Science
Proposed Appropriation Language

For Department of Energy expenses including the purchase, congtruction and acquisition of plant and capita
equipment, and other expenses necessary for science activities in carrying out the purposes of the Department of
Energy Organization Act (42 U.S.C. 7101 & seq.), including the acquisition or condemnation of any red
property or facility or for plant or facility acquisition, construction, or expanson; and the purchase of not to
exceed [58] 25 passenger motor vehicles for replacement only, [$3,186,352,000] $3,159,890,000, to remain
available until expended. (Energy and Water Devel opment Appropriations Act, 2001, as enacted by
section 1(a)(2) of P.L. 106-377.)

[For an additiona amount for “Science’, $1,000,000, to remain available until expended, for high
temperature superconducting research and development at Boston College)] (Division A, Miscellaneous
Appropriations Act, 2001, as enacted by section 1(a)(4) of P.L. 106-554.)
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Office of Science
FY 2002 Executive Budget Summary

The Office of Science (SC) requests
$3,159,890,000 for Fiscal Year 2002 in the
“Science” appropriation, an increase of
$4,436,000 over FY 2001, to invest in
thousands of individual research projects at
hundreds of research facilities across the
Nation, primarily at DOE’s national
laboratories and the Nation' s research
universities. Within the “Energy Supply”
appropriation, SC requests $8,970,000 for
Technical Information Management. The SC
FY 2002 request will support: continuing
construction of the Spallation Neutron Source
to recapture world leadership in neutron
science; understanding nanoscale (1,000 times
smaller that a human hair) assemblies of
materials, bringing the Genomes to Life for
DOE mission applications; finding the Higgs
boson (thought key to understanding mass);
creating computational tools for scientific
discovery; providing the Nation with state-of-
the-art, scientific facilities; and contributing to
the supply of the next generation of scientific
and technological workers.

“How is this remarkable economic maching to be
maintained, and how can we better ensure that its
benefits reach the greatest number of people?

Certainly, we must foster an environment in which
continued advances in technology are encouraged and
welcomed. ... (we) must push forward to expand our
knowledge in science and engineering.”

- Alan Greenspan, June 10, 1999

Balanced National Research Portfolio:

Knowledge drives the Information
Technology Age, and the U.S. Department of
Energy’ s Office of Science programs are one
of the Nation’s most prominent sources of
new knowledge in the physical sciences,
computation, mathematics, environmental and
energy research, and other vital scientific
areas. Our investments in research and
forefront scientific facilities help to maintain
the U.S. leadership position in many key
scientific disciplines. This enables U.S.
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researchers to move quickly to capitalize on
scientific developments worldwide. These
investments rely on talented people, stable
resources, and the commitment of
knowledgeable management. A key decision
is how best to sustain the major advancesin
scientific knowledge that have enabled
economic growth and advanced our nationd
Security.

Scientific knowledge, economists agree, leads
to technological improvements that increase
the quality of life for all Americans, ensure
economic security, and advance national
security. This scientific knowledgeis
generated through investments that span
research fields and academic disciplinesto
make the most of the synergies between
scientific disciplines.

Investments in Office of Science research
programs - which comprise one of the most
diverse research portfolios in the Federal
Government - are an essential part of a
balanced national research portfolio that will
maintain our gains in knowledge creation and
produce new intellectual capitd.

Top Five Government Research Organizations for*:

research. In addition, SC has been a principle
supporter of graduate students and
postdoctoral researchersin their early careers,
and is the steward of a vast network of major
scientific facilities that are essentia to the
vitality of the U.S. research community.

Past investments in SC programs continue to
pay off handsomely for the U.S. taxpayer.
Researchers funded by these programs have
resolved some of the major questions of our
time including basic research that is helping us
to understand the origins and fate of the
universe and changesin our global climate. In
addition, mgjor advances in medical
diagnostic tools, microelectronics, advanced
materials, nanoscience, computation, lasers,
and other scientific innovations supported by
Office of Science programs continue to
improve the lives of millions of Americans
and have added greatly to our store of
knowledge.

For example, publication of a complete draft
of the Human Genome sequence in February
2001 was the culmination of work initiated in
1986 by the Biological and Environmental
Research program in the Office of Science.
This blueprint for humanity holds the promise
of curing major diseases and understanding
the aging process, while it continues to teach
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us about our origins and our potential.
Fundamental discoveriesin catalytic
phenomena, supported by the Office of
Science have provided detailed insights into
the relationship between structure and
chemical reactivity, which have improved

major, energy-intensive industrial processes.
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Advarncesin one field of science can often

The Office of Science is the dominant
supporter of the physical sciences (i.e.
physics, chemistry, etc.) in the U.S. and plays
amajor role in supporting other scientific
fields, including life sciences, mathematics,
computation, engineering and environmental
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have unexpected impacts on other, seemingly
unrelated fields. For example, breakthroughs
in the physical sciences have often enabled
rapid advances in medical and life sciences,
communications and information technol ogy.
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Companies devel oping new medicines often
depend on computer-based modeling and
theoretical advances in chemistry and physics
supported by the Office of Science.

“Medical advances may seem like wizardry. But
pull back the curtain, and sitting at the lever is a
high-energy physicist, a combinational chemist or
an engineer.”

Harold \VVarmus, Nobel Laureate and
Director of the National Institutes of Health

X-ray crystallography is an excellent example
of the interdependence of scientific disciplines
at the forefront of medical research. A grant
from NIH may fund a research team that
includes biologists, but may also include a
materials scientist or solid-state physicist, an
optics expert, a computational scientist or a
biochemist. The work of such ateam relies
upon the availability of ahigh intensity light
source, a heutron source or a state of the art
nuclear magnetic resonance imaging machine.
All of these instruments, powerful probes of
organic and inorganic materias, were the
result of research in the physical sciences and
the Office of Science pioneered their
development and use. In fact, the Office of
Science develops, constructs, and operates
nearly al of the light sources and al of the
neutron sources availablein the U.S..

This growing interdependence between the
sciencesis evident at SC's scientific user
facilities. For example, only 100 (6% of users)
of the researchers at SC’s synchrotron light
sources in 1990 were from the life sciences.
Today, there are more than 2,400 life science
researchers (40% of users) at these facilities.

Tens of thousands of the leading research
scientists in the U.S. — representing virtually
every scientific discipline — depend on the
major scientific instruments found only at SC
laboratories and user facilities. All of SC's
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scientific user facilities receive more high

quality proposals for research than can be

accommodated and the demand for new or
upgraded facilities remains pervasive.

In FY 2002, sustained investments in research
sponsored by the Office of Science will
support the work of thousands of university
researchers and the scientists at DOE’s
national laboratories. The knowledge base will
be expanded and scientific breakthroughs will
be generated in nanoscience, physics beyond
the Standard Model, terascale computing,
fusion and plasma physics, functional
genomics, proteomics (the study of the
composition and functions of an organism’s
proteins), climate change, and a host of other
scientific research areas that are important to
DOE missions and to the Nation’s prosperity.

The Office of Science has along-standing and
critical role in ensuring the flow of young
scientists, engineers and technicians into the
U.S. research enterprise. Unique research
experiences at national laboratories are often a
stepping stone to successful careers in science.

World-class research facilities attract many
young researchers who conduct asingle
experiment or choose to spend their careers at
an Office of Science laboratory. Expanding
efforts to attract the best and brightest our
Nation has to offer, while promoting diversity
in the scientific workforce, isamajor goal of
the Office of Science. To accomplish this

“Although U.S. fourth graders did relatively well
in both math and science, by twelfth grade... U.S.
students were among the very worst in the world,
and in some areas, such as physics, were last. This
evidence indicates that our schools are not preparing
our students adequately for today's knowledge-
based, technologically rich society or to become
future scientists and engineers.”

President Georae W. Bush — FY 2002 Budoet Blueprint
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goal, the Office of Science formed a
partnership with the National Science
Foundation to leverage our investment and the
unique capabilities of the national labs in
training U.S. science educators and students.

Performance Evaluation:

The Government Performance and Results Act
(GPRA) calls for accountability from all
Federal programs. The Office of Science has
always relied upon external peer review,
independent construction management review,
and regular program reviews, to ensure the
excellence and relevance of our research
portfolio. These effective evaluation tools will
continue.

In addition, the Office of Science has
embraced the recommendations of the
National Academy’s Committee on Science
and Engineering in Public Policy (COSEPUP)
report “ Science, Technology and the Federal
Government: National Goals for a New Era”
that calls for the U.S. to maintain a leadership
position in key areas of science and to be
“among the world leaders’ in al areas of
research. This enables the U.S to quickly
absorb and build upon breakthroughsin
science worldwide. Therefore, the Office of
Science will evaluate its programs for
scientific excellence, relevance to DOE
mission areas, scientific leadership and
management excellence. Thiswill be
accomplished through a variety of
mechanisms, that may include: external
review by peers, review of prizes and awards
to SC’ s researches, citation analysis, and a
characterization of the significance and impact
of the research as recognized at international
conferences and Advisory Committee
evauations.

SC is widely recognized for its world-class
research and for the construction and
operation of major scientific facilities.
Demand for these facilities has steadily
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increased and calls for new or improved
facilities greatly exceed budgetary resources.
To ensure that the proper balance is
maintained between laboratory research and
facility operations, and between new and
existing facilities, the Office of Science relies
upon the advice of external Advisory
Committees, on feedback from the facility
User Groups, and on the results of the merit
review process.

Critical to ensuring the excellence, relevance
and leadership of SC's research is the human
and physical infrastructure that enables world-
class science. The Office of Science will
continue to evaluate the health and utility of
its laboratory infrastructure through on-site
ingtitutional reviews, program reviews, and
through merit evaluation. A continuing supply
of talented researchersin critical subfields will
be ensured through fellowships, support of
graduate students within research grants, and
through student use of research facilities.

Specific performance goals that will be
tracked throughout SC include:

At least 80% of al new research projects
supported by SC will be peer reviewed and
competitively selected, and will undergo
regular peer review merit evaluation. In
FY 2000, 96% of new research projects
supported by SC were peer reviewed and
competitively selected.

Upgrades and construction of scientific
user facilities will stay within 10%, on
average, of cost and schedule milestones.
In FY 2000, construction of scientific
facilities were kept within 10%, on
average, of cost and schedule milestones.

The SC scientific user facilities will be
operated and maintained so that
unscheduled operational downtime will be
kept to less than 10%, on average, of total
scheduled operating time. In FY 2000, SC
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scientific user facilities operated, on
average, 96% of the scheduled time.

The Office of Science will ensure the
safety and health of the workforce and
members of the public and the protection
of the environment in all SC program
activities.

A History of Success:

The Office of Science has developed alist of
the “Top 100" contributions to science from
the basic research programs of the Department
of Energy. These contributions are available
on our website at www.sc.doe.gov.

Each year, many of the principal investigators
funded by the Office of Science win major
prizes and awards sponsored by professional
societies, industry, academia, and

governments worldwide. In addition, many are
elected to membership in such prestigious
organizations as the National Academy of
Sciences, the National Academy of
Engineering, and to fellowship in the magjor
professional societies.

The long history of scientific contributions
from the Office of Science continuesin

FY 2000 and FY 2001 with discoveries such
as the following.

Office of Science investmentsin high
energy and nuclear physics continue to
move us closer to a complete picture of the
fundamental particles and interactions that
dictate the nature of matter and energy and
explain amyriad of natural and man made
phenomena.

A newly developed class of nanostructured
materials have been devel oped that can
selectively filter molecules by their size
and chemical identity. This achievement
involved creating self-organizing
precursors, controlling the pore size, and
employing a novel evaporation process
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that promotes self-assembly. As aresult,
we may one day wear “breathing” fabrics
that block hazardous chemicals while
admitting benign species like oxygen.

Quantum dots — nanometer-size particles
in which electrons are confined in a
relatively small volume — have recently
been shown to emit light at multiple
wavelengths, blinking on and off on a
time-scale of seconds. This remarkable
behavior, attributed to luminescence from
different electronic states, may one day
lead to nano-scale computers and/or
portable anaytical instrumentation.

Combining state-of-the-art ultrafast laser
systems with evolutionary computer
algorithms has led to an important new
source of ultrafast, coherent soft x-rays for
studies of materials properties and
chemical physics.

Office of Science investmentsin plasma
physics and fusion energy sciences
continue to expand our understanding of
how to generate, control and harness the
energy of high energy, high density
plasmas here on earth.

In 1990, computers were able to model
only fragments of separation agents such
as simple ether. With advancesin
computation power, and through targeted
investments by the Office of Science's
Advanced Scientific Computing Research
Program, researchers are now ableto
model real-world separation agents —
advancing DOE’ s remediation efforts and
basic research.

Completion of the draft map of the human
genome was made possible by DOE’s
Biologica and Environmental Research
Program initiative, sequencing

technol ogies and the combined efforts of
NIH and the nationa labs.
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Program Prioritiesfor FY 2002:

Advances in computation have changed the
lives of millions of Americans. They have aso
changed the ways in which scientific research
is conducted today and will evolve throughout
the new century.

The Advanced Scientific Computing

Resear ch (ASCR) program’s mission, which
isprimarily carried out by the Mathematical,
Information, and Computational Sciences
(MICS) subprogram, isto discover, develop,
and deploy the computational and networking
tools that enable scientific researchers to
analyze, model, simulate, and predict complex
physical, chemical, and biological phenomena
important to the Department of Energy.

In FY 2002, ASCR will continue to invest in
research that advances the next generation of
high performance computing and
communications tools that are critical to the
Department’ s scientific missions.

The MICS subprogram will support research
in applied mathematics, computer science,
electronic collaboratory tools and network
research. Competitively selected partnerships
will continue to work toward discovering,
developing, and deploying key enabling
technologies for scientific research. These
partnerships, called Integrated Software
Infrastructure Centers, play acritical rolein
providing the software infrastructure that will
be used by the Scientific Discovery through
Advanced Computing (SciDAC) applications
teams. Other MICS investments include
fundamental research in networking and
collaboratory tools, partnerships with key
scientific disciplines, and advanced network
testbeds for electronic collaboration tools.

In FY 2002 the Laboratory Technology
Research subprogram will continue to support
basic research at SC labs that will advance
innovative energy applications.
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In FY 2000, a Federally-chartered advisory
committee was established for the ASCR
program that is charged with providing advice
on: promising future directions for advanced
scientific computing research; strategiesto
couple advanced scientific computing research
to other disciplines; and the relationship of the
DOE program to other Federal investmentsin
information technology research. This
advisory committee will play akey rolein
evaluating future planning efforts.

The Basic Energy Sciences (BES) program is
aprincipal sponsor of fundamental research
for the Nation in the areas of materials
sciences and engineering, chemistry,
geosciences, and bioscience as it relates to
energy. This research underpins the DOE
missions in energy, environment, and national
security; advances energy related basic
science on a broad front; and provides unique
user facilities for the scientific community.

For FY 2002, avery high priority isthe
continuation of construction of the Spallation
Neutron Source (SNS) to provide the next-
generation, short-pulse spallation neutron
source for neutron scattering. The project,
which is to be completed in June 2006, is on
schedule and within budget.

Enhancing U.S. research in neutron science, in
preparation for the commissioning of the SNS,
isaso aprogram priority. A common finding
among BES Advisory Committee studies has
been the importance of establishing a large
and well-trained user community by the time
the SNSis fully operational in the 2008-2010
timeframe. To this end, funding will be
provided for teams of scientiststo participate
in the development of neutron scattering
instruments and for support for the neutron
science/scattering programs at the host
institutions of the BES facilities. Additional
operations funds will be provided to HFIR and
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IPNS to ensure that these facilities are
available to the scientific community.

In the areas of nanoscale science, engineering,
and technology (NSET) research, BES will
continue the new research directions initiated
in FY 2001 and will explore concepts and
designs for Nanoscale Science Research
Centers (NSRCs). NSRCs will be user
facilities similar in concept to the existing
BES major scientific user facilities and
collaborative research centers. They will
provide unique, state-of-the-art

nanof abrication and characterization tools to
the scientific community. NSRCs will enable
research programs of a scope, complexity, and
disciplinary breadth not possible through the
support of individual investigators or small
groups. Significant partnerships with regional
academic ingtitutions and with state
governments are anticipated.

The response of the scientific community to
the FY 2001 NSET initiative has been strong.
University researchers submitted 745 pre-
applications, 313 of which received
encouragement letters from BES inviting the
submission of full proposals. The DOE Labs
were restricted to four Field Work Proposals

per laboratory and 46 proposals were received.

Proposals were a so received for pre-
conceptual design of NSRCs from ANL,
BNL, LBNL, ORNL, and Sandia/LANL. All
proposals will undergo peer review to
determine which will be funded in FY 2001.

The Biological and Environmental

Resear ch (BER) program develops the
knowledge needed to identify, understand,
anticipate, and mitigate the long-term health
and environmental consequences of energy
production, development, and use.

As the founder of the Human Genome Project,
BER will maintain a critical role in the
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International Human Genome Consortium that
includes the National Institutes of Health.

A redirected effort entitled, "Genomes to
Life," will support research and computational
tools that will lead to an understanding of
complex biological systems. It will
incorporate research to develop a
comprehensive understanding of the Microbial
Cdll that will be used to engineer microbes for
DOE mission applications such as
environmental cleanup. In FY 2002, BER
Microbial research will provide DNA
sequences for four additional microbes
important in bioremediation, clean energy, or
global carbon cycling. BER studies of low
dose radiation will lead to new standards for
determining the health risks of low dose
ionizing radiation and includes investments in
scientific infrastructure at the laboratories.

The Atmospheric Radiation Measurement
(ARM) program will improve radiative
transfer models, including cloud and water
vapor effects on climate, to reduce uncertainty
in predicting the effect of greenhouse gases on
future climates. Carbon cycle and
sequestration research will help to assess
current carbon sinks and to develop methods
of enhancing natural processes for terrestrial
and ocean sequestration of carbon. Ecological
research will provide data to develop and test
robust models to predict the effects of changes
in climate and atmospheric composition on
important ecological systems and resources.

BER will continue research in environmental
bioremediation focusing on research at the
Field Research Center in Oak Ridge
Tennessee. The Environmental Molecular
Sciences Laboratory (EMSL), a national
scientific user facility provides analytical and
experimental capabilities to address the
complex scientific barriers to restoring our
environment. The EMSL computational
facility will upgrade its computing capability
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by leasing a high performance computer in FY
2002. Thiswill enable the simulation of key
environmental and molecular processes.

Medical Sciences Research will develop
advanced technology and instrumentation to
image single molecules, genes, cells, organs,
and whole organisms in real time with a high
degree of precision. These technological
achievements have a broad impact on
biomedicine, in particular the fields of cell and
developmental biology and on more accurate
medical diagnoses and effective treatments.

The resources of the DOE National Labs
enable rapid advancesin our programsin
biophotonics, lasers in medicine, biological
and chemical sensors, and advanced imaging
instrumentation. BER and the National
Ingtitutes of Health (NIH) have developed a
partnership in which the advanced
technologies, instrumentation, and
computational modeling capabilities
developed in the DOE National Labs will be
applied to specific biomedical problems of
high importance in the NIH intramural
program. Cooperation will facilitate rapid
application of advances in the biophysical
sciences to solve clinical problems of national
importance.

The Fusion Energy Sciences (FES)
program’s mission is to advance plasma
science, fusion science and technology. The
program emphasizes the underlying basic
research in plasma and fusion sciences, with
the long-term goal of harnessing fusion as a
viable energy source. The program centers on
the following goals: understanding the physics
of plasmas; identification and exploration of
innovative and cost effective development
paths to fusion energy; and exploration of the
science and technology of energy producing
plasmas, as a partner in international efforts.
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In FY 2002, the program will incorporate the
recommendations of reports by the National
Research Council, the Secretary of Energy
Advisory Board and recommendations of the
Fusion Energy Science Advisory Committee.
The FY 2002 FES program includes basic
research in plasma science in partnership with
NSF, plasma containment research, and
investigation of tokamak alternatives along
with continued operation of DIII-D, Alcator
C-Mod, and the National Spherical Torus
Experiment. Research on aternate conceptsis
pursued to develop a fuller understanding of
the physics of magnetically confined plasma
and to identify approaches that may improve
the economical and environmental
attractiveness of fusion.

Theinertial fusion energy activity will
continue exploring an alternative path for
fusion energy thet would capitalize on the
major R&D effort in inertial confinement
fusion that is carried out by NNSA for
stockpile stewardship purposes. Ongoing
theory and modeling efforts, aimed at
developing a predictive capability for the
operation of fusion experiments, will continue
as will enabling technology devel opment.

The High Energy Physics (HEP) program’s
mission is to understand energy and matter at
afundamental level by investigating the
elementary particles and forces between them.
Until the Large Hadron Collider (LHC) at
CERN is completed in 2006, the U.S. will be
the primary center of activity for experimental
research in the field of high energy physics.
There is the potential for exciting new
discoveries, and the program needs to position
itself to take advantage of these opportunities.

The HEP program will concentrate on
utilization and upgrading of its facilities,
including direct support for research scientists.
In FY 2002, Fermilab will begin afive-year
campaign to discover the Higgs particle
(thought key to understanding mass) and other
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new particles predicted by current theories.
The B-factory at SLAC will begin athree-year
campaign to make important contributions
toward understanding the preponderance of
matter over antimatter in the universe.

A small HEP program continues at the
Alternating Gradient Synchrotron (AGS). The
muon g2 experiment recently announced
results that showed a higher magnetic strength
for the muon than that predicted by the
Standard Model. If confirmed, these findings
could lead science into exciting new territory
beyond the Standard Model.

Appropriately focused support for university
and laboratory based physics theory and
experimental research will be emphasized in
FY 2002. The experimental programs are
performed by university (primarily) and
laboratory based scientists. These scientists
construct, operate, and maintain the detectors
and analyze the resulting data as well astrain
the new generations of scientists.

An important element of the programis
successful completion of construction and
major capital equipment projects. Continued
participation in the LHC is ahigh priority asis
construction of the Neutrinos at the Main
Injector (NuMI) project at Fermilab and its
detector, MINOS. When NuMI/MINOS s
completed in 2004, it will provide aworld-
class facility to study neutrino properties and
make definitive measurements of masses.

In partnership with NASA, the HEP program
will continue two particle astrophysics
projects -- the Alpha Magnetic Spectrometer
(AMS) and the Gamma-Ray Large Area
Space Telescope (GLAST). The experiments
are expected to lead to a better understanding
of dark matter, high energy gamma ray
sources, and the origin of the universe.

Accelerator R&D is important to the future of
the HEP prog-am. Research continues on
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accel erator-related technologies aimed at
reducing costs and improving performance.

The mission of the Nuclear Physics (NP)
program is to advance our knowledge of the
properties and interactions of atomic nuclei
and nuclear matter in terms of the fundamental
forces and particles of nature.

The NP program is the major sponsor of
nuclear physics research in the U.S,, providing
about 85% of federal support. The program
educates and enlarges the Nation’ s pool of
technically trained workers and facilitates the
transfer of knowledge and technology.

With the new Relativistic Heavy lon Collider
(RHIC) at Brookhaven National Laboratory
(BNL) researchers have a unique opportunity
to create and characterize the quark-gluon
plasma, a phase of matter thought to have
existed in the very early stage of the universe.
Initial data from gold-gold collisions have
yielded results that show aspects of possible
plasma formation; the FY 2001- FY 2002 run
will provide the first opportunity to explore
this exciting new physics in depth.

New knowledge and insights on how quarks
and gluons bind together to make protons and
neutrons are being gained using high intensity
electron beams from the Continuous Electron
Beam Accelerator Facility (CEBAF) at the
Thomas Jefferson National Accelerator
Facility. In FY 2002, the GO Detector, ajoint
DOE-NSF project, will be completed and will
provide an opportunity to map quark
contributions to the structure of the nucleon.

M easurements of the solar neutrino flux by the
Sudbury Neutrino Observatory (SNO),
constructed by a collaboration of Canadian,
British and U.S. supported scientists in a deep
underground nickel mine in Ontario, Canada,
will provide first results shortly on the
“appearance” of oscillations of electron
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neutrinos into other neutrino flavors. Such
evidence would confirm indications that
neutrinos have mass, an observation that
would force are-evaluation of the existing
Standard Model of particle physics.

The search for new super-heavy elements will
continue in FY 2002, focusing on the
techniques developed in the recent discovery
of elements 116 and 118 at Lawrence
Berkeley National Laboratory. Future studies
will focus on the search for neighboring
elements and will work to understand the
surprising observation of enhanced stability
for these very heavy elements.

In FY 2002, R& D activities will be supported
for the proposed Rare | sotope Accelerator
(RIA) facility. Thisfacility would produce
beams of highly unstable nuclei that can
explore the limits of nuclear existence and
measure reaction rates. These data are critical
to computer modeling of the dynamics of
supernovae explosions and other aspects of
stellar evolution and to understanding the
origins of e ements.

The Science Program Direction (SCPD)
budget supports three subprograms. Program
Direction, Field Operations, and Science
Education. Program Direction is the funding
source for SC's Federal staff responsible for
managing and supporting the scientific
disciplines. Field Operations provides funding
for the daily operations and administrative
functions performed at the Chicago and Oak
Ridge Operations Offices that support the
departmental programs, projects, laboratories,
facilities, and grants under their purview.
Science Education sponsors programs
designed to promote interest in science, math,
engineering, and technology fields for college
and university students and faculty.

In FY 2002, SC will continue to focus on
strategic human capital management and
planning with the goal of building and
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sustaining a talented and diverse workforce.
SC needs to attract, recruit, and retain highly
skilled employees to offset the existing and
projected shortfall in the scientific and
technical workforce, and to continue to
manage its programs in a safe, efficient, and
effective manner.

SC will also support the DOE Corporate R& D
Portfolio Management Environment (PME)
project, that will modernize and streamline the
Department’s R& D management processes.
Process improvements and automation will
enable electronic “ cradle-to-grave” tracking of
research projects, that is critical to DOE
corporately sharing and reporting energy-
related research across programs. 1n addition,
SC will continue to standardize, integrate, and
invest in information technology that will
improve management processes and promote
efficient use of resources among SC
Headquarters and Field counterparts, e.g.,
increase remote accessibility to corporate
systems, and enhance cyber security.

Beginning in FY 2002, funding for safeguards
and security functions at the Oak Ridge
Operations Office isincluded in SCPD, all
part of congressional direction to align such
functions with line management.

In FY 2002, the Science Education
subprogram will support research experiences
at our National Labs for a diverse group of
competitively selected undergraduate students.
In collaboration with the National Science
Foundation, an effort is underway to attract a
wider cross section of studentsto this program
and a system is being created to document
student career paths. In FY 2002, this
partnership will be expanded.

The Office of Science also manages and
supports the National Science Bowl® for high
school students from across the country and
provides the students and teachers a forum to
receive national recognition for their talent
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and hard work. In FY 2000, Saturday seminars
on scientific topics were added to the National
Science Bowl® weekend. In FY 2002,
Students participating in the National Science
Bowl® will be tracked to document the long-
term impact on their academic and career
choices.

The Multiprogram Energy Laboratories-
Facilities Support (MEL-FS) program’s
mission is to support the general purpose
infrastructure of the five Office of Science
multiprogram national laboratories by funding
line item construction to rehabilitate, renovate
and replace laboratory and offices buildings,
utilities systems and other structures. This
support helps enable high technology
scientific research that is conducted in a
reliable, cost effective and safe manner.
Together, these |aboratories have over 1,600
buildings (including 500 trailers) with 15.5
million gross square feet of space and an
estimated replacement value of over $10
billion. The total DOE and nonDOE research
program funding for these laboratories is over
$3 hillion ayear.

In FY 2002, MEL-FS will support Project
Engineering and Design Funding for the
initiation of three new line item construction
projects and construction funding for six
ongoing line item construction projects.

The request also supports SC’s landlord
responsibility at the Oak Ridge Reservation
and DOE facilities in the town of Oak Ridge,
including Paymentsin Lieu of Taxes (PILT) at
this and two other sites.

The Technical Information M anagement
(TIM) program leads DOE’ s e-government
initiatives for disseminating information
resulting from the Department’ s $7.5 billion
annual research and development (R&D)
program. The Office of Scientific and
Technical Information (OSTI) manages the

Office of Science/ Executive Summary

TIM program that provides el ectronic access
to worldwide energy science and technical
information to DOE researchers, industry,
academia, and the public.

In FY 2002, the TIM program will make 70
percent of DOE’ s scientific and technical
literature searchable and retrievable through
e-government systems such as the DOE
Information Bridge (www.osti.gov/bridge),
PubSCIENCE (www.osti.gov/pubscience),
PrePRINT Network (www.osti.gov/preprint),
and the R&D Project Summaries Database
(www.osti.gov/rdprojects).

Closing:

The Office of Science plays an important role
in a balanced federal science portfolio. In

FY 2002, Office of Science investmentsin the
physical sciences, magjor scientific user
facilities, and other critical areas of basic
research will advance the technically
challenging mission of the Department of
Energy while making major contributions to
the Nation’s R&D infrastructure.

Dr. James Decker
Acting Director

Office of Science
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Table 1

OFFICE OF SCIENCE
FY 2002 PRESIDENT'S BUDGET REQUEST TO CONGRESS
(B/A in thousands of dollars)

Science
Basic Energy Sciences
Advanced Scientific Computing Research
Biologica and Environmental Research
Fusion Energy Sciences
High Energy Physics
Nuclear Physics
Energy Research Analyses
Multiprogram Energy L aboratories-Facilities Support
Science Program Direction
Small Business Innovation Research and Small
Business Technology Transfer
Subtotal
Safeguards and Security
Safeguards and Security
Reimbursable Work
Total, Safeguards and Security
Total

Energy Supply
Technical Information Management
Small Business Innovation Research and Small
Business Technology Transfer
Total

FY 2000 FY 2001 FY 2002
Comparable Comparable Pres.
Approp. Approp. Request
752,031 991,679 1,004,705
122,338 165,750 165,750
416,037 482,520 442,970
238,260 248,493 238,495
683,050 712,001 721,100
340,869 360,508 360,510
950 976 1,300
29,557 30,174 30,175
120,491 126,906 144,385
83,962 - -
2,787,545 3,119,007 3,109,390
42,569 41,569 55,412
(5,266) (5,122) (4,912)
37,303 36,447 50,500

2,824,848 3,155,454 3,159,890

8,751 8,732 8,970
4,555 - -
13,306 8,732 8,970

* A Pending Budget Amendment transferring $10M to Fusion Energy Sciences from
Advanced Scientific Computing Research, High Energy Physics, Energy Research Analyses

and Science Program Direction will be submitted shortly.

Office of Science/ Executive Summary

FY 2002 Budget



Table 2

OFFICE OF SCIENCE
FY 2002 PRESIDENT'S BUDGET REQUEST TO CONGRESS
(B/A in thousands of dollars)

FY 2000 FY 2001 FY 2002
Comparable Comparable Pres.
Approp. Approp. Request

Globa Climate Change 112,964 119,140 120,679
High Performance Computing and Communications 113,914 175,985 176,092
Microbial Cell Research/Genomesto Life - 9,591 19,470
Nanoscience Engineering and Technology 46,304 82,829 87,013
Partnerships for aNew Generation of Vehicles 5,000 4,934 4,934
Science Education Programs 4,472 4,460 6,460
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Table 3

OFFICE OF SCIENCE

FY 2002 PRESIDENT'S BUDGET REQUEST TO CONGRESS

(B/A in thousands of dollars)

Major Site Funding

AMES LABORATORY
Advanced Computational Scientific Research
Basic Energy Sciences
Biological and Environmental Research
Safeguards and Security
Science Program Direction

Total Laboratory

ARGONNE NATIONAL LABORATORY
Advanced Computational Scientific Research
Basic Energy Sciences
Biologica and Environmental Research
Fusion Energy Sciences
High Energy Physics
Multiprogram Energy Labs-Facilities Support
Nuclear Physics
Safeguards and Security
Science Program Direction

Total Laboratory

BROOKHAVEN NATIONAL LABORATORY

Advanced Computational Scientific Research
Basic Energy Sciences

Biological and Environmental Research
Energy Research Analyses

High Energy Physics

Multiprogram Energy Labs-Facilities Support
Nuclear Physics

Safeguards and Security

Science Program Direction

Total Laboratory

Office of Science/ Executive Summary

FY 2000 FY 2001 FY 2002
Comparable Comparable Pres.

Approp. Approp. Request
1,957 1,668 1,668
18,105 16,967 16,753
948 652 690
254 264 397
- - 50
21,264 19,551 19,558
12,861 10,447 10,047
151,026 155,902 159,149
13,700 24,939 17,184
2,321 2,406 2,009
10,828 8,858 9,990
4,980 6,611 2,833
17,912 17,782 16,568
10,678 11,807 15,355
602 430 750
224,908 239,182 233,885
1,847 1,566 1,266
73,569 72,005 57,089
21,723 16,948 18,169

50 - -
38,778 26,507 32,595
6,881 6,444 6,063
136,462 139,450 140,429
9,585 9,428 10,986
558 420 650
289,453 272,768 267,247
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FY 2000 FY 2001 FY 2002
Comparable Comparable Pres.
Approp. Approp. Request

FERMI NATIONAL ACCELERATOR LABORATORY

Advanced Computational Scientific Research 59 60 60
Energy Research Analyses - 22 -
High Energy Physics 294,627 289,507 314,878
Nuclear Physics 50 - -
Safeguards and Security 2,294 2,490 2,765
Science Program Direction - 50 100
Total Laboratory 297,030 292,129 317,803

IDAHO NATIONAL ENGINEERING LABORATORY

Basic Energy Sciences 2,748 2,220 1,710
Biological and Environmental Research 1,713 1,440 1,486
Fusion Energy Sciences 1,568 2,210 2,082
Science Program Direction - 40 100
Total Laboratory 6,029 5,910 5,378
LAWRENCE BERKELEY NATIONAL LABORATORY
Advanced Computational Scientific Research 57,069 54,501 54,151
Basic Energy Sciences 65,048 70,760 72,586
Biologica and Environmental Research 48,869 54,231 43,277
Energy Research Analyses 60 100 100
Fusion Energy Sciences 5,534 5171 4,767
High Energy Physics 45,376 37,782 35,170
Multiprogram Energy Labs-Facilities Support 6,133 2,113 4,400
Nuclear Physics 18,060 18,213 17,899
Safeguards and Security 3,612 3,492 4,709
Science Program Direction 613 445 750
Total Laboratory 250,374 246,808 237,809
LAWRENCE LIVERMORE NATIONAL LABORATORY
Advanced Computational Scientific Research 2,884 3,068 3,068
Basic Energy Sciences 5,966 5,316 4,628
Biologica and Environmental Research 30,784 30,869 33,561
Fusion Energy Sciences 14,894 14,714 14,189
High Energy Physics 1,185 1,425 1,357
Nuclear Physics 792 732 672
Total Laboratory 56,505 56,124 57,475
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FY 2000 FY 2001 FY 2002
Comparable Comparable Pres.

Approp. Approp. Request
LOSALAMOSNATIONAL LABORATORY
Advanced Computational Scientific Research 11,637 5,020 5,020
Basic Energy Sciences 23,696 22,721 22,927
Biological and Environmental Research 20,082 20,594 16,685
Fusion Energy Sciences 6,741 6,826 7,629
High Energy Physics 1,375 711 661
Nuclear Physics 10,714 9,479 9,798
Total Laboratory 74,245 65,351 62,720

NATIONAL RENEWABLE ENERGY LABORATORY

Basic Energy Sciences 5177 4,873 4,535
Biological and Environmental Research 99 - -
Fusion Energy Sciences 50 - -
Science Program Direction - 120 100
Total Laboratory 5,326 4,993 4,635

OAK RIDGE NATIONAL LABORATORY

Advanced Computational Scientific Research 12,016 10,563 10,223
Basic Energy Sciences 212,663 370,312 384,317
Biological and Environmental Research 30,805 36,545 39,761
Energy Research Analyses 64 - -

Fusion Energy Sciences 18,369 16,116 16,412
High Energy Physics 536 327 307
Multiprogram Energy Labs-Facilities Support 1,101 6,627 7,620
Nuclear Physics 15,910 15,720 15,376
Safeguards and Security 8,970 9,162 15,024
Science Program Direction 642 - -

Total Laboratory 301,076 465,372 489,040

PACIFIC NORTHWEST NATIONAL LABORATORY

Advanced Computational Scientific Research 2,844 2,038 1,738
Basic Energy Sciences 12,072 11,846 11,398
Biological and Environmental Research 75,292 67,142 66,172
Energy Research Anayses 381 320 365
Fusion Energy Sciences 1,369 1,427 1,317
Multiprogram Energy Labs-Facilities Support - - 880
Science Program Direction 293 - 100
Total Laboratory 92,251 82,773 81,970
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FY 2000 FY 2001 FY 2002
Comparable Comparable Pres.
Approp. Approp. Request

PRINCETON PLASMA PHY SICS LABORATORY

Advanced Computational Scientific Research 38 - -
Basic Energy Sciences 561 - -
Fusion Energy Sciences 65,784 70,589 66,702
High Energy Physics 157 394 364
Safeguards and Security 1,680 1,735 1,829
Science Program Direction - 110 100
Total Laboratory 68,220 72,828 68,995
SANDIA NATIONAL LABORATORY
Advanced Computational Scientific Research 4,961 3,889 3,889
Basic Energy Sciences 23,740 22,967 22,843
Biological and Environmental Research 2,597 3,139 2,756
Energy Research Analyses 100 99 99
Fusion Energy Sciences 3,249 3,181 2,996
High Energy Physics - 4 -
Nuclear Physics - 4 -
Total Laboratory 34,647 33,283 32,583

STANFORD LINEAR ACCELERATOR CENTER

Advanced Computational Scientific Research 590 234 234
Basic Energy Sciences 24,098 33,691 33,991
Biologica and Environmental Research 3,060 3,489 4,300
Fusion Energy Sciences 49 - -

High Energy Physics 152,858 158,681 164,343
Safeguards and Security 1,774 1,814 2,152
Science Program Direction - 125 150
Total Laboratory 182,429 198,034 205,170

THOMAS JEFFERSON NATIONAL ACCELERATOR FACILITY

Advanced Computational Scientific Research 49 - -

Biological and Environmental Research 56 100 -

High Energy Physics 90 5 5
Nuclear Physics 72,779 73,336 73,830
Safeguards and Security 480 492 947
Science Program Direction - 45 100
Total Laboratory 73,454 73,978 74,882
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High Energy Physics

Program Mission

The mission of the High Energy Physics (HEP) program is to understand the universe at a fundamental
level by investigating the elementary particles that are the basic constituents of matter and the forces
between them. The mission has been consistently affirmed by the science community in long range
planning efforts sponsored by the High Energy Physics Advisory Panel (HEPAP). The program
supports one of the four business lines of the Department of Energy Strategic Plan: Science, and two
goals of the Office of Science Strategic Plan: Explore Matter and Energy and Provide Extraordinary
Tools for Extraordinary Science.

Unique Opportunities for World Leadership

Within the framework of a constant budget request for FY 2002, the U.S. High Energy Physics program
is being realigned to take advantage of unique opportunities for history-making discoveries that have
developed in the past year. The Large Electron-Positron Collider (LEP) experimental program at CERN
was terminated in November 2000, leaving behind a tantalizing hint of a Higgs boson with a mass of
about 115 GeV, well within reach of the Tevatron The field transmitted by the Higgs boson is believed
to be the source of al mass, and its discovery would be a major advance in physics. The Large Hadron
Collider (LHC) now being constructed in the LEP tunnel at CERN will be a strong contender to find the
Higgs, but cannot begin its active physics program before the spring of 2006. Thus the Tevatron at
Fermilab, just upgraded with its new Main Injector, will have a chance to discover the Higgs before the
LHC can get fully underway. With protons and antiprotons colliding head-on at an energy of nearly one
trillion electron volts (1 TeV), the Tevatron will be at the world’ s energy frontier during this period. In
order to find the Higgs inafew years, the Tevatron will need to run extensively and to increase its
luminosity (and thus its data rate) as muchas possible. To do this will require progressive fine-tuning of
collider operations as well as further equipment upgrades to increase luminosity by afactor of ten It
will require a program of improvements to be carried out from 2002 to 2004, interleaved with intensive
dataruns. The data taken in 2005-2007 would then be enough to find the Higgs if its mass is lessthan
165 GeV. Tevatrondatawill aso give more information about the surprisingly heavy (170 times the
mass of the proton) top quark discovered there in 1995, and could reveal other important new particles
that have been predicted by current theories (for example, supersymmetric particles).

At Stanford Linear Accelerator Center (SLAC), the highly successful B-factory and its BaBar detector
will have the opportunity to shed light on the mysterious preponderance of matter over antimatter in the
universe. Electrons colliding at several billion electron volts (GeV) will allow the study of an
asymmetry known as Charge-Parity (CP) violation in B-mesons, which contain a heavy b-quark or its
anti-particle, and have roughly five times the proton mass. CP violation was originally discovered in
1964 in an experiment at Brookhaven National Laboratory involving the much lighter K mesons, and its
accommodation within the current theory has only recently been established through extremely difficult
and exquisitely precise measurements at Fermilab and CERN. The big question for SLAC is whether
CP violation in the B-mesons will follow theoretical predictions or will instead indicate some additional,
hitherto unknown source of the phenomenon. Such a discovery would have profound implications for
our understanding of the matter-dominated universe in which we live. The B-factory will need a
progressive series of upgrades in order to be competitive with a similar facility now operating in Japan
that has three times more design luminosity.
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To fully exploit the discovery potential of the Tevatron at Fermilab and the B-factory at the SLAC along
with their corresponding detectors as discussed above, these facilities must be strongly utilized and
significantly upgraded in FY 2002 and beyond. Therefore, the FY 2002 budget focuses on the
utilization and upgrades of these facilities to maximize the discovery potential with lower priority being
given to other parts of the program. The distribution of resources as specified in this budget reflects this
focused program.

Although the emphasis will be on the discovery potentia at Fermilab and SLAC, there are other unique
opportunities in the program.

The first results were announced in early 2001 from a precise measurement of the anomal ous magnetic
moment of the muon, one of the twelve fundamental constituents of matter. The measurement, from a
dedicated experiment (called g-2) at Brookhaven's AGS accelerator, differs significantly from
theoretical predictions. If this early result holds up after further analysis, it will be asignal of new
physics beyond current theories. For example, it could mean that the supersymmetric particles
mentioned above will indeed be discovered at the Tevatron. Because of the potential importance of the
g2 experiment, itsrunning time will be extended in 2002.

A long baseline neutrino detection experiment called MINOS (the Main Injector Neutrino Oscillation
Search) is currently being fabricated at Fermilab, and the NuMI project (Neutrinos at the Main Injector)
will provide a dedicated beam of neutrinos for MINOS. With NuMI/MINOS, Fermilab will have the
opportunity to confirm early indications of neutrino mass and to make precise mass measurements.
Positive results would require that the current theory of elementary particles and interactions be
modified and that a non-zero neutrino mass be incorporated into a larger, more encompassing theory.

Major Advances

The DOE HEP program has been extremely successful. Since the DOE and its predecessors began
supporting more than 90% of the research in this field about 1950, our understanding of the fundamental
nature of matter has deepened profoundly, generating a stream of Nobel Prizes. Cutting edge
experimental research at DOE accelerator laboratories in the 1960s and 1970s revealed a deeper level in
the structure of matter, and theoretical physicists developed a new theory to explain it. Neutrons and
protons, the building blocks of atomic nuclei, were shown to be tightly bound systems of more basic
constituents called quarks, all of which were discovered at DOE HEP laboratories. The last ore, and the
heaviest, was the top quark, found at Fermilab in 1995. DOE-supported university groups played major
rolesin all of these discoveries.

The strong force that binds quarks into nucleons is carried by particles called gluons, and they were
discovered at the DESY laboratory in Germany in 1978. The carriers of a second nuclear force, the weak
interaction responsible for radioactivity, are called W and Z bosons, and they were discovered at the
CERN Laboratory in Switzerland in 1983. The photon, which carries the electromagnetic force so
familiar in our everyday lives, has been known since the turn of the twentieth century.

These discoveries give us a new vision of the basic structure of matter that may be compared to the
discovery of the atomic nucleusin the early twentieth century. It is encompassed within a theory known
as the Standard Model, which identifies the basic constituents of matter and the fundamental forces that
affect them. The theory aso provides a mathematical structure to calculate properties of the particles
and the ways they combine and interact with each other. The Standard Model lists twelve fundamental
constituents of matter (fermions): six quarks and six leptons. They occur in three families, each
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containing two quarks and two leptons. All three families are organized in the same patterns, but the
members have different masses. There is strong evidence that no more families of quarks and Ieptons
exist.

The theory includes three of the four known basic forces: the strong, electromagnetic, and weak forces,
and twelve force carriers (called bosons eight gluons, two W’s, the Z, and the photon). The fourth basic
force, gravity, is not included. The quarks are subject to all four basic forces. The leptons (familiar
examples are the electron and the neutrino) are subject to al of the basic forces except the strong force.
Only two of the quarks—called up and down—are needed to make protons and neutrons. Thus these
two quarks and just one of the leptons—the familiar electron—are sufficient to form all the stable matter
that we observe on earth.

A magjor role in establishing the Stardard Model is one of the proudest accomplishments of the DOE and
its predecessor agencies. An American theoretical physicist supported by DOE took the lead in
proposing that protons and neutrons must be made of smaller constituents, which he called quarks.
Americanphysicists, many of them working at DOE accelerator facilities, discovered al of the quarks
and all but one of the leptons (the electron, known since 1897).

Major Questions

The Standard Model has been subjected to an array of rigorous tests for many years, and has survived all
of them. It explains an amazing array of experimental data. Y et many important questions remain.

What gives elementary particles their great variety of masses; is it the Higgs boson predicted by the
Standard Model? Why are there exactly three families of quarks and leptons? Are these fermions truly
the fundamental constituents of matter, or are they made of still smaller particles? Do the leptons called
neutrinos really have no mass at al? Can gravity be incorporated into the Standard Model to make a
complete theory of al particles and forces? For every type of fermion, we have also created examples
of its antiparticle (akind of mirror image) but little of this antimatter is observed in the universe—why
not? What is the dark matter that provides most of the mass in the universe, but emits no
electromagnetic radiation? And what is the source of the recently observed acceleration in the
expansion of the universe? |s there an undiscovered force or energy—the so-called dark energy?

M ethods and Resour ces

Theoretical research in high-energy physics devel ops theories of elementary particles and forces. A
theory expresses what is known in mathematical form and provides a way to calculate particle properties
and processes. It also predicts new phenomenain ways that can be tested experimentally. Experimental
work explores for new phenomenain promising areas and tests specific theoretical predictions. It relies
principally on particle accelerators and particle storage rings, where beams of particles collide with
targets or with other beams. Accelerator experiments typically require large and complex apparatus
(detectors) built and used by large collaborations of physicists and engineers from universities and
laboratories. The scientists who design and oversee these large detectors are primarily faculty and staff
at many of the natiori s best universities (DOE-HEP supports research groups at over 100 U.S.,
universities). In addition, there are university scientists supported by the NSF, participating scientists at
DOE labs (principally Fermilab, SLAC, Brookhaven National Laboratory (BNL), Lawrence Berkeley
National Laboratory (LBNL), and Argonne Nationa Laboratory (ANL), and a substantial number of
scientists from foreign institutions. Typicaly, these scientists work together in large international
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collaborations, involving hundreds of scientists from many ingtitutions, to carry out a scientific program
of experimentation that may take a decade to compl ete.

The main accelerator facilities in the United States are at two DOE laboratories. the Tevatron proton
antiproton collider at Fermilab in Illinois and the B-factory electron-positron collider at SLAC in
California. DOE scientists aso use the Alternating Gradient Synchrotron (AGS) proton synchrotron at
BNL (operated for the DOE Nuclear Physics program), the CESR electron-positron collider at Cornell
(operated by NSF), and facilities in other countries. American scientists have long used facilities at the
European Organization for Nuclear Research (CERN), near Geneva, Switzerland, and those facilities
will be even more important to the DOE program in the future. CERN has just shut down its LEP
electron-positron collider and is building the LHC, which will begin operations in 2006. Under an
international agreement established in 1997, DOE is providing substantial resources to help CERN build
the collider itself and two major detectors (ATLAS and CMS). American scientists will participate
strongly in research at the LHC.

Non-accelerator Experiments

It isimportant to note that while accelerators and accelerator- based experiments play a predominant
role in the fields of high energy and nuclear physics, there are significant experiments that do not require
the use of accelerators. Some of the non-accelerator experiments locate experimental apparatus on the
earth’s surface, others deep underground, and others in space. Non-accelerator experimentation is a
growing part of the field of high-energy physics and offers many exciting opportunities for the future.

Examples include the study of neutrinos coming from the sun, the search for dark matter, and the search
for extremely rare processes such as proton decay or neutrino- less double beta decay, all of which
require specialized detectors deep underground. Other non-accelerator experiments are located at
ground level, such as the Pierre Auger project, in which a system of detectors will cover thousands of
sguare kilometers and study the highest energy cosmic rays; and the Supernova Cosmology Project,
which discovered the accelerating universe, suggesting the existence of dark energy.

Still others take place in space. For example, the Alpha Magnetic Spectrometer (AMS) detector will be
located on the International Space Station to search for anti- matter in space, and the Gamma Large Area
Space Telescope (GLAST) will be placed in earth orbit to study high-energy gamma rays from “gamma
ray bursters’ and other astrophysical sources. This class of astrophysical phenomenais particularly
interesting because it indicates that out in space there are concentrations of matter and acceleration
mechanisms, and hence forces, far greater than any encountered here on earth.

Technical Requirements

High-energy physics has long supported an extensive program in technology research This activity isa
large annual investment, and it isfair to ask why is such a continuing investment necessary and given
such high priority?

High-energy physics works with particle energies higher than exist anywhere but in certain stellar or
cosmological environments and studies phenomenon on distance scales that are incomprehensibly small,
much smaller than is required of any other science, except possibly nuclear physics. To make precision
measurements of phenomenon buried in a background of noise and to search for very rare processes that
may signal new physics, demands particle beams of greater intensities and detectors with both the

Science/High Energy Physics FY 2002 Congressional Budget



sensitivity to see the rare events and the selectivity to pull these out of a cacophony of background noise.
Thus the science demands accel erators and storage rings that operate at trillions of electron volts of
energy and particle currents that can routinely burn holesin steel, and demands particle detectors that
can identify one particle out of several thousand and catch particles that live less that a trillionth of a
second. An unavoidable consequence is the essential need to accumulate, store, process, and transmit
the increasingly large data sets produced by modern experiments. As international collaborationsin
high energy physics grow from the roughly 500 physicists presently working at each CERN, Fermilab,
and SLAC detector to the approximately 1800 in each of the collaborations preparing detectors for the
LHC, the need for data handling at widely separated data centers will become even more crucial.

