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The Charge
“Recent scientific discoveries at the energy frontier and 
in the far reaches of the universe have redefined the 
scientific landscape for cosmology, astrophysics and high 
energy physics, and revealed new and compelling 
mysteries.”

“We are writing to ask the High Energy Physics Advisory 
Panel (HEPAP) to take the lead in producing a report 
which will illuminate the issues, and provide the funding 
and science policy agencies with a clear picture of the 
connected, complementary experimental approaches to 
the truly exciting scientific questions of this century.”

This report is the opportunity to describe why this is the 
most exciting time in particle physics in over a half a 
century, if not much longer.
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Membership of the Committee
Steve Kahn Stanford 
Physics/SLAC
Rocky Kolb FNAL
Joe Lykken FNAL
Hitoshi Murayama
U C Berkeley
Hamish Robertson      
U of Washington
Jim Siegrist
U C Berkeley
Simon Swordy
U of Chicago
John Womersley FNAL

Andreas Albrecht     
UC Davis
Sam Aronson BNL
Jon Bagger JHU
Keith Baker Hampton
Neil Calder SLAC
Persis Drell SLAC
Evalyn Gates             
U of Chicago
Fred Gilman              
CMU 
Judy Jackson FNAL
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Schedule
Weekly telecons since mid-October
Trip to DC: 11/18
Face to face at SLAC: 1/20
Draft of Rougher Text:  2/1
Draft of Rough Edited Text:  2/15
Complete Draft: 3/1
Review by Committee:  3/23
Final Draft Text to HEPAP:  4/1
Discussion with HEPAP: 4/19
Follow through in Washington and with the community 
after approval by HEPAP

Visit to Hill 5/10
Briefing to Orbach, Marburger, Turner 6/9

Final printed copies at FNAL
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What we heard from our Customers
Talked to Customers (11/18/03)

Holland, Looney, Marburger, Parriott, Turner, Staffin, 
Dehmer, Orbach

What we heard:
Lead with the science!
We see a large array of tools that are seemingly 
unconnected.

“Why can’t we discover the Higgs with ICECUBE?”
Articulate the questions that are driving the field

give a roadmap:  how will we answer these questions, 
what is the toolkit?

Show how scientific questions map onto experimental 
space

How are the different tools connected?
We have taken this input very seriously
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Quantum Universe

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?

We have a commanding knowledge of ordinary matter
We don’t know what 95% of the Universe is made of!
We still can’t relate gravity and QM

We have convergence of
Experimental surprises
Theoretical developments 
Success of the Standard Model

Quantum Universe describes the worldwide program 
to explore a new scientific landscape.  
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Campaign Strategy outlined by QU

3 broad themes
9 interrelated questions

Questions guide a coherent campaign on 
variety of technical fronts:

Accelerator based experiments 
Underground labs
Space probes
Ground based telescopes

New opportunities for discovery about 
fundamental nature of the Universe 
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Underlying Themes of QU
Understanding “new Universe” requires 
particle physics to determine its fundamental 
nature
Need diverse toolkit

Astrophysical obs parameters of Universe
Accelerator expts search for quantum 
explanation

Two ends must meet
Observing the relics of the big bang
Recreating the particles and forces of early 
Universe
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9 Key Questions
Einstein’s Dream of Unified Forces

1. Are there undiscovered principles of nature: new symmetries, new 
physical laws?
2. How can we solve the mystery of dark energy?
3. Are there extra dimensions of space
4. Do all the forces become one?

The Particle World
5. Why are there so many kinds of particles?
6. What is dark matter?  How can we make it in the laboratory?
7. What are neutrinos telling us?

The Birth of the Universe
8. How did the universe come to be?
9. What happened to the antimatter?
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Q2. How can we solve the mystery of dark 
energy?

A Dark Energy fills 
the vacuum of 
empty space
The Higgs field fills 
the vacuum of 
empty space
Are dark energy 
and the Higgs 
related?
SUSY a natural 
context for both
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Q3.  Are there extra dimensions of space?

String theory 
potentially explains 
everything: quantum 

cosmic
The price is 7 extra 
dimensions…can we 
discover them?
Are there particles 
associated with 
them?
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Q6. What is dark matter?  How can we 
make it in the laboratory?

Most of the matter in 
the Universe is dark 
matter!
We know what dark 
matter isn’t!  
What is it?

