from Jan Biel at
Fermilab’s Neutron Therapy Facility.

patients reside outside Illinois, including
individuals from Haiti, Greece, Pakistan,
Canada, Mexico and the Philippines.
Since 1995 the facility has been operated
under contract with Provena Saint Joseph
Hospital of Elgin, Illinois.

Beyond the borders of Illinois, the
NTF has served as a model for more
recently built neutron therapy facilities in
Michigan, South Africa, and France.
Fermilab also built a 250 MeV proton
accelerator for the hospital of Loma Linda
University Medical Center in California,
which began treating patients in
October 1990.
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COMMUNITY PROGRAMS

Fermilab’s role as a key element of
the Illinois High Technology Corridor
is complemented by its sponsorship of
cultural activities to which the public
is invited. Laboratory staft volunteer in
supporting an arts series, physics
colloquia, films and an art gallery.
Fermilab also conducts public tours
for visitors and briefings for local citizens
on Laboratory initiatives.

LABORATORY DIRECTORS

On March 5, 1999, URA announced
the appointment of Michael Witherell
as Fermilab’s fourth director, effective
July 1, 1999. Dr. Witherell succeeded
John Peoples Jr., who led the Laboratory
from 1989 to 1999. Dr. Peoples contin-
ues at Fermilab as a senior scientist and
Director of the Sloan Digital Sky Survey.
Leon M. Lederman, a 1988 Nobel laure-
ate, directed the Laboratory from 1979
to 1989 and is a member of the URA
Board of Trustees. His contributions to
science education are known worldwide.
Fermilab’s founding director, the late
Robert R. Wilson, served from 1968
to 1978, and subsequently served as
a member of URA’s Fermilab Board
of Overseers. Dr. Wilson provided
continuing guidance for the aesthetics
of buildings and grounds, including
sculpture that he created.

For further information about
Fermilab, visit the Laboratory’s website at
http://www.fnal.gov.

Visiting students in a QuarkNet Worksho
with Robert Wilson’s Mobius Strip sculptu

in the background.
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Pierre Auger Observatory Project

James W. Cronin (left) of the University
of Chicago and Alan A. Watson of the
University of Leeds are co-leaders of
the Pierre Auger Observatory Project.
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Ribbon cutting ceremony for the
Detector Assembly Building on the
Central Campus of the Pierre Auger
Observatory in Mendoza Province,
Argentina.
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COSMIC RAYS ARE FAST-MOVING PARTICLES
from space that constantly bombard the
carth from all directions. Most of the
particles are either electrons or the nuclei of
atoms. Of the nuclei, the majority are single
protons—the nuclei of hydrogen atoms—
but a few are much heavier, ranging up to
the nuclei of lead atoms. Cosmic ray parti-
cles travel at nearly the speed of light, which
means they have very high energy. Some of
them, in fact, are the most energetic parti-
cles ever observed in nature. To discover
the source of cosmic ray particles, scientists
measure their energy and their direction as
they arrive from space. To measure cosmic
ray particles directly requires sending detec-
tors to heights above most of the ecarth’s
atmosphere, using high-flying balloons and
satellites. However, scientists can also
detect cosmic rays indirectly on the surface
of the earth by observing the showers of
particles they produce in the air, as discov-
ered by French physicist Pierre Auger
about 60 years ago.

The Pierre Auger Observatory Project
is a broad-based international effort to
make a detailed study of the highest energy
cosmic rays (about 10* eV, or 100 million
times greater than the energy of the pro-
tons accelerated by Fermilab’s Tevatron).
The Project’s co-leaders are Dr. James W.
Cronin, Professor of Physics, University
of Chicago and Dr. Alan A. Watson,
Professor of Physics, University of Leeds
in the United Kingdom. Thus far, the
Pierre Auger collaboration includes over
250 scientists from Argentina, Armenia,
Australia, Bolivia, Brazil, China, France,
Germany, Greece, Italy, Japan, Mexico,
Poland, Russia, Slovenia, United
Kingdom, USA and Vietnam. The U.S.

collaboration comprises nine universities
plus Fermilab, home of the project
manager, Dr. Paul Mantsch.

Because the highest-energy cosmic
rays are so rare, scientists must cast a huge
net to capture even a few. The Pierre Auger
Observatory will consist of two giant arrays,
each consisting of 1600 particle detector
stations spaced 1.5 kilometers apart and
covering about 3000 square kilometers, an
area about the size of the state of Rhode
Island. In order to get a complete view
of the heavens as seen from the learth;
one array will be located in the northern
hemisphere and one in the southern hemi-
sphere. In November 1995, the collabora-
tion selected a site in the Province of
Mendoza, Argentina for the southern
hemisphere array, and in September 1996
a site in Millard County, Utah for the
northern hemisphere array. The total proj-
ect cost is approximately $100 million.

In a grant to URA on behalf of the
U.S. Project participants under Dr. Cronin’s
leadership, the National Science Founda-
tion and the Department of Energy are
providing $7.5 million over four years
toward the U.S. share for the construction
of the southern hemisphere array. This is
planned to be followed by construction of
the northern hemisphere array.

URA serves as the sponsoring organi-
zation for the U.S. participants, and as such
oversees those activities currently funded
by the U.S., such as component R&D and
production. In the future, URA would
have a similar role for the Utah site. In
addition, DOE and NSF have designated
URA to be the agent representing the U.S.
on the Project’s international oversight

board.
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History 1965 -2000

Robert R. Wilson and
Glenn T. Seaborg at
the groundbreaking
for Fermilab in 1968.

THE CREATION OF URA MARKED A MILESTONE
in government-university cooperation for
the management of federal laboratories.
Until 1965, individual universities and
regional consortia had built and operated
facilities under federal sponsorship. It was

the unique character of particle physics

research—which often involved collabora-

of the U.S. universities engaged in particle
physics, to consider management options
for national facilities. Following that meet-
ing, 25 attendees agreed to form a consor-
tium leading to the incorporation of URA.

This concept of fully national, and
now increasingly international, cooperative
efforts between the federal government and
research universities was developed to
address the needs of many fields of science.
Since 1967 URA has been contractor to the
Department of Energy and its predecessor
agencies for the design, construction,
management, and operation of Fermilab.
URA’s success in building and operating
Fermilab led to its selection as contractor
for the nation’s next major particle acceler-
ator, the SSC. After the project was
canceled in 1993, URA managers and staft
assisted with the termination activities,
which were essentially concluded by the
end of 1996.

Currently, the Fermilab program and
its associated scientific and technological

enterprises, and U.S. participation in the

The creation of URA marked a milestone in
government-university cooperation for the
management of federal laboratories.
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tions among scientists from many institu-
tions—that created the need to establish
a truly national management organization.
The federal government consulted with
the National Academy of Sciences on how
to accomplish this goal. The President of

the Academy then convened the presidents

Pierre Auger Observatory Project represent
the core of URA’s mission. As appropriate
opportunities arise, the corporation will
consider submitting proposals to the feder-
al government, or elsewhere, for the man-
agement and operation of other facilities

and programs in science and engineering,.
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Robert Wilson did the welding himself
for Mobius Strip, mounted atop Fermilabs
Ramsey Auditorium. Wilson welded

3”x 5" pieces of stainless steel to a
tubular form eight feet in diameter.
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