The unavoidable consequence of operating in these extreme domains is the technological complexity,
sophistication and size of the equipment used and the time and expense to design, build, maintain,
operate, and upgrade the research apparatus. The R&D to conceive of a new accelerator or colliding
beam device now requires 10 to 20 years of intensive work to bring the technology to the point of
confidently proposing a new and cost effective construction, and the detectors and related computing
needs have similar R&D needs. The R&D programs to sustain a forefront science program are
unavoidably big, costly, and long term. Since almost none of the core technologies for these devices
are marketable, particularly as systems, industry has no motivation to research, develop, or manufacture
the key technical items, except as (usually expensive) special procurements. Consequently, in order to
survive and to advance the science, it is essential for the universities and national laboratories engaged
in high energy physics to themselves explore the scientific frontiers and cutting edge technologies that
can generate the high energies, resolve the very small, make the measurements and analyze the resullts.
Cutting edge science requires cutting technologies, and these require time and expense to produce and to
make work effectively.

Benefitsto Other Sciences and to Citizens

High-energy physicsis profoundly connected to nuclear physics and to astrophysics and cosmology.
Advances in any one of these fields often have a strong impact on another. A principa objective of
nuclear physics research now is to incorporate the quark discovered by high-energy physicsinto the
understanding of nuclear structure. High-energy physics, nuclear physics, and astrophysics detectors
use many of the same techniques.

Technology that was developed in response to the demands of high-energy physics has become
exceedingly useful to other fields of science, and thus has helped science to advance on a broad front.
Synchrotron light sources, an outgrowth of electron accelerators and storage rings, have become
invaluable tools for materials science, structural biology, chemistry, and environmental science.
Accelerators are used for radiation therapy and to produce isotopes for medical imaging. In U.S.
hospitals, one patient in three benefits from a diagnostic or therapeutic nuclear medicine procedure. The
World Wide Web was invented by high-energy physicists to transport large bodies of data among
international collaborators and is now bringing about a worldwide revolution in communications and
commerce. International research collaborations in high-energy physics have set an example for other
endeavors that require cooperative efforts by thousands of workers who must share facilities, data, ard
results, communicating among continents and managing the activities of diverse groups.

An important product of the HEP program is the set of talented people, trained in scientific methods and
in state-of-the-art technologies. Many of them go into careers in high-tech industries, contributing to
our country’ s economic strength.
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Accelerator Resear ch and Development

The Department is continuing research and development directed toward accelerator facilities that may
be needed in the future. Several approaches are being investigated. Oneis alinear electronpositron
collider, often called the Next Linear Collider (NLC), following the successful example of the SLAC
Linear Collider. Work is directed toward achieving a center-of- mass energy in the TeV range (500 to
1000 GeV, expandableto 1.5 TeV. A GeV isone hillion eectron volts of energy.). The current NLC
R&D program, led by SLAC and Fermilab, seeks to develop new technologies that would provide high
performance while limiting cost. The R&D develops new technologies, applies available technologies,
and uses industrial firms to expand its R&D reach on certain technologies and to engage in necessary
technology transfer. A facility like the NLC may well be international, and research and development on
linear collidersis also underway in other countries, primarily Germany and Japan.

Research is also underway on a storage ring that would collide muons rather than electrons. Radiation
losses of energy from the beam would be less than for electrons and thus a circular machine could be
used. The challenge for a muon collider is the short lifetime of the muon (two microseconds), which
demands very rapid production, acceleration, and colliding of the beams. Fortunately, relativistic time
dilation means a muon lives longer the faster it is moving through the laboratory. The decays of muons
in a storage ring could also provide an intense source of neutrinos, and this ideais being investigated.
Physicists are investigating the possibility of a storage ring that could serve as a muon collider and/or a
neutrino factory.

In spite of the more complicated interactions of its “bags of quarks,” at energies well beyond the LHC,
the best discovery machine may till be a high-energy hadron collider, with its broad range of physics
interactions. Work is underway at severa laboratories and universities toward designing magnets that
could meke possible an affordable hadron collider. Such afacility would have collision energy of
perhaps 100 TeV, much higher than that of the LHC.

Program Goals

o Take advantage of unique opportunities for history-making discoveries.

o Advance our understanding of matter and energy at the most fundamental level, identifying the basic
constituents of matter and characterizing their interactions.

o Advance our understanding of the origin and fate of the universe, from the Big Bang to the present
time and beyond.

0 Base programmatic decisions on the excellence of the science, the relevance to our retional needs,
and our ability to be among the leaders in international research in high-energy physics.

Regular peer review is used to evaluate research grants (primarily at universities). Program advisory
committees advise DOE laboratories on the general direction of their accelerator research programs and
review specific proposals for experiments. Overall performance of the HEP program is measured by
the quality of scientific results as recognized by the scientific community and the productivity and
utilization of research facilities.
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Program Objectives
General Objectives

0 Theoretical research — Subject new experimental findings to thorough analysis and interpretation.
Synthesize new and existing results into an overall coherent view of nature, developing new
analytical structures as necessary. Identify key questions to be resolved by experiment.

0 Experimental research — Put our theoretical understanding of elementary particles and forces to
rigorous experimental tests. Search for any new particles or interactions that may exist. Investigate
astrophysical phenomena, using the knowledge and techniques of high-energy physics.

o Accelerator facilities— Build new facilities in the United States as required to advance physics or
take a substantia role in building facilities if the scope demands an internationa effort.

o Preparation for future research — Progressin high-energy physics requires an ever-increasing
experimental capability. Accelerator beams must increase in energy, intensity, and quality; detectors
must improve in scope, resolution, and data recording rates, and in the ability to selectively identify
events of interest. These preparations include modifications to existing accel erators and detectors,
R&D aimed at possible new technologies, and the application of existing technologies to improve
beams and detectors. Improvements are needed in the ability to store, transfer, and analyze
increasing amounts of data. Internatioral collaborations must share access to these huge data sets.

Objectivesfor FY 2002

The main activities of the research component of the FY 2002 HEP Program are summarized below:

= Research using the Collider Detector Facility (CDF) and D-Zero at the Tevatron at Fermilab. A
major upgrade of the CDF and D-Zero detectors was completed and brought into operationin
FY 2001, providing significantly improved performance with the higher particle production rates
available from the improved Tevatron, and improved precision in particle detection. The Tevatron is
expected to operate for about 39 weeks in FY 2002, the first full year of operation after the upgrade.

o Search for the Higgs boson. The Higgs plays a key role in explaining the origin of mass.

o Study of the details of Quantum Chromodynamics (QCD), that is one basis of the Standard
Modd.

o Astudy of B-meson decays providing information complementary to that being obtained at the
B-factory. The B-meson is one of only two particles, which exhibit CP violation.

o Precise measurements of masses and interactions of the W and Z bosons, that will set tighter
bounds on the mass of the Standard Model Higgs boson.

= Research using the BaBar detector at the B-factory at SLAC. The B-factory is expected to operate
for about 35 weeksin FY 2002.

o Study of the details of CP violation in B-meson decays. The B-meson is one of only two
particles that exhibit CP violation. The B-factory was designed as the copious source of
B-mesons needed for this research and has performed beyond expectations.

o Study of hadrons made only of combinations of the bottom quark and its antiquark
(bottomonium spectroscopy).
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O

o Study of B-meson decays with a focus on very rare decay modes.

Research using the AGS at BNL. The AGS is expected to operate for about 16 weeks for HEP

research in FY 2002.

o Search for avery rare decay of the K meson. This experiment uses the K meson system to look
for indications of physics beyond the Standard Model.

o Additional data taking for a precise measurement of the anomalous magnetic moment of the
muon using the g2 storage ring to pursue its early indications of physics beyond the Standard
Model. InFY 2001, this experiment produced possible evidence for a significant deviation from
the predictions of the Standard Model.

A program of theoretical research at many of the universities and al of the major HEP laboratories.

Other Research.

o Research at Super Kamiokande, in Japan, to study neutrino oscillations.

o Preliminary operation of the Cold Dark Matter Search (CDMS) an experiment designed to search
for the dark matter, that apparently pervades the universe. CDMS is being constructed
underground at a site in Minnesota.

o Operation of Phase | of the Pierre Auger experiment to study cosmic radiation at the highest
energies. The Auger detector array is being constructed by an international collaboration at a site
in Argentina

o Experiments using the Cornell Electron Storage Ring, various international facilities with special
capabilities, and a number of experiments, that do not use accelerators.

The main activities of the preparation for- future-research component of the FY 2002 HEP program are
summarized below:

Continuation of the NuMI construction project at Fermilab that will provide a world-class facility to
study neutrino properties and to make crucial measurements of neutrino mass.

Continuation of U.S. participation in the LHC project at CERN. The HEP program is fabricating
specific portions of the accelerator and of the two large detectors, ATLAS and CMS. Itisaso
working to develop the computing and data management infrastructure in the United States that is
the key to participation by U.S. scientists in obtaining physics results from the LHC experimental
program. When the physics program begins in 2006, the LHC will be the world’s energy frontier
accelerator, and U.S. participation in its research program will become an integral part of the U.S.
high-energy physics program.

Technology R&D on new and improved magnets and accelerating devices, on needed improvements
and enhancements of existing facilities, on possible future machine concepts, and on innovative,
high risk possible new technologies. As aways, the emphasisis on improved performance and
reduced cost. R&D leading to improved performance of the facilities at Fermilab and SLAC is
particularly important for the extraction of world-class physics results in atimely manner. While
Technology R&D is sometimes focused on a particular possible future facility or facility upgrade,
the results usually have wider application.

Continued support for the fabrication of the CDMS, AMS and GLAST experiments, and R&D
leading toward the SNAP project.
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Funding Priorities

This program described above results in the following funding priorities which are designed to take
advantage of the opportunity to discover the Higgs, search for physicsbeyond the Standard Model, and
confirm and characterize neutrino oscillations and neutrino mass:

= Strong support for the operation and upgrades of the facilities at Fermilab — CDF, D-Zero and the
Tevatron, as well as the supporting computing facilities.

= Strong support for the operation and upgrades of the BaBar detector, the linac, and B-factory at
SLAC, aswell as the supporting computing facilities.

= Support for accelerator R&D.

= Support for university and laboratory based physics research activities (both theory and experiment).
The several experimental programs discussed above all are being performed by large collaborations
of university (primarily) and laboratory based scientists. These scientists provide the effort needed
to operate and maintain the detectors and to analyze the resulting data.

= Support for the continuation of the LHC fabrication activities as planned, and planning and
preparation for the U.S. participation in the LHC research program.

= Continuation of the NuMI/MINQOS construction project at Fermilab.
= Support for the operation of the AGS at BNL to conduct HEP experiments.
Evaluation of Objectives

The overall quality of the research in the High Energy Physics (HEP) Program will be judged excellent
and relevant by external evaluation by peers, and through various forms of external recognition.

Leadership in key HEP disciplines that are critical to DOE’s mission and the Nation will be measured
through external review and other mechanisms.

At least 80% of all new research projects supported by HEP will be peer reviewed and competitively
selected, and will undergo regular peer review merit evaluation.

Upgrades and construction of HEP scientific facilities will be managed to keep within 10 percent on
average of schedule and cost milestones, including the U.S./DOE commitments to the international
Large Hadron Collider project as reflected in the latest international agreement and corresponding plan.

HEP will ensure that operational downtime of the facilities it manages will be, on average, less than 10
percent of total scheduled operating days, barring unforeseen circumstances.

HEP will ensure the safety and health of the workforce and members of the public and the protection of
the environment in al its program activities.
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Significant Accomplishments and Program Shifts
Research and Technology

SCIENCE ACCOMPLISHMENTS

The following were accomplished in FY 2000:

O

The tau neutrino was discovered by the DONUT collaboration, ateam of university and laboratory
scientists working at Fermilab. This completed the last generation of leptons, and capped a major
American achievement: the discovery of 11 of the 12 basic constituents of matter, the quarks and
leptons of the Standard Model of elementary particles. (Thefirst of the 12, the electron, had been
discovered in England in 1897.) The discovery of the tau neutrino was considered by the American
Institute of Physics to be one of the top three physics news stories of the year 2000.

University groups from the United States working on experiments at the LEP electronpositron
collider at CERN completed their final data collection during FY 2000. Early analysis gave
tantalizing indications that the Higgs boson may have been produced at LEP. Although not a
definitive discovery, this finding was considered one of the top three physics news stories of the year
2000. InFY 2002, the data analysis should be well advanced. Discovery and study of the Higgs
boson, believed to be the source of mass for all elementary particles (and hence, of all matter) isa
major objective of the LHC.

At a 2000 conference in Osaka, Japan, physicists using the new BaBar detector at the new SLAC
B-factory announced their first measurement of CP violation in the B-meson system. American
physicists also participated in the BELLE experiment at the Japanese KEK l|aboratory, which
reported similar measurements. The two results are consistent with each other, and with an earlier
measurement from CDF at the Fermilab Tevatron. They are also consistent with the current Standard
Model description of CP violation. More data are needed to make an incisive measurement that will
confirm or refute the Standard Model. BaBar has collected much more data since the summer of
2000 and has recently announced new results which are very interesting but not conclusive. Data
collection continues with high priority.

The g2 experiment at BNL, designed to study magnetic properties of the muon, has obtained the
most precise measurement of the muon anomal ous magnetic moment. Preliminary results
announced in 2001 do not agree with the standard model, suggesting new physics beyond the
standard model. The measurement precision should improve by perhaps afactor of 2 as analysis
proceeds and more data are collected. If thisresult is confirmed, it would be the first clear indication
of new physics beyond the Standard Model.

Teams of university and laboratory scientists using the CDF and D-Zero detectors at the Fermilab
Tevatron measured the mass and production properties of the top quark. Thisisthe last and by far
the heaviest of the quarks (fundamental building blocks of matter) predicted by the Standard Model.
The mass of the top quark is now measured more accurately than that of any other quark. Further
refinements of this result are continuing and will improve even more with data from the upcoming
run of the Tevatron with the newly upgraded Main Injector.

Two physicists shared the Nobel Prize for Physics for 1999, for theoretical work that helped
establish the Standard Model. One of the two was long supported by DOE as a physics professor at
the University of Michigan.

A team of university and laboratory scientists working at the Fermilab Tevatron made the world's
most precise measurement of the mass of the W boson, which transmits the weak interaction, one of
the basic forces. Thisresult is now considerably more precise than the best measurement from the
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LEPfacility at CERN. It will improve even more with data from the upcoming run of the Tevatron
with the newly upgraded Main Injector.

The world' s highest precision single measurement of the weak mixing angle, a fundamental
parameter of the Standard Model, was made by a group of university and laboratory scientists
working at the SLAC Linear Collider (SLC) with the Stanford Large Detector (SLD). The ability to
longitudinally polarize the electron beams (align their spins aong their flight paths) in alinear
collider was the key to achieving high precision. The final result from the final data run has now
been obtained.

The B meson containing a charmed quark was observed and its properties measured by the
international CDF collaboration working at Fermilab. This discovery completes the observations of
the predicted family of B mesons, lending support to the Standard Model.

The first convincing observation of direct CP violation in the fundamental Standard Model
interaction was found in decays of K mesons by ateam of university and laboratory scientists
working on the KTeV experiment at the Fermilab Tevatron. Additional datais being analyzed to
refine this key result and to compare it with a new measurement at CERN.

The observation of the predicted CP-violating decay of the kaon into a pair of pions and an electron
positron pair was made for the first time ever by the KTeV collaboration at Fermilab. This decay
could be an indication of another fundamental asymmetry, violation of time reversal invariance.
Further refinement of this result was achieved.

U.S. university groups involved in the new HERA-B experiment at the DESY machine in Germany
began their first data collection run with the newly upgraded detector in FY 2000.

Observations of the gamma ray flare from Hercules X-1 as recorded at the Whipple Observatory on
Mt. Hopkins in Arizona has provided data which puts a new upper limit on quantum gravity effects.

A magjor advance in theoretical physics was achieved when it was shown and verified that all of the
known “string” theories are equivalent. This greatly reduces the number of possible theories that
could describe all of the known forces including gravity (which is not described by the Standard
Model). Further work toward delineating the underlying theory from which all string theories
originate is continuing at a fast pace.

Theoretical studies have led to a prediction that the “missing dimensions” in string theories may,
under certain circumstances, be experimentally detectable, thus suggesting away to test the validity
of this class of theories.

A SLAC 30 GeV electron beam was directed through a 1.5- meter segment of lithium plasma,
creating a plasmawave that exhibited an accelerating gradient of greater than 0.5 GeV per meter.
Thisisarecord in ahighly speculative program that may have a potential of eventually approaching
accelerating gradients of 10's of GeV per meter.

Evidence of neutrino mass and quantum mixing of neutrino types was obtained in a U.S.-Japanese
experiment with the Super-Kamiokande experiment in Japan. Further data and refinement of these
results was achieved. Long-baseline neutrino beam experiments in Japan and at Fermilab are
underway to verify the results.

A formal program has been initiated to develop, design and implement a computing system to
process, store and support the analysis of the huge amount of data anticipated when the LHC begins
physics operation in FY 2006.
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Facility Operations
FACILITY ACCOMPLISHMENTS

O

The Tevatron completed commissioning with the new Main Injector, and the two upgraded detectors
(CDF and D-Zero) were brought into operation in FY 2001. FY 2002 will be afull year of operation
to exploit these new capabilities.

The B-factory at SLAC was brought into full operation during the early part of FY 2000 and has
achieved design luminosity. During FY 2002, the B-factory will be operated for maximum data
collection on the key scientific question of understanding matter-antimatter asymmetry in the
universe.

The new BaBar detector at the B-factory at SLAC became fully operational in FY 2000 and is
performing very well in FY 2001, collecting data at a high rate.

The Alternating Gradient Synchrotron at BNL is operated by the Nuclear Physics program as part of
the Relativistic Heavy lon Collider (RHIC) facility but is available for use by the High Energy
Physics program on an incremental cost and programmatic norrinterference basis. The high
precision muon magnetic moment experiment (the “g-2” experiment) at the AGS reported its first
results in FY 2001, obtaining arecord level of precisionand indicating the possibility of new physics
phenomena. In FY 2002, the AGS will be operated for the g-2 experiment and for a high priority
rare kaon decay experiment.

The rewly upgraded CLEO-I111 detector at the upgraded CESR facility at Cornell began operation in
FY 2000 and is performing very well in FY 2001. DOE supports more than half the university
groups using this new facility.

PROGRAM SHIFTS

O

Research with the CDF ard D-Zero detectors at the Tevatron and the BaBar detector at the B-factory
will receive greater emphasis to take advantage of the major science opportunities described above.
For the same reason, a number of planned upgrades to both facilities intended to increase the
luminosity and improve the machine and detectors are being given high priority. Lower priority
parts of the program will be reduced.

A long range planning study of the High Energy Physics program, entitled “Planning for the Future
of U.S. High Energy Physics,” was prepared in 1998 by a Subpanel of the High Energy Physics
Advisory Panel (HEPAP). The Subpanel’s recommendations were considered carefully in preparing
this budget.

An update of this report, entitled “HEPAP White Paper on Planning for U.S. High-Energy Physics,”
has recently been prepared by HEPAP and was also used in planning this budget.

A new HEPAP Subpanel has beenassembled and charged to prepare an updated long range planning
report. Thisreport is expected by the end of 2001.

DOE is establishing an exciting and expanding partnership with NASA in the area of Particle
Astrophysics. The Alpha Magnetic Spectrometer (AMS) and Gamma Large Area Space Telescope
(GLAST) experiments have been underway for some time. Preliminary consideration is being given
to the interagency SuperNova Acceleration Probe (SNAP) experiment. These experiments, and
others that may be proposed, will provide important new information about cosmic rays and the rate
of expansion of the universe which will in turn lead to a better understanding of dark matter, dark
energy, and the original big bang. The AMS and GLAST experiments, which are joint DOE-NASA
projects, have received NASA mission approval.
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Scientific Facilities Utilization

The High Energy Physics request includes $495,506,000 to maintain support of the Department’s
scientific user facilities. Thisinvestment will provide significant research time for several thousand
scientists in universities and other Federal |aboratories. It will also leverage bothFederally and privately
sponsored research, consistent with the Administration’s strategy for enhancing the U.S. National
science investment. The proposed funding will support operations at the Department’ s two major high
energy physics facilities: the Tevatron at Fermilab, and the B-factory at the Stanford Linear Accelerator
Center (SLAC). The Alternating Gradient Synchrotron (AGS) at the Brookhaven National Laboratory
(BNL), is now part of the Nuclear Physics (NP) funded Relativistic Heavy lon Collider (RHIC) complex
and is being operated for HEP purposes on a limited basis.

Wor kfor ce Development

The High Energy Physics program supports development of the R& D workforce through support of
undergraduate researchers, graduate students working toward a doctoral degree, and postdoctoral
associates developing their research and management skills. The R& D workforce developed under this
program not only provides new scientific talent in areas of fundamental research, but also provides talent
for awide variety of technical, medical, and industrial areas that require the finely honed thinking and
problem solving abilities and computing and technical skills developed through an education and
experience in a fundamental research field. Scientists trained as High Energy Physicists can be found in
such diverse areas as hospitals (radiation therapy, medical imaging, and medical physics), space
exploration, and the stock market.

About 1250 post-doctoral associates and graduate students supported by the High Energy Physics
program in FY 2001 were involved in alarge variety of experimental and theoretical research. About
one-fifth are involved in theoretical research. Those involved in experimental research utilize a number
of scientific facilities supported by the DOE, NSF, and foreign countries. The mgjority of the
experimental postdoctoral associates and graduate students have worked at one of the three High Energy
Physics User Facilities: Fermi National Accelerator Laboratory, Stanford Linear Accelerator Certer, and
Brookhaven National Laboratory.
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High Energy Physics
Research and Technology ..........
High Energy Physics Facilities....
Subtotal, High Energy Physics..........
CoNnstruction .........cccceveeeveenieannen.
Subtotal, High Energy Physics..........
General Reduction.....................

General Reduction for
Safeguards and Security ............

Omnibus Rescission ..................

Subtotal, High Energy Physics..........
Pending Budget Amendment ............

Total, High Energy Physics...............

Public Law Authorization:

Funding Profile

(dollars in thousands)

FY 2001
FY 2000 FY 2001 Comparable

Comparable Original FY 2001 Current FY 2002

Appropriation | Appropriation | Adjustments | Appropriation Request

236,028 234,720 +8,116 ° 242,836 247,870

418,322 459,010 22,174 % 436,836 456,830

654,350 693,730 -14,058 679,672 704,700

28,700 32,400 -71 32,329 11,400

683,050 ~ 726,130 -14,129 712,001 716,100

0 -7,101 7,101 0 0

0 -5,458 5,458 0 0

0 -1,570 1,570 0 0

683,050 ~ ° 712,001 0 712,001 716,100
0 0 0 0 5,000 ©

683,050 712,001 0 712,001 721,100

Public Law 95-91, “Department of Energy Organization Act”
Public Law 103-62, “Government Performance and Results Act of 1993

% Includes $12,969,000 transferred from High Energy Physics Facilities to Research and Technology in
FY 2002 to realign capital equipment funding.

® Excludes $13,797,000 which has been transferred to the SBIR program and $828,000 which has been

transferred to the STTR program.

¢ Includes $5,180,000 for Waste Management activities at Lawrence Berkeley National Laboratory that were

transferred from the Office of Environmental Management in FY 2001.

d

Security program in FY 2001.

Excludes $5,248,000 for Safeguard and Security activities transferred to consolidated Safeguards and

¢ A Budget Amendment transferring $5,000,000 from this program will be submitted shortly. The narrative
description for this program has already been adjusted to reflect the revised levels.
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Albuquerque Operations Office
Los Alamos National Laboratory
Sandia National Laboratory
Albuquerque Operations Office............

Total, Albuguergue Operations Office..........
Chicago Operations Office
Argonne National Laboratory ...............
Brookhaven National Laboratory..........
Fermi National Accelerator Laboratory .
Princeton Plasma Physics Laboratory ..
Chicago Operations Office...................
Total, Chicago Operations Office................
Oakland Operations Office
Lawrence Berkeley National Laboratory
Lawrence Livermore National Laboratory
Stanford Linear Accelerator Center
Oakland Operations Office
Total, Oakland Operations Office................
Oak Ridge Operations Office
Oak Ridge Inst. for Science & Education
Oak Ridge National Laboratory
Thomas Jefferson National
Accelerator Facility............ccooeeveiiennnns
Oak Ridge Operations Office...............
Total, Oak Ridge Operations Office.............
Washington Headquarters..........................

Subtotal, High Energy Physics...................
Pending Budget Amendment
Total, High Energy Physics.........cccovveeeneee.

Funding by Site

(dollars in thousands)

| FY 2000 | FY 2001 | FY 2002 | $ Change | % Change
1,375 711 661 -50 -7.0%
0 4 0 -4 -100.0%
13 0 0 0 0.0%
1,388 715 661 -54 -7.6%
10,828 8,858 9,990 +1,132 +12.8%
38,778 26,507 32,595 +6,088 +23.0%
294,627 289,507 314,878 +25,371 +8.8%
157 394 364 -30 -7.6%
89,067 85,107 72,566 -12,541 -14.7%
433,457 410,373 430,393 +20,020 +4.9%
45,376 37,782 35,170 -2,612 -6.9%
1,185 1,425 1,357 -68 -4.8%
152,858 158,681 164,343 +5,662 +3.6%
38,713 37,788 34,804 -2,984 -7.9%
238,132 235,676 235,674 -2 0.0%
186 130 130 0 0.0%
536 327 307 -20 -6.1%
90 5 5 0 0.0%
27 15 0 -15 -100.0%
839 477 442 -35 -7.3%
9,234 64,760 48,930 -15,830 -24.4%
683,050°° 712,001 716,100 +4,099 +0.6%
0 0 5,000 ° +5,000 -
683,050 712,001 721,100 +9,099 +1.3%

# Excludes $13,797,000 that has been transferred to the SBIR program and $828,000 that has been

transferred to the STTR program.

® Includes $5,180,000 for Waste Management activities at Lawrence Berkeley National Laboratory that were
transferred from the Office of Environmental Management in FY 2001.

¢ Excludes $5,248,000 for Safeguards and Security activities transferred to the consolidated Safeguards and

Security program in FY 2001.

¢ A Budget Amendment transferring $5,000,000 from this program will be submitted shortly. The narrative
description for this program has already been adjusted to reflect the revised levels.
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Site Description

Argonne National Laboratory

Argonne National Laboratory (ANL) in Argonne, Illinois, is a multiprogram |aboratory located on a
1,700 acre site in suburban Chicago. ANL has a satellite site located in Idaho Falls, Idaho. High Energy
Physics supports a program of physics research and technology R&D at ANL, using unique capabilities
of the laboratory in the areas of accelerator R& D techniques and participation in the CDF and MINOS
detector collaborations.

Brookhaven National L aboratory

Brookhaven Nationa Laboratory (BNL) is a multiprogram laboratory located on a 5,200-acre site in
Upton, New York. High Energy Physics supports a program of physics research and technology R& D
at BNL, using unique capabilities of the laboratory, including the Accelerator Test Facility and its
capability for precise experimental measurement. High Energy Physics also makes limited use of the
Alternating Gradient Synchrotron (AGS), a 28 GeV proton accelerator, which is principally supported
by the Nuclear Physics program. The AGS is used for high-energy physics experiments that need its
unique high quality and high intensity beams of secondary particles such as pions, kaons, and muons.

Fermi National Accelerator Laboratory

Fermi National Accelerator Laboratory (Fermilab) is a program-dedicated |aboratory (High Energy
Physics) located on a 6,800-acre site in Batavia, Illinois. Fermilab operates the Tevatron accelerator and
colliding beam facility, which consists of a four-mile ring of superconducting magnets and is capable of
accelerating protons and antiprotons to an energy of one trillion electron volts (1 TeV). Thusthe
Tevatron is the highest energy proton accelerator in the world, and will remain so until the LHC begins
physics operation in 2006. With the recent shutdown of the LEP machine at CERN in Switzerland, the
Tevatron became the only operating particle accelerator at the energy frontier. Thus Fermilab has an
excellent window of opportunity for making important new scientific discoveries. Fermilab aso
includes the Main Injector, a pre-accelerator to the Tevatron. The Main Injector is aso used to produce
antiprotons for the Tevatron and will be used independently of the Tevatron for a 120 GeV fixed target
program. Fermilab and SLAC are the principal experimental facilities of the DOE High Energy Physics
program.

L awrence Berkeley National Laboratory

Lawrence Berkeley National Laboratory (LBNL) is a multiprogram laboratory located in Berkeley,
Cdlifornia. The laboratory ison a 200 acre site adjacent to the Berkeley campus of the University of
Cdlifornia. High Energy Physics supports a program of physics research and technology R&D at
LBNL, using unique capabilities of the laboratory primarily in the areas of participation in the BaBar
collaboration, expertise in superconducting magnet R& D, world-forefront expertise in laser driven
particle acceleration, and expertise in design of forefront electronic devices.
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L awrence Livermore National Laboratory

Lawrence Livermore National Laboratory (LLNL) is a multiprogram laboratory located on an 821 acre
sitein Livermore, California. High Energy Physics supports a program of physics research and
technology R&D at LLNL, using unique capabilities of the laboratory primarily in the area of advanced
accelerator R& D and participation in the B-factory effort.

L os Alamos National L aboratory

Los Alamos National Laboratory (LANL) is a multiprogram laboratory located on a 27,000 acre site in
Los Alamos, New Mexico. High Energy Physics supports a program of physics research and
technology R&D at LANL, using unigue capabilities of the laboratory primarily in the area of
theoretical studies, and computational techniques for accelerator design.

Oak Ridge Institute for Science and Education

Oak Ridge Institute for Science and Education (ORISE) is located on a 150 acre site in Oak Ridge,
Tennessee. The High Energy Physics program supports a small effort at ORISE in the area of program
planning and review.

Oak Ridge National L aboratory

Oak Ridge National Laboratory (ORNL) is a multiprogramlaboratory located on a 24,000 acre site in
Oak Ridge, Tennessee. The High Energy Physics program supports a small research effort using unique
capabilities of ORNL primarily in the area of particle beam shielding calculations.

Princeton Plasma Physics Laboratory

Princeton Plasma Physics Laboratory (PPPL) is a program-dedicated laboratory (Fusion Energy
Sciences) located on 72 acres in Princeton, New Jersey. The High Energy Physics program supports a
small research effort using unigque capabilities of PPPL in the area of advanced accelerator R& D.

Sandia National L aboratory

Sandia National Laboratory (SNL) is a multiprogram laboratory located on a 3,700 acre site in
Albuquerque, New Mexico, with other sites in Livermore, California and Toropah, Nevada. The High
Energy Physics program supports a small effort at SNL in the area of logic modeling.

Stanford Linear Accelerator Center

Stanford Linear Accelerator Center (SLAC) is a program-dedicated laboratory (High Energy Physics)
located on 426 acresin Menlo Park, California. SLAC operates for High Energy Physics the recently
completed B-factory and its detector, BaBar, and a program of fixed target experiments. The B-factory,
ahigh-energy electron-positron collider, was constructed to support a high quality search for and study
of CP symmetry violation in the B meson system. All of these facilities make use of the two-mile long
linear accelerator, or linac. SLAC and Fermilab are the principal experimental facilities of the DOE
High Energy Physics program.
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Thomas Jeffer son National Accelerator Facility

Thomas Jefferson National Accelerator Facility is a program dedicated laboratory (Nuclear Physics)

located on 273 acres in Newport, News, Virginia dedicated to the exploration of nuclear and nucleon
structure. The High Energy Physics program supports an R&D effort aimed at computer modeling of
accelerator behavior.

All Other Sites

The High Energy Physics program supports about 260 research groups at more than 100 colleges and
universities located in 37 states, Washington, D.C., and Puerto Rico. The strength and effectiveness of
the university-based program is critically important to the success of the program as awhole. These
university based components of the HEP program provides access to some of the best scientific talent in
the nation, and train the next generation of scientists.

The High Energy Physics program also funds research at a small number of nonDOE laboratories and

non-government laboratories and ingtitutes (National Institute for Standards and Technology, Naval
Research Laboratory).
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Resear ch and Technology

Mission Supporting Goals and Objectives

The Research and Technology subprogram provides support for the university and laboratory based
research groups carrying out the planned physics research and technology development programs for
FY 2002 described below and planning the programs to be carried out in future years. Performance will
be measured by the results of reviews of ongoing activities, by sustained achievement in advancing
knowledge, as measured by the quality of the research based on results published in refereed scientific
journals, and by the degree of invited participation at national and international conferences and
workshops.

Physics Resear ch

The Physics Research category in the Research and Technology subprogram supports the university and
laboratory based scientists performing experimental and theoretical HEP research.

Experimental research activities include: planning, design, fabrication and installation of experiments;
conduct of experiments; analysis and interpretation of data; and publication of results. Theoretical
physics research provides the framework for interpreting and understanding observed phenomena and,
through predictions and extrapol ations based on current understanding, identifies key questions for
future experimental investigation. The research groups are based at ANL, BNL, Fermilab, ORNL,
LANL, LBNL, LLNL, and SLAC, and about 100 colleges and universities.

The major planned Physics Research effortsin FY 2002 are:

» Theresearch program at the B-factory/BaBar facility at SLAC. This research program is being
carried out by a collaboration including scientists from SLAC, LBNL, LLNL, ORNL, 31 U.S.
universities, and institutions from 6 foreign countries.

= The research program using the Tevatron/CDF facility at Fermilab. This research programis
being carried out by a collaboration including scientists from Fermilab, ANL, LBNL, 25 U.S.
universities, and institutions in 10 foreign countries.

» The research program using the Tevatron/D- Zero facility at Fermilab. This research program is
being carried out by a collaboration including scientists from Fermilab, BNL, LBNL, 33 U.S.
universities and institutions in 16 foreign countries.

* Panning and preparation for the U.S. portion of the research program of the LHC when it
becomes operational in 2006. A mgjor effort in FY 2002 will be the design and initial
implementation of the U.S. data handling and computing capabilities needed for full participation
in the LHC research program.

= Theresearchprogram using the AGS at BNL. Thisresearch program is being carried out by a
collaboration including scientists from BNL, Fermilab, one U.S. university and institutions in
three foreign countries.

= A program of theoretical research at both universities and laboratories to identify questions for
future research, and further the understanding of new experimental results.
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= A group of experimental research activities using the Cornell Electron Storage Ring and various
international facilities with specia capabilities, and experimental activities, which do not require
an accelerator beam.

High Energy Physics Technology

The High Energy Physics Technology category in the Research and Technology subprogram provides
support for the specialized advanced technology R& D required to sustain and upgrade the presently
operating facilities, to support new accelerator and detector facilities presently under construction, and
to extend the technology base so as to make possible and cost effective use of the new future facilities
which will be needed to continue progress in the field.

The major planned High Energy Physics Technology effortsin FY 2002 are:

O

Support for R&D related to existing facilities and facilities under construction. This R&D ensures
the cost-effective performance of the facility, the ready adaptation for new research requirements,
and the machine and detector performance improvements needed to address new research frontiers.
ThisR&D is carried out at Fermilab, SLAC and BNL for the AGS.

Support for general Technology R&D. A component of the R&D at each of the HEP laboratoriesis
focused on improvements in the general areas of technology important at that laboratory but not
directly connected to the operating machine or afacility under construction. The principal activity is
R&D on high field superconducting accel erator magnets and new detection technologies.

Support for R& D related to a possible future muon collider or muon storage ring (neutrino source).
The muon is over 200 times heavier than an electron, but otherwise very similar in properties. The
mass of the muon effectively eliminates the radiation losses, which severely limit circular electron
machines. Thus a muon colliding beam machine, if it can be made to work, is an attractive alternate
(to large linear colliders) approach to research needing high-energy colliding beams of leptons.
Moreover, the decay of the circulating muons can result in a well-collimated, intense beam of
neutrinos, with additional interesting physics possibilities, such as searching for evidence of neutrino
mass.

The fundamenta problem with muon storage rings is that the muon has a finite lifetime measured in
millionths of a second. Thus the production, capture, acceleration, storage, and collision of the
muons must be done very rapidly. A key feasibility issue is the need to show experimentally that
this production, capture, acceleration and storage can be done with sufficient speed and efficiency so
asto provide usable beam intensity. The other key feasibility issue is that after the muons are stored
in the ring, the beam must be focused and the beam size reduced so as to provide a useful muont
muon collision rate (thisis known as “cooling”). R&D, and planning for appropriate experimental
verification is underway aimed at both issues. The requirements present major challenges to the
development of extremely high power beam targets, high power radio frequency systems, and
intense beam transport systems.

This R&D program involves a collaboration of national laboratories and universities. Fermilab is
the lead laboratory for work related to the “cooling” issue, and BNL is the lead laboratory for work
related to the “ production” issue.
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O

Support for Linear Collider R&D. Electrons (and muons) are simple point particles; protons (and
antiprotons) are composite particles made up of three different quarks. In electronpositron
collisions, the initia state is quite simple, and the collision receives al the available energy. In
proton-antiproton collisions the initial state is more complex consisting of two sets of three quarks.
Only one pair of quarks actually collide, and the energy transferred to the collision is only that
portion of the total available which is carried by the two colliding quarks. (This fraction of the total
energy varies from collision to collision significantly, complicating the experimental analyses.) In
short, electron and proton colliders provide very complementary capabilities and there is generdl
agreement in the research community that it is essentia for the HEP program to pursue both
techniques to the highest energies, and that an electron complement to the LHC is needed.

The apparent research advantage for electron collidersis significantly offset by the difficulty in
providing very high-energy electron collisions. Inthe 1 TeV energy regime, circular electron
accelerators are impossible due to the enormous radiation losses from the stored beams. (The higher
masses of protons or even muons completely avoid this limitation). The alterretive is alinear
arrangement in which beams from two linear accelerators are aimed at each other and produce
electron-positron collisions. This approach was demonstrated to work with the operation of the
Stanford Linear Collider (SLC) at SLAC. Following on the success of the SLC, an international

R& D collaboration (with SLAC as amgjor participant) has identified and attacked the technical
barriers to the construction of a TeV scale linear collider. The SLAC version of this concept is called
the Next Linear Callider (NLC) and the focus of the R& D effort has shifted toward cost reduction
strategies.

The R&D program focused on solution of the technical challenges related to building TeV scale
linear electron-positron collidersis being carried out on an international basis. The international
collaboration includes the Japanese high energy physics center, KEK, through a SLAC-KEK inter-
laboratory memorandum of understanding, and by less formal arrangements, with R&D groups at
the German DESY Laboratory, CERN, and the Budker Ingtitute in Russia. The U.S. isaworld leader
in this R&D program. The program is being carried out by a national collaboration that includes
SLAC asthe principal |aboratory, Fermilab as the major collaborator, and with significant
contributions from Lawrence Berkeley National Laboratory and Lawrence Livermore National
Laboratory.

The specific goals of the present NLC R&D program include developing new technol ogies that
enable a higher performance, lower cost machine; carrying out systems engineering, value
engineering, and risk analysis studies to identify additional R& D issues that could effect cost and
performance and to select from available technologies; and using industria firmsto carry out R&D
on selected technologies, thus exploiting the specia “designfor- manufacture” expertise available in
industry and effecting technical transfer from the NLC R&D program to industry. In addition, cost
analysis and scheduling tools are being developed that can be used to guide the R& D program by
identifying cost driving technologies. In FY 2002, the R&D program led by Fermilab and SLAC
will focus on reliably achieving accelerating gradients in radio frequency structures in the range of
75to 100 MeV/meter. There will also be significant studies of design alternatives for electron
positron sources with agoa of higher performance (higher brightness) and much lower cost, and
studies of designing for ease of manufacturability (i.e. lower cost) of subsystems and major
components.
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o Support for future oriented, high risk R&D. Advances in HEP are strongly dependent upon the
development of new, higher-performance research instruments. Probing ever more deeply into the
structure of matter and energy requires particle accelerators, and detectors operating at higher and
higher energies and intensities. The principal technologies that have been used to produce high
particle energies are radio frequency acceleration and high field magnets. Today, the needs of high-
energy physics are pushing these technologies to limits unimagined twenty years ago. To respond,
HEP funds research looking for new approaches to these underlying technical needs. A further goal
isto develop a program for graduate training in the science and technologies underlying charge
particle beam sources — the accelerators and storage ring systems essential to forefront research in

high-energy particle physics.

The range of topics explored in the HEP Technology activity is very broad, but the principal goals are
improved accelerating systems, stronger and more precise beam focusing systems, and improved
mathematical understanding and computer modeling of accelerators. Conventional radio frequency
accelerating systems probably cannot operate above gradients of 100 to 200 million volts per meter, so
the use of lasers and plasmas as advanced accelerating devicesis being studied. Today’s magnetic fields
routinely reach up to about 10 Teda. This R&D program has as a goal, magnets that can operate at 16 to
18 Tedaand are cost effective to build. This goal requires improved industrially available
superconductors and new magnet geometries and structures and all of these are being explored. A magor
part of the research program is devoted to developing new theoretical, mathematical and computational
approaches. These efforts focus heavily on the areas of classical nontlinear dynamics, space charge
dominated charged particle beams, and physical phenomenon associated with plasma waves moving

close to the speed of light.

The HEP Technology research is carried out at BNL, ANL, LBNL, LANL, two non-DOE laboratories
(Naval Research Laboratory and National Institute for Science and Technology), and thirty-four
universities, the largest programs being at the University of Maryland and University of California, Los

Angeles.

Performance will be measured by reporting accomplishments on the common performance measures
on leadership, excellence and relevance; quality; and safety and health.

Funding Schedule

(dollars in thousands)

| FY2000 | FY2001 | FY2002 | $Change | % Change
Physics Research......................... 161,706 156,386 155,140 -1,246 -0.8%
High Energy Physics Technology ... 74,322 84,971 84,779 -192 -0.2%
SBIR/STTR .o, 0 1,479 7,951 +6,472 +437.6%
Total, Research and Technology .... 236,028 242,836 247,870 +5,034 +2.1%
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Detailed Program Justification

(dollars in thousands)

FY 2000 FY 2001 FY 2002

PhySICSRESEAI Ch ... 161,706 156,386 155,140

Physics Research

UNIVEISITIES ...t 105,266 101,307 96,637
Fermilab ... 8,756 8,980 10,747

S A C i 12,812 12,187 13,795

BN e e 11,212 10,834 10,242
2 14,178 14,556 13,743

ANL o 6,652 6,483 6,125

Other Physics Research ..........ccoooooviiiiiiiiiiicecen, 2,830 2,039 3,851

Total, Physics ReSearCh..........c.ccovviiiiiiiiiii e 161,706 156,386 155,140

O UNIVENSITIES. .ottt 105,266 101,307 96,637

The University Program consists of groups at more than 100 universities doing experiments and
theory. These university goups plan, build, execute, analyze and publish results of experiments;
train graduate students and post-docs; and provide theoretical concepts, simulations and cal culations
of physical processes involved in high energy physics. The university groups usually work in
collaboration with other university and laboratory groups. University based research efforts will be
selected based on review by appropriate peers. The last HEPAP Subpanel (1998), recommended that
the level of funding for the university-based portion of the program be substantially increased over
inflation over atwo-year period.

The university program is reduced by about 4.6%. The funds are shifted to support the strong
initiative to exploit the “ window of opportunity’ for exciting new physics results described in the
introductory sections. To the extent possible, the reductions will take into account the involvement
of university based research groups in the targeted physics research activities. These include
research efforts related to the high priority experiments at CDF, D-Zero, BaBar, etc., work on the
design and fabrication of the LHC detector components, and work on the preparation for U.S.
participation in the LHC research program

These university based research activities are described in more detail below. The funding levels
presented are estimates based on FY 2000 experience.

o University Based Research at Fermilab....................... 30,375 29,160 27,885

Some 55 DOE-funded universities participate in large international collaborations doing
experiments at Fermilab. These experiments involve the CDF and D-Zero collider detectors, and
the KTeV, MINOS, and Mini Boone experiments using external beams of kaons, and, neutrinos.
Other experiments are performed in the antiproton accumulator. The experiments: study the
production and interaction of quarks and gluons as a probe for new particles such as the Higgs;
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

search for evidence for the possible mass of the neutrino and for the transition of neutrinos
among the various types; search for possible sources for the asymmetry of matter over antimatter
in the universe, and a number of other topics. These universities help to fabricate the detectors,
plan and execute the experiments, analyze data and publish the results. The emphasis of groups
working at Fermilab is shifting as activity related to 800 GeV fixed target experiments
diminishes and activities related to Tevatron, MINOS, and other new experiments increase.

o University Based Research at SLAC........ccocvivvvenene 12,205 11,755 11,205

Some 22 DOE-funded universities participate in large international collaborations doing
experiments at SLAC. The experiments involve the BaBar detector and other smaller detectors
for fixed target experiments. These experiments are investigating fundamental constituents of
matter such asthe b quark. In particular, the BaBar detector is being used to study the nature of
CPviolation in the B meson system. These universities help to build the detectors, plan and carry
out experiments, analyze the data and publish the results.

o University Based Research at BNL ........ccccovveveneenee. 2,685 2,585 2,465

Some 8 DOE-funded universities participate in collaborative experiments at BNL. These
experiments involve fixed targets and kaon or pion beams, colliding beams of protons (RHIC-
SPIN) or nuclei (PHOBOS) at RHIC, and an external storage ring measuring the muon
anomal ous magnetic moment to high precision.

o University Based Research at Corndl..........ccccecenneee. 5,195 5,005 4,765

Some 11 university High Energy Physics groups with DOE funding participate in the electron
positron colliding beam experiments at Cornell’s CESR facility utilizing the collaboratively built
CLEO detector studying various aspects of b meson interactions and decay.

o University Based Non Accelerator Research................ 10,960 10,555 10,060

Some 34 DOE-funded universities are involved in supporting the High Energy Physics
experiments not utilizing accelerators. The principal experiments being supported in FY 2002
are:

The Cryogenic Dark Matter Search (CDMS) and Pierre Auger projects that are currently
being fabricated. A description of CDMS is under the Fermilab section and Auger is
described under the Other Physics Research section.

The first phase of the Alpha Magnetic Spectrometer (AMS) experiment is complete and the
data are being analyzed to obtain key information on the presence of antimatter in the cosmic
radiation. The Detector is being upgraded for a second shuittle flight. The planned FY 2002
funding is $1,000,000 and the TEC for the DOE portion of the AMS upgrade is $3,028,000.

Other active experiments, which are primarily in the areas of high-energy astrophysics and
cosmology, include MACRO (Italy), Super-Kamiokande (Japan), KamLAND (Japan), SNO
(Canada), CHOOZ (France), SOUDAN (Minnesota), GRANITE (Mt. Hopkins, Arizona),
Palo Verde (Arizona), GLAST and SNAP (satellite).
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

o University Based Research at Foreign Labs................ 20,405 19,660 18,735

Universities funded by the DOE are doing experiments with international collaborations using
facilities at foreign accelerator labs. Some 45 universities are conducting experiments at CERN
(Switzerland), 11 at DESY (Germany), 10 at KEK (Japan), 1 at IHEP (Russia), 1 at BINP
(Russia), and 2 at Beljing (China). This research addresses a wide range of fundamental
guestions such as the search for the Higgs boson, which may be a key to understanding the
source of mass. The emphasis of university groupsis shifting to the LHC research program at
CERN/LHC and away from activities at DESY and the older programs at CERN.

o University Research in Theory ......cccceecvveenencnncnnn. 21,810 21,015 20,025

Some 75 universities with DOE funding participate in research in theoretical high-energy
physics. Theoretical ideas, concepts, calculatiors and simulations of physical processes in high
energy physics are a key to progress in that they provide guidance for the design of experiments
and the basis for program priorities.

o Other University FUNdiNg .....ccocceveecvccenecce e, 1,631 1,572 1,497

Primarily includes funding held pending completion of peer review of proposals that have been
received, and funds to respond to new and unexpected physics opportunities. The Outstanding
Junior Investigator program, that is intended to identify and provide support for highly promising
investigators at an early stage in their careers, will continue at a level of about $400,000.

O Fermilab..... 8,756 8,980 10,747

In FY 2002, the experimental physics research groups at Fermilab will be focused mainly ondata-
taking with the upgraded CDF and D- Zero collider detector facilities, analysis of data taken in

the 800 GeV fixed-target program and the FY 2001 collider run, fabrication of the MINOS detector,
and fabrication of the CM S detector for the LHC. Also includes funding for work in theory and
astrophysics. The request includes funds to continue the Cryogenic Dark Matter Search (CDMYS).
The CDMS detector will use cryogenic techniques to search for weakly interacting massive particles
(WIMPS). WIMPS are proposed as a possible explanation for the “missing” mass in the universe.
CDMS s being done by a collaboration of universities and laboratories. The detector will be
installed in the Soudan |1 underground laboratory in northern Minnesota. The planned FY 2002
funding is $1,060,000 and the TEC for CDMS is $8,600,000. Funding is increased substantially
reflecting the importance of collecting and analyzing data from the Run Il Campaign. Performance
will be measured by capitalizing on the opportunities to discover the Higgs Boson, to search for
physics not adequately described by the standard model, and to confirm and characterize neutrino
oscillations and neutrino mass.

O SLAC 12,812 12,187 13,795

The experimental physics research groups at SLAC will concentrate their effortsin FY 2002 on data
taking and analysis of data from the BaBar detector operating with the PEP-11 accelerator facility.
This datawill be used to study CP violation in B meson decays and to help explain the
preponderance of matter over antimatter in the universe. They will also work oncompleting the
analysis of the data from the operation of the SLD detector. Fabrication of the Gamma Large Area
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

Space Telescope (GLAST) will be asignificant effort in FY 2002 in preparation for the launch
projected to bein FY 2005. GLAST will study the very high-energy cosmic rays reaching the earth
before they have interacted in the atmosphere. Some physics research will also be done by fixed
target experiments. The theoretical physics group will continue to emphasize topics related to BaBar
and the other SLAC experimenta physics programs as well astests of the Standard Model Quantum
chromodynamics (QCD) and Supersymmetry. Funding is increased substantially to reflect the
importance of having the scientific data collected and analyzed by the scientists.

O BNL 11,212 10,834 10,242

In FY 2002, the BNL experimental physics research groups will be primarily working on the D-Zero
experiment, which will be taking data at Fermilab, and overseeing the fabrication of the U.S. portion
of the ATLAS detector for the LHC. Data collection for the precision measurement of the anomalous
magnetic moment of the muon will be completed. An upgraded rare kaon decay experiment at the
AGS facility will begin operation. Also includes funding for theoretical research.

Funding is decreased to support the strong initiative to exploit the “window of opportunity” for
exciting new physics results described in the introductory sections. This will significantly impact the
viability and productivity of the BNL physics research groups

O LBNL e 14,178 14,556 13,743

In FY 2002, LBNL researchers will be focused on a number of research activities, including: data-
taking with the CDF collider detector at Fermilab; data-taking with the BaBar detector at the PEP-II
storage ring at SLAC; data-analysis on the HY PER-CP experiment at Fermilab will be underway;
and fabrication of the ATLAS detector, primarily the silicon tracking system, for the LHC. The
researchers will also be working on supernova measurements to establish values of cosmological
parameters. Funding is included for the Particle Data Group at LBNL, which continues as an
international clearinghouse for particle physics information.

Funding is decreased to support the strong initiative to exploit the “window of opportunity” for
exciting new physics results described in the introductory sections. This will significantly impact the
viability and productivity of the LBNL physics research groups.

