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Context of my Comments
Personal Background
» Particle Experimentalist
» Accelerators – SLAC, Fermilab, Supercollider …
» Particle Astrophysics – Gran Sasso (Italy) 
» General Relativity: Gravitational Waves (LIGO)

Recent Involvement: Particle Physics Planning
» The Science Ahead, the Way to Discovery, report of 

the Long-Range Planning subpanel, chaired by J. 
Bagger and B.C. Barish (2001)

» Neutrinos and Beyond: New Windows on Nature,
report of the NRC Neutrino Facilities Assessment 
Committee, chaired by B. Barish (2003) 

» Linear Collider Technology Recommendation:
International Technology Recommendation Panel, 
chaired by B. Barish  (for ICFA/IUPAP 2004)

http://www.science.doe.gov/hep/hepapbook/hepapplan/HEPAP_LRP_web.pdf
http://books.nap.edu/catalog/10583.html
http://books.nap.edu/catalog/10583.html
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HEPAP Subpanel Report
from the Charge from DoE/NSF

… we are charging the subpanel to undertake a long-
range planning exercise that will produce a national 
roadmap for HEP for the next twenty years. The 
subpanel should describe the discovery potential and 
intellectual impact of the program and recommend the 
next steps to be taken as part of an overall strategy to 
maintain the United States in a leadership role in HEP. 
In considering the many scientific opportunities facing 
the field and some potentially large associated costs, 
the plan will have to address some difficult questions, 
weigh options, and set priorities. In particular, the 
subpanel should weigh the scientific promise and 
programmatic importance of both accelerator and non-
accelerator based efforts in relation to their expected 
costs  …. 
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HEPAP Subpanel Report
who were the customers?

1. The DoE and NSF
2. The Particle Physics Community
3. Policy Makers
4. The Broader Community

who were the panelists?

1. Broad representation from inside the field

The successes of this report were with 1) and 2). 
The report had minimal influence on 3) and 4).
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The Goal of our HEPAP Subpanel
create a vision for the field for the next 20 years

The Questions we posed for ourselves
What is our role in society and education?
What is high energy physics?
What are our goals and paths to accomplish them?
How have we been doing?
What do we expect in the near term?
What opportunities do we identify for the longer 
term?
What are the essential elements of a realistic 
program aimed at our goals?
How can we set priorities and make the best 
choices?
How do we prepare for the far future?
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HEPAP Subpanel Report
What did it accomplish and where did it fall 
Short?   

MAIN ACCOMPLISHMENTS
1. New definition of particle physics that gives a 

broader scope to the science
2. Established a ~ 1 TeV Linear Collider as the 

highest priority long term goal for the field.  In 
a similar frame ACFA in Asia and ECFA in 
Europe came to similar conclusions

3. Proposed a new mechanism, P5, to evaluate 
and recommend funding for large projects in a 
national context  
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HEPAP Subpanel Report
What did it accomplish and where did it fall 
Short?   

FELL SHORT
1. Did not establish priorities for the program, 

except for the linear collider
2. Roadmap was little more than a list of known 

projects
3. Did not grapple with the future roles and 

programs of our major laboratories – SLAC 
and Fermilab or adequately take into account 
plans in the rest of the world.

4. Had limited impact on policy makers or the 
broader scientific communities
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HEPAP Subpanel Report
What did it accomplish and where did it fall 
Short?   

MAIN ACCOMPLISHMENTS
1. Redefined the subject of particle physics to 

reflect the broader scope of the science

“The studies of Matter, Energy, Space and Time”
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HEPAP Subpanel (2001) 
what did it achieve?

Defined the Science Goals for Particle Physics
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What is Particle Physics?
the classic definition

The Mandate for C11
“the theory and experiment concerned with the nature and 
properties of the fundamental constituents of matter and 
the forces acting between these constituents”

International Union  of  Pure and Applied Physics 

Commission on Particles and Fields 
C11 Commission (1957)

We have asked ourselves how WE define our field?
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What is Particle Physics?
our definition

The paths and goals of Particle Physics

“The studies of Matter, Energy, Space and Time”
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HEPAP Subpanel Report
What did it accomplish and where did it fall 
Short?   