Need to detect relic 
dark matter
Need to create and 
study dark matter at 
accelerators



7/6/2004 Quantum Universe 15

Challenges we faced
The Questions

Making the questions inclusive
Making the questions exciting and understandable

Balance
Traditional HEP vs. ‘The New Cosmology’

Remember the audience!
Precision vs. Accuracy vs. Clarity 

Can’t explain everything
Remember the audience!

Judy and Neil play big part
Title

‘Quarks to the Cosmos’ a hard act to follow!
‘Quantum Universe’ seems to be working
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Challenges we faced (cont.)
Facilities
a. What is mentioned in text

Tried to be inclusive of all major experiments with submitted 
proposals, in construction, or in operation, with scientific goals 
germane to the questions we are asking
Included proposed experiments on DOE facilities outlook and 
NSF MRE list with scientific goals germane to the questions we 
are asking
Included both US and International efforts

b. When to be generic and when to be specific?
Judgment call by the committee on a case by case basis

e.g. ‘Neutrinoless Double Beta Decay’ vs. EXO and Majorana
e.g. ‘ν superbeams’ instead of CERN SPL, FNAL/BNL proton driver, 
JPARC Phase II, etc….
e.g. BTeV and LHC-b instead of ‘Hadron B-factories’
LSST instead of ????



7/6/20047/6/04 Quantum Universe 17



7/6/2004 Quantum Universe 18

Challenges we faced (cont.)

c. What is included in table?
Focused on facilities with major US 
participation
Only listed experiments whose primary 
scientific goals are directed at the 
questions we are asking.

Judgment call on the part of the committee to 
not include all experiments mentioned in text 
in the table
Wanted to avoid a laundry list
Remember to listen to the customers!
Tables are not a prioritization
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Facilities Included
Tevatron
LHC
Linear Collider
NuMI/MINOS
ν Superbeams
BaBar
BTeV
JDEM
RHIC
Proton Decay

SNO, SuperK, KamLand, K2K, 
JPARC, Cern to GS
BELLE, LHC-b
RIA, Underground Laboratory
GLAST, VERITAS, ICE CUBE, 
AMS, PLANK, SPT, ACT, LIGO

Mini-BooNE
MECO
Reactor ν Experiments
CLEO-c
K0PI0
Neutrinoless Double Beta 
Decay
SDSS
LSST
Underground Dark Matter 
Detectors
WMAP
CMB Polarization
Lattice Computational Facilities
Precision Gravity

TEXT but *not* TABLE

TEXT and TABLE
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Challenges we faced (cont.)
How are check marks in the table assigned? 

Highlight facilities with greatest impact
Orthogonality
ALL CHOICES A JUDGEMENT CALL ON THE PART OF 
THE COMMITTEE

Much discussion
Unanimous agreement with final decisions

Examples of difficult choices
Q6: (Dark Matter) LC gets a check, LHC does not
Neutrino experiments checked for Q7 (What are ν
telling us) but not Q5 (Why so many particles)
Q9: (Antimatter) did not include Tevatron

Assignment of checkmarks not unique process
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Primary US Physics Program of 
Major Facilities

This table summarizes 
the physics goals of 
the major facilities of 
the US Program whose 
primary physics goals 
align most directly 
with the reports
9 questions.
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Primary US Physics Program of 
Selected Smaller Facilities

This table summarizes 
the physics goals of 
selected smaller 
facilities of the US 
Program whose 
primary physics goals 
align most directly 
with the reports
9 questions.
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Reactions so Far: Very Positive
On the hill, at DOE, OSTP, NSF:

They like it
“This will help us”
“This is good”

Mike Holland: “I can sell this”
What do they like?

The sense of excitement
The accessibility
The cover!
The ‘look’ inside
The tables
The sense that the field has a vision for its future that 
they can be excited about can communicate 
effectively.
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Summary
Field is in the midst of a great revolution

Long held beliefs fundamentally challenged
New data and ideas pointing to steps to make 
progress
Many advances within reach of current program

0thers close at hand
QU communicates excitement and 
articulates path forward
Committee committed to follow through 
with agencies, Congress and the broader 
scientific community
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Design

Great deal of thought on design
Had to be different
Engaging but not glitzy
Correct balance between 
experiments, funding agencies etc.
Innovative web sight to come
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