O ANL 6,652 6,483 6,125

The experimental high-energy physics group will continue collaborating in research on the CDF at
Fermilab, and ZEUS at the DESY/HERA facility in Hamburg, Germany. They also will be working
on the fabrication of two major new detector facilities: the ATLAS detector for the LHC facility, and
the MINOS detector at the Soudan site in Minnesota. The MINOS detector is part of the NuMI
project and will use a neutrino beam from Fermilab. The theoretical physics group will continue
their research in formal theory, collider phenomenology, and lattice gauge calculations.

Funding is decreased to support the strong initiative to exploit the “window of opportunity” for
exciting new physics results described in the introductory sections. This will significantly impact the
viability and productivity of the ANL physics research groups.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

Other PhysSICSRESEArCh......cocveeeeeceeece e 2,830 2,039 3,851

Includes $1,000,000 in FY 2002 for the Scientific Discovery through Advance Computing (SDAC)
program. (Additional SDAC funding in the amount of $3,960,000 is included in the High Energy
Physics Facilities Subprogram. In FY 2001, these funds were al in the High Energy Physics
Facilities Subprogram). The principal objective of this program isto provide software tools which
will reduce the effort needed to utilize very large scale computing resources in the solution of key
scientific questions. The program includes the development of these software tools, and the
application of these tools to high priority scientific questions. The funds will be allocated on the
basis of a proposal and peer review process. Possible areas of application include precision, multiple
turn orbit calculations for particle accelerators; numerical calculations on the details of particle
substructure; development of systems for collecting, processing, storing and distribution for analysis
of the very large data sets resulting from operation of the current generation of HEP and NP
detectors; and astrophysical calculations.

This activity includes funds to cortinue the Pierre Auger project. The Pierre Auger Project (Auger)
is intended to detect and study very high energy cosmic rays using avery large array of surface
detectors spread over 30,000 sguare kilometers. Auger is being done by a large international
collaboration. The presently approved part of the project includes an array at asitein Argentina. The
U.S. will provide only asmall portion of the cost of the Argentine array. The planned FY 2002
funding is $1,150,000 and the TEC for the U.S. portion of this phase of Auger is $3,000,000.

Full and effective participation by U.S. scientists in the LHC research program (the LHC will begin
operation in 2006) requires an effective way for the data recorded by the detectors at CERN to be
available for analysis by scientists at U.S. universities and laboratories. This problemis
compounded by the enormous magnitude of the amount of data that will be recorded. This category
includes increased (+$980,000) funding for planning and R& D activities to continue implementing
the U.S. based computing system to process, store and support the analysis of the large body of data
anticipated when the LHC begins operation for physicsin FY 2006. Additiona funding is included
in the High Energy Physics Technology activity (+$240,000). The total funding for LHC related
computing in FY 2002 will be $2,720,000.

This category aso includes funding for smaller labs, conferences, studies, and workshops, and
funding for research activities that have not yet completed their peer review, which is reduced by
$168,000.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

High Energy PhysicS Technology .......cccccoveenerinneeneniinneenins 74,322 84,971 84,779

High Energy Physics Te chnology

Fermilab ... 16,084 24,421 24,300

SLAC 23,620 22,159 22,770

BINL .ot 7,400 5,574 5,265

LBNL ettt 11,737 11,343 10,595

ANL Lo 2,389 2,203 2,075
UNIVEISIIES ..oeiiiieee e, 10,028 9,568 8,680

Other Technology R&D ..........cccviviiiiiiiiiiiii e, 3,064 9,703 11,094

Total, High Energy Physics Technology ..........c.cccoovviiniennens 74,322 84,971 84,779

O Fermilab......oo 16,084 24,421 24,300
0 AccEerator R&D......ccocoviiiiisiceee e 9,618 19,259 18,100

The major focus of the Accelerator R&D program in FY 2002 will be the continuation of the
effort to design and install modifications aimed at improving the luminosity (intensity) and
operational efficiency of the Tevatron complex to aid in the search for the Higgs, etc. The
planned improvements include improved beam focusing magnets, improvements to the RF beam
acceleration and control systems, and improvements to the beam position monitors.

Other activitiesin FY 2002 include design of an electron cooling system to improve the quality
of an antiproton beam processed through the recycler ring; R&D in support of the NuMI project;
R&D on superconducting RF cavities for a separated kaon beam; R& D and engineering on and
fabrication of quadrupole magnets for the LHC interaction regions; and R&D to lay the
technology foundations, long term, for possible future accelerators and experiments.

R&D on the NLC began formally at Fermilab in the first quarter of FY 2000 by a memorandum
of understanding with SLAC. Funding will be at about the same level as FY 2001 ($3,000,000).
Fermilab has assumed the principal R&D responsibility for the two main linac beam lines,
including accelerating structures, supports, and instrumentation and control. A mgor SLAC and
Fermilab collaborative R& D activity is application of the Fermilab devel oped permanent magnet
technology throughout the entire NLC beam optics chain. Fermilab is also responsible for
applying their expertise in conventional civil construction to issues that could significantly
reduce the NLC construction cost. There will aso be an accelerator physics effort, in
collaboration with SLAC, to more fully understand all aspects of the beam optics and beam
transport for the NLC from the electron and positron sources to the electron-positron collision
point.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

Longer range R& D addresses the feasibility and design issues for muon colliders/neutrino
sources. Fermilab is lead laboratory for the muon cooling experiment, and LBNL is a major
collaborator. Thisis acritical test issue for demonstrating the feasibility of ionization cooling in
the muon collider context. M uon collider R&D is funded at about $900,000.

Fermilab is al'so engaged in an advanced superconducting magnet and materials program
(principally niobium tin) to develop magnetic optical elements for use in a muon
collider/neutrino source and, in the very far term, a possible 100 TeV proton collider.

The decrease of $1,159,000 reflects the anticipated completion of R&D in support of the
initiation of the Tevatron operation with two new detectorsin FY 2001 offset, in part, by
increased efforts related to planned luminosity improvements.

o Experimental FacilitieSR&D.......cccccceevevviveiecceceee, 6,466 5,162 6,200

Activitiesin FY 2002 will focus on R& D (increased about $1,000,000) needed for upgrades to
the two large detectors so as to accommodate the increased luminosity from the planned
upgrades of the Tevatron. R&D will continue at alower level on pixel silicon detectors, on a
possible dedicated collider detector for studying B meson interactions (B-Tev); on photon veto
systems for an experiment searching for rare decays of kaons; and on computing techniques and
on specialized electronics to better process the high event rates seen and anticipated in the large

detectors.
I O A C e ——— 23,620 22,159 22,770
o AccAErator RED ..o 19,975 21,216 21,680

An important component of the FY 2002 SLAC program will be continuation of the accelerator
R& D aimed at improving the luminosity and operational efficiency of the B-factory complex.
Particular attention will be paid to finding ways to improve the collision luminosity from the
design value of 3x10*3cm?s? to greater than 103*cm®s®. The planned improvements include
additional RF acceleration systems, improvements to the vacuum pumping system, and
improvements to the beam control systems.

Activitiesin FY 2002 will include R&D on issues central to the design of the Next Linear
Collider (NLC), an electron-positron colliding beam facility to operate in the 500 GeV to 1 TeV
center-of- mass energy regime and upgradable to 1.5 TeV. The R&D activity at SLAC will focus
on design and supporting engineering R& D on the electron and positron sources, damping rings,
and connecting beam transport systems. Much of this work is done in collaboration with the
Japanese laboratory for HEP, KEK. Technology development for the 11.4 GHz high-powered
microwave sources that generate the power to accelerate electrons and positrons will continue
with the goal of proving new, more cost effective technical approaches. Systems engineering,
value engineering and risk analysis studies will be carried out to identify R&D opportunities to
lower cost, exploit new technologies, and improve performance. The NLC R&D program at
SLAC will be funded at $14,810,000 in FY 2002, about the same asin FY 2001.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

A program of general R&D into very advanced collider concepts will continue a a low level.
This activity at SLAC will be closely coordinated with other participants in the high risk R&D
program in advanced accelerator physics that is exploring the potential of lasers, plasmas, and
ultra high frequency microwave systems to accelerate charged particles at ultra high gradients
that is described in the introduction.

o Experimental FacilitieSR&D.........cccooeviviniriniceens 3,645 943 1,090

In FY 2002, the emphasis will be on work to support and improve performance of BaBar, the
newly operating B-factory detector, and a modest program of R& D, on developing preliminary
designs for a detector to operate with a possible new electronpositron linear collider operating at
the TeV center of mass energy scale.

O BNL o 7,400 5,574 5,265
o Acceerator R&D ... 6,360 4,561 4,315

Activitiesin FY 2002 will include, R&D on new methods of particle acceleration such as laser
acceleration and inverse free electron laser (IFEL) accelerators, primarily using the excellent
capabilities of the BNL Accelerator Test Facility.

BNL also has amagjor involvement in muon collider R&D, primarily in the area of the muon
production target and collection systems. This target/capture R&D is critical for demonstrating
the feasibility of a muon collider.

The BNL superconductor test facility will be used to study the characterization of new high
critical temperature superconductors as well as the special requirements for high field magnet
fabrication.

Funding for the above activitiesis decreased to support the strong initiative to exploit the
“window of opportunity” for exciting new physics results described in the HEP program mission
section above. Thiswill significantly impact the viability and productivity of the BNL
technology groups

o Experimental FacilitieSR&D.........ccccoveveieiiiinire 1,040 1,013 950

In FY 2002, semiconductor drift photo diodes for detection of photons of energies aslow as

50 eV will be designed and produced. Development of radiation hardened monolithic electronics
for a number of experiments will continue. Development of |ead-tungstate crystals with
improved light output will continue. Testing of the modules that constitute the ATLAS barrel
calorimeters will begin.

Funding is decreased to support the strong initiative to exploit the “window of opportunity” for
exciting new physics results described in the HEP program mission statement above. This will
significantly impact the viability and productivity of the BNL technology groups.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

O LBNL 11,737 11,343 10,595
o Acceerator R&D ... 9,624 9,225 8,605

The high-gradient, al-optical, laser-plasmawakefield accelerator at LBNL will begin
accelerating electron bunches in preparation for a series of experiments in novel acceleration
techniques.

LBNL isamajor contributor to accelerator and superconducting magnet R&D for advanced
accelerator concepts, including the muon collider and the next linear collider. Development of
these concepts is needed to advance the energy and luminosity frontiers to better understand the
structure of matter. In FY 2002, preparations for muon cooling experiments to be performed at
Fermilab, needed to confirm the practicality of a muon collider, will continue, using components
fabricated at LBNL.

Funding for some of the above activities is decreased to support the strong initiative to exploit
the “window of opportunity” for exciting new physics results described in the introductory
sections. This will significantly impact the viability and productivity of the LBNL technology
groups

LBNL isalso involved in the NLC R&D program in FY 2001. Continuation of this effort in
FY 2002 will be at about the same level of funding ($650,000).

o Experimental FacilitieSR&D.......ccccceeveciiveiecec, 2,113 2,118 1,990

LBNL has an industry forefront capability for designing and producing custom state-of-the-art
electronics, such as silicon vertex detectors, integrated circuit (1C) systems, and other
components for high-energy particle detectors such as BaBar at the B-factory and the upgrades to
CDF and D-Zero for the next, higher luminosity, runs at Fermilab. LBNL is also involved in
developing computer programs for experimental data taking and analysis. In FY 2002, work will
continue on large area charge-coupled devices and high-resolution imaging systems, plus the
production and testing of IC systems.

Funding is decreased to support the strong initiative to exploit the “window of opportunity” for
exciting new physics results described in the introductory sections. This will significantly impact
the viability and productivity of the LBNL technology groups

R AN AN | 2,389 2,203 2,075
o0 ACCEHErator RED ....oooiieeeiieeeeeee e 1,481 1,299 1,220

R&D will continue on the acceleration of electrons using structures with plasmas or structures
made of dielectric materials called wakefield accelerators. Researchers have achieved predicted
accelerating gradients at encouraging levels using this new technique. Results are expected in
obtaining high accelerating gradients with greatly enhanced beam stability using dielectric
structures, and planning is underway for an upgraded experimental capability to generate much
higher accelerator gradients using plasmas in structures driven by intense bunches of electrons.
Related theoretical work will aso continue.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

Funding is decreased to support the strong initiative to exploit the “window of opportunity” for
exciting new physics results described in the introductory sections. This will significantly impact
the viability and productivity of the ANL technology groups.

o Experimental FacilitiesSR&D.......c.ccccevvevvvveveececenee, 908 904 855

In FY 2002 work will be underway on the MINOS detector, the ATLAS detector for the LHC,
and a possible upgrade of the ZEUS detector at DESY .

Funding is decreased to support the strong initiative to exploit the “window of opportunity” for
exciting new physics results described in the introductory sections. This will significantly impact
the viability and productivity of the ANL technology groups.

O UNIVEN SHIES. oo, 10,028 9,568 8,680

The funding will provide for a program of high priority technology R&D at about 20 universities
relevant to the development of particle accelerators. This R&D effort is primarily a part of the high
risk R& D described in the Mission Supporting Goals and Objectives — Technology R& D discussion.
The R&D is aimed at breakthrough technologies; superconductors for high-field magnets; laser and
collective-effect accelerator techniques; novel, high-power radio frequency generators, muon
colliders; theoretical studiesin particle beam physics, including the nonlinear dynamics of particle
beams; and at lowering the cost and improving the performance of future experiments and facilities.
University based research efforts will be selected based on review by appropriate peers.

Funding is decreased to support the strong initiative to exploit the “window of opportunity” for
exciting new physics results described in the introductory sections. This will significantly impact the
viability and productivity of these technology groups.

0 Other Technology R&D ... 3,064 9,703 11,094

The funding will provide for a program of high priority technology R&D at a number of other
federal laboratories and industrial sites relevant to the development of particle accelerators. This
R&D effort is primarily a part of the high risk R&D described in the Mission Supporting Goals and
Objectives— Technology R&D discussion. The R&D is aimed at breakthrough technologies;
superconductors for high-field magnets; laser and collective-effect accelerator techniques; novel,
high-power radio frequency generators; theoretical studies in particle beam physics, including the
non-linear dynamics of particle beams; and at lowering the cost and improving the performance of
future experiments and facilities.

The increase of $1,391,000 is primarily for Other Technology R&D activities that has not been
allocated pending completion of peer review or program office detailed planning.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

SBIR/STTR .o 0 1,479 7,951

In FY 2000, $1,100,000 was transferred to the SBIR program. This includes $615,000 for the SBIR
program and $864,000 for the STTR program in FY 2001 and $7,090,000 for the SBIR program and
$861,000 for the STTR program in FY 2002. Additiona funding for the SBIR program is contained in
the High Energy Physics Facilities subprogram.

Total, Research and Technology .......cccocevvevvneeneeieneeseeen 236,028 242,836 247,870

Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
($000)

0 Physics Research

o At Fermilab, an increase in the Physics Research category to provide increased
support for Fermilab scientists to exploit the window of opportunity to search for
thE SOUMCE Of MBSS......cciieieieiecie ettt st e e e sreenaeeneenns +1,767

o At SLAC, anincrease in the Physics Research category to provide increased
support for SLAC scientists collecting and analyzing data from the BaBar
detector to exploit the window of opportunity to study CP violation in B meson
decays and help explain the preponderance of matter over antimatter in the
UNIVEISE .ttt eeteestte e bt e ettt e beesasesbeesaeeebeesbseeabaeasseenseesbessabeesseeeaseesseesabeessessnseenseesasennns +1,608

o Funding for research at a number of sites has been decreased to make funds
available for the operation and upgrade of the high priority “window of
opportunity” efforts at Fermilab and SLAC as discussed in the introductory

sections.

0 In University Physics Research, a decrease of $4,670,000...........cccoceverurveeerneenenss -4,670
0 At BNL, adecrease of $592,000.........cceeeeeeeeeeeeeeeeeseeeeseeeeesesseseeseeeseeenenns -592
0 At LBNL, adecrease of $813,000. .....c.ceeeerereeeeeeeeeeeeeeeeeeeesseeeseseseseseseeeesenns -813
0 At ANL, adecrease of $358,000 ........ccceueueeeueueeeeeeeeeeeeeeeeeseeesseeeseseseseeseseeeeeenns -358

o InOther Physics Research, an increase of $1,000,000 reflecting the transfer of a
portion of the funding for the large scale computer modeling and simulation
initiative from the High Energy Physics Facilities Subprogram. Thisis based on
further analysis of the objectives of the program. An additional $3,960,000 for
computer modeling and ssimulation remains in the High Energy Physics Facilities
Subprogram. The total for this activity is increased dightly relative from
FY 2001.
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In Other Physics Research an increase of $980,000 in funding for preparation for
handling the data from LHC.

In Other Physics Research, other adjustments totaling a decrease of $168,000. ........

Total, PhYSICS RESEAICH......ccuiicicce e e

0

High Energy Physics Technology

u]

At Fermilab, a decrease of about $121,000 reflecting the anticipated completion

of the final commissioning and shakedown operation of the Tevatron with the new
Main Injector which occurred during FY 2001, offset by an increased emphasis on
R&D needed for the planned luminosity upgrades of the Tevatron The
cooperative (with SLAC) R&D program on the Next Linear Collider and the
program of R&D on muon colliders are held at about a constant level. .....................
At SLAC, an increase to support the R& D needed to further increase the
luminosity of the B-factory and to make the BaBar detector fully effective at

these NIgNEr INEENSITIES. ......ocveeeece e
Funding for technology at a number of sites has been decreased to make funds
available for the operation and upgrade of the high priority “window of
opportunity” programs at Fermilab and SLAC as discussed in the introductory
sections.

In the University program, a decrease of $888,000...........c.cceveererererereneeiennenns
At BNL, adecrease of $309,000 .......cceeeveeiereeeiiieieeeireesseeeseereseeesssreeesreessreeeas
At LBNL, adecrease of $748,000........cccccuiiiceeiiiieeeieieeeeieseeeeseeesseveeesresssnee e
0 At ANL, adecrease of $128,000 .......cccceverreriererereseseeeeeeseesee e e ssessesenseens
In Other Technology R& D, an increase of $240,000 in funding for activities
related to meeting the anticipated computing needs of the LHC research program,

and an increase of $1,151,000 primarily in the funding held in reserve pending the
completion of peer review and program office considerations. ..........ccccceeeeeerereenne

O O o

Total, High Energy PhysiCS TEChNOIOGY .....ccvvevuieiicieceee e

O

SBIR/STTR

u]

Anincrease of $6,472,000 in the SBIR allOCatiON..........covvveeiieieieee e

Total Funding Change, Research and TeChNOIOgy .........ccovvveiieiieeesiee e

Science/High Energy Physics/

Research and Technology

FY 2002 vs.
FY 2001
($000)

+1,812

-1,246

-121

+611

-888
-309
-748
-128

+1,391

-192

+6,472

+5,034
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The following table displays funding in High Energy Physics for R&D on possible future HEP facility
concepts:

(dollars in thousands)

FY2000 | Fy2001 [ FY 2002
Next Linear COMLET ..o 17,400 19,157 19,200
Muon-Muon Collider..................cocoii 9,675 5,269 4,993
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High Energy Physics Facilities

Mission Supporting Goals and Objectives

The High Energy Physics Facilities subprogram includes the provision and operation of the large
accelerator and detector facilities, the essential tools that enable scientistsin university and laboratory
based research groups to perform experimental research in high-energy physics.

The FY 2002 program described earlier contains the following facility operation elements.

o Full operation of the Tevatron at Fermilab and the B-factory at SLAC for the research program
planned at those facilities. This includes operation of the accelerators and storage rings, and
operation of the ancillary and support facilities including in particular the computing facilities.

o Continuation of the planned program of upgrades for these two facilities. The physics goals of
the HEP program described earlier (detection of Higgs; study of CP Violation, etc.) require a
substantial amount of data collection. Facility upgrades that increase the beam intensity are
extremely important since they increase the data collection rate just as effectively as does
additional operation. The data collection goals needed to achieve the physics objectives requires
both extended running and an ongoing program of facility upgrades.

o Strong operation of the AGS at BNL for the research program planned at the AGS as described
earlier.

o Continued work on the agreed to components and subsystems for the LHC accelerator and
detectors.

o Site infrastructure maintenance and improvement. The High Energy Physics Facilities
subprogram includes general plant projects (GPP) funding (at Fermilab, SLAC and LBNL) and
general purpose equipment (GPE) funding (at LBNL).

The principa objective of the High Energy Physics Facilities subprogram is to maximize the quantity
and quality of data collected for approved experiments being conducted at the High Energy Physics
facilities. The ultimate measure for success in the High Energy Physics Facilities subprogram is whether
the research scientists have data of sufficient quantity and quality to do their planned measurements or to
discover new phenomena. The quality of the datais dependent on the accelerator and detector
capabilities, and on the degree to which those capabilities are achieved during a particular operating
period. The quantity of the data relates primarily to the beam intensity, the length of the operating
periods, and the operational availability of the accelerator and detector facilities. Performance will be
measured by reporting accomplishments on the common performance measures on leadership,
excellence and relevance; quality; and safety and health
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(in weeks)

FY2000 | FY2001 | FY 2002
Fermilab.............ccooi 29 22 39
SLAC e 44 34 35
BINL e 15 16 16

Funding Schedule

(dollars in thousands)

| Fy2000 | FY2001 | FY2002 | $Change | % Change
Fermi National Accelerator Lab......... 212,590 211,406 244,739 +33,333 +15.8%
Stanford Linear Accelerator Center ... 111,787 116,449 125,078 +8,629 +7.4%
Brookhaven National Laboratory....... 3,471 5,729 5,690 -39 -0.7%
Other Facility Support ..........cccccenee. 10,384 20,204 14,655 -5,549 -27.5%
Large Hadron Collider...................... 70,000 58,870 49,000 -9,870 -16.8%
Waste Management......................... 10,090 10,391 10,410 +19 +0.2%
SBIR/STTR ..iviiivii e, 0 13,787 7,258 -6,529 -47.4%
Total, High Energy Physics Facilities.... 418,322 436,836 456,830 +19,994 +4.6%

Detailed Program Justification

(dollars in thousands)

FY 2000 FY 2001 FY 2002

Fermilab.......ocooiie e 212,590 211,406 244,739

Provides support for operation, maintenance, improvement, and enhancement of the Tevatron
accelerator and detector complex and for maintenance of the laboratory physical plant. This complex
includes the Tevatron, that can operate in a collider mode with protons and antiprotons, or in a fixed
target mode with protons only; the new Main Injector that was completed and commissioned in FY 1999
and is fully operational; the Booster; the Linac; and the Antiproton Source and Accumulator. The
Tevatron collider and the 800 GeV fixed target modes are mutually exclusive; however, a fixed target
program at 120 GeV using the new Main Injector is possible in parallel with Tevatron collider operation.
Tevatron operation in FY 2002 will be focused on an extended run to collect the maximum amount of
data for the physics goals (Higgs, etc.) described earlier. Thiswill include full operation of the two
large detectors — CDF and D-Zero — and the supporting computing facilities. The Tevatron will operate
for about 39 weeks in FY 2002. Performance will be measured by adherence to planned running
schedules and by progress on maintaining and enhancing luminosity and operational efficiency for the
Tevatron at Fermilab in its new mode of operation with the new Main Injector.

% The number of weeks is projected on the basis of the continuing availability of electrical power at affordable
prices, an assumption that is now questionable in California.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

O OPEALIONS.....ciiiierieiieieeeee e 182,455 177,993 194,409
Operation at Fermilab will include operation of the Tevatron in collider mode for about 39 weeks.
This will be a mgor physics run with the higher intensity available from the new Main Injector and
with the newly upgraded D-Zero and CDF detectors. Thisisto be a major data collection period for
the experiments searching for the Higgs and related phenomena as described in more detail earlier.
The increased funding ($16,416,000) will support the additional Tevatron operation, will provide for

increased operations staffing to enhance the reliability and efficiency of the planned operations, and
will assist with installation and commissioning of planned luminosity upgrades.

Tevatron Operation

(in weeks)
| Fy2000 | Fy2001 | FY 2002
FIXE TArQEL ...t 6 0 0
(070] |0 =] o PSPPI PPN 15 22 39
(070] 19113157 (o] 11 oo [P 8 0 0
Total, Tevatron OPEration...........coceuuieiriieeieeiiineine e 29 22 39
0 Support and InfrastruCture........ccccceeceeceevee e, 30,135 33,413 50,330

Capital Equipment funding is increased from $24,789,000 to $39,280,000. These funds provide for
initiation of two new Magjor Items of Equipment involving the replacement of the Silicon Tracker
Subsystems with new state-of-the-art radiation-hard silicon for both the CDF Detector (TEC of
$15,000,000) and D-Zero Detector (TEC of $15,000,000), the MINOS Detector (TEC of
$47,118,000), and general laboratory needs. Increases of $7,000,000 for the two new detector
MIE’s, $3,976,000 for MINOS and $7,811,000 for general |aboratory needs are partially offset by
the completion of the D-Zero Upgrade project in FY 2001. AlPisincreased by $2,415,000 to
$6,250,000. The detector upgrades, general laboratory needs and AIP funding reflect the high
priority given to highly effective operation of the Tevatron for the physics goals and are aimed at
improving the luminosity and efficiency of operation of the Tevatron. The Silicon Tracker
Subsystem replacements will be necessary since in the normal course of operation the silicon in the
detectors gets damaged by radiation and needs to be replaced. The technology involving radiation
hard silicon has improved significantly since the design for the last upgrades to the detectors was
completed five years ago. Thiswill alow them to better withstand the higher intensities needed in
the search for the Higgs. MINOS is the detector part of the NuMI project that will provide a maor
new capability for neutrino research. GPP funding increased dightly ($11,000) to $4,800,000 to
assist with urgent ES&H and infrastructure needs.
SLAC e e 111,787 116,449 125,078
Provides for the operation, maintenance, improvement and enhancement of the accelerator and detector
complex on the SLAC site. The accelerator facilities include the electron linac, the B-factory, completed
in FY 1999, and the NLC Test Accelerator. The B-factory is fully operational and is performing well.
The detector facilities include BaBar, the detector for the B-factory, the End Station A experimental
set-ups, and the Final Focus Test Beam. Thiswill be a mgor data collection period for the experiment
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

studying the B meson system and looking for information about CP Violation as described earlier.

B-factory operation in FY 2002 will be focused on an extended run to collect the maximum amount of
data for the physics goals (CP Violation, etc.) described earlier. Thiswill include full operation of the
large detectors — BaBar — and the supporting computing facilities. The B-factory will operate for about
35 weeksin FY 2002. Performance will be measured by adherence to planned running schedules and
progress on achieving and increasing luminosity and operational efficiency for the B-factory at SLAC as
measured by comparison with stated project goals.

Also provides for the fabrication of the GLAST detector which is to be a satellite-based study of high
energy gamma rays in the cosmic radiation.

Also provides for maintenance of the laboratory physical plant.

B OPEALIONS. ..ot 88,945 94,298 99,705

The increased funding will provide operations at SLAC in FY 2002 for about 35 weeks of strong
utilization of the asymmetric B-factory colliding beam storage rings to maximize the data collected
by the BaBar detector facility, and for corresponding support of detector operations and computing
operations. Thiswill be the priority research program at SLAC in FY 2002. Thiswill be
supplemented by a modest (8 weeks) fixed target research program in End Station A which will be
run in paralel with B-factory operation. The linac will serve as the injector of positrons and
electrons to the B-factory storage rings during this time.

The increased funding ($5,407,000) will provide for increased operation (1 week), increased
operations staffing to enhance the reliability and effectiveness of the planned operations, and assist
with installation and commissioning of luminosity upgrades.

SLAC Operation?

(in weeks)
| FY2000 | FY2001 | FY 2002
Fixed Targetb .............................................................................. 15 8 8
B-factory Operation.........cc.veiuiiiii e 44 34 35
Total, SLAC OPEIatiON ......ccevuiiiriieiiieiieee et 44 34 35
0 Support and INfrastructure........coeceveeveeceneece e 22,842 22,151 25,373

Funding for capital equipment for general laboratory purposes is decreased by $2,140,000 to
$5,140,000. Funding for AlP isincreased by $2,872,000 to $8,360,000. These funds are primarily
related to urgent upgrades needed to improve the luminosity and operational efficiency of the
B-factory. Capital equipment funding for GLAST, alarge gamma ray detector designed to study
cosmic gamma rays from a satellite, is increased by $2,481,000 to $7,673,000. GLAST isajoint

% The number of weeks is projected on the basis of the continuing availability of electrical power at
affordable prices, an assumption that is now questionable in California.

® Fixed Target operation in parallel with B-factory operation.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

DOE-NASA project aimed at studying gamma rays in the cosmic radiation using a satellite-based
instrument. Additional funding of $497,000 is provided under Other Facilities Support for GLAST.
The total funding (including the $497,000 in Other Facilities Support) requested for GLAST in

FY 2002 is $8,170,000 and the TEC is $35,000,000. Funding for GPP is increased slightly
(+$9,000) to $4,200,000 to assist with urgent ES&H and infrastructure needs.

BNL 3471 5,729 5,690

Provides support for the HEP related operation, maintenance, improvement, and enhancement of the
AGS complex at BNL and its complement of experimental set ups. The AGS is operated by the Nuclear
Physics program as part of the RHIC facility and operation of the AGS for the HEP program is on an
incremental cost basis.

The AGS will be operated for the HEP program for about 16 weeks in FY 2002 in support of further
operation of the experiment studying the magnetic properties of the muon and the new experiment
searching for avery rare decay mode of the K meson. Performance will be measured by adherence to
planned running schedules.

O OPEALHONS. ....ceiiiiieieeieee e 3,377 5,634 5,595

Funding will provide for the incremental cost of running the AGS complex for HEP. Operation for
High Energy Physics in FY 2002 will be for about 16 weeks for a major data-taking run for muon
experiment and for the initiation of the upgraded rare kaon decay experiment.

AGS Operation

(in weeks)
FY2000 | FY2001 | FY 2002
AGS Operation for HEP ........cooiiiiiii e 15 16 16
0 Support and INfrastructure........ccoeceveeveeceesecce e 94 95 95
Includes capital equipment funding for HEP use of the AGS.
Other Facility SUPPOIT ...oceveeeeeeceeeeesee e 10,384 20,204 14,655

Includes $3,960,000 (-$959,000) for the Scientific Discovery through Advance Computing program.
Additional funding in the amount of $1,000,000 is included in the Research and Technology subprogram
and is more fully described there.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

Includes $1,050,000 (-$397,000) for General Purpose Equipment and $1,900,000 (-$1,592,000) for
General Plant Projects at LBNL for landlord related activities.

In FY 2001, included $3,000,000 of MINOS Other Project Costs expended through the University of
Minnesota for excavation at the Soudan Laboratory. This phase of the activity is complete and no
funding is planned in FY 2002 (-$3,000,000).

In FY 2001, LBNL was provided $499,000 for modifications to the Oakland Scientific Facility and
$253,000 for work related to the BaBar computing facilities at SLAC. Both activities are complete and
no funding is planned in FY 2002 (-$752,000).

Includes funding for a number of small activities including computer networking and funding held in
reserve pending the completion of peer review and programmatic considerations.

Large Hadron Collider .........cceveeveiceveese e 70,000 58,870 49,000

The reduction in funding in FY 2002 ($11,000,000 below the previously planned profil€) reflects a
further analysis of the detailed expenditure plans for the project. This funding will alow the project to
continue on the approved schedule and will not affect the planned compl etion date and the total cost of
the U.S. projects and the LHC itself. CERN has indicated agreement with this change.

The European Center for Nuclear Research (CERN) in Geneva, Switzerland initiated the Large Hadron
Collider (LHC) project in FY 1996. Thiswill consist of a7 on 7 TeV protonproton colliding beams
facility to be constructed in the existing Large ElectronPositron Collider (LEP) machine tunnel (LEP
will be removed). The LHC will have an energy 7 times that of the Tevatron at Fermilab. Thusthe LHC
will open up substantial new frontiers for scientific discovery. Completion of the LHC is projected for
2006.

Participation by the U.S. in the LHC program is extremely important to U.S. High Energy Physics
program goals. The LHC will become the foremost high-energy physics research facility in the world
around the middle of the next decade. With the LHC at the next energy frontier, American scientific
research at that frontier depends on participation in LHC. The High Energy Physics Advisory Panel
(HEPAP) Subpanel on Vision for the Future of High-Energy Physics (Drell) strongly endorsed
participation in the LHC, and this endorsement has been restated by HEPAP on several occasions.

The physics goals of the LHC include a search for the origin of mass as represented by the “Higgs’
particle, exploration in detail of the structure and interactions of the top quark, and the search for totally
unanticipated new phenomena. Although LHC will have alower energy than the Superconducting
Super Collider (canceled in 1993), it has strong potential for answering the question of the origin of
mass. The LHC energies are sufficient to test theoretical arguments for a totally new type of matter. In
addition, history shows that major increases in the particle energy nearly always yield unexpected
discoveries.

DOE and NSF have entered into ajoint agreement with CERN about contributions to the LHC
accelerator and detectors as part of the U.S. participation inthe LHC program to provide access for U.S.
scientists to the next decade’ s premier high-energy physics facility. The resulting agreements were
approved by CERN, the DOE and the NSF and were signed in December of 1997.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

Participation in the LHC project (accelerator and detectors) at CERN primarily takes the form of the
U.S. accepting responsibility for designing and fabricating particular subsystems of the accelerator and
of the two large detectors. Thus, much of the funding goes to U.S. laboratories, university groups, and
industry for fabrication of subsystems and components that will become part of the LHC accelerator or
detectors. A portion of the funds are being used to pay for purchases by CERN of material needed for
construction of the accelerator. Asaresult of the negotiations, CERN has agreed to make these
purchases from U.S. vendors.

The agreement provides for a U.S. DOE contribution of $450,000,000 to the LHC accelerator and
detectors over the period FY 1996 through FY 2005 (with approximately $81,000,000 being provided by
the NSF). The DOE contribution is broken down as follows: detectors $250,000,000; accelerator
$200,000,000 (including $90,000,000 for direct purchases by CERN from U.S. vendors and
$110,000,000 for fabrication of components by U.S. laboratories).

The total cost of the LHC on a basis comparable to that used for U.S. projects is estimated at about
$6,000,000,000. Thus the U.S. contribution represents less than 10 percent of thetotal. (The LHC cost
estimates prepared by CERN, in general, do not include the cost of permanent laboratory staff and other
laboratory resources used to construct the project.) Neither the proposed U.S. DOE $450,000,000
contribution nor the estimated total cost of $6,000,000,000 include support for the European and U.S.
research physicists working on the LHC program.

The agreement negotiated with CERN provides for U.S. involvement in the management of the project
through participation in key management committees (CERN Council, CERN Committee of Council,
LHC Board, etc.). Thiswill provide an effective base from which to monitor the progress of the project,
and will help ensure that U.S. scientists have full access to the physics opportunities available at the
LHC. The Office of Science has conducted a cost and schedule review of the entire LHC project and
similar reviews of the several proposed U.S. funded components of the LHC. All of these reviews
concluded the costs are properly estimated and that the schedule is feasible.

In addition to the proposed U.S. DOE $450,000,000 contribution and $81,000,000 NSF contribution to
the LHC accelerator and detector hardware fabrication, U.S. participation in the LHC will involve a
significant portion of the U.S. High Energy Physics community in the research program at the LHC.
This physicist involvement has already begun. Over 500 U.S. scientists have joined the U.S.-ATLAS
detector collaboration, the U.S.-CMS detector collaboration, or the U.S.-LHC accelerator consortium,
and are hard at work helping to design the initial physics research program to be carried out at the LHC,
helping to specify the planned physics capabilities of the LHC accelerator and detectors, and helping to
design and fabricate accelerator and detector components and subsystems.

Fabrication of LHC subsystems and components by U.S. participants began in FY 1998. Funding was
provided in FY 1996 ($6,000,000) and FY 1997 ($15,000,000) for preliminary R&D, design and
engineering work on the subsystems and components being proposed for inclusion in the agreement with
CERN. Thisfunding was essential in order to provide the cost and technical bases for the proposed U.S.
responsibilitiesin LHC, and to be ready for rapid start to satisfy the anticipated timetable for the project.
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U.S. LHC Accdlerator and Detector Funding Profile

(dollars in thousands)

Department of Energy

National Science

Fiscal Year Accelerator Detector Total Foundation®
1996" 2,000 4,000 6,000 0
1997 6,670 8,330 15,000 0
1998" 14,000 21,000 35,000 0
1999 23,491 41,509 65,000 22,150
2000 33,206 36,794 70,000 15,900
2001 27,243 31,627 58,870 16,370
2002 21,303 27,697 49,000 16,860
2003 22,100 37,900 60,000 9,720
2004 29,330 30,670 60,000 0
2005 20,657 10,473 31,130 0
Total 200,000° 250,000 450,000 81,000

% The NSF funding has been approved by the National Science Board.

® The FY 1996 and FY 1997 LHC funding was for R&D, design and engineering work in support of the
proposed U.S. participation in LHC. Beginning in FY 1998 funding was used for: fabrication of machine and
detector hardware, supporting R&D, prototype development, and purchases by CERN from U.S. vendors.

¢ Includes $110,000,000 for LHC supporting R&D and accelerator components to be fabricated by U.S.
laboratories and $90,000,000 for purchases by CERN from U.S. vendors.
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LHC Accderator and Detector Funding Summary

(dollars in thousands)

| Fy2000 | Fy2001 | FY 2002
High Energy Physics Facilities
LHC
Accelerator Systems
Operating EXPENSES ...ccvuivviieiei e e e 4,160 5371 1,800
Capital EQUIPMENT ... 20,758 3,991 12,400
Total, Accelerator SYStemMS..........ovvvviiiiiieiii e 24,918 9,362 14,200
Procurement from INAUSEIY .......c.oeiiiiiiiii e 8,288 17,881 7,103
ATLAS Detector
Operating EXPENSES ...cvvuiieiieieiei e e v e e 5,135 7,285 3,647
Capital EQUIPMENt ..., 11,359 7,190 6,860
Total, ATLAS DEECION.....ceunieeiieeeieeeei e e e 16,494 14,475 10,507
CMS Detector
Operating EXPENSES ...ccvuiiviiiiieiiiei e 9,100 11,465 8,480
Capital EQUIDMENT ..o 11,200 5,687 8,710
Total, CMS DEeteCIOr ......uiiiiiiiiiiieiie e 20,300 17,152 17,190
Total, LHC e 70,000 58,870 49,000

In FY 2002, funding will be used for: R& D and measurement/testing on superconducting materials,
cable, and wire; calculations and R& D on accelerator physics issues regarding the design,
instrumentation, and prototypes of the magnets for the colliding beam intersection regions and RF
accelerating regions. Activities on the detectors will include R& D and prototype devel opment of
subsystems such as tracking chambers, calorimeters, and data acquisition electronics.

The LHC work is being performed at various locations including 4 major DOE labs and more than 55
U.S. universities.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

0 ACCEErator SYStEMS.....cccccieiirierere s 24,918 9,362 14,200

In FY 2002, funding will support continued production of interaction region quadrupole magnets,
dipole magnets, feedboxes, and absorbers; production of radio-frequency region dipole magnets; and
completion of fabrication of the superconducting cable for these magnets. Production testing of wire
and cable for the LHC main magnets and accelerator physics calculations will continue.

0 Procurement from INAUSLIY .....ccoovvvevieeiieciie e, 8,288 17,881 7,103

In FY 2002, funding will continue to support reimbursement to CERN for purchases from U.S.
industry including superconducting wire, cable, cable insulation materials, and other technical
components. The reduction reflects the latest information on the planned expenditure profile.

O ATLASDEECION ....cviieiiieiiicieeeree e 16,494 14,475 10,507

In FY 2002, funding will support production of detector hardware and electronics. The barrel
cryostat procurement for the liquid argon calorimeter will be completed and procurement and testing
will continue for the silicon strip electronics, and the transition radiation tracker electronics.
Fabrication efforts will continue for the silicon strip modules, the forward calorimeter, the extended
barrel tile calorimeter modules and submodules, the endcap monitored drift tubes, and the cathode
strip chambers. Fabrication will be completed for the liquid argon calorimeter feed-throughs and
motherboards and installation will begin. The reduction reflects the latest information on the
planned expenditure profile.

O CMSDEECION ....cceeiiiciireeiice e 20,300 17,152 17,190

In FY 2002, funding will support full rate production and testing of endcap muon system chambers
and the procurement of the electronics and cables for the muon system. The hadron calorimeter
barrel will be completed and delivered to CERN and the scintillator and brass absorber assembly
will continue along with the testing of the associated electronics. The trigger designs will be
completed and testing of the electronics will continue. The data acquisition system will complete
prototyping efforts and continue test beam studies. The forward pixel system will complete advanced
testing and prepare for production of readout chips and sensors.

Waste Management ... 10,090 10,391 10,410

Provides funding for packaging, shipment and disposition of hazardous, radioactive or mixed waste
generated in the course of normal operations at Fermilab, SLAC, and LBNL. The laboratories continue
to explore opportunities to reduce the volume of newly generated waste and its associated management
and disposal costs.

Science/High Energy Physics/
High Energy Physics Facilities FY 2002 Congressional Budget



(dollars in thousands)

FY 2000 FY 2001 FY 2002

SBIR/STTR .ttt 0 13,787 7,258

In FY 2000, $12,697,000 was transferred to the SBIR program and $828,000 was transferred to the
STTR program. Includes $13,787,000 in FY 2001 and $7,258,000 in FY 2002 for the SBIR program.
The balance of the SBIR and STTR allocations are included in the Research and Technology
Subprogram.

Total, High Energy Physics Facilities..........cccoccoveeiininnennnnne 418,322 436,836 456,830

Explanation of Funding Changes from FY 2001 to FY 2002

FY 2002 vs.
FY 2001
($000)

o Fermilab

o At Fermilab, an increase of $16,416,000 in Operations to support 39 weeks of

operation of the Tevatron with the Main Injector and the newly upgraded CDF

AN0 D-ZEr0 JEIECTONS. ... .ouveeesiesie sttt st bbbt +16,416
o At Fermilab, increases of $7,000,000 for two new detector MIE's, $3,976,000 for

MINOS and $7,811,000 for general laboratory needs are partialy offset by a

decrease of $4,296,000 resulting from the completion of the D-Zero Upgrade

project for capital equipment. AlPfunding isincreased by $2,415,000. Also,

GPP funding is increased by $11,000 to assist with urgent ES&H and

INFrASITUCIUNE NEEAS. ...ttt ettt e e et e sbe e sabe e saeesareesneesareenns +16,917

0 v IR < 1 0 0T =] o TSRS +33,333
o Stanford Linear Accelerator Center

o At SLAC, anincrease of $5,407,000 in Operations to support 35 weeks of
operation of the B-factory for data collection on the key question of
understanding the ratio of matter to antimatter in the universe. ..........cccccceveeveeeenen, +5,407

o At SLAC, adecrease of $2,140,000 in capital equipment and an increase of
$2,872,000in AlP is provided to support planned upgrades of the B-factory
needed to achieve the planned luminosity increases. Thereis aso an increase of
$2,481,000 in the GLAST project, and an increase of $9,000 in GPP to assist with
urgent ES&H and infrastructure NEEUS. ...........ccvviveveeinineseeeesese s +3,222

Total, Stanford Linear ACCEIEIatOr CONLET .......cee i e e e e e e e e e e e e aeneeeeens +8,629
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FY 2002 vs.
FY 2001

($000)

o Brookhaven National Laboratory
o At BNL, adecrease of $39,000........cccciiiiiiriiirieiiiieeieeeseeeesereessreessreesssesssresssaeaeas -39
o Other Facility Support

o A decrease of $959,000 reflects the transfer of a portion of the funding for the
large scale computer modeling and ssimulation initiative to the Research and
Technology subprogram. Decreases of $397,000 in GPE funding and $1,592,000
in GPP funding at LBNL. A decrease at LBNL in operating funding for
modifications to the Oakland Scientific Facility (-$499,000) and a project related
to computing needs for the BaBar detector (-$253,000) is reflected. Both projects
are complete and no FY 2002 funding is planned. A decrease of $3,000,000 in the
funding provided to the University of Minnesota for excavations for the Soudan
Laboratory which will house the MINOS detector since the project is complete
and no FY 2002 funding is planned. An increase of $1,151,000 mainly in funding
held pending completion of peer review and program office considerationis

[S10] 6107 = o SR RRRR -5,549

o LargeHadron Collider

o Adecrease of $9,870,000 reflecting the revised expenditure profile...........ccceeveenen. -9,870
o Waste Management

o ANiINCrease Of $L9,000. ......oeeicreeiiriieeitieeeie e see e seee e e e se e s sebeessbeessbeessbesesreessreeeas +19
o SBIR/STTR

o Adecrease of $6,529,000 in funding for SBIR ......ccccocviiiininiinieeee e -6,529
Total Funding Change, High Energy PhySICS FaCilitieS..........coviiiiriiiiicec e +19,994
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The following table shows the details of the funding for the GLAST and MINOS projects.

(dollars in thousands)

FY 2000 FY 2001 FY 2002
GLAST (SLAC Capital EQUIPMENt)..........c.cccoveiveeeeeiearieieennnn, 2,719 5,192 7,673
GLAST (Other Facility Support Capital Equipment) ................... 281 497 497
TOtAL. e e 3,000 5,689 8,170
MINOS
(O] 0T = 111 Vo PP 4,632 3,000 2,050
Capital EQUIPMENT ... 6,671 11,974 15,950
TOTA. et 11,303 14,974 18,000
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Construction
Mission Supporting Goals and Objectives

This provides for the construction of major new facilities needed to meet the overall objectives of the
High Energy Physics Program.

Funding Schedule

(dollars in thousands)

FY 2000 FY 2001 FY 2002 $ Change % Change
Neutrinos at the Main Injector ........... 22,000 22,949 11,400 -11,549 -50.3%
Wilson Hall Safety Improvement
Project .....ovveviiiieeeii e 4,700 4,191 0 -4,191 -100.0%
SLAC Research Office Building ........ 2,000 5,189 0 -5,189 -100.0%
Total, Construction .............ccoeeeeuneeee. 28,700 32,329 11,400 -20,929 -64.7%

Detailed Program Justification
(dollars in thousands)

FY 2000 FY 2001 FY 2002

Neutrinos at the Main Injector (NUMI) ....ccoovevevvcieiieiece 22,000 22,949 11,400

This project provides for the construction of new facilities at Fermilab and at the Soudan Underground
Laboratory in Soudan, Minnesota that are specially designed for the study of the properties of the
neutrino and in particular to search for neutrino oscillations. The FY 2002 funding is primarily for the
underground beam tunnel. Work on the neutrino production target, neutrino focusing horns,
underground detector and detector halls, and surface buildings at Fermilab will continue. Performance
will be measured by accomplishment of scheduled milestones as detailed in the benchmark plan.

Wilson Hall Safety |mprovement Project (Fermilab)........... 4,700 4,191 0

This project provides for urgently needed rehabilitation of the main structural elements of Wilson Hall,
and for urgently needed rehabilitation of windows, plumbing, the roof and the exterior of the building.
Funding was completed in FY 2001 and the project is on schedule for completion in FY 2002.
Performance will be measured by the total cost at completion and by the completion date.

SLAC Research Office Building .......c.covveniriiiieicccie 2,000 5,189 0

This project provides urgently needed office space for the substantial expansion of visiting scientists, or
“users’, resulting from the B-factory becoming operational. The visiting user population is projected to
increase from 200 visitors per year to 1,100 visitors per year. The new building will provide about
30,000 square feet and is on schedule for completion at the end of FY 2001. Performance will be
measured by the total cost at completion and by the completion date.

TOtAl, CONSEIUCTION. ... eeeeseeeeeeeeeeeemennnenennnne 28,700 32,329 11,400
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Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
($000)

o Providesfor completion of the Fermilab NuMI project on the planned profile. ............. -11,549
o TheWilson Hall Safety Improvement Project at Fermilab will be completed as

PlANNEd INFY 2002, ..ottt bbb saesnenae s -4,191

0 The Research Office Building at SLAC will be completed as planned in FY 2001........ -5,189

Total Funding Change, CONSIIUCLION. ..........coveiiriiiiese e -20,929
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Capital Operating Expenses & Construction Summary

Capital Operating Expenses

(dollars in thousands)

| Fy2000 | FY2001 | FY2002 | $Change | % Change
General Plant Projects ............ccoovvvennnns 10,645 12,472 10,900 -1,572 -12.6%
Accelerator Improvements Projects........ 10,233 9,323 14,610 +5,287 +56.7%
Capital Equipment .........ccooeeviiviiiiinennnn. 89,828 69,300 94,878 +25,578 +36.9%
Total, Capital Operating Expense.......... 110,706 91,095 120,388 +29,293 +32.2%
Construction Projects
(dollars in thousands)
Total Prior
Estimated Year Unapprop-
Cost Approp- riated
(TEC) riations FY 2000 | FY 2001 | FY 2002 Balance
98-G-304 Neutrinos at the Main Injector * 76,149 19,800 22,000 22,949 11,400 0
99-G-306 Wilson Hall Safety
Improvements ...........ccooviiiiiiiiiin, 15,591 6,700 4,700 4,191 0 0
00-G-307 SLAC Research Office
BUilding .....oovvneeiieviee e, 7,189 0 2,000 5,189 0 0
Total, Construction.............ccoevevvieennnnns 26,500 28,700 32,329 11,400 0

% A Cost, Scope, and Schedule Review of the NuMI project is planned for this spring. The results of this

review may change the funding profile, TEC, and TPC.
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Major Itemsof Equipment (TEC $2 million or greater)

(dollars in thousands)

D-Zero Upgrade................oe...
CDF Upgrade .........ccoevveenennn.
Large Hadron Collider —
Machine .........c.ccoviiiiiiininnns
Large Hadron Collider —
ATLAS Detector...........cceeuvenn.
Large Hadron Collider —
CMS Detector........ccocevveevnennnns

Cryogenic Dark Matter
Search (CDMS)........ccvvvvennnnes

Alpha Magnetic Spectrometer
(AMS) Upgrade D e,
D-Zero Silicon Tracker
Replacement .................occee.es
CDF Silicon Tracker
Replacement ...............ccceuene.
Total, Major Items of
Equipment............ccooieiiniiennn.

Total Prior Year
Estimated Approp- Accept-
Cost (TEC) riations FY 2000 FY 2001 FY 2002 ance Date
61,208 52,547 4,365 4,296 0 FY 2001
56,646 51,037 5,609 0 0 FY 2001
88,769 25,680 20,758 3,991 12,400 FY 2005
57,119 9,841 11,359 7,190 6,860 FY 2005
64,390 24,338 11,200 5,687 8,710 FY 2005
47,118 2,600 6,671 11,974 15,950 FY 2003
35,000 0 3,000 5,689 8,170 FY 2005
8,600 0 800 1,798 1,060 FY 2007
3,000 0 0 100 1,150 FY 2003
3,028 0 1,000 1,028 1,000 FY 2003
15,000 0 0 0 3,500 FY 2004
15,000 0 0 0 3,500 FY 2004
166,043 64,762 41,753 62,300

® Total estimated cost is subject to further negotiations with NASA and potential foreign collaborators.

