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Summary

In the 21st  century,  elementary particle physics is poised to address some of the most
basic questions in science. Obtaining the answers to these questions will require a global
effort of great  scale and complexity. The committee is charged to construct a plan for U.S.
participation in this effort. In particular, the committee will

 Identify,  articulate, and prioritize the scientific questions and opportunities that
define elementary-particle physics.

 Recommend a 15-year implementation plan with realistic, ordered priorities to
realize these opportunities.

Committee and Staff Members

Committee Membership Harold T. Shapiro, Princeton University, Chair
Sally Dawson, Brookhaven National Laboratory, Vice
Chair

Norman R. Augustine, Lockheed Martin Corp.
Jonathan A. Bagger, Johns Hopkins University, BPA
Liaison
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London
David J. Gross, Kavli Institute for Theoretical Physics
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Joseph S. Hezir,  EOP Group, Inc.
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Neal F. Lane, Rice University
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Homer A. Neal, University of Michigan
J. Ritchie Patterson, Cornell University
Helen Quinn, Stanford Linear Accelerator Center
Charles V. Shank,  Lawrence Berkeley National
Laboratory
Paul Steinhardt, Princeton University
Harold E. Varmus, Memorial Sloan-Kettering Cancer
Center
Edward Witten, Institute for Advanced Study

NRC Staff Donald C. Shapero,  Director
Timothy I. Meyer, Program Officer
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ActivitiesActivities

A committee with membership drawn both from inside and outside the field of elementary-
particle physics will be formed to carry out an in-depth assessment that will provide a 15-
year plan for the future of the field. Town meetings and other events will be conducted to
ensure broad community involvement in the process of formulating the plan. Scientific
opportunities and objectives will be identified and priorities will be set. Prioritized
implementation plans will be formulated to achieve stated scientific objectives. The
assessment will build on a number of sources: recent work of subcommittees of the High
Energy Physics Advisory Panel (HEPAP, a FACA committee advisory to the Department of
Energy and the National Science Foundation), reports of committees of the National
Research Council (NRC), and the Department of Energy’s 20-year facilities plan for the
Office of Science. The world effort in the field and the plans and views of Europe and Asia
will be taken into consideration.

The study will be carried out by an independent NRC committee over a 2-year period. The
committee will meet up to 5 times. Members of the committee will also participate in
events that open the process to the community at large. Initial meetings of the committee
will be devoted to briefings from leaders of NSF and DOE as well as leaders of
assessment efforts carried out by HEPAP, the NRC, and the Division of Particles and
Fields (DPF) and other divisions of the American Physical Society (APS). The focus of the
effort will then shift to carrying out the charge to the committee and completion of the
committee’s report. In case of need, a reviewed prepublication report will be issued before
the final publication. The final report will be prepared in an elegant,  attractive and
accessible format.

Past Meetings  Future Meetings

   

September 23, 2004
Hilton Embassy Row, Washington,  DC
Presentation to HEPAP by Sally
Dawson

 January 31, 2005 – February 1, 2005
Stanford Linear Accelerator Center
Menlo Park, CA 94325
Agenda

November 30, 2004 – December 1,
2004
Keck Center of the National
Academies
Washington,  DC 20001
Agenda Presentations

 May 16, 2005 – May 17, 2005
Fermi National Accelerator Laboratory
Batavia, IL 60510
(agenda pending)

  August 2-3, 2005
Laboratory for Elementary Particle Physics
Cornell University
Ithaca, NY 14853
(agenda pending)

   

Registration for Upcoming Meetings

Registration is now open for the January 31 – February 1, 2005 meeting of EPP2010 at
Stanford Linear Accelerator Center in Menlo Park, CA.

Presentations from EPP 2010 Meetings

Presentations

Feedback

To send comments or suggestions to the committee, please send e-mail to
epp2010@nas.edu.
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B physics in 2009, and that the Tevatron could run for B physics at least 
until the end of 2012. 
 