MAIN ACCOMPLISHMENTS
1. New definition of particle physics that gives a 

broader scope to the science

Linear 
Collider

2. Established a ~ 1 TeV Linear Collider as the 
highest priority long term goal for the field.  
On a similar time scale ACFA in Asia and 
ECFA in Europe came to similar conclusions
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The Energy Frontier

The central probe for the new physics 
beyond the so-called standard model is the 
energy frontier
» Our present understanding strongly points to the 

new physics being accessible below ~ 1 TeV

» The LHC at CERN will be the initial probe into 
this new energy regime

» We have every reason to expect that to fully 
exploit this new frontier we will need to study 
both hadron collisions (LHC) and electron-
positron annihilations (ILC) to fully exploit the 
science.
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Electroweak Precision Measurements

LEP results strongly 
point to a low mass 
Higgs and an energy 
scale for new physics 
< 1TeV
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LHC/LC Complementarity
The 500 GeV Linear Collider Spin Measurement

The Higgs must have spin zeroLHC should discover the 
Higgs

The linear collider will 
measure the spin of any 
Higgs it can produce.

The process e+e– → HZ
can be used to measure 
the spin of a 120 GeV 
Higgs particle.  The 
error bars are based on 
20 fb–1 of luminosity at 
each point.
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Extra 
Dimensions

New space-time dimensions 
can be mapped by studying 
the emission of gravitons 
into the extra dimensions, 
together with a photon or 
jets emitted into the normal 
dimensions.

Linear collider

LHC/LC Complementarity

Linear Collider
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The Linear Collider
2001:   The Snowmass Workshop participants produced 
the statement recommending construction of a Linear 
Collider to overlap LHC running.

2001:   HEPAP, ECFA, ACFA all issued reports endorsing 
the LC as the next major world project, to be 
international from the start

2002:   The Consultative Group on High-Energy Physics 
of the OECD Global Science Forum executive summary 
stated as the first of its Principal Conclusions:

“The Consultative Group concurs with the world-wide consensus of the 
scientific community that a high-energy electron-positron collider is the 
next facility on the Road Map.

“There should be a significant period of concurrent running of the LHC 
and the LC, requiring the LC to start operating before 2015.  Given the 
long lead times for decision-making and for construction, consultations 
among interested countries should begin at a suitably-chosen time in the 
near future.”
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ITRP in Korea
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The Recommendation
We recommend that the linear collider be 
based on superconducting rf technology

» This recommendation is made with the understanding 
that we are recommending a technology, not a design.
We expect the final design to be developed by a team 
drawn from the combined warm and cold linear collider 
communities, taking full advantage of the experience 
and expertise of both (from the Executive Summary).  

» The superconducting technology has several very nice 
features for application to a linear collider. They follow 
in part from the low rf frequency.
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Fall 2002:  ICFA created the International Linear Collider 
Steering Committee (ILCSC) to guide the process for 
building a Linear Collider.   Asia, Europe and North America 
each formed their own regional Steering Groups (Jonathan 
Dorfan chairs the North America steering group).

Physics and 
Detectors 
Subcommittee (AKA 
WWS) Jim Brau, David 
Miller, Hitoshi 
Yamamoto, co-chairs   
(est. 1998 by ICFA as 
free standing group)

International  Linear Collider Steering Committee
Maury Tigner, chair

Parameters
Subcommittee
Rolf Heuer, chair

(finished)

Accelerator 
Subcommittee
Greg Loew, chair

Comunications
and Outreach
Neil Calder et al

Technology 
Recommendation 

Panel           
Barry Barish, chair 

(finished)

Global Design 
Initiative 

organization  
Satoshi Ozaki, chair 

(finished)

GDI central team 
site evaluation   

Ralph Eichler, chair

GDI central team 
director search 
committee   Paul 

Grannis, chair



21

HEPAP Subpanel Report
What did it accomplish and where did it fall 
Short?