* A change in the assignment of responsibilities within the international AMS collaboration is being
discussed which would result in an increase of $1,700,000 in the TEC of the DOE portion of the project. A
decision with regard to changing the DOE TEC and funding profile will be made when an appropriate proposal

has been received and reviewed.
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98-G-304, Neutrinos at the Main Injector (NuMI), Fermi
National Accelerator Laboratory, Batavia, Illinois

(Changes from FY 2001 Congressiona Budget Request are denoted with avertical line[ | ] in theleft margin.)

Significant Changes
Total Project Cost and the Completion Date have been adjusted due to changes in the MINOS detector profile.
1. Construction Schedule History

Fiscal Quarter Total Total
Physical Physical | Estimated | Project
A-E Work | A-E Work | Construction | Construction Cost Cost
Initiated | Completed Start Complete ($000) ($000)
FY 1998 Budget Request (A-E and
technical design only)..............cccoeeneee. 1Q '98 4Q ‘98 NA NA 5,500 6,300
FY 1999 Budget Request (Preliminary
Estimate).......cccvveveeiiiiiieeciieeeeeei, - 3Q ‘99 1Q ‘99 4Q ‘02 75,800 135,300
FY 2000 Budget Request ................... 3Q 98 2Q ‘00 3Q ‘99 2Q ‘03 76,200 136,100
FY 2001 Budget Request ................... 3Q ‘98 2Q ‘00 3Q ‘99 2Q ‘04 76,200 138,600
FY 2001 Budget Request (Amended)... 3Q ‘98 2Q ‘00 3Q ‘99 4Q ‘03 76,200 138,400
FY 2002 Budget Request .................. 3Q ‘98 4Q ‘00 3Q ‘99 4Q ‘03 76,149 139,390
2. Financial Schedule*
(dollars in thousands)
Fiscal Year Appropriations | Obligations Costs

Design & Construction

1998 5,500 5,500 1,140

1999 14,300 14,300 5,846

2000 22,000 22,000 15,089

2001 22,949 22,949 26,949

2002 11,400 11,400 14,900

2003 0 0 12,225

*A Cog, Scope and Schedule Review of the NuMI Project is planned for this spring. The results of this Review may change the funding
profile, TEC and TPC.
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3. Project Description, Justification and Scope

The project provides for the design, engineering and congtruction of new experimentd facilities at Fermi

National Accderator Laboratory in Batavia, Illinois and at the Soudan Underground Laboratory at Soudan,
Minnesota. The project is caled NuMI which stands for Neutrinos a the Main Injector. The purpose of the
project isto provide facilities that will be used by particle physcists to study the properties of neutrinos, which
are fundamenta eementary particles. In the Standard Modd of dementary particle physics there are three types
of neutrinos that are postulated to be masdess and to date, no direct experimental observation of neutrino mass
has been made. However, there are compelling hints from experiments that study neutrinos produced in the sun
and in the earth's atmosphere that indicate that if neutrinos were capable of changing their type it could provide a
credible explanation for observed neutrino deficits in these experiments.

The primary eement of the project isahigh flux beam of neutrinos in the energy range of 1 t0 40 GeV. The
technica components required to produce such abeam will be located on the southwest side of the Fermilab
gte, tangent to the new Main Injector accelerator at the M1-60 extraction region. The beam components will be
ingaled in atunnd of gpproximately 1.5 km in length and 6.5 m diameter. The beam isaimed at two detectors
(MINOS) which will be constructed in experimental halls located along the trgjectory of the neutrino beam. One
such detector will be located on the Fermilab ste, while a second will be located in the Soudan Underground
Laboratory. Two smilar detectors in the same neutrino beam and separated by a large distance are an essentia
feature of the experimentd plan.

The experiments that are being designed to use these facilities will be able to search for neutrino oscillations
occurring in an accelerator produced neutrino beam and hence determine if neutrinos do have mass. Fermilab is
the only operationd high energy physics facility in the U.S. with sufficiently high energy to produce neutrinos
which have enough energy to produce tau leptons. This gives Fermilab the unique opportunity to search for
neutrino oscillations occurring between the muon and the tau neutrino. Additiondly, the NuMlI facility is designed
to accommodate future enhancements to the physics program that could push the search for neutrino mass well
beyond the initid gods established for this project.
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4. Details of Cost Estimate 2

(dollars in thousands)

Current Previous
Estimate Estimate

Design Phase

Preliminary and Final DeSigN COSIS .....iuuiiiiiiic e 7,150 7,150

Design Management costs (0.0% Of TEC).......cccoevviiiiiiiiii e 10 10

Project Management CoStS (0.0% Of TEC)......ccvuiiiiiiiii e e 20 20
Total, Engineering design inspection and administration of construction costs (9.4% of
L1 =) SRR 7,180 7,180
Construction Phase

BUIIAINGS ... e e 8,320 8,320

Yo =TolF= U =0 01T o] 1= o | 10,120 10,120

(@] 1 g[S S 1 U (o1 10 (=P 30,960 30,960

Construction Management (6.0% Of TEC).........couiiuiiiiiiiiiiiie e 4,590 4,590

Project Management (2.8% Of TEC)........cciuiiiiiiiie e e e 2,170 2,170
Total, CONSIIUCHON COSES ....ivuieieiee ittt et et eaa e eees 56,160 56,160
Contingencies

Design Phase (2.8% Of TEC) . ...iuiiiiiiiir e e 2,172 2,172

Construction Phase (14.0% Of TEC) ......iviiiiii e 10,637 10,688
Total, Contingencies (16.8% Of TEC)........cccuiiiuieiieiiie e e e eeeeeans 12,809 12,860
Total, Line ItemM COSt (TEC) ... .ttt et e e e e e eanas 76,149 76,200

5. Method of Performance

Design of the facilitieswill be by the operating contractor and subcontractor as appropriate. To the extent
feasble, congtruction and procurement will be accomplished by fixed- price contracts awarded on the basis of
compstitive bids.

# The annual escalation rates assumed for FY 1996 through FY 2002 are 2.5, 2.8, 3.0, 3.1, 3.3, 3.4, and 3.4
percent respectively.
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6. Schedule of Project Funding*

(dollars in thousands)

Prior
Years FY 2000 | FY 2001 | FY 2002 | Outyears Total

Project Cost
Facility Cost
Total, Line item TEC.........cccooveevniiennnnnn. 6,986 15,089 26,949 14,900 12,225 76,149

Other Project Costs

Capital equipment ®.............cccooeeeeieenl. 2,560 5,067 11,974 15,950 11,567 47,118
R&D necessary to complete construction ° 1,300 0 0 0 0 1,300
Conceptual design cost “...........ccceeee. 830 0 0 0 0 830
Other project-related costs °................... 3,480 5,062 3,000 2,050 401 13,993
Total, Other Project COStS......cc.cvvvvvevennnnnnn. 8,170 10,129 14,974 18,000 11,968 63,241
Total Project Cost (TPC).....coevvvvvvieviiiniennnnn, 15,156 25,218 41,923 32,900 24,193 139,390

* A Cog, Scope and Schedule Review of the NuMI Project is planned for this spring. The results of this Review may result in aneed to
change the funding profile, TEC and TPC.

# Costs to fabricate the near detector at Fermilab and the far detector at Soudan. Includes systems and
structures for both near detector and far detector, active detector elements, electronics, data acquisition, and
passive detector material.

® This provides for project conceptual design activities, for design and development of new components, and
for the fabrication and testing of prototypes. R&D on all elements of the project to optimize performance and
minimize costs will continue through early stages of the project. Specifically included are development of active
detectors and engineering design of the passive detector material. Both small and large scale prototypes will be
fabricated and tested using R&D operating funds.

¢ Includes operating costs for development of conceptual design and scope definition for the NuMI facility.
Also includes costs for NEPA documentation, to develop an Environmental Assessment, including field tests and
measurements at the proposed construction location.

4 Include funding required to complete the construction and outfitting of the Soudan Laboratory for the new
far detector by the University of Minnesota.
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7. Related Annual Funding Requirements

(FY 2003 dollars in thousands)

Current Previous

Estimate Estimate
Annual facility operating CoStS @ ... 500 500
Utility costs (estimate based on FY 1997 rate Structure) °........cccccecvvvviieeeennnnne. 500 500
Total related annual fuNdiNg.............ooviiii e 1,000 1,000
Total operating costs (operating from FY 2003 through FY 2007)...........cccovvvvnneen. 5,000 5,000

% Including personnel and M&S costs (exclusive of utility costs), for operation, maintenance, and repair of

the NuMI facility.

® Including incremental power costs for delivering 120 GeV protons to the NuM! facility during Tevatron
collider operations, and utility costs for operation of the NuMI facilities, which will begin beyond FY 2002.

Science/High Ener gy Physics/98-G-304
Neutrinos at the Main Injector (NuMI) FY 2002 Congressional Budget



Nuclear Physics

Program Mission

The mission of the Nuclear Physics program is to advance our knowledge of the properties and
interactions of atomic nuclel and nuclear matter in terms of the fundamental forces and particles of
nature. To accomplish this mission, the program supports the research of scientists, the operations of
facilities and the development of forefront facilities and technology. These activities are carried out
under the mandate provided in Public Law 95-91 that established the Department of Energy, and assigns
the Nuclear Physics program the lead responsibility for Federal support of fundamental research in
nuclear physics.

Since early in the twentieth century, the study of nuclear physics has made important contributions to
our knowledge about the natural universe and has had great impact on human life. Nuclear fusion
powers our sun and provides the energy that supports life on earth. Fusion processes that occurred in the
early universe and later in stars formed the nuclei of al the types of atoms we find on earth.
Accelerators were developed in the 1920's and 1930’ s to study the nucleus and are today the primary
tool for nuclear physics research. As accelerators evolved and became increasingly more powerful, a
new field of science called high energy physics emerged from nuclear research in the 1940's and 50’'s to
pursue the mysterious array of unexpected particles discovered in nuclear physics research. Both fields
are still closely related in physics and technology; however, their focusis quite different. High energy
physics focuses on understanding the interactions and properties of the elementary particles, while the
focus of nuclear physicsis on understanding the structure and properties of nuclel and nuclear matter in
terms of their constituents. For example, based on high energy physics studies, it is now understood that
the most elementary building blocks of matter are particles, called quarks, which interact by the
exchange of gluons. Nuclear Physics attempts to understand how quarks bind together in groups of
three to form the nucleons (protons and neutrons) and then, in turn, how these nucleons become the
basic building blocks to produce the nuclei we observe in nature.

Attendant upon this core mission are responsibilities to educate and enlarge the nation's pool of
technically trained talent, primarily at the graduate student and postdoctoral levels, and to facilitate
transfer of knowledge and technology acquired to support the nation’s needs. Knowledge and
techniques developed in pursuit of fundamental nuclear physics research are extensively utilized in our
society today. The understanding of nuclear spin enabled the development of magnetic resonance
imaging for medical use. Particle beams are used for cancer therapy ard in a broad range of materials
science studies, and synchrotron light from electron accelerators is used for awide variety of research
studies, including biochemical and materials science. Nuclear physics techniques continue to develop
and provide new capabilities for use in these applied areas. Highly trained manpower with knowledge
of fundamental nuclear physics continues to be essential to progress in many of these areas.

The program works in close coordination with the nuclear physics program at the National Science
Foundation (NSF) and, jointly with the NSF, charters the Nuclear Science Advisory Committee (NSAC)
to provide advice on scientific opportunities and priorities for the nation’s Nuclear Physics program.
During 2001, NSAC will prepare, withcommunity input, a new Long Range Plan for Nuclear Science,
building on the previous plan submitted in 1996. The quality of the research and effectiveness of facility
operations in this program are continuously evaluated through the use of merit based peer review and
scientific advisory committees.
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Program Goal

The goal of the Nuclear Physics program is to maintain U.S. world leadership or be among the world
leaders in the major scientific thrusts of fundamental nuclear physics research These scientific thrusts,
asidentified in the 1996 NSAC Long Range Plans for Nuclear Science, seek to understand:

the properties of nuclei at their limits of stability

the structure of nucleons and nuclei in terms of their quark substructure

the properties and behavior of nuclear matter under conditions of extreme pressure and temperature
fundamental symmetries and astrophysical phenomena using nuclear physics techniques

Nuclear physics research is poised to make important new discoveries, as major facilities have come on-
line to address physicsin two of the mgjor thrusts of the field. High intensity electron beams from the
Continuous Electron Beam Accelerator Facility (CEBAF) at the Thomas Jefferson National Accelerator
Facility (TINAF) now allow detailed studies of how quarks and gluons bind together to make protons
and neutrons. The Relativistic Heavy lon Callider (RHIC), now beginning operations at Brookhaven
National Laboratory (BNL), will instantaneously form submicroscopic specimens of quark- gluon
plasma by colliding gold nuclei, thus allowing a study of the primordia soup of quarks and gluons
thought to have existed at an early stage of the universe. The Sudbury Neutrino Observatory (SNO),
constructed by a collaboration of Canadian, English and U.S. supported scientists, is now taking data on
solar neutrino fluxes, and will provide the first results on the “ appearance” of oscillations of electron
neutrinos into another neutrino type. Evidence of such oscillation would confirm indications that
neutrinos have mess, an observation that would force a re-evaluation of the existing Standard Model of
particle physics.

In the 1996 NSAC Long Range Plan a Rare Isotope Accelerator (RIA) facility was identified as needed
to maintain a leadership role. By producing and studying highly unstable nuclei that are now formed
only in stars, scientists would use exotic isotope beams produced by RIA to explore the limits of nuclear
existence and to better understand stellar evolution and the origin of the elements. R&D and
preconceptua activitiesare being supported for this proposed facility.

Program Objectives
The management objectives of the Nuclear Physics program are to:

= Conduct aresearch program of maximum effectiveness, at the cutting edge of all major scientific
areas in nuclear physics, that will lead to new knowledge and insights on the nature of energy and
subatomic matter.

= Conceive, develop, construct, and operate the scientific accelerator, detector and computing facilities
that are needed to address forefront science in atimely and effective manner. In the execution of this
responsibility, together with other Office of Science organizations, act as the nation's leader in
devel oping management techniques to optimize construction and operation of facilities in a cost
effective, safe, and environmentally responsible manner.

= Leverage United States effort by means of international cooperation through the exchange of
scientists and financia and technical contributions to cooperative projects.

= Continue the advanced education and training activities of young scientists to develop the new skills
and concepts that will become the underpinnings of the nation's broad array of nuclear related
sciences and technologies in the future.
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= Manage the operations of the Nuclear Physics program to high standards, by ensuring that the
processes of planning, reviewing, selecting and managing science projects and programs are sound
and based on peer review and merit evaluation, and reflect input from the NSAC advisory group in
coordinating DOE and NSF activities in nuclear physics.

To meet these objectives, the Nuclear Physics program is organized into four subprograms.

The Medium Energy Nuclear Physics subprogram supports research and facility operations that are
directed towards understanding the quark structure of matter. Two national user facilities, the Bates
Linear Accelerator Center at MIT and CEBAF at TINAF, are supported by this subprogram.

The Heavy lon Nuclear Physics subprogram supports research and the operations of RHIC at BNL
that are directed towards understanding the properties and behavior of hot, dense nuclear matter, and
in particular, the predicted quark-gluon plasma. This subprogram also has stewardship
responsibilities for BNL.

The Low Energy Nuclear Physics subprogram supports research and facility operations that are
directed towards understanding the properties of nuclei at their limits of stability and the
fundamental properties of nucleons and neutrinos. The operations of three national user facilities,
the Argonne Tandem Linac Accelerator System (ATLAS) at Argonne National Laboratory (ANL),
the Holifield Radioactive lon Beam Facility (HRIBF) at Oak Ridge National Laboratory (ORNL)
and the 88-1nch Cyclotron at Lawrence Berkeley National Laboratory (LBNL), and the operations of
accelerators for in-house research programs at four universities (Y ale University, Washington
University, Texas A&M University, and Triangle Universities Nuclear Laboratory at Duke
University) are supported by this subprogram. This subprogram also supports nonaccel erator
experiments, such as the SNO facility which isjointly operated by Canada, England and the U.S.

The Nuclear Theory subprogram supports all nuclear physics theoretical research. The subprogram
also provides support for the U.S. Nuclear Data program which has archival responsibilities for
information generated in low- and intermediate-energy nuclear physics research worldwide.

All subprograms support researchers and graduate students at both universities and national laboratories
and operations of facilities, and are responsible for achieving the program’s objectives. Funding for the
Small Business Innovation Research (SBIR) program is in the three experimental subprograms.

Funding for the Small Business Technology Transfer (STTR) program is in the Medium Energy
subprogram.

Evaluation of Objectives

The Nuclear Physics program evaluates the progress being made towards achieving its scientific and
management objectivesin a variety of ways. Regular peer review and merit evaluation is conducted for
all activities, except those Congressionally mandated, based on procedures set down in 10 CFR 605 for
the extramural grant program and under a similar modified process for the laboratory programs and
scientific user facilities. All new projects are selected by peer review and merit evaluation for their
scientific excellence. The progam regularly conducts external reviews of its construction management
programs to ensure they are on schedule and on budget. All experimental proposals at the national user
facilities operated by the Nuclear Physics program are reviewed and evaluated for their merit and
priority by Program Advisory Committees (PACs) prior to getting approval for beam time. Specific
performance measures are included within the detailed program justification as appropriate.

The overall quality of the research in the Nuclear Physics (NP) Program will be judged excellent and
relevant by external evaluation by peers, and through various forms of external recognition.
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Leadership in key NP disciplines that are critical to DOE’s mission and the Nation will be measured
through external review and other mechanisms.

At least 80% of all new research projects supported by NP will be peer reviewed and competitively
selected, and will undergo regular peer review merit evaluation.

Upgrades and construction of NP scientific facilities will be managed to keep within 10 percent of
schedule and cost milestones.

NP will ensure that operational downtime of the facilities it manages will be, on average, lessthan 10
percent of scheduled operating days, barring unforeseen circumstances.

NP will ensure the safety and health of the workforce and members of the public and the protection of
the environment in all its program activities.

Significant Accomplishments and Program Shifts

In FY 2000, the DOE Nuclear Physics (NP) program was the major sponsor of fundamental nuclear
physics research in the nation, providing about 85% of the federal support, with the National Science
Foundation (NSF) providing most of the remaining support.

Over one-third of the program’s funding was provided to scientists at universities and laboratories to
conceive and carry out the research. The DOE NP program involves over 1900 researchers and students
at over 100 U.S. academic, federa and private sector institutions. The program funds research activities
at over 85 academic institutions located in 35 states and at 7 DOE |aboratories in 6 states. University
researchers play acritical role in the nation’s research effort and in the training of graduate students.
About two-thirds of the nation’s university researchers and graduate students doing fundamental nuclear
physics research in FY 2000 were supported by the DOE Nuclear Physics program. Typicaly ~ 95
Ph.D. degrees are granted annually to students for research supported by the program. State-of-the-art
facilities to address forefront physics are essentia for the U.S. to maintain its world leadership role in
nuclear physicsresearch. They are necessary not only to make progress in our understanding of
fundamental nuclear physics, but also to provide scientific opportunities for discovery that generate
sufficient interest and excitement to attract the brightest students.

SCIENCEACCOMPLISMENTS
Medium Energy Nuclear Physics

= Role of the strange quark in the structure of the proton: The SAMPLE experiment at Bates provided
data that represents the first direct information on how different quark flavors contribute to the
proton’ s magnetic moment. It was found that the strange quarks play a surprisingly small role.

= Development of a new technique with potential for important applications: A new precision
technigue for Atom Trap Trace Analysis to study rare isotopes has been developed at Argonne
National Laboratory. This technique also has broad new applications, such as dating ground water,
polar ice, and bones, measuring the charge radius of some ions for the first time, measuring the
integrated solar neutrino flux over several million years, and tracking bone loss in humans.
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Heavy lon Nuclear Physics

First Relativistic Heavy lon Collider results: First RHIC measurements indicate that the energy
density — a measure of the energy deposited in the collision region by the colliding nuclei —isthe
highest ever achieved in alaboratory, at least 70% higher than in similar experiments at CERN, and
sufficient to create the long sought quark-gluon plasma, believed to be the state of matter of the
universe shortly after the “Big Bang.” Two papers reporting results have already been published and
severa others are expected to follow shortly.

Possible evidence of the observation of a quark-gluon plasma: The WA98 collaboration, that
includes several U.S. groups, reported the first measurement of direct photon emission from the
initial stages of relativistic lead- lead collisions, using beams from the SPS accelerator at CERN.
This measurement suggests evidence for the possible formation of a quark-gluon plasma.

Low Energy Nuclear Physics

Unexpected behavior in the structure of heavy nuclei: The Gammasphere detector, coupled with the
Fragment Mass Separator at the ANL ATLAS facility, provided results on the structure of the
Nobelium isotope 2>*No, showing that nuclear shell structures, entirely responsible for the stability
of nuclei with charges greater than 100, persist to higher angular momentum than had been expected.

Discovery of a new state in *®Ne changes predicted rates of nucleosynthesis: A series of experiments
with short-lived beams of fluorine at HRIBF at Oak Ridge National Laboratory discovered a new
quantum state in the neon isotope, *®Ne. Theinclusionof this missing state in the fusion chain
changes the predicted nucleosynthesis of certain elementsin stellar explosions by a factor of 1000.
An expanded series of measurements will be carried out in FY 2000-2001 as new neutron rich beam
species are developed and beam intensities increase.

Nuclear Theory

Advances in microscopic calculations. A collaboration of DOE national laboratory theorists and an
NSF supported university theorist reported the successful description of nuclear structure properties
inab initio calculations of nuclel with up to ten interacting protons and neutrons. This work has
demonstrated that properties of light nuclei can be described to high precision only by including
three-body forces. Previous calculations had been limited to three interacting particles; atheoretical
and technical breakthrough was achieved, permitting these studies to be extended to much larger
systems.

Supernovae explosions are now being simulated in spherically symmetric computer models, after
decades of theoretical and computational effort by a number of leading nuclear astrophysicists.

New calculations of the production of neutrinos in the sun by proton capture on helium-3 predict a
rate five times larger than used in the previous standard solar model. The improved calculations still
indicate that there is a deficit in the observed flux of solar neutrinos. Such specific nuclear structure
calculations are beginning to be utilized, with increased frequency, in models of astrophysical
processes to improwve the reliability of the predicted behaviors.

Previoudly unexplored fundamental properties of Quantum Chromodynamics (QCD) in two new
phases of quark matter - a color superconducting phase and a color-flavor locked phase — have been
discovered by theorists. Unlike the quark- gluon plasma, which is a high temperature phase, these
phases are found at low temperature and high matter density, and may exist in the core of a neutron
dar.
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FACILITY ACCOMPLISHMENTS
Medium Energy Nuclear Physics

In FY 2000, the Continuous Electron Beam Accelerator Facility at the Thomas Jeffer son National
Accelerator Facility provided beams up to 5.7 GeV (42% greater than the design energy of 4 GeV) to
all three experimental halls for research with polarized and unpolarized beans. Further
improvements in accelerator cavity performance are expected to increase the maximum energy to 6
GeV by FY 2002.

In FY 2000, the MIT/Bates facility completed its beam development program and delivered a 1 GeV
beam from the linear accelerator. In addition, the Siberian Snake solenoid system was successfully

operated in the South Hall Ring. These are significant milestones in the development of capabilities
for the planned Bates Large Acceptance Spectrometer Toroid (BLAST) research programusing the
new BLAST detector.

The BLAST detector at the MIT/Bates facility will be completed in FY 2001, and in FY 2002 a
research program will be initiated to study the structure of the nucleon and few-body nuclei. Upon
completion of the BLAST research program in FY 2004, the Bates facility will begin a 2-year
phaseout.

Fabrication of the GO detector at the Thomas Jefferson National Accelerator Facility (TINAF) will
be completed in FY 2002 and commissioning will begin. It will provide the capability of mapping
out the strange quark contribution to nucleon structure over a wide range of momentum transfer.

Heavy lon Nuclear Physics

Construction of the Relativistic Heavy lon Collider (RHIC) at Brookhaven National Laboratory was
completed in FY 1999 on cost and schedule. Commissioning started in FY 1999 and data taking
started in FY 2000, as scheduled. The first collisions between gold ions occurred in June 2000. Itis
planned that RHIC will approach full luminosity (collision rate) by the end of FY 2001.

All four RHIC detectors (BRAHMS, PHENIX, PHOBOS and STAR) completed their planned
fabrication on schedule in FY 2000; the detectors were commissioned and took first data. These
experimental collaborations include 1000 researchers and students from 90 institutions and 19
countries.

RHIC detector enhancementsremain on schedule. The STAR Silicon Vertex Tracker (SVT), ahigh
resolution, high-granularity, particle tracking system very close to the collision region, and the RHIC
Detector Analysis System were completed in FY 2000. One PHENIX muon arm will be completed
in FY 2001; the second arm (funded substantially by Japan) will be completed in FY 2002. The
Electromagnetic Caorimeter (EMCal) for STAR began production fabrication of modulesin FY
2000.

Computing capabilities for STAR simulations and data analysisis being developed at LBNL, in
alliance with the National Energy Research Scientific Computing Center (NERSC). Fundingin FY
2000-2002 will provide a system that will assist the STAR collaboration to effectively analyze RHIC
events, of which each one requires track reconstruction of thousands of particles.

In FY 2000, BNL announced receipt of the International Standards Organization (1SO) 14001
registration for its RHIC project, certifying the quality of the project's environmental management
system. 1SO 14001 enables an organization to define potential environmental impacts and establish
controls needed to prevent any impact, to monitor and communicate environmental performance,
and to establish a framework for continual improvement of the system. The RHIC project is the first
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DOE Office of Science and first Long Island-based organization to obtain third-party registration to
the 1SO 14001 standard.

Low Energy Nuclear Physics

USCanadian Sudbury Neutrino Observatory (SNO) detector began the first full year of data taking
in FY 2000. Initial physics results, on the measurement of solar neutrino fluxes relevant to the
question of whether neutrinos have mass, are anticipated in FY 2001. The determination that
neutrinos have mass would necessitate a revision of our present understanding of the “standard
model” of matter and of the dynamics of the expanding universe.

A three-year R& D plan for the proposed Rare I sotope Accelerator (RIA) was developed and initiated
in FY 2000. RIA has been identified by the NSAC Isotope Separation On-Line (ISOL) Task Force
as the optimal configuration for a next- generation world-class facility for low energy, nuclear
astrophysics and nuclear structure research.

Assembly of the Japanese/US Kamioka Large Anti-Neutrino Detector (KamLAND) began in

FY 2000 and will continuein FY 2001. The experimental program for the detection of anti-
neutrinos from Japanese nuclear power plants will be underway in FY 2002 with measurements that
will provide information regarding whether neutrinos have mass. Eleven U.S. universities
participate in KamLAND. U.S. participation in KamLAND is supported jointly with the High
Energy Physics program

Fabrication of anovel experiment with ultra-cold neutrons began at the Los Alamos National
Laboratory in FY 2000. Measurements from this experiment at the LANSCE facility will test
theories of the weak coupling of quarks. First data are expected in FY 2002.

Nuclear Theory

In FY 2000, the Institute for Nuclear Theory (INT) at the University of Washington continued its
activities as a premier international center for new initiatives and collaborations in nuclear theory
research. Started in 1990, the INT has conducted three programs each year on topics identified by an
international advisory committee. U.S. and foreign researchers spend varying lengths of time at the
Ingtitute during the 2-3 month period of the program to establish collaborations and carry out projects.

PROGRAM SHIFTS

In the FY 2002 budget request the scope of the program is maintained, pending guidance from the
community. A priority in the FY 2002 budget request is to maintain utilization of its magor user
facilities. The research programs at these major user facilities are integrated partnerships between
DOE scientific laboratories and the university community. In FY 2002, the proposed experimental
research activities are considered essential for effective utilizationof the facilities. Within each of
the subprograms, funding for university and national laboratory research is kept constant compared
to FY 2001, and lower priority activities will be phased out in order to maintain manpower and focus
efforts on the higher priority activities at these facilities. In the FY 2002 budget request, funding for
capital equipment is reduced compared to FY 2001 to provide a ~1% increase for facility operations
to mitigate the loss of critical personnel. There will be reductions in the number of Ph.D.
researchers, technical staff and graduate students in the research program as well as at the facilities.
Input and guidance from the community will be sought regarding the scientific opportunities to
pursue for an optimal national program within the context of available funding and to maintain the
nation' s leadership role in fundamenta nuclear physics research.

InFY 2001, the Office of Science assumed from the Office of Environmental Management
management and budget responsibilities for activities related to packaging, shipping, disposing of,
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and reducing the volume of hazardous, radioactive or mixed waste generated in the course of normal
operations at Brookhaven National Laboratory.

= InFY 2000, responsibilitiesin the Nuclear Physics program were reassigned to better manage the
activities. The low energy heavy ion component of the Heavy Ion subprogram was moved to the
Low Energy subprogram to bring those scientists who are focussed on nuclear structure, reactions,
and nuclear astrophysics together into one subprogram. The Nuclear Data program, which had
previously been managed by the Low Energy subprogram, was moved into the Nuclear Theory
subprogram.

Scientific Facilities Utilization

The Nuclear Physics request includes $240,870,000 to maintain support of the Department's scientific
user facilities. This investment will provide research time for several thousand scientists in universities
and other Federal laboratories. 1t will aso leverage both Federally and privately sponsored research,
consistent with the Administration's strategy for enhancing the U.S. National science investment.

The proposed funding will support operations at the six National User Facilities supported by the
Nuclear Physics program: the Relativistic Heavy lon Collider (RHIC) at Brookhaven National
Laboratory (BNL ), the Continuous Electron Beam Accelerator Facility (CEBAF) at Thomas Jefferson
National Accelerator Facility (TINAF), the Bates Linear Accelerator Center at Massachusetts I nstitute of
Technology (MIT), the Holifield Radioactive lon Beam Facility (HRIBF) at Oak Ridge National
Laboratory (ORNL), the Argonne Tandem Linac Accelerator System (ATLAYS) facility at Argonne
National Laboratory (ANL), and the 88 Inch Cyclotron at Lawrence Berkeley National Laboratory
(LBNL). The Alternating Gradient Synchrotron (AGS) at BNL, which is part of the RHIC complex, is
also operated by the program for alimited research program. Further information on these facilities can
be found in the Site Description and Detailed Justifications under the subprogram in which they are
funded.

These facilities have provided over 20,000 hours of beams annually for aresearch community of about
3000 scientists. The FY 2002 level of operations is below the FY 2001 level. Programmatic decisions
will be made, with input and guidance from the community, to reduce the program's scope with a focus
on the highest priority program elements. This reduction in scope will also result in a somewhat smaller
research community, particularly postdoctoral assistants and graduate students.

Wor kfor ce Development

The Nuclear Physics program supports devel opment of the R& D workforce through support of
undergraduate researchers, graduate students working toward a doctoral degree, and postdoctoral
associates developing their research and management skills. The R& D workforce developed under this
program provides new scientific talent in areas of fundamental research. It also providestaent for a
wide variety of technical, medical, and industrial areas that require the finely honed thinking and
problem solving abilities, and the computing and technical skills developed through an education and
experience in a fundamental research field. Scientists trained as Nuclear Physicists can be found in such
diverse areas as nuclear medicine, medical physics, space exploration, national security and the stock
market.
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About 800 postdoctoral research associates and graduate students supported by the Nuclear Physics
program in FY 2000 were involved in alarge variety of experimental and theoretical research projects.
Nearly one quarter of these researchers are involved in theoretical research. Those involved in
experimental research utilize a number of scientific facilities supported by the DOE, NSF, and foreign
countries. The mgjority of the experimental postdoctoral associates and graduate students (~80%)
conducted their research at the six Nuclear Physics User Facilities. In FY 2002, emphasisis placed on
national facility operations at the expense of basic research and hardware investments until the program
can be restructured based on guidance from NSAC and the community. The number of postdoctoral
research associates and graduate students that can be supported in the current FY 2002 levels will
decrease approximately 10% in comparison to FY 2000 numbers.
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Funding Profile

(dollars in thousands)

Nuclear Physics
Medium Energy Nuclear Physics ..
Heavy lon Nuclear Physics...........
Low Energy Nuclear Physics........
Nuclear Theory .........ccooeeeveiiennnnn.

Subtotal, Nuclear Physics...................
Construction.........ccooeveiieiiieiin.

Subtotal, Nuclear Physics...................
General Reduction.....................

General Reduction for
Safeguards and Security ............

Omnibus Rescission ..................

Total, Nuclear Physics.............c........

FY 2000 FY 2001 FY 2001
Comparable Original FY 2001 Comparable FY 2002
Appropriation | Appropriation | Adjustments | Appropriation Request
108,752 120,910 -2,289 118,621 118,020
150,696 160,875 -5,058 155,817 156,295
60,448 64,175 -1,482 62,693 62,690
20,973 23,930 -553 23,377 23,505
340,869 369,890 -9,382 360,508 360,510
0 0 0 0 0
340,869 * 369,890 -9,382 360,508 360,510
0 -3,766 3,766 0 0
0 -4,821 4,821 0 0
0 -795 795 0 0
340,869 ° ° 360,508 0 360,508 360,510

Public Law Authorization:

Public Law 95-91, “Department of Energy Organization Act”

Public Law 103-62, “Government Performance and Results Act of 1993

% Excludes $7,670,000 which has been transferred to the SBIR program and $460,000 which has been

transferred to the STTR program.

® Includes $6,363,000 for Waste Management activities at Brookhaven National Laboratory that were

transferred from the Office of Environmental Management in FY 2001.

C

Security program in FY 2001.
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Excludes $5,078,000 for Safeguards and Security activities transferred to consolidated Safeguards and
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Albuquerque Operations Office
Los Alamos National Laboratory ..............
Sandia National Laboratory .....................
Total, Albuquerque Operations Office...........
Chicago Operations Office
Argonne National Laboratory ..................
Brookhaven National Laboratory .............
Fermi National Accelerator Laboratory .....
Chicago Operations Office......................
Total, Chicago Operations Office..................
Oakland Operations Office
Lawrence Berkeley National Laboratory ...

Lawrence Livermore National
Laboratory ........cocevveiiiniiiiieiici e

Oakland Operations Office......................
Total, Oakland Operations Office.................
Oak Ridge Operations Office

Oak Ridge Institute for Science &

Education ..........ocoiiiiiiiii

Oak Ridge National Laboratory ...............

Thomas Jefferson National

Accelerator Facility...........ccoociviiiinennnns

Oak Ridge Operations Office...................
Total, Oak Ridge Operations Office..............
Washington Headquarters ............c.c.ccouueeen.
Total, Nuclear PhysSicS.........ccoccovvvviiiieinnnnn.

Funding by Site

(dollars in thousands)

| Fv2000 | Fy2001 | FY2002 | $Change | % Change
10,714 9,479 9,798 +319 +3.4%
0 4 0 -4 -100.0%
10,714 9,483 9,798 +315 +3.3%
17,912 17,782 16,568 -1,214 -6.8%
136,462 139,450 140,429 +979 +0.7%
50 0 0 0 0.0%
50,018 52,548 50,113 -2,435 -4.6%
204,442 209,780 207,110 2,670 -1.3%
18,060 18,213 17,899 314 -1.7%
792 732 672 -60 -8.2%
17,194 16,830 16,131 -699 -4.2%
36,046 35,775 34,702 -1,073 -3.0%
611 670 674 +4 +0.6%
15,910 15,720 15,376 344 -2.2%
72,779 73,336 73,830 +494 +0.7%
72 0 0 0 0.0%
89,372 89,726 89,880 +154 +0.2%
295 15,744 19,020 +3,276 +20.8%
340,869 *° 360,508 360,510 +2 +0.0%

% Excludes $7,670,000 which has been transferred to the SBIR program and $460,000 which has been

transferred to the STTR program.

® Includes $6,363,000 for Waste Management activities at Brookhaven National Laboratory that were
transferred from the Office of Environmental Management in FY 2001.

C

Security program in FY 2001.
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Site Description

Argonne National Laboratory

Argonne National Laboratory (ANL) in Argonne, lllinois, is aMultiprogram Laboratory located on a
1,700 acre site in suburban Chicago. ANL has a satellite site located in Idaho Falls, Idaho. The major
Nuclear Physics program activity at ANL supported by the Low Energy subprogram is the operation and
research program at the ATLAS national user facility. Other activitiesinclude: (1) a Medium Energy
group which carries out a program of research at TINAF, Fermilab, RHIC and DESY in Germany; (2)
R&D directed towards the proposed Rare Isotope Accelerator (RIA) facility; (3) a Nuclear Theory
group, which carries out theoretical calculations and investigations in subjects supporting the
experimental research programsin Medium Energy and Low Energy physics; and (4) data compilation
and evaluation activities as part of the National Data Program.

The Argonne Tandem Linac Accelerator System (ATLAS) facility provides variable energy, precision
beams of stable ions from protons through uranium, at energies near the Coulomb barrier (up to 10 MeV
per nucleon) using a superconducting linear accelerator. Most work is performed with stable heavy-ion
beams, however, about 6% of the beams are exotic (radioactive) beams. The ATLAS facility features a
wide array of experimental instrumentation, including a world- leading atom trap apparatus. The
Gammasphere detector, which ATLAS shares on arotating basis with the LBNL 88-1nch Cyclotron,
coupled with the Fragment Mass Analyzer is a unique world facility for measurement of nucle at limits
of angular momentum (high-spin states). ATLAS is aworld leader in superconducting linear accelerator
technology, with particular application to the proposed Rare I sotope Accelerator (RIA) facility. The
combination of versatile beams and powerful instruments enables the ~240 users at ATLAS to conduct
research in a broad program in nuclear structure and dynamics, nuclear astrophysics, and fundamental
interaction studies.

Brookhaven National Laboratory (BNL)

Brookhaven National Laboratory is a Multiprogram Laboratory located on a 5,200 acre site in Upton,
New Y ork. The mgjor Nuclear Physics program effort at BNL, supported by the Heavy lon subprogram,
is the operation and research program of the new Relativistic Heavy lon Collider (RHIC). Other
activities include (1) a Medium Energy group that will use polarized protons in RHIC to understand the
internal “spin” structure of the protons and pursue a limited program of fixed target experiments at the
AGS, (2) the Laser Electron Gamma Source (LEGS) group, supported by the Medium Energy
subprogram, that uses a unique polarized photon beam to carry out a program of photonuclear spin
physics at the National Synchrotron Light Source (NSLS), (3) a Nuclear Theory group that provides
theoretical support and investigations primarily in the area of relativistic heavy ion physics, (4) aLow
Energy group that plays an important role in the research program at the Sudbury Neutrino Observatory
(SNO) that is measuring the solar neutrino flux, and (5) the DOE managed National Nuclear Data
Center (NNDC) that is the central U.S. site for national and international nuclear data and compilation
efforts.

The Relativistic Heavy lon Collider (RHIC) Facility, completed in 1999, is a mgor rew and unique
international facility used by about 1050 scientists from 19 countries. RHIC uses the Tandem, Booster,
and Alternating Gradient Synchrotron (AGS) accelerators in combination to inject beams into two rings
of superconducting magnets of aimost 4 km circumference with 6 intersection regions where the beams
collide. It can accelerate and collide avariety of heavy ions, including gold beams, up to an energy of
100 GeV per nucleon. RHIC will search for the predicted “quark- gluon plasma,” aform of nuclear

Science/Nuclear Physics FY 2002 Congressional Budget



matter thought to have existed microseconds after the “Big Bang.” Operations began in FY 2000 and
first results have already been published. RHIC can also accelerate and collide polarized protons at
energies up to 250 GeV for aresearch program directed at understanding the quark structure of the
proton.

The Alternate Gradient Synchrotron (AGS) provides high intensity pulsed proton beams up to 33
GeV on fixed targets and secondary beams of kaons, muons, pions, and anti-protons. Experiments
explore the quark constituents of light nuclei, and test the theories of quantum chromo-dynamics and
electro-weak forces. The AGS isthe injector of (polarized) proton and heavy-ion beamsinto RHIC, and
its operations are supported by the Heavy lon subprogram as part of the RHIC facility. Limited
operations are supported by the Medium Energy subprogram for fixed-target experiments which utilize
high intensity secondary kaon and pion beams.

The National Nuclear Data Center (NNDC) is the central U.S. site for national and international
nuclear data and compilation efforts. The U.S. Nuclear Data program is the United States repository for
information generated in low- and intermediate-energy nuclear physics research worldwide. This
information consists of both bibliographic and numeric data. The NNDC is a resource that maintains the
U.S. expertise in low and intermediate-energy nuclear physics by providing evaluated nuclear data for
the user community. The NNDC is assisted in carrying out this responsibility by other Nuclear Data
program funded scientists at U.S. National Laboratories and universities.

L awr ence Berkeley National Laboratory (LBNL)

Lawrence Berkeley National Laboratory is a Multiprogram Laboratory located in Berkeley, California
The laboratory is on a 200 acre site adjacent to the Berkeley campus of the University of California. A
major Nuclear Physics effort at LBNL, supported by the Low Energy subprogram, is the operations and
the research program of the 88-inch Cyclotron, a national user facility. Other activitiesinclude (1) a
Relativistic Nuclear Collisions group, with activities primarily at RHIC, where the group has been a
major player in the development of the STAR detector; (2) a Low Energy group which has a mgjor role
in the implementation and operation of the Sudbury Neutrino Observatory (SNO) detector in Canada,
and provides the project management of the U.S. collaboration in the KamLAND detector in Japan
which islooking for evidence of neutrino mass; (3) a Nuclear Theory group, that carries out a program
with emphasis on the theory of relativistic heavy ion physics; (4) aNuclear Data group whose activities
support the National Nuclear Data Center at BNL; and (5) atechnical effort involved in RIA R&D.

The 88-Inch Cyclotronfacility provides high intensity stable beams from protons to bismuth at energies
above the Coulomb barrier (up to 15 MeV per nucleon). The electroncyclotron resonance (ECR) ion
sources at the facility are state-of-the-art and copied around the world. The Gammasphere array, widely
regarded as the world' s most powerful gamma-ray detector, is used to study nuclei at the extremes of
angular momentum and excitation energy. The Berkeley Gasfilled Separator, a world-class instrument,
is used for discovery experiments in superheavy elements. The 88" Cyclotron is used by a community
of about 230 scientists.

Lawrence Livermore National Laboratory (LLNL)

Lawrence Livermore National Laboratory is a Multiprogram Laboratory located on an 821 acre Sitein

Livermore, California. Nuclear Physics supports research in nuclear structure studies carried out with
the GENIE detector that was installed and is maintained by the LLNL group at the LANSCE facility at
Los Alamos National Laboratory, as well as for nuclear data and compilation activities, and a technical
effort involved in RIA R&D.
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L os Alamos National Laboratory (LANL)

Los Alamos National Laboratory is a Multiprogram Laboratory located on a 27,000 acre sitein Los
Alamos, New Mexico. Nuclear Physics supports a broad program of research including: (1) a program
of neutron beam research that utilizes beams from the LANSCE facility; (2) arelativistic heavy ion
effort using the PHENIX detector at the new Relativistic Heavy lon Collider (RHIC); (3) research
directed at the study of the quark substructure of the nucleon in experiments at Fermilab, and at the
“gpin” structure of nucleons at RHIC using polarized proton beams; (4) the development of the Sudbury
Neutrino Observatory (SNO) detector as well as involvement in the planned research program; (5) a
broad program of theoretical research into a number of topics in nuclear physics; (6) nuclear data and
compilation activities as part of the national nuclear data program; and (7) a technical effort involvedin
RIA R&D.

Oak Ridge Ingtitutefor Science and Education (ORI SE)

Oak Ridge Institute for Science and Education is located on a 150 acre site in Oak Ridge, Tennessee.
Nuclear Physics support is provided through ORISE for activities in support of the Holifield Radioactive
lon Beam Facility (HRIBF) and its research program.

Oak Ridge National Laboratory (ORNL)

Oak Ridge National Laboratory is a Multiprogram Laboratory located on a 24,000 acre site in Oak
Ridge, Tennessee. The mgjor effort at ORNL is the Low Energy program support for research and
operations of the Holifield Radioactive lon Beam Facility (HRIBF), that is run as a national user facility.
Also supported is (1) aredativistic heavy ion group, that isinvolved in aresearch program using the
PHENIX detector at RHIC; (2) atheoretical nuclear physics effort at ORNL that emphasizes
investigations of nuclear structure and astrophysics; (3) nuclear data and compilation activities that
support the national nuclear data effort; and (4) atechnical effort involved in RIA R&D.

The Holifield Radioactive lon Beam Facility (HRIBF) is the only radioactive nuclear beam facility in
the U.S. to use the isotope separator ortline (ISOL) method and is used by about 200 scientists. It
provides a wide range of both protortrich and neutron-rich nuclel to a suite of instruments designed for
studies in nuclear structure, dynamics and astrophysics using radioactive beams. The HRIBF accelerates
secondary radioactive beams to higher energies (up to 10 MeV per nucleon) than any other facility in the
world with such abroad selection of ions. The HRIBF conducts R&D on ion sources and low energy
ion transport for radioactive beams.

Thomas Jeffer son National Accelerator Facility (TINAF)

Thomas Jefferson National Accelerator Facility (TINAF) is a laboratory operated by the Nuclear Physics
program located on 273 acresin Newport News, Virginia. Medium Energy subprogram support is
provided for the operation and research program of the Continuous Electron Beam Acceler ator
Facility (CEBAF), a unique international electronbeam user facility for the investigation of nuclear and
nucleon structure based on the underlying quark substructure, used by over 1100 scientists. CEBAF
consists of two multi-pass parallel continuous beam superconducting linear accelerators connected by
recirculating magnetic arcs. Polarized and unpolarized electron beams up to 200 microamperes at up to
5.7 GeV are available that can be simultaneously distributed to three target halls. A large variety of
major instruments are available for studying the scattering and particle production of the electron with
fixed gas and solid targets. Fabrication of the GO detector, ajoint NSF-DOE project, that will allow a
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detailed mapping out of the strange quark contribution to nucleon structure, will be completed during
FY 2002. Support is provided for a nuclear theory group whose program of investigations supports the
experimental program of the laboratory. An accelerator R& D group is supported for projects important
to the Nuclear Physics program, such as the proposed 12 GeV upgrade of CEBAF and R&D for RIA.

All Other Sites

The Nuclear Physics program funds 180 research grants at 85 colleges/universities located in 35 states.
Among these is a grant with the Massachusetts Institute of Technology (MIT) for the operationof the
Bates Linear Accelerator Center as a national user facility used by about 250 scientists.  The Bates
facility, with electron beams up to 1 GeV, conducts experiments to study the properties and constituents
of protons and light nuclei at energies below those of CEBAF. The research program probes the
properties of the proton such as its shape and polarizability, and the charge distribution and magnetism
of the deuteron. A major instrument for making these measurements will be the Bates Large Acceptance
Spectrometer Torroid (BLAST) detector, whose fabrication will be completed in FY 2002. BLAST will
observe collisions of polarized electrons in thin polarized gas targets located in the South Hall Pulse
Stretcher Ring. Additional unique experiments are performed with the Out-Of Plane Spectrometer
(OOPS). The Bates experimenta program is scheduled to be concluded in 2004 and phased out in

FY 2005-2006.

Grants for the operation of accelerator facilities at four university laboratories are supported by the Low
Energy subprogram for research in selected and specialized areas conducted primarily by the in-house
faculty members and students. The Triangle Universities Nuclear Laboratory (TUNL) utilizesa
tandem Van de Graaff and polarized beams and targets to test and refine the theory of the nuclear force
and its currents. A suite of instrumentation has been built up to take advantage of this unique
combination of capabilities and to study fundamental symmetries and reactions important to nuclear
astrophysics. The Texas A& M Cyclotron Institute (TAMU) operates a modern superconducting
cyclotron to deliver awide range of stable and selected radioactive beams for medium energy heavy-ion
reaction studies, tests of fundamental constants of the standard model, and nuclear astrophysics.
Modern instrumentation takes advantage of the heavy-ion beams, and a number of foreign collaborators
use the facility. The Yale Tandem Van de Graaff provides a variety of stable beams for an extensive
suite of instruments that, along with the opportunity for extended running times, provides the capability
for detailed experiments on symmetry, collective structures, and evolution of propertiesin nuclei and
nuclear astrophysics. The University of Washington Tandem Van de Graaff provides precisely
characterized proton beams for extended running periods for research in fundamental nuclear
interactions and nuclear astrophysics. These four accelerator facilities offer niche capabilities and
opportunities not available at the national user facilities, or many foreign low-energy laboratories, such
as specialized sources and targets, opportunities for extended experiments, and specialized
instrumentation. These facilities operate in a university environment and thus provide a unique setting
for the training and education of graduate students in the U.S., where they have the opportunity to be
involved in all aspects of low energy nuclear research. These centers of excellence have in the past and
continue today to produce the next generation of national leaders in nuclear science research.
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Medium Energy Nuclear Physics

Mission Supporting Goals and Objectives

The Nuclear Physics program supports the basic research necessary to identify and understand the
fundamental features of atomic nuclel and their interactions. The Medium Energy Nuclear Physics
subprogram supports fundamental research that is ultimately aimed at achieving a quantitative
understanding of the structure of the atomic nucleus in terms of the quarks and gluons, the objects that
are believed to combine in different ways to make all the other sub-atomic particles. Equally important
is the achievement of an understanding of the “strong force,” one of only four forces in nature, and the
force that holds the nucleus of the atom together. Research efforts include studies of the role of excited
states of protons and neutrons in nuclear structure, investigations of the role of specific quarksin the
structure of protons and neutrons, studies of the symmetries in the behavior of the laws of physics, and
investigations of how the properties of protons and neutrons change when embedded in the nuclear
medium. Measurements are often carried out with beams of electrons or protons whose “spins’ have all
been lined up in the same direction (polarizing the beams) to determine what role the intrinsic spins of
the quarks and gluons play in the structure of the nucleon.

This research is generally carried out using electron and proton beams provided by accelerator facilities
operated by this subprogram, other Department of Energy programs (e.g., High Energy Physics and
Basic Energy Sciences), and at other unique domestic or foreign facilities. These facilities produce
beams of sufficient energy (small enough wavelength) that they can probe at a scale within the size of a
proton or neutron. The Medium Energy Nuclear Physics subprogram supports the operations of two
national user facilities - the Thomas Jefferson National Accelerator Facility (TINAF) and the Bates
Linear Accelerator Center operated by the Massachusetts Ingtitute of Technology. These accelerator
facilities serve a nationwide community of over 500 Department of Energy and National Science
Foundation supported scientists and students from over 140 American institutions, of which over 80%
are colleges and universities. Both facilities provide major contributions to education at all levels. At
both TINAF and Bates, the National Science Foundation (NSF) has made a major contribution to new
experimental apparatus in support of the large number of NSF users. A significant number of foreign
scientists collaborate in the research programs of both facilities. The research program at the TINAF, for
example, involves over 250 scientists from 19 foreign countries, many of these scientists are from
Consell Europeen pour la Recherche Nucleaire (CERN) member states. At TINAF, foreign collaborators
have aso made major investments in experimental equipment.