 The context for our P5 report is provided by the two most recent HEPAP 
subpanel planning reports and the recent “ High-Energy Physics Facilities 
Recommended For The DOE Office of Science Twenty-Year Roadmap” 
forwarded to the Office of Science by HEPAP in March 2003.  The P5 
membership served as part of the committee that drafted the facilities report. 
We look forward to the completion of the facilities plan now being 
formulated and to including it more centrally in our planning.   Along with 
projects within the NSF, it should form part of a broad program of both 
scientific discovery within the physical sciences and training of the next 
generation of physical scientists. 
 
 
 
The Particle Physics Roadmap 
 
The report of the HEPAP Subpanel on Long Range Planning for U.S. High-
Energy Physics includes a 20-year roadmap for our field to chart our steps 
on the frontiers of matter, energy, space and time.  Any such list of future 
facilities is a dynamic one. With time, decisions will be made to begin 
construction of some facilities and not of others on the current roadmap.  
Still other facilities may be added in response to new scientific and technical 
opportunities. Indeed several new projects in the neutrino area have been 
added to the initial roadmap.  We are part of a world community and the 
roadmap needs to be viewed in an international context.  Especially for the 
very large facilities, some will be located here and others abroad.  We want 
to participate in the most important science, wherever the facility is located, 
just as our colleagues from other regions of the world would want to 
collaborate on facilities in the U.S. 
 
The roadmap is maintained on a public web site at 
http://doe-hep.hep.net/P5/Roadmap.html  
Projects on the roadmap are grouped into the primary areas they address: the 
energy frontier, lepton flavor physics, quark flavor physics, unification scale 
physics, cosmology, and particle astrophysics.  Approximate decision points 
on whether or not to proceed with projects and the timelines for R&D, 
construction and operation phases of each project are indicated in the 
roadmap.  The web site contains both the original roadmap described by the 

Forming P5, the Particle Physics 

Project Prioritization Panel 

Fred Gilman

HEPAP

Cornell

August 5, 2002

     1 

 

!"#$%"&'"$()*+,*'

!"#$%#&'()*+',$+,$-./*01#,*)23$452*+6(#$4"3/+6/$

78#6)*+&#$9)::523$$

What is the nature of the universe and what is it made of?  

What are matter, energy, space and time? 

How did we get here and where are we going?  

 

Throughout human history, scientific theories and experiments of increasing power and sophistication 

have addressed these basic questions about the universe. The resulting knowledge has led to 

revolutionary insights into the nature of the world around us.  

 

In the last 30 years, physicists have achieved a profound understanding of the fundamental particles and 

the physical laws that govern matter, energy, space and time. Researchers have subjected this “Standard 

Model” to countless experimental tests; and, again and again, its predictions have held true. The series of 

experimental and theoretical breakthroughs that combined to produce the Standard Model can truly be 

celebrated as one of the great scientific triumphs of the 20
th

 century. 

 

Now, in a development that some have compared to Copernicus’s recognition that the earth is not the 

center of the solar system, startling new data have revealed that only five percent of the universe is made 

of  normal, visible matter described by the Standard Model. Ninety-five percent of the universe consists 

of dark matter and dark energy whose fundamental nature is a mystery. The Standard Model’s orderly 

and elegant view of the universe must be incorporated into a deeper theory that can explain the new 

phenomena.  The result will be a revolution in particle physics as dramatic as any that have come before. 
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A worldwide program of particle physics investigation is underway to explore the mysterious new 

scientific landscape. Nine interrelated questions define the path ahead.  
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1. Are there undiscovered principles of nature: new symmetries, new physical laws? 

The quantum ideas that so successfully describe familiar matter fail when applied to cosmic 

physics. Solving the problem requires the appearance of new forces and new particles signaling 

the discovery of new symmetries—undiscovered principles of nature’s behavior. 

 

2. How can we solve the mystery of dark energy? 

The dark energy that permeates empty space and accelerates the expansion of the universe must 

have a quantum explanation. Dark energy might be related to the Higgs field, a force that fills 

space and gives particles mass. 