MAIN ACCOMPLISHMENTS
1. New definition of particle physics that gives a 

broader scope to the science
2. Established a ~ 1 TeV Linear Collider as the 

highest priority long term goal for the field.  
On a similar time scale ACFA in Asia and 
ECFA in Europe came to similar conclusions

3. Proposed a new mechanism, P5, to evaluate 
and recommend funding for large projects in a 
national context (see Abe Seiden talk)
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P5 – Project Prioritization Panel
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HEPAP Subpanel Report
What did it accomplish and where did it fall 
Short?   

FELL SHORT
1. Did not establish priorities for the scientific 

program, except for the linear collider
Established P5 to make to provide community 
involvment in final funding choices for projects 
between $50M - $500M. 
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HEPAP Subpanel Report
What did it accomplish and where did it fall 
Short?   

FELL SHORT
1. Did not establish priorities for the program, 

except for the linear collider
2. Roadmap was little more than a list of known 

projects
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The Particle Physics Roadmap

CDF & DØ
H1 & Zeus

LHC
ENERGY FRONTIER   LHC Upgrades

VLHC
Linear Collider

CLIC
Muon Collider

NuMI/MINOS
LEPTON FLAVOR PHYSICS   Neutrino Superbeam

Neutrino Factory

BaBar & BELLE
BTeV

QUARK FLAVOR PHYSICS   CESR-c
RSVP
CKM

Super B Factory

UNIFICATION SCALE PHYSICS   Proton Decay
NUSL

COSMOLOGY   SNAP

PARTICLE ASTROPHYSICS   IceCube
GLAST

2000 20202005 20152010
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Elements of the Roadmap
Two scenarios –
» Program with an on shore linear collider
» Program with an off short linear collider

No scenario without a linear collider

The process of developing a roadmap 
requires merger of bottom up and top down 
planning (e.g. NASA).  It also is a merger of 
setting scientific priorities and meshing 
that with enabling technical projects. 
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HEPAP Subpanel Report
What did it accomplish and where did it fall 
Short?   

FELL SHORT
1. Did not establish priorities for the program, 

except for the linear collider
2. Roadmap was little more than a list of known 

projects
3. Did not grapple with the future roles and 

programs of our major laboratories – SLAC 
and Fermilab or adequately take into account 
plans in the rest of the world.
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The DoE HEP Laboratories
Approximately 2/3 of the funds for HEP go 
to into the major laboratories, their 
facilities and their experiments

Both Fermilab and SLAC now have their 
own strategic plans and these are crucial 
inputs in making a realistic long range plan 
for particle physics

FermilabSLAC
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The Rest of the World
Major Particle Physics Programs and 
Facilities in both Europe and in Japan
» More generally, long range planning in the U.S 

for major experiments and facilities must take 
take these program into account

» Which large programs are unneccessay
duplications and which represent important  
complementary approaches? (e.g. BTeV;  Future 
Neutrino Physics; Super Bfactories)
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Super B Factory at KEK

8GeV
Positron beam
4.1 A

3.5GeV
Electron beam
9.6 A
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The Rest of the World
Major Programs in both Europe and in Japan
» More generally, long range planning for major 

experiments and facilities must take take these 
program into account

» Which large programs are unneccessay duplications 
and which represent important  complementary 
approaches? (e.g. BTeV/LHC-b;  Future Neutrino 
Facilities; Super Bfactories; Underground 
Laboratories, etc)

Most major experiments involve international 
collaborations
The International Linear Collider is being 
developed as a true global initiative
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Final Comments
From a scientific point of view, the future of particle 
physics is especially bright.

There is a global consensus that an electron-positron 
linear collider should be the centerpiece of the long 
range future.  But, this is a very ambitious project and 
will require complex international collaboration.

Particle Physics is an “inquiry” based subject, making 
long range planning especially difficult.  (In contrast, 
Astronomy is more of an “observationally” based 
subject)

A realistic long range plan must consider both the 
programs and roles of our national labs, and the plans in 
the rest of the world.

Long range planning for particle physics, especially for 
the new facilities needed to realize the scientific goals, 
is essential but very very difficult. 

GOOD LUCK! 
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