Performance will be measured by reporting accomplishments on the common performance measures
on leadership, excellence and relevance; quality; and safety and health.
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Research

University Research........................
National Laboratory Research .........
Other Research..........c.cccoevieviennnnn.
Subtotal, Research .............ccocevviiennnns

Operations

TINAF Operations ............cceveeenns
Bates Operations ...........c.ccccevvvneennnns
Other Operations ................ccevvennee.
Subtotal, Operations ............cc.ccovvvvennnns
Total, Medium Energy Nuclear Physics...

Funding Schedule

(dollars in thousands)

FY2000 | FY2001 | FY2002 | $Change | % Change
16,654 16,498 15,295 -1,203 7.3%
14,523 16,162 16,345 +183 +1.1%

360 5,221 5,415 +194 +3.7%
31,537 37,881 37,055 -826 2.2%
66,330 66,666 67,515 +849 +1.3%
10,885 12,623 12,000 -623 -4.9%

0 1,451 1,450 -1 -0.1%
77,215 80,740 80,965 +225 +0.3%
108,752 118,621 118,020 -601 -0.5%

Detailed Program Justification

= University Research

(dollars in thousands)

FY 2000 | FY 2001 FY 2002
31,537 37,881 37,055
16,654 16,498 15,295

These activities comprise a broad prog-am of research, and include 40 grants at 35 universitiesin
17 states and the District of Columbia. These research efforts utilize not only each of the
accelerator facilities supported under the Medium Energy program, but also use other U.S. and
interretional accelerator laboratories. Included in University Research is Bates Research, the effort
performed at the MI1T/Bates Linear Accelerator Center by MIT scientists. Other University
Research includes all other university-based efforts using many research facilities, including
activities by MIT scientists that are not carried out at Bates. Performance will be measured by

triannual peer review.

0 Bate@SRESEAI CN...cccoeeeeeeeeeeeeeeeeeeeeeeeeeeeee s

4,617

4,145 2,945

MIT scientists along with other university researchers have completed “ symmetry violation”
studies on the proton and deuteron in the North Experimental Hall. The experiment
(SAMPLE) provided important information on the quark flavor contribution to the proton's
spin magnetism. “ Out-of-Plane” measurements are being carried out using the new
spectrometers (OOPS) in the South Experimental Hall on the proton, deuteron, and complex
nuclel including measurements of the transition of the proton to its excited state.
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(dollars in thousands)

FY 2000 | FY 2001 FY 2002

Preparations are being made for a new program of research to study the structure of the
nucleon and the nature of the nucleon-nucleon force, utilizing the new Bates Large Acceptance
Spectrometer Toroid (BLAST) detector. The decrease in funding in the request for FY 2002
reflects the completion of the funding for BLAST fabrication in FY 2001. Performance will
be measured by the initiation of measurements with BLAST on schedule in FY 2002 using
thin gas targets and the high current circulating electron beam in the South Hall Pulse Stretcher
Ring.

o Other University Research........cccoceeevveevecce e, 12,037 12,353 12,350

In FY 2002 university researchers are supported at the same funding level as FY 2001 to
address forefront science at accelerator and non-accelerator facilities. Activities include:

University scientists are collaborating on important ongoing and future experiments at TINAF.
FY 2001-2002 activities include the completion of studies of the charge structure of the
neutron in Hall C. Planned measurements in Hall A include the electric form factor of the
proton. A series of studies of the excited states of the proton will continue in Hall B. First
parity- violation measurements to look for the “strange quark” content of the proton in Hall A
have been completed. Scientists are participating in major new detector fabrication to be
completed in FY 2002 for the “GO” experiment in cooperation with the National Science
Foundation. “G0” will allow a*complete mapping” of the strange quark content of the nucleon
using parity violation techniques. An important experiment in hypernuclear spectroscopy has
just completed data taking in Hall C. Plans are also underway to carry out a program of higher
resolution hypernuclear spectroscopy in Hall A.

A number of university groups are collaborating in experiments using the new Out-of-Plane
Spectrometers in the South Experimental Hall at the MIT/Bates Linear Accelerator Center to
probe nucleon and few-body nuclear structure. BLAST will be completed in FY 2001 and
university research support will be provided in FY 2002 for use of this new detector.

University scientists and National Laboratory collaborators will continue to carry out the
HERMES (HERa M Easurements with Spin) experiment at the DESY laboratory in Hamburg,
Germany. This experiment is measuring which components of the proton or neutron determine
the “spin” of these particles, an important and timely scientific issue which will be explored in
the planned program at RHIC starting in FY 2003. In FY 2002, HERMES will utilize a new
Ring Imaging Cerenkov counter for identification of quark flavor contributions to the spin of
the nucleon

Polarization experiments are being conducted at the SLAC (Stanford Linear Accelerator)
facility. One parity violation experiment aims to make a precise determination of the weak
mixing angle, an important fundamental parameter of the Standard Model of Particle Physics.

= National Laboratory Research .........ccoceceieienencnenennns 14,523 16,162 16,345

Included is: (1) the research supported at the Thomas Jefferson National Accelerator Facility
(TINAF), that houses the nation's and world' s unique high intensity continuous wave electron
accelerator and (2) research efforts at Argonne, Brookhaven, and Los Alamos National
Laboratories. The National Laboratory groups carry out research at various world facilities as well
as at their home indtitutions. Performance is measured by peer review and merit evaluation.
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(dollars in thousands)

FY 2000 | FY 2001 FY 2002

0 TINAF RESEAICh ..o 5,700 5,741 5,770

Scientists at TINAF, with support of the user community, assembled the large and complex
new experimental apparatus for Halls A, B, and C. All three experimental Halls are
operational. TINAF scientists provide experimental support and operate the apparatus for safe
and effective utilization by the user community. TINAF scientists participate in the
laboratory’ s research program, and collaborate in research at other facilities.

Asof FY 2001, both Hall A and Hall C will have completed fifteen experiments each. The
complex large-acceptance spectrometer in Hall B is complete and the research program has
completed over 50% of the datataking for 41 experiments. TJINAF researchers participate in
all of these experiments.

TINAF scientists are participating in the assembly of a new detector for the “G0” experiment,
in cooperation with the National Science Foundation. The GO detector will be completed in
FY 2002.

o Other National Laboratory Research ............ccc.c...... 8,823 10,421 10,575

Researchers at National Laboratories are supported at about the same level as FY 2001 to
address forefront science at accelerator and nonraccelerator facilities. These activities include:

Argonne National Laboratory scientists are pursuing research programs at TINAF, at the
DESY Laboratory in Germany, and have proposed measurements of the quark structure of the
nucleon at the new Main Injector at Fermilab. The theme running through this entire effort is
the search for a detailed understanding of the internal quark-gluon structure of the nucleon.
They have also made important advances in the technique of Atom Trap Trace Analysisto be
used in measurements of rare isotopes for precision studies of nuclear structure.

At Brookhaven National Laboratory, the Medium Energy Research group, which in previous
years has concentrated on hadron beam experiments at the AGS, will change its major
emphasis. Since the AGS will now serve as a heavy ion and proton injector for the new RHIC
accelerator, the group’s scientific emphasis will shift to “RHIC Spin”. Thisis the set of
experiments planned for RHIC that will use colliding polarized proton beams to investigate the
spin content of the nucleon and, in particular, what role gluons play. In FY 2001-2002,
additional funding is being provided to this group to assure that appropriate scientific effort has
been assembled in support of the RHIC Spin effort. A limited program of fixed target
experiments will continue at the AGS, including an important study of hypernuclei for which
the Japanese have made significant investments and are major collaborators.

Also at Brookhaven, Laser Electron Gamma Source (LEGS) scientists will be utilizing a new
spectrometer and a recently developed polarized ice target for a program of spin physics at low
energies. This unique facility produces its polarized “gammas’ by back scattering laser light
from the circulating electron beam at the National Synchrotron Light Source (NSLYS). In

FY 2002, the research program utilizing the new equipment will commence.
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(dollars in thousands)

FY 2000 | FY 2001 FY 2002

At Los Alamos Nationa Laboratory, scientists and collaborators will be preparing to carry out
a next generation neutrino oscillation experiment which builds on the experience of the Liquid
Scintillator Neutrino Detector (LSND) experiment at Los Alamos, that detected a signal of
neutrino oscillations. If oscillations are proven, then neutrinos would have mass, requiring
changes in our present understanding of the laws of physics. The Booster Neutrino Experiment
(BooNE) will use neutrinos generated from the Fermi National Accelerator Laboratory Booster
proton beam; data collection is planned to commence in FY 2002.

Los Alamos scientists also are involved in experiments at Fermilab and at RHIC (RHIC Spin)
that continue to try to unravel the mysteries of the internal components and spin of the
nucleon. The Los Alamos group has aso been instrumental in providing major components of
the PHENI X detector at RHIC that are crucia in carrying out the RHIC-Spin Program of
research.

B Other RESEArCN....coc e 360 5,221 5,415

Amounts include funds for the SBIR and STTR programs and other established obligations that
the Medium Energy Nuclear Physics subprogram must meet.

Amounts include the estimated requirements for the FY 2001 and FY 2002 SBIR programs and
other established obligations.

OPEF ALIONS.....eeviieieiestee et 77,215 80,740 80,965
B TINAF OPErationS......cccoeieerienierieniniseeeeeeseesee e 66,330 66,666 67,515

Included is the funding that supports: (1) operation of the Continuous Electron Beam Accelerator
Facility (CEBAF) at the Thomas Jefferson National Accelerator Facility (TINAF), and (2) major
manpower, equipment, and staging support for the assembly and dismantling of complex
experiments.

o TJINAF Accelerator Operations.........cccceevevevvenennns 42,126 42,436 42,910

Funding for accelerator operationsin FY 2002 supportsa 3,900 hour (26-week) running
schedule. In aconstrained budget, TINAF is able to amost maintain the same level of
operations asin FY 2001, with asmaller staff. The accelerator now routinely delivers beams
of differing energies and currents simultaneously to the three experimental halls. A maximum
beam energy of 5.7 GeV has been delivered to experiments. High current, high polarization
beam capability is now also available and is being used for experiments.

(hours of beam for research)

| FY 2ooo| FY 2001 | FY 2002

TINAF L 4500 4050 3900

Funding is provided for AIP projects for the polarized injector and beam handling components
as well as other additions and modifications to the accelerator facilities. GPP funding is
provided for minor new construction and utility systems.
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(dollars in thousands)

FY 2000 | FY 2001 FY 2002

o TJINAF Experimental SUPPOrt......ccccoveveeveeieseeniennns 24,204 24,230 24,605

Operating and equipment funding is provided for the experimental support needed to
effectively carry out the TINAF experimental program.

Support is increased (1% or $181,000) for the scientific and technical manpower, materials,
and services needed to integrate rapid assembly, modification, and disassembly of large and
complex experiments for optimization of schedules. Thisincludes the delivery or dismantling
of cryogenic systems, electricity, water for cooling, radiation shielding, and specia equipment
for specific experiments. Effortsin FY 2002 will be focused on effectively carrying out two-
Hall ssimultaneous operation as opposed to three.

The GO detector, a major item of equipment with a Total Estimated Cost of $7,570,000 is being
assembled. DOE's contributionis $3,965,000 and the National Science Foundation is
contributing $3,605,000 to this detector. As GO construction is completed in FY 2002 (-
$957,000), TINAF is shifting their base capital equipment and AlP emphesis (including an
increase of $194,000 in capital funds) towards assembly and installation of polarized electron
injector improvements for the accelerator, ancillary equipment items such as polarized targets
for experimental Halls A, B, C, spectrometer systems, the completion of a mgjor upgrade of
the data reduction system to handle massive amounts of raw data, and the continuation of the
fabrication of second generation experiments. Performance will be measured by the
completion of fabrication, commissioning and initiation of measurements with the GO detector
in FY 2002.

S = T2 (=Y @] o< = | o K 10,885 12,623 12,000
Funding is provided to support accelerator operations at the MIT/Bates Linear Accelerator Center.

Bates will operate in FY 2002, to carry out a program focused primarily on commissioning
activities for the BLAST detector. The new BLAST detector will observe collisions in thin gas
targets located on the South Hall Pulse Stretcher Ring. Performance will be measured by the
commissioning of the BLAST detector and the initiation of its research program in FY 2002.
When the scientific program of BLAST commencesin FY 2002, the Bates research effort will
concentrate on this new experimental facility. Upon completion of the BLAST research program
in FY 2004, it is now planned that the Bates facility will begin a 2- year phaseout. Starting in FY
2005, Decontaminating and Decommissioning (D& D) activities will be initiated. The D&D cost
and schedule will be determined at that time.

(hours of beam for research)

| FY 2ooo| FY 2001 | FY 2002

BaAlES ..t 2000 2000 2100

Accelerator operations in FY 2001 are providing beams for research programs in the South Hall
utilizing the OOPS spectrometers, for testing of internal, polarized, continuous beams in the South
Hall Ring, and for development of extracted continuous beams for delivery to the existing South
Hall spectrometers.
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(dollars in thousands)
FY 2000 | FY 2001 FY 2002

AIP funding supports additions and modifications to the accelerator facilities; GPP funding
supports minor new construction and utility systems. The decrease in FY 2002 funding reflects a
decrease in the investments in AIP and capital equipment in anticipation of the phase out of the
Bates facility.

B Other OperationsS ......ccceccvieieeiieesee e 0 1,451 1,450
Funding is provided to support accelerator operations at other facilities.

Funding is provided for 600 hours (6 weeks) of beam, to carry out alimited program of high
priority experiments at the Alternating Gradient Synchrotron (AGS) at Brookhaven National
Laboratory including an important study of hypernuclei for which the Japanese made an
investment in detector fabrication.

Total, Medium Energy Nuclear PhySICS........ccccoceecreecncnenenen. 108,752 118,621 118,020

Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
($000)
Research
= University Research
o The MIT/Bates research activity decrease reflects the completion of funding of
the BLAST detector system ($1.2 million in FY 2001). Research support is
provided to carry out BLAST commissioning and its research program. ................. -1,200

o Research support at other universitiesis at the same level as FY 2001. Lower
priority activities will be phased out in order to maintain manpower and focus
efforts on the high priority activitiesat TINAF. .....ccooiieieeeceeeceee e -3

= National Laboratory Research

o Funding for TINAF and other National Laboratory groups is increased by about
1% to help maintain efforts. Lower priority activities will be phased out in order

to maintain manpower and focus efforts on the high priority activitiesat TINAF. .. +183

=  Other Research
o Estimated SBIR/STTR and other obligations iNCrease. ...........ccoevereeveenenenesieseenns +194
QI I (=S = o PP -826
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FY 2002 vs.
FY 2001

($000)

Operations
= TJNAF Operations

o TJINAF Accelerator Operations. Funding for accelerator operationsis
increased by about $410,000 (+1%) in order to carry out a 26 week running
schedule. In FY 2001, TINAF is expected to operate 27 weeks. Funding (about
+$63,000) for genera plant and accelerator improvements projects is provided.
In a constrained budget, TINAF is able to almost maintain the same level of
operations asin FY 2001, with asmaller staff. ........cccccveveiii i, +474

o TJINAF Experimental Support: Support isincreased by about 1.0%
(+$181,000) in order to help maintain the needed manpower ard equipment
required for carrying out the highest priority experimental programs. Effort will
be focused on carrying out two-Hall simultaneous operation as opposed to three.
Overal capital equipment funding is increased $194,000 with additional funds
provided for the planned experimental program as funding for the GO detector is
(012 o572 S <o TSR +375

= BatesOperations

o The reduction in Bates operations reflects the planned funding profile for Bates,
in which operations concentrates on research with the new BLAST detector.
Bates, with a smaller operating staff, will provide 2100 beam hours for the
commissioning of the BLAST detector and the initiation of its research program
Funding for Capital equipment and AlP is reduced by about $500,000. -623

=  Other Operations

o Funding of the operation of the AGS at BNL is constant compared to FY 2001
and provides 600 hours (6 weeks) of beam time to complete high priority

L0111 00T 01K PSSR -1
TOLA OPEIAIONS....c.eeieeiieeieeiesie sttt bbbttt a et e b b e bt st et e e e b e neenbenee b e +225
Total Funding Change, Medium Energy Nuclear PhySICS..........ccooiiiinininiccccce -601
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Heavy lon Nuclear Physics

Mission Supporting Goals and Objectives

The Heavy lon Nuclear Physics subprogram supports research directed at understanding the properties
of nuclear matter over the wide range of conditions created in nucleus-nucleus collisions, particularly
the predicted phase changes from the liquid to gas state and from normal to quark matter. Using beams
of accelerated heavy ions at intermediate bombarding energies, research is focused on the study of the
fragmentation of nuclel in highly violent collisions and the flow of nuclear matter in less violent
collisions. From such studies of the flow of nuclear matter, one can obtain information regarding the
equation of state of nuclear matter; such information is important in understanding the dynamics of
supernova explosions. At much higher relativistic bombarding energies, collisions producing hot, dense
nuclear matter are studied with the goal of observing the deconfinement of normal matter into the quark-
gluon plasma. This form of matter is predicted to have been the early phase of the universe, a millionth
of a second after the Big Bang. Scientists and students at universities and national |aboratories are
funded to carry out this research at the DOE supported Relativistic Heavy lon Collider (RHIC) facility,
aswell as at the National Science Foundation (NSF) and foreign supported accelerator facilities.

The Heavy lon Nuclear Physics subprogram supports operation of RHIC at Brookhaven National
Laboratory (BNL). Thisisaunique world-class facility that addresses fundamental questions about the
nature of nuclear matter. With it one can study collisions of heavy nuclei at energies over 10 times of
that previoudly available at any other facility in the world, namely at CERN. The RHIC is aso the only
accelerator facility in the world that provides collisions of polarized protons with polarized protons.
From these collisions, important and unique information can be obtained regarding the composition of
the gluons that provide the binding of the quarks to make the nucleons, the protons and neutrons that
make up the nucleus. The construction of RHIC was completed in August 1999, and first collisions
were observed in June 2000. The RHIC facility is utilized by over 1,050 DOE, NSF, and foreign
supported researchers. The RHIC experimental program is determined with the guidance of a Program
Advisory Committee, consisting of distinguished scientists, that reviews and eval uates proposed
experiments and advises the BNL Associate Director for Nuclear and High Energy Physics regarding
their merit and scientific priority. Capital Equipment and Accelerator Improvement Project (AIP) funds
are provided for additions, modifications, and improvements to the research accelerators and ancillary
experimental facilities to maintain and improve the reliability and efficiency of operations, and to
provide new experimental capabilities. An annual peer review of the effectiveness of RHIC operations
and its research program is conducted by the program. Performance will be measured by completing
the first round of experiments at RHIC to see possible evidence of the predicted quark-gluon plasma: a
high-temperature, high-density state of nuclear matter that may have existed a millionth of a second after
the big bang.

Performance will be measured by reporting accomplishments on the common performance measures
on leadership, excellence and relevance; quality; and safety and health.

The Heavy lon Nuclear Physics subprogram also provides General Purpose Equipment (GPE), General
Plant Project (GPP), and waste management funds to BNL as part of Nuclear Physics' landlord
responsibilities for this laboratory. These funds are for general purpose equipment, minor new capital
construction, alterations and additions, improvements to land, buildings, and utility systems, and the
processing of hazardous, radioactive or mixed-waste generated during normal operations.
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Funding Schedule

(dollars in thousands)

| Fv2000 | Fy2001 | FY2002 | $Change | % Change

Research

University Research.......................... 11,511 12,004 11,495 -509 -4.2%

National Laboratory Research ........... 22,995 21,689 20,860 -829 -3.8%

Other Research.........cc.occoevevinienneins 0 2,848 2,850 +2 +0.1%
Subtotal, Research .............c.cooovviiiinnns 34,506 36,541 35,205 -1,336 -3.7%
Operations

RHIC Operations ..........cc.ccoeevveinnnnn. 99,767 102,691 104,505 +1,814 +1.8%

Other Operations .........ccccceveeivienennnns 10,060 10,641 10,640 -1 0.0%

BNL Waste Management................... 6,363 5,944 5,945 +1 0.0%
Subtotal, Operations .............ccccoeevuneennnen. 116,190 119,276 121,090 +1,814 +1.5%
Total, Heavy lon Nuclear Physics............. 150,696 155,817 156,295 +478 +0.3%

Detailed Program Justification
(dollars in thousands)
FY 2000 FY 2001 FY 2002

RESEANCh .. 34,506 36,541 35,205
= University RESEarCh ..o 11,511 12,004 11,495

Support is provided for the research of scientists and students at 27 universitiesin 18 states.
Performance will be measuredfor all these research activities by peer review triannually.

- Researchers using primarily the NSF supported National Superconducting Cyclotron Laboratory
at Michigan State University, at Texas A&M University, and at foreign facilities in France,
Germany, and Italy, investigate nuclear reactions at intermediate energies, with the aim of
studying the fragmentation of nuclei and the flow of nuclear matter in violent collisions.

- Research using relativistic heavy ion beams is focused on the study of the production and
properties of hot, dense nuclear matter at initial experiments at RHIC, where an entirely new
regime of nuclear matter now becomes available to study for the first time. The university
groups provide core manpower for the operation of and data analysis from the four RHIC
detectors. The ~$500,000 decrease reflects the completion of capital equipment projectsin

FY 2001 and no new projectsin FY 2002.

= National Laboratory Research ..........ccccceeue..e.

22,995 21,689 20,860

Support is provided for the research programs of scientists at four National Laboratories (BNL,
LBNL, LANL and ORNL) that play critical roles especialy in the instrumentation. Performanceis

measured by peer review and merit review.
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(dollars in thousands)

FY 2000 | FY 2001 FY 2002

BNL RHIC RESEarch ..o 13,192 10,888 10,065

BNL scientists play amajor role in planning and carrying out research with the four detectors
(STAR, PHENIX, BRAHMS and PHOBOS) at RHIC and have major responsibilities for
maintaining, improving and developing this instrumentation for use by the user community. The
planned running periodsin FY 2001 and FY 2002 will be critical for this new research program
as RHIC approaches its design luminosity (collision rate) and all four RHIC detectors reach their
full potential for studies of the expected new forms of nuclear matter that will be created in the
heavy ion collisions. In FY 2002 funding is increased by about 0.5% for research but funding
for capital equipment is decreased by about $856,000 with the completion of the PHENIX muon
instrumentation. Funding continues for production of modules for the Electromagnetic
Calorimeter enhancement for STAR.

- The muon instrumentation for PHENIX allows measurement of the yields of muons ("heavy
electrons’) that probe the early stages of quark-gluon plasmaformation. The Japanese are
contributing substantial support for the two PHENIX muon arms, which are also critical
components of the detection systems for measurements in the PHENIX RHIC Spin Program.

- The Electromagnetic Calorimeter for STAR provides capability to distinguish electrons from
photons, and extends the measurement of particle energy to high energies. The detector
system is also acritical component for the RHIC Spin Program for STAR. Production of
calorimeter modules began in FY 2000 and will continue through FY 2003.

Other National Laboratory Research ..........cccccvevvvenenee. 9,803 10,801 10,795

Researchersat LANL, LBNL, and ORNL provide leadership in the commissioning of the
PHENIX muon arm and the STAR electromagnetic calorimeter, as well as play leadership roles
in carrying out the research utilizing these detectors. At LBNL development of the analysis
system for RHIC data, in aliance with the National Energy Research Scientific Computing
Center (NERSC), will be completed.

Other RESEAICN..c..oeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e ee e e er e e e e e eeeeeeees 0 2,848 2,850

Amounts include the estimated requirements for the continuation of the FY 2001 and FY 2002 SBIR
programs and other established obligations. ............cccccoveveenee.

OPENALIONS......ciiiiieieieie et 116,190 119,276 121,090
RHIC OPErationS .......cceeeriirieeeesiesieesie e 99,767 102,691 104,505

The Relativistic Heavy lon Collider (RHIC) is anticipated to reach nearly full data production
capabilities by the end of the planned running period in FY 2002. RHIC is a unique facility whose
colliding relativistic heavy ion beams will permit exploration of hot, dense nuclear matter and
recreate the transition from quarks to nucleons that characterized the early evolution of the universe.
Studies with colliding heavy ion beams will provide researchers with an opportunity to explore a
new regime of nuclear matter and nuclear interactions that up to now has only been characterized
theoreticaly.

During the FY 2001-FY 2002 running periods, preparations of RHIC for its spin physics program
will continue, with the anticipation that the spin physics experimental program will beginin
FY 2003. The RHIC spin program accel erates polarized protons to study the internal structure of the
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(dollars in thousands)

FY 2000 | FY 2001 FY 2002

protons, in particular the role of the gluons whose interaction with the quarks binds the quarks
together to make the protons and neutrons. Understanding the role of the gluons is important for
understanding the properties of the quark-gluon plasma.

o RHIC Accelerator Operations ........ccceeeevveveeseereninnns 73,525 74,975 76,345

Support is provided for the operation, maintenance, improvement and enhancement of the RHIC
accelerator complex. This includes the Tandem, Booster and AGS accelerators that together serve
asthe injector for RHIC. RHIC cameinto operationsin FY 2000 with a total of 4,030 hour
(27-week) operations schedule that was focused on commissioning the new accelerator and
detector systems. Beam time for research is expected to increase significantly in FY 2001 with a
similar total operating schedule. FY 2002 funding supports a 3,000 hour (20-week) RHIC total
operating schedule. The schedule provides 1,650 hours of beam for researchwith the remainder
of the schedule (1,350 hours) for beam studies, commissioning operations with polarized protons
and cryogenic warm up. With alimited budget, NP has chosen to retain personnel and run as
much as possible. The planned increase in luminosity will allow more data to be acquired within
agiven running period, as compared to previous experimental runs. Performance will be
measured by achieving the design luminosity (collision rate) of RHIC for heavy ionsin

FY 2002. Capital equipment funding is provided for normal maintenance projects and AIP
funding is provided for needed improvement projects. A 1% increase in RHIC operation funding
supports a 3,000 hour (20-week) running schedule. As construction of major detector projects
are completed, $651,000 of capital equipment funds are shifted from BNL RHIC Research to
BNL Accelerator Operationsin order to optimize and maintain these large detectors, as well as
start AlP initiatives that will lead to more efficient operations.

RHIC Operations

(hours of beam for research)

| FY 2000 | FY 2001 | FY 2002
RHIC 380 1900 1650
o RHIC Experimental SUPPOrt .......ccccccvveevveieviesiennns 26,242 27,716 28,160

Support is provided for the operation, maintenance, improvement and enhancement of the RHIC
experimental complex, including detectors, experimenta halls, computing center and support for
users. RHIC detectors (STAR, PHENIX, BRAHMS and PHOBOS) will reach their initial
planned potential by FY 2002. Over 1050 scientists and students from 90 institutions and 19
countries will participate in the research programs of these four detectors. Funding is increased
by 1% compared to FY 2001 for experimental support.

= Other Operations ........cccceeceeeeveiie e 10,060 10,641 10,640

As steward for Brookhaven National Laboratory (BNL), the Nuclear Physics program provides GPP
funding for minor new construction, other capital alterations and additions, and for buildings and
utility systems. Funding of this type is essentia for maintaining the productivity and usefulness of

Science/Nuclear Physics
Heavy lon Nuclear Physics FY 2002 Congressional Budget




(dollars in thousands)

FY 2000 | FY 2001 FY 2002

Department-owned facilities and in meeting its requirement for safe and reliable facilities operation.
The total estimated cost of each project will not exceed $5,000,000. In addition, the program has
landlord responsibility for providing General Purpose Equipment (GPE) at BNL.

BNL Waste Management ...........ccovecvneeniniinicnecneseee 6,363 5,944 5,945

Provides funding for the activities related to packaging, shipping, and disposing of, and reducing the
volume of, hazardous, radioactive or mixed waste generated in the course of normal operations at
Brookhaven National Laboratory.

Total, Heavy 1on Nuclear PRYSICS........ccooovvieienienieeneee e 150,696 155,817 156,295

Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
($000)
Research
= University Research
o FY 2002 funding for University Research is maintained at a constant level
compared to FY 2001. Equipment funding in FY 2002 is decreased by about
$500,000 as projects are completed. Lower priority activitieswill be reduced in
order to focus efforts on those activities at RHIC identified as providing the most
promising pPhysiCS OPPOITUNITIES. .......occveiiieiiieiie et -509

National L aboratory Research

o BNL RHIC Research: Research support is increased by about 0.5% to
effectively carry out research with the enhanced detectors at full luminosity at
RHIC. Capital equipment is decreased by about $850,000 as projects are being
completed. Lower priority activities will be reduced in order to focus effortson
those activities at RHIC identified as providing the most promising physics
(070070 LU 1 (1= R PR SSR -823

o Other National Laboratory Research: Research support is maintained at a
constant level compared to FY 2001. Lower priority activities will be reduced in
order to focus efforts on those activities at RHIC identified as providing the most

promising PhySsiCS OPPOITUNITIES. . ......cceiviiiriieeeeei et -6

= Other Research:
o Estimated SBIR and other obligations remain about the same. +2
0 = IR RS SS ( -1,336
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FY 2002 vs.
FY 2001
(3000)
Operations
= RHIC Operations
o Accelerator Operations. Anincrease of $719,000 (+1%) in operating funds
provides an estimated 20-week running schedule, compared with 27 weeks in
FY 2001. Anincrease of $651,000 is provided to bring Capital equipment and
Accelerator Improvement Project funding (to atotal of $3,600,000) to alevel that
will sustain operations. A revised physics program will be devel oped which will
optimize the physics output with the proposed running schedule. ...........c.cccceeeneee. +1,370

o Experimental Support: Anincrease of $240,000 (+1%) is provided to enhance
support of manpower and services to effectively carry out research measurements.
An additional $204,000 is provided for experimental egquipment to enhance
detector and computing capabilities that will be needed for full luminosity
L0011 0 SRS +444

=  Other Operations

o FY 2002 funding for General Plant Projects and General Purpose Equipment to
Brookhaven National Laboratory is constant compared to FY 2001..........c.cccceveeee. -1

= BNL Waste Management
o FY 2002 funding for Waste Management is provided at the same level as FY 2001

10 MAINTAIN ACHIVITIES. ..o.veiviciieieee e +1
TOtAl, OPEIALIONS .......viiiuiiereecie ettt se e e rr e s e et e s e e e abeesateebeeasaeesseesnseeseeanneeaseesnraeas +1,814
Total Funding Change, Heavy [on Nuclear PhYSICS.........ccooeiiiiiiiineneeeeee e +478
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L ow Energy Nuclear Physics

Mission Supporting Goals and Objectives

The Low Energy Nuclear Physics subprogram supports research directed at understanding the structure
of nuclei, nuclear reaction mechanisms, and experimental tests of fundamental symmetries. At the
present time, emphasis is placed on addressing issues in nuclear astrophysics, and the structure of nuclei
at the limits of energy, deformation, angular momentum, and isotopic stability. This research is generally
conducted using beams provided by accelerator facilities operated by this subprogram, other Department
of Energy programs, or at other domestic or foreign facilities.

The Low Energy Nuclear Physics subprogram supports the operation of the Holifield Radioactive lon
Beam Facility (HRIBF) at Oak Ridge National Laboratory, the Argonne Tandem Linac Accelerator
System (ATLAS) facility at Argonne National Laboratory, and the 88-1nch Cyclotron facility at the
Lawrence Berkeley National Laboratory. Research and development and preconceptual design activities
at these facilities are in support of a next generation low-energy facility, the Rare | sotope Accelerator
(RIA). All the National Laboratory facilities are utilized by DOE, NSF, and foreign-supported
researchers whose experiments undergo peer review prior to approval for beam time. Capital equipment
funds are provided for detector systems, for data acquisition and analysis systems, and for accelerator
instrumentation for effective utilization of al the national accelerator facilities operated by this
subprogram. Accelerator Improvement Project (AlP) funds are provided for additions, modifications,
and improvements to the research accelerators and ancillary equipment facilities to maintain and
improve the reliability and efficiency of operations, and to provide new experimental capabilities.

University-based research is an important feature of the Low Energy subprogram. Accelerator operations
are supported at Texas A&M University (TAMU), the Triangle Universities Nuclear Laboratory

(TUNL), University of Washington, and Yae University. These university centers of excellence each
have a critical mass of nuclear physics faculty involved in research that is conducted both on and off
campus, have about 15-25 graduate students at different stages of their education, and historically have
produced a large fraction of the leadersin the field. The accelerator facilities are relatively small and
appropriate for siting on university campuses, where they provide unique opportunities for hands-on
training of nuclear experimentalists that complement the experience that can be obtained at the national
user facilities. Many of these scientists, after obtaining their PhDs, contribute to a wide variety of
nuclear technology programs of interest to the DOE.

Some experiments use accelerators in conjunction with special apparatus to study fundamental nuclear
and nucleon properties, for example the ultra-cold neutron trap at the Los Alamos Neutron Science
Center (LANSCE) at Los Alamos National Laboratory. Other experiments in low-energy nuclear
physics do not require the use of accelerators. The study of neutrinos from the sun is an example. The
Sudbury Neutrino Observatory (SNO) detector is designed to study the production rate and properties of
solar neutrinos. The Kamioka Large Anti-Neutrino Detector (KamLAND) will study the properties of
anti-neutrinos produced by reactors. Both of these experiments address the important and interesting
guestion of whether neutrinos have a mass. The answer to this very fundamental question has profound
implications for our understanding of the basic building blocks of matter and the evolution of the
universe.

Performance will be measured by reporting accomplishments on the common performance measures
on leadership, excellence and relevance; quality; and safety and health.
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Research

University Research.....................
National Laboratory Research.......
Other Research ...........cccooieen.

Subtotal Research..............cococveneet.

Operations

HRIBF Operations........................
ATLAS Operations...........cccoeeevneeen.
88-Inch Operations.......................
Subtotal Operations ............ccccocevunees

Total, Low Energy Nuclear Physics...

= University Research

Funding Schedule

(dollars in thousands)

FY2000 | FY 2001 FY2002 | $Change | % Change
16,778 17,395 16,965 -430 -2.5%
19,508 19,747 19,835 +88 +0.4%

2,000 3,808 4,030 +222 +5.8%
38,286 40,950 40,830 -120 -0.3%
8,847 8,837 8,925 +88 +1.0%
7,601 6,992 7,060 +68 +1.0%
5,714 5,914 5,875 -39 -0.7%
22,162 21,743 21,860 +117 +0.5%
60,448 62,693 62,690 -3 0.0%

Detailed Program Justification

(dollars in thousands)

FY 2000 FY 2001 FY 2002
38,286 40,950 40,830
16,778 17,395 16,965

Support is provided for the research of scientists and students at 26 universitiesin 17 states. Nuclear
Physics university scientists perform research as user groups at National Laboratory facilities, at on
site facilities and at other specifically fabricated experiments. These activities address a broad range
of fundamental issues as diverse as the properties of nuclel, the nature of the weak- interaction and
the production mechanisms of chemical elementsin stars and supernovae. Performance will be
measured by triannual peer-review. FY 2002 funding for researchers and students is the same as
FY 2001. The reduction reflects the completion of experimental equipmert projects.

o The maor component of the research, involving that of about two-thirds of the university
scientists, is conducted using the low energy heavy ion beams and specialized instrumentation at
the three national laboratory user facilities supported by this subprogram (i.e., the ANL-ATLAS,
LBNL — 88-Inch Cyclotron and ORNL — HRIBF facilities).

o Accelerator operations are supported at four universities: the University of Washington, the
Triangle Universities Nuclear Laboratory (TUNL) facility at Duke University, Texas A&M
University (TAMU) and at Yae University. Each of these small university facilities has awell-

defined and unique physics program, providing light and heavy ion beams, specialized
instrumentation and opportunities for long-term measurements which complement the

capabilities of the National Laboratory user facilities. Equipment funds are provided for new
instruments and capabilities, such as the intensity and energy upgrade of the TAMU cyclotron,
and the gas-filled spectrometer at Y ale.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

o Support is provided for involvement in other accelerator and non-accelerator experiments
directed at fundamental measurements, such as measurements of solar neutrino rates and the
neutrino mass at the Sudbury Neutrino Observatory (SNO) in Canada and with the Kamioka
Large Anti-Neutrino Detector (KamLAND) in Japan. Equipment funding for KamLAND was
completed in FY 2001.

= National Laboratory Research .......c.ccoceveveieiincnesenine 19,508 19,747 19,835

Support is provided for the research programs of scientists at six National Laboratories (ANL, BNL,
LBNL, LANL, LLNL and ORNL). Performanceis measured by peer review and merit evauation.

o National Laboratory User Facility Research............. 14,035 13,995 14,065

Scientistsat ANL (ATLAS), LBNL (88-Inch Cyclotron) and ORNL (HRIBF) have magjor
responsibilities for maintaining, improving and developing instrumentation for use by the user
communities at their facilities, as well as playing important roles in carrying out researchthat
addresses the program’ s priorities.

- At ORNL the research focuses on the use of radioactive beams from the HRIBF and
speciaized spectrometers to study nuclear astrophysics and nuclear structure of nucle far
from stability. Measurements are made of reaction cross sections and nuclear properties, such
as haf-lives, which are crucial input to detailed astrophysics models that calculate the
production of the elements in stars. Specialized equipment, such as HYBALL for charged-
particle detection and the high-pressure gas target, are being designed, built and
commissioned.

- At ANL the research focuses on the use of stable and selected radioactive beams from
ATLAS, coupled to ion traps and the Fragment Mass Analyzer to study fundamental
processes and properties of nuclel, and to study nuclei at the extremes of isotope stability.
Studies are undertaken with traps to measure atomic masses with high precision and search
for effects in beta decay outside the standard decay model. The Advanced Penning Trap is
being constructed and commissioned.

- At LBNL the research focuses on the use of stable beams from the 88-1nch Cyclotron
coupled with Gammasphere and the Berkeley Gas-filled Spectrometer (BGS) to study nuclei
at high angular momentum and deformation, and the heaviest of elements. The world-leading
effort to search for and characterize new very heavy elements and isotopes will continue.
The Gamma-Ray Energy and Tracking Array (GRETA) is being designed, with test modules
undergoing development.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

Other National Laboratory Research .........cccccceeueee 5473 5,752 5,770

Scientists at BNL, LBNL, LLNL and LANL play important roles in a number of high-priority
accelerator- and non-accel erator-based experiments directed towards fundamental questions.
These include:

- The Sudbury Neutrino Observatory (SNO) experiment in Canada. The SNO detector
addresses the question of whether the observed reduced rate of solar neutrinos reaching the
earth results from unexpected properties of the sun, or whether it results from a fundamental
property of neutrinos- namely that neutrinos produced in the sun change their nature during
the time it takes them to reach the earth. This latter explanation would imply that the
neutrinos have mass. Results from the first measurements are expected in FY 2001.
Performance will be measured by completing a preliminary analysis of the first data from
neutral current interactions from SNO. These datawill provide the first information
regarding possible neutrino appearance due to neutrino oscillations. All previous
measurements have measured neutrino deficits.

- The KamLAND experiment in Japan will measure the rate and properties of anti- neutrinos
produced by several nuclear power reactors in an attempt to establish and measure the mass
of the neutrino. Although KamLAND isless sengitive than SNO to the variety of neutrino
oscillations it has the advantage of comparing the measured fluxes to a known source.

- Neutron beams at the LANSCE facility at LANL are “cooled” to very low energies for new
cold and ultra-cold neutron experiments, which will make very precise measurements of
fundamental neutron properties.

Other RESEArCh.....c.cciiieece e 2,000 3,808 4,030

u]

RIA R&D ACHVITIES ... 2,000 2,794 3,000

Funds are provided for R&D and pre-conceptual design activities directed at the devel opment of
an advanced Rare | sotope Accelerator (RIA) facility. A next-generation facility for beams of
short-lived, radioactive nuclei for nuclear structure, reaction and astrophysics studies was
identified in the 1996 Nuclear Science Advisory Committee (NSAC) Long Range Plan as a
compelling scientific opportunity and as the highest priority for new construction. The proposed
RIA facility is a new paradigm for producing intense beams of very short-lived nuclei that
emerged from the 1998 NSAC Taskforce study involving international experts. Thisfacility
would position the U.S. to play aleadership role in an area of study with the potertia for new
discoveries about basic properties of nuclei and to significantly advance our understanding of
astrophysical phenomena.  The increased funding for FY 2002 supports needed R&D activities
in both critical accelerator components and detector development.

SBIR and Other ..o 0 1,014 1,030

The FY 2001 and FY 2002 amounts include the estimated requirement for the continuation of the
SBIR and STTR programs and other established obligations. The Lawrence and Fermi Awards,
funded under this line, provide annual monetary awards to honorees selected by the Department
of Energy for their outstanding contributions to science.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

OPENALIONS......coeeeieeeeeete e 22,162 21,743 21,860

Support is provided for the operation of three National User Facilities, the Argonne Tandem:Linac
Accelerator System (ATLAS) at ANL, the 88-Inch Cyclotron facility aa LBNL and the Holifield
Radioactive lon Beam Facility (HRIBF) at ORNL, for studies of nuclear reactions, structure and
fundamental interactions. Requests for beam time at these facilities exceed available beam time by 50-
75%. Program Advisory Committees are utilized by all three of these facilities to evaluate proposed
experiments and provide recommendations on merit and priority prior to approval for beam time.

B HRIBF OPErationsS ......ccoceeeereerieeeeseesiesee e 8,847 8,837 8,925

HRIBF has coupled the existing cyclotron and tandem accel erator to develop a focused radioactive
ion beam program. Both proton-rich and neutronrich beams are provided to spectrometer systems
such as CHARMS, designed for nuclear structure studies with accelerated radioactive beams, and
the Daresbury Recoil Separator and the Silicon Detector Array for nuclear astrophysics studies.

B ATLAS OPErations ......cccccoeeerrererenreneeesesseseeesseseeesee s 7,601 6,992 7,060

ATLAS provides stable heavy ion beams and sel ected radioactive ion beams for research.
Experiments utilize ion traps, the Fragment Mass Analyzer, and advanced detectors to study the
structure of nucle at the limits of stability, and fundamental and decay properties of nuclei.

= 88-Inch Cyclotron Operations .........cccceeceeeeneeieeseesnennens 5714 5,914 5,875

The 88-1nch Cyclotron facility provides primarily stable heavy ion beams for research.
Gammasphere and the Berkeley Gas-filled Spectrometer provide world-class instruments to study
rapidly spinning nuclei, and search for and characterize the heaviest of elements and isotopes. An
innovative BEARS (Berkeley Experiments with Accelerated Radioactive Species) system has been
developed to provide selected light radioactive beams for experiments.

Included in the funding shown are Capital Equipment and Accelerator Improvement Project (AIP) funds
provided to each of the facilities for the enhancement of the accelerator systems and experimental
equipment.

In FY 2002 these low energy facilities will carry out about 100 experiments involving over 500 U.S. and
foreign researchers. Planned beam hours for research are indicated below:

(hours of beam for research)

FY 2000 FY 2001 FY 2002

HRIBF L. e 2130 2100 2000
AT L S L 5385 5100 3500
88-INCh CYCIOION ...couiiiiii e 4335 4950 4000
Total beam hours for research 11850 12150 9500
Total, Low Energy Nuclear PhySiCS........ccccceveeieieecieciece, 60,448 62,693 62,690
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Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
(3000)
Research
= University Research
o FY 2002 funding for researcher and students is constant from FY 2001. Lower
priority activities will be phased out in order to maintain manpower in the high
priority activities at the low energy facilities and SNO. Funding for equipment
decreases by $430,000 compared to FY 2001, as projects are completed. New
experiments will not be started at thiStime. ... -430
= National Laboratory Research
o National User Facilities Research: FY 2002 funding provides an increase of
about 0.5% to try to maintain efforts. Activities will be phased out in order to
focus efforts on the high priority activities at these facilities. .......cccccceevveievveieennne +70

o Other National Laboratory Resear ch: Research funding for the other groupsis
the same as FY 2001. Equipment funds will be used to complete projects
underway with no new starts. Activities will be phased out in order to maintain
manpower and focus efforts on the high priority activities at the national user
faClitiES @NA SNO. .....oceeiiece et nne e +18

= Other Research

o RIAR&D: InFY 2002 $3,000,000 is provided for R&D activities directed at
the development of an advanced Rare Isotope Accelerator (RIA) facility. The
R&D funding is directed at projects identified in a 3-year R& D plan that has been
developed for work that will be performed at ANL, LANL, LBNL, LLNL,

ORNL, TINAF and Michigan State UNIVErSItY. .......ccccoverenenenineeeeeeeseesesie s +206

o SBIR and Other: Estimated SBIR and other obligations increase dightly.............. +16
TOtAl RESBAICN. ...ttt ettt b et a et s ae e b et e nae e -120
Operations
= HRIBF Operations: FY 2002 funding isincreased by 1% to carry out the highest

priority research; it will operate with a smaller staff thanin FY 2001. ..........ccccceeveneee. +88
= ATLASOperations: FY 2002 funding isincreased by 1% to to carry out the highest

priority research ATLASwill go to 5-day operations with a smaller staff. ................... +68

= 88-Inch Operations. FY 2002 funding is increased by 3.3% (+$142,000) to carry out
the highest priority research This includes $100,000 for increased power costs. The
88 Inch Cyclotron will go to 5-day operations with a smaller staff. Funding for
Accelerator Improvement and Capital equipment projects will be reduced by

PBLBL,000.......eeeetereeererteeee et e ettt bbb r ettt et e bR b e ne et e e et et nrenre e -39
TOLA OPEIAIONS.......eieeeieiieeeeie ettt bttt s et sbesbe s et e seese e e e b e nnenbeseeene e +117
Total Funding Change, Low Energy Nuclear PhySICS.........ccooveiviienicie e -3
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Nuclear Theory

Mission Supporting Goals and Objectives

Theoretical Nuclear Physicsis a program of fundamental scientific research that provides new insight
into the observed behavior of atomic nuclei. With the establishment of quantum chromodynamics as the
fundamental theory of the strong nuclear interaction, the ultimate goal of nuclear theory is to understand
nuclei and the nucleon in terms of their constituent quarks and gluons. It is at the highest energy scales
that the nuclear quark and gluon aspects manifest themselves, and it is precisely these high energy
nuclear scales that are probed by the two nuclear physics flagship facilities, the Thomas Jefferson
National Accelerator Facility (TINAF) and the Relativistic Heavy lon Collider (RHIC). More
traditionally, nuclear theorists have understood the structure of the atomic nucleus most fundamentally
in terms of interacting protons and neutrons. In certain regimes of energy and momentum transfer this
approach is not only valid, but has been very successful, in understanding nuclei of ordinary matter
where advancing computational power has allowed much more detailed descriptions of nuclel on this
microscopic level. Collective models, in which the nucleus is treated as a drop of fluid or in which pairs
of neutrons or protons are treated as single particles, have achieved great success in describing many
aspects of nuclear behavior too complicated to treat with protons and neutrons. The various approaches
of nuclear theory have recently been applied to nuclear astrophysics topics such as supernova
explosions, nucleosyntheses of the elements, and properties of neutrinos from the sun.

The Nuclear Theory subprogram supports all areas of nuclear physics, and is carried out at universities
and Nationa Laboratories. Some of the investigations depend crucially on access to forefront
computing, and to the development of efficient algorithms to use these forefront devices. Components of
the program are selected primarily on the basis of peer review by internationally recognized experts. A
very significant component of the program is the Institute for Nuclear Theory (INT), where there is an
ongoing series of special topic programs and workshops that includes experimentalists. The Institute is a
seedbed for new collaborations, ideas, and directions in nuclear physics.

The program is greatly enhanced through interactions with complementary programs overseas, with
those supported by the National Science Foundation, with programs supported by the High Energy
Physics Program and with the Japanese supported theoretical efforts related to RHIC at Brookhaven
National Laboratory. Many foreign theorists participate on advisory groups as peer reviewers. Thereis
large participation in the INT by researchers from Europe and Japan and by researchers in overlapping
fields such as astrophysics, atomic and molecular physics and particle physics.

Included in this subprogram are the activities that are aimed at providing information services on critical
nuclear data and have as a goa the compilation and dissemination of an accurate and complete nuclear
data information base that is readily accessible and user oriented.

Performance will be measured by reporting accomplishments on the common performance measures
on leadership, excellence and relevance; quality; and safety and health.
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Funding Schedule

(dollars in thousands)

| FY 2000 | FY 2001 | FY 2002 | $ Change | % Change

Theory Research

University Research...........ccoccceviviiiiiiiineiinens 10,415 10,465 10,475 +10 +0.1%
National Laboratory Research......................... 5,793 6,039 6,120 +81 +1.3%
Other Research ........ccooiiiiiiiiiiiiiieee, 0 1,996 2,000 +4 +0.2%
Subtotal Theory Research...........cccocovevviiiiinnn. 16,208 18,500 18,595 +95 +0.5%
Nuclear Data ACHIVItIES ........ccevuviiiiieiiieiiieeeeen, 4,765 4,877 4,910 +33 +0.7%
Total, Nuclear Theory ........c.coovvviviieiiieiieieeeeen, 20,973 23,377 23,505 +128 +0.5%

Detailed Program Justification
(dollars in thousands)

FY 2000 FY 2001 FY 2002

Theory Research 16,208 18,500 18,595

University ResearCh........occovevviienice e 10,415 10,465 10,475

Research of university scientists and graduate students is supported through 47 grants at 37
universitiesin 22 States and the District of Columbia.

The range of topics studied is broad, constantly evolving, and each active area of experimental
nuclear physics is supported by nuclear theory activities. Graduate student and postdoc support is a
major element of this program. Performance is measured by triannual peer-review.

The Ingtitute for Nuclear Theory (INT) at the University of Washington hosts three programs a year
where researchers from around the world attend to focus on specific topics or questions. These
programs result in new ideas and approaches, the formation of collaborations to attack specific
problems and the opportunity for interactions of researchers from different fields of study. Recent
programs have resulted in a new set of solar “standard model” cross sections, the generation of
interest in and motivation for making more precise electric dipole measurements and the formation
of a collaboration among theorists to revisit numerical methods for strongly interacting quantum
systems.

National Laboratory Research .........ccoceeeveneninciencnins 5,793 6,039 6,120

Research programs are supported at six National Laboratories (ANL, BNL, LANL, LBNL, ORNL
and TINAF). Performanceis measured by peer-review and merit evauation.

o Therange of topicsin these programsis broad, and each of the active areas of experimental
nuclear physicsis supported by at least some of these nuclear theory activities.
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(dollars in thousands)

FY 2000 FY 2001 FY 2002

o Inall cases, the nuclear theory research at a given laboratory provides support to the
experimental programs at that |aboratory, or takes advantage of some unique facilities or
programs at that |aboratory.

o Thelarger size and diversity of the National Laboratory groups make them particularly good
sites for the training of nuclear theory postdocs.

B Other RESEArCN...uccci e 0 1,996 2,000

Funding provides for new activities to model and cal culate complex astrophysical nuclear processes,
for example, in stellar supernovae explosions, and the quark/gluon-based structure of nuclei using
“|attice gauge” techniques. Both efforts require investments in new computational modeling and
simulation research and show great promise in pushing our understanding of the physics of these
processes to new levels.

Nuclear Data ACHIVITIES. .....eeiiiceeie e 4,765 4,877 4,910

The Nuclear Data Program collects, evaluates, stores, and disseminates information on nuclear
properties and reaction processes for the community and the nation. The focal point for its national and
international activitiesis at the DOE managed National Nuclear Data Center (NNDC) at Brookhaven
National Laboratory.