 

3.  Are there extra dimensions of space? 

String theory predicts seven undiscovered dimensions of space that give rise to much of the 

apparent complexity of particle physics. The discovery of extra dimensions would be an epochal 

A 21st Century Frontier of Discovery: 

The Physics of the Universe

A Strategic Plan for Federal Research  

at the Intersection of Physics and Astronomy

A Report of the Interagency Working Group  

on the Physics of the Universe

National Science and Technology Council  

Committee on Science

February 2004
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A committee with membership drawn both from inside and outside the field of elementary-
particle physics will be formed to carry out an in-depth assessment that will provide a 15-
year plan for the future of the field. Town meetings and other events will be conducted to
ensure broad community involvement in the process of formulating the plan. Scientific
opportunities and objectives will be identified and priorities will be set. Prioritized
implementation plans will be formulated to achieve stated scientific objectives. The
assessment will build on a number of sources: recent work of subcommittees of the High
Energy Physics Advisory Panel (HEPAP, a FACA committee advisory to the Department of
Energy and the National Science Foundation), reports of committees of the National
Research Council (NRC), and the Department of Energy’s 20-year facilities plan for the
Office of Science. The world effort in the field and the plans and views of Europe and Asia
will be taken into consideration.

The study will be carried out by an independent NRC committee over a 2-year period. The
committee will meet up to 5 times. Members of the committee will also participate in
events that open the process to the community at large. Initial meetings of the committee
will be devoted to briefings from leaders of NSF and DOE as well as leaders of
assessment efforts carried out by HEPAP, the NRC, and the Division of Particles and
Fields (DPF) and other divisions of the American Physical Society (APS). The focus of the
effort will then shift to carrying out the charge to the committee and completion of the
committee’s report. In case of need, a reviewed prepublication report will be issued before
the final publication. The final report will be prepared in an elegant,  attractive and
accessible format.

Past Meetings  Future Meetings

   

September 23, 2004
Hilton Embassy Row, Washington,  DC
Presentation to HEPAP by Sally
Dawson

 January 31, 2005 – February 1, 2005
Stanford Linear Accelerator Center
Menlo Park, CA 94325
Agenda

November 30, 2004 – December 1,
2004
Keck Center of the National
Academies
Washington,  DC 20001
Agenda Presentations

 May 16, 2005 – May 17, 2005
Fermi National Accelerator Laboratory
Batavia, IL 60510
(agenda pending)

  August 2-3, 2005
Laboratory for Elementary Particle Physics
Cornell University
Ithaca, NY 14853
(agenda pending)

   

Registration for Upcoming Meetings

Registration is now open for the January 31 – February 1, 2005 meeting of EPP2010 at
Stanford Linear Accelerator Center in Menlo Park, CA.

Presentations from EPP 2010 Meetings

Presentations
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To send comments or suggestions to the committee, please send e-mail to
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I Hincliffe: LHCConclusions

• Intense activity on accelerator construction, detector construction and software.
The schedule is very tight, but some of us cannot wai any longer!

• LHC will dominate High Energy physics in the next 15 years

• LHC will open up new high energy frontier, find Higgs, measure many of its
properties. Change the face of theoretical physics

• In addition, LHC is a QCD factory, b-factory and top factory

• If supersymmetry exists, it’s a susy factory, many sparticles will be discovered and
masses measured. The underlying model will be tightly constrained

• Rich physics needs 4000 physicists for 15 years to exploit it

Ian Hinchliffe Jan 31 2005 38
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H Murayama: ILC

39

LHC vs ILC
(oversimplified)

total energy 14TeV 0.5-1 TeV

usable energy a fraction full

beam proton (composite) electron (point-like)

signal rate high low

noise rate very high low

analysis specific modes nearly all modes

events
lose info along the 

beams
capture the whole

status under construction needs to finish design



R Cahn: BaBar
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B Kayser: Neutrino
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Components of The Program

!An expeditiously deployed reactor experiment 

twenty times more sensitive to the small part of !3 than 

previous experiments.

!A timely accelerator experiment with comparable 

sensitivity to the small part of !3, and with sensitivity 

to the character of the mass spectrum.

!A proton accelerator delivering approximately ten 

times as many neutrinos as current ones, and an 

appropriately large neutrino detector giving substantial 

sensitivity to CP violation.
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S Kahn: KIPAC
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Issues and Challenges

* Making all this “work” will require close collaboration and cooperation 

between the three primary federal agencies:  DOE, NSF, and NASA. While 

previous cooperative programs have succeeded, they have not been without 

“hiccups”.  It is essential that all involved agencies share in the overall project 

oversight, and make mutually consistent plans for contingency.