The NNDC relies on the U.S. Nuclear Data Network (USNDN), a network of DOE supported individual
nuclear data professionals located in universities and at other National Laboratories who assist in
assessing data as well as developing new novel, user friendly electronic network capabilities.

The NNDC participates in the International Data Committee of the International Atomic Energy Agency
(IAEA).

Total, NUCIEAr TREOIY ..o 20,973 23,377 23,505
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Explanation of Funding Changesfrom FY 2001 to FY 2002

University Resear ch

o FY 2002 funding level is essentially constant compared to FY 2001. Lower
priority activities will be phased out in order to maintain manpower in the higher
PriOFtY GCHIVITIES. ...oiiiiiiiicie et be e s e e ne e sare e

National Laboratory Research

o FY 2002 funding level isincreased by about 1.3% compared to FY 2001. Lower
priority activities will be phased out in order to maintain manpower in the higher
PrIOMTY BCHIVITIES, ...ttt sn e

Other Research

o FY 2002 funding for computational modeling and simulation researchis
maintained at the same level as FY 2001.

Nuclear Data Program

o FY 2002 funding level is about the same as FY 2001. Lower priority activities
will be phased out in order to maintain manpower in the higher priority activities. ..

Total Funding Change, NUCIEar TREOIY.........coiiiiiiieiieie e

Science/Nuclear Physics
Nuclear Theory

FY 2001 vs.
FY 2000
($000)

+10

+81

+4

+33

+128

FY 2002 Congressional Budget




Capital Operating Expenses & Construction Summary

Capital Operating Expenses

(dollars in thousands)

| FY2000 | FY2001 | FY2002 | $Change | % Change

General Plant Projects ...........c..ccoeveevnns 6,785 6,420 6,470 +50 +0.8%
Accelerator Improvement Projects ........... 4,341 5,119 5,450 +331 +6.5%
Capital Equipment ...........ccoeviiiiiieiieennnen, 29,394 33,026 30,300 -2,726 -8.3%
Total, Capital Operating Expenses ........... 40,520 44,565 42,220 -2,345 -5.3%

Major Itemsof Equipment (TEC $2 million or greater)

(dollars in thousands)

Total
Estimated Prior Year

Cost Approp- Accept-

(TEC) riations FY 2000 | FY 2001 | FY 2002 | ance Date
STAR Silicon Vertex Tracker.................. 7,000 6,250 750 0 0 FY 2000
PHENIX Muon Arm Instrumentation....... 12,897 8,610 2,925 1,362 0 FY 2002
Analysis System for RHIC Detectors ...... 7,900 6,375 1,525 0 0 FY 2000
BLAST Large Acceptance Detector........ 5,200 2,500 1,500 1,200 0 FY 2001
STAR EM Calorimeter...........c.c.oceueeennn.. 8,600 0 2,100 2,694 3,000 FY 2003
GO Experiment Detector®....................... 3,965 1,757 1,133 1,016 59 FY 2002
Total, Major Items of Equipment............. 25,492 9,933 6,272 3,059

% The GO Experiment Detector at TINAF began as an NSF project with a small contribution of DOE funds (below
MIE threshold). Subsequently, the cost estimate for the detector increased, leading to increased DOE and NSF
contributions. The DOE contribution was raised above the MIE threshold. Therefore, a MIE was identified in the
FY 2001 budget. The TEC ($3,965,000) and funding profile for GO has been changed from that ($3,387,000)
indicated in FY 2001 to correctly include TINAF overhead and does not represent any cost growth. The NSF
contribution to this effort in actual year dollars is $3,605,000.
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Biological and Environmental Resear ch

Program Mission

For over 50 years the Biologica and Environmental Research (BER) program has beenadvancing
environmental and biomedical knowledge connected to energy production, development, and use. As
described in the DOE Strategic Plan, BER supports fundamental research providing the scientific
foundation for the applied research missions of the Department of Energy (DOE). Through support of
peer-reviewed research at national laboratories, universities, and private institutions, BER develops the
knowledge needed to identify, understand, anticipate, and mitigate the long-term health and
environmental consequences of energy production, development, and use. The research is also designed
to provide the science base in support of the Energy Policy Act of 1992.

Program Goal

The BER program goal is to develop the information, scientific “know-how,” and technology for
identification, characterization, prediction, and mitigation of adverse health and environmental
consequences of energy production, development, and use. Additionally, the program will provide the
Department’ s researchers and the Nation’ s scientific community with leading-edge research facilities
and other critical infrastructure that support this program goal.

Program Objectives

o Utilize the capabilities of the U.S. research community in universities and the DOE national
laboratories to provide the basic research foundation for DOE’s missions in energy and the
environment through targeted investments in life, environmental and medical sciences, and related
disciplines.

o Contribute to the environmental remediation and restoration of contaminated environments at DOE
sites through basic research in bioremediation, microbial genomics, and ecological science.

o Provide new knowledge on microbes that will expand DOE'’ s options for clean and affordable
energy through research in microbial genomics and bioinformatics.

o Advance our understanding of key uncertainties and find solutions for the effects of energy
production and use on the environment through research in global climate modeling and simulation,
the role of clouds in climate change, carbon cycle and carbon sequestration, atmospheric chemistry,
and ecological science.

o Help protect the health of DOE workers and the public by advancing our understanding of the
health effects of energy production and use through basic research in key areas of the life sciences
including functional genomics and structural biology as well as low dose radiation research.

o Ensure the greatest return on public investments by utilizing the unique capabilities of the DOE
laboratories to advance the life and environmental sciences, advanced imaging, and medical
applications of basic research and through stewardship of these capabilities to ensure that DOE has
the scientific base to meet its technologically challenging missions.
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To meet these objectives, BER budget request for FY 2002 is $442,970,000, including support for basic
research, scientific user facility operations, and enabling research and infrastructure support. In addition,
the program includes funding for the Small Business Innovation Research (SBIR) and Small Business
Technology Transfer program (STTR).

Structural Biology Infrastructure
SBI R/STTR User Fac| | |t| eg Environmental Molecular
2% Sciences Laboratory Operation &
Basic Research - National 11% Faipment
Laboratories
~35%

Enabling Research &
Infrastructure Support
24%

Joint Genome Ingtitute

Atmospheric Rediation Measurement
Infrastructure

] Unmanned Aeria Vehicles
Basic Research - General Plant ProjectsGeneral Purpose

Universities & Research Equipment

i H Waste M anagement
Institutions Congtruction

~28%

Evaluation Of Objectives

The quality and scientific relevance of the Biological and Environmental Research (BER) program and
itsindividual research projects are maintained by rigorous peer reviews conducted by internationally
recognized scientific experts. The criteria include scientific merit, appropriateness of the proposed
approach, and qualifications of the principal investigator. BER expects the highest quality research and,
when necessary, takes corrective management actions based on results of the reviews. A measure of the
quality of the BER research is the sustained achievement in advancing scientific knowledge. Thisis
demonstrated by the publication of research results in the leading refereed scientific journals pertinent to
BER related research fields, by invited participation at national and international scientific conferences
and workshops, and by honors received by BER-supported researchers. BER regularly compares its
programs to the scientific priorities recommended by the Biological and Environmental Research
Advisory Committee (BERAC), and by the standing committees created by the Office of Science and
Technology Policy.
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The BER program benefits from a diversity of program reviews. Thisis particularly the case for BER
program elements that are components of international research endeavors, e.g., the International Human
Genome Project and the U.S. Global Change Research Program. In addition to panel reviews used to
evauate and select individual projects and programmatic reviews by the chartered BERAC, BER
evaluates its programs using interagency (and international) review bodies and by Boards and
Committees of the National Academy of Sciences.

BER goes one step further in soliciting program reviews. Panels of distinguished scientists are regularly
charged with evaluating the quality of individual programs and with exploring ways of entraining new
ideas and research performers from different scientific fields. This strategy is based on the conviction
that the most important scientific advances of the new century will occur at the interfaces between
scientific disciplines, such as biology and information science. Groups like JASON and The Washington
Advisory Group (TWAG), involving physicists, mathematicians, engineers, etc., are among the
organizations that study BER program elements, such as the Atmospheric Radiation Measurement
(ARM) program, climate change prediction activities, the William R. Wiley Environmental Molecular
Sciences Laboratory (EMSL), and the Human Genome program. The BER program isideally positioned
to facilitate the interactions between the physical sciences and the life sciences and aggressively pursues
every opportunity to stretch the interface between the two scientific domains.

BER facility operations are also monitored by peer reviews and user feedback. BER provides these
facilities in amanner that meets user requirements as indicated by achieving performance specifications
while protecting the safety of the workers and the environment. Facilities are operated reliably and
according to planned schedules. Facilities are also maintained and improved to remain at the cutting
edge of technology and scientific capability.

The reviews and user feedback are incorporated as BER plans for the future needs of DOE research in
the life and environmental sciences including: planning for future directions, opportunities, and
initiatives within the BER research portfolio; maintaining the flexibility to quickly move into promising
new areas; contributing to the health of the educational pipelinein critical subfields and disciplines,
planning for upgrades at existing facilities to expand the research capabilities or operational capacity;
ensuring the proper balance between facilities and research; and planning for future facilities necessary
to advance the science in areas relevant to BER's mission in close collaboration with the research
community.

The overall quality of the research in the Biological and Environmental Research (BER) program will be
judged excellent and relevant by external evaluation by peers, and through various forms of external
recognition.

BER will continue to provide leadership in key subfields of life, environmental, and medical sciences
researchthat are critical to DOE s mission and the Nationthrough external review and other
mechanisms.

BER will keep within 10 percent, on average, of cost and schedule milestones for upgrades and
construction of scientific user facilities.

At least 80 percent of al new research projects supported by BER will be peer reviewed ard
competitively selected, and will undergo regular peer review merit evaluation.
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BER- funded research facilities for environmental, genomic, and structural biology research will achieve
or exceed technical milestones that are ambitious and critical to either DOE mission areas or the
research needs of the scientific community.

The BER scientific user facilities will be operated and maintained so that unscheduled operational
downtime will be less than 10 percent of total operating time, alowing nearly 3,500 scientists to conduct
experiments on an annua basis.

BER will ensure the safety and health of the workforce and members of the public and the protection of
the environment in all its program activities.

BER LEADERSHIP AND UNIQUE ROLES

The BER program fills a broad range of unique roles for the Department and the national and
international scientific communities including:

o  Develop cutting edge technologies, facilities, and resources, including animal models, for the
human genome project.

o Provide solutions to DOE problems in energy and the environment through microbial genome and
bioremediation research.

o Provide the world leadership in low dose radiation research.

o Provideworld-class structural biology user facilities and unique computational and experimental
structural biology research emphasizing protein complexes.

o Provide world leadership in ground-based measurement of clouds and atmospheric properties, key
uncertainties in climate change, through the Atmospheric Radiation Measurement (ARM)
program.

o  Develop advanced predictive capabilities using coupled climate models on massively paralléel
computers for decade to century long simulations of climate change.

o Provide fundamental research on carbon sequestration to develop technologies that enhance the
uptake of carbon in terrestrial and ocean ecosystems.

o Provideworld-class scientific user facilities for environmental and global change research.

0 Provide world leadership in radiopharmaceutical development for wide use in the medical and
research communities.

o Maintain world leadership in detector development for medical and biological imaging.

o  Enableinterdisciplinary teams of scientists for medical applications using the unique resources in
physics, chemistry, material sciences, and biology at the National Laboratories.

o Jointly manage the Environmental Management Science Program (EM SP) with the Office of
Environmental Management (EM) to identify science fields relevant to the DOE cleanup mission
and select the appropriate research activities.
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o Ensure that the rights and welfare of human research subjects at the Department are protected
while advances in biomedical, environmental, nuclear, and other research lead to discoveries that
benefit humanity.

Significant Accomplishments and Program Shifts
SCIENCE ACCOMPLISHMENTS
Life Sciences

o Genome Sequencing — Top cientific Advance of 2000 - In December 2000, Science magazine
named genome sequencing the top scientific advance of 2000, including the sequencing of the
human, fruit fly and microbial genomes. Science magazine also acknowledged the ongoing
sequencing of the mouse and puffer fish. BER made semina contributions to the sequencing of the
human genome, fruit fly, and more than 50 microbial genomes and is sequencing the puffer fish and
portions of the mouse genome. These contributions culminated in the publication of the draft
human DNA sequence in Nature on February 15, 2001.

0  DOE Completes Draft DNA Sequence of 3 Human Chromosomes - The DOE Joint Genome
Institute’ s Production Sequencing Facility completed the draft DNA sequence of human
chromosomes 5, 16, and 19 in April 2000 as the DOE contribution to the international effort to
sequence the entire human genome. These chromosomes contain genes that contribute to a number
of human diseases including, leukemia, colon, breast and prostate cancer as well as kidney disease,
Crohn’ s disease, asthma, deafness, diabetes, obesity, atherosclerosis, attention deficit disorder,
schizophrenia, and mental retardation.

o Making DNA Sequencing Cheaper and Faster - Technology developments (e.g., capillary based
sequencers, automated sample handling, reagents for DNA cloning such as Bacterial Artificial
Chromosomes, and improved dyes for staining DNA) by the DOE and its international partners
have dramatically decreased the cost of DNA sequencing while increasing the speed and efficiency.
It took four yearsto produce the first billion base pairs of draft sequence and less than eight months
to produce the next two billion base pairs. DOE’s Joint Genome Ingtitute currently produces more
DNA sequence in eight days than it did in 1998, itsfirst full year of sequencing. Similarly the cost
of sequencing has dropped from over $2 per “finished” base to less than 20 cents during the same
period.

o  Asthma-Linked Genes Discovered - Two genes that contribute to the development of asthma were
discovered by Lawrence Berkeley Nationa Laboratory scientists using mice carrying different
human genes. More than 14 million people in the United States suffer from asthma and other
chronic respiratory ailments. Finding the two genes raises the prospect that decreasing their activity
could help reduce susceptibility to asthma attacks.

o Drosophila Gene Collection Facilitates Genetics Research - Genetics research took alarge step
forward in 2000 with the determination of the complete Drosophila (the fruit fly) DNA sequence.
This DNA sequence information was made even more vauable to biologists by the creation of a
BER and Howard Hughes Foundation supported resource, the Drosophila Gene Collection. This
resource, a molecular library that will contain individual DNA clones corresponding to each
Drosophila gene, will be a powerful tool that will help scientists understand both fruit fly and
human biology, given the strong conservation of many genes between the fruit fly and humans.
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o Genes & Justice: Special Issue of Judicature - As part of its continuing effort to educate and alert
the judiciary to the flood of genetics-related cases on the horizon, the Ethical, Legal, and Social
Issues (ELSI) component of the DOE Human Genome program supported the publication of a
specid issue of the legal journal Judicature, focused on Genes and Justice. The journal isa
publication of the American Judicature Society, whose members include judges, lawyers, legal
scholars, administrators, and others associated with the U.S. court system. BER funding enabled
copies to be sent to an additional 8,000 judges.

o PBSSecial - Intimate Strangers - Unseen Life on Earth - The astonishing breadth and diversity of
microbia life and the contributions that microbes make to the health of the Earth were highlighted
in a highly regarded four-part PBS series, “Intimate Strangers: Unseen Life on Earth,” that was
partially funded by the BER Microbial Genome program.

o  Sarting a Dialogue on Low Dose Radiation Research - The BER Low Dose Radiation Research
program sponsored a workshop that was attended by scientists, federal agencies, scientific societies,
regulators, and the public, including representatives of antinuclear and environmental activist
groups. The goal of this program is to support high quality, credible, and widely accepted scientific
research that underpins the development of future radiation risk policy. Dialogues such as this one
are key to the acceptance of the results of this research.

Environmental Processes

o ARM Data Improve Models - Analyses of atmosphere radiation data from long term measurement
systems at the ARM sites have improved the understanding of the radiation spectrum at the Earth’s
surface and led to a new radiation code developed for General Circulation Models. By all measures
used to date, implementation of this new radiation code in, for example, the European Centre for
M edium-Range Weather Forecasting model improved forecast skill while maintaining model
calculation time comparable to that of the previous model. Improvements in the physics of these
model s assure as much scientific realism as possible within the severe time constraints levied on
climate prediction codes. This improvement is critical to increasing the validity, accuracy, and
credibility of climate models.

o Cloud Climatology Data Add Rigor to Model Testing — The first detailed climatology of cloud
occurrence and vertical location was produced using three years of continuous ARM cloud radar and
lidar data over the Southern Great Plains site in Oklahoma. This climatology shows expected
variation of cloud properties from season to season, but also demonstrates the large interannual
variation. Particularly large seasonal excursions were identified in the winter due to the 1997-98 El
Nifio and the subsequent LaNifia. Scientists have deduced the quantitative effect of clouds on the
surface radiation budget on this same three-year time scale. The combination of these two
climatologies provides a unique test for climate model cloud simulations.

o Continuous Climate Data From Three Climatic Regions Available - With the opening of ARM
Atmospheric Radiation and Cloud Stations (ARCS) in the Republic of Nauru located in the Western
Tropical Pacific and on the North Slope of Alaska at Atgasuk, the ARM program now maintains
continuously operating sites to measure cloud and radiation properties in three climatic regions.
These sites provide an unprecedented look at cloud properties and radiation effects in the Southern
Great Plains, the Tropical Western Pacific and on the North Slope of Alaska. These data are available
viathe ARM Archiveto al interested scientists.
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o New Techniques for Early Warning of the Onset of Severe Sorms- ARM has developed a new tool
for forecasting the onset of severe convection. Weather events with extremely strong convection are
characteristic of thunderstorm and tornado conditions. Several cases of pretornadic thunderstorm
conditions were detected one to two hours ahead of the thunderstorm development. This new
meteorologica product is based on data from a grid of Atmospheric Emitted Radiance
Interferometer (AERI) systems.

o Electrical Generating Plant Contributes to Regional Ozone - Field campaigns in the southeastern
U.S. have determined that even though electrical generating plants make a significant contribution to
the ozone burden in this area, the natural emissions of biogenic hydrocarbons, and their influence on
ozone formation, are so large that any regional ozone control strategy based upon further reduction
in anthropogenic hydrocarbons will likely fail. This finding is supported by observations that ozone
production per unit of nitrogen oxide (NOy) emissions by power plants appears to be inversely
related to size of the NOy source.

o Field Campaigns Yield Interesting Comparisons and New Information for Pollution Control
Strategies - Field campaigns in selected urban areas with air quality problems show that the sources
of ozone and aerosol pollution are not the same in different areas of the country. For example, the
rate of ozone production in Phoenix is two to three times lower than that in the eastern U.S. In
addition, aerosol loading in Phoenix was shown to be highly correlated with tracers of internal
combustion engines suggesting that transportation is a major source of aerosols and their precursors
in the Phoenix basin. In contrast, in Philadelphia, emissions from local fossil fuel power plants make
asignificant contribution to both the ozone and aerosol burden, indicating that electric energy
production is a magjor source of aerosol and ozone precursors in this urban area. In Nashville, TN,
0zone concentrations do not appear to be very sensitive to modest reductions of marn made
emissions, suggesting that large reductions in either man made hydrocarbons or nitrous oxides
would be required to reduce ozone in this area.

o  Warmer Terrestrial Ecosystems Take Up More Carbon Than Expected - The AmeriFlux Network is
producing unique measurements of the net annual exchange of carbon dioxide (CO-) between the
atmosphere and terrestrial ecosystems. The annual net ecosystem exchange (NEE) of CO; isthe
annual carbon gain or loss by al components (i.e., both above and below ground components) of an
ecosystem and is being measured in different ecosystems, including boreal forests, northern
temperate forests (coniferous, hardwood, mixed), southern coniferous and hardwood forests, and
non forested grasslands and croplands. Data on NEE from the sites can be reliably compared across
geographic regions or climatic gradients because of the use of common measurement protocols and
cross-site calibration procedures. Analysis of the relationship between NEE and mean annual
temperature across 12 sites shows that sites with a warmer mean annual temperature have a greater
NEE than colder sites along a north-to-south climatic gradient of eastern United States and Canada.
If scaled across the North American landscape, the measured amount of carbon gained annually (2 to
4 tonnes per hectare) by terrestrial ecosystems accounts for a significant fraction of the CO, emitted
to the atmosphere by energy production.

o Effects of Elevated Carbon Dioxide on Terrestrial Ecosystems and Vegetation Estimated - Free-Air
Carbon Dioxide Enrichment (FACE) experiments are providing important new information on the
response of intact terrestrial ecosystems to increased atmospheric concentrations of carbon dioxide.
Seven long-term experiments have provided new results on the physiological and growth responses
of vegetation in forest, grassland, and cropland ecosystems to elevated CO,. Although it is unclear
how long the growth enhancement will persist, the results to date suggest that forests provide a

Science/Biological and Environmental Resear ch FY 2002 Congressional Budget



substantial sink for atmospheric CO, and, thereby, can help to lessen its rise in the atmosphere in the
future. Initial results suggest that increased CO, causes greater productivity of these systems. A
significant part of the increased productivity occurs below ground with roots, soil microflora and the
formation of soil organic matter. Results from a 2-year study in which portions of aloblolly pine
forest were exposed to a 60 percent increase in aimospheric CO, concentration show a 25 percent
increase in net productivity relative to that for areas of the forest exposed to ambient levels of
atmospheric CO,. The increase in productivity represents a substantia sink for carbon in trees during
the first two years of the study. The storage of carbon in trees was accompanied by a proportionally
smaller carbon sink in soils and groundwater relative to that in areas of the forest exposed to ambient
CO; levds.

o Investmentsin Integrated Assessment of Global Climate Change are Paying Off - In the past seven
years, integrated assessment models of global climate change have been constructed that are
contributing to the dialogue on scientific priorities and on the relation of policy actions to climate
change. Several models supported by BER have been used to assess so-called “where and when”
options for mitigating the increase in atmospheric carbon dioxide. Model results show that the costs
of meeting a concentration target for carbon dioxide in the atmosphere, such as that envisioned by
the Framework Convention on Climate Change, are lower by up to afactor of 10 when nations have
the ability to be flexible in the timing and location of their emission reductions. Furthermore, results
of the research indicate the value of flexibility in reducing emissions of several greenhouse gases
rather than focusing solely on carbon dioxide to meet a particular target.

Environmental Remediation

o Common Bacteria Super at Immobilizing Uranium - Research on the microorganism Geobacter
promises to lead to new strategies for immobilizing metals and radionuclides in the subsurface that
will result in reduced risk to humans and the environment. Natural and Accelerated Bioremediation
Research (NABIR) studies have demonstrated that Geobacter can chemically reduce and precipitate
common DOE contaminants, such as uranium, technetium, and chromium in subsurface
environments. Moreover, Geobacter has been found to be nearly ubiquitous at subsurface sites,
including those contaminated with uranium such as the Uranium Mill Tailing Remedial Action
(UMTRA) Sites.

o Communities of Bacteria at Selected Contaminated Sites Give Researchers Clues About How to
Manipulate Communities at Other Contaminated Stes - NABIR has supported the successful
development of new approaches that provide nucleic acid "fingerprints’ of complex microbial
communities in contaminated subsurface environments. Having these fingerprints from selected
dynamic communities may provide clues on how to modify other communities with stimulants, such
as nutrients thet increase the ability of the organisms in those communities to carry on more
effectively the desired biochemical reactions. The NABIR program has funded research that tags and
amplifies the terminal fragment of RNA molecules to create a library of restriction fragment length
polymorphisms (T-RFLP). This research correlates the ecology to T-RFLP signatures for various
communities.
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Medical Applications and Measurement Science

o Making Drugs Safe for Children - PET/radiotracer studies at BNL have demonstrated that Ritalin, a
drug commonly used in the treatment of attention deficit disorder, when given orally will effectively
block the dopamine transmitter system without putting the child at risk or causing a“high” as
observed with addictive drugs.

o Treating Obesity - BNL scientists have used PET and specific radiotracers to demonstrate that the
brain dopaminergic pathways are poorly developed in obese individuals. These data may enable
aternative methods for treatment of obesity.

0 Scientists Develop Advanced I nstruments to Study Disease Modelsin Animals- Using physics,
engineering, and computational science, researchers at the UCLA-DOE laboratory have developed a
prototype micro-PET scanner for studying animals. This instrument, which is now produced
commercialy, will become an essential method of studying animal models of human disease.

o New Cancer Treatments Developed - Investigators at Memorial-Sloan Kettering Cancer Center have
devel oped two new radiopharmaceuticals for improving the diagnosis and treatment of cancer. One
utilizes the alpha emitter Bismuth 213 and the other is a genetic radiotracer (fluoro arabinyl uridine-
lodine 124).

o BNCT Trials Completed - The Phase | BNCT clinical trial of patients with brain cancer performed at
BNL and MIT/Harvard has been completed. The maximally tolerated neutron dose and phenyl-
alanine dosages were established. This study will provide basic information enabling potential N1H-
funded clinical trias.

o Improved Radiation Therapy Planning — Investigators at LLNL have received the Food and Drug
Administration approval for patient use of “Peregrine’—an improved computer program for
planning radiation doses for cancer treatment.

FACILITY ACCOMPLISHMENTS
Life Sciences

Revealing the Sructure of Life's Molecular Machines - Scientists using BER' s unique structural biology
beamlines at the DOE synchrotron facilities determined the high resolution structures of the RNA
polymerase and the ribosome, by any measure two of nature’ s most sophisticated "molecular machines.”
These remarkable structures reveal in atomic detail how DNA is unwound, how a message for protein
production is created, how this message is read by the ribosome and how the growing protein chain is
made. This discovery was named by Science magazine as one of the runners- up for the top scientific
advance of 2000.

Environmental Remediation

EMSL Develops First Combined Magnetic Resonance and Optical Microscope - Scientists at the
William R. Wiley Environmental Molecular Sciences Laboratory (EMSL) worked with visiting
scientists to develop a new type of microscope that uses both magnetic resonance and optical
microscopy to image cells. The new type of microscope, termed the MROM (magnetic resonance optical
microscope), combines the high resolution and sensitivity of an optical microscope with the chemical
information provided by magnetic resonance. MROM will be used for cellular and structural biology
studies providing a new nor-invasive way to observe living cellsin rea time.
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EMSL Develops an Advanced Mass Spectrometer - Scientists at the William R. Wiley Environmental
Molecular Sciences Laboratory have developed an instrument to channel more sample ions into mass
spectrometers, thereby allowing more accurate and sensitive measurements. The Electrodynamic lon
Funnel concentrates ions from samplesinto a small stream into the mass spectrometer. With this
enhancement, scientists are better able to analyze low concentrations of samples. This enhancement will
be of benefit to cell signaling studies and other health effects research.

EMSL Extends Collaboratory Approach - Remote use of instrumentation within the William R. Wiley
Environmental Molecular Sciences Laboratory (EMSL) has now been extended to the Nuclear Magnetic
Resonance (NMR) spectrometers and a few other instrument systems. EMSL staff have developed a
suite of tools to enable secure operation of the NMR spectrometers remotely, while allowing real time
computer display sharing and web-based data access and sharing. Additional instruments available for
remote use include an ion trap mass spectrometer and the Molecular Beam Epitaxy system for the
creation of thin (molecular-layer) films. Overall the collaboratory concept is increasing sciertist
efficiency and reducing the cost of doing research by enabling the remote use of EMSL instruments.

PROGRAM SHIFTS
For FY 2002, BER will focus on:

o “Genomesto Life’ -- Utilizing DOE capabilities in genomics, structural biology, imaging,
computation, and engineering to explore protein complexes and their on/off switches, encoded in an
organism’s DNA, that make a cell aliving system.

o Developing computational models of microbial cells to advance understanding and help adapt them
to DOE missions.

o Continuing to leverage advances in genomics and instrumentation to detect and characterize the
biological effects of Low Doses of Radiation

o Working with other federal agencies, continuing development of advanced predictive capabilities--
Highly Parallel Climate Models with improved abilities to predict climate on regional scales.

o Investing in enhanced computational capabilities at the Environmental Molecular Sciences
Laboratory to solve environmental and biological problems.

0 Funding is decreased for the Joint Genome Institute due to a programmatic shift to increase
development of DNA sequencing technology research needed to meet the growing demand for
cheaper, faster, and more accurate high-throughput DNA sequencing as a basic research tool in

biology.

Redirected Research Programsinthe Life Sciences

The FY 2002 budget includes funds for a research program, Genomes to Life, that expands and extends
current BER programs. This program capitalizes on DOE’s pioneering and leadership role in high-
throughput DNA sequencing; its longstanding support of microbial biochemistry, metabolism and
physiology; its support of national user facilities for determining protein structures; and the capabilities
of its national laboratories in computational analysis, instrumentation research, and bioengineering. This
program challenges scientists to take another large step forward in their thinking, their research, and
their technology development. It begins where the FY 2001 initiative, the Microbial Cell Project, leaves

Science/Biological and Environmental Resear ch FY 2002 Congressional Budget



off and builds on that project as part of a broader, bolder research program. This program challenges
scientists to understand not only the complete workings of an individual cell from the DNA sequence to
the identification of all of a microbe's proteins (the proteome) and their functions, the goal of the
Microbia Cell Project, but also the regulation and behavior of complex multi-cellular systems and the
responses of those systems to environmental cues. The overriding goal of this long-term research
program is to understand biology well enough to be able to predict the behavior and response of
biological systems--from cells to organisms.

Scientific Facilities Utilization

The Biological and Environmental Research request includes $48,754,000 to maintain support of the
Department's scientific user facilities. Facilities used for structural biology research, such as beam lines
at the synchrotron light sources and research reactors, are included. The BER request also includes
operation of the William R. Wiley Environmental Molecular Sciences Laboratory where research
activities underpin long-term environmental remediation. With this funding, BER will provide for the
operation of the facilities, assuring access for scientists in universities, federal laboratories, and industry.
BER will also leverage both federally and privately sponsored research.

Wor kfor ce Development

Workforce development is an integral and essential element of the BER mission to help ensure a
science-trained workforce, including researchers, engineers, science educators, and technicians. The
research programs and projects at the national |aboratories, universities, and research institutes actively
integrate undergraduate and graduate students and post-doctoral investigators into the work. This
“hands-on” approach is essential for the development of the next generation of scientists, engineers, and
science educators. Specific fellowship programs are also sponsored by BER to target emerging areas of
need. Over 1,500 graduate students and post-doctoral investigators were supported at universities and at
national laboratoriesin FY 2000. BER will continue its support for graduate students and post-doctoral
investigatorsin FY 2002. The number of graduate students and post-doctoral investigators will remain
approximately at the FY 2001 level.

Graduate students and postdoctoral investigators use Office of Science user facilities. For example, they
use the structural biology experimental stations on the beam lines at the synchrotron light sources and
the instruments at the William R. Wiley Environmental Molecular Sciences Laboratory (EMSL). Using
these unique research tools enabl es the graduate students and post-doctoral investigators to participate in
and conduct leading edge research. Approximately half of all of the facility users are graduate students
and postdoctoral investigators. The graduate students and post doctoral investigators are supported by
resources from awide variety of sponsors, including BER, other Departmental research programs, other
federal agencies, and U.S. and international private institutions. Graduate students and post-doctoral
investigators at the synchrotron light sources are included in the Basic Energy Sciences (BES) user
facility statistics and are not included here. A total of 500 graduate students and post-doctoral
investigators conducted their research at the EMSL in FY 2000.

COMMITMENT TO UNIVERSITIES

BER will continue its commitment to and dependence on research scientists at the Nation’ s universities.
Approximately 45 percent of BER basic research funding supports university-based activities.
University-based scientists are an integral part of research programs across the entire range of the BER
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portfolio. These scientists are funded through individual peer-reviewed grants and as members of
peer-reviewed research teams involving both national laboratory and university scientists.

University-based scientists are the principal users of BER user facilities for structural biology at the
Environmental Molecular Sciences Laboratory and the Natural and Accelerated Bioremediation
Research (NABIR) Program’s Field Research Center. University scientists also form the core of the
Atmospheric Radiation Measurement (ARM) science team that networks with the broader academic
community as well as with scientists at other agencies, such as the National Aeronautics and Space
Administration and the National Oceanic and Atmospheric Administration. In addition, university-based
scientists are funded through Requests for Applications across the entire BER program including
genomics, structural biology, low dose radiation research, global change research, microbial cell project,
bioremediation research, medical imaging, and radiopharmaceutical devel opment. Furthermore,
university scientists work in close partnership with scientists at national laboratories in many BER
programs including genomics, and carbon sequestration research

Science/Biological and Environmental Resear ch FY 2002 Congressional Budget



Funding Profile

(dollars in thousands)

FY 2000 FY 2001 FY 2001
Comparable Original FY 2001 Comparable | FY 2002
Appropriation Appropriation Adjustments Appropriation | Request
Biological and Environmental
Research
Life Sciences........ccccoceuvveenn. 161,338 198,791 -6,319 192,472 186,205
Environmental Processes..... 122,560 134,173 -4,469 129,704 129,469
Environmental Remediation.. 63,770 65,450 -3,989 61,461 66,137
Medical Applications and
Measurement Science ......... 68,369 100,346 -3,958 96,388 51,159
Subtotal, Biological and
Environmental Research............ 416,037 498,760 -18,735 480,025 432,970
Construction ............cceeuneeen. 0 2,500 -5 2,495 10,000
Subtotal, Biological and
Environmental Research............ 416,037% 501,260 -18,740 482,520 442,970
General Reduction............... 0 -10,872 +10,872 0 0
General Reduction for
Safeguards and Security ...... 0 -6,806 +6,806 0 0
Omnibus Rescission ............ 0 -1,062 +1,062 0 0
Total, Biological and
Environmental Research............ 416,037° ° 482,520 0 482,520 442,970

Public Law Authorization:

Public Law 95-91, “Department of Energy Organization Act”
Public Law 103-62, “Government Performance and Results Act of 1993

% Excludes $10,423,000 which was transferred to the SBIR program and $625,000 which was transferred

to the STTR program.
b

were transferred from the Office of Environmental Management in FY 2001.

Cc

Security program in FY 2001.
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Excludes $7,001,000 for Safeguards and Security activities transferred to consolidated Safeguards and
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Funding By Site

(dollars in thousands)

Albuquerque Operations Office
Los Alamos National Laboratory ........................
National Renewable Energy Laboratory .............
Sandia National Laboratories..............ccccoceuuneeee.

Albuguerque Operations Office............c.cceevuneee.

Total, Albuquerque Operations Office....................
Chicago Operations Office
Ames Laboratory .........cccooeiiiiiinii
Argonne National Laboratory — East...................
Brookhaven National Laboratory........................

Chicago Operations Office.........cccoveiiiiiiiinnennnns

Total, Chicago Operations Office................cceeeenne.
Idaho Operations Office

Idaho National Engineering & Environmental

Total, Idaho Operations Office............ccoeeevviiiinnnnn.
Oakland Operations Office
Lawrence Berkeley National Laboratory .............
Lawrence Livermore National Laboratory ...........
Stanford Linear Accelerator Center ....................

Oakland Operations Office .........ccooeevviiiiiiniennnnn.

Total, Oakland Operations Office................cceeennee.
Oak Ridge Operations Office
Oak Ridge Inst. For Science & Education ...........
Oak Ridge National Laboratory ................ccceuneee.
Oak Ridge Operations Office..........cccocevvvniennnnn.

Thomas Jefferson National Accelerator Facility...

Total, Oak Ridge Operations Office.......................

Science/Biological and Environmental Resear ch

FY 2000 FY 2001 FY 2002 | $ Change | % Change
20,082 20,594 16,685 -3,909 -19.0%
99 0 0 0 0.0%
2,597 3,139 2,756 -383 -12.2%
2,550 1,500 900 -600 -40.0%
25,328 25,233 20,341 -4,892 -19.4%
948 652 690 +38 +5.8%
13,700 24,939 17,184 -7,755 -31.1%
21,723 16,948 18,169 +1,221 +7.2%
88,416 46,537 45,640 -897 -1.9%
124,787 89,076 81,683 -7,393 -8.3%
1,713 1,440 1,486 +46 +3.2%
0 962 0 -962 -100.0%
1,713 2,402 1,486 -916 -38.1%
48,869 54,231 43,277 -10,954 -20.2%
30,784 30,869 33,561 +2,692 +8.7%
3,060 3,489 4,300 +811 +23.2%
69,132 40,007 35,239 -4,768 -11.9%
151,845 128,596 116,377 -12,219 -9.5%
4,754 4,315 4,375 +60 +1.4%
30,805 36,545 39,761 +3,216 +8.8%
419 350 350 0 0.0%
155 100 85 -15 -15.0%
36,133 41,310 44,571 +3,261 +7.9%
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Richland Operations Office
Pacific Northwest National Laboratory ........

Washington Headquarters ..............ccocceevnenne.

Total, Biological and Environmental Research

(dollars in thousands)

FY 2000 FY 2001 FY 2002 | $ Change | % Change
........ 75,292 67,142 66,172 -970 -1.4%
........ 939 128,761 112,340 -16,421 -12.8%
........ 416,037 2°° 482,520 442,970 -39,550 -8.2%

# Excludes $10,423,000 which was transferred to the SBIR program and $625,000 which was transferred to

the STTR program.
b

transferred from the Office of Environmental Management in FY 2001.

¢ Excludes $7,001,000 in FY 2000 for Safeguards and Security activities transferred to consolidated

Safeguards and Security program in FY 2001.
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Site Description

Ames Laboratory

Ames Laboratory is a Multiprogram Laboratory located on 10 acresin Ames, lowa. At Ames, BER
supports research into new biological imaging techniques such as fluorescence spectroscopy to study
environmental carcinogens.

Argonne National L aboratory

Argonne National Laboratory (ANL) in Argonne, lllinois, is a Multiprogram Laboratory located on a
1,700 acre site in suburban Chicago. ANL has a satellite site located in Idaho Falls, Idaho. At ANL, BER
supports the operation of a high-throughput national user facility for protein crystallography at the
Advanced Photon Source, and research in protein structure relating to the process of photosynthesis. In
support of global change research, ANL coordinates the operation and development of the Southern
Great Plains, Tropical Western Pacific, and North Slope of Alaska ARM sites. The principal scientist for
the Atmospheric Chemistry programisat ANL, providing broad scientific integration to the program.
Research is conducted to understand the molecular control of genes and gene pathways in both microbes
and mammalian cells and the molecular factors that control cell responses to low doses of radiation.
ANL, in conjunction with ORNL and PNNL and six universities, co- hosts the terrestrial carbon
sequestration research center, CSITE.

Brookhaven National L aboratory

Brookhaven National Laboratory (BNL) is a Multiprogram Laboratory located on a 5,200 acre site in
Upton, New Y ork. BER supports the operation of beam lines for protein crystallography at the Natioral
Synchrotron Light Source for use by the national biological research community, research in biological
structural determination, research and operation of the protein structure database, and research into new
instrumentation for detecting x-rays and neutrons. Research is aso conducted on the molecular
mechanisms of cell responses to low doses of radiation.

The nuclear medicine program supports research into novel techniques for imaging brain function in
normal and diseased states.

Global change activities at BNL include the operation of the ARM External Data resource that provides
ARM investigators with data from non ARM sources, including satellite and ground-based systems.
BNL scientists form an important part of the science team in the Atmospheric Sciences program,
providing special expertise in atmospheric field campaigns and aerosol research. BNL scientists play a
leadership role in the development of, and experimentation at, the Free-Air Carbon Dioxide
Enhancement (FACE) facility at the Duke Forest used to understand how plants take up and store carbon
dioxide from the atmosphere.
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Idaho National Engineering and Environmental Laboratory

Idaho National Engineering and Environmental Laboratory (INEEL) isaMultiprogram Laboratory
located on 572,000 acres in Idaho Falls, Idaho. Using unique DOE capabilities such as advanced
software for controlling neutron beams and cal culating dose, BER supports research into boron
chemistry, radiation dosimetry, analytical chemistry of boron in tissues, and engineering of new systems
for application of this treatment technique to tumors, including brain tumors. Research is also supported
into the analytical chemistry of complex environmental and biological systems using the technique of
Mass Spectrometry.

L awrence Berkeley National Laboratory

Lawrence Berkeley National Laboratory (LBNL) is a Multiprogram Laboratory located in Berkeley,
California. The Laboratory is on a 200 acre site adjacent to the Berkeley campus of the University of
Cdifornia. LBNL is one of the magjor national laboratory partners that comprise the Joint Genome
Institute (JGI) whose principal goals are high-throughput human DNA sequencing techniques and
studies on the biological functions associated with newly sequenced human DNA. A significant
componrent of the JGI's sequencing goa is the development and integration of instrumentation,
automation, biological resources, and data management and analysis tools into a state-of-the-art DNA
sequencing assembly line that is highly efficient and cost effective. The laboratory also conducts
research on the molecular mechanisms of cell responses to low doses of radiation and on the use of
model organisms to understand and characterize the human genome.

LBNL operates beam lines for determination of protein structure at the Advanced Light Source for use
by the national biological research community, research into new detectors for x-rays, and research into
the structure of proteins, including membrane proteins.

The nuclear medicine program supports research into novel radiopharmaceuticals for medical research
and studies of novel instrumentation for imaging of living systems for medical diagnosis.

LBNL supports the Natural and Accelerated Bioremediation Research (NABIR) program and the
geophysical and biophysical research capabilities for NABIR field sites. BER supports research into new
technologies for the detailed characterization of complex environmental contamination. LBNL also
devel ops scalable implementation technologies that allow widely used climate models to run effectively
and efficiently on massively parallel processing supercomputers. LBNL also develops and operates the
carbon cycle facility at the ARM Southern Great Plains site.

LBNL co-hosts, with LLNL and six universities, an ocean carbon sequestrationresearch center.

L awrence Livermore National Laboratory

Lawrence Livermore National Laboratory (LLNL) is a Multiprogram Laboratory located on an 821 acre
sitein Livermore, California. LLNL is one of the magjor national |aboratory partners that comprise the
Joint Genome Institute (JGI) whose principa goals are high-throughput human DNA sequencing and
studies on the biological functions associated with newly sequenced human DNA. A significant
component of the JGI's sequencing goal, is the development and integration of instrumentation,
automation, biological resources, and data management and analysis tools into a state-of-the-art DNA
sequencing assembly line that is highly efficient and cost effective. LLNL also conducts research on the
molecular mechanisms of cell responses to low doses of radiation, on the use of model organismsto
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understand and characterize the human genome, and on the development of new technologies for rapidly
determining the structures of many more proteins than is currently possible.

Through the Program for Climate Model Diagnostics and Intercomparison, LLNL provides the
international leadership to understand and improve climate models. Virtually every climate modeling
center in the world participates in this unique program.

LLNL co-hosts, with LBNL and six universities, the ocean carbon sequestration research center.

L os Alamos National L aboratory

Los Alamos Nationa Laboratory (LANL) isa Multiprogram Laboratory located on a 27,000 acre site in
Los Alamos, New Mexico. LANL is one of the mgjor national |aboratory partners that comprise the
Joint Genome Ingtitute (JGI) whose principal goals are high-throughput human DNA sequencing and
studies on the biological functions associated with newly sequenced human DNA. A significant
componert of the JGI's sequencing goa is the development and integration of instrumentation,
automation, biological resources, and data management and analysis tools into a state-of-the-art DNA
sequencing assembly line that is highly efficient and cost effective. LANL also conducts research on the
molecular mechanisms of cell responses to low doses of radiation and on research to understand the
molecular control of genes and gene pathways in microbes. Activities in structural biology include the
operation of an experimental station for protein crystallography at the Los Alamos Neutron Science
Center for use by the national biological research community and research into new techniques for
determination of the structure of proteins.

LANL provides the site manager for the Tropical Western Pacific ARM site. LANL also has a crucial
role in the development, optimization, and validation of coupled atmospheric and oceanic genera
circulation models using massively parallel computers.

LANL also conducts research into advanced medical imaging technologies for studying brain function
and research into new techniques for rapid characterization and sorting of mixtures of cells and cell
fragments.

Oak Ridge Ingtitute for Science and Education

Oak Ridge Institute for Science and Education (ORISE) is located on a 150 acre site in Oak Ridge,
Tennessee. ORISE coordinates several research fellowship programs for BER. ORISE a so coordinates
activities associated with the peer review of most of the research proposals submitted to BER.

ORISE conducts research into modeling radiation dosages for novel clinical diagnostic and therapeutic
procedures.

Oak Ridge National L aboratory

Oak Ridge National Laboratory (ORNL) is aMultiprogram Laboratory located on a 24,000 acre site in
Oak Ridge, Tennessee. ORNL has a leadership role in research focused on the ecologica aspects of
global environmental change. The Throughput Displacement Experiment at the Walker Branch
Watershed is a unique resource for long term ecological experiments. ORNL is the home of the newest
FACE experiment supported by BER. ORNL also houses the ARM archive, providing datato ARM
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scientists and to the general scientific community. ORNL scientists provide improvement in
formulations and numerical methods necessary to improve climate models. ORNL scientists make
important contributions to the NABIR program, providing special |eadership in microbiology applied in
the field.

ORNL conducts research on widely used data analysis tools and information resources that can be
automated to provide information on the biological function of newly discovered genes identified in
high-throughput DNA sequencing projects. The laboratory also conducts research on the use of model
organisms to understand and characterize the human genome and the molecular mechanisms of cell
responses to low doses of radiation.

ORNL conducts research into the application of radioactively labeled monoclona antibodies in medical
diagnosis and therapy, particularly of cancer, as well as research into new instrumentation for the
analytical chemistry of complex environmental contamination using new types of biosensors.

ORNL recently has upgraded the High Flux Isotope Reactor (HFIR) to include a cold neutron source
that will have high impact on the field of structura biology. BER is developing a station for Small Angle
Neutron Scattering at HFIR to serve the structural biology community.

ORNL, in conjunction with ANL and PNNL and six universities, co-hosts aterrestrial carbon
sequestration research center, CSITE.

Pacific Northwest National Laboratory

Pacific Northwest National Laboratory (PNNL) is a Multiprogram Laboratory located on 640 acres at
the Department’ s Hanford site in Richland, Washington. PNNL is home to the William R. Wiley
Environmental Molecular Sciences Laboratory (EMSL). PNNL and EMSL scientists play important
roles in both supporting the NABIR program and in performing research for NABIR.

PNNL operates the unique ultrahigh field mass spectrometry and nuclear magnetic resonance
spectrometry instruments at the Environmental Molecular Sciences Laboratory for use by the national
biological research community.

PNNL provides the lead scientist for the Environmental Meteorology Program, the G-1 research aircraft,
and expertise in field campaigns. PNNL provides the planning and interface for the Climate Change
Prediction Program with other climate modeling programs. The ARM program office is located at
PNNL, asisthe ARM chief scientist and the project manager for the ARM engineering activity; this
provides invaluable logistical, technical, and scientific expertise for the program. PNNL is developing
the Second Generation Model for predicting the benefits and costs of policy actions with respect to
global climate change.

PNNL conducts research into new instrumentation for microscopic imaging of biological systems and
for characterization of complex radioactive contaminants by highly automated instruments.

PNNL also conducts research on the molecular mechanisms of cell responses to low doses of radiation.

PNNL, in conjunction with ANL and ORNL and six universities, co-hosts aterrestrial carbon
sequestration research center, CSITE.

PNNL also conducts research on the integrated assessment of global climate change.
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In March 2001 the University of Maryland and Pacific Northwest National Laboratory created a Joint
Globa Change Research Institute in College Park, Maryland. The Institute investigates the scientific,
social, and economic implications of climate change, both nationally and globally. BER funding will
support research grants to the university and research projects to PNNL that have been successfully peer
reviewed in open competition.

Sandia National L aboratory

Sandia National Laboratory (SNL) isa Multiprogram Laboratory, with atotal of 3,700 acres, located in
Albuquerque, New Mexico, with sitesin Livermore, California and Toropah, Nevada. SNL provides the
site manager for the North Slope of Alaska ARM site. The chief scientist for the ARM-UAYV program is
at SNL, and SNL takes the lead role in coordinating and executing ARM-UAV missions.

To support environmental cleanup, SNL conducts research into novel sensors for analytical chemistry of
contaminated environments.

Stanford Linear Accelerator Center

Stanford Linear Accelerator Center (SLAC) is a program-dedicated laboratory (High Energy Physics)
located on 426 acres in Menlo Park, California, and is the home of the Stanford SynchrotronRadiation
Laboratory (SSRL). The Stanford Synchrotron Radiation Laboratory was built in 1974 to utilize the
intense x-ray beams from the SPEAR storage ring that was built for particle physics by the SLAC
laboratory. Over the years, the SSRL grew to be one of the main innovators in the production and use of
synchrotron radiation with the development of wigglers and undulators that form the basis of al third
generation synchrotron sources. The facility is now comprised of 25 experimental stations and is used
each year by over 700 researchers from industry, government laboratories and universities. Through the
Stanford Linear Accelerator Center, BER (in coordination with the National Institutes of Health) is
funding the operation of nine Stanford Synchrotron Radiation Laboratory beam lines for structural
biology. This program involves synchrotron radiationbased research and technology developmentsin
structural molecular biology that focus on protein crystalography, x-ray small angle scattering
diffraction, and x-ray absorption spectroscopy for determining the structures of complex proteins of
many biological consequences.

All Other Sites

The BER program funds research at over 340 ingtitutions, including colleges/universities, private
industry, and other federal and private research institutions located in 40 states. Also included are funds
for research awaiting distribution pending completion of peer review procedures.

BER supports a broad range of peer-reviewed research at America s universities, including institutions
that traditionally serve minority communities. BER research opportunities are announced through public
solicitations in the Federal Register for research applications from universities and the private sector.

BER’s Life Sciences research is conducted at alarge number of universities in all aspects of the
program. Research is conducted in support of high-throughput human DNA sequencing at the JGI, on
the sequencing of entire microbial genomes with value to the DOE mission, to understand the molecular
control of genes and gene pathways in microbes, on the use of model organisms to understand and
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characterize the human genome, and on the molecular mechanisms of cell responses to low doses of
radiation.

In structural biology, universities provide new imaging detectors for x-rays, research in computational
structural biology directed at the understanding of protein folding, and research into new techniques
such as x-ray microscopy.

Peer reviewed projects are supported in each element of the Environmental Processes subprogram, with
very active science teams, in particular, in the Atmospheric Chemistry Program and the ARM programs.
Academic investigators are essential to the Integrated Assessment portfolio.

In the NABIR program, academic and private sector investigators are performing research in areas that
include mechanistic studies of bioremediation of actinide and transition metal contamination, the
structure of microbial communities in the presence of uranium and other such contaminants, gene
function in microorganisms with degradative properties, geochemical and enzymatic processesin
microbial reduction of metals, and the use of tracers to monitor and predict metabolic degradative
activity.

In the nuclear medicine program, universities conduct research into new types of radiopharmaceuticals,
particularly those based on application of concepts from genomics and structural biology. BER places
emphasis on radiopharmaceutical s that will be of use in advanced imaging techniques such as positron
emission tomography. The research supports new instrumentation for medical imaging. The Boron
Neutron Capture Therapy program supports studies of novel boron compounds for use in treating brain
cancer. The BER Measurement Science program supports research into novel types of biosensors for
application in analytical chemistry of contaminated environments.

Science/Biological and Environmental Resear ch FY 2002 Congressional Budget



L ife Sciences

Mission Supporting Goals and Objectives

BER’s Life Sciences research is focused on developing, making available, and using unique DOE
resources and facilities to understand and mitigate the potential health effects of energy development,
energy use, and waste cleanup. BER supports research in five areas. structural and computational
biology, low dose radiation, microbia biology, human genome, and biological research.

0 BER develops and supports user facilities for the Nation’s structural biologists; combines computer
science, structural biology, and genome research for analyses and predictions of gene function from
the individual gene to the genomic level; and devel ops new technol ogies and methodologies to
understand the dynamic processes of protein-protein interactions that are unique to living organisms.

0 BER supports research on low dose and low dose-rate radiation and addresses both the scientific
issues and results with scientists, regulators, and the public to provide a better scientific basis for
achieving acceptable levels of human health protection from low levels of radiation.

0 BER takes advantage of the remarkable diversity of microbes found in the environment and of the
small size of their genomes to identify and develop unique solutions in energy, waste cleanup, and
carbon management and to understand how biological functions follow from the DNA sequence to
the behavior of an entire organism.

o BERisanintegra part of the International Human Genome Project that has aready determined and
made publicly available a working draft of the human DNA sequence and is now completing the
highly accurate sequence. The BER Human Genome Program also devel ops resources, tools, and
technologies needed to analyze and interpret DNA sequence data from entire organisms, determines
the function of the genes identified from DNA sequencing, and studies the ethical, legal, and socid
implications (ELSI) of information and data resulting from the genome project.

o Finaly, BER's research program is developing the capability of predicting how single cells and
multi-cellular organisms respond to biological and environmental cues. This new challenge starts
with the remarkable progress being made in all other parts of the Life Sciences subprogram, from
DNA sequencing to structural biology, and requires the development of new technologies, analytical
methods, and modeling capabilities.

The Life Sciences subprogram’s support of microbial genome research also underpins the BER carbon
sequestration research program. Knowing the genomic sequence of microbes that are involved in carbon
sequestration or that produce methane and hydrogen, will enable the identification of the key genetic and
protein components of the organisms that regul ate these processes. Understanding more fully how the
enzymes and organisms operate will enable scientists to evaluate their potential use to remove excess
carbon dioxide from the atmosphere or to produce methane or hydrogen from either fossil fuels or other
carbonaceous sources, including biomass or even some waste products. Recently discovered
extremophile organisms could be used to engineer biological entities that could ingest a feedstock like
methane, produce hydrogen, and sequester the carbon dioxide by products.

Performance will be measured by reporting accomplishments on the common performance measures
on leadership, excellence and relevance; quality; and safety and health.
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Genomesto Life

The Microbial Cell Project, initiated in FY 2001, began a challenging and comprehensive effort to
understand the complete workings of a microbial cell from its DNA sequence to its unique
characteristics and behaviors. It represents a new, systems level way of doing biology that follows from
the successes in genome-scale DNA sequencing. The Genomes to Life program takes another large step
forward, beginning where the Microbial Cell Project leaves off, and includes this project as part of a
broader, more comprehensive research program.

Theinitial scientific challenge is to couple genomic DNA sequencing capabilities with new methods for
probing the dynamics of cellular behavior at the molecular level and with a new overall emphasis on
computation. This program will begin with DOE relevant microbes and biochemical pathways to:

(2) systentically characterize and relate to cellular function the composition and dynamic changes of
microbia proteomes (all the cell’ s proteins), and the composition and function of the ‘ machines of life
(the multi-protein complexes that carry out most of life's essential functions); (2) discover the
architecture, dynamics, and function of key molecular networks that regulate gene expression and make
useful computer models of them; (3) measure microbial gene diversity in representative, natural
communities of importance to the DOE mission and (4) develop the computational methods and
infrastructure needed to simulate and predict the behavior of microbial cells and communitiesin
response to environmental perturbations related to DOE’s mission.

The broad goals of this new program are complementary to the efforts of other federal agencies and
many private sector companies. The BER program will focus on scientific challenges that can be
uniquely addressed by DOE and its national |aboratories in partnership with scientists at universities and
the private sector. BER will aim for activities that are out of reach of individual investigators or even
small teams, a feature that will distinguish this program from complementary programs at other agencies
like the National Institutes of Health and the National Science Foundation. This research promises
unimaginable discoveries for biotechnology, pharmaceuticals, and medicine and will lead to new tools
for the promotion of human health, for new therapies and for new predictive capabilities of human
susceptibilities. The project will also address DOE needs in energy use and energy production,
bioremediation, and carbon sequestration, providing exciting, new, and previously unavailable
knowledge to the entire biological community. Many of the experimental tools developed using
microbes in the initial phases of this project will also be useful in other programs, e.g., the DOE Low
Dose Radiation Research program, to help clarify the biological mechanisms responsible for adverse
human responses to these materials. Having the capability to characterize the molecular machines
involved in adverse responses to specific toxicants and to develop models to help predict these responses
will be powerful tools that can be used to better protect people by identifying those individuals at
greatest risk from exposure to weapons-related materials.
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Funding Schedule

(dollars in thousands)

FY 2000 FY 2001 FY 2002 $ Change % Change
Structural Biology .........ccccoveiiiiiiiiiniinns 25,869 34,759 27,847 -6,912 -19.9%
Molecular and Cellular Biology............... 30,862 51,277 51,191 -86 -0.2%
Human Genome ..........ccoeveiiineiiniinennn. 87,499 86,438 88,238 +1,800 +2.1%
Health Effects........cccovviiiiiiiiiiiiniii, 17,108 15,409 14,251 -1,158 -7.5%
SBIR/STTR .. 0 4,589 4,678 +89 +1.9%
Total, Life Sciences ........ccccceiveiiineennns 161,338 192,472 186,205 -6,267 -3.3%

Detailed Program Justification

(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

Structural Biology 25,869 34,759 27,847

O

BaSIC RESEAICN ... 12,561 13,715 12,547

In an advance named by Science magazine as runner-up for the top scientific advance of 2000,
scientists using BER’ s unique structural biology beamlines at the DOE synchrotron facilities
determined the high resolution structures of the RNA polymerase and the ribosome, by any measure
two of nature’s most sophisticated "molecular machines.” These remarkable structures reveal in
atomic detail how DNA is unwound, how a message for protein production is created, how this
message is read by the ribosome, and how the growing protein chain is made.

These two molecular machines illustrate a central phenomenon in biology that most proteins do not
act independently or statically in living systems. In carrying out their functions within cells,
proteins form complexes with other proteins and interact with a variety of structural, regulatory, and
ligand molecules on which proteins carry out their designated functions. The role of structurein
determining protein interactions with diverse moleculesin a cell is still poorly understood. As
illustrated by these remarkable first structures of the ribosome and RNA polymerase, understanding
how these and other molecular machines carry out their biologica functions requires that we
observe dynamic changes in protein structure and study protein modifications, transocation, and
subcellular concentrations.

Novel research approaches are being supported to develop and use both experimental and
computational approaches to characterize molecular machines of interest to DOE mission needs.
Research is supported to predict or identify, from DNA sequence information, proteins that are
involved in the recognition or repair of radiation-induced DNA damage or in the bioremediation of
metals and radionuclides; and to determine the high-resolution three-dimensional structures of
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

those proteins. To fully understand the mechanisms underlying the behavior of the molecular
machines that carry out these functions, research is conducted and computer simulation models are
developed: (1) on the dynamic changes in protein structure associated with protein modification
and with protein-protein and protein-DNA interactions that occur in these molecular machines; (2)
to image, including high resolution, rea-time optical imaging, these machines at work in cells; and
(3) to precisely measure their intracellular compartmentalization and transl ocations.

In FY 2002, basic research is decreased as emphasis shifts to development and use of structural
biology user facilities.

Performance will be measured by the development of computational models that can successfully
identify proteins that interact with protein complexes involved in DNA damage recognition and
repair or bioremediation of metals and radionuclides from analysis of DNA sequence.

The decrease in basic structural biology research will be used to increase user support at
synchrotron and neutron source facilities.

0 Infrastructure Development ..........cccooceeiiiecieevie e 13,308 21,044 15,300

BER supports and develops user facilities for the Nation’s structural biologists. It coordinates with
the National Ingtitutes of Health (NIH) and the National Science Foundation the development and
operation of experimental stations at DOE synchrotrons (Advanced Photon Source, Advanced Light
Source, Stanford Synchrotron Radiation Laboratory and National Synchrotron Light Source) and
neutron beam sources (the Los Alamos Neutron Science Center (LANSCE) and High Flux Isotope
Reactor at ORNL).

With the NIH, BER will improve the beamlines at the SSRL and improve the infrastructure at the
Advanced Photon Source (APS) at Argonne National Laboratory. GPP funds ($2,994,000 in

FY 2001) will be used to complete a Laboratory Module at the APS. Initiated in FY 2000 with
$3,000,000 from the Nationa Institutes of Health’s Institute of General Medical Sciences
(NIGMYS), the module is part of an NIGM S/DOE partnership to advance the field of structural
biology. The estimated total federal cost of this laboratory module is $5,994,000. The Laboratory
Module will provide space for four additional beamlines needed by the structural biology user
community.

University scientists are the principal users of these facilities. Performance will be measuredby
having more than 2,500 highly satisfied users of the structural biology facilities at the DOE
synchrotron light sources and by the successful testing of a new pixel array detector prototype for
crystallography at a synchrotron light source.

By the end of FY 2002, BER will begin the process leading to commissioning the DNA Repair
Protein Complex Beamline (FY 2001 Magjor Item of Equipment (MIE) — TEC $4,490,000) at the
Advanced Light Source at Lawrence Berkeley Nationa Laboratory. This beamline will have novel
features that include the ability to conduct both high-resolution (2 Angstrom) and low-resolution
(2000 Angstrom) studies on important biomolecules using the same beamline. It will meet arapidly
growing need in the structural biology user community to provide unique information on
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functionally important conformational changes of multiprotein complexes and on factors that
regul ate the assembly of those complexes.

BER also operates the neutron protein crystallography station at the Los Alamos Neutron Science
Center (LANSCE) and will complete a new station for small angle neutron scattering at the High
Flux Isotope Reactor at ORNL. Performance will be measured by having ten external user groups
use the Los Alamos Neutron Science Center’s (LANSCE) protein crystallography station
productivity during itsfirst year of operation.

BER also supports, with NSF, the Protein Data Bank for three-dimensional protein structures.

Unique facilities being developed at BER's Environmental Molecular Sciences Laboratory (EMSL)
are now being made available to the structural biology user community. Performance will be
measur ed by the successful integration of new advanced mass spectrometry and nuclear magnetic
resonance instrumentation at the Environmental Molecular Sciences Laboratory (EMSL) into the
structural biology user facility at EMSL and the successful use of this new instrumentation by at
least five externa groups.

The maor change in FY 2002 is due to the completion of the one-time General Plant Projects
(GPP) and MIE projectsin FY 2001 described above. In addition, there has been some
redistribution of funds to support the general development and use of structural biology user
facilities (increase of $1,340,000).

Molecular and Cellular Biology ........ccooeevereereeinriereeee e 30,862 51,277 51,191
O  Microbial GENOMICS.......ccovceiieieerieee e e e e e e s eaees 8,473 14,909 10,928

Microbial genomics research addresses DOE mission needs— The program continues to sequence
and characterize microbes that could be used to impact severa DOE missions including: microbes
for energy production (methane or hydrogen producing microbes), as aternative fuel sources
(methane production or energy from biomass), for carbon sequestration, for helping to clean up the
environment, and that make industrially useful enzymes. The underlying scientific justification
remains a central principle of the BER genome programs — complete genomic sequences yield
answers to fundamental questions in biology. Knowing the complete DNA sequence of a microbe
provides information on the biological capabilities of that organism and is the first step in
developing strategies to more efficiently use or to reengineer that microbe to address DOE needs.

Scientific needs of the DOE microbial genome program — Now that the DNA sequence of more than
20 microbes with potential uses in energy, waste cleanup, and carbon sequestration have been
determined, the emphasis of the microbial genome is shifting from microbial DNA sequencing to
the use of DNA sequence information. In FY 2001, the microbial genome program will focus on 5
scientific challenges:

Functional analysis- It is presently difficult to predict biological function from microbial
genomic sequence data. The program is developing better experimental and computational
methods to identify novel open reading frames that code for proteins and predict their
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functions at a whole- genome scde.

Bioinformatics — More than athird of the 50+ publicly available genomic sequences of archaea
and bacteria are aresult of DOE Microbial Genome Program funding. Novel computational
tools are being devel oped to increase the value of microbial genomic information, such as
identifying distant sequence homol ogies, reconstructing phylogenetic trees, predicting gene
function, identifying and modeling gene expression networks, and extracting longer stretches
of useable DNA sequence from raw sequence data.

Microbial Genomic Plasticity — Current microbial DNA sequence strongly suggests that entire
blocks of genes have been transferred between microbes during evolution. Research is being
conducted to assess the frequency, mechanisms, and circumstances of lateral gene exchanges
among microbes. This understanding is important for interpreting sequence data and for
designing novel strategies for using microbes to address DOE mission needs.

Novel Approachesto Microbial Genomic Sequencing - Research is being conducted on new
methods to accel erate sequence comparisons without resequencing the entire genome of the
related organism from scratch. Emphasis is being placed on novel uses of proven technologies
with a particular emphasis on the identification of specific DNA sequence features that are
associated with phenotypic differences between the microbes being compared.

Consortia and Hard-to-Culture Microbes— Most microbes in the environment neither livein
isolation from other microbes or can be readily grown in the laboratory. Research is focused on
the organization, membership, or functioning of consortia of microbes, especialy those
involved in environmental processes of interest to DOE, and on the development of
technologies that enable genomic analyses of these consortia without the need for isolating
individual microbes.

Microbial genomics research continues to underpin carbon sequestration research, the microbial
cell project, and the Genomes to Life program. Perfor mance will be measur ed by determining the
complete DNA sequence of at least four additional microbes that could be used to sequester carbon
or for biomass conversion. The reduced budget for FY 2002 reflects the reduced emphasis, greater
efficiency, and reduced cost of microbial DNA sequencing as well as shifts of funds and emphasis
to other programs, such as carbon sequestration research, the Microbial Cell Project, and Genomes
to Life.

o Carbon Sequestration Research .........cocoeeveveeiviciicieccec 5,496 7,127 7,138

Microbes play a substantial role in the global cycling of carbon through the environment. The
genomic sequence of up to ten microbes involved in carbon sequestration will have been
determined by FY 2002. The main emphasis of the program in FY 2002 is to leverage this new
genomic DNA sequence information to now characterize key biochemical pathways or genetic
regulatory networks in these microbes. Analysis of biochemical pathways has previously focused
on single genes or small numbers of genes at one time. Research in this program will focus, as
described above, on the development and use of new, high-throughput technologies to determine
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the function of new genes discovered from microbial DNA sequencing. The information on the
DNA sequence, key reaction pathways, and genetic regulatory networks will be used to develop
strategies to use microbes capable of carbon sequestration more efficiently or to even reengineer
these microbes to enhance their capacity to sequester excess atmospheric carbon.

Genomic sequencing will be started on a member of the genus Populas (trees like poplar, aspen,
etc.). Theserapidly growing trees not only offer an opportunity for carbon sequestration, but also
for bioremediation and energy from biomass.

The increase in FY 2002 will be used to increase research to identify and characterize genes and
proteins involved in carbon sequestration.

Microbial Cell Project and Genomesto Life........cccocvecveeennen. 0 9,591 19,470

DOE iswell positioned to meet this challenge because of its unique resources and demonstrated
ability (e.g., in genomics, structural biology, and imaging) to develop and use new technologies and
tools to solve complex problemsin biology that are then widely adopted by other agencies and
industry.

Initiated in FY 2001, the Microbial Cell Project (MCP) represents a fundamental shift in the
approach to biology. Instead of looking at an organism from the outside in, starting with its behavior
and features and finding the responsible genes, scientists could start with the complete DNA
sequence or parts list and work from the inside out to identify and understand the structures,
functions, and interactions of an organism'’s entire complement of genes and gene products (the
proteins). The goa of the MCP is to develop a comprehensive understanding of the complete
workings of amicrobial cell by: deciphering the individual gene sequence; understanding how the
sequence is controlled; understanding the production of the genes' protein products; and
understanding the complex interaction of all the genes and proteinsin a cell. The MCP isfocused on
four key research challenges with a specific emphasis on DOE mission relevant protein complexes,
pathways, and processes and their biochemistry, physiology, and regulation as a basis for
understanding function. This unprecedented understanding of a biological system would provide
remarkable opportunities to address DOE needs in energy use and energy production,
bioremediation, and carbon sequestration.

Functional Analysis of the Microbial Proteome (all the proteins) — The program will develop whole
genome approaches to predict and categorize the function and the regulation of proteins, protein
complexes, pathways and processes relevant to DOE mission needs. Research will use new high
throughput technol ogies/tools to better understand expression patterns and protein profiles and will
exploit available tools for functional manipulation of these proteins to better understand biochemical
pathways relevant to the DOE. The research will also identify domains in gene sequences that
mediate protein-protein interactions that are part of these pathways.

Biochemical and Physiological Characterization — The program will define the global interactions
among components of these biochemical pathways to understand how individual proteins,
metabolites or other cellular biomolecules interact to form functional networks. Research will make

Science/Biological and Environmental Research/

Life Sciences FY 2002 Congressional Budget



(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

use of new high-throughput technologies/tools to better quantify the protein biochemistry occurring
inside acell in response to different conditions and to better undersand regulatory molecules and
noncoding regulatory sequences that corresponds to the biochemical pathways being studied. The
program also explores the physical mechanisms of intracellular communication and information
exchange that underlie the regulation of these DOE-related biochemical pathways.

Intracellular localization — The program will determine the intracellular distribution, localization,
movement, temporal variations, and topological or mechanical constraints on the function of
proteins involved in these pathways and their regulatory networks. This research also includes the
development and use of technology for imaging microbial cell constituents in real time.

Cell modeling — Research is conducted to simulate these biochemical pathways and regulatory
networks with computational models capable of making accurate predictions of the responses of
these pathways and regulatory networks to perturbations in the microbe’ s environment. The goal of
this research is to enable the use of terascale computers to explore fundamental biological processes
and predict the behavior of abroad range of protein interactions and molecular pathways in
prokaryotic microbes of importance to DOE.

The Genomes to Life program takes a large step forward, beginning where the FY 2001 Microbial
Cell Project leaves off, incorporating it as part of a broader and bolder research program. This
program was recommended by the BER Advisory Committee (BERAC). A large, diverse
subcommittee drafted a research agenda for BER to challenge scientists to understand not only the
complete workings of individual cells but also the regulation and behavior of complex multi-cellular
systems and their responses to the environment. The overriding goal of this long-term research
program is to understand biology well enough to be able to predict the behavior and response of
biological systems—from cells to organisms. The initia scientific challenge is to couple genomic
DNA sequencing capabilities with new methods for probing the dynamics of cellular behavior at the
molecular level (the cell’s proteins at work) with anew, overall emphasis on computation.

The Genomes to Life program will begin with DOE relevant microbes and biochemical pathways to:

(1) Identify life's molecular machines, the multiprotein complexes that carry out the functions of
living systems.

(2) Characterize the gene regulatory networks and processes that control life’s molecular
machines.

(3) Characterize the functional repertoire of complex microbial communities in their natural
environments.

(4) Develop computers and other computational capabilities needed to create models that describe
the complexity of biological systems to enable prediction of their behavior and productive use
of their functions to serve DOE’s environmental and health measures.

The broad goals of Genomes to Life are complementary to other federal agencies and many private
sector companies efforts. The program will focus on scientific challenges that can be uniquely
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addressed by DOE and its national |aboratories in partnership with academic scientists. BER will
aim for activities that are out of reach of individual investigators or even small teams. There are
unique opportunities in interagency coordination, novel management, new technology innovation,
and trangition to use in production scale experimental approaches. For the first time the opportunity
exists to understand microbial cells and communities of microbes in enough detail to predict, test,
and understand their responses to changes in their environment. This predictive capability will
enabl e these microbes to be used more effectively or to be reengineered to address DOE mission
needs in energy use and production, environmental cleanup, and carbon sequestration. This
capability also promises broader, unimaginable discoveries for biotechnology and medicine and
will, eventually, lead to new tools to predict human susceptibilities.

The increase in the FY 2002 request of $9,879,000 is due to the initiation of the research program

described above, Genomes to Life, thet includes the Microbial Cell Project (request of $9,735,000
in FY 2001) as akey component. Thisprogram funding level was recommended by the Biological
and Environmental Research Advisory Committee.

0 Human Frontiers Science Program..........cccccevevenenenesenieenn 1,000 1,000 1,000

BER will continue to fund the Human Frontiers Science Program, an international program of
collaborative research to understand brain function and biological function at the molecular level
supported by the U.S. government through the DOE, the National Institutes of Health, the National
Science Foundation, and the National Aeronautics and Space Administration. In FY 2002, DOE
expects to explore the possibility of other agencies with stronger interests in brain function
continuing the program allowing DOE to refocus its efforts on more mission relevant science.

0 Low Dose Radiation Research Program...........ccceeveneneennne. 14,175 18,458 12,655

The goal of the Low Dose Radiation Research program is to support research that will help
determine health risks from exposures to low levels of radiation, information that is critical to
adequately and appropriately protect people and to make the most effective use of our national
resources.

In FY 2002, BER will emphasize the use of new tools such as microbeam irradiators developed in
the program in prior years, the characterization of individual susceptibility to radiation, and the
forging of closer, more productive linkages between experimentalists and risk modelers, a
relationship that lies at the critical interface between experimental science and the development of
risk policy. In particular, research will focus on:

Bystander effect — isthe response of cells that are not directly traversed by radiation but respond
with gene induction and/or production of potential genetic and carcinogenic changes. It is
important to know if bystander effects can be induced by exposure to low LET (linear energy
transfer) radiation delivered at low total doses or dose-rates. This bystander effect potentially
“amplifies’ the biological effects (and the effective radiation dose) of alow dose exposure by
effectively increasing the number of cells that experience adverse effects to a number greater
than the number of cells directly exposed to radiation.
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Genomic instability — isthe loss of genetic stability, a key event in the development of cancer,
induced by radiation and expressed as genetic damage many cell divisions after the insult is
administered. Current evidence suggests that DNA repair and processing of radiation damage
can lead to instability in the progeny of irradiated cells and that susceptibility to instability is
under genetic control but there is virtually no information on the underlying mechanisms. Its
role in radiation-induced cancer remains to be determined experimentally.

Adaptive response — isthe ability of alow dose of radiation to induce cellular changes that
perturb the level of subsequent radiationinduced or spontaneous damage. If low doses of
radiation regularly and predictably induce a protective response in cells to subsequent low doses
of radiation or to spontaneous damage, this could have a substantial impact on estimates of
adverse health risk from low dose radiation. The generality and the extent of this apparent
adaptive response needs to be quantified.

Endogenous versus low dose radiation induced damage - A key element of the program will
continue to understand the similarities and differences between endogenous oxidative damage
and damage induced by low levels of ionizing radiation as well as an understanding of the
health risks from both. This information was not previously attainable because critical
resources and technologies were not available. Today, technologies and resources such as those
developed as part of the human genome program have the potential to detect and characterize
small differences in damage induced by normal oxidative processes and low doses of radiation.

Genetic factors that affect individual susceptibility to low dose radiation — Research is also
focused on determining if genetic differences exist making some individuals more sensitive to
radiation+induced damage since these differences could result in sensitive individuals or sub-
populations that are at increased risk for radiation induced cancer.

Mechanistic and risk models — Novel research is supported that involves innovative
collaborations between experimentalists and modelers to model the mechanisms of key
radiationinduced biological responses and to describe or identify strategies for developing
biologically-based risk models that incorporate information on mechanisms of radiation
induced biological responses.

Information developed in this program will provide a better scientific basis for remediating
contaminated DOE sites and achieving acceptable levels of human health protection, both for
cleanup workers and the public, in a more cost-effective manner that could save billions of dollars.
University scientists, competing for funds in response to requests for applications, conduct a
substantial fraction of the research in this program.

Performance will be measured by BER issuing an interim progress report on the success of the
Low Dose Radiation Research program in producing science that will be useful to policy makers.
This interim report will be timely since all awards made during the first full year of funding in this
program will have completed their 3- year cycle of funding.
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In FY 2000, the research was funded within both the Cellular Biology and Health Effects programs.
In FY 2001, the research was consolidated into the Cellular Biology program. The decrease in

FY 2002 enables the program to support research at alevel consistent with previous

requests (FY 2001, $11,682,000).

o Study of Avian Populations at the Nevada Test Site............... 9 192 0
Congressional direction in FY 2000 for a Study of Avian Populations at the Nevada Test Site.

0 Hiroshima Neutron DOSIMELTY .......ccccoeveeieeieeieeseee e 1,624 0 0
Congressiona direction in FY 2000 for a review of the Hiroshima neutron dosimetry.

[ LUl g T N = o 1= 87,499 86,438 88,238

0 JoiNt GENOME INSHTULE .....c.eeiie s 64,400 60,000 57,200

Satus of the DOE Joint Genome Institute (JGI) - The Joint Genome Institute (JGI) and its
Production Sequencing Facility (PSF) have been primarily focused on high-throughput sequencing
of DNA as DOE’s contribution to the international human genome project. The JGI, a virtual
ingtitute initially formed from the combined strengths and expertise of DOE Human Genome
Centers at the Los Alamos, Lawrence Livermore, and Lawrence Berkeley National Laboratories, has
exparded to include Oak Ridge, Pacific Northwest, and Brookhaven National Laboratories that
diversify and strengthen its overall capabilities. Oak Ridge adds unique capabilitiesin
bioinformatics, including DNA sequence analysis, that were key to the JGI's completion of the draft
DNA sequence of human chromosomes 5, 16, and 19 in FY 2000. Pacific Northwest adds unique
capabilities in the high-throughput proteome analysis using mass spectrometry, a capability that is
key to identifying and understanding the function of the genes (and their protein products) identified
by DNA sequencing. Brookhaven adds unique capabilities in development and use of novel
approaches for determining the DNA sequence of difficult-to-sequence regions of the genome.

ientific needs of the JGI - FY 2001 is the fourth year of a mgjor five-year scale-up of DNA
sequencing capacity at the PSF. The PSF has completed the draft sequence of its three human
chromosomes 5, 16, and 19. In FY 2002 the PSF will complete the high quality sequerce of these
three human chromosomes to international “Bermuda’ quality standards. Scientists at Stanford
University and LANL, working with the JGI, play akey role in completing DOE’s share of
determining the human DNA sequence. The PSF will also complete draft sequencing of regions of
the mouse genome that are comparable to these three human chromosomes. This comparative
information is critical to understanding gene function, networks, and regulation.

The need for DNA sequencing does not end with the completion of the reference human DNA
sequence. Sequencing the reference human genome gives us a complete set of instructions for
human biology, but it does not give us the key for understanding what all those instructions mean or
how they work together to make a fully functiona biological system--a human. To help scientists
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decipher the new wealth of human genomic information, the biological instruction set for humans,
information is needed on the biologica function of the more than 50,000 newly identified genes,
information on how these genes work together to make us who we are and how we are different, and
information on the genetic variation that predisposes us to good health or to disease. In short, the
goa isto not only know the human DNA sequence--the instruction set--but to understand what it is
telling us, i.e., how it actually works. Much of this understanding will come from additional DNA
seguencing, comparative sequencing, in which portions of the reference human DNA sequence are
compared to fragments of other human DNA sequence or to the sequence of model organisms such
as the mouse and Fugu fish. These comparisons will help us define genetic differences between
people and understand the functions and regulation of all human genes. These comparisons will also
require the generation of as much as ten times more DNA sequence data than will be contained in
the reference human DNA sequence.

As an example of the research challenge that still lies ahead, less than 3 percent of human DNA
actually contains the instructions for the approximately 30,000 genes that make up our genomes. The
remaining DNA, erroneously referred to as “junk DNA,” is far from junk for it contains the
instructions for making all of these 30,000 genes work at the right times and places throughout our
lives— from development to good health and disease to death. Today, scientists are not able to
recognize or identify these genetic instructions, or regulatory elements, using computational
methods like we can for the genes themselves. Experimental approaches are needed to identify these
elements and to define their roles in making our genes work together. The only way to currently find
these sequences is by comparatively sequencing the DNA from other, distantly related animals. By
comparing the DNA sequences from different species, scientists can identify, in human DNA, the
essential regulatory elements by their common association with related genes from different species.
The JGI and PSF will continue to use their substantial resources and capabilities for comparative
sequencing of the DNA from several different organisms to identify and catalog the regulatory
elements associated with the thousands of genes that have aready been identified from the initial
sequencing effort on human chromosomes 5, 16, and 19.

DOE continues to coordinate its human genome research activities with the activities at the National
Human Genome Research Ingtitute and the other partners in the International Human Genome
Consortium.

The decrease in funding for the Joint Genome Institute is due to a programmatic shift to increase
development of DNA sequencing technology research needed to meet the growing demand for
cheaper, faster, and more accurate high-throughput DNA sequencing as a basic research tool in
biology.

Performance of the JGI will be measured by the successful achievement of three DNA
sequencing goals:

(1) The DOE JGI will complete the high quality DNA sequencing of the vast majority of regions
of greatest biological interest of human chromosomes 5, 16, and 19 and will submit the data to
GenBank, the public DNA sequence database.

Science/Biological and Environmental Research/
Life Sciences FY 2002 Congressional Budget



(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

(2) TheJGI will aso complete the DNA sequence of the most difficult to sequence regions at the

ends (telomeres) and middles (centromeres) of human chromosomes 5, 16, and 19 and submit
the data to GenBank.

(3) TheJGI's PSF will produce approximately 6 billion base pairs of DNA sequence from model
organisms (in addition to its human DNA sequencing) needed to interpret and understand
human DNA sequence information. This comparative DNA sequencing is currently the only
efficient and cost-effective way to identify and characterize the regulatory elements (the
biological on/off switches and the rheostats) that control the expression of human genes.

o  Toolsfor DNA Sequencing and Sequence Analysis................. 20,432 23,950 28,547

BER continues to develop the tools and resources needed by the scientific, medical, and private
sector communities to fully exploit the information contained in the first complete human DNA
sequence. Unimaginable amounts of DNA sequencing, at dramatically increased speed and reduced
cost, will be required in the future for medical and commercia purposes and to understand the
information in the DNA sequence that has already been determined. BER continues to support
research to further improve the reagents used in DNA sequencing and analysis; to decrease the
costs of sequencing; to increase the speed of DNA sequencing; and to improve strategies for
sequencing the “difficult regions’ at the ends and middle of chromosomes and new computational
tools for genome-wide data analysis. Novel sequencing strategies such as microchannel capillary
electrophoresis offer great promise for the sequencing needs of the future.

Use of sequence information to understand human biology and disease will also require new
strategies and tools capable of high-throughput, genome-wide experimental and analytic
approaches. In FY 2002, BER will increase efforts to develop high-throughput approaches for
analyzing gene regulation and function.

DNA sequencing technology research increases to meet growing demand for cheaper, faster, and
more accurate high-throughput DNA sequencing as a basic research tool in biology.

o Ethical Legal and Societal Issues (ELSI) ....cccooevvecvvievieenee. 2,667 2,488 2,491

The DOE and NIH human genome programs agreed at the outset to dedicate a fraction of their
human genome program funding to understanding the EL Sl issues associated with the genome
program. DOE’s EL S| research program represents 3 percent of the DOE human genome program.
The DOE ELSI program supports research focus on issues of: (1) the use and collection of genetic
information in the workplace especially as it relates to genetic privacy; (2) the storage of genetic
information and tissue samples especialy asit relates to privacy and intellectual property;

(3) genetics and EL S| education; and (4) the ELSI implications of advances in the scientific
understanding of complex or multi- genic characteristics and conditions.
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A table follows displaying both DOE and NIH genome funding.

U.S. Human Genome Project Funding

(dollars in millions)

Prior Years FY 2000 FY 2001 FY 2002
DOE Total Funding (FY 87-99).........cccccevvevernnn, 691.5 87.5 86.4 88.2
NIH Funding (FY 88-99) .........cccceeviveereeeeennnns 1,524.1 335.1 382.4 426.7°
Total U.S. FUNAING .......oveeeeeeeeeeeeeeeeeeeeeee 2,215.6 4226 468.8 514.9

(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

[ L= L T = o £ TSR 17,108 15,409 14,251
0 Low DoseRadiation RESEAICN.......cooveeeeeeeeeeee e 2,321 0 0

Low dose radiation research (consolidated in Cellular Biology in FY 2001) was aso funded in
Health Effectsin FY 2000.

0 Functional GenomiCSRESEAI Ch .....oovveeeeeeeee e, 10,860 12,210 14,251

Scientific needs for functional genomics research - Functional genomics research capitalizes on our
understanding and the manipulability of the genomes of model organisms, including yeast,
nematode, fruit fly, Zebra fish, and mouse, to speed understanding of human genome organization,
regulation, and function. This research is a key link between human genomic sequencing, which
provides a complete parts list for the human genome, and the development of information (a high
tech owner’s manual) thet is useful in understanding normal human development and disease
processes. The mouse continues to be a major focus of our efforts. It is an integral part of our
functional genomics research effort. BER creates and genetically characterizes new mutant strains
of mice that serve both as important models of human genetic diseases. It develops high-throughput
tools and strategies to characterize these mutant strains of mice. This mouse genetics research
provides tools useful to the entire scientific community for decoding the functionality of the human
genome as human DNA sequence becomes available.

Research to develop new strategies for using model organisms such as the mouse and Fugu fish to
understand the function of human genes isincreased in FY 2002 ($2,041,000). These funds will
take advantage of the newly available DNA sequence of the Fugu fish and for mouse chromosomes
homologous to human chromosome 5, 16, and 19.

& Estimate from NIH.
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

o  Technology Development Research........occceveeicieevieccieccieciens 3,927 3,199 0

Technology development research ends as technology development needs are met with the initiation
of the Genomes to Life program at DOE described here and the Structural Genomics program at the
National Institutes of Health. ...

SBIR/STTR increased with Life Sciences program increase............... 0 4,589 4,678

In FY 2000, $4,259,000 and $264,000 were transferred to the SBIR and STTR programs, respectively.
FY 2001 and FY 2002 amounts are the estimated requirements for the continuation of these programs.

T OtAl, Lif@ SCIBINCES....eeeeeeeeeeeeee e eeeeeeneeennenemsnnnnnnnnnnnnnnns 161,338 192,472 186,205

Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
($000)

Structural Biology
0 Decrease in basic structural biology research to support increases for structural

DIOIOGY USEr TACIITIES. ... e -1,168
0 Decrease in one-time GPP funding of user facility at the Advanced Photon Source

and the MIE beamline development at the Advanced Light Source (-$7,084,000).

However, there is an increase in support for structural biology user facilities at

synchrotron sources and neutron sources (+$1,340,000). .......ccccrrrererereriererieieneneenes -5,744
Total, SIUCtUral BIOIOGY ........ccoveuerrireeeeiesrenieesie s en s -6,912
Molecular and Cellular Biology
0 Reduced emphasis on microbial DNA sequencing and increased support for

GENOMES TO LITE. ..t -3,981
o Continue carbon sequestration at near FY 2001 [evel ... +11
0 Redirected program, Genomes to Life, includes Microbial Cell Project and focuses

on understanding cellular processes and multicellular systems so well that

predictive simulation models can be developed to guide the use or development of

microbial systems to solve DOE mission needs for energy use and production,

waste cleanup, or Carbon SEQUESLIALiON. ........ccuvevverierieeeeseere e +9,879
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0

O

Continue Low Dose Radiation Researchat about previously requested levels
(FY 2001, $11,682,000). .....eeerrereeeereriereeerseseesessesseseesessessesessessesseessessessesessessesssesses

Decrease due to Congressional Direction for the study of biological effects of low
level radioactivity at University of Nevadain FY 2001. .......ccccooeiirinniennecieseeens

Total, Molecular and Cellular BiolOgy ........ccceveeieeiesicie e

Human Genome

O

0

Decrease in funding for the Joint Genome Institute is due to a programmatic shift
to increase development of DNA sequencing technology research needed to meet
the growing demand for cheaper, faster, and more accurate high-throughput DNA
sequencing as a basic research tool in DIOIOGY. ......cocveverieriiiieeeee e

DNA sequencing technology research increases to meet growing demand for
cheaper, faster, and more accurate high-throughput DNA sequencing as a basic
research tool iN DIOIOGY.......cceiiiiiieiee e

Ethical Legal and Societal Issues program continues at approximately same level..

TOtAl, HUMBN GO0 ...ttt mnssnmnmnnsmnmnnnnnnnn

Health Effects

O

Increase research to understand the function of human genes that could lead to
better understanding of the causes of disease or to preventions or cures. ..................

Decrease research for high-throughput approaches that determine protein structure
as NIH begins to make large investmentsin thisarea. .........ccccocoveeeveevecceceececee

TOtAl, HEAITN BT EOLS. ... smsnnnnmnmnmnmnn

SBIR/STTR

Increasein SBIR/STTR due to increase in research funding for the Life Sciences
S0 =0 1SRRI

Total Funding Change, Life SCIENCES.......cccvcieiieiece e

Science/Biological and Environmental Research/

Life Sciences

FY 2002 vs.
FY 2001
(3000)

-5,803

-192

-86

-2,800

+4,597
+3

+1,800

+2,041

-3,199

-1,158

+89

-6,267

FY 2002 Congressional Budget




Environmental Processes

Mission Supporting Goals and Objectives

The Environmental Processes subprogram supports four contributing areas of research: Climate and
Hydrology; Atmospheric Chemistry and Carbon Cycle; Ecological Processes, and Human Interactions.
The research is focused on understanding the physical, chemical, and biological processes affecting the
Earth’ s atmosphere, land, and oceans and how these processes may be affected, either directly or
indirectly, by energy production and energy use, primarily the emission of carbon dioxide from fossil
fuel combustion. BER has designed and planned the research program to provide the data that will
enabl e objective assessments of the potential for, and consequences of, global warming. The BER
Environmental Processes subprogram (minus the carbon sequestration element) represents DOE's
contribution to the U.S. Global Change Research Program proposed by President Bush in 1989 and
codified by Congress in the Global Change Research Act of 1990 (P.L. 101-606). The National Institute
for Globa Environmental Change (NIGEC) is integrated throughout the subprogram ($8,763,000).

The Environmental Processes subprogram is comprehensive with a major emphasis on understanding
the radiation balance from the surface of the Earth to the top of the atmosphere and how changesin this
balance due to increases in the concentration of greenhouse gases in the atmosphere may ater the
climate. Much of the research is focused on improving the quantitative models necessary to predict
possible climate change at the global and regional scales. Research in the Atmospheric Radiation
Measurement (ARM) program will continue to focus on resolving the greatest scientific uncertainty in
climate change prediction — the role of clouds and solar radiation. ARM includes devel oping a better
guantitative understanding of how atmospheric properties, including the extent and type of cloud cover
and changes in aerosols and greenhouse gas concentrations affect the solar and infrared radiation
balance that drives the climate system. BER’s Climate Modeling program uses massively parallel
supercomputers to simulate and predict climate and climate change, including evaluating uncertainties in
climate models due to changes in atmospheric levels of greenhouse gases on decade to century time
scales.

The Atmospheric Science program is focused on acquiring the data to understand the atmospheric
processes that control the transport, transformation, and fate of energy-related chemicals and particulate
matter emitted to the atmosphere. BER is emphasizing research on processes relating to new air quality
standards for tropospheric ozone and particul ate matter and rel ationships between air quality and climate
change.

Research on the carbon cycle explores the movement of carbon on a global scale starting from natural
and anthropogenic emissions to ultimate sinks in the terrestrial biosphere and the oceans. Experimental
and modeling efforts address the net exchange of carbon among major types of terrestrial ecosystems
and the atmosphere. Research is also conducted to determine the effects of atmospheric and climate
changes on terrestrial organisms, ecosystems, and resources.

The BER carbon sequestration research funds basic research that seeks to exploit the biosphere’ s natural
processes to enharce the sequestration of atmospheric carbon dioxide in terrestrial and marine

ecosystems. It also seeks the understanding needed to assess the potentia environmental implications of
purposeful enhancement and/or disposal of carbon in the terrestrial biosphere and at the surface or deep
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ocean. The carbon sequestration activities include research to identify and understand the environmental
and biological factors or processes that limit carbon sequestration in these systems and to develop
approaches for overcoming such limitations to enhance sequestration. The research includes studies on
the role of ocean and terrestrial microorganisms in carbon sequestration.

Performance will be measured by reporting accomplishments on the common performance measures
on leadership, excellence and relevance; quality; and safety and health.

Funding Schedule

(dollars in thousands)

FY 2000 FY 2001 FY 2002 $ Change % Change
Climate and Hydrology ...........ccccveenneee. 67,496 70,326 70,775 +449 +0.6%
Atmospheric Chemistry and Carbon
CYClE i 33,837 35,579 34,844 -735 -2.1%
Ecological Processes ............ccovevieennnes 11,858 12,431 12,437 +6
Human Interaction ................ccoeenennen. 9,369 8,020 8,084 +64 +0.8%
SBIR/STTR ..ot 0 3,348 3,329 -19 -0.6%
Total, Environmental Processes........... 122,560 129,704 129,469 -235 -0.2%

Detailed Program Justification

(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

Climate and Hydrology .......ccccoverveeerieieseereesee e ssee e 67,496 70,326 70,775

O

Climate MOAEliNg .......coeeeereieerereee e 24,151 27,103 27,181

Model based climate prediction provides the most scientifically valid way of predicting the impact
of human activities on climate for decades to centuries in the future. BER will continue to develop,
improve, evaluate, and apply the best coupled atmosphere-ocean general circulation models
(GCMs) that simulate climate variability and climate change over these time scales. The goal isto
achieve statistically accurate forecasts of future climate over regions as small as river basins using
ensembles of model simulations. The ensembles will accurately incorporate the dynamic and
thermodynamic feedback processes that influence climate, including clouds, aerosols, and
greenhouse gas forcing. Current predictions are limited by the inadequacy of computational
resources and uncertainties in the model representations of key small-scale physical processes,
especially those involving clouds, evaporation, precipitation, and surface energy exchange. BER
will address both the computational and scientific shortcomings through an integrated effort.
Support will continue to be provided to acquire the high-end computational resources to complete
ensembles of climate simulations using present and future models. BER will emphasize research to
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

develop and employ information technologies that can quickly and efficiently work with large and
distributed data sets of both observations and model predictions to produce quantitative information
suitable for the study of regional climate changes. BER will continue to fund the multi- institutional
research consortia established in FY 2001 to further the development of comprehensive coupled
GCMsfor climate prediction that are of higher resolution and contain accurate and verified
representations of clouds and other important processes. Per for mance will be measured by how
BER will successfully develop and test afully coupled atmosphere-ocean land-sea ice climate
model of higher spatial resolution than is presently available. BER will support multi-disciplinary
teams of scientists at multiple institutions using DOE supercomputers to perform model
simulations, diagnostics, and testing. BER efforts will include ensembles of long-term (decade to
century) coupled model simulations that will be made available to the broader climate research and
assessment communities to enabl e probability-based assessments of climate change and variability
at regional resolution.

In FY 2002, BER will continue to enhance the partnership with the Advanced Scientific Computing
Research program and increase the computing resources for climate simulation and accelerate
climate model development and application through the use of collaboratory technologies.
Additionally, BER will increase the emphasis on data assimilation methods so as to quickly make
use of the high quality observational data streams provided by ARM, satellite and other USGCRP
climate data programs to evaluate model performance.

NIGEC will support research to evaluate the reliability of using isotopic signatures of trace gasesin
ice cores for interpreting climate variation and change in the past and the relationship between
greenhouse gas concentrations and climate change ($2,191,000).

Performance will be measured by developing and testing a fully coupled atmosphere-oceantland-
sea climate model of higher spatial resolution than is presently available. Support multi-
disciplinary teams of scientists at multiple institutions using DOE supercomputers to perform model
simulations, diagnostics, and testing. These efforts will include ensembles of long-term (decade to
century) couples model simulations that will be made available to the broader climate research and
assessment communities to enable probability based assessment of climate change and variability at
regionda resolution.

o  Atmospheric Radiation Measurement (ARM) Research........ 13,020 13,124 13,486

ARM research supports about 50 principal investigators involved in studies of cloud physics and
the interactions of solar and infrared radiation with water vapor and aerosols. University scientists
form the core of the ARM science team that networks with the broader academic community as
well as with the scientists at the DOE National Laboratories and with federal scientists at NASA,
NOAA, and DOD. ARM scientists pursue research as individuals and as members of teams and
contribute both to the production of ARM data, e.g., as designers of cutting-edge remote sensing
instrumentation, as well as consumers of the data produced at the three ARM sites. The principal
goal of the ARM scientific enterprise is to develop an improved understanding of the radiative
transfer processes in the atmosphere and to formulate better parameterizations of these processesin
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

climate prediction models, referred to as General Circulation Models (GCMs). To facilitate the
knowledge transfer from the ARM Program to the premier modeling centers, the ARM program
supports scientific "Fellows" at NSF's National Center for Atmospheric Research and at the
European Center for Medium- Range Weather Forecasting in the U.K. In FY 2002, the ARM
programwill continue at approximately the FY 2001 level.

Performance will be measuredby improving the radioactive flux calculations and associated
heating rates in climate models using ARM data and science by 10 percent.

o Atmospheric Radiation Measurement (ARM) Infrastructure. 27,653 27,371 27,371

The Atmospheric Radiation Measurement (ARM) infrastructure program develops, supports, and
maintains the three ARM sites and associated instrumentation. BER will continue to operate over
two hundred instruments (e.g., multifilter shadowband radiometers for aerosol measurements,
Raman Lidar for aerosol and cloud measurements, radar wind profiler systems, radar cloud
measurement systems, sky imaging systems, arrays of pyranometers, pygeometers, and
pyrheliometers for atmospheric and solar radiation measurements, and standard meteorol ogical
measurement systems for characterization of the atmosphere) at the Southern Great Plains site and
will continue limited operations at the Tropical Western Pacific station and at the North Slope site in
Alaska. The ARM program will continue to provide data to the scientific community through the
ARM Archive.

The ARM data streams are enhanced periodically by additional measurements during intensive field
campaigns referred to as Intensive Operation Periods (IOP). Ranging from two weeks to two
months, the campaigns bring together teams of scientists testing cutting edge remote sensing
instruments and coordinate measurements with airborne and satellite observations. The ARM sites
have become major testbeds of research in atmospheric processes serving as scientific user facilities
for hundreds of scientists from universities and government laboratories. For example, both DoD
and NASA have used the ARM sites to "ground truth” their satellite instruments.

Performance will be measuredin FY 2002 by less than 5 percent downtime of the principal ARM
instruments and by the successful conduct of five |OPs across the three ARM sites.

o Atmospheric Radiation Measurement (ARM)/Unmanned

Aerial VehicleS (UAV) ... 2,672 2,728 2,737
Atmospheric Chemistry and Carbon Cycle .........cccoooveevieecvcieceee, 33,837 35579 34,844
0  Atmospheric SCIENCE Programs .......ccceeceeeceeeseesireeseesreesseesneens 12,688 12571 12,571

The Atmospheric Science programs acquire data to understand the atmospheric processes that
control the transport, transformation, and fate of energy-related chemicals and particulate matter.
Emphasisis placed on processes relating to new air quality standards for tropospheric ozone and
particulate matter and relationships between air quality and climate change. Field and laboratory
studies will continue to be conducted in both atmospheric chemistry and environmental meteorology
and acquired data will be used to develop and validate predictive models of atmospheric processes.
The research will include studies of chemical and physical processes affecting air pollutants such as
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

sulfur and nitrogen oxides, tropospheric ozone, gas-to-particle conversion processes, and the
deposition and resuspension of associated aerosols, and studies to improve understanding of the
meteorological processes that control the dispersion of energy-related chemicals and particulates in
the atmosphere. Much of this effort involves multi-agency collaboration, and university scientists
play key roles. New information will document both the contribution of energy production to
regional haze in the U.S. and the relationship between urban and regional air pollution processes and
continental, intercontinental, and global scale phenomena. The information is essential for assessing
the effects of energy production on air quality and will contribute to the evaluation of science-based
options for minimizing the impact of energy production on visibility.

In FY 2002 BER will continue the Tropospheric Aerosol Program (TAP) to quantify the impacts of
energy-related aerosols on climate, air quality and human health. TAP will be closdly coupled with
other components of DOE’s global change research, especially the Atmospheric Radiation
Measurement (ARM) Program. TAP will also be broadly coordinated with the air quality and global
change research communities, including collaborations with the Environmental Protection Agency,
the National Aeronautics and Space Administration, and the National Oceanic and Atmospheric
Administration and with the DOE Office of Fossil Energy’s Airborne Fine Particulate Matter (PM)
Research Program. Regional patterns of aerosol distribution will be related to sources and sinks and
the information will feed the models that smulate the air quality and climate impacts of aerosols.

NIGEC will support research to quantify the effects of natural processes on atmospheric
composition, including the exchange of energy-related trace gases between the atmosphere and the
terrestrial biosphere ($2,191,000).

0 Western States Visbility Study at New Mexico Tech............... 0 1,246 0
Congressiona direction in FY 2001 for the Western States Visibility Study.
o Terrestrial Carbon Processes and Ocean Sciences...........o..... 12,958 12,731 13,716

BER will continue supporting the successful AmeriFlux Program, including the measurements of
carbon flux and water vapor exchange at approximately 25 sites across North America. These
measurements will be linked to field measurement campaigns across North America that will test the
representativeness of point measurements and allow the estimation of carbon sources and sinkson a
regional basis. The fluxes of other greenhouse gases, e.g., methare and nitrous oxide, will be
measured at several AmeriFlux sites.

In FY 2002, funding is increased to support the refinement and testing of carbon cycle models (based
on mechanistic representations and simple carbon accounting). The models will be used to estimate
potential carbon sequestration for a variety of biogeochemical cycles and climate variations.
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

The focus of the ocean science element is on using microbiology tools to determine the linkages
between the carbon and nitrogen cycles involving marine microbes. This research is conducted
through partnerships between institutions with a tradition of research in oceanography (such as
Skidaway Institute of Oceanography, U. of Washington, U. of Delaware, Rutgers University, U. of
South Florida, Princeton University), and institutiors traditionally serving minority students (such as
Lincoln U., Howard U., Savannah State U., U. of Puerto Rico, and San Francisco State).

Performance will be measuredby quantifying the net exchange of carbon dioxide in five additional
ecosystemsin the AmeriFlux network.