* The project “approval process” is so different among the three agencies, that 

many cumbersome hurdles can hamper deserving projects from proceeding 

into development in a timely manner.  Where competition is required, the 

same rules must apply for all funding sources.

* Finally, the communities themselves must learn to adapt to each other’s 

cultures better than they have done so far.  There are quite different paradigms 

on issues like collaboration membership, publication policy, public release of 

data, etc.  It is important to straighten these out in the earliest phases of a 

project.

Summary

* The traditional separation between “particle physics” and astrophysics is likely 
to seem more and more artificial, as we proceed forward into the next phase of 
experiments.

* The recent success of the concordance cosmological model has raised some of 
the most pressing questions in particle physics.  Addressing these questions 
experimentally is essential for high energy physics as well as for astrophysics.

* A suite of impressive “particle astrophysics” experiments is already on the 
drawing board.  The particle physics community needs to learn how to 
prioritize these initiatives against their traditional accelerator-based 
experiments.

* Further cooperation between particle physicists and astrophysicists will not be 
free of problems. Issues associated with interagency collaboration and the 
differences between the cultures should not be minimized. But the potential 
rewards certainly make it worthwhile to try to overcome these barriers.

10

Next Steps - Dark Energy

* The existence of dark energy remains the most pressing mystery for 

cosmology, and by implication for particle physics.

* To find additional clues to its nature, we must make increasingly 

accurate measurements of the expansion history of the local universe.  

Some models predict that the energy density in dark energy will 

involve with time, or that its pressure dependence on energy density 

will evolve.  Such effects could be discernible with high precis ion 

measurements.

* To chart the cosmic expansion, we need to measure various kinds of 

“distances ” or “times” as a function of redshift.

– d
L

vs z can be probed with calibrateable standard candles, like Type 1a SNe.

– d
A

vs z can be probed with constrained angular sizes, through gravitational lensing.

– t vs z can be probed by observing the growth of structure with cosmic time.

Next Steps in Dark Energy - SNAP

* Further precision in SN 1a 
measurements will require going to 
space.  We need to obtain a large 
sample of SNe at both high and low 
redshift to reduce both statistical and 
systematic errors.  At z > 1, the light 
from SN 1a’s is redshiftedout of the 
band visible from the ground.

* This mission will require very careful 
attention to systematics.  Small 
uncertainties in the calibration of the 
instrumentation can significantly affect 
the results.

* NASA and DOE are collectively 
studying a Joint Dark Energy Mission 
to meet this demand.  The Supernova 
Acceleration Probe (SNAP) is a 
candidate mission concept for that slot.



J Dorfan: SLAC
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Reinvention & innovation with SLAC accelerator facilitiesReinvention & innovation with SLAC accelerator facilities

SLAC Family Tree:  SLAC Family Tree:  

Development of Electron, Position and Photon AcceleratorsDevelopment of Electron, Position and Photon Accelerators

Reinvention & innovation with SLAC accelerator facilitiesReinvention & innovation with SLAC accelerator facilities
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The Linear Collider 

Accelerator

Tor Raubenheimer

EPP2010

SLAC

January 31st 2005

Linear Collider

• Probably the most technologically advanced accelerator 

yet conceived

– Accelerate beams using high gradient superconducting cavities

– Generate beams with extremely high brilliance

– Focus beams to spots of roughly 500 x 5 nm

– Diagnostics and controls to maintain collisions

• Demonstrated feasibility of the required technology

– TESLA Test Facility at DESY demonstrated the rf technology

– ATF at KEK demonstrated the small emittance beams

– FFTB at SLAC demonstrated the focusing 

– SLC at SLAC developed and demonstrated the diagnostics and 

controls concepts and the linear collider operation 

Town Meeting

• Dark Matter: B Cabrera

• Super B factory: G Dubois-Feldmann

• Cosmology…: N Roe

• High Field SC: P Gorham

• ILC

+ Physics Importance: B Schumm

+ Techn.: T Raubenheimer

+ International: E Elsen