0o National Energy Laboratory in Hawali ........cccceeeienenenenicnene 1,500 479 0
Congressiona direction in FY 2000 and FY 2001 for the National Energy Laboratory in Hawaii.
o Carbon Sequestration Research Centers........ccccceveevceeiiecnnns 6,691 8,552 8,557

BER will continue support for two carbon sequestration research centers. One center, led by ORNL,
PNNL, and ANL, and involving six collaboratory universities, focuses on terrestrial sequestration
($3,000,000). The other center, led by LBNL and LLNL, involves collaboration with six universities
and research ingtitutions, and focuses on ocean sequestration ($2,000,000). The centers develop the
information to enhance the natural sequestration of carbon in terrestrial soils and vegetation and in
the deep ocean. BER will continue research at universities and laboratories on cellular and
biogeochemical processes that control the rate and magnitude of carbon sequestration in terrestrial
and oceanic systems, including the identification of pathways and processes that could be modified
to enhance the net flow of carbon from the atmosphere to both terrestrial plants and, ultimately, to
soils, and to the ocean surface and, ultimately, to the deep ocean. Also, BER will support the
research needed to assess the environmental implications of enhancing carbon sequestration and
storage in the ocean and in terrestrial systems. BER research on carbon sequestration in terrestrial
ecosystems will improve the scientific understanding of mechanisms of sequestration and how to
alter them to enhance sequestration. The Carbon Sequestration in Terrestrial Ecosystems (CSITE)
activity will conduct research at universities and laboratories that specifically examine those plant
and soil processes that capture and retain carbon in chemical and physical forms that are resistant to
decay. The datawill inform new models for estimating carbon sequestration in terrestrial
ecosystems. New technologies will be successfully developed by the DOE Ocean Carbon
Sequestration Center to facilitate the export of carbon to the deep ocean and for re- mineralization of
organic carbon at depth. Such technologies are vital to assessing accurately the potential of ocean
carbon sequestration Initial in situ experiments will be designed to determine the feasibility and
potential environmental impacts of deep ocean injection of CO,. Associated research will include
determination of chemical reactions at depth, stability of products, and effects of those products on
marine organisms.

Performance will be measured by developing and testing the feasibility of soil, microbial
manipulation, and ecosystem management approaches for enhancing the magnitude of net annual
carbon sequestration.
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

In FY 2002 university scientists will continue research on the effects of iron fertilization on plankton
communities in the ocean and begin field experiments. The Southern Ocean is the largest high-
nutrient, low-chlorophyll region in the world. The joint DOE-NSF Southern Ocean Iron Enrichment
Experiment (SoFEX) will help scientists understand the potential to enhance ocean carbon
sequestration through iron enrichment.

ECOIOQICal PrOCESSES.......cceeieeeieeiiesieeieseesiee e eae e tesee e e seeeeesneeneens 11,858 12,431 12,437

BER will continue the six Free-Air Carbon Dioxide Enrichment (FACE) experiments to improve
understanding of the direct effects of elevated carbon dioxide and other atmospheric changes on the
structure and functioning of various types of terrestrial ecosystems, including coniferous and deciduous
forests, grasslands, and desert. Increasing emphasis will be on evidence of differential responses of plant
species that may impact plant competition and succession in terrestrial ecosystems. Research will
explore changes, over time, in the elevated productivity of terrestrial plants exposed to elevated
atmospheric carbon dioxide (CO-) concentrations.

The long-term experimenta investigation at the Walker Branch Watershed in Tennessee will continue to
improve the understanding of the direct and indirect effects of aterations in the annual average
precipitation on the functioning and structure of a southeastern deciduous forest ecosystem.

Both the FACE network and the Walker Branch Watershed represent scientific user facilities that have
attracted scientists from both the academic community and government laboratories who use the
facilities to develop new instrument methodologies and test scientific hypotheses related to ecosystem
responses to climate change and to carbon sequestration

NIGEC will support experimenta studies to document how climate warming and increasing CO- levels
in the atmosphere affect biophysical processesin terrestrial ecosystems ($2,629,000).

Performance will be measuredby exposing plants at least 95% of the time during the growing season
to elevated CO», to test for long-term physiological responses to CO, enrichment.

HUMAN TN ACTTONS e e e eennns 9,369 8,020 8,084
O HUMaN INtEracCtionNS .....ooooeeeeeeeeeeeeeeeeeee e, 7,964 8,020 8,084

The Integrated Assessment program, with a strong academic involvement, will continue to support
research that will lead to better estimates of the costs and benefits of possible actions to mitigate
globa climate change. The new emphasis will be to improve the integrated assessment models to
include other greenhouse gases as well as carbon dioxide, carbon sequestration, and international
trade of emission permits. The models will better represent the efficiency gains and losses of
alternate emission reduction plans, including market adjustments to inter-regional differences among
relative energy prices, regulations, and production possibilities in the international arena. Integrated
assessment models will be modified to include carbon sequestration as an alternative mitigation
option. This representation will include both options to enhance natural carbon storage in the
terrestrial biosphere, as well as engineering options, such as the capture of carbon dioxide and
storage in geologic formatiors.
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

NIGEC will support research to develop and test new methods involving the use of large regional
databases and coupled climate-impact-economic models to conduct integrated assessments of the
effects of climate change on regionally important resources in the U.S. ($1,752,000).

The Information and Integration element stores, evaluates, and quality-assures a broad range of
global environmental change data, and disseminates these to the broad research community. BER
will continue the Quality Systems Science Center for the tri- lateral (Mexico, United States, and
Canada) North American Strategy for Tropospheric Ozone (NARSTO), a public partnership for
atmospheric research in support of air quality management. The Center serves adiverse set of users,
including academic and laboratory scientists and policy makers across North America.

The Global Change Education program supports DOE-related research in global environmental
change for both undergraduate and graduate students, through the DOE Summer Undergraduate
Research Experience (SURE), the DOE Graduate Research Environmental Fellowships (GREF), and
collaboration with the NSF Significant Opportunities in Atmospheric Research and Science
(SOARS) Program. Performance will be measured by how well the Global Change Education
program will continue to support both undergraduate and graduate students in DOE-related global
change research. Over 30 DOE-sponsored students participate in the program, including the DOE
Summer Undergraduate Research Experience (SURE), the DOE Graduate Research Environmental
Fellowships (GREF), and the NSF Significant Opportunities in Atmospheric Research and Science
(SOARS) Program.

o Utton Transboundary Center..........cccooeveeieieenecceeseese e 1,405 0 0
Congressiona direction in FY 2000 for the Utton Transboundary Center.
S Tl T I I = S 0 3,348 3,329

In FY 2000 $3,201,000 and $185,000 were transferred to the SBIR and STTR programs, respectively.
FY 2001 and FY 2002 amounts are the estimated requirements for the continuation of these programs.

Total, Environmental ProCESSES........cccocvueeeiiiieiiieieciiieeeeeeee e sevaeee e 122,560 129,704 129,469
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Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
(3000)

Climate and Hydr ology
o  Climate Modeling program will continue at approximately the FY 2001 level....... +78
o Atmospheric Radiation Measurement (ARM) program will continue at

approximately the FY 2001 [&VEL. ......cvvoeeceeeeeceeee e +362
0o Atmospheric Radiation Measurement (ARM) Unmanned Aerid Vehicles (UAV)

program will continue at FY 2001 [€VEL. .......cooeieeieee e +9
Total, Climate and HYdrology.........c.coeeieeiieiieieeie et +449
Atmospheric Chemistry and Carbon Cycle
0 Atmospheric Sciences research continues at approximately FY 2001 levels with

the decrease due to Congressional Direction for the Western Visibility Study at

NeW MeXiCO TECN. ... . e e -1,246
o Terrestrial Carbon isincreased to support expanded studies of carbon cycling

Processes Of AMENT FIUX SITES. .....eviveiecee e +985
o0  Decrease due to Congressional Direction for the National Energy Laboratory in

o Y TS -479
o  Carbon Sequestration continues at FY 2001 levels +5
Total, Atmospheric Chemistry and Carbon Cycle ..........ccooevecieceiiee e, -735
Ecological Processes
o Ecological Processes programs continue at approximately FY 2001 level. ............. +6
Human Interactions
0 Integrated Assessment program will continue at FY 2001 level. .........ccccovveinnene +64
SBIR/STTR
0  SBIR/STTR decrease due to decrease in research funding for environmental

PIIOCESSES ... veeteeereesteeeteesseeeteesseeateesseeebeesseeeabeeaaeeeseeasseenbeeesseeseesaseeneeanneenneeanreans -19
Total Funding Change, Environmental ProCESSES ..........ccoeriririnirenireeeeee e -235
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Environmental Remediation

Mission Supporting Goals and Objectives

BER'’ s research in environmental remediation is primarily focused on gaining improved understanding
of the fundamental biological, chemical, geological, and physical processes that must be marshaled for
the development and advancement of new, effective, and efficient processes for the remediation and
restoration of the Nation's nuclear weapons production sites. Research priorities are on bioremediation
and operation of the William R. Wiley Environmental Molecular Sciences Laboratory (EMSL).

Bioremediation activities are centered on the Natural and Accelerated Bioremediation Research
(NABIR) program, a basic research program focused on determining how and where bioremediation
may be applicable as areliable, efficient, and cost-effective technique for cleaning up or containing
metals and radionuclides in contaminated subsurface environments. In this subprogram, BER also
includes basic research in support of pollution prevention, sustainable technology development and
other fundamental research to address problems of environmental contamination.

In the NABIR program, research advances will continue to be made from pore to field scalesin the
Biogeochemica Dynamics element; on genes and proteins used in bioremediation through the
Biomolecular Science and Engineering element; in non-destructive, real-time measurement techniques
in the Assessment element; in overcoming physico-chemical impediments to bacterial mobility in the
Acceleration element; on species interaction and response of microbial ecology to contamination in the
Community Dynamics and Microbia Ecology e ement; and in understanding microbial processes for
altering the chemical state of metallic and radionuclide contaminants through the Biotransformation and
Biodegradation element. In analogy with the Ethical, Legal, and Social Implications component of the
Human Genome program, the Bioremediation and its Societal Implications and Concerns component of
NABIR is exploring societal issues surrounding bioremediation research and promoting open and
two-way communication with affected stakeholders to help ensure understanding and acceptance of
proposed solutions to remediating contaminants. The research in the Systems Integration, Prediction,
and Optimization element is focused on defining and developing an integrative model to aid
collaboration and direction across research teams within the NABIR program. All NABIR elements and
EMSL activities have a substantial involvement of academic scientists.

Within Facility Operations, support of the operation of the EMSL national user facility is provided for
basic research that will underpin safe and cost-effective environmental remediation methods and
technologies and other environmental science endeavors. Unique EMSL facilities, such as the Molecular
Science Computing Facility, the High-Field Mass Spectrometry Facility, and the High-Field Magnetic
Resonance Facility, are used by the external scientific community and EMSL scientists to conduct a
wide variety of molecular-level environmental science research, including improved understanding of
chemical reactionsin DOE’s underground storage tanks, transport of contaminants in subsurface
groundwater and vadose zone sediments, and atmospheric chemical reactions that contribute to changes
in the atmospheric radiative balance.

BER’s William R. Wiley Environmental Molecular Sciences Laboratory will use its capabilities to
expand its collaborations in the areas of structural biology and functional genomics. The number of
users undertaking structural biology research also will increase.

Science/Biological and Environmental Research/
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Performance will be measured by reporting accomplishments on the common performance measures
on leadership, excellence and relevance; quality; and safety and health.

Funding Schedule

(dollars in thousands)

FY 2000 FY 2001 FY 2002 $ Change % Change
Bioremediation Research.................... 31,908 26,338 26,911 +573 +2.2%
Clean Up Research.........c...ccooeeeeinn, 1,846 1,556 2,463 +907 +58.3%
Facility Operations ............ccocovvvvviennnn. 28,816 31,054 34,054 +3,000 +9.7%
Waste Management ............c.covvvevnnnnns 1,200 1,197 1,200 +3 +0.3%
SBIR/ISTTR ..t 0 1,316 1,509 +193 +14.7%
Total, Environmental Remediation ........ 63,770 61,461 66,137 +4,676 +7.6%

Detailed Program Justification
(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

Bioremediation RESEAI Ch........eeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 31,908 26,338 26,911

0

NABIR and Bioremediation ResearCh .......cccoeeeeeeeeeeeeeeeeeeeeeeenn, 25,052 20,371 20,031

NABIR will increase the understanding of the intrinsic bioremediation (natural attenuation) of DOE
relevant metal and radionuclide contaminants, as well as of manipulated, accelerated bioremediation
using chemical amendments. Laboratory and field experiments will be conducted to understand the
fundamental mechanisms underlying chemical processes, complexation/transformation of
contaminants, and microbial transport. The Field Research Center is in operation at the Oak Ridge
National Laboratory. Field site characterization of the first NABIR Field Research Center and
distribution of research samples to investigators will continue. In FY 2002, funding will increase
support focused field research at the NABIR Field Research Center. Science e ementsin the NABIR
program include fundamental research in the following subjects: (1) Biotransformation and
Biodegradation (microbiology to elucidate the mechanisms of biotransformation and biodegradation
of complex contaminant mixtures); (2) Community Dynamics and Microbial Ecology (ecological
processes and interactions of biotic and abiotic components of ecosystems to understand their
influence on the degradation, persistence, mobility, and toxicity of mixed contaminants);

(3) Biomolecular Science and Engineering (molecular and structural biology to enhance the
understanding of bioremediation and improve the efficacy of bioremedial organisms and identify
novel remedia genes); (4) Biogeochemical Dynamics (dynamic relationships among in situ
geochemical, geological, hydrological, and microbia processes); (5) Assessment (measuring and
validating the biological and geochemical processes of bioremediation); (6) Acceleration (flow and
trangport of nutrients and microorganisms, focused on devel oping effective methods for accelerating
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

and optimizing bioremediation rates); and (7) System Engineering, Integration, Prediction, and
Optimization, (conceptual and quantitative methods for describing community dynamics,
biotransformation, biodegradation, and biogeochemical processes in complex geologic systems).
University scientists continue to form the core of the NABIR science team that networks with the
broader academic community as well as with scientists at the National Laboratories and at other
agencies.

The NABIR Field Research Center at Oak Ridge was started in FY 2000. To make the Center
operational, initia activities will address laboratory and logistical infrastructure, characterize the
subsurface water flow and contaminant transport, and model the flow, transport, and
biogeochemistry so that appropriate sites and procedures can be selected for the initial experiments.
Initial results will be published in FY 2002 and will help determine the efficacy of removing nitrate
and injecting electron donors to precipitate and, therefore, immobilize uranium. The NABIR
program will take advantage of the newly completed genomic sequence of three important metal and
radionuclide-reducing microorganisms to understand the regulation and expression of genes that are
important in bioremediation. Knowledge of the regulation of genes involved in metal-reduction, such
as the cytochromes, will determine the effect of co-contaminants, such as nitrate or other metals and
radionuclides on the ability of microorganisms to immobilize the metals and radionuclides.
Researchers working on Geobacter sulfurreducens, Desulfovibrio vulgaris, and Shewanella
oneidiensis will be able to use the genetic sequence and laboratory techniques such as micro-arrays
to determine the enzymatic pathways for the reduction of uranium.

Performance will be measured by demonstrating that uranium concentrations in groundwater can
be measurably decreased using bioremediation at the Field Research Center.

0 General Plant Projects (GPP) ........ccooveveeveseece e 4692 4.800 4811

The General Plant Projects (GPP) funding is for minor new construction, other capital alterations
and additions, and for buildings and utility systems such as replacing piping in 30 to 40-year old
buildings, modifying and replacing roofs, and HVAC upgrades and replacements. Funding of this
type is essentia for maintaining the productivity and usefulness of Department-owned facilities and
in meeting its requirement for safe and reliable facilities operation. This subprogram includes
landlord GPP funding for Pacific Northwest National Laboratory (PNNL) and for Oak Ridge
Ingtitute for Science and Education (ORISE). The total estimated cost of each GPP project will not
exceed $5,000,000.

The enhanced effort will accelerate rehabilitation and upgrade research facilities in the 300 area of
the PNNL, including beginning the replacement of sanitary water piping in a 40 year old building
used for research, refurbishing 20-year old laboratory space, and reconfiguring space in a 45 year old
building to better accommodate current scientific research projects.
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

0 General Purpose Equipment (GPE) ........ccooviiiiiiieccecvie e, 1264 1167 1169

The General Purpose Equipment (GPE) funding will continue to provide general purpose equipment
for PNNL and ORI SE such as updated radiation detection monitors, information system computers
and networks, and instrumentation that supports multi- purpose research.

Clean Up RESEAICh ..o 1,846 1,556 2,463

The modest program in clean up research will be restored to characterize the geologic, chemical, and
physical properties that affect the rate and effectiveness of a variety of environmental remediation and
waste-stream cleanup methods, including bioremediation.

New research will support laboratory and field studies at universities and DOE laboratories to identify
and characterize the biophysical and chemical properties of environmental pollutants in contaminated
environments and waste streams, especially how those properties influence the efficacy of various
remediation and waste-stream cleanup methods. In FY 2002, research in in-situ approaches is enhanced
to focus on challenging problems of mixed wastes containing complex mixtures of organic wastes,
metals, and radionuclides.

Much of this research will be conducted in collaboration with efforts undertaken by the Science and
Technology element of the DOE Office of Environmental Management (EM) including the
Environmental Management Science Program (EMSP) that is jointly managed by EM and SC.

Facility Operations. William R. Wiley Environmental Molecular
SciencesLaboratory (EMSL) ...ccccviiiecieiiie e 28 816 31054 34.054

0 Operating EXPENSES......cccoviriiiienieie et 26,835 26,604 32,065
The EMSL is ascientific user facility focused on conducting interdisciplinary, collaborative research
in molecular-level environmental science. Operating funds are essential to alow the EMSL to
operate as a user facility, and are used for maintenance of buildings and instruments, utilities, staff
support for users, environment, safety and health compliance activities, and communications. With
over 100 leading-edge instruments and computer systems, the EMSL annually supports
approximately 1000 users. University scientists form the core of the EMSL sciernce team that
networks with the broader academic community as well as with scientists at other agencies. EM SL
users have access to unique instrumentation for environmental research, including the 512-processor,
high performance computer system, a suite of nuclear magnetic resonance spectrometers ranging
from 300 MHz to 800 MHz, a suite of mass spectrometers, including an 11.5 Tesla high performance
mass spectrometer, laser desorption and ablation instrumentation, ultra- high vacuum scanning
tunneling and atomic force microscopes, and controlled atmosphere environmental chambers.

Increased funding in FY 2002 ($5,461,000) will be used to lease and operate a 2 to 3 teraflop high
performance computer for the EMSL to replace its current ¥4 teraflop computer, which is no longer
effective for leading edge computation studies in the environmental molecular sciences. The new
high performance computer will be used for theoretical studies, model code development in
molecular geochemistry and biogeochemistry, and numerical modeling of reactive transport in the
subsurface, chemical processing and catalysis, aerosol formation and chemical transformations and
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

climate modeling and ssmulation. The computer will aso greatly assist the EMSL focus on structural
genomics.

Performance will be measuredby (1) an expansion of the EMSL’s collaboratory capabilities to two
additional instruments and (2) unscheduled operational downtime on EM SL instrumentation and
computational resources will not exceed 10 percent.

0 Capital EQUIPMENT .....oouiiiiieieeeee e 1,081 4,450 1,089

Capital equipment support for the EMSL enables instrument modifications needed by collaborators
and external users of the facility as well as the purchase of state-of-the-art instrumentation to keep
EMSL capabilities at the leading edge of molecular-level scientific research. Increased capital
equipment funding ($3,000,000) in FY 2001 supported the upgrade of user capabilities through the
acquisition of additional mass spectrometers and Nuclear Magnetic Resonance (NMR) spectrometers
for structural biology research.

Waste ManagemMeENT ........coooueeiiiiieieeceee e e e 1,200 1,197 1,200

Provides for packaging, shipping, and disposition of hazardous, radioactive, or mixed waste generated at
Pacific Northwest National Laboratory in the course of normal operations. These activities were funded
by Environmental Management prior to FY 2001.

SBIR/STTR oottt nne s 0 1,316 1,509
In FY 2000 $1,430,000 and $86,000 were transferred to the SBIR and STTR programs, respectively.
FY 2001 and FY 2002 amounts are the estimated requirements for the continuation of these programs.

Total, Environmental Remediation ............oeeeeeeeeoeeeeee e 63,770 61,461 66,137
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Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
($000)

Bioremediation Research
0 Increase in support for focused field research at the NABIR Field Research Center. . +560
o Continue GPP funding at FY 2001 [€VEL.......c.ccoveeeeeeeceeee e +11
0 Continue GPE funding at FY 2001 [@VEl. .....c.cooiiiiiieeeee e +2
Total, Bioremediation RESEAICN.........cooiiieeiie et e e e s e e e s arees +573
Clean Up Research
o Cleanup research on in-situ approachesis being enhanced to focus on challenging

problems of in situ cleanup of mixed wastes containing complex mixtures of

organic wastes, metals, and radionUCIIAES ..........cccceevereerecie e +907
Facility Operations
o Increase will support the lease and operationof a2 to 3 teraflop computer

(%5,461,000) for the EMSL to play asignificant role in molecular modeling and

SErUCEUrAl GENOMICS  ..vvieeicieecieeie e st e ste ettt st e e e aeeteeaeesteennesreesbeeneesnnennennnens +5,461
0 Decrease due to one-time FY 2001 Capital Equipment funding for mass

spectrometers and Nuclear Magnetic Resonance (NMR) spectrometers at EMSL. ... -2,461
Total, FaCility OPEralioNS........cccciiiieeieie ettt e e e re e e sneenaeennenns +3,000
Waste M anagement
0 Continue Waste Management program at FY 2001 level. ... +3
SBIR/STTR
0  SBIR/STTR increases due to increase in research funding for cleanup research. ....... +193

Total Funding Change, Environmental Remediation............cccccecvveevvsceeveenesceeseene, +4,676
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Medical Applicationsand M easurement Science

Mission Supporting Goals and Objectives

The modern era of nuclear medicine is an outgrowth of the original charge of the Atomic Energy
Commission (AEC), "to exploit nuclear energy to promote human health.” From the production of a
few medically important radioisotopes in 1947, to the development of production methods for
radiopharmaceuticals used in standard diagnostic tests in millions of patients throughout the world, to
the development of ultra-sensitive diagnostic instruments, e.g. the PET (positron emission tomography)
scanner, the medical applications program has led and continues to lead the field of nuclear medicine.

Today the program seeks to develop new applications of radiotracers in diagnosis and treatment in light
of the latest concepts and developments in genomic sciences, structural and molecular biology,
computational biology and instrumentation. Using norinvasive technologies and highly specific
radiopharmaceuticals, BER is ushering in a new era of brain mapping, and highly specific disease
diagnostics. New tools will enable the real-time imaging of gene expression in a developing organism.

Research capitalizes on the national laboratories’ unique resources and expertise in biological, chemical,
physical, and computational sciences for technological advances related to human health. The national
laboratories have highly sophisticated instrumentation (neutron and light sources, mass spectroscopy,
high field magnets), lasers and supercomputers, to name a few, that directly impact research on human
health. Research is directed to fundamental studies in medical imaging, biological and chemical sensors,
laser medicine and informatics. This research is highly complementary to and coordinated with clinical
research at the National Institutes of Health (NIH) and to basic research in the NIH intramural and
extramural programs.

Measurement Science research emphasizes new sensor instrumentation for cleanup efforts and new
imaging instrumentation for the life sciences, including Genomes to Life, and having broad medical
applications.

The Medical Applications and the M easurement Science subprogram continues a substantial
involvement of academic scientists along with the scientists in the national |aboratories.

Performance will be measured by reporting accomplishments on the common performance measures
on leadership, excellence and relevance; quality; and safety and health.

Funding Schedule

(dollars in thousands)

| FY 2000 | FY 2001 | FY 2002 | $ Change | % Change
Medical Applications ............ccccceevevennnn. 63,104 88,138 43,872 -44,266 -50.2%
Measurement Science ..............ceeeeunens 5,265 5,626 5,961 +335 +6.0%
SBIR/ISTTR .ot 0 2,624 1,326 -1,298 -49.5%
Total, Medical Applications and
Measurement SCIience ...........cccoeeveeenn. 68,369 96.388 51.159 45,229 46.9%
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Detailed Program Justification

(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

Medical APPHICALIONS .......coveiveiriiireieeesee e 63,104 88,138 43,872

O

Boron Neutron Capture Therapy (BNCT) ...ccoocceveevveceeceececeee 9662 10454  10.041

In FY 2002, funding is decreased as the followup of all patients treated in the human clinical trials of
boron neutron capture therapy (BNCT) at Brookhaven National Laboratory and the Massachusetts
Ingtitute of Technology is completed. These analyses will complete BER’ s assessment of the
maximum safe dosages of boron compounds and neutron radiation.

Working with the National Institutes of Health and the National Cancer Institute, basic research on
BNCT will evolve into a new program of innovative approaches to cell-targeted ablation therapy for
cancer with in-vivo radiation techniques. Success of the program will depend on key partnerships
with scientists from the national laboratories and academia. The emphasis of this new program will be
on the therapeutic use of ionizing radiation that may be achieved with radionuclide therapy or
techniques such as boron neutron capture therapy. The specific goals include the development of

novel ligands and delivery techniques to target and treat cancer at the cellular level. Research will
address such complex challenges as chemical ligand synthesis, tumor targeting, and dosimetry.

Overal program objectivesinclude: (1) techniques to ensure highly selective tumor targeting by the
proposed ligands; (2) efficient screening techniques for selecting candidate ligands for in-vivo testing;
(3) research suggesting a reasonable likelihood of success for in-vivo targeting of primary tumors and
their metastases in pre-clinical animal trials; (4) reliable approaches for dosimetry calculations to
normal tissues and to tumor sites based on 3-dimensional modeling; (5) measurement techniques for
accurately assessing the success of tumor targeting in vivo; and (6) measurement techniques for
assessing therapy effects in vivo at the molecular, cellular and metabolic levels.

Performance will be measured by the number of tumor ligands that perform sufficiently well in pre-
clinical evaluations to deserve consideration for clinical trials by NIH and/or private industry.

Radiopharmaceutical Design and Synthesis..........cccocveevveervcenee. 20.753 26637 24445

BER will support research on radiopharmaceutical design and synthesis using concepts from
genomics as well as computational biology and structural biology. BER will continue research into
radiolabeling of monoclonal antibodies for cancer diagnosis and new radiotracers for the study of
brain and heart function Molecules directing or affected by homeostatic controls always interact and,
thus, are targets for specific molecular substrates. The substrate molecules can be tailored to fulfill a
specific need and labeled with appropriate radioisotopes to become measurable in real time in the
body on their way to, and in interaction with their targets, allowing the analysis of molecular
functions in the homeostatic control in health and disease. The function of radiopharmaceuticals at
various sites in the body is imaged by nuclear medical instruments, such as, gamma ray cameras and
positron emission tomographs (PET). This type of imaging refines diagnostic differentiation between
health and disease at the molecular/metabolic levels, and among various diseases, such as of the
heart, brain and cancer, often leading to more effective therapy. If labeled with high energy-emitting
radioisotopes, the substrate molecules, carrying the radiation dose may be powerful tools for targeted
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

molecular therapy especially of cancer. Performance will be measur ed by the successful
development of unique radiopharmaceutical tracers that will enable PET medical imaging to more
precisely diagnose neuro-psychiatric illnesses (Alzheimer’s Disease, Parkinson’s Disease, multiple
sclerosis, and others) and cancer in humans. This research is closely coordinated with the NIH
Ingtitutes of Drug Abuse, of Mental Health and of Neurological Disorders and Stroke.

BER will aso develop nuclear medicine driven technologies to image mRNA transcriptsin real time
in tissue culture and whole animals. Currently the expression of endogenous genesin animals
(including humans) cannot be imaged, at least not directly. However, given the astounding pace of
biotechnology development, such imaging may be highly challenging but not an unattainable goal.
This research includes an emphasis on nucleic acid biochemistry, radioligand synthesis and
macromol ecular interactions. It addresses the functional consequences of gene expression by
targeting and perturbing the activity of a particular genein living cells or animals. It also develops
biological applications of optical and radionuclide imaging devices, al contributing to the goal of
imaging specific gene expression in rea time in both animals and humans. Methods such as
combinatorial chemistry techniques will be used to devel op antisense radiopharmaceutical s that
hybridize DNA probes to RNA transcripts in highly specific ways to block their activity or function.
Molecular signal amplification methods that work in vivo at the mRNA level will be developed. Drug
targeting technology will be developed to such an extent that the various biological barriers can be
safely surmounted in vivo. The research will evaluate the clinical potential of real-time imaging of
genes at work in cells, tissues, and whole organisms, including people. This information will have
applications ranging from understanding the development of a disease to the efficacy of treatments
for the disease and will strongly impact developmental biology and genome research, including the
Genomes to Life program, and medical sciences. Perfor mance will be measur ed by the successful
development of innovative methods and instrumentation to image gene expression in rea time in
cells, tissues and whole organisms.

In FY 2001, Congressional Direction provided a one-time increase for molecular nuclear medicine.
The increase provided infrastructure support for molecular biology and molecular nuclear medicine.

o Multimodal Imaging Systems and Medical Photonics .................. 5,043 9,922 9,386

In FY 2002, BER will decrease support in multimodal imaging systems for study of human brain
function and explore the combination of nuclear medicine imaging systems with magnetic resonance
imaging. The research will continue to develop innovative imaging instrumentation and will transfer
the relevant technology into clinical medicine. Capital equipment funds will develop new
instrumentation such as a PET camera for small animal imaging. The program will continue to
support research in brain imaging including substance abuse, mental illness, Parkinson’s disease,
Alzheimer’s disease, and studies of neurochemical metabolism. Performance will be measur ed by
the enhancement of micro-PET and micro-CT scanners so that these unique and powerful tools can
be used to enhance basic biomedical research in medical centers, leading to improved human health
care.
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

BER will also expand its research program at the national laboratories in capitalizing on their unique
resources and expertise in the biological, physical, chemical, and computational, sciences to develop
new research opportunities for technological advancement related to human health. Due to the
medical nature of the program, all research activities are partnerships between national |aboratories
and medical research centers. The program emphasizes biomedical imaging, novel sensing devices,
spectroscopy, and related informatics systems. It will advance fundamental concepts, create
knowledge from the molecular to the organ systems level, and develop innovative processes,
instruments, and informatics systems to be used for the prevention, diagnosis, and treatment of
disease and for improving health care in the Nation. An emphasisis placed on:

Biomedical Imaging — isthe development of novel medical imaging systems. Emphasisis placed on
combining optical imaging with other traditional medical imaging systems such as MRI, PET, and
SPECT and on the development of small imaging systems that image in real- time under natural
physiological conditions. A major objective isimprovement of the reliability and cost-effectiveness
of medical imaging technologies. The BER program has played a leading role in the development of
new positron emission tomography (PET) instrumentationas well as new chemistries for applying
PET to diagnosis of cancer and other diseases. A high priority is placed on transfer of the new PET
technologies into clinical research and practice.

Medical Photonics— is the development of advanced optical systems, including lasers, that will
enhance the monitoring, detection, and treatment of disease.

Smart Medical Instrumentation —is the development and fabrication of “smart” medical instruments
that can operate within the body either remotely or independently to monitor, detect, and treat various
medical dysfunctions. This includes the development and fabrication of biological sensors that can be
used to detect or monitor various physiological functions and disease in situ in real-time.

The ultimate goal of the program is to support basic research and technology development that will
ultimately lead to the development of technology that can be transferred to the Nationa Institutes of
Health for clinica testing or to industry for further commercial development. This research is highly
complementary to and coordinated with clinical research at the National Institutes of Health (NI1H)
and to basic research in the NIH intramural and extramural programs

Performance will be measured as follows:. in close partnership with NIH, develop novel

technology and instrumentation to image single molecules, genes, cells, organs, and whole organisms
in real time under natural physiological conditions with a high degree of precision, including MIR,
PET, and SPECT. Technology and detector systems will be developed to capitalize on recent findings
of the human genome project that will enable imaging of gene expression in real time which will

have acritical impact on biomedical research and medical diagnosis.
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

0 Congressional Dir€CtioN.........cccvvevieiieciie e 27,646 41,125 0

Congressional direction in FY 2000 for Gallo Institute of the Cancer Institute of New Jersey; City of
Hope National Medical Center; National Foundation for Brain Imaging; University of Missoui
Research Reactor; North Shore Long Island Jewish Health System; Burbank Hospital Regional
Center; Midwest Proton Radiation Institute; Medical University of South Carolina Cancer Research
Center; Center for Research on Aging at Rush Presbyterian St. Lukes Medical Center; University of
Nevada Las Vegas Cancer Complex; Science Center at Creighton University; and the West Virginia
National Education and Technology Center. Congressional direction in FY 2001 for School of Public
Health, University of South Carolina; Nuclear Medicine and Cancer Research Capital Program,
University of Missouri-Columbia; Discovery Science Center in Orange County, California;
Children’s Hospital Emergency Power Plant in San Diego; Center for Science and Education at the
University of San Diego; Bone Marrow Transplant Program at Children’s Hospital Medical Center
Foundation in Oakland, CA; North Shore Long Island Jewish Health System, New Y ork; Museum of
Science and Industry, Chicago; Livingston Digital Millenium Center, Tulane University; Center for
Nuclear Magnetic Resonance, University of Alabama-Birmingham; Nanotechnology Engineering
Center at the University of Notre Dame of South Bend, Indiana; National Center for Muscul oskeletal
Research, Hospital for Special Surgery, New Y ork; High Temperature Super Conducting Research
and Development, Boston College; Positron Emission Tomography Facility, West Virginia
University; Advanced Medical Imaging Center, Hampton University; Child Health Institute of New
Brunswick, New Jersey; Linear Accelerator for University Medical Center of Southern Nevada;
Medical University of South Carolina Oncology Center; National Foundation for Brain Imaging;
Science and Technology Facility at New Mexico Highlands University; and Inland Northwest Natural
Resources Research Center at Gonzaga University.

M EASUI €MENT SCIENCE ...ceeeeeeeeeeeeeeeee e e e e e e e e e e e eeeeeeans 5,265 5,626 5,961

BER will continue research on new sensor instrumentation for characterizing the chemical composition
of contaminated subsurface environments in support of the Department’ s environmental cleanup efforts
of highly radioactive chemical wastes. Performance will be measur ed by the devel opment of new
environmental sensors that are better, faster, and cheaper than existing laboratory techniques. New field-
based sensors that take advantage of novel biotechnologies will be ready for deployment. The new
sensors will include antibody and nucleic acid approaches that have precedence in other applications but
will be new to bioremediation at DOE legacy sites.

Research into new imaging instrumentation for life sciences and biomedical sensor applications will be
continued. Capital equipment funds will be increased in FY 2002 for research to develop new
instrumentation for the life sciences, including Genomes to Life and having broad medical applications.
BER will continue research on medical applications of laser technology at the national laboratories and at
universities.
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(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

SBIR/STTR .t 0 2,624 1,326

In FY 2000, $1,533,000 and $90,000 were transferred to the SBIR and STTR programs, respectively.
FY 2001 and FY 2002 amounts are the estimated requirements for the continuation of these programs.

Total, Medical Applications and Measurement Science................. 68,369 96,388 51,159

Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
($000)

Medical Applications
o Boron Neutron Therapy (BNCT) program iSAecreased..........ccocvveeveeieeieeseecieseennns -413
o The infrastructure support for molecular biology and molecular nuclear medicine

has been successfully completed -2,192
o Decrease in Multimodal Imaging Systems is aresult of aredirection in the Nuclear

Medicine program -536
0 Decrease due to Congressional Direction in FY 2001 ........cccccvevvnieneeinseesenieseeneens -41,125
Total Funding Change, Medical AppliCatioNS...........ccvveceieeriecie e -44,266
M easurement Science
o Measurement Science will increase capital equipment funding to develop new

instrumentation for the life sciences, including Genomes to Life and having broad

MediCal QPPIICALIONS..........ccieieiieieee et re e e s re e +335
SBIR/STTR
0 Decrease in SBIR/STTR as overall research program decreased with completion of

(@elgTe =SS Tl 7= I [ 1= ox £ Lo o S -1,298
Total Funding Change, Medical Applications and Measurement Science............ccocceeueenee. -45,229
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Construction

Mission Supporting Goals and Objectives

Constructionis needed to support the research under the Biological and Environmental Research
Program (BER) program. Cutting-edge basic research requires that state-of-the-art facilities be built or
existing facilities modified to meet unique BER requirements.

Funding Schedule
(dollars in thousands)
| FY 2000 | FY 2001 | FY 2002 | $ Change | % Change
CoNnStruction.........cocoviiviiviiiiieeeen, 0 2,495 10,000 +7,505 +300.8%

Detailed Program Justification

(dollars in thousands)

FY 2000 | FY 2001 | FY 2002

CONSETUCLION ..ot e et e e e e e e e e s e reeeaeeeeaaaans 0 2,495 10,000

o The Laboratory for Comparative and Functional Genomics at Oak Ridge National Laboratory will
provide a modern gene function research facility to help understand the function of newly discovered
human genes, to support DOE research programs and to provide protection for the genetic mutant
mouse lines created during the past 50 years. This new facility will replace a 50-year old animal
facility with rapidly escalating maintenance costs still in use at Oak Ridge. Performance will be
measur ed by BER successfully managing the devel opment and upgrade of the Laboratory for
Comparative and Functional Genomics at ORNL on schedule and within cost.

Explanation of Funding Changesfrom FY 2001 to FY 2002

FY 2002 vs.
FY 2001
($000)
Construction
o Continue construction of the Laboratory for Comparative and Functional Genomics
at the approved funding profile [eVel. ... +7,505
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Capital Operating Expenses & Construction Summary

Capital Operating Expenses

(dollars in thousands)

FY 2000 FY 2001 FY 2002 $ Change % Change
General Plant Projects .............cccueenee. 4,692 7,794 4,811 -2,983 -38.3%
Capital Equipment ..........ccooeevviiiiennnen. 13,960 22,702 17,633 -5,069 -22.3%
Total Capital Operating Expenses ....... 18,652 30,496 22,444 -8,052 -26.4%
Construction Projects
(dollars in thousands)
Total
Estimated Prior Year Unapprop-
Cost Approp- riated
(TEC) riations FY 2000 | FY 2001 FY 2002 Balance
01-E-300, Laboratory for
Comparative and Functional
Genomics, ORNL .........ccovieenneenn. 13,900 0 0 2 495 10,000 1,405
Total, Construction ....................... 0 0 2.495 10,000 1,405
Major Itemsof Equipment (TEC $2 million or greater)
(dollars in thousands)
Total
Estimated Prior Year
Cost Approp- Acceptance
(TEC) riations FY 2000 | FY 2001 FY 2002 Date
DNA Repair Protein Complex
Beamling, ALS ........c.ociiiiiiiiiennnnns 4.490 0 0 4,490 0 EY 2001

Total, Major Items of Equipment.... 0 0 4.490 0

Science/Biological and Environmental Resear ch/
Capital Operating Expenses & Construction

Summary FY 2002 Congressional Budget




01-E-300, Laboratory for Compar ative and Functional Genomics,
Oak Ridge National L aboratory,
Oak Ridge, Tennessee

1. Congtruction Schedule History

Fiscal Quarter Total Total
A-E Work A-E Work Physwgl Physma} Estimated | Project
Initiated Completed Construction | Construction Cost Cost
Start Complete ($000) ($000)
FY 2001 Budget Request (Preliminary
ESHIMALE) ..o 1Q2001 3Q2001 3Q2001 1Q2004 13,900 14,420
2. Financial Schedule
(dollars in thousands)
Fiscal Year Appropriations Obligations Costs
2001 2,495 2,495 2,175
2002 10,000 10,000 6,980
2003 1,405 1,405 4,550
2004 0 0 195
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3. Project Description, Justification and Scope

The Laboratory for Comparative and Functiond Genomics (LCFG) will provide amodern gene function
research facility to support Department of Energy research programs and provide protection for the genetic
mutant mouse lines created during the past 50 years. The LCFG will replace the deteriorated mouse housing-
facility located at the Y-12 Wegpons Plant on the Oak Ridge Reservation to meet these programmetic needs.

The current Biology facilities are fifty years old and the buildings and building sysems are in need of mgor
upgrades which include asbestos abatement, roof replacement, HVAC replacement, underground utility system
replacement, dectrica systems upgrade, and exterior repairs to the building. Animal care accreditation depends
on improving the housing conditions. The LCFG will provide cost-effective housing for the experimenta animas
that are vita to the next phase of the Genome program. 1t will be designed for efficient utilization of space and
will be energy efficient and easy to maintain. It will accommodete the entire DOE live mutant mouse colony in
Oak Ridge, which will be reduced in Sze by utilizing cryogenic preservetion technology. The fadility will be
designed to permit the establishment of specific pathogen free colonies of mice.

Thefadlity will be asngle story building of gpproximately 32,000 sq.ft. comprised of four functiond arees:
support, anima housing, quarantine and laboratory support. The hegting, ventilation and air-conditioning system
will utilize 100% fresh ar to achieve 10-15 air changes per hour and maintain temperatures between 68EF and
74EF with humidity levels of 40% to 60%. The system will be capable of maintaining +/- 2EF contral in each
anima housing room including the quarantine area. The lighting system will be timer controlled with varigble
intengty level between 130-325 lux. Sound levels will be maintained below 85 decibels. The interna water
system will use reverse osmosis or specia chlorination trestment to ensure adequate water chemistry. Hoor,
walls and cellings will be congtructed of durable, moisture-proof, fire-resstant, seamless materidsto alow the
highest possible levels of sanitation. Non-toxic paints and glazes will be usad within the fecility. The building
will be equipped with slent fire darm systems.

The building will be equipped with two tunnel washers, two rack washers, two pass-through autoclaves and two
bulk autoclaves, a bedding dispenser, bedding disposa system and ventilated anima cage systems equipped
with automatic watering. The HVAC system will include a 24-hour monitoring systlem. Other equipment
includes dotted hood vents, down draft tables and surgica lighting in the |aboratory support area to support
anima procedures.

Site preparation will consgst of clearing, grading, and excavating for the new structure; extenson of access
dreetsto the Ste; and landscaping and seeding. Outside utilities will consist of extending the required utilities
from the building to the closest, and an adequately sized supply source. Utilities will include steam, sanitary
sewers, potable and fire protection water, natura gas, and eectricity.

Obligations for FY 2001 will be used to award the Engineer/Procure/Congtruct Contract (EPCC) with sufficient
funds to accomplish the detail design, initiate congtruction, and to order long-lead items. First year funding will
aso support project management and ingpection of construction.

Theresearchers and animas are currently housed in facilities at the East end of the Y-12 Wespons Plant. Most
of the buildings that have been used for biology were constructed in the late 1940s or early 1950s for other
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purposes. The building housing the animd's has deteriorated with age and cannot be maintained cost effectively
and the building systems need to be upgraded to assure continued compliance with accreditation standards for
animd research fadilities. In addition to being expensive to operate and maintain, the exigting facility does not
provide a barrier maintenance facility for maintaining immune deficit and other lines of mice that require a
pathogen-free environment.

The principle programmatic reasons for congtructing the new facility are to ensure adequate, cost effective
housing for the national resource embodied in the mutant mouse colony to support the next phase of the
Genome Program - the identification of gene function.

In addition, benefits include:

0

Enabling the DOE Mammalian Genetics User Facility to more effectively support the nationd research
community and DOE researchers a other ingtitutions.

Providing substantialy more effective collaboration between the Life Sciences Division and other Oak
Ridge Nationd Laboratory (ORNL) facilities and Divisons such as Environmental Sciences, Chemica and
Anaytica Sciences, Solid State, and Computing and Mathematical Sciences Divisons as well asthe
Center for Computationa Sciences.

Enhancing ORNL’s ability to attract first rate young scientists to facilities that represent state- of-the-art
laboratories that are cost effective in operation and efficient in the conduct of biologica research.

Facilitating the access for vigting scientists worldwide by eiminating the redtrictions semming from the
close proximity of a high-security weapons plant.

Devedoping facilities that offer unique resources of the organization and the world-class capabilities of the
qaff.

Continuing the contribution to higher education viaadministration of and participation in the University of
Tennessee - Oak Ridge Graduate School of Biomedica Sciences.
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4. Detailsof Cost Estimate?

(dollars in thousands)

Current Previous
Estimate Estimate
Design Phase
Preliminary and Final Design Costs (Design, Drawings, and
SPECIfICALIONS)...eiiciiicicec e e 465 N/A
Design Management Costs (0.3% Of TEC) .....ccvcevrveeienneennneeeresenenes 40 N/A
Project Management Costs (0.2% Of TEC).....cccccceievevreceieseieesieesienienens 30 N/A
Total, Design Costs (3.8% Of TEC) .....ccviiieieineeeerere e 535
Construction Phase
BUIAINGS vttt st r et saenssre e ene s 7,815 N/A
UIIIES vttt bbb bbb bbb bbb bbbttt 140 N/A
Standard EQUIPMENT ...t 3,530 N/A
Inspection, design and project liaison, testing, checkouts and
Yt elol=T o] ¢= 1 [od =TSRSS 250 N/A
Construction Management (0.6% Of TEC)......cccccevveveieneresieseeseeesieene 80 N/A
Project Management (1.2% Of TEC).....c.ccorererrinnereiereneeesieesie e 160 N/A
Total, CONSIIUCTION COSES......coeiitiiiietecte ettt re e saeeeree e 11,975
Contingencies (10% of TEC)
DESIGN PRASE ...t 45 N/A
CONSrUCLION PRASE ..o s 1,345 N/A
Total, Contingencies (10% Of TEC) ... 1,390
Total Line Item COStS (TEC) ..ot 13,900 N/A

5. Method of Performance

Detail design, procurement and congtruction will be accomplished by afixed price Engineer/Procure/ Construct
Contractor (EPCC).

% The cost estimate is based on a conceptual design completed in April 1998. The DOE Headquarters escalation
rates were used as appropriate over the project life.
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6. Schedule of Project Funding

Project Cost
Facility Cost

Total, Line item TEC.....cccooveveieiieeen,
Other project costs
Conceptual design costs®..................

NEPA documentation
COSES oo

Other project related
COSES  omtiieieeesesssesesesns

Total, Other Project Costs

| Prior Years | FY 2000 | FY 2001 | FY 2002 | Outyears Total

580 0 0 580

0 1,595 6,980 4,745 13,320

0 2,175 6,980 4,745 13,900

20 0 0 0 0 20

0 15 0 0 0 15

0 485 0 0 0 485

20 500 0 0 0 520

20 500 2,175 6,980 4,745 14,420

Total Project Cost (TPC) ..cccccvevrereeerienineens

A conceptual design report (CDR) was completed in April 1998 at a cost of $20,000.

NEPA for this project is expected to require a NEPA Categorical Exclusion Determination (CXD). Estimated cost is

$15,000.

¢ soil borings and other sampling and documentation associated with site characterization to be completed in FY 2000 at
an estimated cost of $60,000. A detailed requirements document (including Design Criteria) and Engineer/
Procure/Construct Contractor (EPCC) selection activities will be completed in FY 2000 at an estimated cost of $340,000.

Technical and project management support through FY 2000 are estimated at a cost of $85,000.
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7. Related Annual Funding Requirements

(FY 2004 dollars in thousands)

Current Previous

Estimate Estimate
Annual facility Operating CoStS...........ooriieieiesiee e ssesseenes 675 N/A
Facility maintenance and repair COSES .o 130 N/A
Programmatic operating expenses directly related to the facility’.................... 740 N/A
Capital equipment not related to construction but related to the
programmatic effort in the facilityd ............................................................................ 205 N/A
ULIHEY COSES ittt ettt a ettt sa s et nesbesnenennan 510 N/A
ONEE COSES ...ttt a st 205 N/A
Total related annual fUNAING ......ccooeeiiii e 2,465 N/A

% This includes janitorial and other miscellaneous support services. Approximately five staff years of effort will be required
to provide these services. This is approximately $360,000 less than the cost for operating the existing facility. The savings
result from having a modern facility with a more functional design.

b The FY 1998 facility maintenance and utility cost for the existing ORNL animal housing facilities totaled approximately
$1,350,000. Based on experience with functionally comparable buildings at the ORNL site with energy conservation
features incorporated in the construction, the estimated maintenance and utilities cost for the proposed facility are
approximately $130,000 for maintenance and $510,000 for utilities. Thus, the savings in operating funds is estimated to be
nearly $710,000, per year.

° The FY 1998 programmatic operating expenses of the existing animal housing facilities were approximately $740,000.
This includes funding for animal care support personnel. This level of funding will not increase as a result of the proposed
relocation of facilities.

d . . . . .

The conduct of modern biological research by the LCFG such as that involved in the Human Genome Project and
Structural Biology requires the periodic purchase of capital scientific equipment. Recurring annual cost of capital equipment
is approximately $205,000.

® The estimated expenditures for programmatic related maintenance are approximately $205,000 per year. This includes
funding for three maintenance personnel to perform programmatic related maintenance. The relocation to the proposed
facility will result in an estimated savings of approximately $50,000 per year. The new animal support equipment will
require a smaller portion of the operating budget for maintenance.
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8. Design and Construction of Federal Facilities

All DOE facilities are designed and congtructed in accordance with gpplicable Public Laws, Executive Orders,
OMB Circulars, Federal Property Management Regulations, and DOE Orders. The tota estimated cost of the
project includes the cost of measures necessary to assure compliance with Executive Order 12088, “ Federal
Compliance with Pollution Control Standards’; section 19 of the Occupationa Safety and Health Act of 1970,
the provisions of Executive Order 12196, and the related Safety and Hedlth provisions for Federad Employees
(CFR Title 29, Chapter XVII, Part 1960); and the Architectura Barriers Act, Public Law 90-480, and
implementing ingructionsin 41 CFR 101-19.6. This project includes the construction of new buildings and/or
building additions; therefore, areview of the GSA Inventory of Federal Scientific Laboratoriesisrequired. The

project will be located in an area not subject to flooding determined in accordance with the Executive Order
11988.
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Basic Energy Sciences

Program Mission

The mission of the Basic Energy Sciences (BES) program— a multipurpose, scientific research effort —
isto foster and support fundamental research in materials sciences and engineering, chemical sciences,
biosciences, and geosciences to provide the foundations for new and improved energy technologies and
for understanding and mitigating the environmental impacts of energy use. Aspart of its mission, the
BES program plans, constructs, and operates major scientific user facilities to serve researchers at
universities, national laboratories, and industrial 1aboratories.

The Research Portfolio

The BES program is one of the Nation's largest sponsors of fundamental research In FY 2000, the
program funded research in more than 150 academic institutions located in 48 states and in 13
Department of Energy (DOE) laboratories located in 9 states. BES supports a large extramural research
program, with approximately 40% of the program’s research activities sited at academic institutions.
This investment in academic research has beena constant fraction of the BES research portfolio for
more than a decade.

The BES program also supports outstanding scientific user facilities providing world-class capabilities
for imaging and characterizing materials. Experiments at these facilities are conducted on a host of
different samples, including ceramics, metals, and alloys; polymers and soft materials; gases and liquids;
and fragile biological specimens and crystals. The BES synchrotron radiation light sources, the neutron
scattering facilities, and the electron beam characterization centers represent the largest collection of
such facilities supported by a single organization in the world. Annually, 8,000 researchers from
universities, national laboratories, and industrial |aboratories perform experiments at these facilities.
The BES program aso supports the vast mgority of the federally funded research in the physical
sciences at these facilities.

Activities supported by the BES program are a significant part of the national research effort, providing
particular strength to the Nation’s science enterprise in the physical sciences and in facilities planning,
construction, and operation.

DOE's history and mission have played an important role in BES's current position as the Na